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ABSTRACT

The overall purpose of this thesis was to evaluate the treatment of patients with an acute Achilles
tendon rupture with regard to complications, function and patient-reported outcome. Moreover, the
purpose was to develop and evaluate new outcome measurements.

INTRODUCTION: Controversy still remains about whether surgical or non-surgical treatment is
the best option to treat patients with Achilles tendon ruptures. There are only a few randomised,
controlled studies that compare surgical and non-surgical treatment, when both groups receive early
mobilisation. Many outcome measurements found in the current literature are non-validated and
based on a mixture of assessments and there is a need for patient-reported instruments. In patients
with a chronic rupture or a re-rupture of the Achilles tendon, the recommended treatment is surgi-
cal. Various surgical techniques have been reported in the literature; however, the outcome is rarely
evaluated with a sufficiently long follow-up, using appropriate end-points. Venous thromboembo-
lism (VTE) is a major complication and a high incidence of VTE has been reported in previous studies
of patients treated for an Achilles tendon rupture. The majority of patients with an Achilles tendon
rupture have strength deficits and it is therefore desirable to evaluate function with valid, reliable
methods, which are sensitive enough to detect possible differences between treatment groups.

MATERIAL AND METHODS: In Study I, a new patient-reported instrument, the Achilles tendon
Total Rupture Score (ATRS), was developed for measuring outcome, related to symptoms and physi-
cal activity after treatment in patients with a total Achilles tendon rupture. In Study /I, 97 patients
with an acute Achilles tendon rupture were followed for one year. Surgical and non-surgical treat-
ments were compared; both groups were treated with early mobilisation. The primary end-point was
re-rupture. The patients were evaluated using the ATRS, functional tests and clinical examinations.
In Studly Ill, 28 patients were evaluated 29 (12-117) months after surgery. A new surgical method to
treat a chronic rupture and re-rupture of the Achilles tendon was used and evaluated. The surgical
technique involved a single incision, with a free gastrocnemius aponeurosis flap to cover the tendon
gap after an end-to-end suture. The patients were evaluated as described in Study II. In Study IV,
a new heel-rise work test was evaluated in 78 patients. In Study V, 95 patients from Study Il were
screened for deep venous thrombosis using Colour Doppler Sonography (CDS).

RESULTS: The ATRS was found to be a valid and reliable patient-reported instrument with good
responsiveness to measure outcome in terms of symptoms and physical activity in patients with an
Achilles tendon rupture. The re-rupture rate was 2 (4%) and 6 (12%) respectively in the surgical
and non-surgical group. There were no significant differences when comparing surgically and non-
surgically treated Achilles tendon ruptures, in terms of re-ruptures and patient-reported outcome.
Functional tests indicate a difference between the two groups when evaluated 6 months after initial
treatment, with better results in the surgically treated group. This was not, however, seen at 12
months, except in the heel-rise work test. The use of a free gastrocnemius aponeurosis flap to treat
a chronic rupture and a re-rupture of the Achilles tendon rendered a good overall subjective and
objective outcome in the majority of patients. A heel-rise test that measures both the height of each
repetition and the number of repetitions had good validity and a greater ability to detect differences
between the injured and uninjured sides than a test that measures only the number of heel-rise rep-
etitions. The incidence of asymptomatic and symptomatic deep venous thrombosis was high (34%),
however, without any difference between the two groups.



CONCLUSION: We found no strong evidence to suggest that surgical treatment is preferable to
non-surgical treatment with regard to re-rupture rate and patient-reported scores in patients with
an acute Achilles tendon rupture. However, significant differences in favour of surgery were found
in muscle function at 6 months. Both groups improved significantly over time and, at the 12-month
evaluation, the results were similar except in the heel-rise work test. The functional tests showed
that muscle function deficits remained between the injured and uninjured sides after 12 months,
regardless of surgical or non-surgical treatment. The use of a free gastrocnemius aponeurosis flap
appears to be a useful alternative when treating a chronic rupture and a re-rupture of the Achilles
tendon. The new heel-rise work test has good validity and greater ability to detect differences that
measuring the number of heel-rises. There was a high incidence of DVT after Achilles tendon rupture
and there is a need to evaluate the benefit of thromboprophylactic treatment in the future.

KEY WORDS: Achilles tendon rupture, chronic rupture, free flap, augmentation, deep venous
thrombosis, movable brace, re-rupture, ATRS, heel-rise work test
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ABBREVIATIONS

ATR Achilles Tendon Rupture

ATRS Achilles tendon Total Rupture Score
(@ Colour Duplex Sonography

[@\Y[)] Counter Movement Jump

Drop CMJ Drop Counter Movement Jump
DVT Deep Venous Thrombosis

FAOS Foot and Ankle Outcome Score
ICC Intra-class Correlation Coefficient
LMWH Low Molecular-Weight Heparin

LSI Limb Symmetry Index

MRI Magnetic Resonance Imaging

PAS Physical Activity scale

RCT Randomised Controlled Trial

ROM Range Of Motion

SSC Stretch-Shortening Cycle

us UltraSonography

VISA-A questionnaire Victorian Institute of Sports Assessment — Achilles questionnaire

VISA-A-S questionnaire The Swedish version of the VISA-A questionnaire

VTE Venous ThromboEmbolism



DEFINITIONS

CONCENTRIC MUSCLE ACTION

CONSTRUCT VALIDITY

CONTENT VALIDITY

CRITERION VALIDITY

DROP CMJ
ECCENTRIC MUSCLE ACTION
FACTOR ANALYSIS

HOPPING
INTERNAL CONSISTENCY

LIMB SYMMETRY INDEX (LSI)

PLYOMETRIC QUOTIENT
POWER

RELIABILITY
SENSITIVITY

SPECIFICITY

HEEL-RISE

VALIDITY

WORK

When a muscle shortens while producing force

Psychometric property of an outcome instrument assessing
whether the instrument follows accepted hypotheses (con-
structs)

Psychometric property of an outcome instrument assessing
whether the instrument is representative of the characteristic be-
ing measured (face validity)

Psychometric property of an outcome instrument assessing its
relationship to an accepted, “gold standard” instrument

Drop jump followed by a vertical jump on one leg
When a muscle lengthens while producing force

Statistical method for analysing relationships between a set of
variables to determine underlying dimensions

A continuous rhythmical jump, similar to skipping with a rope

Psychometric property of an outcome instrument regarding the
degree to which individual items are related to each other

The LSl is defined as the ratio of the involved limb score and the
uninvolved limb score expressed in per cent (involved/uninvolved
x 100 = LSI)

Flight time divided by contact time

1. The rate of performing work; the product of force and velocity
(Sl unit; watt)

2. Probability of finding a significant association when one truly
exists (1 — probability of type-Il error)

Measurement of reproducibility of a measurement

Percentage of patients with an outcome who are classified as
having positive results

Percentage of patients without an outcome who are classified as
having negative results

The exercise in which the person goes up onto the toes (perform-
ing ankle plantar flexion when standing) and back down

The degree to which a questionnaire, instrument or test meas-
ures what it is intended to measure

The product of the force and the distance through which the
body moves, expressed in joules
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INTRODUCTION

Achilles tendon rupture is common and studies have reported an increasing incidence [31, 65, 77,
85, 111]. This is thought to be related to a greater interest in recreational sports activities [31, 65,
85]. There is a greater risk of sustaining an Achilles tendon rupture in males than females, with a
male/female ratio ranging between 2:1 and 18:1 [90]. Persons that acutely rupture their Achilles
tendon are frequently physically involved in activities that involve running [31]. The highest incidence
of Achilles tendon rupture, related to physical activity, occurs between the age of 30 and 49 years,
but there is a second peak in elderly non-athletes [31, 77].

The most common injury mechanism is a sudden, forced ankle dorsiflexion, in many cases during
participation in racket sports [4]. The diagnosis of an acute total Achilles tendon rupture is clinical
and additional examinations, such as ultrasonography and MR, are only occasionally needed [47].
The typical history, in a patient without previous symptoms, is the sudden audible “snap” in the calf.
The patient often believes he/she has been hit from behind.

The most common rupture type is the so-called subcutaneous rupture, in the mid-substance of the
Achilles tendon, i.e. 2-6 cm proximal to the insertion to the calcaneus [39]. The etiology of Achilles
tendon ruptures is still not well known and two theories have been discussed; the degenerative and
the mechanical [10, 44, 74]. Most of the patients have not had any symptoms such as tenderness,
stiffness or pain from the Achilles tendon prior to the rupture [40]. Some factors, suggested to be
linked to Achilles tendon rupture are ageing of the tendon, vascular impairments and lifestyle factors
[1, 40]. The total rehabilitation period after an Achilles tendon rupture is long, often up to a year
or even longer. Due to fear of re-rupture, many patients never return to recreational or competitive
sports activity [89].

The first randomised study presented in 1981 by Nistor [93] reported better results after non-surgical
treatment compared with surgical treatment. Since then, several other randomised, controlled stud-
ies have been published [11, 12, 15, 43, 46, 48, 68, 76, 80, 82, 89, 100, 112, 119]. The study design
varies considerably between these studies, with regard to both the quality of the studies and the way
the outcomes are presented. One common problem is the relative lack of power, with regard to the
number of subjects. There is also a mix of treatments, such as surgical and non-surgical, as well as
different surgical techniques and/or post-operative regimens [48]. Immobilisation periods, equinus
position or not, weight bearing or not and open or percutaneous procedures are some examples
[11,12, 46, 48, 80, 82, 89, 100, 112, 119]. This mixture makes comparisons difficult and sometimes
impossible.

The possible influence on outcome of using an additional functional brace instead of a cast has
been discussed [2, 48, 97, 100, 119]. Limited information is, however, available on the effects of a
functional brace, especially in combination with non-surgical treatment [48, 80, 119]. Surgical treat-
ment is probably most commonly employed and appears to result in less risk of a re-rupture [6, 48].
The limitations of surgical treatment are a significantly higher risk of infections, adhesions and other
wound-related problems, compared with non-surgical treatment [8, 96]. Most top-level athletes pre-
fer surgical treatment, on individual preferences. Taken together, there is still no consensus in terms
of the best treatment and the debate is ongoing and seemingly never ending.



On the other hand, there is general agreement that surgical treatment is the first choice when a
chronic rupture or a re-rupture is treated [9, 26, 55, 67, 72, 118, 122].

Additional ultrasonography or MRI could be of importance for verification of the diagnosis and for
the planning of the surgical procedure [73, 86]. The surgical techniques described in the literature
differ considerably, although augmentation and tendon transfers dominate [90]. The limited cohorts
in all studies and the varying outcome measurements make comparisons difficult or even impossible
[67].

It is obvious that there is limited knowledge with regard to the optimal rehabilitation, when consid-
ering the fact that most of the patients treated for an Achilles tendon rupture still have functional
deficits one year after the injury, regardless of whether the treatment is surgical or non-surgical [84,
89, 93]. Until now, no injury-specific, patient-reported scores have been found to evaluate the out-
come after the treatment of Achilles tendon rupture.

ANATOMY

The Achilles tendon is the thickest and strongest tendon in the body [74]. Two muscles in the lower
leg, gastrocnemius and soleus, contribute to the Achilles tendon. Triceps surae is the umbrella term
for the gastrocnemius and soleus muscles, the main plantar flexors of the ankle. The two heads of
the gastrocnemius muscle, originating from the medial and lateral condyle of the femur respectively,
also contribute to knee flexion. The soleus muscle originates from the upper third of the fibula and
central third of the tibia. The plantaris muscle, absent in 6%-8%, is a small 5-10 centimetre rudi-
mentary muscle which originates from the lateral femoral condyle, by its long tendon inserts medially
(together with the Achilles tendon or alone) on the tuber calcaneii or at the plantar aponeurosis [18].
The plantaris muscle contributes to plantar and knee flexion. The tendinous portion of the soleus
and gastrocnemius muscles varies in length between 3-11 cm and 11-26 c¢m respectively [18].

The Achilles tendon spreads out at the insertion to the calcaneus and the narrowest part of the ten-
don is approximately 4 cm above the insertion. The Achilles tendon is
inserted into the central part of the posterior surface of the calcaneus.
The tendon has no true synovial sheet but is instead covered by a pa-
ratenon, a thin layer of loose areolar tissue that acts to reduce friction.
There is one superficial and one deep bursa at the distal part of the
tendon.

The Achilles tendon receives its blood supply from three sites; the mus-
culo-tendinous junction, the paratenon and distally at the tendon in-
sertion to the bone [1, 95, 105]. The paratenon plays an important role
as it is highly vascularised and supplies the tendon with blood through
its length. According to Carr and co-workers [10], and Lagergren and
co-workers [57], there are fewer blood vessels at the midsection of the
tendon and a larger number at the insertion, but this has been, been
questioned [127].

Figure 1. Posterior aspect of the lower leg
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BIOMECHANICS

Tendons are designed to transfer large forces from muscle to bone and are less able to withstand
shear and compression forces compared with tensile forces [30, 109]. At rest, the tendon fibres dis-
play a wavy configuration. This disappears when the tendon is stretched approximately 2%. When
the force is released, the tendon fibres resume their wavy appearance. Up to approximately 4%
elongation, the tendon will return to its original state after the tension is released. If the tendon is
stressed beyond approximately 4% of its length, partial ruptures will occur and, at approximately
8% of elongation, a complete rupture will occur. A stress-strain curve is often presented in the litera-
ture when describing the mechanical behaviour of a tendon [39, 94, 109] (Figure 2).

Stress

Figure 2. Tendon stress-strain curve

The elasticity of the Achilles tendon is important in order to store and release energy during the
stretch shortening cycle (SSC) [25, 54]. A heavy load on the Achilles tendon occurs in activities dur-
ing which the SSC is utilised. The SSC is a combination of an eccentric muscle action (with length-
ening of the muscle and tendon), followed immediately by a concentric muscle action (shortening
of the muscle-tendon complex) [7, 37, 53]. The concentric force production is higher when it is
preceded by an eccentric muscle action compared with a pure concentric muscle action, due to the
utilisation of the passive elastic components such as the tendon [7, 53].

The larger the cross-sectional area of a tendon, the greater its capacity to withstand heavy loads
before failure [104, 109]. Longer tendons have a greater capacity to elongate before failure com-
pared with shorter tendons [109]. Komi and co-workers [54] showed that the forces in the Achilles
tendon varied considerably between individuals and that the forces were well above the range of
the single load ultimate tensile strength of the tendon. Komi and co-workers [54] measured a force
of 2.6 kN during walking, while during running the force was 9 kN, corresponding to approximately



12 times the body weight of a 75 kg person. Cycling produced a force of less than 1 kN. They also
noted that the release of force at impact was absent with ball-contact running but was present with
heel-contact running.

HEALING PROCESS IN TENDONS

Following a tendon injury there are three phases of healing: inflammatory, proliferative, and remod-
elling [22, 39, 41, 63]. The acute inflammatory phase lasts for up to one week after injury. During
this phase, the inflammatory cells remove the injured tissue, making it possible for phase two, the
proliferative phase, to begin. During the proliferative phase type | collagen is produced by the fibrob-
lasts to increase tendon strength. After about four weeks more than 50% of the tensile strength of
the tissue may be restored. The proliferative phase lasts up to about four weeks in most individu-
als. The remodelling phase of healing occurs for up to one and a half years after the original injury.
During this phase, the tensile strength, elasticity and structure of the tendon are improved.

In animal studies [41], the healing tendon has been reported to regain about 50% of its tensile
strength and 30% of its energy absorption within two weeks after surgery. Thermann and co-
workers [115] reported that ruptured, non-sutured Achilles tendons in rabbits ruptured at 38% of
the force required to rupture the contralateral control side 2 weeks after injury. Research indicates
that the tendon requires mechanical loading in order to recover after injury [49, 50]. The optimal
amount of loading that would both benefit the healing of the tendon but still not cause a re-rupture
is, however, still unknown [21, 34, 49].



14

REVIEW OF THE LITERATURE

This literature review focuses on the main purpose of this thesis, i.e. to evaluate treatment in patients
with an acute Achilles tendon rupture, particularly in terms of complications, function and symp-
toms.

SURGICAL OR NON-SURGICAL TREATMENT

The treatment of patients with an acute Achilles tendon rupture can be classified into surgical (open/
percutaneous) and non-surgical. Post-operative treatment can be divided into cast immobilisation
and functional bracing.

In the literature, the number of re-ruptures usually constitutes the main outcome when comparing
surgical and non-surgical treatments [48]. According to Bhandari and co-workers [6], only six of 11
eligible randomised, controlled studies were accepted for their meta-analysis. The re-rupture rate
was found to be significantly lower with surgical treatment (3.1%), compared with non-surgical
treatment (13%). All six trials included in the meta-analysis recommended surgical repair. However,
Bhandari and co-workers [6] also pointed out the wide confidence intervals in the six included
studies and proposed that a large randomised trial should be carried out before any strong rec-
ommendations for a specific treatment could be made. One major problem is the variation in the
methodological quality in the studies of the treatment of acute Achilles tendon ruptures. Khan and
co-workers [48] presented a meta-analysis, including 12 of 36 eligible randomised trials with a vary-
ing level of methodology. The re-rupture rate was estimated at 3.5% and 12.6%, in surgically and
non-surgically treated patients, respectively. In a literature review by Ajis and co-workers [2], surgical
treatment was recommended, but they pointed out the higher rate of other complications, such
as infections, wound problems and adhesions, after surgery. They also reported that percutaneous
repair has increased in popularity and, further, that early weight bearing and mobilisation with or
without surgical treatment produced the best result, provided that the tendon ends were in contact
[2]. Wong and co-workers [125] published a retrospective review of 125 articles. Their conclusion
was that open repair and early mobilisation produced the best outcome in terms of recovery and
re-rupture rate. They also reported promising results after non-surgical treatment, using a functional
brace.

Comparison of surgical/open repair/rigid cast and non-surgical treatment/rigid cast

Nistor and co-workers [93] presented a, randomised trial comparing surgical and non-surgical
treatment in patients suffering from an acute Achilles tendon rupture. Non-surgical treatment was
advocated as the treatment of choice, due to the low re-rupture rate and the increased risk of com-
plications, such as infections and wound break-down, in surgically treated patients. Contrary to this,
Cetti and co-workers [11] found surgical treatment preferable in their randomised trial.

Comparison of surgical/open repair/movable cast and non-surgical treatment/rigid cast

Moller and co-workers [89] studied 112 patients with an acute Achilles tendon rupture. They found
a statistically significant higher re-rupture rate in the non-surgically treated group, 20.8%, com-
pared with 1.7% in the surgically treated group. However, there were no significant differences
between the two groups in terms of functional outcome. They recommended surgical treatment as
the primary choice. In their study, a movable brace was used in the surgical group, while cast immo-
bilisation was used in the non-surgical group. Patients who underwent surgery started rehabilitation
after 2 weeks using the movable brace, with increasing motion until eight weeks, when the brace
was removed. Patients who were treated without surgery were immobilised for eight weeks (the



same protocol as advocated by Nistor [93], i.e. a plaster cast in the equinus position for four weeks
and the neutral position for an additional four weeks). In other words, the rehabilitation differed in
the two treatment groups, making it difficult to judge whether the surgery was the main beneficial
factor or whether the delayed rehabilitation in the non-surgical group was a negative factor.

Comparison of surgical techniques, open repair versus percutaneous repair

The variation in surgical techniques for repairing an acute Achilles tendon rupture is remarkable
and it is therefore difficult to determine the method of choice [47]. According to a review by Wong
and co-workers [125], the best surgical procedure to repair an acute Achilles tendon rupture is an
end-to-end suture. The techniques of Ma & Griffith [70] and of Delponte and co-workers [19] are
the most commonly used percutaneous methods. Using a percutaneous technique, the risk of sural
nerve damage has been shown [16]. According to Cretnik and co-workers [16] the nerve damage
can be avoided, however. The risk of nerve injury should be taken into account when percutaneous
techniques are compared with open techniques. There is also an increased risk of wound problems
when an open technique is used. Wong and co-workers [125] concluded that the simpler procedure
appeared to be more favourable. However, this is not supported by randomised, well-powered stud-
ies.

Lim and co-workers [68] compared open and percutaneous repair in their study and, they were
unable to demonstrate any significant differences between the study groups in terms of re-rupture
rates. However, other complications, such as infections and other wound problems, appeared to be
more common in patients treated with open repair.

Taken together, strong scientific evidence is lacking regarding the optimal treatment for acute Achil-
les tendon rupture. The outcome appears to be comparable between surgical and non-surgical treat-
ments, although the re-rupture rate in absolute numbers is somewhat higher in the non-surgical
group in most studies. A movable brace appears to be preferable to a cast regardless of whether or
not surgery is used.

Comparison of post-operative regimens, immobilisation versus functional brace

In five studies [12, 43, 46, 76, 82] in which all the patients underwent surgical intervention, ran-
domisation was performed post-operatively to a rigid cast alone or, alternatively, to a functional
brace after a short period in a rigid cast. An overall low re-rupture rate in favour of a functional
brace was reported. However, there were no significant differences between the treatment groups
in any of the studies in terms of complications other than re-rupture rate. Maffulli and co-workers
[76] stated that early weight bearing in addition to ankle mobilisation after open repair, compared
with cast immobilisation, shortened the rehabilitation period. However, neither strength deficits nor
muscle hypotrophy were prevented. Kerkhoffs and co-workers [46] also favoured a functional brace,
which gave a shorter rehabilitation period. The brace was deemed especially beneficial in terms of
an earlier return to sports.

In a recent meta-analysis [113] including six randomised studies, a comparison between traditional,
i.e. immobilisation, and early functional post-operative protocols in patients treated with surgery was
performed. The patients’ opinion of their quality of life was shown to be superior in the group using
a functional post-operative protocol with early weight bearing, compared with the traditional non-
weight-bearing group. Patients in the traditional group complained more about scar adhesion and
transient sural nerve dysfunction, even though there were no statistically significant differences be-
tween the groups. Suchak and co-workers [113] therefore recommended that larger, well-powered
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prospective, randomised studies should be performed to reach more definite conclusions. It is obvi-
ous that most treatment studies are hampered by a similar problem, i.e. low or marginal power.
Most studies include approximately 100 patients, sometimes fewer. Taken together, this implies that
a large study, comprising around 500 patients, for example, in which the same protocol would be
strictly adhered to, is necessary. A multi-centre study therefore appears to be of importance in the
future in order realistically to complete such a large study.

The treatment regimens in the studies presented above were not identical, but all of them still con-
clude that early mobilisation appears to reduce rehabilitation time and results in a lower re-rupture
rate in patients treated surgically. It may therefore be argued that early mobilisation and early weight
bearing are probably of major importance in the treatment of an acute Achilles tendon rupture.

Comparison of a functional brace versus a rigid cast in non-surgical treatment

As early as 1997, McComis and co-workers [79] indicated promising results with non-surgical treat-
ment and a functional brace and recommended this method as an alternative to surgical treatment.
One definite limitation of this study was the lack of a control group.

In their meta-analysis, Khan and co-workers [48] reported a lower re-rupture rate after non-surgical
treatment, when early functional mobilisation was emphasised. The results were, however, based
on only two studies [97, 100] and, considering the small sample sizes, clinical conclusions should
therefore be drawn with caution.

Costa and co-workers [15] performed two independent randomised, controlled trials at the same
time, comparing immediate weight bearing with traditional plaster cast immobilisation in patients
with an acute Achilles tendon rupture, treated either surgically or non-surgically. No differences
were reported between patients treated non-surgically with early weight bearing, compared with
cast immobilisation. However, the surgically treated group with early weight bearing had a better
functional outcome, in terms of walking and stair climbing, compared with those treated with cast
immobilisation alone. Moreover, the risk of complications was not increased in either surgically or
non-surgically treated patients, when immediate weight bearing was allowed. Consequently, Costa
and co-workers [15] advocated immediate weight bearing, irrespective of whether surgery was em-
ployed or not, as the treatment for patients with an acute Achilles tendon rupture.

Wallace and co-workers [121] reported on a combined non-surgical cast and brace treatment pro-
tocol for an acute Achilles tendon rupture. In their study of 140 patients, there was an overall com-
plication rate of 8%, with three complete and five partial re-ruptures, two deep vein thromboses
and one temporary drop foot. They strongly recommended their treatment protocol, however, only
when patients were supervised by experienced staff.

Hufner and co-workers [32] presented long-term results in 168 patients with an Achilles tendon
rupture treated non-surgically, using a so-called Variostabil functional brace. They reported a low
re-rupture rate; 6.4%. A prerequisite in this study was that an ultrasound examination, performed
by an orthopaedic surgeon, showed that the gap in the ruptured tendon was less than one cm with
the ankle in the neutral position and that the tendon ends were in contact with each other in 20
degrees of plantar flexion. If this was not the case, the patients were recommended surgical treat-
ment. To further reduce the risk of re-rupture, a second ultrasonographic examination, performed
by an experienced examiner, was recommended after two to five days.



Comparison of surgical and non-surgical treatment and a functional brace

Twaddle and co-workers [119] compared surgical and non-surgical treatment in a recent study. Both
groups received early range of motion exercises using a functional brace and an identical rehabilita-
tion protocol. They reported no significant differences in terms of re-rupture rate. Surprisingly, there
was only one re-rupture in the non-surgical group and two in the surgical group. They suggested
that early range of motion was the most important factor, regardless of whether surgical or non-
surgical treatment was used [119].

Thermann and co-workers [116] presented the results from a two-year functional treatment concept
in patients with acute Achilles tendon rupture. These researchers described an ultrasonographic
method that was reported to have good reliability. The method was used to determine the separa-
tion between the ruptured tendon ends. In a randomised trial, surgical and non-surgical/functional
treatment was compared in 50 patients. No significant differences were found between groups in
terms of functional results or the course of tendon healing. They also showed that the functional
treatment was favourable in terms of a shorter rehabilitation period.

Metz and co-workers [80] compared minimally invasive surgery with non-surgical treatment and
both groups were allowed immediate full weight bearing. The primary end-point was complications
other than re-rupture. A significant difference was found, with more skin-related problems in the
non-surgically treated group, which is unusual, and the choice of brace might therefore be discussed.
They also stated that the surgical treatment resulted in an earlier return to work. Using complications
other than re-rupture as the primary end-point is somewhat unusual from a methodological stand-
point. This might, however, increase the interest in end-points other than re-rupture alone. It might,
however, be of greater importance to evaluate patient-reported outcome and recovery of function
as opposed to skin-related complications.

Weber and co-workers [123] presented excellent results in a retrospective study, with a significantly
shorter period of pain and a faster return to work in their non-surgically treated group. The non-
surgically treated group was treated with an equinus ankle cast and boot allowing full weight bear-
ing, compared with a removable brace used in the surgically treated group.

It is difficult to draw strong conclusions as the studies vary considerably in terms of treatment proto-
cols, methodology and outcome measurements. One general problem is that, in many or even most
of the studies, the sample sizes are too limited and the methods are too insensitive to detect clinically
relevant differences between study groups.

Surgical treatment for chronic Achilles tendon rupture

According to the literature [72], a chronic rupture refers to an Achilles tendon rupture diagnosed
4-6 weeks after injury. The different terms used for this group of patients in the literature [26, 67]
are delayed, neglected and chronic ruptures. For medico-legal reasons, the term “chronic rupture”
is preferable. However, there is no universally accepted time limit defining when an acute rupture
turns into a chronic rupture. More than 20% of acute Achilles tendon ruptures are supposed to be
presented in a delayed manner, depending on the fact that the rupture is unrecognised or misdiag-
nosed by the examiner or that the patient waits before seeking medical attention [71, 75].

When treating a chronic rupture, most surgeons agree that surgery is the treatment of choice,
unless there are contraindications for surgery or if the patient has low functional demands.
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Even though many different surgical techniques exist, only a few of them have been validated in a
strict scientific manner [91]. Taken together, there is an obvious lack of evidence-based guidelines
for the selection of the optimal surgical technique in patients with a chronic Achilles tendon rupture
[67]. The repair of a chronic rupture or a re-rupture is associated with an increased risk of complica-
tions [72]. In other words, it is difficult to draw any definite conclusions in terms of the functional
outcome of the different surgical techniques presented in the literature, due to the wide variation
in study design, post-operative regimens and end-points. The different surgical techniques that are
described can be divided into different categories; the V-Y technique, local tissue augmentation,
turn-down flaps, tendon transfer, free tissue transfer and the use of synthetic materials [72, 81].

Several different turn-down flaps have been used in order to bridge the tendon gap. Christensen
and co-workers [14] were the first to describe this technique in 1931. More than 20 years later,
Arner & Lindholm [4] used two flaps instead of one, while Silfverskitld [108] used one rotated flap
in order to ensure that the smooth tendon surface faced the skin, in order to reduce the risk of skin
adhesions. Gerdes and co-workers [29] showed that flap augmentation produced better pull-out
strength than end-to-end sutures alone. The difference was 41%.

Us and co-workers [120] reported satisfactory results in six patients using a combined technique of
V-Y plasty, with an additional turn-down flap from the gastrocnemius aponeurosis. They showed
that an acceptable restoration of the muscle/tendon complex function was obtained.

Maffulli and co-workers [75] presented good results using a free gracilis tendon graft in 21 patients,
who had a chronic rupture of the Achilles tendon. Their conclusion was that this was a technically
demanding yet safe procedure, although it resulted in reduced strength and decreased ankle mo-
tion. Most people agree that a simple end-to-end suture is not sufficient to treat a chronic rupture or
a re-rupture. An open technique is therefore usually recommended for these groups of patients.

Thrombosis
Without thromboprophylaxis, the incidence of deep venous thrombosis is 40-80% and fatal pulmo-
nary embolism 1-5% following major orthopaedic surgery [27].

The need for thrombosis prevention has been generally agreed upon when major orthopaedic sur-
gery is undertaken and standardised thromboprophylaxis regimens are therefore usually implement-
ed. However, in patients treated for so-called minor lower leg injuries, such as an Achilles tendon
rupture, no consensus exists with regard to the advantage of thromboprophylaxis. The risk of de-
veloping thromboembolism after an acute Achilles tendon rupture has only been demonstrated in
a few studies [24]. The results varied from a benefit from thromboprophylaxis to no benefit at all
(38,52, 56, 61, 62] .

The accuracy of a clinical diagnosis of thromboembolism is low and the incidence is therefore un-
known. However, Lapidus and co-workers [58] verified, from a register of 668 patients treated for an
acute Achilles tendon rupture, symptomatic deep venous thrombosis (DVT) in 47 (7 %) patients with-
in six weeks from injury. Venography is considered to be the “gold standard” for verifying a DVT. The
method is, however, invasive and demanding for the patient. Technical advances and clinical experi-
ence have increased the advantage of colour duplex sonography (CDS), which is a non-invasive, less
expensive and more convenient method for the patient [59]. However, the accuracy of the method
has to be studied further before it can be used as the “gold standard” when diagnosing a DVT.



Patient-reported outcome

It is important to use reliable, validated outcome measurements when evaluating treatment. Patient-
reported outcomes have been more frequently used during the last decade, in order to obtain
the patients’ own opinion about the result. When evaluating outcome, different functional tests
together with the patient’s opinion, as well as complication registration, are necessary to obtain as
complete an overall picture of the treatment results as possible [90].

Evaluations of the treatment of an Achilles tendon rupture vary considerably between different
studies. Clinical examination often includes calf muscle circumference, ankle range of motion and
tendon width measurements. It has, however, never been shown that any of these factors is of any
importance, in terms of function or patient satisfaction.

Leppilathi and co-workers [64] designed a scoring method proposed as a standard method to be
used to compare outcome in different studies. However, this score has not been validated and
moreover constitutes a mixture of subjective and objective measurements. There is therefore an
obvious need for a new outcome measurement, based on patient outcome and function and tested
for reliability and validity at the same time.

A validated patient-reported outcome measurement exists for the evaluation of treatment of Achil-
les tendinopathy; i.e. the Victorian Institute of Sports Assessment — Achilles questionnaire (VISA-A
questionnaire) [98]. A validated patient-reported outcome measurement is also available for foot
and ankle injuries; the Foot and Ankle Outcome Score (FAOS) [99]. Since patients with an Achilles
tendon rupture have different functional complaints and symptoms compared with patients with
Achilles tendinopathy or ankle injuries, the use of the VISA-A and FAOS as an outcome measure-
ment for this patient group can be questioned. To our knowledge, no validated scores for evaluating
treatment in patients with an acute Achilles tendon rupture have previously been presented. Accord-
ingly, the Achilles tendon Total Rupture Score (ATRS) was constructed as a part of this thesis.

Recovery of function

The strength deficit of the calf musculature on the injured side, one year after an Achilles tendon
rupture, is reported to be approximately 10-30% compared with the uninjured side and it appears
that it becomes permanent [47]. Moreover, early recovery of plantarflexion torque has not only
been shown to indicate the normalisation of the calf musculature function, it can also be due to
compensation by the flexor hallucis longus muscle [20].

To evaluate muscle endurance, the most commonly used test is counting the number of consecutive
heel rises the subject is able to perform until fatigue sets in on one leg and to compare this with
the other leg. A modification of this test was presented by Haggmark and co-workers [33] more
than 20 years ago. In their test, a light beam was used to ensure that only heel rises over a certain
height (in their study 4 cm) were counted. The height of the heel rise may be of importance, since
there is a disproportionate weakness in end-range plantar flexion according to Mullaney and co-
workers [84]. They found that, at angles with the foot in dorsiflexion, there was no strength deficit,
but, at 20° and 10° of plantar flexion, there were significant strength deficits. The explanation for
this is thought to be due to tendon lengthening that may occur during the healing of the tendon.
Studies have demonstrated that there is a separation of tendon ends after Achilles tendon repair
[42]. Interestingly, a study by Kangas and co-workers [42] has shown that early motion resulted in
a smaller degree of tendon separation compared with immobilisation following Achilles tendon
rupture treated with surgery. The smaller degree of tendon separation also correlated with clinical
outcome.
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The importance of the above-reported changes in plantar flexion muscle forces and deficits in heel-
rise heights is the functional implication when it comes to the patients’ ability to walk, run and
jump. For the patients, the important aspect following an Achilles tendon rupture is to be able to
recover full function and return to previous activities without an increased risk of re-rupture and of
developing other overuse injuries. Gait analysis was recently performed by Don and co-workers [20]
in a study of 49 patients with a surgically repaired Achilles tendon rupture and, at the 24-month
evaluation, gait abnormalities were still found. This study also found an eccentric strength deficit in
the calf musculature at the 24-month evaluation. Further studies are needed to examine the vari-
ous aspects of the way lower leg function (with regard to muscular strength, endurance and ability
jump) is recovered after Achilles tendon rupture. It would also be interesting to evaluate how lower
leg function is affected by the various types of treatment in order to provide some insight into ways
of improving treatment.



PROBLEM AREAS

The patients’ opinion of their symptoms and physical capacity is an important factor when evalu-
ating outcome after the treatment of an Achilles tendon rupture. No validated, reliability-tested
patient-reported outcome score is available to study the outcome after treatment of an acute Achil-
les tendon rupture. This topic is addressed in Study .

The possible influence of a functional brace has been discussed in the treatment of an Achilles ten-
don rupture. However, limited information is available about the benefits of allowing early range of
motion and early weight bearing, especially in combination with non-surgical treatment. This topic
is addressed in Study II.

The treatment of a re-rupture is always a “challenge” and the risk of complications is high. However,
there is no disagreement that surgery is the best way to treat this group of patients. However, due
to a lack of comparative studies, the optimal treatment is still unknown. This topic is addressed in
Study Ill.

When evaluating functional outcome after an acute Achilles tendon rupture, differences between
treatment groups are rarely reported. One important explanation is that previously described evalu-
ation methods are not tested for reliability and validity and have a low ability to detect small yet
clinically relevant differences between treatment groups. This topic is addressed in Study IV.

Venous thromboembolism is common after Achilles tendon rupture, but the true incidence is not
known. This topic is addressed in Study V.
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AIMS OF THE STUDIES

Study |

Study I

Studly Il

Study IV

Study V/

To develop and validate a new patient-reported instrument for measuring outcome,
related to symptoms and physical activity, after treatment in patients with an acute
total Achilles tendon rupture.

The purpose of this study was to compare surgical with non-surgical treatment, using
identical mobilization and rehabilitation protocols, for patients with an Achilles tendon
rupture, in regards to complications, symptoms and function.

To evaluate the subjective and objective outcomes, following a new surgical method to
treat a chronic rupture and a re-rupture of the Achilles tendon.

To evaluate a heel-rise test that would measure both the height of each heel rise and
the number of repetitions and to compare this test with ankle range of motion meas-
urements and patient-reported outcome.

To determine the incidence of venous thromboembolism (VTE) in patients with Achilles
tendon rupture.



SUBJECTS AND METHODS

SUBJECTS

A total of 273 patients with an Achilles tendon rupture were included in the five studies in this thesis
(Table 1). Furthermore, 52 healthy subjects (19 females and 33 males) were included in Study | and
38 patients with Achilles tendinopathy were included as a reference group in Study IV.

Table 1. Summary of patients with an Achilles tendon rupture included in the five studies.

Study Patients Male/female Age Comments
included (%) mean
I 167 134/33 (20%) 42 27 of the patients were included twice
in the various steps
Il 97 79/18 (19%) 41 Allocated from 100 patients. 15 patients

also included in Study | and 4 patients
also included in Study IlI.

Il 28 22/6 (21%) 46 13 chronic ruptures and 15 reruptures.
[\ 78 65/13 (17%) 42 Patients from Study Il
V 95 79/16 (17%) 41 Patients from Study Il

Study |
A total of 167 male and female patients (Table 2) with a total Achilles tendon rupture were involved
in the various steps. The inclusion criteria were:
e Total Achilles tendon rupture based on a clinical examination,
performed by an orthopaedic surgeon.
e 20-70 years of age.

e Able to read and understand the Swedish language.

Table 2. Distribution, mean age and standard deviation (SD) for the patients and healthy subjects in the various
steps in Study I (twenty-seven patients were included in more than one step).

Step Description Subjects Age
mean = SD

1 [tem generation - -
2 Item reduction n=112

21491 m 41.9+9.6
3 Evaluation of the final ATRS n=2_82

19f+ 63 m 43.3+9.7
3 Evaluation, healthy subjects n=>52

19f + 36m 41.5+£9.3
4 Test-retest of the ATRS n=43

7f+36m 41.7+9.9
5 Responsiveness of the ATRS n=43

8f +36m 40.3£8.3
f = females, m = males, ATRS = Achilles tendon Total Rupture Score
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Study Il

A total of 100 patients, with an acute Achilles tendon rupture, who sought medical attention at an
emergency department at the Sahlgrenska University Hospital, Géteborg, Sweden, were included in
this prospective, randomised study, during the period 2004-2007. In all patients, the diagnosis was
established, based on medical history and clinical examination (tendon palpation and Thompson'’s
test). Patients eligible for the study were randomised to either surgical treatment or non-surgical
treatment. Computer-generated sealed envelopes were used in the randomisation procedure, which
was administered by a co-ordinator. Due to diversity in reporting, we do not know how many pa-
tients were included from the total number of patients who sought medical attention at the emer-
gency wards due to an Achilles tendon rupture.

Two patients who were randomised to non-surgical treatment chose surgical treatment. One pa-
tient, who had been randomised to surgical treatment, was treated non-surgically as it was not pos-
sible to perform the surgery within 72 hours. As a result, 97 patients (79 men and 18 women) were
included in the follow-up evaluations (Table 3).

Patients 16 to 65 years of age with a unilateral Achilles tendon rupture were included in the study if
they were randomised and treated within 72 hours from the injury. The exclusion criteria were dia-
betes mellitus, former Achilles tendon rupture, other lower leg injuries, immunosuppressive therapy
and neurovascular diseases.

Table 3. Baseline characteristics of patients included in Study II.

Surgical Non-surgical
(n=49) (n=48)
Age 40.9 (8.8) 41.2 (9.5) 0.9367
41.0(24.0; 59.0) 39.0(23.0; 63.0)
n=49 n=48
Gender
Male 40 (81.6%) 39 (81.3%)
Female 9(18.4%) 9(18.8%) 1.0000
Height 178.7 (9.2) 177.7 (8.8)
180.0 (154.0; 197.5) 180.0 (153.0; 192.0)
n=47 n=40 0.6362
Injured side
Right 23 (46.9%) 27 (56.3%)
Left 26 (53.1%) 21 (43.8%) 0.4753
Work
Sedentary 15 (30.6%) 15(31.9%)
Light but mobile 23 (46.9%) 27 (57.4%)
Heavy 11 (22.4%) 5(10.6%) 0.3708
For categorical variables, n (%) is presented.
For continuous variables, mean (SD)/median (min; max)/n= is presented.
For comparisons between groups, Fisher’s exact test was used for dichotomous variables,
while the Mantel-Haenzsel chi-square exact test was used for ordered categorical variables
and the Mann-Whitney U test was used for continuous variables.




Studly Il

A total of 28 consecutive patients, all treated during the period 1996-2005 at Sahlgrenska Univer-
sity Hospital, Goteborg, Sweden (21 male and 7 female), with a mean (SD) age of 46 (10.4) years,
ranging from 26-71 years of age, were included in Study lll. There were 13 chronic ruptures and 15
re-ruptures. Twelve ruptures were on the right side and 16 on the left. Three experienced surgeons
performed all the surgery.

Study IV

Seventy-eight patients with an acute Achilles tendon rupture were included in this prospective study.
They were all from a cohort of 100 patients with an Achilles tendon rupture, who were included in
Study II. For the present study, we added the criterion that all data from both the 6- and 12-month
functional evaluations had to be available and we excluded patients who had sustained a re-rupture.
As a result, 22 patients from Study Il were not included. Eight patients had a re-rupture, two patients
had a previous rupture on the contralateral side, three patients failed to adhere to the study protocol
and one patient developed an ankle contracture and could not be tested. Another four patients did
not attend either the 6- or 12-month evaluation and the testing equipment either malfunctioned
or did not record the data for another four patients (two during the 6-month evaluation and two
during the 12-month evaluation).

Of the 78 patients included (65 men and 13 women), 43 received surgical treatment and 35 non-
surgical treatment. The mean (standard deviation [SD]) age was 42 (9) years, the mean (SD) height
178 (9) cm and the mean (SD) weight was 85 (13) kg.

As a reference group, patients with chronic painful Achilles tendinopathy from a previous study were
included [106].This group consisted of 38 patients (19 men and 19 women). These patients were
evaluated using the same methods prior to starting rehabilitation and after one year. In this group,
the mean (SD) age was 45 years (8), the mean (SD) height 177 cm (8) and the mean weight 79 kg
(12).

Study V
Ninety-five patients with an acute Achilles tendon rupture from Study Il participated in this study.

ETHICS

All the subjects received oral and written information about the purpose and procedure of the study
and written informed consent was obtained. Ethical approval was obtained from the Regional Ethi-
cal Review Board in Gothenburg, Sweden.
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METHODS

Study |
The development of the new instrument, the Achilles tendon Total Rupture Score (ATRS), consisted

of five steps, as described in Figure 3.

STEP 1 ITEM GENERATION
& TEST CONSTRUCTION
Literature review
Expert group
(reduction of similarities)
Result = 14 items

v

STEP 2 ITEM REDUCTION
112 PATIENTS
(Test results + verbal & written comments)
Expert group
(Item reduction and item rephrasing)
Result = 10 items

v

STEP 3 EVALUATION OF
THE FINAL ATRS

82 patients
52 healthy individuals
Validity
Structure
Internal consistency

\

STEP 4 TEST - RETEST
OF THE ATRS

43 patients

v

STEP 5 RESPONSIVENESS
OF THE ATRS

43 patients

Figure 3. Achilles tendon Total Rupture Score (ATRS), steps 1-5.
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Study Il

Surgical group:

The surgical technique involved the patient being in the prone
position under local (19), spinal (26) and general anaesthesia (4).
A tourniquet was used for haemostasis in 27% of the cases. After
a longitudinal 5-8 cm medial skin and paratenon incision, an end-
to-end suture, using a modified Kessler suture technique with 1-0
PDS (slow resorbable), was performed (figure 4). Post-operatively,
the patients were immobilised in a below-the-knee cast in the
equinus position. Surgery was performed by twenty-eight ortho-
paedic surgeons familiar with the technique.

Figure 4. End-to-end suture using modified Kessler technique.

In the surgically treated group, thromboprophylaxis with 500 ml of Macrodex® was administered
according to a specific protocol. No standard thromboprophylaxis was employed in the non-surgi-
cally treated group.

Non-surgical group:
After randomisation, treatment was immediately started with a below-the-knee cast in the equinus
position.

Surgical and non-surgical group:

All the patients, in both groups, were treated with a below-the-
knee cast with the foot in the equinus position for two weeks,
followed by an adjustable brace (DonJoy ROM Walker) for the next
six weeks (Figure 5). The brace was set at free plantar flexion mo-
tion with dorsiflexion limited to -30° for the first two weeks, -10°
for the next two weeks and +10° for the last two weeks. Weight
bearing as tolerated was allowed after six to eight weeks. Adjust-
ment of the brace was performed by the physiotherapist.

Figure 5. DonJoy ROM Walker brace.
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Rehabilitation
All patients followed a standardised rehabilitation protocol presented below, supervised by two
experienced physiotherapists. (Figure 6).

Weeks 8-11
Treatment: Shoe with a heel lift (1.5 cm), crutches if needed for another 1-3 weeks.
Exercise programme: Visit to a physiotherapist two to three times a week and home
exercises daily.
e Exercise bike
Ankle range of motion (ROM)
Sitting heel-rise
Standing heel-rise on two legs
Gait training
Balance exercises
Leg press
Leg extension and leg curl

Weeks 11-16
Treatment: Shoe with a heel lift (1.5 cm) until week 16.
Exercise programme: Visit to a physiotherapist two to three times a week and home
exercises daily.
e Exercises as above with increased weight
e Standing heel-rise on one leg
e Step
e Walking on mattress

Weeks 16-20
Exercise programme: Visit to a physiotherapist 2-3 times per week and home exercises.
e Exercises as above with increase in weights and intensity as tolerated
e Slide
e Quick rebounding heel-rises
From week 18:
e Heel-rise on stairs
e Side jumps
e Two-legged jumps

Weeks 20-24

Exercise programme: Visit to a physiotherapist as needed.
e Exercises as above with increase in weights and intensity as tolerated
e Jog
e Side jumps forward

Week 24 and onwards
Exercise programme: Continued physiotherapy if needed.
e Start group exercise class (similar to aerobics)
e Gradual return to sports (depending on the patient’s ability)

Figure 6. Rehabilitation protocol.



Follow-up

The patients attended a clinical follow-up examination at the orthopaedic department after 2, 8, 12
weeks and 6 months. This examination was mainly performed by the first author (KNH). Screening
for deep vein thrombosis (DVT) was performed with Color Duplex Sonography (CDS) 8 weeks after
treatment was initiated.

Evaluation of function, symptoms and physical activity level was performed 6 and 12 months after
injury by two experienced independent physical therapists.

Patient-reported outcome and physical activity

The patients’ symptoms and physical activity were assessed using the Achilles tendon Total Rupture
Score (ATRS) (Appendix 1), and a physical activity scale (Figure 7) [92, 101]. The ATRS ranges from
0 to 100, and a lower score indicates more symptoms and greater limitation on physical activity. For
the physical activity scale a score of 1 equals no physical activity whereas a score of 6 means heavy
physical exercise several times per week.

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.

Figure 7. Physical activity scale (Saltin, Grimby, 1968).

Functional evaluation
The MuscleLab® (Ergotest Technology, Oslo, Norway) measurement system was used for the evalua-
tions. MuscleLab® is a data collection unit, to which different kinds of sensors can be connected.

The test battery consisted of two different jump tests, two different strength tests and one muscular
endurance test. The test battery has been shown to be reliable and valid for evaluating lower leg
function in patients with Achilles tendinopathy and was performed as described by Silbernagel et al.
[106] The tests have also been used in a recent published study evaluating outcome of patients with
a chronic rupture or a re-rupture of the Achilles tendon [91]. The jump tests were a drop counter-
movement jump (drop CMJ) and hopping. For the drop CMJ, the patients started by standing on one
leg on a 20 cm high wooden box.They were instructed to “fall” down onto the floor and, directly on
landing, perform a maximum vertical one-legged jump (Figure 9). The maximum jumping height in
cm was used for data analysis. Hopping is a continuously rhythmical jump similar to skipping rope.
The patients performed 25 jumps, the average air flight and floor contact times were documented
and the plyometric quotient (flight time/contact time) was used for data analysis.
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The strength tests were a concentric heel rise and an eccentric-concentric heel rise (Figure 8). The
maximum power in watts [joules per sec] was used for the data analysis. The muscular endurance
test was a standing heel-rise test (Figure 14). The total amount of work performed (in joules) and the
maximum heel-rise height were used for data analysis. All patients were given standardized instruc-
tions and the tests were then demonstrated by the physiotherapist. The subjects also performed
three to five practice trials prior to testing. Verbal encouragement was used and athletic footwear
was standardised. Prior to testing, the patients warmed up by cycling for five minutes on a stationary
bicycle (Monark®), followed by three sets of 10 two-legged toe raises. The uninjured side was always
tested first.

Figure 8. Weight machine used for the strength Figure 9. Drop Countermovement jump (Drop CMJ).
testing (concentric and eccentric-concentric heel-rises).

Study Il

The surgical procedure was performed with the patient in the prone position
under general or spinal anaesthesia. A tourniquet was used for haemostasis. A
longitudinal (20-25 cm length), slightly curved central skin incision was made
(Figure 11). It extended from the middle third of the gastrocnemius muscle
and was medially curved distally in order to reduce the risk of injury to the
sural nerve. Scar tissue was found to bridge the gap between the tendon
stumps. The tendon ends were carefully excised, before an end-to-end suture,
using a modified Kessler suturing technique with 1-0 PDS, was made. It was
not always possible to close the defect between the tendon ends fully. A free
gastrocnemius aponeurosis flap was then prepared. The length and the width
of the flap depended on the size of the tendon gap, but it was approximately
3-5 x 5-7 cm (Figure 12).

Figure 10. Schematic view of a free gastrocnemius aponeurosis flap, covering the gap.




Figure 11. The planned incision. Figure 12 a, b. The free gastrocnemius aponeurosis
flap

The free flap was placed over the rupture and secured with peripheral sutures, using 3-O PDS.
The flap covered approximately 75% of the circumference of the tendon and the total tendon gap.
The defect in the aponeurosis was then repaired using absorbable side-to-side sutures.

Figure 13. After reconstruction with end-to-end sutures, the free gastrocnemius aponeurosis flap covers the
tendon ends. The gap after removal of the gastrocnemius aponeurosis flap is sutured side-to-side.
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After end-to-end tendon suture and flap reinforcement, the subcutaneous tissue and skin were care-
fully closed, aiming at low tension. All the patients were treated with a below-the-knee plaster cast
with the foot in the equinus position for three weeks, followed by the neutral position for another
three weeks. After six weeks, range of motion training was started using a movable lower-leg brace
(DonJoy ROM Walker). Full weight bearing started at six to ten weeks, depending on the possibility
to reach the neutral position. All the patients followed a symptom- and functional criterion based
rehabilitation protocol supervised by an experienced physiotherapist.

Two experienced physiotherapists performed the follow-up evaluations on all patients. The follow-
up examination comprised questionnaires on symptoms and physical activity, a physical examination,
including skin sensitivity, scar evaluation, calf circumference, and a test battery evaluating different
aspects of muscle-tendon function of the gastrocnemius, soleus and Achilles tendon complex [106].
The follow-up evaluations were performed a median (range) of 29 (12-117) months after surgery.

Study IV

The evaluations were performed six and twelve months after injury. All evaluations were performed
by two independent physiotherapists. The patients’ height and weight were also measured and
documented. The ATRS was used to evaluate the patients’ symptoms and physical activity.

Ankle dorsiflexion range of motion was measured with a goniometer with the patient standing with
the knee both straight and flexed, which has been shown to have good reliability.

The heel-rise test for endurance, using the Mus-
cleLab® (Ergotest Technology) measurement sys-
tem, has been shown to be reliable in healthy
persons, patients with Achilles tendinopathy
and patients with Achilles tendon rupture. The
test was performed on one leg at a time with
the participant standing on a box with an in-
cline of 10° (Figure 14). All patients were given
standardised instructions and the test was then
demonstrated by the tester. Athletic footwear
was standardised. Prior to testing, the patients
warmed up by cycling for five minutes on a sta-
tionary bicycle and then performed three sets of
10 two-legged heel rises. The numbers of heel
rises, as well as the height of each heel rise and
the total work (the body weight times total dis-
tance) in joules, were used for data analysis.

Figure 14. The heel-rise work test.



Study V

Screening for deep venous thrombosis was performed using colour duplex sonography (CDS), using
a Sequoia ultrasound machine (Siemens Acuson, Mountain View, CA, USA) with a linear 6L3 ultra-
sound transducer. The CDS examination followed a standard protocol, similar to the one described
by Lapidus and co-workers [59] covering the external iliac, common, deep and superficial femoral,
popliteal, gastrocnemius, paired posterior tibial and peroneal veins and the proximal part of the
anterior tibial and proximal junctions of the greater and lesser saphenous veins. Proximal veins were
examined in the supine position with a head-up tilt of about 45°, the popliteal region in the prone
position with a similar tilt and the calf veins in the sitting position with the leg extended and the foot
resting on the examiner’s lap. Vein segments were assessed regarding compressibility and flow. The
primary diagnostic criterion was venous incompressibility in the transverse view. Colour flow findings
were used to clarify the anatomy and as supportive findings, especially in venous segments less easily
viewed and compressed, including the distal femoral vein at the adductor canal and the trifurca-
tion at the proximal calf. At the time of examination, findings related to these vein segments were
recorded on a drawing of the venous system, where the extent of a possible DVT could be clarified.
All examinations were also recorded on videotape, in standardised recordings usually lasting 5-10
min/examination. Examinations were performed by any of six technicians at the vascular laboratory,
all with several years’ experience of venous ultrasonography. Two technicians usually collaborated
for ergonomic reasons and were able to help each other interpret the images.

After final inclusion, all the video recordings were reviewed by two vascular diagnostic physicians,
each with more than ten years’ experience of the method and, at the time of the review, blinded to
each other’s diagnosis and to the primary diagnosis at the time of examination. The interpretations
were recorded and the reviewer was required to note a decision relating to the presence of proximal
DVT (in the popliteal vein or a more proximal vein) and distal DVT (in deep or muscular veins distal
to the popliteal vein). In cases of disagreement between these blinded evaluations, adjudication was
made by a third person, also with more than 10 years’ first-hand experience of thrombosonography.

In cases of suspected pulmonary embolism, spiral computed tomography or perfusion/ventilation
lung scintigraphy was obtained and adjudicated by an experienced physician specialising in the
diagnostics of thromboembolism. There was no surveillance of PE in the present study.

The CDS examination was performed eight
weeks after the trauma and initiation of treat-
ment.

The follow-up included clinical examinations
after two, eight and 12 weeks and after six
months. Screening for deep venous thrombosis
was performed using colour duplex sonography
(CDS), a non-invasive method based on ultra-
sound (Figure 15).

Figure 15. Colour Duplex Sonography (CDS).
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STATISTICAL METHODS

Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS). In Studies
| and I, SPSS, version 12.0 for Windows, was used. In Studies I, IV and V, SPSS, version 15.0 for
Windows, was used.

Study |

Standard procedures were used for descriptive statistics. All the correlation coefficients (rs) were
calculated using Spearman’s rank correlation. Differences between patients and healthy individuals
were evaluated with the Mann-Whitney U test. Internal consistency was calculated using Chron-
bach’s alpha. For test-retest evaluation, the Intraclass Correlation Coefficient [124] was calculated
and, to study differences within groups, the Wilcoxon paired test was calculated. Significance was
considered at the level of p<0.05. A maximum likelihood factor analysis using Harris Kaiser’s rotation
method with an eigenvalue of > 1 was applied to the ATRS. The effect size was calculated as the
mean score difference divided by the standard deviation from the initial measurement according to
Kazis and co-workers [45]. An effect size of > 0.80 was regarded as high.

Study Il

Standard procedures were used for descriptive statistics. Re-rupture of the Achilles tendon was the
primary end-point. For comparisons between treatment groups, the Mantel-Haenzsel chi-square ex-
act test was used for ordered categorical variables. Wilcoxon’s signed rank test was used to evaluate
differences between the injured and uninjured side, as well as differences prior to injury and after
injury. The Mann-Whitney U test was used to compare the two groups of patients at baseline and
at follow-up. The level of significance was set at p<0.05. The lower limb symmetry index (LSI) was
calculated in order to compare the two treatment groups. The LSI was defined as the ratio between
the involved limb score and the uninvolved limb score expressed in per cent (involved/uninvolved x
100 = LSI).

Study Il

Standard procedures were used for descriptive statistics. Wilcoxon’s signed rank test was used to
evaluate differences between the injured and uninjured side, as well as differences prior to injury and
after injury. The Mann-Whitney U test was used to evaluate the two groups of patients at baseline
and at follow-up. The level of significance was set at p<0.05. The lower limb symmetry index (LSI)
was calculated in order to classify a normal or abnormal side-to-side difference. The LSI was defined
as the ratio between the involved limb score and the uninvolved limb score expressed in per cent
(involved/uninvolved x 100 = LSI). An LSI equal to or greater than 80% was classified as an accept-
able function.

Study IV

Standard procedures were used for descriptive statistics. The lower limb symmetry index (LSI) was
calculated to determine the size of the difference in function between the injured and uninjured side
and to determine whether the difference was classified as normal or abnormal. The LSI was defined
as the ratio between the involved limb score and the uninvolved limb score, expressed as a percent-
age (involved/uninvolved x 100 = LSI). The LSI was used when comparing the results from different
testing occasions. An LSI of > 90% for an individual test was considered normal. The paired t-test
was used to evaluate differences between the injured and uninjured sides and between the different
testing occasions. Pearson’s correlation coefficient was used to evaluate the correlation between the



heel-rise test and ankle range of motion. Since the ATRS presents ordinal data, Spearman’s correla-
tion coefficient was used to evaluate the correlation between patient-reported symptoms (ATRS) and
the heel-rise test and ankle range of motion. The level of significance was set at p<0.05.

Study V

Standard procedures were used for descriptive statistics. The primary end-point of this study was the
total incidence of VTE in patients treated for Achilles tendon rupture. Secondary end-points were
distal DVT, proximal DVT and PE. A chi-square test was used in the comparison of VTE rates between
the surgical and non-surgical groups. The level of significance was set at p<0.05. All the data analy-
ses were carried out by the investigators.
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SUMMARY OF PAPERS

Study I: The Achilles tendon Total Rupture Score (ATRS): development and validation

The purpose of this study was to develop and validate a new patient-reported instrument for meas-
uring outcome, related to symptoms and physical activity, after treatment in patients with a total
Achilles tendon rupture.

INTRODUCTION: The use of patient-reported outcome scores to evaluate functional results and to
compare incapacity on an individual level has become more common. Outcome measures found in
the current literature for patients with an Achilles tendon rupture are non-validated and based on a
mixture of assessments of subjective and objective parameters. Robinson et al. [98] have, however,
developed a questionnaire as an index of clinical severity in patients with chronic Achilles tendinopa-
thy, with a validated Swedish version (VISA-A-S) [107], while Roos and co-workers [99] have vali-
dated a score (FAQS) for patients with ankle ligament injuries. The FAQS includes 42 questions with
five separate subscales; pain, other symptoms, activities of daily living, sport and recreation function,
foot- and ankle-related quality of life

There is therefore a need for an easily self-administered, validated instrument with high reliability
and high responsiveness, i.e. sensitive to clinically relevant changes over time, which evaluates symp-
toms and their effect on physical activity in patients with an Achilles tendon rupture.

METHODS: The development of this questionnaire comprised five steps.

Step 1 — Item generation and test construction. An expert group, consisting of orthopaedic surgeons
and physiotherapists, with several years’ experience of patients with an Achilles tendon rupture had
meetings and discussed symptoms and physical activities (so-called items) relevant to the patient
group. The face validity of the items was discussed, subjectively judged and 14 relevant items were
listed.

Step 2 — Item reduction. One hundred and twelve patients with an Achilles tendon rupture, three
months to three years ago, responded to the 14 items. The patients were encouraged to comment
freely on the items, reflecting symptoms and physical activities, using an 11-grade Likert scale [110].
The scale ranged from 0 = major limitations/symptoms to 10 = no limitations/symptoms. There were
associated labels for 0 and 10 but not for the intermediate numbers.

An item analysis was then performed to evaluate each item. In addition, a factor analysis was applied
to evaluate the structure of the score.

Based on the results and comments from the patients, four of the items were excluded. The remain-
ing 10 items formed the final version of the ATRS.

Step 3 — Evaluation of the final ATRS. The final version of the score was sent out to 115 patients. To
test for construct validity and convergent validity, all the subjects were also asked to complete the
FAOS and the VISA-A-S scores. A total of 82 (71%) of the 115 patients completed the final ATRS.



Total sum scores were evaluated for 79 patients, as three patients were excluded because they an-
swered fewer than eight questions. Seventy-one (62 %) of the 115 patients completed the FAOS and
75 (65%) of the 115 patients completed the VISA-A-S score.

For construct validity, the patient’s results on the ATRS were compared with the results from the
FAOS and the VISA-A-S, as well as the results from fifty-two healthy individuals. The structure of the
ATRS was evaluated with a factor analysis.

Step 4 — Test-retest. Test-retest reliability was evaluated for 43 patients who completed the ATRS
twice within two weeks.

Step 5 — Responsiveness. As a measure of responsiveness, the effect size was calculated on the
results from 43 patients at the 3 to 6-month follow-ups (15 patients) and at the 6 to 12-month
follow-ups (28 patients).

RESULTS: The scores for the 10 items in the final version of the ATRS all ranged from 0 to 10. The
mean (median) item score ranged from 6.2 (7.0) to 8.7 (10.0).

The total score for the patients ranged from 17 to 100, with a mean (median) of 77 (85) and an SD
(interquartile range) of 21.4 (23). A significantly (p < 0.0001) higher total score was found for the
healthy subjects, ranging from 94 to 100, with a mean (median) of 99.8 (100) and SD (interquartile
range) of 1.1 (0).

The ATRS correlated significantly (p < 0.01) with all the subscales of the FAOS (Pain rs = 0.60, Other
Symptoms rs = 0.73, Activities of Daily Living rs = 0.68, Sport/Recreation Function rs = 0.84, Foot-
and Ankle-Related Quality of Life rs = 0.79) and with the VISA-A-S questionnaire (rs = 0.78).

The factor analysis produced one factor of importance with an eigenvalue of > 1, indicating that the
items used in the final version of the ATRS reflect one dimension, related to symptoms and physical
activity.

There was a significantly (p < 0.03) higher score on the second test day (mean 77.2, median 86)
compared with the first test day (mean 80.0, median 84). The intraclass correlation coefficient (ICC)
was 0.98.

The internal consistency of the final 10 items in the ATRS was 0.96 as calculated with Cronbach’s
alpha.

The effect size for the three- to six-month follow-ups was 2.21, while it was 0.87 for the 6 to
12-month follow-ups.

CONCLUSION: The ATRS is a self-administered instrument with high reliability and validity and good
responsiveness for measuring the outcome related to symptoms and physical activity after treatment
in patients with a total Achilles tendon rupture.
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Study II: Acute Achilles tendon rupture — a prospective, randomised, controlled studly,
comparing surgical and non-surgical treatment, with early range of motion

The purpose of this study was to compare surgical and non-surgical treatment together with a
functional brace and an identical treatment protocol in both groups. The primary end-point was the
re-rupture rate.

INTRODUCTION: There is no consensus regarding the optimal treatment for patients with an Achil-
les tendon rupture. Whether surgical or non-surgical treatment is the best option is still the subject
of debate. There are only a few randomised, controlled studies comparing surgical and non-surgical
treatment where both groups receive early mobilisation. Meta-analyses generally agree that the re-
rupture rate is higher in non-surgically treated patients, compared with surgically treated, but the
risk varies considerably between studies.

METHODS: One hundred patients with an acute Achilles tendon rupture were to be included in a
randomised trial, comparing surgical and non-surgical treatment with additional early mobilisation
using a functional brace. Both groups received identical mobilisation and rehabilitation protocols. Of
the 100 randomised patients, 97 were included in the analysis (79 men and 18 women). The primary
end-point was the re-rupture rate. They were followed for one year. The patients were evaluated
with the Achilles tendon Total Rupture Score (ATRS), functional tests and clinical examination, 6 and
12 months after injury. Complications such as wound problems and deep venous thrombosis were
also documented.

RESULTS: In the non-surgically treated group, there were six (12%) re-ruptures compared with two
(4%) in the surgically treated group (p=0.377). One patient in the surgically treated group suffered
a second re-rupture.

There were no significant differences between the two groups at either the 6-month or 12-month
evaluations (p=0.870, p=0.441 respectively) when using the patient-reported Achilles tendon total
rupture score, but both groups improved significantly (p<0.001) over time.

In the surgical group, the physical activity scale was 3.4 (3.0, 1-6) at the 6-month evaluation and
3.6 (3.0, 1-6) at the 12-month evaluation. The mean (median, range) score for the physical activity
scale in the non-surgical group was 3.3 (3.0, 2-6) at the 6-month evaluation and 3.7 (4.0, 2-6) at the
12-month evaluation. There were no significant differences between the two groups at the 6- and
12-month evaluations (p=0.38 and p=0.71 respectively), but both groups experienced a significant
reduction in physical activity score at the 6- and 12-month evaluations compared with their pre-
injury values.

One patient in the surgically treated group sustained an Achilles tendon contracture and, even
though a re-operation was performed, the patient still reports severe symptoms and difficulty with
normal gait and physical training.

The results from the CDS screening are presented in Study Ill. Two infections occurred in the surgical
group, one deep and one superficial. Two patients complained of nerve disturbances on the lateral
side of the foot. Thirteen patients complained about the scar; with cosmetic complaints in 10 cases
and three because of reduced ankle function due to scar contracture and pain.



When evaluating function, significant differences in terms of concentric strength, heel-rise height
and hopping tests were found. The surgical group was significantly better compared with the non-
surgical group at the 6-month evaluation (p=0.05, p=0.009, p=0.037). However, there were no
significant differences at the 12-month evaluation (p=0.295, p=0.053, p=0.222).

In terms of the heel-rise work test, the surgical group performed significantly better at 6 months and
at 12 months (p=0.013, p=0.012) compared with the non-surgical group.

Neither the drop CMJ nor the eccentric strength tests resulted in any differences between the two
treatment groups at the 6- and 12-month evaluations.

There were significant differences between the injured and the uninjured legs in all tests, at the
6-month and 12-month evaluations, apart from hopping at 12 months, where no difference was
found.

The injured side improved significantly over time in both groups.

CONCLUSION: We found no difference in outcomes following acute Achilles tendon rupture in
patients treated with or without surgery at one-year follow up. Our results support the use of early
mobilization regardless of treatment type. Larger, high-quality multicenter studies that evaluate the
occurrence of complications and patients’ symptoms and function are needed to determine the
optimal course of treatment for patients with Achilles tendon rupture.

Study lll: A new surgical method to treat chronic rupture and re-rupture of the Achilles
tendon

The purpose of this study was to evaluate the subjective and objective outcome following a new
surgical treatment for a chronic rupture or re-rupture of the Achilles tendon, using augmentation
with a free gastrocnemius aponeurosis flap.

INTRODUCTION: A chronic rupture refers to those situations when there is a delay in establishing
the diagnosis — at least four weeks after injury, according to the literature. The recommended treat-
ment is surgical for patients suffering from a chronic rupture or re-rupture of the Achilles tendon.
Various surgical techniques have been reported in the literature. In addition to primary repair, bridg-
ing techniques and/or augmentation with aponeurosis flaps, tendon transfers or synthetic grafts
have been described; however, the outcome is rarely evaluated with a sufficiently long follow-up,
using appropriate end-points.

METHOD: A total of 28 consecutive patients (21 male and 7 female) with a mean age of 46 years
were evaluated at a median of 29 (12-117) months after surgery. The surgical technique involved
making a single incision and then using a free gastrocnemius aponeurosis flap to cover the tendon
gap after an end-to-end suture. The patients were evaluated using the patient-reported Achilles ten-
don rupture score (ATRS) and the physical activity scale. Functional tests evaluating different aspects
of muscle/tendon function of the gastrocnemius/soleus and Achilles tendon complex were used.

RESULTS: The median (range) ATRS was 83 (24-100). Twenty-seven of 28 patients returned to work
within six months of surgery. Seven patients who had a sedentary occupation were able to return
within one week of surgery.
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There was a significant difference in the score on the physical activity scale after the injury compared
with prior to the injury (p=0.004). The mean (range) total score for the patients was 4.5 (2—6) before
injury and 3.8 (2-6) after injury.

The scar length was 22.6 (17.3-26) cm.

The surgical complications included wound closure complications, which were present in three pa-
tients, and deep venous thrombosis, present in two patients. Two patients reported disturbed sen-
sibility. One patient had a non-palpable tendon, the ultrasonography showed a central defect, but
with tendon callus on both sides.

In terms of jump performance, there were no significant differences between the healthy and the
injured leg as measured in terms of the drop CMJ and hopping tests.

There were, however, significant differences (p=0.000-0.009) in lower leg strength, in terms of both
concentric and eccentric/concentric toe raises and the heel-rise test for endurance on the injured
side compared with the healthy side.

There was also a significant difference (p<0.001) in maximum heel-rise height between the unin-
jured and injured legs.

The percentage of patients who achieved acceptable function (LSI > 80%) for the various tests in the
test battery ranged between 41% and 91%.

There were no differences in outcome between patients with a chronic rupture compared with pa-
tients with a re-rupture in terms of age or the results of the test battery.

CONCLUSION: A new surgical method using a free gastrocnemius aponeurosis flap appears to be a
good alternative to treat re-ruptures of the Achilles tendon.

Study IV: A new measurement of heel-rise endurance with the ability to detect functional
deficits in patients with an Achilles tendon rupture

The purpose of this study was to evaluate the validity and ability to detect differences in outcome of
a heel-rise test that would measure both the height of each heel rise and the number of repetitions
and to compare this test with only measuring the number of repetitions, as well as measures of ankle
range of motion and patient-reported outcome.

INTRODUCTION: The main outcome in most research studies evaluating patients with an Achilles
tendon rupture is the rate of complications, such as re-rupture and infection. However, since the ma-
jority of the patients treated for an Achilles tendon rupture never sustain a re-rupture, the recovery
of strength and function are of greater concern, together with patient-reported outcome. In studies
evaluating different treatment protocols for an Achilles tendon rupture, there is rarely a difference
between treatment groups in recovery of function, despite the fact that the majority of patients with
an Achilles tendon rupture have strength deficits. This could indicate that, regardless of treatment,
patients will have similar loss of function, or that the evaluation methods are not sensitive enough
to detect differences between the injured and uninjured leg.



METHODS: Seventy-eight patients (65 men and 13 women) at a mean (SD) age of 42 (9) years with
Achilles tendon ruptures were included. Forty-three patients received surgical treatment and 35 non-
surgical treatment. The patients were evaluated with the new heel-rise test, the Achilles tendon Total
Rupture Score (ATRS) and ankle range of motion measurements, 6 and 12 months after injury. As
a reference group, 38 (19 men and 19 women) patients with a mean age of 45 years, with chronic
painful Achilles tendinopathy, were included. The lower limb symmetry index (LSI) was calculated
to determine the size of the difference in function between the injured and uninjured side and to
determine whether the difference was classified as normal or abnormal. The LSI was defined as the
ratio between the involved limb score and the uninvolved limb score, expressed as a percentage
(involved/uninvolved x 100 = LSI).

RESULTS: The patients (n=78) had a mean (SD) ATRS of 72 (17) points at the 6-month evaluation and
88 (15) points at the 12-month evaluation.

Heel-rise height

There was a significant difference in the heel-rise height between the injured and uninjured sides at
the 6-month evaluation (10.2 cm vs. 14.1 cm respectively; p<0.001) and at the 12-month evaluation
(11.1 cm vs. 13.9 cm respectively; p<0.001). On the injured side, there was a significant increase in
height between the 6- and 12-month evaluation (10.2 cm vs. 11.1 cm respectively; p<0.001), but
there was no change in heel-rise height on the uninjured side (14.1 ¢cm vs. 13.9 cm respectively;
p=0.207) (Figure 2). In the reference group (patients with Achilles tendinopathy), there was no
significant difference in heel-rise height between the injured and uninjured side at the initial evalu-
ation (12.0 cm vs. 12.1 cm respectively; p=0.824) or at the 12-month evaluation (12.4 cm vs. 12.3
cm respectively; p=0.573). Nor were there any significant changes in heel-rise height over time on
each side.

Heel-rise test — LSI values

At the 6-month evaluation, the patients with Achilles tendon rupture had a mean LSI for the heel-
rise height of 72%; for work, a mean LSI of 61%; and, for the number of repetitions, a mean LSI
of 84%. At the 12-month evaluation, the mean LSI for the heel-rise height was 80%; for work, the
mean LS| was 76%; and, for the number of repetitions, the mean LSI was 95%.

The ability of the heel-rise test to detect deficits in function

An LSl of >90% for an individual test was considered normal and an LSI of <90% was abnormal. At
the 6-month evaluation, 9% and 6% of the patients were classified as having achieved normal func-
tion on the work and height parameter respectively. On the other hand, for the repetition parameter,
38% of the patients were classified as having achieved normal function at the 6-month evaluation.
At the 12-month evaluation, the majority (63%) of the patients were classified as having achieved
normal function on the repetition parameter, but, for the work and height parameter, only 23% and
22% respectively were classified as having achieved normal function.

Range of motion

The results for range of motion showed a significantly lower ankle dorsiflexion on the injured side
compared with the uninjured side at the 6-month (p<0.001) and 12-month (p<0.001) evaluations.
When comparing over time, the range of motion did not change on the uninjured side, but it did
increase significantly on the injured side.
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Correlation between heel-rise repetition/work/height and symptoms (ATRS)

At the 6-month evaluation, the LSI for heel-rise work and heel-rise height correlated significantly
with the ATRS (r=0.314, p=0.005 and r=0.268, p=0.018 respectively), but the heel-rise repetition
did not correlate with the ATRS (r=0.140, p=0.222). At the 12-month evaluation, none of the pa-
rameters correlated significantly with the ATRS.

Correlation between heel-rise height and ankle range of motion
No significant correlations were found between heel-rise height and ankle range of motion at the
6- and 12-month evaluations.

CONCLUSIONS: In patients with Achilles tendon rupture, a heel-rise test that measures both the
height of each repetition and the number of repetitions has good validity and a greater ability
to detect differences between the injured and uninjured sides than a test that measures only the
number of repetitions. We therefore recommend adding this testing method to measurements of
patient-reported outcome when evaluating different treatment protocols in patients with Achilles
tendon rupture.

Study V: High incidence of deep venous thrombosis after Achilles tendon rupture — a pro-
spective study

The purpose of this study was to assess the incidence of thromboembolism during the first eight
weeks after acute Achilles tendon rupture.

INTRODUCTION: Deep vein thrombosis (DVT) and pulmonary embolism (PE) are serious and com-
mon complications after orthopaedic surgery. Many clots resolve spontaneously, but in some pa-
tients PE can even complicate asymptomatic distal thrombi. The majority of venous thrombi are
asymptomatic and the true incidence is unknown. The risk of developing DVT after acute Achilles
tendon rupture has been reported in a few studies. However, more objective diagnostic methods are
required, as, after injury and/or surgery to the lower limbs, a clinical diagnosis of DVT is unreliable.
CDS has improved in recent years due to technical advances; it is non-invasive and more convenient
for patients than venography. However, the method requires experience to perform and interpret — a
factor of importance when CDS is selected for DVT surveillance. There are no unanimously accepted
recommendations for thromboprophylaxis in patients with isolated lower limb injury or surgery.

METHODS: A total of 95/100 patients from Study I, with a median age of 41 (24-63) years, were
screened for DVT eight weeks after the initiation of treatment for Achilles tendon rupture. Screening
for deep venous thrombosis was performed using colour duplex sonography (CDS). The criterion for
thrombosis was direct for acute thrombosis and it was classified as a distal, proximal and pulmonary
embolism (PE). The interpretations were recorded and the reviewer was required to note a decision
relating to the presence of proximal DVT (in the popliteal vein or a more proximal vein) and distal
DVT (in deep or muscular veins distal to the popliteal vein).

All examinations were reviewed by two vascular diagnostic physicians, each with long experience of
the method and, at the time of the review, blinded to each other’s diagnosis and to the primary diag-
nosis at the time of examination. After a blinded evaluation, an adjudication in the case of disagree-
ment was made by a third experienced person. In the surgically treated group, thromboprophylaxis
with 500 ml of Macrodex® was given on the day of surgery, while no standard thromboprophylaxis
was employed in the non-surgically treated group.



RESULTS: We found 32 patients (27 males and 5 females) with a CDS-verified DVT, five proximal
and 27 distal, and three non-fatal PE. The median (range) age was 43 (30-63) years in patients with
DVT.

Three of the 32 patients had subjective symptoms of PE including dyspnea; all of them were verified
with either CT or ventilation/perfusion scintigraphy. Among the PE patients, two had distal CDS-
verified thrombosis and the third had a proximal thrombosis. Of the 32 patients, ten complained of
symptoms when the clinical examination was performed two weeks after the initial treatment was
started, at the time when the cast was replaced with the adjustable brace. These patients underwent
acute CDS confirming DVT in all cases. There were no significant differences (p=0.217) in DVT fre-
quency between surgically and non-surgically treated patients. Verified VTE was treated according
to the routine at the local hospital.

CONCLUSION: DVT is common after the treatment of acute Achilles tendon rupture and there is a
need to define the possible benefit of thromboprophylaxis.
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DISCUSSION

METHODS FOR EVALUATING OUTCOME OF TREATMENT

There has been a lack of standardised outcome measurements for the evaluating different types of
treatment in patients with acute an Achilles tendon rupture. This makes it difficult to compare the
results of different research studies [6, 48]. The main outcome has usually been an evaluation of
serious complications, such as re-rupture and infections. Although almost all patients have deficits in
function one year after treatment [84, 87, 93] most studies do not focus on function as an important
end-point. For this reason we decided not only to document complications prospectively, such as
re-rupture, wound problems, infection and venous thromboembolism, but also to develop a new
instrument for patient-reported outcome in terms of function and symptoms. We also decided to
use valid and reliable outcome measurements with good responsiveness, i.e. sensitive to clinically
relevant changes, for evaluating lower leg function with regards to muscular strength, endurance
and jumping ability.

In treatment studies on patients with an Achilles tendon rupture, we suggest that only standardised
and validated outcome measurements should be used for the patient’s own opinion on their symp-
toms and function, for lower leg muscle strength and endurance, and for physical activity levels.
A battery of validated tests, that are able to evaluate these aspects over time, will provide a more
complete picture of the patient’s status and progress and increase the opportunity to effectively
evaluate different treatments following an Achilles tendon rupture.

PATIENT-REPORTED OUTCOME

To the best of our knowledge the Achilles tendon Total Rupture Score (ATRS), developed for this
thesis, is the first patient-reported outcome measurement for patients with an Achilles tendon rup-
ture. Previous scores can be found in the literature, but they are either not validated or constitute a
mixture of subjective and objective items. The ATRS can be used to determine the patient’s clinical
outcome in terms of symptoms and physical activity after treatment. The instrument can facilitate
comparisons between studies and provide a scientific guideline for treatment. It is also easily self-
administered and takes approximately five minutes to complete. The ATRS can be used both in
research and in clinical practice to evaluate the individual level of capacity and monitor treatment
effects.

Development of ATRS

The process of developing a patient-reported score comprises several steps, which have to be fol-
lowed rigorously. In order to minimise bias, the guidelines drawn up by Suk and co-workers [114]
were strictly followed.

Important questions which had to be answered were:

Does the instrument measure what it is supposed to measure (Validity)?

Does the instrument give the same score when repeated within a short period of time (Reliability)?
Is the instrument sensitive enough to detect clinically relevant changes over time (Responsiveness)?

The ATRS demonstrated good construct and convergent validity with highly significant correlations
with other validated instruments [99, 107] and, furthermore, healthy individuals scored significantly
higher than patients. Criterion validity could not be demonstrated, since no gold standard was
available.



Test-retest reproducibility was evaluated after the patients had completed the ATRS twice within 14
days. This resulted in a significantly higher score on the second test day, compared with the first test
day. The reliability measured with the intraclass correlation coefficient (/CC) was 0.98.

The factor analysis used in the study produced one factor of importance, clearly indicating that the
patients considered all 10 questions comprising the ATRS to be on the same construct or dimension,
denominated symptoms and physical activity. The ATRS was also found to have high internal consist-
ency (Cronbach’s alpha = 0.96), reflecting the instrument’s homogeneity, which clearly demonstrates
that the instrument measures the same construct or dimension, i.e. how much the patients felt that
they were limited by their symptoms during various physical activities.

We are aware of the high scores for question four “Are you limited because of pain”, indicating that
patients rarely experience pain from their Achilles tendon, especially in the long term. The high score
could have resulted in the question being excluded from the ATRS, but it was decided to keep the
question in order to be able to discriminate this important complaint.

Responsiveness was analysed by calculating the effect size and it was found to be 2.2 for the 3- to
6-month follow-ups and 0.9 for the 6- to 12-month follow-ups. This indicates that the ATRS has
good responsiveness, i.e. that the instrument is sensitive to changes over time.

To summarise, the ATRS is a valid and reliable outcome score with good responsiveness. It can be
used in research as well as in clinical practice; it is self-administered, and only takes a few minutes
to complete. Based on our clinical experience with the ATRS, we suggest that a 10-point difference
can be used as a clinically relevant change, while being aware that a clinically relevant change is
not always equivalent to a statistical significance [17, 117]. The ATRS has also recently been rec-
ommended for use in evaluating the outcome of treatment in a publication of current concepts in
orthopaedics [90].

EVALUATION OF FUNCTION

Evaluation of muscular endurance, as a measurement of functional recovery, are often used in re-
search studies [33, 87, 103, 112]. The most commonly used test for evaluating the endurance of the
calf musculature is a heel-rise test, where the number of repetitions is documented.

In patients with an Achilles tendon rupture, the strength of the calf muscle has been found to be
decreased with 10-30% regardless of treatment, when measured approximately one to two years
after the injury. This could indicate that patients experience a corresponding loss of function. It is
important that the evaluation methods are sensitive enough to detect possible clinically relevant
differences in function between different treatment groups. Studies have also found a reduction
in strength in the end range of plantar flexion and it has been suggested that this can be partly
explained by tendon elongation during the healing process [42, 84]. Tendon elongation is described
as one of the main complications following an Achilles tendon rupture and a reason for surgical
revision [64, 126]. We therefore decided to evaluate whether a heel-rise test that measures both
the height of each heel rise and the number of repetitions would have a greater ability to detect
functional deficits compared with the traditional way of evaluating muscular endurance by only
documenting the number of repetitions. A combined test of this kind, which we named the heel-rise
work test, might have a greater ability to detect clinically relevant differences between the injured
and uninjured sides and thus give researchers a better outcome measurement when comparing dif-
ferent treatment protocols.
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The patients included in the study of the heel rise work test, were from Study Il and, as a reference
group, patients with Achilles tendinopathy were evaluated. We found that heel-rise height was af-
fected by the Achilles tendon rupture, both 6- and 12 months after the injury, indicating that there
was still a weakness at the end range of plantar flexion. The heel-rise height measurement thus ap-
peared to have good validity for evaluating functional deficits relating to the Achilles tendon rupture,
since there was a significant decrease in height on the injured side compared with the uninjured side
and the height of the uninjured side did not change over time. Moreover, in patients with Achilles
tendinopathy, there were no significant differences in heel-rise height between the injured and unin-
jured sides at both the initial evaluation and one year later; nor was there any change over time.

Ankle range of motion is commonly described as an indirect measurement when evaluating tendon
elongation, expressed as increased active or passive dorsal flexion [64, 82]. We therefore explored
whether there was any relationship between ankle range of motion and the heel-rise height meas-
ured with the heel rise work test. We found a reduction in dorsiflexion range of motion on the
injured side compared with the uninjured side at the 6- and 12-month evaluations. This finding is in
contrast with the literature [64, 82], suggesting that there is an increase in range of motion. Moreo-
ver, we found low, non-significant correlations between heel-rise height and ankle range of motion,
indicating that range of motion might not be an appropriate measurement for evaluating tendon
elongation. The question of whether the reduction in heel-rise height that was shown in Study IV
could be due to tendon lengthening or calf muscle weakness needs to be further evaluated.

Most studies that use the heel-rise test as an outcome evaluate the number of repetitions performed
[33, 87, 103, 112]. The results of Study IV suggest, however, that measuring both the number of
repetitions and the height of each heel-rise (and thereafter calculating the total amount of work per-
formed) is of importance when evaluating heel-rise endurance in patients with an Achilles tendon
rupture. For example, at the 6-month evaluation, the patients had achieved a mean LSI of 84% on
the repetition parameter but only a mean LSI of 61% on the work parameter. At the 12-month eval-
uation the mean LSI of the heel-rise repetition parameter was 95%, indicating that the patients had
fully recovered function, while the mean LSI on the work parameter was only 76%. This indicates
that the function of the gastrocnemius-soleus-Achilles tendon complex had not fully recovered after
12 months. This inability of the one-dimensional heel-rise repetition parameter to detect deficits in
function may partially explain why so few studies report any differences in function between various
treatment regimens in patients with an Achilles tendon rupture.

We therefore recommend using the heel-rise work test along with a patient-reported outcome like
the ATRS when evaluating different treatment protocols in patients with an Achilles tendon rupture.

When comparing the heel-rise work test with the ATRS, we found a significant correlation at the
6-month evaluation but not at the 12-month evaluation. This indicates that patients are satisfied
with their recovery, as expressed by their own opinion about symptoms and function in the ATRS,
even though functional deficits remain.



TREATMENT OF AN ACUTE ACHILLES TENDON RUPTURE

The outcome of a randomised controlled trial (RCT) comparing surgical and non-surgical treatment,
using a functional brace in both groups is presented in Study Il. When this study was started in
February 2004, we found no strong evidence was given for the optimal treatment [6, 51, 69, 125].
However, all the studies showed that the re-rupture rate was somewhat higher in the non-surgical
groups, but with the drawback of more infections and wound-related problems in the surgical
groups [8, 96].

Bhandari and co-workers [6] presented similar results to those reported above in a systematic review
and recommended further research with large randomised, controlled trials. Reading the literature,
it appears that the re-rupture rate can be reduced using a movable brace instead of a rigid cast. The
results of previous studies also indicate a faster recovery when the patient is mobilised in a movable
brace instead of a rigid cast [2].

One hundred patients were randomly allocated to the two treatment groups in Study Il. Due to
administrative problems at the hospital, we do not know the total number of patients who were
treated for an acute Achilles tendon rupture during this period. The lack of rigorously conducted
study designs makes it difficult to compare different studies with one another. Important factors for
a study design of high quality are correct randomisation combined with valid and reliable outcome
measurements with good responsiveness. For the randomisation procedure, we used computer-
generated sealed and opaque envelopes, administered by a co-ordinator, to avoid selection bias.
Furthermore, we used a new validated score and validated functional outcome measurements.

Two patients who were randomised to non-surgical treatment had to be excluded as they chose
surgical treatment. One more patient, randomised to surgery, was a cross-over, as this patient chose
non-surgical treatment. These three patients were therefore excluded in the follow-up. The remain-
ing 97 (79 men and 18 women) patients were followed for one year. Three of the 97 patients did not
adhere strictly to the inclusion and treatment criteria, but they were included in the analysis. One of
these patients, allocated to the surgical group, was operated on after five days instead of within 72
hours, as stipulated in the study protocol. The other two patients had previously been treated for an
acute Achilles tendon rupture on the other leg, which was an exclusion criterion, but this was not
discovered until after they had been included. One of these patients was treated surgically and the
other non-surgically.

The diagnosis of acute Achilles tendon rupture was based on a standardised clinical examination, a
positive calf squeeze test, a palpable tendon gap and a typical patient history. According to the lit-
erature [90], additional investigations are rarely recommended for an acute Achilles tendon rupture.
However, ultrasonography and MRI have been used for other reasons, such as following tendon
healing and confirming a late diagnosed Achilles tendon rupture [32, 67, 116]. There is no consen-
sus, however, about when and whether ultrasonography is useful as a selection tool (tendon ends
in contact) for non-surgical treatment.

The surgery in Study Il was performed with an open end-to-end repair using a modified Kessler
technique, with absorbable PDS sutures. Various surgical techniques are used to repair an Achilles
tendon rupture, but there is a lack of evidence for recommending one technique over another [125].
However, a simple end-to-end suture is commonly used when treating an acute Achilles tendon
rupture with open repair [125].
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All the patients, in both groups, were treated with a below-the-knee cast with the foot in the
equinus position for two weeks. Thereafter an adjustable brace with increasing range of motion
(DonJoy ROM Walker) was used for the next 6 weeks. Weight bearing was allowed after 6-8 weeks.
Weight-bearing is a debated topic and the literature suggests that mechanical loading is a beneficial
factor for tendon healing [5, 49]. On the other hand, the risk of treatment failure might increase
if too much or too early weight-bearing is allowed. We might have been too cautious in Study |l
about mobilising the patients by avoiding weight-bearing as long as 6 weeks [36]. Accordingly, the
importance of weight bearing has to be further investigated. A recent study by Ajis and co-workers
[2] showed that early weight bearing and early mobilisation were preferable, regardless of surgical
or non-surgical treatment.

The follow-up time in the present study was one year. This can be regarded as a short follow-up
period, as the patients still have deficits in function one year after the injury, thereby limiting the
opportunity to draw more definite conclusions. Reading the literature, there is a wide variation in
follow-up time [48]. We will therefore continue to evaluate the patients in Study Il for an additional
period of 2-5 years.

Outcome of treatment

Re-rupture

We found no significant differences between the surgical and non-surgical groups in terms of re-
ruptures although there was a difference in absolute numbers. In comparison with a previous study
[89], there was a re-rupture rate of 12% in Study Il, compared with 20.8% in the previous study
for patients treated non-surgically. In the surgically treated patients in Study Il, the re-rupture rate
was 4%, whereas, in the previous study, it was 1.7%. In Study Il, a functional brace was used after
2 weeks, whereas, in the previous study, the patients were immobilised in a cast for 8 weeks. The
results strengthen previous recommendations to use a functional brace instead of rigid cast fixation,
in agreement with other previous studies using a functional brace for non-surgically treated patients
[97, 100, 116, 119].

It is important to realise that, when following a large group of patients with an Achilles tendon
rupture, there is a risk that some patients will re-rupture their Achilles tendon due to accidents dur-
ing normal activities of daily living, regardless of whether or not they have been treated surgically.
There may be many reasons for the accidents, but patients sometimes sustain a re-rupture for no
obvious reason, as was the case for three of the patients in the present study. In all, there were six
patients who sustained a re-rupture in the non-surgical group and two of them failed to comply
with the study protocol. It is, however, unclear whether this was the reason for the re-rupture. One
patient, however, sustained a re-rupture when falling. All the patients with a re-rupture underwent
successful re-operation. In the surgical group, two re-ruptures occurred. One patient slipped on
the floor two weeks after injury and was successfully treated with longer immobilisation with the
brace locked. The other patient had a wound infection and sustained a re-rupture two months after
a healed infection, without any other explanation. This patient also suffered a second re-rupture,
despite re-operation.



Patient-reported outcome

With regard to the self-reported symptoms and physical activity level, we did not find any signifi-
cant differences between groups, at the 6-month or 12-month evaluations. Both groups, however,
improved the ATRS significantly over time, but neither the surgical nor the non-surgical group had
achieved full recovery in terms of the results on the ATRS at the one-year follow-up. In the future,
it would be interesting to evaluate whether the patients continue to improve or whether the symp-
toms persist in the long term. Both groups also experienced a significant reduction in their physical
activity level at the 6- and 12-month evaluations compared with their pre-injury value. This could be
explained by either insufficient recovery or the fact that the patients changed their desired physical
activity level, or fear of re-injury.

Outcome of the heel-rise work test

We found a significant difference between the surgical group and the non-surgical group in terms
of heel-rise work and heel-rise height at the 6-month evaluation. The surgical group had achieved
a greater improvement in LSI on these tests. At the 12-month evaluation, a significant difference
between the groups only remained in the heel-rise work test. For both groups, there were significant
differences between the injured and uninjured side on both tests at the 6-month and 12-month
evaluations, with a deficit ranging from 29-46%.

It is possible to speculate about whether the patients in the non-surgical group needed a longer
period for the recovery/healing of the tendon and therefore had greater deficits at the 6-month
evaluation. Another aspect could be that the non-surgical group had been more cautious during
rehabilitation and had therefore not been able to improve at the same pace. Moreover, both groups
still had a significant reduction in function, when compared with the uninjured side, one year after
injury, which is in accordance with other studies [43, 83, 113, 123]. It is also important to further
investigate the implications of the above-reported deficits when it comes to the patients’ lower leg
biomechanics and ability to walk, run and jump. A follow-up period of more than one year is recom-
mended to determine whether normalisation can be achieved over time.

Other functional outcomes

Strength tests for evaluating muscle function in the lower leg have been shown to be reliable and
useful [3, 88, 103]. However, the tests that were previously used can be regarded as non-functional,
as they are performed in a supine position or sitting position. The equipment that is required is also
very expensive and non-portable. We used a battery of tests, in an attempt to evaluate different
aspects of lower leg function. The strength tests used in our studies were performed in a standing
position using a regular weight machine. Using the MuscleLab system, we were able to measure
concentric and eccentric-concentric power, as well as jumping ability with different jumping tests.

We found significant differences between the surgical group and non-surgical groups in terms of
concentric power and hopping at the 6-month evaluation. The surgical group had achieved a greater
improvement in LS| on these tests. No significant differences in these tests were, however, found
at the 12-month evaluation. Neither the drop CMJ nor the eccentric strength tests resulted in any
significant differences between the two treatment groups at the 6- and 12-month evaluations.
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For both groups, there were significant differences between the injured and uninjured side on all
tests at the 6-month evaluation, with a deficit ranging from 10-46%. At the 12-month evalua-
tion, there were also significant deficits in all tests, except for hopping, with deficits ranging from
12-32%.

The only test that did not show any difference between the injured and uninjured legs at the
12-month evaluation was hopping. The good recovery in the hopping test, which involves sub-
maximum jumping on one foot, might indicate the recovery of one of the major functions, i.e. stor-
ing and releasing energy during the so-called stretch shortening cycle (SSC) [53]. This also needs to
be further evaluated in the future and it is possible to speculate about whether the results indicate
full recovery to previous jumping performance or whether there are other explanations, such as
compensatory patterns in the lower leg, which might explain the lack of difference between the
injured and uninjured legs. We were also able to demonstrate good recovery in jumping ability in
patients treated for a re-rupture in Study lll. These results demonstrate the complex function of the
lower leg and the importance of using more than one test when evaluating function after acute
Achilles tendon rupture.

The fact remains that no normalisation of function was obtained and there was still a significant
reduction in function in the injured leg in both groups, when compared with the uninjured leg, one
year after the injury. Is it possible that the healing and repair mechanism can be accelerated by more
aggressive rehabilitation or earlier weight bearing, for example? Future studies might give us the
answers.

Other complications

One patient in the surgically treated group sustained an Achilles tendon contracture and, even
though a re-operation was performed, involving the lengthening of the tendon, the patient still
reported severe symptoms and difficulties with normal gait and physical activity one year after the
initial injury. The patient was healthy before the Achilles tendon injury occurred. We have no expla-
nation for this complication.

Two infections, one deep and one superficial, occurred in the surgical group. The patient with a
deep infection was treated with wound dressings and antibiotics and the other patient was given
local treatment. Two patients, both in the surgical group, complained of nerve disturbances on the
lateral side of the foot.

Thirteen patients complained about the scar, with cosmetic complaints in 10 cases and three be-
cause of reduced ankle function due to scar contracture and pain. Scar complaints are reported as
minor, although they can be very problematic for some patients.



THROMBOSIS AFTER ACUTE ACHILLES TENDON RUPTURE

In Study Ill, a high incidence (34%) of venous thromboembolism (VTE) was found in patients with
an Achilles tendon rupture, when using CDS as a screening procedure eight weeks after the injury.
There were 27 distal deep vein thromboses (DVT), five proximal DVTs and three of the patients
with DVT also developed a non-fatal pulmonary embolism (PE). The majority of the VTE patients
had no clinical symptoms and there was no significant difference in VTE rates between the surgi-
cally and non-surgically treated groups. The three patients who sustained PE were, however, all in
the non-surgical group. The patients in the surgical group received one or two units of Macrodex
as prophylaxis against VTE, while the non-surgically treated patients were not given any routine
thromboprophylaxis.

The risk of developing symptomatic VTE after an acute Achilles tendon rupture has only been report-
ed in a few studies [38, 56, 61, 62]. In an observational study of orthopaedic trauma patients, a 7%
incidence of symptomatic DVT was found in patients with an acute Achilles tendon rupture [58].

After major orthopaedic surgery standardised regimens for the prevention of DVT have been imple-
mented and there is general agreement regarding about the benefit of VTE prevention in the clinical
setting [23, 27, 28].

The question of whether thromboprophylaxis is of importance in patients with lower leg injuries,
immobilised in a cast or brace, is controversial and the subject of debate. The lack of consensus has
resulted in various non-evidence-based regimens with a widespread variation between different hos-
pitals. Most guidelines advise against routine general prophylaxis in patients with lower leg injuries,
due to the lack of sufficient evidence.

In a recent meta-analysis, which included six randomised trials, Ettema and co-workers [24] reported
the benefit of thromboprophylaxis in patients with lower leg injuries who were immobilised in plas-
ter cast or lower leg brace. The rate of VTE decreased from 17% to 9.6% using low-molecular-
weight heparin (LMWH).

Lapdius and co-workers [61] reported a high incidence of DVT after an acute Achilles tendon rup-
ture, but giving LMWH produced no positive effects compared with placebo. The same authors were
unable to show any benefit from thromboprophylaxis in patients with ankle fractures [60]. Three of
the other four studies in the meta-analysis of lower limb injuries reported a reduced incidence of VTE
when LMWH was used as thromboprophylaxis [52, 56, 62].

It is extremely difficult to establish a secure diagnosis of deep vein thrombosis by clinical examination
alone, especially in patients with trauma, or after surgery or cast immobilisation of the lower limb
[78]. In the present study CDS was performed as a screening in all patients eight weeks after injury
and asymptomatic thrombosis was a common finding. The clinical importance of these thrombi
could, however, be discussed, as the majority of clots probably resolve spontaneously, whereas oth-
ers could develop into PE.
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Until recently, venography has been used as a so called gold standard to confirm DVT, but technical
advances and clinical experience have shown that CDS can be an accurate method for detecting
asymptomatic DVT [59]. However, there is still no agreement in terms of the accuracy of using CDS
as a screening procedure.

Schellong and co-workers [102] demonstrated that CDS had a low level of accuracy when per-
formed a week after surgery in patients undergoing hip or knee arthroplasty. As mentioned above,
one reason for low accuracy levels could be the timing when the examination was performed.

Lapidus and co-workers [59] demonstrated high sensitivity and specificity when using CDS for
screening in asymptomatic patients examined six weeks after ankle fracture surgery. CDS is also less
expensive and more convenient for the patient compared with venography.

In Study V, symptomatic PE was confirmed by perfusion/ventilation lung scintigraphy or spiral com-
puted tomography. The three patients with PE were all in the non-surgically treated group, which
might be a coincidence. However, the patients in the surgical group might have had some protection
from using Macrodex, which has a documented effect against PE. The results emphasise the need
for correctly powered, well-designed studies definitively to determine the possible benefit of DVT
prophylaxis in patients with an acute Achilles tendon rupture.

TREATMENT OF RE-RUPTURES

In Study Ill, a new surgical technique for treating re-ruptures was evaluated. This surgical method is,
however, also suitable for treating a chronic rupture. In order to reach as large a group of patients as
possible to evaluate this new surgical method, we felt the need to include both types of injury, i.e.
re-ruptures and chronic ruptures, which are often presented separately [35, 66, 90].

The surgical technique was a longitudinal (20-25 cm length) incision. An average scar length of more
than 22 cm could be a challenge when minimally invasive surgery is emphasised. The benefits of
augmentation using a local flap and only one incision were found to outweigh the disadvantages
of a long scar and, as a rule, the patients did not complain about the scar. A free gastrocnemius
aponeurosis flap was used to cover the gap after the scar tissue had been excised and an end-to-end
suture had been placed. The length and the width of the flap depended on the size of the tendon
gap and was approximately 3-5 x 5-7 cm in most cases. The limitations of this method could be the
original size of the tendon gap, but an initial gap of up to 6 cm appears to work well.

To the best of our knowledge, a free gastrocnemius aponeurosis flap has not been used previously
to cover the gap in the same or similar manner as in the present study. However, several turn-down
flaps have been used according to the literature. For example, Christensen in 1931 [13] and Silfver-
skiold in 1941 [108] used turn-down flaps. Silfverskidld chose to rotate the flap to turn the smooth
surface to face the skin. The disadvantages of the [108] previous methods are the thickening caused
by the turn-down flap. This problem can be avoided using the new technique. Maffulli and co-work-
ers [75] reported good results using a free gracilis tendon graft to reconstruct the Achilles tendon.
The advantage of using that method was that it was safe, albeit demanding. The free gastrocnemius
aponeurosis flap technique, as used in Study I, is relatively simple to perform.



When evaluating the 28 patients in Study IlI, using the ATRS and the functional outcome measure-
ments, the median ATRS score was 83, which is comparable to the results in Study Il, where the
patients scored 88 and 86, in the surgical and non-surgical groups respectively, one year after the
injury. The results of the test battery showed no differences between injured and uninjured legs in
terms of hopping and drop jump. The good recovery during jumping activity might indicate the
recovery of the stretch shortening cycle (SSC) [53]. There was significantly less strength and endur-
ance in the injured leg compared with the uninjured leg. The maximum heel-rise height was also
significantly lower in the uninjured leg. The percentage of patients who achieved acceptable func-
tion (LSI>80%) for the various tests ranged between 41% and 91%.

All but one of the patients returned to work within 6 months. Hyposensibility caused by damage
to the sural nerve has previously been described by Khan and co-workers [48] and in Study Il two
patients complained of nerve disturbance. Other complications that were reported included one
infection, three wound-closure problems and two DVT:s.

It is difficult to compare the results of this study with those of other studies, mainly because of the
small number of patients included in most other studies, but also due to the fact that different surgi-
cal and outcome measurements have been used.

Post-operative management after surgery for a chronic rupture or a re-rupture has not previously
been investigated in detail [90]. The management used in Study Ill was a below-the-knee plaster cast
with the foot in the equinus position for three weeks, followed by the neutral position for another
three weeks. After six weeks, the cast was removed and a movable cast was used. Full weight-
bearing was started at six to ten weeks, depending on whether it was possible to reach the neutral
position. All the patients followed a standardised symptom and functional criterion-based rehabilita-
tion protocol supervised by an experienced physiotherapist.

The surgical technique presented in Study Ill was also used to treat the re-ruptures in Study II.
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LIMITATIONS

Study |

It is important to realize that the ATRS only reflects one aspect of the patients’ opinion of restrictions
caused by symptoms during various physical activities. In order to study more complete evaluation
of the effects of treatment, other validated instruments must also be used.

In order to be able to use the ATRS for patients early as well as late after injury there was a large
range in time after injury in the included patients. Good responsiveness was also achieved for evalu-
ation between three and six months, and also between six and 12 months. This is important to
consider when using the ATRS for long-term follow-ups. Future studies are necessary to assess the
responsiveness, i.e. the ATRS ability to detect clinically relevant changes between for example one
and five years or even longer after injury.

Two weeks was possibly too long time between the tests days in the evaluation of the test-retest
reliability, since many patients experienced subjective improvements during this period, reflected in
the increased score on the second test day. The reliability measured with the Intraclass Correlation
Coefficient (/CC) showed, however, excellent reliability (0.98).

Criterion validity could not be established since no “gold standard” score exists for Achilles tendon
total rupture.

Study Il
The short follow-up time of one year and the limited sample size limits the possibility to draw defi-
nite conclusions.

Study 1l

As the cohort involved in study lIl is not uniform, including both patients with a re-rupture and
patients with a chronic rupture, conclusions should be drawn with caution. Further, the study is ret-
rospective and of course prospective randomised controlled studies are desired. However, with the
limited number of patients suffering from a chronic rupture or a re-rupture, it would take long time
to complete a randomised controlled trial. A multi-center study might be the solution.

Study IV

The heel-rise work test has to be investigated further, in order to explain the importance of using
this test to study tendon elongation. Likewise the impact of tendon elongation on tendon function
is more or less unknown and has to be further investigated.

Study V

It is too early to claim that colour duplex sonography (CDS) can replace venography when it comes
to the screening of asymptomatic patients in this specific clinical setting, since ultrasonography has
only been validated in one previous study on ankle fracture surgery. Larger studies are needed to
establish the true incidence of DVT and a possible benefit of prophylactic treatment of VTE in this
group of patients.



CONCLUSIONS

The patient reported questionnaire, Achilles tendon Total Rupture Score (ATRS) was shown to have
a good validity and reliability when evaluating outcome in terms of symptoms and physical function.
This also indicates that the patient-reported questionnaire, ATRS, is relevant in research as well as in
clinical practice when measuring the outcome, related to symptoms and physical activity, after treat-
ment of patients with a total Achilles tendon rupture.

We found no significant differences in terms of re-rupture rate between surgically and non-surgically
treated patients with an Achilles tendon rupture.

There were no significant differences between the groups one year after injury, in terms of the pa-
tients’ own opinion on their symptoms and function, or in their physical activity level.

Functional capacity appeared to be better at 6 months in the surgical group, but at 12 months there
were no differences between groups, except for in one of the functional tests.

Both groups improved in function until 12 months, but still had decreased function in the injured leg
compared with the non-injured.

We found significant differences between injured and non-injured legs at the 6- and 12-months
evaluations, in both the surgically and non surgically-treated patients.

A new surgical method using a free gastrocnemius aponeurosis flap appears to be a good alternative
to treat re-ruptures of the Achilles tendon.

The heel-rise test as described in the present study has good validity and a greater ability to detect
differences between the injured and uninjured sides than a test that measures only the number of
heel-rise repetitions in patients with Achilles tendon rupture. Therefore, we recommend this method
for comparing the outcomes of different treatment protocols for Achilles tendon rupture.

There is a high incidence of venous thromboembolism (VTE) in patients treated for an Achilles ten-
don rupture.
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CLINICAL RELEVANCE

Study |

The ATRS is a self-administered instrument with high clinical utility to evaluate limitations in regard to
symptoms and physical activity. The score can be used to assess the patient’s symptoms and disability
in order to provide a guideline for treatment as well as for monitoring the effect of treatment.

Study Il

Both surgical and non-surgical treatments with early mobilisation using a functional brace are sug-
gested to be good alternatives when treating patients with an acute Achilles tendon rupture. Each
treatment has benefits and drawbacks.

However, it appears that a functional brace can replace a rigid cast regardless of surgical or non-
surgical treatment in patients who are treated for an acute Achilles tendon rupture.

Study 1l
Augmentation with a free gastrocnemius aponeurosis flap appears to be a good alternative to treat
a re-rupture of the Achilles tendon.

Study IV

The heel-rise work test appears to be a good alternative, with high ability to detect differences when
evaluating functional outcome after Achilles tendon rupture compared to previously used heel-rise
test measuring the number of repetitions only.

Study V
There is a high incidence of VTE in patients treated for Achilles tendon rupture. Further investigations
are needed to clarify the benefit of thromboprophylaxis in this group of patients.



FUTURE PERSPECTIVES

In the present study, as well as in many other randomized controlled studies comparing surgical and
non-surgical treatment, the primary outcome is the re-rupture. This may be questioned and possibly
more functional outcome, with for example the ATRS and strength/endurance measures, along with
patient satisfaction might be equally of even more important outcome measures.

Mechanical stimulation may be important to influence the tendon healing and accordingly further
studies, which compare surgical and non-surgical treatments with early or even immediate weight-
bearing are necessary. Surgical techniques with stronger sutures or local augmentation might be of
interest to increase the possibility of early/immediate range of motion training and weight-bearing.
It should be born in mind that most older protocols include immobilization and no weight-bearing
4-8 weeks. Further studies on tendon healing are necessary.

The question why the Achilles tendon ruptures and re-ruptures is still unanswered.

Functional deficits remain at least up to one year after treatment of acute Achilles tendon rupture.
A longer follow-up, not only for 2 years but possibly for 5 years or more, might give the answer
whether the functional deficit is permanent or not. Also, the question whether a more aggressive
rehabilitation could influence the result in a positive direction is still unanswered.

Further research is important to clarify the role of thromboprophylactic treatment in this group of
patients with a high risk of developing DVT.

The cost of treatment after an acute Achilles tendon rupture is still not investigated. A cost-benefit
analysis of surgical versus non-surgical treatments is therefore of interest.

The need for large randomised studies remains. As mentioned earlier, most or even all treatment
studies on acute Achilles tendon rupture have a problem with a limited sample size. In the future,
larger studies, possibly with around 500 patients, should be considered.
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SVENSK SAMMANFATTNING

Det 6vergripande syftet med denna avhandling &r att utvardera behandlingen av akut halseneruptur,
bade avseende komplikationer och slutresultat. Syftet har ocksa varit att utveckla nya utvarderings-
instrument for att battre kunna méata funktion efter behandling.

Det &r fortfarande kontroversiellt om kirurgisk eller icke-kirurgisk behandling &r det basta alter-
nativet for behandling av akut halseneruptur. Vid jamforelse av de bada behandlingsalternativen
finns det fa studier dar tidig rorelsetraning i stallet for konventionell gipsbehandling har jamforts.
Lakningen av senan stimuleras av rorelsetraning och i de studier som finns publicerade tyder detta
pa att resultaten kan forbattras, bade avseende akuta rupturer och re-rupturer (halsenan gar av pa
nytt) samt funktionellt slutresultat och patienternas subjektiva uppfattning om behandlingen. Det ar
ocksa kant att skillnaden mellan skadad och frisk sida inte ar aterstalld ett ar efter skada.

Kirurgisk behandling av sent upptackta rupturer och re-rupturer rekommenderas som ett forsta-
handsalternativ, emedan de alternativ som finns varierar, och utvardering av de kirurgiska meto-
derna ar bristfalliga.

De utvarderingsinstrument, som anvands i dag verkar inte vara tillrackligt kansliga for att upptacka
skillnader mellan olika behandlingsprotokoll. Det finns darfor ett behov att utveckla specifika ut-
varderingsinstrument for att upptacka skillnader mellan olika behandlingsalternativ i samband med
halseneruptur.

Djup ventrombos (DVT) ar en vanligt férekommande komplikation efter halseneruptur. De som drab-
bas riskerar ocksa att drabbas av lungemboli. Diagnosen ar inte alltid kliniskt uppenbar och missas
latt.

| Delarbete | har ett nytt frageformular utvecklats; Achilles tendon Total Rupture Score (ATRS) déar
patienterna sjalva far uppge vilken besvarsniva de har efter behandlingen av akut halseneruptur.
Metoden for utvecklingen av frageformularet innefattar flera steg, dvs. litteraturstudie och framtag-
ning av fragor av en expertgrupp med erfarna ortopeder och sjukgymnaster. Instrumentet har dven
testats for valididet och reliabilitet, dvs. att instrumentet méater det man avser att mata, men &aven,
att det mater riktigt, samt om svaret ar det samma vid upprepad matning. Frageformularet avser att
utvardera patientens besvarsniva efter behandling av akut halseneruptur med avseende pa symptom
och fysisk aktivitet. Frageformularet bestar av 10 fragor, dar patienten fyller i ifrdn O (uttalade be-
svar), till 10 (inga besvar). Om patienten ar helt besvarsfri blir resultatet maximalt 100 poang.

Delarbete Il. | en prospektiv, randomiserad studie dér 100 patienter inkluderats, jamférs tvé be-
handlingsalternativ vid akut halseneruptur; dppen kirurgi med sutur av senan och icke-kirurgisk be-
handling. | bada behandlingsgrupperna foljs den akuta fasen av tidig rorelsetréning i en funktionell
ortos. Oavsett vilken behandling, anvands identiskt rehabiliteringsprotokoll i bada grupperna. Primar
variabel utgors av antalet re-rupturer i respektive grupp.

Patienternas subjektiva besvarsniva har utvarderats med ATRS. For att beddma muskel/senfunktion
har funktionella tester anvants, med matning av muskelstyrka, rorlighet, uthallighet och hoppfor-
maga.



Antalet re-rupturer var 2 (4 %) i den kirurgiska och 6 (12 %) i den icke-kirurgiska gruppen. Skill-
naden &r inte statistiskt signifikant. Ej heller féreldg nagon skillnad avseende subjektiv besvarsniva
vare sig sex eller tolv manader efter skada. Patienterna i den kirurgiskt behandlade gruppen klarade
funktionstesterna battre vid undersékning efter sex manader. Ett ar efter den initiala skadan forelag
inga signifikanta skillnader mellan grupperna férutom i ett test, dvs. totala arbetet som kravs for att
utfora en tdhavning. Funktionstesterna visade att ett ar efter skada finns fortfarande skillnad mellan
skadad och frisk sida.

Delstudie Ill. Syftet med studien var att utvardera en ny kirurgisk metod, fér behandling av re-
rupturer och kroniska halsenerupturer. | studien ingick 28 patienter som alla har behandlasts med
en ny metod, dvs. priméar sutur samt forstarkningsplastik med fritt transplantat fran gastrocnemi-
us aponeurosen. Metoden har utvarderats med funktionella tester, ATRS, fysisk aktivitetsniva och
klinisk undersokning. Resultaten av ATRS ar jamforbara med resultaten efter behandling av en akut
halseneruptur.

Delstudie |V. Syftet var att utveckla ett tdhavningstest, som kan méata bade tdhavningshojd och
antal repetitioner och jamféra med uthallighet, fotledsrérlighet och patientens subjektiva besvars-
niva efter behandling av akut héalseneruptur. | studien ingick 77 patienter med akut hélseneruptur.
Patienterna utvarderades efter sex och tolv manader med ett tdhdvningstest, rérelseméatning och
ATRS. Resultatet visade att ett utvarderingstest som mater det totala arbetet (h6jd x antal repeti-
tioner) vid tdhavning ar mer kansligt fér att upptacka skillnader mellan frisk och skadad sida an att
enbart mata antalet repetitioner.

Delstudie V. Syftet var att kartldgga incidensen av vends tromboembolism i samband med be-
handling av akut halseneruptur. | studien ingick 95 patienter fran delstudie Il. Samtliga patienter
undersoktes med ultraljud-/fargdopplerundersdkning atta veckor efter pabérjad behandling. Trom-
bosfrekvensen i studien var 34 %, tva tredjedelar hade inga symtom som pekade pa en trombos. Tre
av dessa patienter fick lungemboli.

Utifran avhandlingens resultat ar det inte mojligt att dra slutsatsen att kirurgisk behandling ar battre
jamfort med icke-kirurgisk behandling avseende risken for re-ruptur. Utvecklingen av ett nytt frage-
formular, som beskriver patientens subjektiva besvarsniva, ATRS, har visat sig anvandbart i saval
klinik som i forskning. ATRS visade inga skillnader mellan behandlingsgrupperna.

Handlaggning av re-rupturer och kroniska halsenerupturer har utvarderats och med en icke-tidigare
beskriven operationsmetod, forstarkning med ett fritt gastrocnemius transplantat, kan dessa patien-
ter erbjudas en bra behandling. Uthallighetstestet medfor att bade tdhavningshojd och antal tdhav-
ningar mats samtidigt. Testet har visat 6kad kanslighet for att upptacka skillnader mellan frisk och
skadad sida. Det foreligger en hdg incidens av tromboser efter behandling av akut halseneruptur.
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APPENDIX ATRS

Alla fragor avser hur du upplever eventuella besvar pa grund av din skadade hélsena.
Markera med ett kryss i den ruta som bast motsvarar din uppfattning!

1. Ar du begransad av minskad kraft i vaden/hélsenan/foten?

mycket inte alls

begransad begransad
0 1 2 3 4 5 6 7 8 9 10

2. Ar du begransad av att du blir trétt i vaden/halsenan/foten?

mycket inte alls

begransad begransad
0 1 2 3 4 5 6 7 8 9 10

3. Ar du begransad av stelhet i vaden/halsenan/foten?

mycket inte alls

begransad begrénsad
0 1 2 3 4 5 6 7 8 9 10

4. Ar du begransad av smarta i vaden/halsenan/foten?

mycket inte alls

begransad begransad
0 1 2 3 4 5 6 7 8 9 10

5. Ar du begransad i ditt dagliga liv?

mycket inte alls

begransad begransad
0 1 2 3 4 5 6 7 8 9 10
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6. Ar du begransad nar du gar p& ojamnt underlag?

mycket
begransad

0 1 2 3 4 5 6 7 8 10
7. Ar du begransad nar du gar raskt uppfér en trappa/backe?
mycket
begransad

0 1 2 3 4 5 6 7 8 10
8. Ar du begransad vid aktiviteter som innebar att springa?
mycket
begransad

0 1 2 3 4 5 6 7 8 10
9. Ar du begransad vid aktiviteter som innebar att hoppa?
mycket
begransad

0 1 2 3 4 5 6 7 8 10
10. Ar du begrénsad att utfora hart fysiskt arbete?
mycket
begransad

0 1 2 3 4 5 6 7 8 10

inte alls
begransad

inte alls
begrénsad

inte alls
begransad

inte alls
begransad

inte alls
begransad

LUNDBERGLABORATORIET FOR ORTOPEDISK FORSKNING. © Katarina Nilsson Helander

POANG

POANG

POANG

POANG

POANG

69



