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Abstract

Chronic Achilles tendon rupture (CATR) is a rupture of the Achilles tendon for 
which adequate diagnosis and treatment has been delayed after index injury. In this 
thesis defined as 4 weeks or more. The delay is commonly due to a misdiagnosis 
by the assessing healthcare professional or because of patient delay. Compared 
with acute Achilles tendon ruptures (ATR), which have been extensively studied 
in the recent years, CATRs are to date significantly less researched. Moreover, 
there is a widespread use of non-validated outcome measurements in the existing 
literature.

The purpose of this thesis was to determine the outcomes of surgical treatment 
and postoperative rehabilitation in patients with a CATR from a broad perspective, 
including several validated outcome measurements. The thesis includes both 
quantitative and qualitative research methods, and comprises 5 studies evaluating 
objective and subjective foot and ankle related function, patient experiences, and 
economic cost. 

Study I, a case series, evaluated the 1-year postoperative outcomes and found that 
the level of recovery varies greatly between individuals. Persistent limitations in 
subjective foot and ankle function were found and the majority of patients had 
returned to a light to moderate physical activity level. In terms of calf muscle 
endurance, some patients recovered well while others had deficits up to 30% 
to 50% compared with the healthy side. Moreover, an elongation of the injured 
tendon was found compared with the healthy tendon.

In Study II, gait biomechanics were evaluated preoperatively and 1-year 
postoperatively.  Postoperative gait biomechanics was then compared with a 
healthy control group. Power development in the ankle and knee joint during 
gait was significantly improved at the 1-year follow-up compared with the 
preoperative gait. There were persistent impairments in gait biomechanics 
compared with healthy controls.

Study III investigated the relationship between calf muscle endurance, gait 
biomechanics and tendon elongation at 1 year postoperatively. Greater calf 
muscle endurance was found to be related to better gait biomechanics, especially 
to power development in the ankle joint. Moreover, the results indicated that less 
tendon elongation may be related to greater calf muscle endurance.

Study IV, a qualitative interview study, investigated patient experiences related to 
sustaining, undergoing treatment for and recovering from a CATR, at 4-6 years 
after surgical treatment. The patients described a traumatic or non-traumatic 
injury mechanism that resulted in persistent weakness in the foot/ankle that did 
not improve over time. Receiving the correct diagnosis was a relief, but realizing 
that the treatment had been delayed due to themself or a healthcare professional 
initially misinterpreting the injury was frustrating. The patients expressed an 
overall satisfaction with outcomes, however, some had adjusted their physical 
activities due to a fear of re-rupture.

In Study V, the healthcare costs and production loss costs of patients surgically 
treated for CATR were evaluated and compared with the costs of patients treated 
non-operatively or operatively for an ATR. Furthermore, the study evaluated the 
preoperative and 1-year postoperative patient-reported foot and ankle function. 
The study concluded that the healthcare costs were significantly higher for patients 
treated for a CATR compared with patients treated for an acute ATR, irrespective 
of treatment. In terms of total costs, surgical treatment of patients with a CATR 
was more expensive compared with non-surgical treatment of patients with an 
acute ATR. Patient-reported function was significantly increased postoperatively 
compared to the preoperative scores.

Taken together, at 1 year postoperatively, significant deficits in subjective and 
objective function are found in patients with a CATR. Gait biomechanics can 
be significantly improved compared with the preoperative gait, however not 
necessarily normalized. Delay of treatment can be a negative experience for the 
patient and leads to greater healthcare costs compared with an early treatment. This 
thesis contributes with valuable new findings to the currently very limited state of 
knowledge in the field. To be able to answer more specific research questions on 
patients with a CATR, such as predictors of outcome, there is a need for further 
studies with larger sample sizes that uses validated outcome measurements.
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Sammanfattning på svenska

Kronisk hälseneruptur är en ruptur av hälsenan för vilken adekvat behandling har 
försenats, i denna avhandling definierad som fyra veckor eller mer. Förseningen 
beror oftast på en felaktig initial diagnos av bedömande sjukvårdspersonal 
eller på grund av att patienten själv väntar med att söka vård. Jämfört med akut 
hälseneruptur, som har forskats på i stor utsträckning under de senaste åren, 
är patienter med kronisk hälseneruptur betydligt mindre studerade. Dessutom 
används fortsatt icke-validerade utvärderingsinstrument i stor utsträckning i 
litteraturen. 

Syftet med denna avhandling var att undersöka utfallet av kirurgisk behandling 
och postoperativ rehabilitering för patienter med kronisk hälseneruptur ur ett 
brett perspektiv, med bland annat flertalet validerade utvärderingsinstrument. 
Avhandlingen inkluderar både kvantitativa och kvalitativa forskningsmetoder 
och innefattar fem studier som utvärderar objektiv och subjektiv fot- och 
underbensfunktion, patientupplevelser och ekonomisk kostnad.

Studie I utvärderade utfall 1 år efter kirurgisk behandling och visade en stor 
individuell variation avseende graden av återhämtning hos patienter med kronisk 
hälseneruptur. På gruppnivå hade patienterna kvarstående begränsningar i sub- 
jektiv fot- och underbensfunktion och majoriteten hade återgått till lätt till måttlig 
fysisk aktivitetsnivå. Vad gäller vadmuskeluthållighet återhämtade sig vissa 
patienter bra medan andra uppvisade en kvarstående funktionsnednedsättning upp 
till 30–50% jämfört med den friska sidan. Vidare visade studien att patienterna 
hade en förlängning av den skadade senan jämfört med den friska.

I studie II utvärderades biomekanik vid gång preoperativt samt 1 år postoperativt. 
Patienternas postoperativa gång jämfördes sedan med en frisk kontrollgrupp. 
Resultatet visade en tydlig förbättring av kraftutveckling i fot- och knäled under 
gång vid 1-årsuppföljningen jämfört med den preoperativa gången. Nedsättning i 
gångfunktion kvarstod jämfört med friska kontroller avseende flertalet studerade 
variabler.

Studie III utvärderade relationen mellan vadmuskeluthållighet, biomekanik vid 
gång samt senförlängning 1 år efter kirurgisk behandling av kronisk hälseneruptur. 
Studien visade att bättre vadmuskeluthållighet var relaterat till en bättre gångför- 
måga, speciellt avseende kraftutveckling i fotled. Dessutom indikerade resultaten 
att en lägre grad av senförlängning var relaterad till bättre vadmuskeluthållighet.

Studie IV undersökte, genom kvalitativa gruppintervjuer utförda fyra till sex år 
efter kirurgisk behandling, patienternas upplevelser av att drabbas av, behandlas 
för och återhämta sig från en kronisk hälseneruptur. Patienterna beskrev 
traumatiska såväl som eller icke-traumatiska skademekanismer med efterföljande 
svaghet i foten som inte förbättrades med tiden. Att rätt diagnos ställdes upplevdes 
av patienterna som en lättnad, men att inse att behandlingen försenats på grund 
av att fel diagnos ställts av sjukvårdspersonal eller att de själva avvaktat med 
att söka sjukvård var frustrerande. Patienterna uttryckte en övergripande nöjdhet 
med utfallet efter behandling, men vissa hade anpassat sin fysiska aktivitet på 
grund av rädsla för en återfallsskada.

I Studie V utvärderades hälso- och sjukvårdskostnader och samt kostnader för 
sjukskrivning för patienter som behandlats kirurgiskt för kronisk hälseneruptur. 
Kostnaderna jämfördes sedan med den för patienter som behandlats kirkurgiskt 
eller icke-kirurgiskt för akut hälseneruptur. Vidare utvärderades den patient- 
rapporterade fot- och underbensfunktionen preoperativt samt vid 1 år post- 
operativt. Studien visade att sjukvårdskostnaderna var signifikant högre för 
patienter som behandlas för kronisk hälseneruptur jämfört med patienter med 
akut hälseneruptur, oavsett typ av behandling. De totala kostnaderna visade att 
kirurgisk behandling av patienter med kronisk hälseneruptur var dyrare jämfört 
med icke-kirurgisk behandling av patienter med akut hälseneruptur. Patient-
rapporterad fot- och underbensfunktion var signifikant förbättrad vid ett-års 
uppföljningen jämfört med den preoperativa funktionen. 

Sammantaget visar resultaten av denna avhandling att kvarstående nedsättning 
av subjektiv och objektiv fot- och underbensfunktion är vanligt vid 1 år  efter 
kirurgisk behandling av kronisk hälseneruptur. Patienternas gångförmåga 
förbättras avsevärt av kirurgisk behandling jämfört med preoperativ gång, 
men normaliseras inte nödvändigtvis jämfört med friska kontroller. Försenad 
behandling av hälseneruptur kan resultera i en negativ patientupplevelse och leder 
till högre sjukvårdskostnader jämfört med om skadan behandlas i akutskedet. 
Denna avhandling bidrar med ny värdefull kunskap till det idag mycket 
begränsade kunskapsläget inom området. För att kunna svara på mer specifika 
forskningsfrågor avseende kroniska hälsenerupturer såsom utfallsprediktorer, 
behövs studier med större urval som använder validerade utfallsmått.
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Definitions

Acceleration (m/s2) Change in the velocity of a body over time.

Acceptable recovery of muscle 
function

A score of ≥80% on the injured side compared with 
the healthy side.

Angular velocity (degrees/s) The change in a body position over time.

Bias Systematic error.

Biopsychosocial approach Systematic consideration of biological, 
psychological, and social factors and their complex 
interactions in understanding health, illness, and 
health care delivery.

BMI (Body mass index) The quotient between body weight (kg) divided by 
height in meters squared (m2).

Calf muscle function Calf muscle endurance and jumping performance.

Calibrated volume The volume (height, width and depth) in which 
measurements can take place.

Cohen’s d The effect size of the difference between two means. 

Effect size A quantitative measure of the magnitude of the 
experimental effect. The larger the effect size the 
stronger the relationship between two variables.

External moment arm The shortest perpendicular distance between the 
line of force (i.e., body weight or external resistance) 
and the center of rotation in the joint attempting to 
resist that force.

Force (N) Mass (kg) x acceleration (meters/second2).

Internal moment arm The moment arm of a muscle, defined as the 
shortest perpendicular distance between the 
muscles line of action and the center of rotation in 
the joint.

Kinematics The translational or rotational motions of a body 
without taking the forces or torques producing the 
motions into account.

Kinetics The effect of forces that act on the body or is 
produced by the body.

Limb Symmetry Index (LSI) The ratio between the score on the injured and the 
healthy side, expressed as a percentage (injured/
healthy limb x 100).

Moment/torque (Nm) Force (N) x moment arm (m).

13Definitions

Non-parametric bootstrapping A data resampling methodology for assessing the 
accuracy of statistical estimates and for making 
statistical inferences about unknown population 
parameters. The random data is created by random 
resampling with replacement from the original data 
and no assumptions are made about the distribution 
of the observations.

P-value The level of statistical significance, i.e., the 
probability of finding the observed, or more extreme, 
results when the null hypothesis of a study question 
is true.

Paired t-test A statistical method testing whether the mean 
difference between pairs of measurements is zero 
or not.

Statistical power The probability of finding an effect, if there is an 
effect to be found, when performing a hypothesis 
test. Can be used to estimate the minimum sample 
size required, given a desired significance level, 
effect size, and statistical power.

Power (W) Force (N) x distance(m)/time(s).

Predictor Variable associated with an increased risk/chance of 
an outcome.

Reliability The extent a measurement yields consistent results.

Type I error Incorrect rejection of a true null-hypotheses.

Type II error Failure to reject a false null-hypotheses.

Spatiotemporal variables Basic measurements of distance, time or percent 
related to activities.

Spearman rank correlation 
(Spearman’s rho)

A non-parametric statistical method measuring the 
strength of association between two rank-ordered 
variables.

Speed/velocity (m/s) Speed of change in the body’s position.

Standard error of measurement The standard deviation of error of measurement in a 
test, measuring estimates how repeated measures of 
an individual with the same test is distributed around 
the “true” score.

Validity The extent a measure reflects the underlying 
construct.

Work (J) Force (N) x distance (m).

Wilcoxon’s signed-rank test A non-parametric statistical test comparing two 
related samples, matched samples, or paired 
difference of repeated measurements on a single 
sample to assess whether their population mean 
ranks differ.
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Introduction

The Achilles tendon

Anatomy 
The Achilles tendon is the thickest and strongest tendon in the human body and it 
plays a hugely important role in the ability to create force in the ankle joint when 
walking, running, and jumping 1. The tendon is formed by the fusion of the two 
heads of the gastrocnemius muscle together with the soleus muscle, which are in 
the posterior superficial compartment of the lower leg and are referred to as the 
triceps surae (Figure 1) 2. The deeper fibers of the Achilles tendon insert in the 
posterior surface of the calcaneus and the superficial fibers continue on to become 
a part of the plantar fascia 2. The average length of the Achilles tendon in adults 
is 15 cm (range 11-26), the width at its proximal third is 6.8 cm (range 4.5-8.6) 
and then it gradually decreases to 1.8 cm (range 1.2-2.6) at the central third 3. The 
tendon becomes wider again at the distal third and has an average width of 3.4 cm 
(range 2.0 – 4.8) at the insertion site to the calcaneus 3.

The main function of the triceps surae is to plantarflex the ankle joint, and it is 
essential during walking to eccentrically control the forward movement of the 
body and move the body in a forward propulsion by concentrical contraction. 
The two heads of the gastrocnemius originate from the medial and lateral femur 
condyles respectively and cross the knee joint separately. The gastrocnemius 
also supinates the ankle joint, flexes the knee and contains a majority of fast-
twitch type-II muscle fibers. The soleus muscle originates from the upper third 
of the fibula and the fibular head, the medial border of the tibia and the tendinous 
arch between the fibula and tibia 2. It is also a postural muscle containing slow-
twitch type-I fibers which play a very important role in stabilizing the ankle joint 
while standing 3,4. The plantaris, the third muscle in the posterior superficial 
compartment, originates from the lateral femoral condyle and inserts on the tuber 
calcanei, either together with the Achilles tendon or separately. Its main function 
is thought to assist the gastrocnemius in plantar flexion and knee flexion and this 
muscle is reported to be absent in approximately 8% of the population 5. 
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M. gastrocnemius
lateralis 

Achilles tendon

M. soleus

M. plantaris

M. gastrocnemius
medialis 

Figure 1. The Achilles tendon and the muscles in the posterior superfi cial compartment of 
the lower leg.
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Tendons consist of a combination of collagen and elastin, embedded in a 
proteoglycan-water matrix 6. Type I collagen accounts for the majority (65-80%) 
of the dry mass of the tendon, while type III and elastin account for 1-10% and 
1-2% respectively 6,7. Chronically overloaded and ruptured Achilles tendons 
have been found to contain a larger proportion of the weaker type III collagen 
8. The structure of the tendon is illustrated in Figure 2, visualizing the smallest 
units of collagen fi brils, organized in collagen fi bers and primary, secondary and 
tertiary fi ber bundles 6,9. Several layers of connective tissue (paratenon, epitenon, 
endotenon) cover the tendon and the paratenon is suggested to be the primary 
blood supplier to the Achilles tendons 10. 

TendonTertiary
fiber bundle

Secondary
fiber bundle

Primary
fiber bundle

Collagen
fiber

Collagen
fibril

Figure 2. The organization of tendon structure from the collagen fi brils to the whole tendon.
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Circulation, innervation and metabolism
Tendons are supplied with blood from the musculotendinous junction, vessels 
in the surrounding connective tissue and the osteotendinous junction 11. The 
proximal and distal third of the tendon are supplied by vessels from the posterior 
tibial artery, while the central third is supplied by the peroneal artery 12. Reduced 
vascularization in the mid-portion of the Achilles tendon reduces the tendons 
tensile strength of the tendon and may contribute to this location being the most 
common location of ruptures 10,12. It has been suggested that hypovascularization, 
which occurs with increasing age, is associated with an increased risk of Achilles 
tendon rupture 11. In a study by Langberg et al. 13 older individuals (mean age 74 
years) had lower peritendinous blood flow at rest compared with two younger 
age groups (mean age 26 and 48). However, during an intermittent calf-muscle 
exercise all three groups similarly exhibited a 2.5 to 3-fold increase in blood flow.

The Achilles tendon derives its innervation from the nerves of the attaching 
muscles and cutaneous nerves 9,12. It is mainly supplied by fibers originating from 
the sural nerve, but also the tibial nerve 9,12. The overlying superficial nerves and/
or the adjacent deep nerves are thought to supply tendons with their sensory 
innervation 9. Compared with skeletal muscle, tendons have low metabolism and 
consume approximately 7.5 times less oxygen 14. The slow metabolism allows 
tendons to carry high loads and be under tension for a long period of time, but 
this also results in longer healing times after injury. There is a continuously 
ongoing collagen synthesis and degradation in the tendon, which is balanced in 
healthy tendons, but changes with age through increased degradation and causes 
a weakening of the tendon 7. 

19Introduction

Biomechanics 

Biomechanics of the Achilles tendon

The fibers of the Achilles tendon spiral up to 90° as it descends down to its 
insertion and the rotated shape imposes increased stress on the area approximately 
2-5 cm above the tuber calcanei, a common location of tendinopathy and rupture 
15. However, the mechanical construction of the Achilles tendon is ideal for 
transmitting forces from muscle to bone. The tendon is stiff and durable with high 
tensile strength, which enables the muscle-tendon complex, the tendon together 
with the triceps surae and its aponeurosis, to store and release energy through the 
stretch-shortening cycle (Figure 3), 16. 

Preactivation

(a) (b) (c)

Stretch Shortening

Figure 3. Illustration of the stretch-shortening cycle, adapted from Komi et al., 2000 17. 
Considerable impact loads occur as the foot strikes the ground during walking, jumping 
and running. Preactivation of the lower limb extensor muscles prior to ground contact 
prepares the limb for the active eccentric stretch phase, which is followed by the concentric 
shortening phase.
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High loads are placed on the Achilles tendon during activity, where, for example, 
3 times the body weight is imposed on the Achilles tendon during walking and 
12.5 times the body weight during running 18. When a load is placed on the 
tendon, it will lengthen and it can stretch up to 4-8% before microscopic ruptures 
occur within the tendon. If the strain exceeds 8%, the tendon will rupture 
completely 9. The response of the collagen fi bers to tension is demonstrated in 
the stress-strain curve, visualizing the linear relationship between tendon stress 
and strain (Figure 4) 9.

Figure 4. The tendon stress-strain curve. Tendons can stretch up to 4-8% before 
microscopic ruptures occur within the tendon and will rupture completely if the strain 
exceeds 8% 9.

21Introduction

Biomechanics of a heel-rise

The mechanics of performing a heel-rise are comparable to those of lifting a 
wheel-barrow (Figure 5). There are two main internal moment arms at the ankle 
that are needed to perform a maximum heel-rise; one at the talocrural joint and 
one in the metatarsophalangeal joints, the latter comparable to the center of a 
wheel. The triceps surae muscle-tendon complex works like the handles of the 
wheel-barrow, which are lifted up as the muscle contracts. The triceps surae has 
an internal moment arm that is considerably greater compared with the external 
moment arm of body weight and, thanks to this mechanical advantage, the triceps 
surae has to produce less force than it actually lifts during a heel-rise. 

Load

Muscle

Muscle

Muscle

A

B C

Axis
(Metatarsophalangeal joint)

Talocrural joint

Load
(body weight)

Figure 5. During a heel-rise the plantar fl exor muscles act with one internal moment arm 
from the talocrural joint and one from the metatarsophalangeal joints. At the top, the line of 
gravity from body weight is just posterior to the axis of rotation at the metatarsophalangeal 
joints. The biomechanics of heel-rise is comparable to a person lifting a heavy load with a 
wheelbarrow. 
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Biomechanics of walking

Human walking is a cyclic series of movements that can be quantifi ed by the 
gait cycle (Figure 6) 19. The gait cycle starts as the heel strikes the ground (initial 
contact) and ends when the heel of the same foot again makes contact with the 
ground. One cycle, which is synonymous with a stride, contains two steps – one 
with the right leg and one with the left. A full gait cycle on one leg can be divided 
into two major phases. The stance phase occurs from the right heel-strike to the 
right toe-off and accounts for approximately 60% of the gait cycle. The swing 
phase occurs from when the right foot leaves the ground and swings forward until 
the next heel strike and account for the remaining 40% of the gait cycle. 

During heel-strike at initial contact, the ankle (talocrural joint) is in dorsifl exion 
and then plantar fl exes at the loading response. During stance, the ankle again 
dorsifl exes up to about 10º as the tibia moves forward over the foot. After heel-
off from the terminal stance and pre-swing, the ankle plantarfl exes until toe-off. 
During the following swing phase, the ankle dorsifl exes to neutral again before 
the next heel-strike at initial contact. A functioning triceps surae muscle-tendon 
complex is essential for a normal stance phase during gait. The triceps surae is 
active during the majority of the stance phase except for the fi rst 10% from initial 
contact to terminal stance, where the plantar fl exion of the ankle is primarily is 
controlled by the eccentric contraction of the ankle dorsifl exors. Thereafter, until 
approximately 30-40% of the gait cycle, the triceps surae controls the forward 
motion of the tibia relative to the talus by an eccentric contraction. The concentric 
activation of the triceps surae occurs rapidly near heel-off, at terminal stance to 
create plantar fl exion torque, contributing to the forward propulsion of the body. 
This phase is often referred to as the “push-off” and occurs at around 40-60% 
of the gait cycle, terminal stance. The activity of the triceps surae then rapidly 
decreases again at toe-off.

Stance phase (60%)

Initial contact Loading response Mid stance Terminal stance Pre swing Initial swing Mid swing Terminal swing

Swing phase (40%)

Figure 6. The stance phase and swing phase of the right leg during a gait-cycle.
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Kinematics, kinetics & spatiotemporal variables

Kinematics describes the translational or rotational motions of a body without 
taking the forces or torques producing the motions into account 19. Movement of 
the limbs or trunk occurs in one of the three cardinal planes (frontal, sagittal or 
horizontal plane) around the axis of rotation. A change in body position related to 
a joint is expressed in degrees and a change in body position related to a joint over 
time is called angular velocity, expressed as degrees/second.

Kinetics describes the effect of forces that act on the body or are produced by the 
body. Force (F) has the unit Newton (N) and is quantified by Newton’s second 
law, calculated by the product of the mass (m) and the acceleration (a) of the 
mass (F=m*a). Muscles create force that produces moments (torques) around the 
joint and the unit of moment is Newton-meters (Nm). Joint power is the angular 
velocity times joint moment and the unit is Watts (W). Joint work is the force 
influencing a body over a specific distance and is expressed in Joule (J).

Spatiotemporal variables are basic measurements of distance and time related 
to activities such as walking, running and jumping. These variables during gait 
include for example stride length, walking speed and percentage of the gait cycle.

Chronic Achilles tendon rupture

Definition
An Achilles tendon rupture (ATR) is an acute injury that, in several treatment 
protocols, is recommended to be treated within 1 week after injury. To describe an 
ATR with delayed treatment, various definitions and terminology have been used: 
delayed rupture, neglected rupture, missed rupture, late rupture, old rupture and 
chronic rupture. In this thesis, the term “chronic Achilles tendon rupture” (CATR) 
will be used. Moreover, the definition of when an ATR is no longer acute varies 
between studies, but it is generally formulated as a correct diagnosis and adequate 
treatment being delayed between 2 to 6 weeks after injury 20,21. In this thesis, an 
ATR is defined as chronic when treatment is delayed for 4 weeks or more after 
the index injury. 

Epidemiology
Up to 10 - 25% of the acute ATRs are reported to be missed in the acute phase, 
either due to a misdiagnosis by the assessing healthcare professional or because 
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Figure 6. The stance phase and swing phase of the right leg during a gait-cycle.
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Kinematics, kinetics & spatiotemporal variables

Kinematics describes the translational or rotational motions of a body without 
taking the forces or torques producing the motions into account 19. Movement of 
the limbs or trunk occurs in one of the three cardinal planes (frontal, sagittal or 
horizontal plane) around the axis of rotation. A change in body position related to 
a joint is expressed in degrees and a change in body position related to a joint over 
time is called angular velocity, expressed as degrees/second.

Kinetics describes the effect of forces that act on the body or are produced by the 
body. Force (F) has the unit Newton (N) and is quantified by Newton’s second 
law, calculated by the product of the mass (m) and the acceleration (a) of the 
mass (F=m*a). Muscles create force that produces moments (torques) around the 
joint and the unit of moment is Newton-meters (Nm). Joint power is the angular 
velocity times joint moment and the unit is Watts (W). Joint work is the force 
influencing a body over a specific distance and is expressed in Joule (J).

Spatiotemporal variables are basic measurements of distance and time related 
to activities such as walking, running and jumping. These variables during gait 
include for example stride length, walking speed and percentage of the gait cycle.

Chronic Achilles tendon rupture

Definition
An Achilles tendon rupture (ATR) is an acute injury that, in several treatment 
protocols, is recommended to be treated within 1 week after injury. To describe an 
ATR with delayed treatment, various definitions and terminology have been used: 
delayed rupture, neglected rupture, missed rupture, late rupture, old rupture and 
chronic rupture. In this thesis, the term “chronic Achilles tendon rupture” (CATR) 
will be used. Moreover, the definition of when an ATR is no longer acute varies 
between studies, but it is generally formulated as a correct diagnosis and adequate 
treatment being delayed between 2 to 6 weeks after injury 20,21. In this thesis, an 
ATR is defined as chronic when treatment is delayed for 4 weeks or more after 
the index injury. 

Epidemiology
Up to 10 - 25% of the acute ATRs are reported to be missed in the acute phase, 
either due to a misdiagnosis by the assessing healthcare professional or because 



24 Anna Nordenholm

of patient delay 22-24. The overall incidence of acute ATR varies between studies, 
but it has been reported to be between 18 and 47 per 100,000 person-years 25-27. 
A peak in incidence occurs around the age of 40 years, after which a second peak 
phenomenon occurs after the age of 60 years 24,25,28-30. Chronic Achilles tendon 
ruptures most frequently occur in individuals over 60 years of age and are as 
common in females as in males 24. In general, the injury is more common in 
males, but in the older age groups the sex differences appear to disappear 24,25,28-30. 
Over time, the mean age of patients with an ATR has increased by 0.72 years per 
5 years, which is probably partially is related to increased sports participation at 
higher ages 31. Further, the proportion of female patients has increased by 0.6% 
per 5 years in relation to males 31. 

Etiology 
The Achilles tendon ruptures when a momentaneous or gradually too high load 
is placed on the tendon in relation to its tensile strength. The patients commonly 
describe a sharp pain, as if someone had kicked them in the calf. This pain 
often diminishes quickly. Approximately 75% of the ATRs occur during intense 
sporting activities and most commonly during push-off, sudden dorsiflexion or 
violent dorsiflexion of a foot in plantar flexion 25,28,32. However, ATRs can also 
occur spontaneously during regular daily activities with less intense injury 
mechanisms and these atypical injury mechanisms are commonly found in ATRs 
that become chronic. In a study by Fridén et al. 24, healthcare error events and 
patient complaints related to a delayed diagnosis and treatment of ATRs that were 
reported to The Health and Social Care Inspectorate in Sweden between 2010 and 
2015 were investigated. More than half of the patients were older than 60 years 
and of the 46 cases, 17 (37%) were characterized as non-specific injury events and 
in 33% of the cases the Achilles tendon was suspected to have ruptured gradually 
rather than momentarily 24. Factors such as a higher age and co-morbidities can 
impair the tensile properties of the tendon and pre-existing tendon pathology may 
have preceded the rupture 33-35.

The cause of an ATR is multifactorial. Several factors are suggested to be 
associated with sustaining a rupture, such as systemic diseases (e.g. collagen 
deficiency, diabetes mellitus, rheumatoid arthritis), treatment with fluoroquinolone 
antibiotics or corticosteroids, tendon degeneration, male sex, obesity and sports 
participation 29,36-38. Moderate evidence has been found to indicate that reduced 
collagen fibril size increases the risk of ATR 39. There is still, however, limited 
evidence related to predictors 40. 
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Clinical assessment and diagnostic tests
An atypical patient history and clinical presentation may result in the ATR being 
mistaken for another diagnosis, typically a tendinopathy, ankle sprain or a calf 
muscle tear 24,41. If the ATR occurs spontaneously during daily activities or in 
conjunction with minor trauma, the patient may not understand the extent of the 
injury and may therefore wait to seek treatment as pain and swelling decrease 
fairly quickly 42. The majority of cases of misdiagnosis are reported to occur in the 
primary healthcare setting, where the assessing healthcare professional performs 
an incomplete clinical examination 24. 

An acute ATR is primarily diagnosed based on patient history and a physical 
examination (Figure 7). Therefore, an adequate examination is of great importance 
for not missing an ATR 43. A careful patient history should be complemented with 
inspection, palpation, functional test as well as diagnostic test. The presence 
of swelling and bruising is common in ATRs, but can vary between patients. 
Tenderness during palpation of the tendon is likely, but not always present, as well 
as a palpable gap is not always evident since it may be masked by local swelling. 
Patients who have sustained an ATR have reduced plantar flexion strength but 
may still be able to actively plantar flex due to other intact muscles and tendons 
in the posterior and lateral compartments of the lower leg. The patients may also 
be able to perform a two-legged heel-rise, however, not on the injured leg alone. 
The patients can walk, but have tangible alterations during gait. The Thompson’s 
test, also known as the “calf-squeeze test” or Simmond’s test, has been reported 
excellent at diagnosing or ruling out an acute ATR with a sensitivity reported as 
0.96 and specificity as 0.93 43,44. The sensitivity of Matle’s test has been reported 
as 0.88 and the positive predictive value as 0.92  (ratio of patients truly diagnosed 
as positive out of those who had a positive test) for acute ATRs 44. 

Patients with an ATR left untreated will eventually seek medical care complaining 
of pain, limping and functional deficits, such as weakness at push-off and poor 
balance 21,22,45. The absence of treatment in CATR results in a retraction of tendon 
ends and the gap is filled with fibrous/scar tissue 22,42. The status at the rupture site 
in patients with CATR may compromise the reliability of the clinical diagnostic 
tests. Therefore, the clinical test must be complemented by careful patient history 
including injury mechanism/symptom debut and information about comorbidities, 
together with a thorough physical examination including functional tests. 

In the event of even the slightest suspicion of an acute ATR, including the disputed 
existence of partial rupture, the patient must be referred to the local emergency 
department setting for further assessment. Ideally, patients with an acute ATR 
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should be placed with the ankle in plantar fl exion in a cast or boot within hours 
after the injury. The patient should then be referred to an orthopedic surgeon 
to discuss and choose further management of the rupture. Patients with CATR 
do not have to be treated as acutely. However, the patient should be seen by an 
orthopedic surgeon as soon as possible for a further assessment and discussion of 
treatment options. 

Figure 7. A) The Thompson’s test is performed with the patient lying prone with the foot over 
the edge of the bench. The test is negative if the ankle plantar fl exes when the examiner 
squeezes the calf muscles. If there is no or minimal plantar fl exion, the test is positive and 
indicate a complete rupture of the Achilles tendon. B) The Matle’s test is a visual diagnostic 
test performed with the patient lying prone with both knees fl exed 90° and ankles relaxed. 
The test is negative if the affected ankle remains slightly plantarfl exed. If the affected ankle 
falls into neutral or dorsifl exion, the test is positive and indicate a complete rupture of the 
Achilles tendon.

A B

27Introduction

Initial treatment 
In case of an acute ATR, both surgical and non-surgical treatments are commonly 
employed with relatively similar outcomes 46-48. Surgical treatment lowers the 
risk of re-rupture 2-4 times compared with non-surgical treatment, but it is also 
associated with a higher risk of complications such as wound infections 46-48. The 
re-rupture rate has been reported as 3.6% in surgically treated patients and 10.1% 
after non-surgical treatment 46. No consensus has yet been reached on the optimal 
management strategy; the advantages of each treatment should be weighed up 
against the disadvantages, such as the risk of complications in the individual case. 
For surgical repair of acute ATR, both open and percutaneous surgical techniques 
are safe and effective, and the majority of patients can be treated with direct repair 
(without an autograft or allograft) 49. 

For the management of CATRs, the current consensus is that surgical repair is 
the preferable treatment when it comes to improving patient-reported function, 
calf muscle function and walking ability 20,45,50. There are a great heterogeneity 
of surgical treatment methods described in the literature, including a variety of 
turndown flaps, tendon transfer, tendon lengthening and synthetic grafts and 
possibly direct repair 51-53. In spite of this, it is not known whether any of the 
methods are superior to others. The majority of studies on treatment for CATRs 
are of limited quality, with a low level of evidence, making a meta-analysis 
comparing the outcomes of different treatment strategies impossible to perform at 
present 51,52. Apart from a large variation in treatment strategies between studies, 
the existing literature uses several non-validated outcome measurements and 
includes small sample sizes and is unable to control for patient specific factors 
that affect the outcomes 51,52. 

Whether or not surgery is indicated is determined by the patient’s overall function 
and general health, characteristics of the ATR, functional goals and comorbidities 
20,45,50. The surgical repair of CATRs is technically more demanding and requires 
longer duration of operation time, compared with surgical repair of acute ATRs 
due to the retraction of tendon ends and scar tissue formation 22,45. The choice 
of surgical technique is based on the individual patients tendon status and gap 
size, and augmented repair is often required. The complication rate after surgical 
treatment of CATRs has previously been reported as 14.6-15.8%, with the most 
common complication being surgical wound complications such as infection 
(5.5%) 52,53. It has been reported that the complication rate is higher in elderly 
patients treated for acute ATR compared with patients of all ages 35. Patients treated 
for a CATR might therefore be at greater risk of postoperative complications, since 
their average age is higher compared with patients treated for acute ATR.
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A previous study by Winson et al. 54 found that non-surgical treatment and 
rehabilitation after a CATR may contribute to good patient reported function 
at 1-9 year follow-up, especially when treatment is initiated within the first 6 
weeks after injury. However, fewer improvements were found in patients who 
had delayed treatment for more than 12 weeks 54. This suggests that, the longer 
the delay to treatment, the less likely that rehabilitation alone will contribute to 
significant improvements.

Rehabilitation
Achilles tendon ruptures require an extensive rehabilitation after initial treatment, 
normally ranging between 6 and 12 months. The rehabilitation should be 
individualized and based on a biopsychosocial approach, considering aspects of 
biological, psychological as well as social factors 55. Aspects such as the patients 
preinjury status, psychological status, comorbidities, the process from injury to 
treatment and the patients commitment to and goals of the rehabilitation should 
all be considered by the physical therapist. 

The progression of early rehabilitation is time based, due to a critical phase in the 
tendon healing and a greater risk of tendon re-rupture. Later in the rehabilitation 
process, progression should be mainly criteria-based and progressed based on 
the individual patient’s capacity. Initial postoperative rehabilitation guidelines 
after augmentation surgery for CATRs may differ from those for acute ATRs, in 
terms of a somewhat longer immobilization period. Moreover, a slower exercise 
progression than for patients with acute ATR may be expected due to the more 
extensive surgical treatment and a greater loss of function related to the delay 
between injury and treatment. 

Psychological aspects of rehabilitation

Psychological factors may likely impact the short- and long-term outcomes of 
treatment of patients with an ATR. A study on psychological factors in patients 
with an ATR during the first year of rehabilitation and its association with 
functional outcome measures at 1 year after injury has recently been published 
56. The study concluded that the studied psychological factors changed during the 
rehabilitation: the psychological readiness for return to sports improved, while the 
kinesiophobia decreased 56. Participation and performance in sports at 12 moths 
after injury was negatively affected by a lower motivation during rehabilitation, 
and positively affected by a psychological readiness and confidence at evaluation 
both at 6 and 12 months 56. Less kinesiophobia at 6 months was associated with a 
better calf muscle function at 12 months 56.
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These findings might not be directly generalizable to patients treated for a CATR, 
who have had a delayed treatment to a varying extent prior to treatment. These 
patients might enter the postoperative rehabilitation with negative feelings, such 
as lack of motivation and frustration due to a previous unsuccessful treatment 
period addressed to the wrong diagnosis. On the contrary, patients treated for 
a CATR may also be very motivated and relieved to have finally received an 
adequate treatment for the correct diagnosis. The physical therapist should be 
observant of the patients psychological status and feelings related to the process 
from injury to treatment for the correct diagnosis. The patient should be provided 
with realistic expectations of each phase of the recovery process and be followed 
up on psychological status continuously during the rehabilitation. There are 
several self-reported psychological assessment tools described in the literature 
that may be appropriate for use in the treatment sports injuries 57.

Non-surgical treatment

Patients receiving non-surgical treatment for a CATR were not included in this 
thesis. For these patients, the rehabilitation should be focused on their individual 
functional limitations related to activities in the daily life and be based on patient 
goals. Moreover, the patient should be provided with realistic expectations of 
recovery with non-surgical treatment and strategies for managing the physical 
impairments related to the CATR. The impaired foot and ankle function due to the 
CATR will likely alter the patients balance and gait, and therefore, a maintenance 
of the remaining plantar flexion function together with adequate knee, hip and 
core strength are of great importance. Moreover, the use of a walking aid or an 
ankle-foot-orthosis may help the patient to achieve better gait biomechanics by 
preventing excessive dorsal flexion and/or provide with increased ankle plantar 
flexion moment 58. 

Postoperative rehabilitation 

There is a wide variation in the way rehabilitation after an ATR is described in the 
literature. A systematic review including high quality studies of rehabilitation after 
surgical repair of acute ATRs concludes that, despite variability in immobilization 
and weight-bearing, most protocols begin with ankle range of motion exercises 
and then progress to strength and proprioceptive training 59. Return to sport-
specific exercises are initiated between 12 and 22 weeks postoperatively 59. In 
terms of immobilization, less rigid forms of immobilization with early range-of-
motion exercises appear to facilitate an earlier return to sports and return to work, 
although this is not consistently associated with superior subjective or objective 
postoperative outcomes 59. The literature suggests short-term benefits in terms 
of functional outcomes after early weight-bearing in combination with ankle 
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exercises, but it is unclear whether these differences are also present in the long 
term 60,61.

Early functional mobilization is frequently studied in the context of ATR 
treatment. A recently published systematic review of the components of early 
functional mobilization concluded that most commonly, rehabilitation including 
weight-bearing and/or ankle-focused exercises is initiated within the first 2 weeks 
after injury or surgery 60. The study found that the median onset of weight-bearing 
was after 2 weeks. In terms of the timing of exercise onset, the median time 
period is after 3 weeks in patients treated non-surgically, 2 weeks in patients 
treated with simple surgical methods and 0.5 weeks in patients treated with 
augmentation. After surgical intervention, weight-bearing and exercises are 
often initiated simultaneously within the first 2 weeks. In patients treated non-
surgically, however, there is a trend towards immediate weight-bearing, but a 
delay in the initiation of ankle-focused exercises. 

In this thesis, suggested stages of postoperative rehabilitation after surgical 
treatment with augmentation for CATR are presented as four overlapping phases. 
These are based on the current regional treatment guidelines at Sahlgrenska 
University Hospital and the previous work of Brorsson 62 on rehabilitation after 
acute ATR (Figure 8). The suggested progression of rehabilitation phases for 
patients with CATRs is slightly slower compared with that previously presented 
for acute ATR.

Figure 8. The suggested rehabilitation phases after augmentation surgery for chronic 
Achilles tendon rupture.
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To obtain a comprehensive overall picture of the patients health during the 
rehabilitation, the International Classification of Functioning, Disability and 
Health (ICF) can be used 55. The ICF is a biopsychosocial classification that maps 
the patient’s body impairments, activity limitations and restrictions in participation 
together with environmental and personal factors (Figure 9). Considering all 
components of the ICF during rehabilitation provides the physical therapist with 
a comprehensive summary of the patients health.
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Figure 9. The International Classification of Functioning, Disability and Health (ICF).

The controlled mobilization phase (weeks 4-8)

Prior to  the controlled mobilization phase the plaster cast has been removed 
according to the orthopedic surgeons decision and is replaced by a lower-leg 
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exercises, but it is unclear whether these differences are also present in the long 
term 60,61.

Early functional mobilization is frequently studied in the context of ATR 
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treated with simple surgical methods and 0.5 weeks in patients treated with 
augmentation. After surgical intervention, weight-bearing and exercises are 
often initiated simultaneously within the first 2 weeks. In patients treated non-
surgically, however, there is a trend towards immediate weight-bearing, but a 
delay in the initiation of ankle-focused exercises. 

In this thesis, suggested stages of postoperative rehabilitation after surgical 
treatment with augmentation for CATR are presented as four overlapping phases. 
These are based on the current regional treatment guidelines at Sahlgrenska 
University Hospital and the previous work of Brorsson 62 on rehabilitation after 
acute ATR (Figure 8). The suggested progression of rehabilitation phases for 
patients with CATRs is slightly slower compared with that previously presented 
for acute ATR.

Figure 8. The suggested rehabilitation phases after augmentation surgery for chronic 
Achilles tendon rupture.
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type-III synthesis starts and lasts for a few weeks 65. During the remodeling phase, 
the collagen fibers start to adapt to the direction of tendon stress and the tendon 
slowly return to its original composition, with a higher proportion of collagen type 
I 65. The final healing phase continues for more than a year after the injury 64,65. 
The tendon healing process is positively affected by mechanical loading. Animal 
studies suggest that the greatest effect of loading compared with immobilization 
on tendon properties is present during the early healing phase 66,67. For this reason, 
the initial rehabilitation phase plays a very important role in the tendon healing 
process. The optimal amount of tendon loading during the healing process is still 
unknown. 

The patients symptoms should be evaluated continuously during the rehabilitation 
and a pain monitoring model can be used as a tool (Figure 10). Pain up to 2 
as measured by the visual analogue scale (VAS) is regarded as safe, while pain 
between 3 and 5 is an indication of overuse but can be accepted if the pain 
decreases immediately after the completed activity 68. Pain over 5 on the VAS 
is regarded as unacceptable since it indicates that the tendon is overloaded 68. If 
the patient has pain or swelling in the Achilles tendon, the dosage of exercises 
and walking should be adapted to the current symptoms. Swelling and pain are 
not allowed to increase over time. If pain or swelling increases after an activity, 
the symptoms should have returned back to normal before performing the same 
activity, or that dosage of the same activity, again. 

Figure 10. Pain monitoring using the visual analogue scale (VAS) according to Thomée et  
al. 68. Pain up to 2 on the VAS is safe. Pain between 3 and 5 is a warning of potential 
overuse, but is acceptable if it is reduced immediately after the activity is finished. Pain >5 
indicates a high risk of overuse and is not allowed during activity. If pain and/or swelling 
increases after an activity, the patient must refrain from the activity until normalized again. 
Pain and swelling are not allowed to increase over time.
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The early rehabilitation phase (weeks 9-12)

During this phase the lower-leg walker brace is removed and the patient can 
progress gait and calf muscle training with fewer restrictions. The greatest risk 
of re-rupture is present during these weeks, and it is therefore important that 
the patient is informed that tendon stretching and heavy or explosive exercises 
or movements should be avoided. Apart from preventing an ATRR, tendon 
lengthening and other complications, the goals of this rehabilitation phase are to 
load the tendon to stimulate an increase in its cross-sectional area, to overcome 
potential fear of movement and to recover walking and calf muscle function.

The late rehabilitation phase (months 4-6+)

In this phase, the risk of re-rupture has decreased and the goal is to continue 
the recovery of tendon durability, calf muscle strength and endurance and 
overall function. Inclusion of exercises for quadriceps and hamstrings muscles 
is important since they help to unload the calf muscles and Achilles tendon. If 
relevant for the patient, slow progression to running and jumping can be initiated 
during this phase. Exercises should be progressed from bilateral to unilateral, by 
continuously increasing load and speed of movement. 

Brorsson 62 previously suggested that an ability to perform more than 20 seated 
single leg heel-rises with 50% of body weight, may be used as a criterion for 
sufficient calf muscle strength to perform a single leg standing heel-rise. Around 
50% of patients treated for an acute ATR are able to perform a single-leg heel-rise 
at 12 weeks after injury 69. When the patient is able to perform 5 single leg heel-
rises at 90% of the maximum height on the ruptured side, exercises for running 
preparations such as bilateral rebounding heel-rises, bilateral jumps and jogging 
on the spot may be initiated 70. If these criteria have not been fulfilled at 4 months 
after ATR, it is suggested that running progression can be started if the patient 
can raise at least 70% of the maximum height on the injured side during a single 
heel-rise 62.

The return-to-sport phase 

Return to sport is not just the final phase in the rehabilitation that starts at the 
end of the recovery, but rather a continuum that is present throughout the whole 
rehabilitation process 71. A goal during the rehabilitation is to recover function, 
which will enable the prerequisites for participation in physical activity and sports 
to be met. During the latter part of the rehabilitation, the patient may first return 
to restricted sports participation and then gradually increase participation as 
function and tendon tolerance permit. A systematic review and meta-analysis of 
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return to sports after an acute ATR show that 20% never return to their previous 
activity level, but the number has also been reported to be as high as around 50% 
72-74. If the patient fully returns to sports participation, performance may still be 
reduced 75. Conversely, patients that have regained enough function for sports 
participation may still actively choose not to resume sports due to a fear of re-
injury 73. The mean time to return to sports after an acute ATR has been reported 
as 6 ± 1.8 months 72 .

Evaluation
In order to guide the physical therapist and the patient in the rehabilitation 
progression, continuous evaluation is important. In terms of return to sport, 
there are no mile-stone based criteria after an ATR 71. It is well known that a 
battery of several tests will provide with a broader view of the patients’ function, 
than the use of only a single test. In addition, it is important that the outcome 
measurements used are valid, reliable, responsive and encompass multiple 
aspects of function 72. Despite the existence of validated outcomes measurements 
for ATRs, there is still a widespread use of non-validated measurements 52. The 
American Orthopedic Foot and Ankle Society Ankle-Hindfoot Score (AOFAS-
AH), which is a combined clinician-reported and patient-reported score, is the 
most used measurement in the literature for evaluating patient-reported outcomes 
in patients with a CATR 52,76. The AOFAS-AH is, however, not validated and has 
been found to have a high potential for bias 76. Its widespread use in the orthopedic 
literature has recently been questioned 76. Moreover, the Leppilahti Score, which 
is the first disease-specific standardized protocol for outcome evaluation after 
ATRs, is frequently used in the literature 77. The score combines subjective and 
objective measurements and has been questioned, since no consensus has been 
established for scoring of the final sub-score of muscle strength, which aggravates 
comparisons between studies 78. Furthermore, the validity of the Leppilahti Score 
has not been established.

Researchers, as well as clinicians, should base their clinical assessment of outcomes 
on reliable, valid and responsive outcome measurements 78. On the basis of the 
best available evidence, patients with an ATR should be evaluated using injury-
specific measurements such as the patient-reported outcome Achilles Tendon 
Total Rupture Score (ATRS), which evaluates outcome related to symptoms and 
physical activity, preferably in combination with a generic measurement 78,79. The 
evaluation should also include objective measurements of function, such as the 
validated heel-rise endurance test for calf muscle performance 80.

35Introduction

The heel-rise endurance test includes measurements of the number of repetitions, 
height and total work, the latter combining the values of reps and height. Heel-
rise total work is an important test parameter due to a greater ability to detect 
side-to-side differences compared with only the number of repetitions 80. After 
an acute ATR, patient-reported function and heel-rise height have been found to 
correlate at 6 months, but this correlation does not persist at 12 months, when the 
patients typically score higher subjective function, while the heel-rise test do not 
show the same increase 72. As a result, evaluation of patients with an ATR cannot 
rely solely on one single aspect of function. Measurements of patient-reported 
function, muscle function and tendon length should be included in the assessment. 
Moreover, evaluation of walking ability through gait analysis performed using 
synchronized force plates has the ability to detect impaired gait function related 
to the ATR 81. If the patients goal is to return to sports, jumping and running are 
aspects of function that are also important to assess. In elderly or physically low-
demanding patients, the use of walking tests could be of clinical relevance, for 
example self-selected or maximal walking speed at a standardized distance 82.

The body of literature on patients’ psychological responses to injury has increased 
in recent years. However, outcome measurements covering this aspect of function 
is not yet routinely included in research or in the clinical setting of rehabilitation 
after ATR. The physical therapist should strongly consider to include outcome 
measurements targeting cognitive, emotional, behavioral and social factors in the 
battery of tests during the rehabilitation of patients with ATR 83. 

Outcomes 
Studies on the surgical treatment of CATRs have consistently reported 
significant postoperative improvements in patient-reported function 52. The mean 
postoperative score on the ATRS is reported as 70-95 points in the scoping review 
of Arshad et al. 52, but there are large individual variations in outcomes between 
patients. In addition to patient-reported scores, a deeper understanding of the 
patient’s own experiences and perspectives related to the injury and treatment 
outcomes can be obtained through studies with a qualitative approach 84. No 
previous studies on patient experiences related to sustaining and undergoing 
treatment for a CATR have been found in the literature.

Persistent impairments of 10-30% in calf muscle function are reported after an 
acute ATR and similar outcomes have also been found in relation to CATRs 
51,80,85,86. A greater recovery of calf muscle endurance at 6 months after injury is 
associated with greater calf muscle endurance at 1 year in patients with an acute 
ATR 87. Further, no resting pain at 3 months after injury is associated with superior 
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outcomes at 1 year after an acute ATR 87. This indicates that the early recovery 
phases are important for the long-term function for these patients. Irrespective of 
surgical or non-surgical treatment, only discrete improvements in heel-rise test 
performance are reported between 1 and 2 years after an acute ATR and no further 
improvements are found after 2 years 88. In terms of non-modifiable factors, such 
as being of male sex is associated with poorer recovery at 1 year 87. Older age is 
a strong predictor of worse recovery of heel-rise height at 1 year after an acute 
ATR and a higher BMI is a strong predictor of a greater degree of symptoms 89.

Long-term impairments in gait biomechanics in terms of remaining side-to-side 
differences in primarily peak plantar flexion power are common after an acute 
ATR, independent of surgical or non-surgical treatment 81,86,90,91. A similar effect in 
relation to gait might also be found also in patients after the treatment of a CATR.

Regardless of the type of treatment, the Achilles tendon will elongate immediately 
when the tendon ruptures, decrease during the initial treatment and then elongate 
again during the healing process 92-94. The degree of tendon elongation affects 
gait and the ability to generate plantar flexion force and correlates with the 
degree of symptoms and heel-rise performance in patients treated for an acute 
ATR 95,96. A randomized controlled trial found that tendon elongation, measured 
radiographically using tantalum beads inserted during surgery, continues for up to 
six months after the surgical treatment of an acute ATR 97. A similar pattern was 
reported when tendon length was measured by the Achilles Tendon Resting Angle 
(ATRA), the measurement of the neutral resting position of the ankle 94. A greater 
intraoperative ATRA has been found to predict inferior heel-rise height at 1 year 
after an acute ATR 98. Given this fact, the tightness of surgical repair may be of 
great importance for postoperative tendon elongation. During the first 6 months 
of rehabilitation, an increased ATRA angle correlates with more patient-reported 
symptoms in patients treated surgically for an acute ATR 94. An increased ATRA 
at 1 year or more after the index injury is correlated to decreased heel-rise height 
in surgically treated patients and related to a reduction in heel-rise work recovery 
in patients both surgically and non-surgically treated patients after an acute ATR 
94,96. How tendon length and different aspects of function are associated with one 
another in patients with a CATR has not yet been established in the literature.

Economic cost  
As medicine improves and the range of advanced treatment options increase, 
the healthcare costs also increase 99,100. Healthcare professionals should consider 
the most cost-effective treatment plans and their overall impact on the society in 
terms of sick leave and expected patient quality of life 99. In the recent years, a 
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few studies of the economic cost of different treatment strategies for acute ATRs 
have been published 101-104. A recent systematic review concludes that treating an 
acute ATR surgically is less cost-effective compared with non-surgical treatment 
105. In addition, the use of open repair is more expensive in terms of health care 
costs compared with percutaneous repair 104,105. To date, there are no studies that 
have reported the economic cost of treatment for CATRs.
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Rationale for this thesis

The rationale for this thesis is to contribute with new knowledge relating to 
the outcomes after surgical treatment and rehabilitation for patients with a 
CATR. Contrary to acute ATRs, which have been extensively studied, CATRs 
are significantly less researched. The majority of existing literature consists of 
small case series that describes different surgical techniques and their associated 
outcomes. The widespread use of non-validated outcome measurements reduces 
study quality and, together with the varying terminology and definitions used, 
makes the existing studies difficult to compare with one another. One constant 
issue when performing research on patients with a CATR, a subgroup of ATRs, is 
that they are relatively uncommon. Between 10-25% of acute ATRs are reported 
to become chronic, and of some of these ruptures are never detected by the health- 
care. This results in difficulties for researchers when it comes to collecting larger 
cohorts and limits the opportunity to use study designs with a higher level of 
evidence, like randomized controlled trials. 

In this thesis, the outcomes of surgical treatment and postoperative rehabilitation 
in patients with a CATR are investigated from a broad perspective by quality 
outcome measurements. Study I presents the 1-year postoperative patient-
reported function, calf muscle function and tendon property outcomes evaluated 
by a comprehensive battery of several validated outcome measurements. In 
Study II, the effect of surgical treatment and rehabilitation on gait biomechanics 
is determined. Study III contributes clinical implications for rehabilitation by 
determining the relationship between calf muscle function, tendon length and gait 
biomechanics at 1 year after surgical treatment. In Study IV, the patient’s own 
experiences of suffering and recovering from a CATR is qualitatively described. 
Lastly, Study V presents the economic cost to the healthcare and the society of 
treating a CATR surgically.

The results of this thesis will hopefully contribute with new valuable knowledge 
and insights, beyond limited evaluation of specific surgical treatments, which 
may raise new hypotheses for future research that can improve the clinical care of 
patients sustaining a CATR.
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Aims

The overall aim of this thesis was to determine the outcomes of surgical treatment 
and postoperative rehabilitation in patients with a CATR from a broad perspective 
(Figure 11).

Study I: To evaluate the 1-year postoperative patient-reported function, calf 
muscle function and tendon property outcomes in patients with a CATR.

Study II: To investigate whether the gait biomechanics in patients with a CATR 
can be improved after surgical intervention and to compare these patients’ gait at 
1 year postoperatively with those of healthy controls.

Study III: To determine the relationship between the calf muscle function, tendon 
length and biomechanics of the ankle joint during gait in patients with a CATR.

Study IV: To explore patient experiences of sustaining and recovering from a 
CATR.

Study V: To investigate the economic cost of surgical treatment of CATRs and 
present the pre- and postoperative patient-reported outcomes.

Aims

Figure 11. A graphical summary of the 
outcomes studied in this thesis. 
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Subjects

Patient inclusion
Data were collected from patients presenting at Sahlgrenska University Hospital 
and Kungsbacka Hospital between 2013 and 2018. The criteria for inclusion were 
a unilateral CATR that were left untreated for 4 weeks or more and were planned 
for (Study II) or had undergone surgical intervention (Studies I, III-V).

Table 1. Summary of included patients. Comments are made on the inclusion process for 
each study. 

Patients included in the project

Inclusion 
period

Study N Patient sex Age Comments

Male Female

2014–
2016

I 22 14 (64 %) 8 (36%) 61±15 A total of 24 patients were 
prospectively included, but 1 
patient in Studies II & IV was 
excluded during the analysis 
due to incorrect inclusion. 
The total number of invited 
patients is unknown. All the 
patients included in Studies 
I-IV are part of this cohort.

II 23 15 (65%) 8 (35%) 61±15

III 21 13 (62%) 8 (38%) 62±13

IV 10 7 (70%) 3 (30%) 65±14

2013–
2018

V 40 29 (73%) 11 (27%) 63±14 Of those invited to participa-
te in the Study, 19 patients 
did not respond (a total of 59 
patients were invited).
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Surgical treatment and rehabilitation
The majority of the patients included in Studies I-V were treated using an 
augmentation with a free flap from the gastrocnemius aponeurosis, a surgical 
technique previously presented by Nilsson-Helander et al. 74. One patient, in 
addition received a suture anchor in the calcaneus due to a more distal rupture, yet 
still defined as a mid-portion rupture. One patient, participating in Studies I-III, 
was treated using a free semitendinosus autograft because of a large gap size. 

Postoperatively, a below-the-knee plaster cast was used for 3 to 5 weeks 
(Postoperative treatment protocol in Appendix). After 3 weeks the cast was 
removed for suture removal and, for some patients, a new adjusted cast was 
applied for around 2 more weeks. After cast removal an adjustable lower-leg 
walker brace (DonJoy ROM Walker) with gradually reduced plantar flexion was 
used until 8-9 weeks after surgery. Toe-touch gait was allowed in the brace and 
was successively increased to full weight-bearing. The patients initiated daily 
ankle specific rehabilitation excercises during the brace period. After brace 
removal, the patients continued physical therapy for more specific criteria-based 
exercise therapy and load instructions based on the current regional rehabilitation 
protocol.

45Subjects
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Methods

Table 2. Overview of outcome measurements used in the studies presented in this thesis.

Outcome measurements Study I Study II Study III Study IV Study V

Patient-reported outcome 
measures

x x

Heel-rise endurance test x x

Ultrasound measurement of 
tendon length and ATRA

x x

Ankle ROM and calf  
circumference

x

Gait biomechanics x x

Patient experiences x

Economic cost x

Patient-reported outcome measurements
This thesis includes 3 patient-reported outcome measurements (PROMs); 1 
injury-specific questionnaire, 1 instrument reflecting on physical activity, and 1 
on general foot and ankle-related problems. The use of PROMs is important when 
evaluating outcomes since they enable measurement of function related to the 
specific condition from the patients’ own perspective of treatment outcome. 

The Achilles tendon total rupture score (ATRS) is an injury-specific patient-
reported instrument containing 10 questions with symptom scales ranging from 
0 to 10 (0 indicates major limitations/symptoms, 10 indicates no limitations/
symptoms) 79. A lower score indicates more symptoms and greater limitations 
in function, while a sum of 100 means that the patient has recovered completely. 
The ATRS has good construct and convergent validity for patients with an ATR 
and high correlations with other instruments validated for foot and ankle injuries  
79,106,107. Moreover, the instrument has high internal consistency (Cronbach’s 
alpha= 0.96) and high test-retest reliability (ICC= 0.98) 79. 
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The physical activity scale (PAS) is a patient-reported instrument, originally 
consisting of 4 levels, that evaluates the regularity and level of physical activity 
among patients 108. A modified scale consisting of 6 levels was used, where the 
former level 1 and 2 each are divided into 2 levels (Table 3) 109. The modification of 
the PAS increases the discrimination of physical activity levels and may therefore 
be more suitable for subjects with relatively low levels of physical activity. The 
first level means very little activity and the sixth level means intense workouts 
on numerous days a week. The use of PAS for self-reported physical activity has 
been found moderately correlated to physical performance and accelerometer-
based physical activity in elderly and is regarded to have good concurrent validity 
and to be responsive to change when used in this population 110,111. Test-retest 
reliability has been reported as excellent (ICC= 0.874) 112.

Table 3. The modified physical activity scale consisting of 6 levels suggested by Grimby et 
al 109. 

Level Description

1 Hardly any physical activity.

2 Mostly sitting, sometimes a walk, easy gardening or similar tasks.

3 Light physical exercise around 2-4 hours a week, e.g., walks, fishing, dancing, ordinary 
gardening, including walks to and from shops.

4 Moderate exercise 1-2 hours a week, e.g., jogging, swimming, gymnastics, heavier garde-
ning, home-repairing or easier physical activities more than 4 hours a week.

5 Moderate exercise at least 3 hours a week, e.g. tennis, swimming, jogging etc.

6 Hard or very hard exercise regularly and several times a week, where the physical exertion 
is great, e.g., jogging, skiing.

 
The foot and ankle outcome score (FAOS) is a patient-reported instrument 
initially developed to evaluate ankle instability related to ankle sprains, but it has 
commonly been used in patients with an ATR 106. The instrument consists of 42 
items measuring patient outcomes divided into 5 sub-scales that ranges from 0 to 
100. The score for each scale is calculated by summing up the total score of each 
subscale and dividing it by the possible maximum score for the scale. A score 
of 100 indicates full recovery and no foot- and ankle-related problems, whereas 
a score of 0 indicates severe problems. The FAOS has been found to have good 
content validity and construct validity (R2= 0.58 to 0.67), internal consistency 
(Cronbach’s alpha= 0.88 to 0.97) and test-retest reliability (ICC= 0.70 to 0.92) for 
patients treated with reconstruction of the lateral ankle ligaments 106.

49Methods

Calf muscle function 
Three tests of muscle function were used; 1 calf muscle endurance test and 2 hop 
tests. Muscle function tests are important for objectively quantifying the lower 
leg function after treatment for CATRs and the included tests have been used in 
several previous studies evaluating patients with ATRs. The differences between 
the injured and healthy side were calculated using the Limb Symmetry Index 
(LSI), defined as the ratio between the injured and the healthy side as a percentage 
(injured/healthy x 100 = LSI). 

Calf muscle endurance was evaluated using the MuscleLab® measurement 
system (Ergotest Technology, Oslo, Norway), which is widely used for measuring 
calf muscle function (Figure 12). The heel-rise endurance test has good test-retest 
reliability (ICC= 0.78 to 0.84) and has a greater ability to detect differences 
between injured and uninjured side than a test only measuring the number of 
repetitions performed 80,113. The test was performed with the patients standing on 
one leg on a box with a 10-degree incline. The patients were told to perform as 
many heel-rises as possible, to go as high as possible during each repetition and 
to keep the knee extended during the entire test. The patients were allowed to use 
balance support with the fingertips on the wall at shoulder height. A metronome 
was used to keep the pace at 30 heel-rises a minute and the test was finished 
when the patient was unable to rise above 2 cm or unable to maintain the pace. A 
linear encoder unit connected to the MuscleLab® measurement system recorded 
the number of successful heel-rise repetitions, the heel-rise height (cm) and the 
computed total work (joule) based on body weight.

Jumping performance was evaluated by the counter-movement jump (CMJ) and 
the hopping test (Figure 13). The tests have excellent test-retest reliability (ICC= 
0.91 and 0.94, respectively) and are valid for evaluating side differences in lower 
leg function in patients with Achilles tendon injuries when used as part of a test 
battery 114. Jumping height and calculation of hopping ratio (air time/contact time) 
was measured by the MuscleLab® infrared light beam measurement system. For 
the CMJ, the patients stood on one leg with their hands behind their back and 
were asked quickly to bend their knee and then perform a vertical jump as high 
as possible. The vertical jump height was calculated by recorded flight time. 
The hopping test is a continuous rhythmic jump involving the stretch-shortening 
cycle and measures the ability of the muscle-tendon complex to utilize its elastic 
properties. Standing on one leg with their arms at their sides, the patients were 
instructed to perform 15 jumps with as short ground contact time as possible 
at a self-selected speed. The hopping ratio (air time/floor contact time) was the 
outcome measurement used for analysis.
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Figure 12. Illustration of the heel-rise endurance test, using the MuscleLab®.

51Methods

Tendon and lower leg properties
Ultrasound measurement of the Achilles tendon length were performed 
bilaterally using an extended field of view ultrasonography (Logiq E BT09 
Ultrasound; GE Healthcare Sweden AB). This measurement method has been 
reported to have good test-retest reliability (ICC=0.85-0.98), inter-rater reliability 
(ICC=0.99) and between limb reliability (ICC=0.94, SEM= 0.67cm) 95,115. 
Moreover, the method has been found to have good validity when the length of a 
healthy Achilles tendon is compared on cadaveric measurements and ultrasound 
images 95,115. The distance between the calcaneal osteotendinous junction (OTJ) 
and the gastrocnemius musculo-tendinous junction (MTJ) was measured using a 
wideband array linear probe (4C-RS, 5.0-13.0 MHz). The B-mode at 10 MHz and 
a depth of 3 cm were used to record the images. Three images of each Achilles 
tendon were recorded with a measurement accuracy of 0.5 cm. The mean value 
was used for data analysis and the results are presented in centimeters with 1 
decimal.

Figure 13. Illustration of the counter-movement jump and the hopping test.
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The Achilles tendon resting angle (ATRA) has previously been described with 
excellent test-retest reliability (ICC=0.80 to 0.97) 116. With the patient in a prone 
position and the knee passively fl exed at 90 degrees, a goniometer with 1-degree 
increments was placed with the axis on the tip of the fi bula (Figure 14). One arm 
was placed along the shaft of the fi bula aligned with the center of the fi bula head 
and the other arm with the head of the fi fth metatarsal. The angle between the 
arms was used for the analysis.

Figure 14. Illustration of measurement of Achilles Tendon Resting Angle.

53Methods

Dorsiflexion range of motion of the ankle joint was measured using a goniometer 
in standing. The patients were instructed to perform a maximal dorsiflexion in the 
ankle joint, both with a straight and with a flexed knee. The arms of a goniometer 
were visually aligned with the floor and through the shaft of the fibula, using the 
lateral malleolus and the fibular head as anatomical landmarks. The measurement 
of dorsiflexion with bent knee using a goniometer has good intra-rater-reliability 
(ICC=0.85 to 0.96) and low standard error of measurement (SEM= 1.8-2.8°) 117. 
For measurement with extended knee, digital inclinometer have high intra-rater-
reliability (ICC=0.85 to 0.91) and low SEM (1.5°) 118.

The calf circumference was measured while standing at the largest area of the 
calf muscle with a standard tape and measured in 1 mm increments. Repeated 
measurements were taken until the same value was found for successive 
measurements. Measurement of calf circumference using a standard tape has 
excellent test-re-test reliability (ICC=0.94 to 0.98) and low SEM (0.5-0.6 cm) 116.

Gait biomechanics
The gait analysis was performed preoperatively using an optical tracking 
system (OTS) (Figure 15). All the gait analyses were performed according to 
a standardized protocol, where the test subjects wore underwear and walked 
barefoot on the floor. A total of 15 spherical markers (ø 12 mm) were attached to 
the skin of the lower extremities and the pelvis with double-adhesive tape by an 
experienced examiner, according to a skin marker model presented in detail by 
Weidow et al. 119. Markers were attached to the proximal border of the sacrum, 
anterior and superior iliac spine, lateral knee joint line, proximal border of the 
patella, tibial tubercle, tuber calcanei, lateral malleolus and between the second 
and third metatarsals. A modified Coda pelvis was used to define the pelvis segment 
120. The modification consisted of a reduction of the two bilateral markers on the 
posterior superior iliac spine that were replaced by one marker at the mid-point 
of the proximal border of the sacrum. All tests were led by the same examiner, 
to increase the test-retest reliability of the measurements 121. The skin marker 
model used has previously been validated for the hip and knee joint and shows 
good agreement for extension and flexion movements in the joint compared with 
the gold standard, roentgen stereophotogrammetric analysis (RSA) based on the 
installation of markers made of tantalum in the skeleton 122,123.

For data acquisition, a 16-camera motion capture system with a sampling rate of 
240 Hz (Oqus 700+, Qualisys AB, Göteborg, Sweden), together with 4 force plates 
integrated in the floor (Amti Optima OPT), was used. A static recording with the 
test subject standing in an upright position in the calibrated volume aligned to the 
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global coordinate system was performed prior to the gait analysis in order to scale 
the subject’s anthropological measurements in relation to the marker positions. 
The test subjects were then asked to walk 5-10 times at a self-selected speed 
through the calibrated volume to familiarize themselves with the situation and 
then to perform 6 gait trials of which the approved trials for each test subject were 
selected for further evaluation. A trial was excluded from the analysis if the patient 
missed stepping on the force plates correctly or due to other technical problems. 
The spatiotemporal variables that were collected were speed (m/s), step width 
(m), stride length (m) and stance phase (% of the total gait cycle relative to the 
swing phase). The kinematic variables were degrees of dorsi- and plantar fl exion, 
fl exion and extension in the ankle and knee joints respectively during the stance 
phase. Foot progression in the horizontal plane (degrees) was calculated using 
the global laboratory coordinate system. Kinetic variables collected in the sagittal 
plane during the stance phase were power (W/kg*m) and moment (Nm/Kg) in 
the ankle and knee joints. Prior to any 
calculations, the marker data obtained 
from the recordings were fi ltered using 
a Butterworth 4th fi lter with a cut-off 
frequency of 6 Hz. For calculations 
of spatiotemporal gait variables, 
kinematic and kinetic variables, 
Visual 3D™ software (C-Motion, Inc., 
Germatown, USA) was used.

Stride length describes the distance 
between the heel strikes of the same 
foot, while step width describes the 
distance between the centers of the right 
and left heel during two consecutive 
steps. Foot progression, or “toe-out”, 
is the amount of outward rotation of 
the foot in the horizontal plane and 
in the gait laboratory the amount of 
outward rotation in relation to the 
laboratory’s global coordinate system. 
Walking speed provides information 
of distance covered during a given 
time and can be regarded as the most 
decisive and functional measurement 
of an individual’s walking ability.

Figure 15. Placement of spherical markers 
and illustration of ground reaction forces 
obtained from the force plates. Markers 
placed above the pelvis were not included 
in the analysis in this thesis. Picture: 
Zügner/Tranberg, Orthopaedic Reseach 
Unit, Sahlgrenska University Hospital, 
Mölndal.
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Patient experiences 
Patient experiences were investigated trough 4 semi-structured group interviews 
including 2-4 patients each, conducted by the same 2 researchers. The interview 
guide used in this thesis was drafted by two of the authors with experience of 
orthopedic patients. The guide was then confirmed by a researcher, experienced 
in qualitative research. The interviews included open-ended questions related 
to the patients´ experiences of sustaining a CATR; the injury event, symptoms, 
initial contact with the healthcare system, diagnosis and postoperative function 
(Appendix). At the time of data collection, between 4-6 years had passed since the 
patients had undergone surgical treatment. Interview 1-3 were conducted face-
to-face in a conference room at the research facility, while the fourth interview 
was held through video conference due to the Covid-19 pandemic (Zoom Video 
Communications). All the interviews started with an introduction of the 2 
researchers conducting the interview and a repetition on the study’s background 
information. The open-ended questions were followed up with questions such 
as “How did you experience that? What were your thoughts/feelings?”. The 4 
group interviews lasted between 21 to 55 minutes. All the interviews were audio-
recorded in Swedish and an external person performed the transcription of the 
recordings, in which all patients were de-identified.

The data were analyzed using qualitative content analysis described by 
Graneheim & Lundman with an interpretation of the manifest data 124. In each 
step of the analysis, the 2 researchers first performed separate analyses that later 
were compiled to 1 through systematical discussions. Firstly, the transcribed text 
was read thoroughly to obtain understanding of the data. Secondly, the text was 
divided into meaning units which then were shortened through condensation 
(Table 4). Thirdly, the condensed text was abstracted to codes. Fourthly, the codes 
were sorted into sub-categories through a process of reflection and discussion 
between the authors. The results of the analysis were analyzed and confirmed by 
the third researcher, experienced in qualitative research. Lastly, the sub-categories 
were formulated into main categories.
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The test subjects were then asked to walk 5-10 times at a self-selected speed 
through the calibrated volume to familiarize themselves with the situation and 
then to perform 6 gait trials of which the approved trials for each test subject were 
selected for further evaluation. A trial was excluded from the analysis if the patient 
missed stepping on the force plates correctly or due to other technical problems. 
The spatiotemporal variables that were collected were speed (m/s), step width 
(m), stride length (m) and stance phase (% of the total gait cycle relative to the 
swing phase). The kinematic variables were degrees of dorsi- and plantar fl exion, 
fl exion and extension in the ankle and knee joints respectively during the stance 
phase. Foot progression in the horizontal plane (degrees) was calculated using 
the global laboratory coordinate system. Kinetic variables collected in the sagittal 
plane during the stance phase were power (W/kg*m) and moment (Nm/Kg) in 
the ankle and knee joints. Prior to any 
calculations, the marker data obtained 
from the recordings were fi ltered using 
a Butterworth 4th fi lter with a cut-off 
frequency of 6 Hz. For calculations 
of spatiotemporal gait variables, 
kinematic and kinetic variables, 
Visual 3D™ software (C-Motion, Inc., 
Germatown, USA) was used.

Stride length describes the distance 
between the heel strikes of the same 
foot, while step width describes the 
distance between the centers of the right 
and left heel during two consecutive 
steps. Foot progression, or “toe-out”, 
is the amount of outward rotation of 
the foot in the horizontal plane and 
in the gait laboratory the amount of 
outward rotation in relation to the 
laboratory’s global coordinate system. 
Walking speed provides information 
of distance covered during a given 
time and can be regarded as the most 
decisive and functional measurement 
of an individual’s walking ability.

Figure 15. Placement of spherical markers 
and illustration of ground reaction forces 
obtained from the force plates. Markers 
placed above the pelvis were not included 
in the analysis in this thesis. Picture: 
Zügner/Tranberg, Orthopaedic Reseach 
Unit, Sahlgrenska University Hospital, 
Mölndal.
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Patient experiences 
Patient experiences were investigated trough 4 semi-structured group interviews 
including 2-4 patients each, conducted by the same 2 researchers. The interview 
guide used in this thesis was drafted by two of the authors with experience of 
orthopedic patients. The guide was then confirmed by a researcher, experienced 
in qualitative research. The interviews included open-ended questions related 
to the patients´ experiences of sustaining a CATR; the injury event, symptoms, 
initial contact with the healthcare system, diagnosis and postoperative function 
(Appendix). At the time of data collection, between 4-6 years had passed since the 
patients had undergone surgical treatment. Interview 1-3 were conducted face-
to-face in a conference room at the research facility, while the fourth interview 
was held through video conference due to the Covid-19 pandemic (Zoom Video 
Communications). All the interviews started with an introduction of the 2 
researchers conducting the interview and a repetition on the study’s background 
information. The open-ended questions were followed up with questions such 
as “How did you experience that? What were your thoughts/feelings?”. The 4 
group interviews lasted between 21 to 55 minutes. All the interviews were audio-
recorded in Swedish and an external person performed the transcription of the 
recordings, in which all patients were de-identified.

The data were analyzed using qualitative content analysis described by 
Graneheim & Lundman with an interpretation of the manifest data 124. In each 
step of the analysis, the 2 researchers first performed separate analyses that later 
were compiled to 1 through systematical discussions. Firstly, the transcribed text 
was read thoroughly to obtain understanding of the data. Secondly, the text was 
divided into meaning units which then were shortened through condensation 
(Table 4). Thirdly, the condensed text was abstracted to codes. Fourthly, the codes 
were sorted into sub-categories through a process of reflection and discussion 
between the authors. The results of the analysis were analyzed and confirmed by 
the third researcher, experienced in qualitative research. Lastly, the sub-categories 
were formulated into main categories.
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Table 4. Example of qualitative content analysis from a meaning unit to a code.

Meaning unit Condensed meaning unit Code

“…I went training and tried 
to get started…um…but I was 
limping and in the end just 
dragged my leg behind me 
basically…I dragged my leg 
and kind of thought how weak 
can I be...”

“Went training but continued 
limping and dragging my leg 
behind me without improve-
ment”

“Persisting disabilities despite 
training”

Economic cost
The economic costs were classified as either healthcare costs (direct costs) or 
production loss costs (indirect costs). The healthcare costs were based on costs 
extracted from the accounting database at the Sahlgrenska University Hospital 
and include surgical costs and other healthcare costs related to hospital stays and 
complications (Table 5). The production loss costs were based on the number of 
sick-leave days and the gross wage of the patients and were collected from the 
Swedish Social Insurance Agency. All costs were converted from SEK to EUR 
using the 2013 exchange rate (1 EUR = 8.86 SEK). 

Table 5. The healthcare costs considered in Study V.

Item Cost per unit (Euro)

Accident and Emergency visit 220,99 €

Inpatient night 567,38 €

Surgeon cost/min 5,98 €

Operation cost/min 17,16 €

Orthopedical visit 220,99 €

Day surgeon bed 282,17 €

Ankle brace* 203,16 €

 
* The cost of a lower leg plaster cast pre- and postoperatively was considered insignificant to the study.
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59Ethical approval & Ethical considerations

Ethical approval & ethical 
considerations 

Ethical approval for Studies I-III was obtained from the Swedish Ethical Review 
Authority (reference number 554-15) and for Studies IV-V through supplementary 
applications to the original ethics approval. All the patients received oral and 
written information about the study and their right to withdraw from the study 
at any time without explanation. The patients gave their written and informed 
consent to participate in the study before inclusion and the healthy control group 
included in Study II gave their oral consent for their data to be used at group level.

The functional tests performed in Studies I and III are safe to perform but may 
induce minor subsequent muscular pain. The possible benefits for the patient 
and the general population are considered to be greater compared with potential 
risks of performing the tests. The gait analyses performed in Studies II and 
III is somewhat time consuming as it is they were performed both pre- and 
postoperatively. However, the tests are not physically demanding and, as a result, 
they do not involve any risk of injury or subsequent muscle soreness. The semi-
structured group interviews performed in Study IV do not involve any risk of 
physical pain or injuries, but a risk of negative psychological impact which might 
be considered an intrusion of integrity. However, no questions regarded offensive 
were included in the interview guide. Through the group interview, the patients 
are given the opportunity to express and process their feelings and experiences 
related to their injury together with others. The main ethical consideration of 
Study V is the collection of sensitive patient data in terms of income and work-
absence due to sick-leave.



60 Anna Nordenholm

7



60 Anna Nordenholm

7

61Statistics & data analysis

Statistics & data analysis

Study I 
Descriptive data were reported as the mean ± SD and median (range). Non-
parametric tests were used for the analyses of outcomes, as data were not 
normally distributed determined by visual assessment of histograms. Wilcoxon’s 
signed-rank test was used for comparisons of the injured and the healthy side 
in the same subject. The outcome data were presented descriptively as median 
(interquartile range, IQR) and range. Effect size was calculated using Cohen’s d 
and interpreted using the criteria of 0.2-<0.50 is regarded as small, 0.50-<0.80 is 
regarded as medium and 0.80 or greater is regarded as large effect 125. The level of 
significance was set at p≤0.05. The limb symmetry index (LSI) was defined as the 
ratio between the injured and the healthy side, expressed as a percentage (injured/
healthy limb x 100). The LSI represents the clinical relevance and comparisons 
of muscle function between groups are therefore calculated from the LSI. The 
recovery of acceptable muscle function was defined as an LSI of ≥80% since this 
definition has previously been used for patients with a CATR 74.

Study II
Gait variables of the CATR extremity were used for the subsequent analysis 
and, in the healthy control group, data from the right side were used. The mean 
of the approved trials for each patient was used for analysis. Descriptive data 
were reported as the mean ± SD and median (range). All the variables were 
approximately normally distributed, as assessed by a visual inspection of 
the histograms. A paired t-test was used to analyze the differences (within the 
same subject) between preoperative and postoperative gait biomechanics. For 
comparison between the patient sample and the control group, an independent 
t-test was performed. Effect size was calculated using Cohen’s d, with the standard 
deviation of the difference as the standardizer and interpreted using the criteria of 
0.2 is regarded as small, 0.5 is regarded as medium and 0.8 is regarded as large 
effect 125. All the tests were two-tailed and the level of significance was set at p≤ 
0.05. Post-hoc power calculations were performed on the pre- and postoperative 
differences for included variables. The statistical power ranged between 4% 
and 80%, with four variables exceeding 80% power; stride length, peak ankle 
moment, peak ankle power and peak knee power. 
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Study III
Descriptive data were reported as the mean ± SD and median (range). Spearman’s 
rho was used for the bivariate two-sided correlation test of all variables in the same 
patient, since all variables were not normally distributed. Calculations showed 
that the current sample size would be able to determine whether the correlation 
coefficient differs from zero if r ≥ 0.58 (α (two-tailed) =0.05, β= 0.20). The level 
of significance was set at p≤ 0.05. 

Study IV
The data were analyzed using qualitative content analysis described by Graneheim 
& Lundman with the interpretation of manifest data 124. In each step of the analysis, 
2 of the authors first performed separate analyses, which were then compiled into 
1 through systematical discussions. 

Study V
The economic costs were expressed in euros and analyzed as continuous variables 
summarized as the arithmetic mean and standard deviation with 95% confidence 
intervals. Parametric statistical tests for significant differences in economic costs 
between CATRs and acute ATRs were based on the assumption of normally 
distributed data. Sensitivity checks of statistical significance tests were performed 
using non-parametric bootstrapping. The level of significance was set at p≤ 0.05.
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Results and summary of 
papers 

Study I
Patients with chronic Achilles tendon rupture have persistent limitations 
in patient-reported function and calf muscle function one year after 
surgical treatment – a case series

Aim

To evaluate the 1-year postoperative patient-reported, calf muscle function and 
tendon property outcomes in patients with CATRs.

Methods

The 1-year outcomes were evaluated with a battery of muscle function tests: 
the heel-rise endurance test, the counter-movement jump and hopping. Patient-
reported outcome measurements were evaluated using a physical activity 
scale (PAS), Achilles tendon Total Rupture Score (ATRS), Foot and Ankle 
Outcome Score (FAOS) and tendon length using the Achilles Tendon Resting 
Angle (ATRA) and ultrasound. Further, dorsiflexion range of motion and calf 
circumference where evaluated. The results of the muscle function tests were 
reported as absolute values and as symmetry relative to the healthy side (injured/
healthy x 100 = Limb Symmetry Index, LSI). Acceptable muscle function was 
defined as an LSI of ≥ 80%. 

Results

The patients reported a mean ATRS of 62 ± 26 and a median PAS of 3.0 (range 
1.0; 6.0). The mean scores on the FAOS subscales were 79 ± 22 on Symptoms 
and stiffness, 86 ± 22 on Pain, 87 ±1 on Function in daily living, 62 ± 31 on Sport 
and recreation and 66 ± 29 on Quality of life. For the heel-rise endurance test, 
scores on the injured side compared with the healthy side were lower for heel-
rise repetitions (20 vs 24 cm, p=0.004), heel-rise height (8 vs 10 cm, p<0.001), 
heel-rise total work (872 vs 1,590 joule, p<0.001) and hopping ratio (0.37 vs 
0.48, p=0.005) (Table 6). Calf circumference was smaller (37 vs 38 cm, p=0.001) 
and the injured tendon was elongated measured both by the ATRA (55 vs 50°, 
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p<0.001) and by ultrasound (22.4 vs 20.5 cm, p=0.006). An acceptable recovery 
of muscle function was reached at group level in all tests except the heel-rise 
height and heel-rise total work. The effect sizes of side-to-side differences in 
muscle function ranged from small to medium (0.16-0.63). 

 
Table 6. The calf muscle endurance and jumping performance in patients with CATR.

Injured 
side

Healthy 
side

LSI Percentage 
of patients 

with 
acceptable 

function

Difference 
between 

injured and 
healthy side

Median 
(IQR)

Min;max

Median 
(IQR) 

Min;max

Median 
(IQR) 

Min;max

% Effect 
size

P- 
value

Heel-rise  
repetitions

20 (10)
2; 49 
n=20

24 (12) 
17; 55 
n=20

84 (23) 
12; 133

55 0.46* 0.004

Heel-rise  
height (cm)

8 (7) 
3; 15 
n=20

10 (8) 
7; 17 
n=20

79 (21) 
36; 99

45 0.62** <0.001

Heel-rise  
total work
(joule)

872 (1740) 
49; 3438 

n=20

1590 (2145) 
737; 4143 

n=20

 
68 (29) 
5; 138

35 0.59** <0.001

CMJ (cm) 5 (7) 
2; 20 
n=16

5 (10) 
3; 17 
n=16

 
98 (36) 
65; 204

56 0.16 0.365

Hopping ratio 0.37 (0) 
0.30; 0.53 

n=10

0.48 (0) 
0.31; 0.62 

n=10

90 (19) 
66; 97

70 0.63** 0.005

CATR, chronic Achilles tendon rupture; CMJ, counter movement jump; IQR, interquartile 
range; limb symmetry index = injured/healthy side x 100; *, small effect; **, medium effect; 
***, large effect 

Conclusion

Patients with a CATR have persistent limitations in both subjective and objective 
foot and ankle function 1 year after treatment. The calf muscle function were 
not fully recovered and there was a significant elongation of the repaired tendon 
compared with the healthy side.
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Study II
Surgical treatment of chronic Achilles tendon rupture results in improved 
gait biomechanics

Aim

To investigate whether the gait biomechanics in patients with a CATR can be 
improved after surgical intervention and to compare these patients’ gait at 1 year 
postoperatively with those of healthy controls.

Methods

Gait analysis was performed preoperatively (mean 2 months, range 1-9 months 
after injury) and 1 year postoperatively using an optical tracking system (OTS) 
and performed using a standardized testing protocol. In addition, 70 healthy 
individuals served as a control group. The gait analyses were conducted by an 
experienced physical therapist. 

Results

The patients exhibited significant improvements at the follow-up compared 
with their preoperative status (Figure 16). Gait speed and stride length increased 
postoperatively, with a mean difference of -0.12 m/s (p=0.013) and -0.12 m 
(p=0.002) respectively. Step width decreased by a mean difference of 0.01 m 
(p=0.014). The effect sizes for significant differences were medium (Cohen’s d 
0.56 to 0.74). Peak ankle moment increased by a mean difference of -0.64 Nm/kg 
(p<0.001), peak ankle power by a mean difference of -1.38 W/kg (p<0.001) and 
peak knee power by a mean difference of -0.36 W/kg (p=0.003). There were no 
differences in terms of kinematics between the pre- and postoperative evaluations. 
The effect sizes for significant differences ranged from medium to large (Cohen’s 
d 0.70 to 1.38).
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Conclusion

Patients with a CATR have persistent limitations in both subjective and objective 
foot and ankle function 1 year after treatment. The calf muscle function were 
not fully recovered and there was a significant elongation of the repaired tendon 
compared with the healthy side.
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Study II
Surgical treatment of chronic Achilles tendon rupture results in improved 
gait biomechanics

Aim

To investigate whether the gait biomechanics in patients with a CATR can be 
improved after surgical intervention and to compare these patients’ gait at 1 year 
postoperatively with those of healthy controls.

Methods

Gait analysis was performed preoperatively (mean 2 months, range 1-9 months 
after injury) and 1 year postoperatively using an optical tracking system (OTS) 
and performed using a standardized testing protocol. In addition, 70 healthy 
individuals served as a control group. The gait analyses were conducted by an 
experienced physical therapist. 

Results

The patients exhibited significant improvements at the follow-up compared 
with their preoperative status (Figure 16). Gait speed and stride length increased 
postoperatively, with a mean difference of -0.12 m/s (p=0.013) and -0.12 m 
(p=0.002) respectively. Step width decreased by a mean difference of 0.01 m 
(p=0.014). The effect sizes for significant differences were medium (Cohen’s d 
0.56 to 0.74). Peak ankle moment increased by a mean difference of -0.64 Nm/kg 
(p<0.001), peak ankle power by a mean difference of -1.38 W/kg (p<0.001) and 
peak knee power by a mean difference of -0.36 W/kg (p=0.003). There were no 
differences in terms of kinematics between the pre- and postoperative evaluations. 
The effect sizes for significant differences ranged from medium to large (Cohen’s 
d 0.70 to 1.38).
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Figure 16. Boxplots of gait variables that were signifi cantly improved in patients with chronic 
Achilles tendon rupture at one year after surgical intervention, including comparison with 
healthy controls. For each gait parameter, box 1 represents the pre-operative value, box 2 
the postoperative value and box 3 the value of healthy controls.

Conclusion

Surgical intervention and postoperative rehabilitation result in improved gait 
biomechanics. Signifi cant improvements were found in terms of increased 
waking speed and stride length, decreased step width and increased peak power 
in the knee and ankle joints. Gait speed, step width, stride length, stance phase 
and knee and ankle power still differed signifi cantly between the patients with a 
CATR and healthy controls.
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Study III
Greater heel-rise endurance is related to better gait biomechanics in 
patients surgically treated for chronic Achilles tendon rupture

Aim 

To determine the relationship between the calf muscle function, tendon length and 
biomechanics of the ankle joint during gait in patients with CATRs.

Method

Gait analysis was performed using an optical tracking system (OTS) and 
performed by a standardized testing protocol. Calf muscle function was evaluated 
using a heel-rise endurance test and tendon length by ultrasound measurement 
and Achilles Tendon Resting Angle (ATRA). All the evaluations were performed 
at 1 year postoperatively. 

Results

Several significant correlations were found between aspects of the heel-rise 
endurance test and the gait biomechanics (Table 7). Heel-rise repetitions 
correlated positively with higher speed (r=0.518) and higher peak ankle power 
(r=0.637) and negatively with shorter stance (r=-0.517) and smaller maximum 
ankle dorsiflexion angle (r=0.641). Heel-rise height correlated positively with 
higher speed (r=0.548) and higher peak ankle power (r=0.624) and negatively 
with shorter stance (r=-0.758) and smaller maximum ankle dorsiflexion angle 
(r=-0.486). Heel-rise height correlated positively with higher speed (r=0.516) and 
higher peak ankle power (r=0.557), negatively with shorter stance (r=-0.556) and 
smaller maximum ankle dorsiflexion angle (r=-0.683). Heel-rise work correlated 
positively with higher speed (r=0.571) and higher peak ankle power (r=0.660) 
and negatively with shorter stance (r=-0.626) and smaller maximum ankle 
dorsiflexion (r=-0.621). 
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Table 7. The correlations between calf muscle function, tendon length and gait variables.

Speed (m/s) Stance (%) Peak ankle 
dorsiflexion (°)

Peak ankle 
power (W/kg)

Heel-rise 
repetitions 
injured 
side (cm)

r 0.52 -0.52 0.64 0.64

p-value 0.016 0.016 0.002 0.002

ES 0.27 0.27 0.41 0.41

N 21 21 21 21

Heel-rise 
height 
injured 
side (cm)

r 0.55 -0.76 -0.49 0.62

p-value 0.010 0.000 0.026 0.002

ES 0.30 0.57 0.24 0.40

N 21 21 21 21

Heel-rise 
total work 
(joule)

r 0.57 -0.63 -0.62 0.66

p-value 0.007 0.002 0.003 0.001

ES 0.33 0.39 0.39 0.44

N 21 21 21 21

Absolute 
ATRA (°)

r 0.47 0.48

p-value n.s. 0.030 0.028 n.s.

ES 0.22 0.23

N 21 21

Absolute 
UL (cm)

r

p-value n.s. n.s. n.s. n.s.

ES

N

Bold text= r ≥ 0.58 (α (two-tailed); CC= correlation coefficient; ES= effect size (Cohen’s d, r2)); LSI= limb 
symmetry index (injured/healthy side x 100); n.s.= non-significant; r= correlation coefficient
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The absolute ATRA correlated positively with longer stance (r=0.473) and greater 
maximum ankle dorsiflexion (r=0.479). No significant correlations were found 
between absolute ultrasound measurements and gait variables. The absolute 
ATRA correlated negatively with worse heel-rise work LSI (r=-0.438) and the 
relative ATRA correlated negatively with worse heel-rise reps (r=-0.520) and 
worse heel-rise work LSI (r=-0.593) (Table 8). No significant correlations were 
found between ultrasound measurements and calf muscle function.

Table 8. The correlations between tendon length and calf muscle function.

Heel- 
rise  
repe-
titions 
injured  
side (cm)

Heel- 
rise  
repe-
titions 
(LSI)

Heel- 
rise  
height 
injured  
side 
(cm)

Heel- 
rise  
height  
(LSI)

Heel- 
rise  
work  
injured  
side 
(joule) 

Heel- 
rise  
work  
(LSI) 

Absolute 
ATRA (°)

r -0.44

p-value n.s. n.s. n.s. n.s. n.s. 0.047

ES 0.19

N 21

Relative 
ATRA (°)

r -0.52 -0.59

p-value n.s. 0.016 n.s. n.s. n.s. 0.005

ES 0.27 0.35

N 21 21

Absolute 
UL (cm)

r

p-value n.s. n.s. n.s. n.s. n.s. n.s.

ES

N

Relative 
UL (cm) 

r

p-value n.s. n.s. n.s. n.s. n.s. n.s.

ES

N

Bold text= r ≥ 0.58 (α (two-tailed); CC= correlation coefficient; ES= effect size (Cohen´s d, r2)); LSI= limb 
symmetry index (injured/healthy side x 100); n.s.= non-significant; r= correlation coefficient

Conclusion

Greater calf muscle endurance and less tendon elongation measured by the ATRA 
is related to better ankle biomechanics during gait in patients with a CATR. The 
findings indicate that the heel-rise endurance test provides valuable information 
about the patient’s power development in the ankle joint during gait.
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Table 7. The correlations between calf muscle function, tendon length and gait variables.
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ES 0.27 0.27 0.41 0.41

N 21 21 21 21

Heel-rise 
height 
injured 
side (cm)

r 0.55 -0.76 -0.49 0.62

p-value 0.010 0.000 0.026 0.002
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Absolute 
UL (cm)

r

p-value n.s. n.s. n.s. n.s.

ES

N

Bold text= r ≥ 0.58 (α (two-tailed); CC= correlation coefficient; ES= effect size (Cohen’s d, r2)); LSI= limb 
symmetry index (injured/healthy side x 100); n.s.= non-significant; r= correlation coefficient
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about the patient’s power development in the ankle joint during gait.
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Study IV
Disappointment and frustration, but long-term satisfaction: patient 
experiences undergoing treatment for a chronic Achilles tendon rupture

Aim 

To investigate patient experiences related to sustaining, undergoing treatment for 
and recovering from a CATR.

Methods

Data were collected at 4-6 years after surgical treatment through group interviews, 
analyzed according to Graneheim et al. 124. A total of 10 patients with a CATR 
with a mean age of 68 ± 14 (7 males, 3 females) were included in the study. 
All interviews were conducted in Swedish and audio-recorded for later verbatim 
transcription and translation to English. The interviews were conducted in groups 
of 2-4 patients using a semi-structured interview guide (Appendix).

Results

The patient experiences were summarized into four main categories (Table 9): 
(1) “The injury”, where the patients described immediate functional impairments, 
following either traumatic or non-traumatic injury mechanisms that were 
misinterpreted by themselves or the healthcare system; (2) “The diagnosis”, 
where the patients expressed relief about the diagnosis was finally and correctly 
established but also disappointment and/or frustration related to prior misdiagnosis 
and delay to proper treatment; (3) “The treatment”, where the patients expressed 
high expectations, consistent satisfaction with the surgical treatment and addressed 
the importance of the physical therapist having the right expertise; and (4) “The 
outcomes”, where the patients expressed overall satisfaction with the long-term 
outcome and no obvious limitations in physical activity, although some fear of 
re-injury emerged.

Table 9. The main categories and sub-categories of patient experiences.

Main categories The injury The diagnosis The treatment The outcomes

Sub-categories Varying injury 
mechanism

Persisting pain 
and disabilities

Delay of  
treatment

Feeling of  
relief 

Disappointment 
and frustration

High  
expectations

Satisfaction with 
treatment 

Satisfaction with 
outcomes

No negative 
thoughts about 
the future
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Conclusion

Achilles tendon ruptures can occur during sporting activities as well as daily 
activities and be misinterpreted by both healthcare professionals and the patients 
themselves. Irrespective of the reason for the delayed treatment, the patients with 
a CATR say that receiving the correct diagnosis is a relief. Revealing of a previous 
misdiagnosis nevertheless leads to disappointment and frustration. Expectations 
of the treatment are high and there is an overall satisfaction with outcomes after 
surgical treatment and rehabilitation for CATR. There is a need for increased 
awareness of the occurrence of ATRs also in the older populations and in patients 
with an atypical patient history.
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Study V
The economic cost and patient-reported outcome of chronic Achilles 
tendon ruptures

Aim

To investigate the economic cost of surgically treated chronic Achilles tendon 
ruptures (CATR) and the pre- and postoperative patient-reported outcomes.

Method

The economic cost of patients treated surgically for a CATR was evaluated 
and compared with the cost of patients treated non-surgically and surgically 
for an acute Achilles tendon rupture (ATR). The direct economic costs for each 
individual patient were obtained through medical records, while the indirect costs 
were obtained through the Swedish Social Insurance Agency. The economic data 
were adjusted for gender and age and compared with economic costs in patients 
with acute ATRs, previously presented in a study by Westin et al. 126, in which the 
extracted data were collected from the randomized controlled study by Olsson et 
al. 127. Patient-reported function was evaluated pre- and 1-year post-operatively 
in patients with a CATR using the Achilles Tendon Total Rupture Score (ATRS). 

Results

The mean total cost of a CATR was approximately 6,500 EUR (Table 10). 
The healthcare costs of CATRs were significantly higher compared to both 
non-surgically and surgically treated AATRs. The total cost of a CATR was 
significantly higher compared with non-sugically treated acute ATR. The ATRs 
was increased postoperatively with a mean increase of 51.7 ± 22.5 (Table 11).

75Results and summary of papers

Table 10: Comparison of the mean (CI 95%; lower–upper) economic cost (EUR) per patient 
between chronic Achilles tendon ruptures and the surgical and non-sugical treatment of 
acute Achilles tendon ruptures. A significant difference compared with chronic Achilles 
tendon ruptures is presented with a bold font.

Group Age Healthcare 
costs

Production- 
loss costs

Total costs

Chronic rupture 
(n=40)

62.7  
(13.8)

3821  
(3580 – 4061)

2673  
(555 – 4792)

6494  
(4413 – 8576)

Non-surgical treatment 
of acute rupture 
(n=50)

39.7  
(8.7)

742  
(696 – 787)

3730  
(2230 – 5230)

4472  
(2972 – 5971)

Surgical treatment of 
acute rupture 
(n=43)

38.9  
(8.7)

3146  
(2986 – 3306)

2853  
(1728 – 3978)

5999  
(4862 – 7135)

Table 11. Mean retrospective preoperative and postoperative ATRS among patients with 
chronic Achilles tendon ruptures. The mean difference between the two variables is also 
presented.

ATRS Mean SD P-value 95% CI 
(lower-upper)

Range 
(min-max)

Preoperative 16.2 13.0 12.5 - 20.9 0.0 - 62.0

Postoperative 73.3 22.8 64.0 - 79.5 14.0 - 100.0

Difference 57.1 22.5 <0.001 49.9 - 64.2 10.0 – 91.0

Conclusion

The surgical treatment of CATRs entails higher healthcare costs in comparison 
with the treatment of acute ATRs. Patients with a CATR report significantly higher 
subjective function at 1 year postoperatively compared with preoperative scores.
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77Introduction

Summary of the main 
findings

Patient-reported function and 
activity level
•  Patients surgically treated for CATR 

rupture report persistent limitations in 
subjective foot and ankle function 

• The majority of patients return to light to 
moderate physical activity level 

Calf muscle endurance and  
jumping performance
• The recovery of calf muscle function  

differs greatly between patients surgically 
treated for a CATR

• Some patients have deficits in heel-rise 
endurance up to 50% compared to the 
healthy side 

• Between 35-55% of the patients recover 
symmetrical function across the three 
parameters of the heel-rise endurance 
test

Gait biomechanics
• Surgical treatment and postoperative 

rehabilitation results in improvements 
in power development in the ankle 
and knee joint during gait and a faster 
self-selected walking speed

• Significant impairments in gait bio-
mechanics still persist compared with 
healthy controls 

Patient experiences
• Prior to the correct diagnosis, the pa-

tients experience persistent weakness in 
the foot/ankle and lack of improvement 
over time

• Receiving the correct diagnosis is a relief, 
but realization of a previous misinterpre-
tation or misdiagnosis is frustrating 

• The patients express an overall satisfac-
tion with the outcomes 

• Some patients have adjusted their physi-
cal activities due to a fear of re-ruptureEconomic cost

• Treatment of CATRs entails higher healt-
hcare costs compared with both surgical 
and non-surgical treatment of acute 
ATRS 

Tendon length
• Patients surgically treated for a CATR 

exhibit a median tendon elongation of 2 
cm as measured by ultrasound

• Median ATRA is 5° greater on the injured 
side

Ankle range of motion and calf 
circumference 
• There are no differences between the 

injured and healthy sides in terms of pas-
sive ankle dorsiflexion range of motion 

• The median calf muscle circumference 
is 1 cm smaller on the injured compared 
with the healthy side 

Relationship among calf muscle 
endurance, tendon length and gait
• Greater calf muscle endurance is related 

to better gait biomechanics

• Less ATRA is related to greater calf 
muscle endurance
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Discussion

The overall aim of this thesis was to describe the outcomes after surgical treatment 
and rehabilitation for patients with a CATR. The postoperative outcomes of 
patients receiving similar treatments were studied from a broad perspective 
using several validated outcome measurements. There are great demographical 
differences between the included patients, however, large individual variations 
can be regarded as representative of patients with a CATR in general. The 
findings in this thesis contribute with valuable new knowledge to the currently 
very limited state of knowledge in the field. No previous studies on CATRs 
from an economic or qualitative perspective have been found in the literature. 
In the following section, the results are discussed from a subjective as well as an 
objective perspective and in relation to previous studies. Further, possible clinical 
implications are addressed. 

Patient-reported function and activity level
Patients treated for a CATR report persistent limitations in foot and ankle function 
and score lower on patient-reported outcome measurements compared with 
previous studies on patients treated for an acute ATR. In line with previously 
reported data for patients with a CATR, the patients had returned to light to 
moderate physical activity at 1 year after surgical treatment.

In Study I, the patients scored a mean of 62 ± 26 on the injury-specific patient-
reported outcome score ATRS. In Study V, the corresponding ATRS score was 
73 ± 23. Previous studies on patients surgically treated for a CATR, recently 
summarized in a scoping review by Arshad et al. 52, report postoperative mean 
ATRS scores ranging between 70-98. The mean ATRS score 1 year after the 
treatment of an acute ATR has been reported as 80-89 127-129, and as 78 in patients 
on average 50 months after the surgical treatment of an ATRR 130. All studies 
including both pre- and postoperative evaluations in the scoping review by 
Arshad et al. 52 report significant postoperative improvements across all outcome 
measurements. The pre- and postoperative patient-reported measurement data 
presented in this thesis are limited, but they follow the same trend. A study on the 
Dutch version of ATRS by Dams et al. 131, reported a minimal important change 
(MIC) value of 13.5 for improvement and 28.5 for great improvement between 3 
and 6 months after treatment of an acute ATR. 
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A further analysis of the ATRS and FAOS scores reveals that the greatest patient-
reported limitations in patients with a CATR are related to the subscale FAOS Sport 
and recreation, and especially activities including running and jumping. The FAOS 
also reveals impairments in the quality-of-life sub-category (FAOS-QOL), with a 
mean score of 66 ± 29. The FAOS-QOL score in patients treated for an ATRR has 
been reported as 67 ± 20, and in patients treated surgically or non-surgically for an 
acute ATR as 75 ± 21 and 77 ± 21, respectively 127,130. Moreover, patients with a 
CATR in this thesis score lower on the FAOS Sport and recreation subscale, with a 
mean score of 62 ± 31, compared with 83 ± 20 in patients treated for an acute ATR 
127. The literature indicates that patients treated for a CATR or an ATRR appear to 
score worse outcomes on patient reported outcome measurements, compared with 
patients treated for an acute ATR. This trend is found for both the ATRS and the 
FAOS-QOL. The FAOS Sport and recreation and FAOS-QOL has previously been 
reported as the most sensitive subscales of the FAOS 106.

The vast majority of patients with a CATR report an activity level of 3 (45.5%), 
4 (22.7%) or 5 (13.6%) on the 0-6-scale PAS, representing light to moderate 
physical activity a few hours a week. Nilsson Helander et al. 74 previously 
reported a postoperative median PAS level of 3.8 in patients surgically treated for 
a CATR or an ATRR, which was a significant decrease compared with the pre-
injury median PAS level of 4.5. Similarly, patients treated for an acute ATR as 
well as an ATRR have been reported to score a median around PAS level 4 86,127,130.

The timing of outcome evaluation varies greatly between studies of patients with 
a CATR, but most are performed later than 1 year after treatment 52. It is possible 
that continuous improvement in patient-reported function may occur beyond 1 year 
postoperatively. A study by Brorsson et al. 88 on patients surgically or non-surgically 
treated for an acute ATR, found that performance in the heel-rise endurance test 
increased slightly between 1 and 2 years after injury, but did not continue to improve 
after 2 years. Moreover, the patients included in this thesis have a higher mean age, 
compared with many of the previous studies. Patient age has previously been shown 
not to be a risk factor for inferior results in the ATRS after an ATR, however, this 
might not be the case in patients treated for a CATR 132. Moreover, the subscales of 
FAOS have been found to not correlate with patient age 106.

Calf muscle endurance and jumping performance
At the 1-year follow up, patients with a CATR exhibited persistent deficits in 
calf muscle function on the injured compared with the non-injured side. Jumping 
performance was recovered to a greater degree. The findings are in line with 
previous studies on patients treated for an acute ATR or an ATRR.

81Discussion

In this thesis, the results of the heel-rise test were presented as median (IQR), due 
to non-normally distributed data. In patients with a CATR, acceptable calf muscle 
function (LSI ≥80%) was reached by 55% of the patients in terms of heel-rise 
repetitions, with a median (IQR) LSI of 84 (23). Acceptable heel-rise height was 
reached by 45% of the patients with a median (IQR) LSI of 79 (21) and heel-
rise total work by 35% of the patients with a median (IQR) LSI of 68 (29). As 
previously concluded for patients with an ATR, the heel-rise total work parameter 
is more sensitive for detecting differences between the injured and healthy 
side than repetitions alone and it appears to be the most decisive parameter for 
revealing deficits in calf muscle function 80,95,133. As expected, this also appears to 
be true for patients with a CATR according to the findings in this thesis.  

In a previous study by Nilsson Helander et al. 74, in which patients with a CATR or 
an ATRR were evaluated at a median of 29 months after surgery, the percentage of 
patients who had recovered acceptable heel-rise height was 70%, compared with 
45% in this thesis. The absolute values cannot be directly compared between the 
studies since the study of Nilsson Helander et al. 74 presents mean values, while 
the median was used in this thesis. However, common to both studies is the fact 
that heel-height at group level is around 2 cm lower on the injured side compared 
with the healthy side.  

In the study by Westin et al. 133 comprising 422 patients, treated surgically or non-
surgically for an acute ATR, with a mean age of 42.6 ± 8.6, the corresponding 
1-year heel-rise test outcomes pattern is similar to that of patients with a CATR 
in this thesis. The study reported a heel-rise reps LSI of 90 ± 24, a mean heel-
rise height of 81 ± 15 and a mean total work of 73 ± 25 133. Similar findings 
are also found in patients treated surgically for an ATRR when evaluated at a 
mean 50 months after the index injury 127. Interestingly, patients treated for an 
ATRR appear to have calf muscle function similar to that of patients treated for 
an acute ATR, despite poorer outcome on patient-reported measurements 130. Like 
previous studies of patients treated for a CATR, an ATRR or an acute ATR 74,127,130, 
patients included in this thesis had recovered acceptable jumping performance at 
group level. However, in this thesis only 50% of included patients completed both 
jumping tests in the test battery due to other musculoskeletal issues.

In terms of absolute values, the performance in functional tests differ between 
patients with a CATR compared with an acute ATR, where patients with a CATR 
at group level appear to perform less well across all parameters of the test 128. 
Nevertheless, absolute values are not an appropriate parameter to use for direct 
comparison between these groups due to the commonly large differences in mean 
ages between these groups and most likely also pre-injury function and activity 
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level. The vast majority of patients sustaining an acute ATR are in their 40´s while 
the majority of patients with a CATR in most studies are in their 60´s 24,52,89,132. 
Degenerative changes in the tendon related to age and differences in tendon 
healing and collagen synthesis will likely alter older individuals ability to make 
an equally good recovery as younger individuals 134. Even though the findings in 
this thesis are unable to establish this effect of age on the recovery of symmetrical 
heel-rise function, older age at the time of an ATR has previously been found to be 
a predictor of poorer recovery of heel-rise height symmetry at 1 year post-injury 
89,132,135.

Tendon length 
Patients with a CATR exhibit a significant elongation of the injured tendon 
compared with the healthy side when measured by ultrasound. The median tendon 
length difference between sides is approximately 2 cm at group level. Which is 
similar to the findings in patients treated surgically or non-surgically for an acute 
ATR in the study by Zellers et al. 96, but greater compared with patients treated 
with augmentation for an ATRR in the study by Westin et al. 130, where the mean 
difference was 0.7 cm. It is important to mention that, even though the ultrasound 
measurement method has been reported to have high test-retest reliability and 
validity on healthy tendons compared with cadaveric measurements 115, it has not 
been validated for injured or surgically-treated Achilles tendons. Moreover, the 
surgical augmentation method with a free flap from the gastrocnemius aponeurosis, 
performed on the majority of patients with a CATR in this thesis, may possibly 
aggravate the ability to correctly identify the gastrocnemius musculotendinous 
junction (MTJ), which, together with the calcaneal osteotendinous junction (OTJ) 
is the anatomical landmark used for the length measurement.

Tendon elongation as measured by the resting angle, ATRA, showed a significant 
side-to-side median difference of 5° for the patients with a CATR. This is similar 
to previous findings in patients with an acute ATR at 1 year following treatment 
94,96. On the other hand, Westin et al. 130 found no significant side-to-side difference 
in the ATRA at the long-term follow-up in patients treated surgically for an ATRR.

Ankle range of motion and calf circumference 
Measurements of ankle dorsiflexion ROM gives an indication of stiffness in the 
ankle joint and/or calf muscle-tendon complex and can be included as a component 
of functional outcomes in patients with a CATR. In this thesis, neither of the 2 
measurements of passive ankle dorsiflexion ROM differed between sides at the 
1-year follow up. The minimal detectable change (MDC) in measurement of ankle 
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dorsiflexion ROM with flexed knee has been reported as 5-7.7°. This indicates that 
this measurement is better suited as a screening tool later during rehabilitation, 
rather than for assessing ROM over time when small changes are expected. The 
distance-to-wall test and ROM assessment using a digital inclinometer has been 
reported with slightly better intra-rater-reliability (ICC>0.98) and SEM (0.4-0.6 
cm and 1.3-1-4°, respectively) compared with the usage of a goniometer 117.

At 1 year postoperatively, patients with a CATR exhibit a median of 1 cm reduction 
in calf circumference on the injured side. This side-to-side difference is in line 
with previous data on patients treated for an ATR 136,137, and may be expected to 
remain persistent also in the long term 138. Calf circumference correlates strongly 
with muscle mass 139,140 but not with calf muscle strength or endurance 141,142.

Gait biomechanics
Patients with a CATR benefit from surgical treatment and postoperative 
rehabilitation, in terms of improved gait biomechanics. At the 1-year follow-
up the patients developed greater power in their ankle and knee joints during 
gait and walked at a higher self-selected speed. The greatest postoperative effect 
of improvement among the parameters was found in terms of ankle flexor peak 
moment and power (large ES=1.28-1.38). As a result of the surgically reconstructed 
tendon, the muscle-tendon complex is able to absorb and create greater power at 
push-off, which in turn leads to increased gait speed (medium ES=0.56) and stride 
length (medium ES=0.74). Moreover, a functioning calf muscle that stabilizes the 
ankle at stance allows for greater power to be created in the knee joint. Reduced 
step width (medium ES=0.56) indicates balance improvements, as wider steps 
during gait in order to increase the support area are a common compensation 
strategy for impaired balance.

Compared with healthy controls, significant impairments in gait biomechanics 
may still persist in patients with a CATR. The most prominent impairments 
found in this thesis were slower gait speed (large ES =1.73), less peak knee 
flexion (large ES =3.57) and less peak ankle power (large ES =1.61). Remaining 
differences may be related to persistent impairments due to the CATR and/or 
be related to the age differences between groups (patients mean age 61 years, 
range 28-83 compared with healthy controls 46 years, range 13-84). Previous 
studies have reported that foot and ankle biomechanics during gait changes with 
increasing age, with decreased ankle plantar flexion ROM and reduced propulsive 
plantar flexion power generation 143,144. All gait parameters depend on another 
and changes in ankle joint biomechanics will in turn influence gait speed and 
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kinematics in the knee joint, for example. Regardless of injury or no injury, gait 
biomechanics similar to those of younger individuals might therefore not be 
expected in older individuals.

Accordingly, surgical intervention and postoperative rehabilitation may be 
an effective treatment for improving but not necessarily normalizing gait 
biomechanics in patients with a CATR. Gait is a fundamental physical function 
in several aspects of activities in the daily life and it is also of great importance 
and a focal point during the recovery from any illness or injury. In the clinical 
rehabilitation practice, the physical therapist continuously assesses the patient’s 
walking ability by observing gait and by quantitative measurements such as 
tolerated walking distance. Walking ability may also be quantified trough 
standardized walking tests based on the patient’s physical ability. Gait training 
is a significant part of rehabilitation following an ATR, and is introduced as early 
as when the plaster cast is replaced by a walker brace and continues on during 
the entire rehabilitation period. After an ATR, the early main rehabilitation focus 
of gait training is for the patient to gain confidence when loading the ankle 
and performing a push-off using the plantar flexors. This could be associated 
with a fear of re-injury and requires repeated exercise both from a physical 
and psychological perspective. Moreover, acquiring a symmetrical gait without 
any limp and compensations are an important aspect of recovery. Normal gait 
is dependent not simply on the biomechanics of the ankle and knee, but also 
on the synchronization with movements of the hip, pelvis, trunk and arms. In 
the clinic, potential compensatory movement patterns throughout the entire 
body should be observed, and the use of a metronome could be an appropriate 
external feedback tool for the patient working to recovering a steady walking 
pace.

Relationship between calf muscle endurance, tendon 
length and gait
In relation to clinical practice, knowledge of the relationships between important 
parameters of recovery is of great interest. If the clinical tests and measurements 
we use are able to provide further information on other aspects of the patient’s 
function, they may be beneficial for a more effective and deeper understanding 
of the patient’s general recovery. In this thesis, greater calf muscle endurance 
was found to be related to better gait biomechanics, especially in terms of power 
development in the ankle joint. Better heel-rise endurance performance was also 
related to a smaller relative ATRA, which is similar to previous findings in patients 
treated for an ATR 96. The findings strengthen the fact that the current consensus 
also applies to patients treated for a CATR and that the sufficient recovery of 
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calf muscle function and the minimization of tendon lengthening are of great 
importance for optimizing the conditions for a successful functional recovery.

Patient experiences
By exploring the individual patient’s journey, the management of an injury can be 
improved. The patient perspective has been studied in several health conditions 
but it is not yet as commonly well investigated in patients with an ATR. Patients 
with a CATR have undergone an acute injury, for which appropriate treatment has 
been delayed, or even missed. The wide variation in injury mechanisms found 
in this thesis is in line with previous findings by Fridén et al. 24. Common to 
all patients was a lack of improvement over time, they continued to limp and 
experienced weakness in the foot/ankle and described themselves as having a 
leg that “just does not work as normal”. In the absence of a correct diagnosis, the 
patients self-medicated with NSAIDS or were prescribed cortisone injections, 
shockwave therapy or physical therapy, all of which had no effect on the 
functional impairments and could possibly be harmful to the patient. As time 
passed, one general experience among patients was that something was not right 
and the lack of improvement over time led to frustration. Uncertainty arose about 
their own interpretation of the injury or the diagnosis given by the assessing 
healthcare professional. A feeling of having a great individual responsibility for 
convincing healthcare of the need for further assessment was experienced by 
some of the patients. In general, uncertainty about diagnosis or illness can be a 
serious psychological stressor for the patients and affect their experience of the 
treatment process and its outcomes 145. 

Receiving the correct CATR diagnosis and the adequate treatment is a relief 
for the patient. However, the realization of a previous misinterpretation or 
misdiagnosis of the injury leads to disappointment, bitterness and frustration 
related to all the time wasted on ineffective and simply wrong treatments. In some 
cases, there had been a diagnostic error, which could be defined as “a failure to 
establish an accurate and timely explanation of the patient’s health problem(s) 
or communicate that explanation to the patient” 146. Previous studies reports that 
an incomplete clinical examination by the assessing healthcare professional is 
common in error events related to the misdiagnosis of an ATR 24. The correct 
diagnosis enables the patients finally to receive an adequate treatment. However, 
the consequences of the treatment delay will not only affect the possible treatment 
options and recovery, it may also negatively affect the patient’s experience of 
the treatment process and recovery in different ways. Despite the disappointment 
about the initial misdiagnosis, patients express great confidence in the orthopedic 
surgeon and high expectations of treatment outcomes. The feeling of finally 
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having received an answer to their issues and being “in good hands” may, on the 
other hand, positively affect the patients experience of further treatment. Seeing 
a physical therapist with special competence in ATR rehabilitation and good 
communication with the treating orthopedic surgeon was experienced positively 
by the patients. 

No previous studies on patient experiences of CATR has been found in the 
literature. However, there are a few qualitative studies of patients experiences 
of suffering and undergoing treatment for Achilles tendinopathy (AT), another 
Achilles tendon injury that commonly requires a long rehabilitation period 147-149. 
Mallows et al. 149 found that patients undergoing treatment for AT appreciated 
flexibility within the exercise prescription, which were reasonably adapted and 
adjusted to their everyday life. One important aspect of the physical therapists 
competence was the ability to understand, empathize, and adapt the program 
accordingly. In a qualitative study exploring patient preferences when undergoing 
physical therapy for musculoskeletal disorders, Bernhardson et al. 150 reported 
that patient’s trust in the physical therapists competence and being involved in the 
clinical decision-making were important factors related to a positive experience.

The patients included in this thesis experienced an overall satisfaction with 
outcomes. This corresponds to findings in the patient-reported outcome 
measurements following the surgical treatment of CATRs 52. Despite no obvious 
physical limitations, some patients expressed a fear of re-rupture leading to 
adjustments in their physical activity, in terms of avoiding activities such as 
running, for example. A persistent fear of re-injury and long-term life style 
modifications have been described by patients with other musculoskeletal 
injuries, such as an anterior cruciate ligament injury 151. It is important to prevent 
patients from becoming physically inactive, since regular physical activity is of 
great importance for preventing premature mortality and several chronic medical 
conditions 152.

Economic cost
The surgical treatment of a CATRs involves higher healthcare costs, in terms of the 
cost of administration, hospital wages, surgeon’s salaries, anesthesia and inpatient 
nights, compared with both the surgical and non-surgical treatment of an acute 
ATR. The surgical treatment of acute ATRs is more expensive compared with 
non-surgical treatment, while invasive surgical techniques are the most expensive 
104,105. The surgical repair of CATRs requires a more advanced surgical technique 
with longer surgery times and is therefore more expensive, compared with the 
surgical treatment of acute ATRs. In terms of production-loss costs, related to 
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sick-leave and the patient’s gross wages, no differences was found between 
patients treated for a CATR and an acute ATR in this thesis. However, patients 
with a CATR had a higher average age and were retired to a greater extent. When 
the production-loss costs for working patients were analyzed exclusively, the cost 
for patients with a CATR increased.

In this thesis, the cost of physical therapy was not included. Patients treated 
surgically for a CATR often require an extensive rehabilitation period, but will 
on the other hand perhaps have lower functional goals due to an average higher 
age. It is not known how the inclusion of rehabilitation costs would have affected 
the total costs. Moreover, the cost of healthcare visits and potential treatments 
and rehabilitation prior to the correct diagnosis has not been accounted for in this 
thesis, but if included, it would possibly contribute to even higher costs for the 
treatment of patients with a CATR.

Clinical implications 
As a healthcare professional, it is important to be aware of the wide variation in the 
injury mechanism of ATRs, and the fact that it can also occur in older individuals. 
Although the majority of ATRs occur momentarily during high intensity sporting 
activities, a rupture can also occur in every-day life situations. The tendon 
possibly ruptures gradually in some cases due to previous tendon degeneration. 
In some cases, the patient might not be able to define a specific-time point for 
the injury. Despite an absence of trauma in the patient history, the possibility of 
an ATR should always be considered in patients seeking help for trauma, pain or 
functional deficits related to the area of the foot, ankle or lower leg. The inclusion 
of the simple and time efficient Thompson’s test and Matle’s tests in the standard 
clinical assessment protocol would most likely reduce the number of acute ATRs 
that are missed and becomes chronic. In ATRs that have already become chronic, 
the patient may seek medical attention for other musculoskeletal issues, such as 
back pain, as a secondary issue related to the functional deficits as a consequence 
of the CATR.

Compared with the treatment of patients with an acute ATR, the choice of surgical 
technique and the progression of rehabilitation will probably vary to a greater 
extent between patients with a CATR. Left untreated, an ATR will result in the 
retraction of tendon ends and the formation of scar tissue. Based on the size of the 
tendon gap and the status at the rupture site, the orthopedic surgeon will determine 
the most appropriate choice of surgical method and postoperative regimen. 
Postoperative restrictions for patients with a CATR may differ from the general 
protocols for patients with an acute ATR by having a longer immobilization 
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of the CATR.

Compared with the treatment of patients with an acute ATR, the choice of surgical 
technique and the progression of rehabilitation will probably vary to a greater 
extent between patients with a CATR. Left untreated, an ATR will result in the 
retraction of tendon ends and the formation of scar tissue. Based on the size of the 
tendon gap and the status at the rupture site, the orthopedic surgeon will determine 
the most appropriate choice of surgical method and postoperative regimen. 
Postoperative restrictions for patients with a CATR may differ from the general 
protocols for patients with an acute ATR by having a longer immobilization 
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time and slower exercise progression. It is important that the individual patient’s 
orthopedic referral is followed. The initial months of postoperative rehabilitation 
are of great importance for optimal tendon healing, the minimization of tendon 
elongation and the recovery of calf muscle function. To provide the patient with 
the best possible care and subjective experience during the rehabilitation, the 
treating physical therapist should have specific knowledge on ATR rehabilitation 
and preferably the opportunity for regular contact with the treating orthopedic 
surgeon. Patients treated for a CATR may have had various lengths of treatment 
delay, reported in this thesis as between 1 and 36 months. The individual patient 
journey prior to treatment will affect the patients prerequisites at rehabilitation 
baseline, and has to be taken into account when discussing prognosis and goals and 
planning the individual rehabilitation. Moreover, low patient-reported outcome 
scores potential negative feelings related to the previous delay of diagnosis 
and treatment, as well as fear of re-injury should be captured and followed up 
continuously. Re-rupture after the treatment of a CATR is very uncommon.

Surgical treatment improves function in patients with a CATR. Some patients 
appear to recover well, whereas others do not. There is a great variation between 
individuals in terms of both subjective and objective outcome measurements. 
When leaving aside the large spread in outcomes, the average deficits in calf 
muscle function and the amount of tendon elongation found in patients with a 
CATR are similar to the long-term outcomes in patients treated for an acute ATR 
or an ATRR 96,133. The results of this thesis indicate that only around half of the 
patients treated surgically for a CATR will have reached symmetrical calf muscle 
endurance at 1 year after surgical treatment (defined as LSI ≤80%). Some of 
the patients will still have deficits in calf muscle function up to 50% compared 
with the healthy side when measured by heel-rise total work. Compared to the 
preoperative status, gait biomechanics are significantly improved in the majority 
of patients at the 1-year follow-up, especially in terms of power development in 
the ankle joint. A greater performance in the heel-rise endurance test is related to 
better gait biomechanics and in the clinical setting, the physical therapist can use 
the patients results on the heel-rise test as a clinical proxy for ankle joint power 
during gait. Moreover, a greater tendon lengthening as measured by relative 
ATRA (difference between sides), was found to be related to worse heel-rise total 
work. The ATRA should be measured continuously during the rehabilitation for 
evaluation of changes in tendon length and may be carefully used as an indicator 
of the patient’s calf muscle function. A greater tendon lengthening will likely 
impair the heel-rise height, and thereby aggravate the recovery of heel-rise total 
work.

89Discussion

In terms of subjective function, the data presented in this thesis suggests that 
patients with a CATR do not appear to recover as well as patients treated for an 
acute ATR or an ATRR 127-129. The greatest impairments are related to activities 
such as running and jumping. Older age and a higher BMI have been reported 
as predictors of poorer outcomes in patients treated for an acute ATR 89, but it is 
still not known whether this is also true of patients with a CATR is still unknown. 
Possibly, due to a delayed treatment and a slower rehabilitation progression, 
patients surgically treated for a CATR may require an even longer rehabilitation 
time than patients with an acute ATR to reach their full recovery potential. 
Moreover, the quality and individualization of the rehabilitation in patients with a 
CATR may also need to be improved.

The definition of acceptable recovery as LSI ≤80% used in this thesis might not 
be a realistic goal setting for some of the patients treated surgically for a CATR. 
Based on the current state of knowledge, the physical therapist should be careful 
when communicating a prognosis to patients treated for a CATR.. To facilitate the 
patients confidence and compliance during the rehabilitation, it is recommended 
that focus should be on reaching individually set short-term milestones. The 
patient’s progression over time will likely provide with more information about 
the long-term outcomes. The long-term goal settings related to expected recovery 
of calf muscle function should be set with humility in patients with a CATR.

Clinical implications - Take home messages 
• ATRs can occur also in every-day-life situations and in older individuals 

• Despite patient history, diagnostic tests for an ATR should always be included in clinical 
assessment of ankle-related issues

• Some patients appear to recover well, whereas others do not

• Patients treated for a CATR may require a slower and/or longer rehabilitation progression 
compared to patients with an acute ATR

• Prognosis after treatment for a CATR ≠ prognosis after an acute ATR

• The individual patient journey after injury and until adequate treatment has to be taken into 
account when discussing prognosis, goals and planning the rehabilitation
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91Limitations

Limitations

General limitations 
The primary limitations of the studies included in this thesis are the limited 
number of patients included, which affects the solidity of the results. Also, all 
studies except from Study II include only postoperatively collected data, which 
limits the knowledge of the patients preoperative status. Furthermore, there is a 
heterogeneity between the included patients in terms of age and time between 
the injury and surgery. All included patients were treated in the same geographic 
area, which increases the risk of selection bias and limits the generalizability of 
the results.

Despite that all included patients received postoperative rehabilitation based on 
the current regional rehabilitation protocol, the individual patients compliance 
with and quality of the rehabilitation is not known. Moreover, since data for this 
thesis were collected, the local postoperative treatment protocol for patients with 
a CATR has been revised. In the current protocol the cast is replaced by a lower-
leg walking brace at 3 weeks postoperatively, compared with at 3 to 5 weeks 
in the previous protocol that was used in this thesis. Consequently, some of the 
patients included in this thesis did not start weight-bearing and ankle exercises 
as early as the patients treated the same hospitals do at present. Since the early 
tendon healing process is positively affected by mechanical loading, the patients 
included in the thesis might therefore not have had as good prerequisites for 
optimal tendon healing as current patients treated according to the new treatment 
protocol.

Study-specific limitations

Study I
Case series is an observational descriptive research design that provides 
information on patient outcomes, but no conclusions can be drawn about the 
actual effect of the received treatment. Only 50% of the included patients with 
a CATR performed the jump tests, which affects the strength of the results and 
generalizability of these data. Those patients who chose to abstain from the jump 
tests, did so because of spine or lower extremity conditions not related to the 
CATR. 
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Neither PAS nor FAOS have been validated specifically for patients with an 
ATR, even though they are frequently used in the literature for evaluation of this 
patient group. A known drawback of FAOS is that a ceiling effect may be present 
in very well-functioning patients 106. The six-level version of PAS used in this 
study has also been further extended to include household activities 153. In that 
version, women tend to score a slightly higher activity level compared with the 
version used in this thesis 110. This means that the physical activity level of women 
included in Study I may have been under-estimated. However, the physical 
activity levels in the two versions are similarly related to different measures 
of physical performance 154. Moreover, evaluations in Study I did not include a 
generic quality-of-life measure. However, the aspect was evaluated through the 
FAOS-QOL subscale and further by findings in Study IV.

Study II
Due to low statistical power for some variables, solid conclusions cannot be 
drawn in terms of all pre- and postoperative comparisons. Mean weight and BMI 
differed significantly between the comparison groups in this study, which has to 
be considered when interpreting the outcomes. Moreover, soft-tissue artefacts, 
such as the location of markers, the activity performed, the segment used and 
individual factors, are known limitation factors that can affect gait analysis 
results. Most of these errors are probably acceptable, but should not be ignored.

Study III
Statistical correlation analysis provides with a degree of association or relationship 
between the studied variables. However, significant correlation only suggests a 
relationship between the variables and are unable to prove causality. 

Study IV
One limitation of qualitative research is the difficulty involved in objectively 
determine saturation, in other words; new perspectives could possibly have been 
found if further interviews were conducted. The limitations of group interviews 
include the fact that some of the participants may dominate the conversation 
more than others and that the answers may be influenced by others experiences. 
In the data analysis, all non-verbal communication were missed in the analysis 
process since the interviews were only audio recorded. Several of the researchers 
conducting the study had previous experience of treating patients with a CATR, 
which may have affected the data collection and data analysis process in various 
ways.

93Limitations

Study V
It is hard to account for all economic costs for each patient in healthcare and 
society. One potential problem when exploring production loss-costs are the large 
individual differences between patients. Patients with physically demanding 
occupations, for example, may have a longer absence from work compared with 
patients with more sedentary occupations. In this study the demographical mean 
age was considerably higher in patients with a CATR compared with the patients 
with an acute ATR, which could potentially have affected the patient-reported 
outcomes. Moreover, almost half of the patients with a CATR had retired. 
Consequently, this results in lower production-loss costs and a lower total cost in 
patients with CATRs. The production loss costs for patients with a CATR were 
considerably higher when working patients were analyzed exclusively, which 
should be borne in mind when interpreting the results. Physical therapy costs 
were not included in the analysis, which may contribute to the total costs being 
under-estimated. In terms of the patient-reported outcomes, there is a risk of recall 
bias affecting the outcomes since both the preoperative and 1-year postoperative 
ATRS were filled out retrospectively.



92 Anna Nordenholm

Neither PAS nor FAOS have been validated specifically for patients with an 
ATR, even though they are frequently used in the literature for evaluation of this 
patient group. A known drawback of FAOS is that a ceiling effect may be present 
in very well-functioning patients 106. The six-level version of PAS used in this 
study has also been further extended to include household activities 153. In that 
version, women tend to score a slightly higher activity level compared with the 
version used in this thesis 110. This means that the physical activity level of women 
included in Study I may have been under-estimated. However, the physical 
activity levels in the two versions are similarly related to different measures 
of physical performance 154. Moreover, evaluations in Study I did not include a 
generic quality-of-life measure. However, the aspect was evaluated through the 
FAOS-QOL subscale and further by findings in Study IV.

Study II
Due to low statistical power for some variables, solid conclusions cannot be 
drawn in terms of all pre- and postoperative comparisons. Mean weight and BMI 
differed significantly between the comparison groups in this study, which has to 
be considered when interpreting the outcomes. Moreover, soft-tissue artefacts, 
such as the location of markers, the activity performed, the segment used and 
individual factors, are known limitation factors that can affect gait analysis 
results. Most of these errors are probably acceptable, but should not be ignored.

Study III
Statistical correlation analysis provides with a degree of association or relationship 
between the studied variables. However, significant correlation only suggests a 
relationship between the variables and are unable to prove causality. 

Study IV
One limitation of qualitative research is the difficulty involved in objectively 
determine saturation, in other words; new perspectives could possibly have been 
found if further interviews were conducted. The limitations of group interviews 
include the fact that some of the participants may dominate the conversation 
more than others and that the answers may be influenced by others experiences. 
In the data analysis, all non-verbal communication were missed in the analysis 
process since the interviews were only audio recorded. Several of the researchers 
conducting the study had previous experience of treating patients with a CATR, 
which may have affected the data collection and data analysis process in various 
ways.

93Limitations

Study V
It is hard to account for all economic costs for each patient in healthcare and 
society. One potential problem when exploring production loss-costs are the large 
individual differences between patients. Patients with physically demanding 
occupations, for example, may have a longer absence from work compared with 
patients with more sedentary occupations. In this study the demographical mean 
age was considerably higher in patients with a CATR compared with the patients 
with an acute ATR, which could potentially have affected the patient-reported 
outcomes. Moreover, almost half of the patients with a CATR had retired. 
Consequently, this results in lower production-loss costs and a lower total cost in 
patients with CATRs. The production loss costs for patients with a CATR were 
considerably higher when working patients were analyzed exclusively, which 
should be borne in mind when interpreting the results. Physical therapy costs 
were not included in the analysis, which may contribute to the total costs being 
under-estimated. In terms of the patient-reported outcomes, there is a risk of recall 
bias affecting the outcomes since both the preoperative and 1-year postoperative 
ATRS were filled out retrospectively.



94 Anna Nordenholm

12



94 Anna Nordenholm

12

95Conclusions

Conclusions

Patient-reported function
• Patients surgically treated for a CATR have persistent limitations in patient-

reported foot and ankle function at 1 year postoperatively. They might not 
recover subjective function to the same extent as patients treated for an acute 
ATR.

• The majority of patients surgically treated for a CATR return to light to 
moderate physical activity level.

Calf muscle function
• The recovery of calf muscle function differs greatly between individuals 

surgically treated for a CATR and around 50% of the patients in this thesis had 
recovered symmetrical calf muscle function at the 1-year follow-up.

• Patients treated for a CATR may recover jumping performance to a greater 
extent compared with heel-rise endurance.

• Greater calf muscle endurance is related to better gait biomechanics.

Tendon elongation 
• The repaired tendon is significantly elongated compared with the healthy 

tendon at 1 year after surgical treatment for a CATR. Measured by ultrasound, 
the median elongation is approximately 2 cm and the ATRA is a median of 5° 
greater on the injured side.

• The degree of tendon elongation is similar to previous studies on patients 
treated for an acute ATR.

• Less ATRA is possibly related to greater calf muscle endurance.
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Gait biomechanics
• Surgical treatment and postoperative rehabilitation of a CATR results in faster 

walking speed, longer stride and increased peak power in the ankle and knee 
joint during gait at the 1-year follow-up.

• Significant impairments in gait biomechanics still persist at 1 year post- 
operatively when compared with the gait biomechanics of healthy controls.

• Surgery is an effective treatment for improving, but not necessarily normalize, 
gait in patients with a CATR compared with healthy controls.

Patient experiences
• Achilles tendon ruptures can occur during sporting activities as well as daily 

activities and also affect elder individuals. The ATR can be misinterpreted both 
by healthcare professionals and the patients themselves, leading to delayed 
treatment.

• Prior to the correct diagnosis, the patients experience persistent weakness in 
the foot/ankle and a lack of improvement over time. 

• Receiving the correct diagnosis is a relief, but realization of a previous 
misinterpretation or misdiagnosis leads to disappointment and frustration. 

• The patients have high expectations on the surgical treatment express an 
overall satisfaction with the long-term outcomes. Some patients have, however, 
adjusted their physical activities due to a fear of re-rupture.

Economic cost
• Surgical treatment of a CATR requires higher healthcare costs, in terms of cost 

of administration, hospital wages, surgeon salaries, anesthesia and inpatient 
nights, compared with both surgical and non-surgical treatment of an acute 
ATR.

• Early detection and treatment of acute ATRs can potentially lower the 
healthcare costs.

97Conclusions

Figure 17. A graphical summary of the 1-year outcomes after surgical treatment and 
postoperative rehabilitation for patients with chronic Achilles tendon rupture.
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99Future perspectives

Future perspectives

To significantly improve the current state of knowledge of patients with a CATR, 
there is a need of studies of higher quality to be conducted. Future studies should 
use validated outcome measurements and agree on a common definition and 
terminology for describing patients with a CATR, suggestedly, those used in 
this thesis. National registers of patients with an ATR, including CATRs, would 
increase the possibility to conduct future studies with larger sample sizes and to 
answer more specific research questions, such as predictors of outcome.

There is a need of a better understanding of why acute ATRs are missed to 
such a large extent, both by healthcare professionals and patients themselves. 
Retrospective studies collecting data on reasons for the delayed diagnosis and 
treatment would increase the possibility to prevent acute ATRs from becoming 
chronic. Moreover, the common idea in both healthcare professionals and the 
society, of that acute ATRs only occur in middle-aged men during high-intensity 
sporting activities must be rejected.

To improve the treatment in patients with a CATR, we need to understand why 
some patients recover well, while others do not. In line with the current research 
on acute ATRs and ATRRs, focus should be on investigating how to individualize 
the initial treatment and rehabilitation to achieve an optimal patient recovery. 
Factors that potentially influences outcome and are of interest to study are the 
injury mechanism, the time from injury to treatment, the surgical technique, the 
rehabilitation protocol, age, patient sex, comorbidities, tendon pathology and 
the patients preinjury activity level. In terms of outcomes after non-operative 
treatment for CATRs, there are currently very limited knowledge. Rehabilitation 
only may have potential for improving outcomes in patient with a CATR that are 
inappropriate for surgical intervention. Further research on the area is needed.

Patients with a CATR tend to score a poorer patient-reported outcome compared 
with previous studies on patients treated for an acute ATR. However, whether 
patients with a CATR truly perceive a worse function, or if this is an effect of an 
older average age and lower physical requirements is not known. Further research 
on patient-reported outcome measurements is needed to be able to develop sensitive 
injury-specific measurements. Including the aspect of patient satisfaction as an 
outcome would facilitate the interpretation of individual scores. Potentially, each 
patient-reported outcome measurement should be validated separately for patients 
with an acute ATR and a CATR, or for patients in different ages and at physical 
activity levels.
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Achilles tendon Total Rupture Score (ATRS) – Swedish version 79. (1/2)



Achilles tendon Total Rupture Score (ATRS) – Swedish version 79. (2/2) Achilles tendon Total Rupture Score (ATRS) – English version.

ATRS 
(Achilles Tendon Total Rupture Score) 

 

Today’s Date:  /  /   Date of Birth  /  /   
 

Name:   
 

All questions refer to your limitations/difficulties related to your injured Achilles tendon. 
Answer every question by grading your limitations/symptoms from 0-10. 
Remember (0= Major limitations and 10= No limitations). 

Please circle the number that matches your level of limitation 
 

1. Are you limited due to decreased strength in the calf/Achilles tendon/foot? 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

2. Are you limited due to fatigue in the calf/Achilles tendon/foot? 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

3. Are you limited due to stiffness in the calf/Achilles tendon/foot? 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

4. Are you limited due to pain in the calf/Achilles tendon/foot? 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

5. Are you limited during activities of daily living? 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

6. Are you limited when walking on uneven surfaces? 
 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

7. Are you limited when walking quickly up the stairs or up a hill? 
 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

8. Are you limited during activities that include running? 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

9. Are you limited during activities that include jumping? 

0 1 2 3 4 5 6 7 8 9 10 (No limitations) 
 

10. Are you limited in performing hard physical labour? 

0 1 2 3 4 5 6 7 8 9 10 (No limitations 
 
 

Thank you very much for completing all the questions in this questionnaire. 
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The Physical Activity Scale consisting of six levels (PAS) 

– Swedish version 109.  

The Physical Activity Scale consisting of six levels (PAS)  

– English version.

Level Description

1 Hardly any physical activity.

2 Mostly sitting, sometimes a walk, easy gardening or similar tasks.

3  Light physical exercise around 2-4 hours a week, e.g., walks, fishing, 
dancing, ordinary gardening, including walks to and from shops.

4  Moderate exercise 1-2 hours a week, e.g., jogging, swimming, 
gymnastics, heavier gardening, home-repairing or easier physical 
activities more than 4 hours a week.

5  Moderate exercise at least 3 hours a week, e.g. tennis, swimming, 
jogging etc.

6  Hard or very hard exercise regularly and several times a week, where the 
physical exertion is great, e.g., jogging, skiing.
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Postoperative treatment protocol for patients included  

in Studies I-IV.

Weeks 0-3 (from first postoperative day)

• Lower-leg plaster cast in equinus-position (as achieved during surgery)

• No weight-bearing allowed, use of two crutches (OK to rest the leg on the floor 
during standing)

• Exercise program: Lower extremity plaster cast program 

Follow-up visit at 3 weeks postoperatively

• Removal of cast and sutures

• New cast in a position as close to neutral as possible OR change to an adjustable 
DonJoy walker brace set at unrestricted plantar flexion and a maximum of 0° 
dorsal flexion (continuously adjusted during the brace period as dorsiflexion 
range of motion increased)

• Daily ankle specific exercises initiated for patients in brace (active unloaded 
plantarflexion, supination and pronation – NOT dorsiflexion)

Weeks 3-8 or 9

• Toe-touch gait allowed in the brace, successively increased to full weight-
bearing

• Removal of brace allowed 3-5 times per day for exercising

Follow-up visit at 4-5 weeks postoperatively

• Removal of cast IF NOT previously removed and change to an adjustable 
DonJoy walker brace

• Repetition OR initiation of daily ankle specific exercises (active unloaded 
plantarflexion, supination and pronation – NOT dorsiflexion)

Follow-up visit at 8-9 weeks postoperatively

• Removal of DonJoy walker brace 

• Progression of daily rehabilitation exercises (ankle range of motion, balance 
exercises, sitting heel-rises, standing heel-rises)

Semi-structured interview guide used in Study IV.

Theme 1: The injury

• Can you tell us about the injury event?

Theme 2: The contact with healthcare

• Can you describe the process when you first sought medical attention?

• What was your experience of receiving the correct diagnosis?

• What were your expectation on undergoing surgical treatment?

• Did you have any fears prior to treatment?

• What is your experience of how the healthcare handled your injury?

• In your opinion, could the healthcare have done something different?

• Do you have any positive experiences of the healthcare?

Theme 3: Impact on life

• How does the Achilles tendon rupture affect your daily life today?

• Do you think that the injury will affect you in the future? And if so, how?

Examples of follow-up questions

• How did you experience …?

• How did … make you feel?

• What were your thoughts when …?
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