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English summary

BackgroundAcute Achilles tendon rupture is a frequent and potentially disabling inj@yer the
past decade &@hange in treatment of acute Achilles tendon ruptaeay fromoperativetowards
non-operative treatment has takeplace However, the optimal notoperative treatment protocol
remains to be clarified, particularly the role of weidhgaringduring early rehabilitationAlso,
there is a need for alinically applicable and accurateeasuremento detect patients in risk of

developingAchilles tendon elongation.

Purpose:The aim of this PhD thesis wasegaluatenon-operative treatment of acte Achilles

tendon rupture

Methods: In study | a cross sectional survey was performed investigating the chosen treatment
protocols across Scandinaviashudy || the effect of immediate weigHbearing on patient

reported and functional outcomes was gstigated in a randomized controlled tri@CT.)Instudy

l1l, the effect of immediate weighbearing on the biomechanical properties of the plantar flexor
muscletendon complex was investigated in RCTInstudy 1V validity, reliability and agreement

of a novelultrasoundmeasurement of Achilles tenddength andelongationwas tested.

Results:Study found surgery to be the preferred treatment 83% of departments iDenmark,
92% inNorway,65% inSweden, an®0% inFinland (p €©.001).Studyll andlll showedno
statistically significangffects ofcontrolled earlyweight-bearingat one year follow ugxcept from
a better healthrelated quality of life in theveightbearinggroup (p=0.009)Comparel to the
unaffected limb, the affected limb had deasedstiffness(77%, p<0.0013nd strength(93%,
p=0.009)of the plantar flexor musckendon complexStudy I\showed excellentitra-rater
reliability (ICC 0.96, SEM 3.7mm and MDC 10.3mmter-rater reliability(ICC 0.97, SEM 3.3mm
and MDC 9.3mpmandvalidity (measurement error 2%

ConclusionTreatment algorithmsacross Scandinavia shediconsiderable variationthough
operative treatment and controlled early weigHbearing waghe preferredtreatmentin Denmark,
Norway and Swedermmediateweight-bearingwas found to be safe and recommendable in non
operative treatment of acute Achilles tendon rupturde€lnovel ultrasound measuremeshowed

excellent reliabilityand acceptable validity and agreement.



Danish summary

Baggrund Akut akillesseneruptr er en hyppig og potentielt invaliderende skade. Behandlingen
har gennem det sidste arti beveeget sig veek fra operation i retning abi&eativ behandling,

men den bedste ikkeperative behandlingsprotokol mangler fortsat at blive afklaret, isser hvilke
rolle tidlig veegtbeering har i rehabiliteringeifndvidereer derbehov for et klinisk relevant og

preecist mal til at identificere de patienter som er i risiko for at udvikle akillesseneforleengelse.

Formal:Formalet med denne ph.éifhandling var at evakre ikkeoperativ behandhg af akut

akillesseneruptur.

Metode: Sudie Ivar et spgrgeskemabassetgtersnisstudie undersggendae valgte behandling
protokolleri SkandinavienStudie Ivar et randomiseret kontrolleret studie undersggende
effekten afveegtbaering pa patientapporteredeog funktionelleeffektmal. Studie livar et
randomiseret kontrolleret studie undersggende effekten af vaegtbaering déiataekaniske
egenskabeaf plantarflexor-muskelsenekomplek®t. | studie IVblev validitet ogoalideighedaf et

nyt ultralyds maltil bestemmelsesf akillessentengde testet.

Resultater Studie Viste at operation er den foretrukne behandling i 83% af afdelin@amnimark,
92% iNorge 65% iSverige o0% iFinland (p <0,001 Ftudie Il og INiste ngen statistisk
signifikant effektaf kontrolleret tidligveegtbaeing vedet ars followup, fraseten bedre
helbredsrelateret livskvalitetdenveegtbaerende gruppeg(= 0,009). Sammenlignet med det ikke
afficerede benhavde deafficerede berreduceret stvhed (77 %, p <0,001) og styrke (93 %, p =
0,009)af plantarflexor-muskelsenekomplekset Studie I\Wistegodintra-rater palidelighed (ICC
0,96, SEM 3.7mm og MDC 10.3mmder-rater palidelighedICC 0,97, SEM 3.3mm og MDC
9.3mm) og validitet (malefej%9.

Konklusion:Behandlingprotokoller iSkandinavien viste stor variation. Operatiehandlingmed
kontrolleret tidlig veegtbaeringar den mest anvendte behandlip@ danske, norske og svenske
sygehuseVeegtbeeringlev fundet at veere sikkepg anbefalelgesveerdigt ved ikk@perativ

behandling af akut akillessengtur. Det nye ultralydsmaliste god palidelighedog validitet.



1 Introduction

We¢KAA GSYR2Yy>X AT OoNHzA&aSR 2N O
induces choking, deranges the mind, and at lerigtdA y 38 RS |

Hippocrates

The Achilles tendon was named after the Greek hero Achileszentral character and greatest
warrior of Homer's lliadTo protect Achilles from harm, msother dipped him into the River Styx.
However his heel was left vulmable, as it was notovered bywater. During the Trojan Warr,

Achilles was struck on his unprotected heel by a poisoned aarmhdied?.

The Achilles tendon is also called the calcaneal tendonoldestknown written recordusing the
GSNY W!I OKAff Sa (S ymRpoicHukani AfafuiguRlisieqin GoFKbS thes 2 NJ
Dutch anatomisPhilip Verheyeitfigure 17°.

Fgure 1

As a young man Philippe
Verhey@a had his lower limb
amputated due to illness. It wa:
preserved to be buried with
him. In his older days he
investigated his own limb to se:
if his phantom pain in fact
originated from the actual
amputated limb.

Title: Philippe Verheyen
Dissecting His Anupated Limb
(17151730), Artist unknown.
Source: Collection of Pieter

Deheijde.




Acute Achilles tendon rupture is, and relsvaysbeen, a problem for the affected person and for
society. It affects people in their most active years and follows them for the rest of their life. The
area has beethe focusof intense research over the past decades and treatment protocols have

been continuously debated.

Over the pasfive to tenyears a shift towards nenperative treatment has been obser/ed,
Yy2U2NA2dzat & NIYA&AYy3 (KS -dpezbie irdangnyproweokior acutd a i K
Achilles tendg’ NXzLJi dzZNBEKQ LG Aa Yeé K2LIS (suestioni KAa GKS;



2 TheAchilles tendon

GLT &2dz OFyQil SELIXIAY Al &aAYLX &Z
Albert Einstein

2.1 Anatomy

The Achillesendon is the strongest and thiekttendon in the body. It transfers energy from the
leg to the foot and is essential for walking, running and postural contre¢rites to transmit force

from the suralis muscle to the calcaneal bone.

2.1.1The suralis muscle

As the namendicates the suralis muscle consist of three partee gastrocnemius muscle
containingtwo superficial headand the soleus muscle containing the profound hé@gure 2 and
3). The gastrocnemius musdtetwo headed originatinom the medial and lateral femur

epioondyles, respectively, making tlseralis musclaspan two joints: thekneeand anklejoint.

Gastrocnemius
Calf

muscles §
Soleus

Achilles tendon

Figure 2 The anatomy of the Achilles tendon ahd suralis muscle.



The muscle fibers are mainly type Il an8@&n long, making them caphbof explosive

contractions used for jumping and running. They insert in a profound, gathered tendon sheet. The
medial head is the most distal. The soleus muscle originates from the posterior site of tibia. The
muscle fibers are-3 cm long and organized a multipennat pattern. The soleus muscle consist
mainly of type | fibers making it the workhorse in postural control and walking. The soleus muscle
inserts in a superficial tendon sheet that gathers with the tendon sheet of the gastrocnemius

muscle halfvay down the calf to form the Achilles tendon (figure 2 and ¥’

Figure3: A panoramic ultrasound picture of the calf: 1) Calcaneus, 2) The Achilles tendon, 3) the
convegence of thaendon sheet of the suralisand soleusnuscle, 4) the gastrocnemius mds, and 5)
the soleus muscle.

2.1.2The Achilles tendon

The Achilles tendon has a cross sectional area of approximately éfigume 2 andB). It rotates
180° in supination before inserting at the calcaneal B8riEhis spiraling of the tendon contributes
to the elastic recoil of the tenddfl The insertion in the calcaneal bone, the enthesis, has been
estimated tobe four times as strong as the mid substance of the terftidrhe Achilles tendon is
covered by a tendon sheet on the posterior/superior side of the tendon, but not at the
anterior/inferior side. The plantatendon is foundwithin the tendon sleet justmedial to the

Achilles tendon



2.1.3 Architectureof the tendon

The Achilles tendon is built of collagen molecules in a complex matrix of left and right turned

helices bound together by proteoglycdfisType | collagen constitutes 95% of the total collagen.

The remaining 5% consist of type IIdaw, mainly located to the endésis and the epitenon.

The tendon is &ierarchical structureomposed of collagen molecules, fibrils, fiber bundles,

fascicles andendon units that run paralleh 2 G KS § Sy R 2){°Fiberd aidasticles T A 3 dzNX
are enclosed by the epitenon, which is a fine, loose connetisgee sheath containing the

vascular, lymphatic, and nerve supply to the tentfdriThe dominant cell type is the fibroblast

(tenoblasts and tenocytesyvhichalign in rows between collagen fiber bundiasd produce the

collagen matrix.

- collagen : collagen collagen primary - secondary - tertiary Tendon unit
- molecule : fibril - fiber fiber bundle : fiber bundle : fiber bundle -
: : - subfascicle -  fascicle :
" Endotenon : Epitenon

fibroblast

b * " b . : &
. ) R <

Inm  100nm  1-20pm 20200 pm I 500 pum

Figure4: A schematidrawingof the tendon as multiunit hierarchical structure (modified froffang
et al., 2006)



2.14 Theplantar flexor muscletendon complex

While thesuralis muscle iBy far the strongest plantar flexing muscle, allse plantaris muscle,
the flexor hallucis longushe flexor digitorum longus anthe tibialis posterior muscleontribute
to plantar flexion as theyun behind the rotational axis of the ankle joifitDue to this, some
people are able to plantar flex the ankle after a total Achilles tendon rupture. Togetiesefive

muscles and their respective tendons constitute the plantar flexor metscldon complex.

2.1.5 drculation

Vascularization of théchilles tendorcan be divided into three areas: the upper thithde middle
third andthe lower third; correspondnt to the areasfrom wherethe tendonreceives it9lood
supply the musculotendinougunction, the paratenonand theosseotendinougunction**?%, The
upper and lower third are mainly suppliéy the posterior tibial arery*, whereas the middle third
is suppliedby the peroneal artery®®. It has been argued thahe mid portion of the Achilles
tendon is especially susceptiltie rupture due toits poor blood supply, however, newer stdies
using micro dialysisave shown blod supplyin the Achilles tendon to increase proportionally

with muscle tissu¥”.

2.1.6 Innervation

Innervation of the Achilles tendon is found in thpitenon. Thesensorybranches originate from

the contributing muscleandfrom the nearby cutaneous nerv&sThe suralis and the saphenous
nervesrun lateral and medial to the Achilles tendon leaving them exposed to injury during surgery

on the Achillegendon. The suralis muscle is innervated from the tibial nerve.

2.2 Biomechanical properties

The Achilles tendon is remarkably strong and can withstand stressebytfeat exceed those
transmitted during daily activities and sportshas been estimatethat the peak force
transmitted through the Achilles tendon during runniis® kN, which is equivalent to 12.5 times

the body weidt™.

Our knowledge on biomechanical properties of tendons is maiahwvedfrom animal models and

cadaveric studi€$. A typical tendon stresstrain curves seen in figuré.

10



crimped straighten microscopic  macroscopic
fibers fibers failure failure

stress (Nm)
Il
[l

»
L

toe region

| | | | » strain (%)
0 2 4 6 8

Figure5: A schematidrawingof the stressstrain curve for the Achilles tendon
(modified fromWang et al., 2006)

The first 2% of elongation represents the stretching of the collagen fibers’. As all fibers
become stretched thetressstrain curve becomes linear until the tendon starts failing and
microscopic tearing occurs. Beyoa@&¢10% strain, macgxopic failure occurd.he slope of the
curve represents the tendon stiffness and is referred to as Y&ungdulus Stiffness ha been
shown to be associated witlhe tendors efficiency in storing and releasing enelyThe are

under theloadingstressstrain curve represents thiendons ability to store energy

» force

» displacement

Figure6: A schematidrawingof energy aberption in a
tendon and energy lost during the eaélcoil process.

11



The area under the wtoading curve represents the tdons ability to release energ¥he area
between the two curves represents the energy lost in the-gsbi procesqfigure6). This ability
to store and release energy is extremely important for the strethbrtening cycl&, asi has
been demostratedthat up to 60% othe work involved in repetitive jumping exercises is
generated in the Achis tendort®>. If the tendon isheld maximally stretchegthe tension will

decline overime, a phemmenon referred to asorque relaxation(figure7)2,

torque
relaxation

passive torque (Nm)

» time

Figure7: A schematidrawingof the phenomenon torque relaxaion.

2.3 Healing after rupture

Tissue turnover in the Achilles tend@an extremely slow process. It has been shown tinat
coreof the Achilles tendoims formedbefore the age of 2@nd essentially not renewed
thereafter®®. In contrast the periphery of the tendon iable to respond to mechanicalries by
alteringits structure, composition, and mechanical propertiés adaptationmediatedby the

fibroblasts througtbiochemical signaig*>’.

Tendon repair can be described in threeerlappingphases: 1) the inflammatory phase, 2) the
proliferative phase and 3) the remodeling phagégure8). In the inflammatory phase, the

bleeding caused by the rupture leads to hematoma and activatigriadélets and neutrophils,

which again leads tthe release of growth factors, chemotactic factors and vasoactive factors. The

vascular permeability is increased, inflammatory cells are recruitecharddon granuloma is

12



produced?. In the proliferaive phaseangiogenesis allows faascular and neuronahgrowth in
the granuloma. The fibroblasproduce collagen (mainly type 8hdthe mechanical strength of
the granuloma gradually increaseéAfter 10to 14 days a tendon callus has been produgksing

the torn tendon ends togetheiProduction of collagen type 1 gradually takes over and the callus
reaches its largest siz€he large transverse area of the tendon compensates for its weak

composition. In the remodeling phagie randomly deposited dagen fibers are resorbed and

replaced to produce better architecture and crds¥king.The remodeling phase starts one to
6,112

three months after rupture and lasts for several y&af

SA
I

rupture inflammatory proliferative remodeling phase
phase phase

Figure8: A schematidrawingof the three healing phases of an Achilles tenffandified from
Aspenberg et al., 2007)

2.3.1 Stimulation by mechanical loading

It is well described that mechanical loading improves tendon répait2®®”. Clinical studies
looking at flexor tendons have found controlled earlytian to increase strength andvaid
adhesions after surgical repit'®. Animal studies have shown a three times increased streofjth
Achilles tendonsehabilitated with controlled early motionompared to the immobilized onés
Elliason et al. have shown that growth factors in the tendon callus are influenckdding of the
tendon®>*. Theyfound more than 150 genes upgulated or dowrregulatedthree hoursafter

one loading episodegnd conclude that akttle as fiveminutesof loading each day can improve

13



the strength of the healing tisstk Thus, itseemsreasonable to believe that early loading of the

tendon under controlled conditions will affect tendon healing beneficially.

2.3.2 Stimulation by growth factors

This leads to the questiomhether mechanical loading cdve replaced by drugSeveral growth

factors have been shown to stimulate tendon réga animal model§ among thoseplatelet-

derived growth factos'®*?, fibroblast growth factos?®, vascular endothelial growth facts#*>and
insulinlike growth factos™. For those to be applied in the treatment of acute Achilles tendon
rupture several questions need to be answered concerning time and dose of application and
safety issues. In an attempt to shortcut those considerations some clinicians have started
treatmentwithLJt 6§ St SG O2y OSYy iGN S RS NAIpBBletsfcotdaia i K S
number of growth factor*. Animal studies have shown promising restftsout the present

clinical studies have not shown any effect of plateletivates.

2.6 Etiologyof rupture

There is little agreement on thetiologyof acute Acllles tendon rupture Sveral theores have

been suggested:

1) Tendondegeneration has been suggested to predispose rupture as histological studies have

shown degenerativehanges in specimens obtained from rupture sidés

2) The collagen fibrils have been found to decrease with age, and thereforeaageeen

suggesteds a predisposing factt?

3) Cortocosteroids injected intmabbit tendons caused necrosis and delayed hedling
Furthermore the antrinflammatory response of corticosteroid might makk symptoms of
micro-lesions and make people continue high activity even though e¢hean is damaged.
However, prospective and retrosp@ee studies have not been able sthow causality

betweenthe use of corticosteroid and acute Achilles tendon ruptdré

4) Huoroquinolones have been associated with acute Achilles tendon rupture. Intracellular
changes and a decrease in fibril diametarvebeen found in rats treated with

fluoroquinolone$®*%! and alarge cohort study looking at 6.4 million people fouthé use

14



of quinolonedo be strongly associated with an increased risk of Achilles temdpture (odds
ratio 2.0}*

5) Avascularity and heat necrosisvesalso been suggested as possible predisposing fdctGrs

6) FinallyBarfred demonstrated thatealthy tendors ruptured when maximal stress was applied

in combination with supination of the calcaneus and oblique loading of the tehdon

2.7 Epidemiologyof rupture

Acute Achilles tendon rupture &frequent injurythat typically occurs among young active adults
The incidence is 11 to 37 per 100,000 peryearsandthe male:female ratio is 57482 A

bimodal age distribution has been proposed with a maximum incidence of sports injuries in the
fourth decade of life followed by a second, but lower, peak of other injuries in the eighth d&cade
The latest Danish @adence study published in 1998owed an increase in incidence from 18 per
100.000personyearsin 1984 to 37 per 100.00fersonyearsin 1996.74% of the ruptures were

sportsrelated and 89% of those occurred in racket and ball gdres

2.8 Diagnosiof rupture

Patients with acute Achilles tendon rupture typically present with a history of sudden pain in the
Achiles tendon accompanied by a loud snapping sound. The patient often feslsetveas kicked

or hit by something, though the spectatatantell it was not the case. The rupture often occurs in
push off with extended kned he clinical examination revealpalpable gap at the site diie

rupture, typically 45cm above calcaneus. The ability to push off during walking and mtapkex

against resistance is weak or abs@ft*®,

A number of clinical tests have been described, of which Thompsons test (the calf squeeze test)
and Matles test have the best sensitiv{f}.96 and 0.88 respectively) and specificity (0.93 and 0.85
respectively$®. Thomsongest is performed with the patient lying prone and the feet hanging
freely, while the @lf is squeezed from side to si@nd plantarflexion of the footisobserved. The

test is positive if plantaflexion is absertt’. Mattles test is performed with the patient lying

prone, the kneesire bent 90 degrees anthe position of the ankles and feet is obsenaiaring

flexion of the kneeThe test is positive the foot on the affected side falls into neutral or into

dorsiflexior.
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Ultrasound (US) and Magnetic Resonance Imaging @i&lised as diagnostic té®in some
regiong’. However, the high sensitivity and specificity obfitpsons and Mattles tests taken into
consideration, one should bearefulnot to be misled by the imaging modalities. US and MRI
examinations are not recommended for routine G%€eThe diagnosis of acute Achilles tendon

rupture is primarily clinicéf.
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3 Treatment of acute Achilles tendon rupture

The whole problem with the world that fools and fanatics
are always so certain of themselves but wiser people so full of doubts

Bertrand Russel

The firstdescription of acute Achilles tendon rupture was ddiyeAmbroise Paré (1511690) He
described the treatmentand prognosis2 t t 2 6aY A PPPEKA A YAAOKFYyOS
lying and resting in bed and repelling mediciaggplied to the part....neither must we promise to
ourselves or to the patidrcertain or abstute health. Btion the contrary at the begimng of the
diseases S Ydza i F2NBGStt GKFEG Al oAttt ySoSNhoS az
1736Jean Louis Petittarted treatng patients in equinus positioithe patient was treated prone

with the knees flexed and the feet plantar flexed sligper on the footwas attached to the thigh

with pins to maintain plantar flexion. €bandages were removed andaggplied after eight and

15 days. Healing was advanced®atdays and weigHvearing cormenced ten days latéf.

The firstpublishedseries describingcute Achillstendon rupturewas published by Qenu and
Stoianovitch in 1929°. They compared the results of 29 noperatively treated and 39
operativelytreated patients thereby starting an ongoing discussion of whether to treat
operatively or noroperatively During the past fifty years an increabkawareness of acute Achilles
tendon rupture and treatment modalities developed, and a range of diffetegdtment protocols
have been describéd The historical diversity of published results and recommendati@ssed

to considerable variation in treatment protocdigtween deartments treating this injuy

Treatment of acute Achilles tendon rupture can beided into two main categories:g@rative
and nonoperative treatment(figure9). Rehabilitation can be immobilizing mobilizing. In this
thesis, treatment protocols allowing mobilization before the end of the fourth week are
categorized as mobilizing. Mobilization can be divided into controlled early motion and early

weightbearing.Some confusion exist concerning tanology as the term dynamic rehabilitation
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by some authordNNB F SNE (2 (rKoBilid2 O/SNgF @ 1 VRS Nove W2 0 KSNAR (2
Y2 (A 2y QelldyyamiceHalSliddioh refers to controlled early motion.

Over the past decade@hange in treanent of acute Achilles tendon ruptufeom operative and

immobilizng treatmenttowardsnon-operative treatment usingontrolledearlymotion has taken

place™.
[ Acute Achilles Tendon Rupture ]
I
I |
" 4 )
Operative treatment ] [ Non-operative treatment
\ J
( B
Rehabilitation
. J
| |
( I )
Mobilization J [ Immobilization
k 7
[ Controlled early motion ] [Controlled early weight-bearing ]
Controlled early motion
and weight-bearing
Figure9: A flow diagram to visualize the different treatment and rehabilitation protocols after
acute Achilles tendon rupture.

3.1 Operdive vs. nonoperative treatment

The first knowropen repairof an acute Achilles tendon rupture wpsrformed in 1888 by
Polaillor®. Since thera variety ofopen, minimally invasive, and percutaneausgical techniques
have been developed and descrife8urgical techniques are, howevent addressed in this

thesis
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Since the early 80ie42randomized controlled trialé w/ &n@ @ metaanalyses comparing

operative and noroperative treatment have been publishe@le 1).
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3% vs. 4% vs. 5% vs. 4% vs. 4% vs. 4% vs.
13% 13% 12% 10% 11% 9%
5% vs. 4% vs. 4% vs. 3% vs. 4% vs. 2% vs.
0% 0% 0% 0% 0% 0%
34%vs. 29%vs. 27%vs. 27%vs.

Total compication rate (other than RR) NA 3% 8% 7% 6% NA

RR 0.4

Infection-rate (operative vs. noroperative) NA

Table 1w/ ¢(adis) and metaanalyses (>axis) comparing operative and naperative treatment of
acute Achilles tendon rupture. The left side of the table shows fieR A @A Rdzk  w/ ¢ Q&
side of the table shows the me#&aalyses, which studies they included and their overall conclusion.
No=Number of patients, RR=Rmture, Rec=Recommend. (*) operative / soperative. Modified after
Tengberg et al*® and Olssofi.

Most of the trials published before 20@higgested better outcome after surgery due to a higher
rate of rerupture in the nonsurgical group®*® { Ay 0SS G(KSy | ydzYoSNJ 2 ¥
opted in favor oinon-operative treatment due to a nosignificant difference in the rate of e

rupture and a significantly increased risk of other complications in the surgically treated
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group>®"132141 | the same period two large prospective cohort studies looking at 945 and 487

patients, respectively, showedreipture rates of 2.8% and 6.6% in noperatively treated

patients™'*. Looking at the mta-analyses we find compelling evidence that operative treatment

yields a risk of reupture of 35% and noroperative treatment of 913%. Likewise operative
treatment yields a risk of other complications of-24% and noroperative treatment of 38%.
Lool Ay3 G FdzyOuAz2ylf NBadzZ Ga a2vy$sS w/ ¢ Wa

after operative treatment®®’, but this is not reflected in the metanalyse&49°7117139

3.2 Mobilization vs. Immobilization

The role oimobilizationhas been discussed since the early 1980d has gained increasing
popularity over the past decadé”’#80104122132 p||\y / ¢c@ndparing operative and neaperative
treatment published atier 2007 have used mobilization in bastudygroups In 2007 Twaddle &
Poonhypothesized that use of mobilization might thee mostimportant factor in optimizing
outcome in paients with Achilles tendon rupturand that surgery makes no difference to the

outcome apart from increasing the risk of local infectin

Looking at the literature very little adence exists concerning the use of mobilization in the
treatment of acute Achilles tendon ruptur&he shift towards mobilization has been driven by
w/ ¢cehdparingoperativeand nonoperativetreatment protocolsand not by trials comparing
mobilization ad immobilization>’88792 117132 141 Thelgy rate of rerupture in both the
operativelyand norroperatively treated groups has been attributed to the early controlled

rehabilitation regimesthough this has not been the research area of the trials.

In order toinvestigake the effect ofmobilizationone should look atrials designed for this

purpose. Qeratively treated and nofoperatively treated patients must be investigated

Kl @5

separately, as the baseline situation for the healing process is different. Also controlled early

motion must be distinguished fromontrolledearly weightbearing, as it is unknown kothe two

variables affect tendon healing and how they interact.

3.2.1 Controlled early motion
Threew / ¢h&vainvestigated the effect of controlled early motion in the treatment of acute

Achilles tendon rupturetéble 22*°*% The quality of thehree trials was assegdto be medium
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by twoindependentreviewers usinghe Jadad scofé®. No statistically significant differences
were foundin rate of rerupture and othercomplicationsdbetween the immobilized group and the
group treated with controlled early motiohestudies argue for shorter sick leave, less tendon

elongation, and better strength in the group treated with controlled early mation

Trials Jadad No o Treatment Weight- Rerupture Other complications
score  patients bearing Motion/Immobilization ~ Motion/Immobilization

Table2: Table showingv/ ¢cén@paringcontrolled early motion and immaobilization.

3.2.2 Controlled earlyweight-bearing
OneRCThasinvestigated thanfluence ofcontrolledearly weightbearing in the treatment of

acute Achilles tendon ruptureable 3**

. The stug looked athealth-related quality of life

assessed with use of the RANDI®8n Health Survey (RANEB)as its primary outcome.

Secondary outcomes were activity level, calf strength, ankle range of motion, return to sports and
work, and complication®8 patients(89%) completed the sixonth follow-up. At six weeks the
weightbearing group had significantly better scores than themaightbearing group in the
RANDB36 domains of physical functioning, social functioning,-efetional, and vitality scose
(p<0.05). Patients ithe weight-bearing group also reported fewer limitations of daily activities at
sixweeks postoperative (p < 0.001). At sinths, no significant differences between the grsup

were seerin anyoutcome.Suchak et aconcludes thaho detrimental effect of weighbearing

from the second postoperative weeakas foundin operativelytreated patients

Trials Jadad No of Treatment Motion Rerupture Other complications
score  patients Motion/Immobilization ~ Motion/Immobilization
Suchak 208" 3 110 Operative Yes 0/0 8/11

Table3: Table showingv / ¢c@hiparingcontrolled early weighbearing and immobilization.

3.2.3 Controlled earlymotion andweight-bearing
Threew / ¢have investigated theombinedinfluence ofcontrolled early motion anaveight-

bearing in the treatment of acute Achilles tendon ruptutahle 4. Saleh et at®* developed a new
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orthosis the Sheffield splintallowing bothcontrolled early motiorand weightbearing whichthey
tested against immobilization in cast. They found that the group treated with matbliza
regained mobility and range of motion significantly quicker than the immobilized gfoosgta et
al?’ also tested a new orthosis allowing both controlled early motion and webglaringagainst
immobilization in cast. No significant differences were found. Thestruate influenced by

selection las, as active people were operated and inactive people were treateebperatively.

Trials Jadad No of Treatment Rerupture Other complications
score  patients Motion/Immobilization ~ Motion/Immobilization

Table4: Table showingv/ ¢céh@paring the combined influence of controlled early motion and weigh
bearingagainst immobilization.

3.3 Rehabiitation protocols

The following are examples of rehabilitation protocols being used after both operative and non

operative treatment of acute Achilles tendon rupture:

3.4.1 Immobilizing rehabilitation protocols

A typical immobilizing treatment protocol hagen described by Cetti et &t. A belowthe-knee
plaster cast with thdoot in 20° of plantar flexion is worn fe@ightweeks. During this period no
weightbearing is allowed on the injured leg. AflEghtweeks the cast is removed and weight
bearing allowed. Alternatively the cast is changed atteee to fourweeks bringhg the ankle in a
neutral position or a brace is worn throughout the treatment period gradually bringing the ankle

into neutral position.

3.4.2 Mobilizing rehabilitation protocols
Mobilizing treatment must be divided into 1) controlled early motion¢c@)trolled earlyweight

bearing and 3¢ontrolled early motiorand weightbearing.

3.4.2.1Controlled early motion
Controlled early motion can be performed using a dynamic brace, allowing movement of the

ankle, or using a removable brace, instructing thégyd to remove the brace and exercise. A
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treatment protocol using a dynamic brace has been described by Nildstamder et af’:

Patients are treated with a belothe-knee cast with the foot in equinus position fowo weeks,
followed by an adjustable brace for the nestkweeks. The brace is set at free plantar flexion
motion with dorsifleion limited to-30° the first twoweeks,-10° the nextwo weeks, and-10° the
lag two weeks. Weighbearing as tolerated is allowed aftsixto eightweeks.

A treatment protocol using a removable brace has been described by TwaddIE&tRaltients

are treated with a removable brace ferghtweeks. The foot is initially placed in equinus position
by application othree wedges. Every second week a wedge is removed, slowly brithgiramkle

to neutral. Patients are instructed to remove the bracefiee minutes of every hour and, while
sitting with the injured leg hanging, practice active ankle dorsiflexion and passive plantar flexion,
letting the foot fall down as far as was camfable. Particular emphasisasmade of the
importance of not dorsiflexing the ankle beyond the neutral position and remainingveaght

bearing.

3.4.2.2Controlled arly weightbearing

Controlled early wight-bearing without movement of the ankle is adely used treatment
protocol in ScandinaviaYet, it has not been possible to find a published description of this
protocd. The following treatment protocol is used in hospitals in the area of Copenhagen: The
patient is treated with a brace faixweeks when operatively treated amdghtweeks when non
operatively treated. The foot is initially placed in equinus positioayylication of wedges in the
brace and slowly brought to neutral by removal of the wedges. Full wéighting is allowed from

day one.

3.4.2.3Controlled early motion and weightearing

A treatment protocol using both controlled early motion and weigkaring has been described
by Méller et aP* The patient is treated with a belothe-knee plaster cast with the ankle in
equinus for two weeks. After two weeks the cast is replaced with a brace and full wesghing

and rangeof motion exercises are encouragedrahg weeks three to eight.
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4 QOutcome assessment

WLT @2dz Oy YSIFadaNB GKFG 2F 6KAOK @&2dz alLXSIHE =
2F @2dzNJ 4dz02S00x odzi AF @&2dz OFyy2dG YSI adzNB

William Thomsn

Outcome denotes whether or not a patient benefits from the medical care providedorder to
evaluate patient outcome andomparetreatment regimens valid, broadly accepted and clinically

relevant outcome parameterare required

4.1 Patient reported outcome measures

Patientreported outcome meé & dzNB & bavevatidedadeéw dimension to clinical outcome
evaluation. PROM are important both for assessing individual patients in the clinic, for quality
monitoring and research purposegaditional clinical methods for assessing outcome after

Achh f £ S&4 GSYR2Y NHzZLIi dzNB Yl & FFAaf FEORE0DI (KS
the past decades numerous PRQIdave been developedut only the Achilles tendon Total

Rupture Score is developed and validated for use after acute Achilles tendon rifpiiire most

widely used scores are presented in the following paragraphs.

4.1.1 Achilles tendon Total Rupture Score (ATRS)

The Achilles tendon Total Rupture Scooasists of 10 items reflectirmymptoms and plsical

activity after treatmentof acuteAchilles tendon ruptureTheitems are assessed usinglakert

scale (range-Q0; 10 being the best possible sco¢)was developed and validated 2007by
NilssonHelanderet al®8 It has since been translated to English and Danish and both versions have
been validated®*. TheATRS was found to be a good and reliable PROM for measuring differences
of more than 7 points between groupd patients However, for assessing individual patients in

the clinic, the ATRS showed serious limitati@sst cannot be expected to detect changes of less

than 19 points when reassessing individual patients at several paints
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4.1.2 Victorian Institute of Sports AssessmeqiAchilles(VISAA)

The VISAA\ questionnaire is a PROM validd for Achilles tendinopathy based on symptoms. It
consists of eight questions that measure the domains of pain, function in daily livthgparting
activity. The results range from 0 to 100, where 100 representsdb@ scoré®®. VISAA has been

usedin validations of the ATES2 and has been translatem and validated in Daniéh

4.1.3Physical Activity Scal@PAS)
The physical activity scaf@as been developetb be a simple aéirnative to measuring physical
activity by diary It is a selfeported questionnaire estimating the total phgai activity on an

average weelday. It is developed and validated in Darfféh

4.14 Health related quality of life

A wide range of patient reported questionnasréo assess quality of lifeave been developed and
validated. The most widely used are listed below this paragriqgpired from those purpose

made questionnaire was developed to investigate the health related quality of life during the
initial eightweeks of treatment in study Il (Anné&y. Fiveitems were assessed usind.ikert scale
(range 010; 10 being the best possible score). The items reflected: 1) limitations in daily living, 2)
limitations in work situations, 3) limitations in social life affection of the patient mood, and 5)

level of pain.

4.14.1 Short Form 36 (&36) and RANI36

The SBB6and RANEB6 are identicamulti-purpose, shordform health survegcontaining36
questions®*?*1%® Theymeasue eight health concepts summarized in two main scotkes:
physical component scorndthe mental component scot& he questionnaireare thoroughly

tested and validatet? 24138,

4.1.42 EuroQOL (EED)

The EGBD essentially consists aflescriptive systencomprisingfive dimensions hobility, self
care, usual activities, pain/discomfort and anxiety/depressam) avisual analoge scalevhere
the person is to give an overall rating of seifed healtH?’. The questionnaire is thoroughly

tested and validated.
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4.2 Functional testing

Functional testing is widely used in triglssessinghe outcome after acute Achilles tendon

rupture.

4.2.1 Heelrise test
The heelrise test is an endurance testhere the number of standing unilateral heel raisasa

rate of 40/minute,is counted Only heel lifts above 5 cm are count&®.

4.2.2 Heelrisework test

The heelrise work test is anrdurance test where the patient stands on one leg and lifts the heel
up and down until exhaustiofmhe participantare allowed to place two fingertip per hand, at
shoulder height, against the wall for balanégrequency of 30 heelises per minutas kept The
participans areinstructed to go as high as possible on each isel and then lower the heel to

the starting positiorbefore next heerise. The participans are asked to perform as many heel
rises as possible. The tasterminated when the patient stof cannot maintain the frequency, or

doesnot perform a proper heetise (<2cm§j**

Silbernagel et al. have found a good validity of ieelrise work test and greateability to detect

differences between the injured and the uninjured sigesnpared to the heetise test**,

4.2.3 Heelrise height
The heelrise height is measured under the same setting as the-Hgelork test. The maximum
heelrise is recordet!’. The decrease in heebe height has been hypothesized to lerelatedto

tendon lengthening™.

4.2.3 Single heerise test

The patient stands with the foot in neutral position. It is recorded whether the patient is able to
make a single heelse on the injured leg. The hesse is acknowledged if éhheel can be lifted at
least 2 cm with stretched kne#é.has been shown that the ability to do a hele 12 weeks after
rupture is correlated to outcomeThe heelrise ability appears to be an important early
achievement and reflects the general lee¢healing, which influences patien¢ported outcome

and physical activity.
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4.2.4 Strength tess

Strength testing has been performed in different settingdkernagel et ahad the patients do
concentricand eccentric togaise against increasing weidht Méller et al. testedconcentric and
eccentic strengthwith the patient sitting with 90 degrees flexion in the hip and knsag an
isokinetic dynamometerAngular vebcities of 30°/sec and 180°/seeere used. fie reliability was

found to be gool®. McNair et al. tested concentric strength at angalar vebcity of 240°/se®.

4.2.5Jump tests

In 2005 Silbernagel et al. describetkat battery comsistingof three jump testsa counter
movements jump, a drop counter movement jump and hoppiiighe test battery wa found to
be reliable and able to detect differences in lower leg function between the injured and non

injured limb®"*2

4.3 Biomechanical testing

Biomechanical testing tgpically done using an isokinetic dynamométér. The patient is seated
or lying with the hip and knee joint in a specified position. Positions between 0 and 90 degrees
have been described for each joifit>. The sibjectsfoot is strapped to the pedal of the
dynamometer and hksheis asked to relax and not agtite the lower limb musclesvhile the
isokinetic dynamometemovesthe ankle jointin dorsiflexion at an angular velocity tfpically

p sac’®¥° The resistant taque is sampled by the isokinetic dynamometer and the matching

torgue and angle valueare recorded

4.3.1 Stiffness
Stiffness is the slope of the stress strain curve. Stiffness gfldmar flexor muscléendon
complexincreases with increasing dorsifler. It is, therefore, often reported in intervals like

early, middle and late dorsiflexiéh

4.3.2 Peak passive torque
Peak passive tque s the maximum torquexerted when stretching the passiyantar flexion

muscletendon comple£?’®. It is usually reached in maximuorsiflexion.
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4.3.3 Energy storedluring loading
The energy stored during loadiimgthe area under the loading curvé represents the energy

absorbed by the plantar flexanuscletendon complef’.

4.3.4Torquerelaxation

The torque relaxation ieepresentative of the shock absorbing quality of hlentar flexor muscle
tendon complex. Its the fraction of energy stored after a period of relaxation, aad be
expressed aa percentagethe persisting passive torquedter a period of relaxation divideby the

peak passive torqué

4.3.5 Dissipation coefficient

Thedissipation coefficients anothermeasureof shock absibing quality It is the fraction of
energy release compared to the energy storeahd can be calculated by dividitite energy lost
in the coitrecoil procesgthe area between the loading and unloading curves) by the energy

stored during loading (the aseunder the loading curv&)

4.4 Length measures

A variety of methods have been developedmeasure Achilles tenddength and

4,23,50,64,95,99,

elongaion 102105118144 The methods can be divided into four groups depending on

modality: clinical X-ray, ultrasaind (US), and Magnetic Resonance Imaging JMRI

4.4.1 Clinical

Clinicallythe length of the Achilles tendon can be estimated by the
spontaneous position of the ankle joint in the relaxed (ggure 10). An
Achilles tendon of normal length positions the ankle joint iR200
degrees oplantar flexionwhen the patient is lying prone with the knee
flexed 90 degrees. An elongation of the tendon will make the foot fall

into neutral or dorsiflexioff.

Likewisethe height of a maximal hegise has ber used to estimate Figurel0: Matles test

elongation of the Achilles tendSh'®.
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4.4.2 Radiological

X-ray allows for measurement of displacement of the torn tendon
ends by implantation of radiological markefggure 11)***°. The
latest and best validated method is Roentgen

Stereophotogrammetric Angsis (RSA) using tantalum beads as

marker$**®® Implantation ofthe markers is invasivand so far

as™.
Figurell: RSA markers
implanted in the Achilles
tendon

the technique has only been used to evaluate elongation after

operative treatment.

4.4.3 Ultrasound
Ultrasound U has been established as an important and esfétctive tool in the diagnosis of
tendon problemslt providesa fast investigabn that can be performedby the surgeonThree

types of US based length measures have been described for the Achilles tendon.

Rees et al. developed a method combining vithesed motion capture and US imadiffgAchilles

tendon length was defined as the distance between the gastrocnemius muscle tendon junction
and the terdon insertion at the calcaneuswo retroreflective markers were placed on the back of
the US probeand the markers were used tivack the position of the probe. The measurement was

validated by Silbernagel et & It showed high reproducibfy and a measurement error of ¥4

Panoramic ultrasound imaging allows the transducer to be moved along the patients Achilles
tendon, blending multiple images together to form one long image with an extremely wide field of
view” (figure3). The method is easy to perform and clinically applicable nowalidation of the
measurement has been published*®*4. The authors of study IV have tested reliability of the
measurement in a setting similar to tlome used in study IV. The data has not been published yet,
but showed an gerage intrarater reliability oflICC 0.84, SEM 0.94 and MDC 216@ interrater
reliability ofICC 0.89, SEM 0.78 and MDC 2.15.

Finally, Amlang et aleported an US classificaticcystem to be used for individual treatment

selection in patients witlacute Achilles tendon rupturdooking at the degree of overlap of the
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torn tendon ends as a surrogate for tendon displacement and elongdhfithis classifation

system is yet to be validated and correlated to the final outcome of treatment.

4.4.4 MRI
Magnetic Resonance Imaging (MRI) is also aimeasive modality for tendon length
measurement’. In relationto US the setup is more demanding and expensive, as radiological

assistance is needed to performR¥imeasurements.

4.4.5 Strength in plantar flexion
Strength in the terminal part of plantar flexion can be used as a surrogate for tendon elongation. If
tendon elongation is present one would expect strength to decline as plantar flexion increases and

the suralis muscle loses its ability to contract further.

4.5 Complications

All publishedv / ¢héva reported the rate of complicatioffs™>848710%132141 gome studies have

reported all complications andthers only selectedomplications.

4.5.1 Rerupture
The rate of rerupture isthe mostcommonprimary endpoint in the literature °>8487.107132141

However, aclear definition & how rerupture is defined iseldom given.

4.5.2 Infection
Infections can be divided into superficial and deep infections. Superficial infections are rétated

the skin, whereas deep infections involve the Achilles tendon.

4.5.3 Other complications
Other reported complications involvelamage to the suralis nerve, adhesions between the tendon

and the surrounding connective tissiegar problems andeep vein hrombosig®%.

4.6 Return of function

In 2006 Costa et &l.concluded thathe return to normal activities wake most important
outcome measuras viewed by the gaent and therebre claimed thattialso should be the most

important outcome measure for researchers.
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4.6.1 Sick leave
Thelength of sick leave is of fundamental importance for the patient as well as for society. The

measurement is usually se#ported through questionaires or structured questioning at follow
up27’84.

4.6.2 Return to sport

Most acute Achilles tendon ruptures are acquired through sporting activities. The return to sports
and preferablyalevel of sporting activitgimilar to the one before the injurys therefore an
obviousoutcome The measurement is usuafigltreported through questionnaires or structured

questioning at follow up*>’.

4.7 Validity, reliability and agreemenf measurements

Valid and reliable outcome parameters are cornerstongzaperresearchlnvalid outcome
parameters may lead to wrong conclusions and unreliable outcome parameters may keep actual
differences from being detected. Terminology within the fisldonfusing andmprecise, as it

differs between papers and textbodks'***¢2123133 The following chapteis an outline of the

terminology andconceptsas they are understood and usedthis thesis.

4.7.1 Validity
Validity can be divided into content, criterion anoihstruct validity Further description of this
subdivisionis out of the scope of this thesis. Generally speakaiglity is the extent to which a

measurement measures what it claims to meas(iigure 12).

4.7.2 Assessment of validity

In order to assesif a measurement instrument actually measures what it claims to measure, one
needs to know the real value of tlabjectbeing measured. For example, if one would like to

assesif an ultrasound measurement measures distances of tendons correctly, one teekdsw

the actual length of the measured tendons. If the actual length is not known, an alternative is to
define a gold standard of measurement to validate the new measurement against. Validity can be

expressed as the measurement erfor

Actual length — meassured length
Actual length

Measurement error =
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unreliable & unvalid unreliable, but valid

©©

reliable, not valid both reliable and valid

Figurel2: Diagram showing the differeedoetween validity
and reliability (modified fromNevit Dilmen

4.7.3 Reliability and agreement

The term reliability, as used in the previous chapter (4.7.1), refers to the spread of data. It can be
further subdivided into the terms reliability and agreem&htAgreements the extent to which a
measuremenineasures the same at different occasions; it is esdao the measurement error of

the measurement itselfReliabilityis the extent to whiclstudy objects can be distinguished from
each oher, despite measurement errors;ritlates the measurement error of the measuremeat

the naturalvariabilityof the studypopulatiorf?*33
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Figurel3: Diagram showing the difference between reliability and
agreement(Modified fromde Vetet al. 2006)
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Figurel3illustratesan example of 3 subjects (A andr ) being measured five times. The
distance between the five identical symbols represents the agreement of the measuréiinent
measurement error), which is notfatted by the variability of the population. In contrast,
reliability of a measurement is influenced by the variability of the study population. In a
population represented by the subjectsand A the measurement will have a good reliability, as
the measuement errorwill not affect discrimination of theubjects. In a population represented
by the subjectsA andr the measurement will have a poor reliability, as the measurement error
will affect the ability to discriminate thsubjects Rdiability is a claracteristic of the performance
of an instrument in a certain population sample. Agreememaiker a characteristic of the

measurement instrument itseif.

4.7.4 Assesment of agreementand reliability

4.7.4.1 Kappsstatistics
Agreement between categorical data is oftassessedising kappsstatistics.The kappavalue tells
the observed agreemd as a percentage of agreemestpected just by chance. A value of 1

indicates perfect agreement and a value of 0 indicates no agreément

4.7.4.2 Intraclass correlation coefficient (ICC)
Reliability of a measurement can be assessed using the Intraddastation Coefficient (ICC). The

basic formula of théCC is:

Variability between study objects
Reliability =

Variability between study objects + Measurement error

If the measurement error is small, compared to the variability between persons, the ICC
approaches 1. This means that the discrimination of the persons is hardly affectied by
measurement error, aththus the reliability is high. If the measurement error is large, compared to

the variability between persons, the ICC value becomes srhsller

4.7.43 Standard error of measureme(BEMynd minimal detectable chand®DC)
Agreement of a measurement can be assessed by calculating the standard errer of th

measurement (SEM) and the minimal detectable change (MD€)SEMs used to assess the
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agreement between groups of data.dan bederivedfrom the ICCSEM = standard deviation x
K(1 ¢ ICCY3 The MDC is used to assess agreenbetiveen data of the individual subjects.ciin
beRSNABSR FNRBY (KS { 9 adfeement/pardmetershatecexptessédionthe { 9 a ¢

actual scale of measurement, and are therefore easily interpretable

4.7.44 The BlanéAltman method

Agreement can be assessed graphically using the B¥ntan plot**>. The plot shows the
difference between measurements plottedagst the average of measuremer{tggure 14). The
mean shows if there is a systematic difference between measurements and the 95% limits of
agreement show the spread of data in the sampled distribution. The limits of agreement are
calculated as the meant96 standard deviation3.he visual presentation of data makes it
possible to detect skewed distributions and correlation betwessasurement error and the scale

of the measurement.

2,004

1,00 o

.00

Difference of measurements (cm)
o
8
o
o
o

-1,00 T T T T T T
14,00 16,00 18,00 20,00 22,00 2400

Average of measurements (cm)

Figurel4: BlandAltman plot showing difference against mean
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5 Aims

Aim at the sun, and you may not reach it; but your arvaWfly far higher
than if aimed at an object on a level with yourself.

Joel Hawes

Over the past decade@hange in treatment of acute Achilles tendon ruptaway fromoperative
andimmobiliang treatmenttowardsnon-operative treatment usingontrolled earlymotion

occured’™ ThisthesisRRNB & 4S5S4 G KS |j dzSa (i A 2-opatatiearéatmént A & G KS
LINR G202t FT2NJ I OdziS ! OKAffSa GSyR2y NUzLII dzZNBKQ

5.1 Aim of the thesis

The aim of this PhD thesigasto evaluatenon-operative treatment of acute Achilles tendon
rupture, in order to pave thavay fornational and international treatment guidelines concerning

acute Achilles tendon rupture.
5.2 Aims of the studies

5.2.1 Study I: Treatment of acute Achilles tendon rupture in Scandinavia
The aim of this survey wag investigatewhether departmens treatingacute Achilles tendon

rupture in Scandinaviadhere to the latest evidence.

5.2.2 Study II: The influence of early weighiearing on clinical outcome

Theaim of this blinded, randomized, controlled trial was to comppedient reported and
functional outcome in patients randomized immediate weightbearingor non-weight-bearing in
a nonoperative treatment protocol foacute Achilles tendon rupturesing controlled early

motion.

5.2.3 Study llI: The influence of early weighearing on biomechaical outcome
Theaim of this blinded, randomized, controlled trial was to compare the biomechanical properties

of the plantar flexor musckéendon complex of both limbs in patients randomized to early weight
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bearing or noAweightbearing. Both groups werteeated nonoperatively using controlled early

mobilization.

5.1.4 Study IV: A Novel Ultrasound Measurement of Achilles tendon Length and Elongation
Theaim of this study was to develop and validate a method which can determine Achilles tendon
length andelongation accurately in a clinical setting using standard US equipment. In order to do
so we had the following specific aims:

1) US identification of the anatomical landmarks and developtaé the specific

measurement

2) Assessment of the intreater reliabilty

3) Assessment of thater-rater reliability

4) Assessment of thealidity by omparisonwith MRI

5) Comparison of the tendon lengttf both legs of the same subject
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6 Subjects and methods

W KIFEGS RSTAY

Benjamin Disraeli

In this chapter the methoology used in studylV is described. Outcome parameters and
statistical methods are discussed and critically assessed. A thorough discussion of methodological

considerations is done in chapter 7.
6.1 Study design, subjectsmaterial and ethical consideraons

6.1.1 Studyl: Treatment of acute Achilles tendon rupture in Scandinavia

6.1.11 Study design
The study was conducted as a questionnaire based w@stsonal study investigating) the use

of surgical treatment2) the use of dynamic rehabilitatigand 3)the use of weighbearing.

6.1.1.2 Subjects

All orthopedic departments treating acute Achilles tendon rupture in Denmark, Sweden, Norway
and Finland were identified. Only public hospitals were included as private hospitals according to
the experence of the authors play a negligible role in treatment of acute Achilles tendon rupture

in ScandinavidData were collected in the period from October 2011 to October 2012.

6.1.1.3Material

A questionnaire was developed in Danish and translated by biihgpeakers into Swedish,
Norwegian and FinisfAnnexB). The questionnaire was divided into four parts. Part one
investigated Achilles tendon rupture diagnostieew choice of treatment was made and to what
degree the patierg wereinvolved in the decish making processdqur questions). Part two
investigated which patients were recommended surgical treatment, which surgical technique was
used and what kind of posturgical regimen was offered (sevguestions). Part three

investigated what kind of nosurgical treatment was offered (threguestions).Part four

consisted othree patient cases where preference of surgical or fsamgical treatment had to be

chosen.
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6.1.1.4Ethical considerations
Our survey did not make use of patients or animals and els Ba ethical consideration were

made in regard to those.

6.1.2 Study II: The influence of early weighiearing on clinical outcome

6.12.1 Study design
This was a blinded, randomized, controlled, superiority trial with participants individually
randomizedo one of two parallel groups. The trial was designed in accordance with the Consort

requirements; no changes were made to the trial design after commencement of the trial.

6.12.2 Subjects

Sixty patients were included in the tri&datients withacute Ahilles tendon rupturegeferred to

the orthopedic department of Copenhagen University Hospital Hvidovre from April 2011 to March
2012 were assessed for eligibility. Diagnosis was based on a medical history with a clear snap of

the Achilles tendon and a cltal examination with a palpable gap and positive Thompson&*fest

All patients aged 18 to 60 yeawho were expected to be able to follow the treatment protocol
and give written consent in Danish were eligible for inclusion if randomization could be done
within 4 days of the rupture. Exclusion criteria were previous Achilles tendon injury, cortiiolste
injections within the last 6 months, AS&ore of three or more, medical history of arterial

insufficiency in the legs and rupture within 1 cm of calcaneus.

29 patients from the intervention group and 27 from the control group were included in tiee on
year analysis, all belonging to their original assigned grotips groups were comparable dt a

parameters except for heightith the nonweight-bearing group being threem taller.

6.12.3 Material
All patients were treated with controlled early motiand randomized to either immediate

weight-bearing or noAveight bearing.

Intervention
The intervention group was allowed full weigb¢aring from day one. Crutches were

recommended but not obligatory the first two weeks of treatment. The control group wa
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instructed not to bear weight for the first six weeks of treatmefie last two weeks full weight

bearing was allowed

Standard treatment protocol used in both groups

In the emergency department an ankle orthosis (DJO Nextep Contour2 Walker) with thdgesv
of 1.5cm was applied, fixating the ankle in equinus positiorR3@@egrees of plantar flexion). The
orthosis was worn foeightweeks gradually bringing the ankle to neutral position by removing a

wedge every second week (tatBg

Table 5:Treatmert protocol

Week 1 and 2

Orthosis with three wedges.

The orthosis could not be removed at any time.
Intervention group: Weighbearing allowed, crutches were
recommended.

Control group: No weigHbearing.

Week 3 and 4
Orthosis with two wedges.
Controlled arly motion in both groups.
Intervention group: Full weighbearing.
Control group: No weigHbearing.

Week 5 and 6
Orthosis with one wedge.
Controlled early motion in both groups.
Intervention group: Full weighbearing.
Control group: No weigHbearing.

Week 7 and 8
Orthosis without wedges.
Controlled early motion in both groups.
The orthosis could be removed at night.
Intervention group: Full weigHbearing.
Control group: Full weigHtearing.

Week 9 to 16
Visit to physiotherapist three times a week.
Standardized rehabilitation protocol with room for individualizatio

Patients were seen in the outpatient clinic after two and eight weeks. The patients were instructed
not to remove the orthosis at any time during the first two weeks. After two weekditsiewedge

was removed and controlled early motion begun: Patients were instruceadmmove the orthosis
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at least fivetimes a day sitting on the edge of a table with both legs hanging (fith)teGravity
plantarflexed the footand the patient activelgorsiflexed the foot to a horizontal position.

Patients were instructed to do this in series of 25 repetitions. The orthosis was not to be removed
inbetweenexercises from week three to six. The last two weeks of treatment the orthosis could be

removed atight.

Figurel5: Contolled earlymotion. Gravity plantaflexed the foot, where upon the
patient actively dordilexed the foot to a horizontal positioRatients were instructed
to do this in series of 25 repetitidine times a dayDrawing by llija Ban, MD

6.12.4 Ethical considerations

We believe that the potential benefits for the patients enrolled in the study (better functional
outcomes, improved healthelated weltbeing and economic savings) exceed the potential
inconveniences (addition&bllow-up audits and possible risks/side effects).

The studywasconducted in accordance with the principles of the Helsinki Declarafioa.study
was approved by th Regional Ethical Review Boaidl.participants received oral and written
information concerning the trial before written consent was obtain®atientswere covered by

Hvidovre Univesity Hospital patient insurance

6.1.3 Studylll: The influence of early weigHbearing on biomechanical outcome

6.1.3.1 Study design
This study is based orath from a blinded, randomized, controlled trial with participants

individually randomized to one of two parallel grousudy I1)
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6.1.3.2 Subjects
The study population was the same as desdatiimestudyll (chapter 6.1.2.2)26 patients from the
intervention group and 20 from the control group were included in the-gear analysis, all

belonging to their original assigned groups.

6.1.3.3Material
The treatment protocol and the intervention was the same as desdribbstudyll (chapter

6.1.2.3).Followup was done in the Gainalysis laboratory at Hvidovreopital.

Measuremeniof passive tension in the plantar flexor musté&don complex \asperformed

using an isokinetic dynamometer. A motor (Caldercraft Electric Motors, model 26) was driven by a
DCpower amplifier (model 2708; Bruel & Kjeer, Naerum, Denmark) and could deliver maintained
torgues up to 80Nm and peak torques up to 120Nm. An elegtmiometer, connected to the
footplate, measured the angle of the ankle joint and a torque meter measiivedorque exerted

on the footplate. This apparatus was developed &mehdto produce highly reproducible
measurements of passive and reflmediated torque around the ankle joint by Sinkjaer et

al 131140 Before testing in the isokinetic dynamometer the patient warmed up on a stationary
bicycle for 5 minutes. For the measuremgiie patient was positioned with the foot strapped to

a pedal in 10 degrees of plantBexion and the knee and hip fixed in 90 degrees flexion. Patients
were asked to relax and not activate their calf muscles as the ankle was passively moved into
dorsiflexion by the pedal at an angular velocity df€ec. The isokinetic dynamometer restéat 2
seconds at maximal dorsiflexion before the pedal was returned to the starting position at the
same velocity. The resistant torque was sampled at a frequency of 1000Hz. Patients who had a
ROM exciding 20 degrees of dorsiflexion were tested in theeéirogn 10 degrees plantétexion

to 20 degrees dorsiflexion. Seven patients had a range of motion below 20 degrees of dorsiflexion,
they were tested in the range from 20 degrees plartaxion to 10 degrees dorsiflexion. Ten

repetitions were performed oeach limb. The unaffected limb was tested before the affected.

Strength was measured using the same isokinetic dynamometer setting. The patient was asked to
relax as the dynamometer dorsiflexed their ankle to 10 or 20 degrees of dorsiflexion, respectively
The dynamometer rested fdhree seconds and the patient was encouraged to deliver maximal
plantar-flexion power without activating the thigh while the dynamometer plantar flexed the foot

40 degrees from the starting position with a speed of 6.7°/s. fggetitions were performed on
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each limb. The unaffected limb was tested before the affected. Standardized verbal

encouragement was provided to ensure maximal effort

6.1.3.4 Ethical considerations

The ethical considerations were the same as desdribstudyll (chapter 6.1.2.4).

6.1.4 StudylV: A Novel Ultrasound Measurement of Achilles tendon Length anchgdion

6.1.4.1 Study design
Thestudy was done as a crassctional study comparing the investigated measuvase within a

certainperiod of time

6.1.4.2 Subjects

Both legs of 19 uninjured persons (8 males and 11 females) were studied. Their meassatfe 4v
years (SD 10.7, range-B8). Average height was 175cm (SD 9, rangelP23 and average weight
was 76.8kg (SD 12.9, range BB)). They all had right as their dominant side.

6.1.4.3Material

Definition of landmarks

Achilles tendon length was deéd as the distance between the tendon insertion at the calcaneus
and the medial gastrocnemius muscle tendon junction, as previously described by Ret¥s et al.
(figure 16).

Figurel16: The blue line represents the distance measured by the novel ultra sound measure. (A) A posterior
view of the calf. (B) A panoramic ulteasd picture of the calf: 1) Calcaneus, 2) The Achilles tendon, 3) the

tendon sheet of the suralis muscle, 4) the gastrocnemius musle, and 5) the soleus muscle.
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First, the anatomical landmarks were identified and marked, then the distance between them wa
measured. The distal landmark was the posterior and most superior corner of the calcaneus in the
midline, which on sagittal US examination was identified as the point where the cortical bone and
its underlying shadow ended (figui&). The proximal landark was the distal tip of the medial

gastrocnemius head, which was defined as the most distal point where the muscular fibers

inserted into the wshaped convergence of the deep crural fascia (figuie

Figurel7: Sagittal US pictures showing (A) thesértion of the Achilles tendon at the calcaneus and (B) the
muscletendon junction. (A) The distal landmark, the postesigperior corner of calcaneus, is seen as the

point where the cortical bone and its underlying shadow ends. (B) The proximal larigith&rkiistal tip of

the medial gastrocnemius head (the insertion of the most distal muscle fibers into the deep 13scia)
Calcaneus, 2) The Achilles tendon, 3) the tendon sheet of the suralis muscle, 4) the gastrochemius musle, 5)
the soleus muscle, drb) theposterioracoustic shadowing of the needle of a 21 gauge needle projecting

the landmark to the skin.

Setup
Participants were positioned in a prone position with the knee flexed 10 degrees. Anteriorly to

(below) the ankle joint a triangle shap&mhm pad was placed with the feet resting relaxed against
it (figure 18). Using a goniometer the ankle joint was positioned in 10 degrees of plantar flexion by
adjustment of the foam pad. Participants were positioned identically for US and MRI

investigatons.

The predefined anatomical landmarks were identified using longitudinal imaging. A needle was
placed between the probe and the surface of the skin, and the posterior acoustic shadow created

by the needle on the US image was centered over the landffigike 17). The position of the
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needle, thus representing the landmark, was then marked on the skin (fi)rd he direct

distance between landmarks was measured with a tape measure foljotencurves of the leg.

Figurel8: Positioning of the studyubjects. Participants were positioned in a prone position with the knee

flexed 10 20 degrees. The ankles rested on a triangular foam Paohg a goniometer the ankle joint was
positioned in 10 degrees of plantar flexion by adjustment of the foam paW/{#h)a marker the point

where the US probe and the needle crossed was marked on the skin (B+C). The distance between landmarks

was measured with a tape measure following the curves of the leg (D).

Reliabilitytesting of the US measurement was performesing three different US scanners: GE
Healthcare Logig S8, Logig 9 and logiq P5. Frequency was set to 15 MHz and focus was dynamically
adjusted by the US operator. After each scan the marks on the skin were removed in order to

secure blinding of results beeen investigators.
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The novel US measurement was validated by three independeimvgStigators with two to five
years of experience within musculoskeletal US:-iMRges were evaluated by two independent
investigators, both specialized in musculoskel®&&l. All investigators were blinded to the results

of the other investigators and to their own previous results.

Inter- and intrarater reliability for the novel US measurement was determined for the three
independent US investigators on two occasionthhree weeks between scans. Within the

following two months MRI examinations were performed.

6.1.4.4 Ethical considerations

There are no known sideffects or risks associated with the performed UL and MRI investigations.
We believe that the potentidbenefits forcoming generations of patients with acute Achilles
tendon ruptureexceed the potential inconveniencés the study subject.

The studywasconducted in accordance with the principles of the Helsinki Declarafioa.study

was approved by taRegional Ethical Review Boakdl. participants received oral and written

information concerning the trial before written consent was obtained.

6.2 Critical assessment ofudcomes

A variety of outcomes have been used for assessment of acute Achillestempture. The
following guidelines for choosing appropriate outcomes have been suggéstddhe measure
must be quantifiable, 2) the measure should be reldtheasy to define and use, 3) the measure

should lend itself to standardization and validatiamd4) the measure should be clinical redex.

6.2.1 Studyl: Treatment of acute Achilles tendon rupture in Scandinavia

6.2.1.10utcome parametesin study |

The followingour outcomeswere assessed in the study

1) The use of surgical treatment

Departments were askedhich of the following stateents was mostorrect:
a) In principle all ptients are recommended surgery

b) Healthy and active people under theeagf 60 are recommended surgery
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c) Active sportsmen and people with excessive demands to their Actehe®ns are
recommended surgery
d) Only patients with delayed diagnosis, patients treated with corticsigroid, patients with

sharp lesions and a few otheases are recommended surgery

2) The use otontrolled early motion

Departments were asked if their treatment protocol allowed movement of thidejoint from

week three of treatment.

3) The use of controlled early weighearing

Departments were asked when partial and full weigletaring was allowed.

4) The ével of experience dghe performingsurgeons

Departments were asked if the operationgre performed by specialist in orthopedic surgery or

by anysurgeon

6.2.12 Critical assessment of the outcomparametersin study |

The chosen outcomes wenevestigated using ayypose made questionnairé he questionnaire
was developed in Danish anghbslated to Swedish, Norwegian and Finish. The Swedish and
Norwegian translations were approvéy the first author who is able to read and understand
both languages. The questionnaire was not validated concerning construct, content or criterion
validity'®3. Nor was the reliability and agreement of thaestionnaire testeff. As such, we do not

know if the questionnaire measudevhat it intended to measure.

6.2.2 Studyll: The influence of early weigHbearing on clinical outcome

Mostw / gpfesented in chapte® have used the r@upture rate as their primargutcome
parameter. It is debatable if the mpture rate is a good primary outcome, as it does not contain
information concerning the functional outcome and the pati@mwn perception of the

outcome? 3387121 |n 2002 Pajala et al. investigated the outcome aftere2Biptures and nine

deep infectionsand concludedhat the outcome after a simple reupture without infectionis

safisfactory,whereas the outcomefter a deep infection ofteiis devastating”.
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6.2.2.10utcome parameters study Il

We decided to follow the recommendation Bjlbernageet al'**and use a combinain of
patient reported outcome and functional outcom@ur primary outcome parameter wake
Achilles tendon Total Rupture Score (AT&®8ne year follow upSecondarputcomeswere

1) the Heelrise work test 2) re-rupture rate, 3) length of sickeave 4) time to return to sports,

and>5) quality of life during treatment.

6.2.22 Critical assessment of tlmeitcome parameters study I

Whether to usedoctor reported or patient reported outcomes is an ongoing discusdfmn
rupture and infection ate are doctor reportedoutcomes; they arequantifiable, easy to use and
easily standardized. The ATRSpsigent reportedoutcome; it is quantifiablegasily standardized
and relatively easy to us&he question is which of the outcome measures is tlsinalinical

relevant.

We have chosentouse tiTR$ & 2 dzNJ LINA Y NBE 2dzi02YS | a ¢S
his/her injury to be the most important criteria of success of a given treatment. CriteROM
assessmenargue that results arfluenced by the sociocultural context, the shape and
application ofthe questionnaire by theLJI G A fanyiliardydh answering the questionnaitand by
the LJ- G A Blgtidnah@ with the cliniciatesearchef’%.

The ATRS it is developed and validdtaduse after acute Achilles tendon ruptuaad found to
havegood validity, reliability, internal consistency and responsiveitéd¥. Still, the construction
of the questimnaire can be questionedhequestionnaire investigatet0 itemswith a possible
score between zerand 1Q it isthus possible to achieve a total sum score of maxini0G®, It is
common practice irsociology angbsyclology to add together ordered items to suscores and
then use these surscores for subsequemtnalyseslt is however questionable if the added item
scores represent the samalue, and as such if the susgore is a valid measureméhtAnother
problemconcerning the ATRS is the lack of chraalysis guidelines-inally, the Danish validation
of the ATRS showeh&EM of 7 and an MDC of 19; meaning that differences below 7 points

cannot be measured with the ATRS.

Sick leave antime-to-return-to-sportwas registered retrospectively atxand 12 months follow

up; thoughthere is a risk of recall bias.
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Quality of life during treatment was measured using a purpose made 5 item questionnaire. The
questionnaire was not validated concerning construct, cohtarcriterion validity®. Nor was the
reliability and agreement of the questionnaire tesfédt would have added a dimension of

validity to the study if a validated quality of life questionnaire had been used.

6.2.3 Studylll: The influence of early weigHbearing on biomechanical outcome
No primary outcomeavas determined a priori as the study was based on data from study Il. We
did, however, suggest a primary outcome pbstc, based on the availability of data from previous

studieg®’®.

6.2.3.10utcome parameters study Il
We suggested peak passive torcageprimary outcome parameter at one year follow up.
Secondary endpoints werg) giffnessin early, middle and late dorsiflexion, &ergy stored 3)

torque relaxationand 3) the maximalteength.

6.2.3.2 Critical assessment of thetcome parameters sudy |l

The used outcome parameters have all been described and used in a range of experimental and
clinical studie¥*®"%8!, The question is, however, to whdegree we are measuring the
biomechanical property of the Achilles tendon and to what degree the surrounding tissue (the
plantarflexor muscles, the ankle joint artde loose connective tissQiinfluences the

measurements.

6.2.4 Study IV A Novel Ultrasund Measurement of Achilles tendon Length and Elongation

6.2.4.10utcome parameters sin study 1V

Intra- and interrater reliabilityand agreement was tested using the ICC, SEM and MDC.
Furthermorea graphical evaluation using thdaBd-Altman method was sed.Validity of the novel
ultrasound was tested against MRl measurements and the measurement error was calculated.

Comparison of the two limbsas done using ICC, SEM and MDC.
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6.2.4.2 Critical assessment of thetcome parameters study IV

It is an onging discussion whether to use reliability parameters like ICC or to use the-Bland
Altman method*®%'33 Wechoseto present both, which some miglkbnsiderunnecessary

additional materal.

Proportions of agreement could have given additional information. It would have been interesting
to know the proportion of measurements lying within esgnm from each other and would be
interesting to know the proportion of persons having a disemregy between the length dhe left

and rightAchilles tendonsibovee.g.10mm.

Validity was assessed by comparing themidasurements with the MRheasurements. The

actual length of the tendon is not knowand as such the calculated measurement error roigg

misleading.

6.3 Statistics

The Statistical methods used in this thesis are outlingdlite 6

6.3.1 Paper I- statistical considerations
Twog | & Gl o6fSa éAlGK CAh afé Snbididas RIS had éxpett&idaiuesth8ionsS  dza
5.

6.3.2 Payer II- statistical considerations
The ATRS was considered a continuous score. One could argue thaiitegaical ordinal
score but it does not affect thestatistical tesing asthe results were not normally distributeaind

the Wilcoxon signed rantest was used

6.3.3 Paper lII- statistical considerations
The paired itest was used for evaluation within groups of data. It was also used for comparison
between the right and left leg (fubjects as data from the two sides of a persaere considerel

to be connected.
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6.3.4 Paper IV- statistical considerations

The statistical considerations concerning the use of the BRlidan method and ICC, SEM and
MDC are described in chapter 4.7.

Statistical Methods Paper | Paper Il  Paper lll  Paper IV

Typeof data
Categorical, ordinal and dichotomous
Continuous, normally distributed
Continuous, not normally distributed

X X X X
X
X
Sample size calculation
Made a priori X X
Made post hoc X
X
X

Comparison within groups

Wilcoxon signed rank test
(Continuous, not normally distributed data)

Paired ttest
(Continuous, normally distributed data)

Comparison between groups
CAaO0OKSNRa SEI OG 0S
(Dichotomous data)

Un-paired ttest
(Continuous, normally distributed data)

Paired ttest
(Continuous, normally distributed data)

The ManAWhitney U test
(Continuous, not normally distributed data)

Change over time
Two way ANOVA

(Continuous, not normally distributed data)

Validity, agreement and relialiity
The BlandAltman method
ICC, SEM and MDC

Table 6 Showing the statistical methods used in the four trike significance level for all significancg
tests was set to 0.05, two tailed.
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7 Methodological considerations

There are only handful of ways to do a study properly tauthousand ways to do it wrong

Sackett

In the attempt to produce research tfe highest qualityit is of outmost importance to choose
the correct study desigand setupin order toavoid bias and fulfill the ai of the study*°. The
following chapter is an attempt to 1) assess the methodological problems encountered in this
thesis, 2) discuss the possible induced bias, and 3) explain how bias has been or should be

controlled.

7.1 Bias

Biasrefers to the pesence of systeatic error inthe design, conduct, analysis or publicatioraof
study®>3*"%. More than 70 different types of bias have been described and several classification
systems propsed the most cormon distinguising betweeninformation, selection and
confoundingbias®®. Information bias refers to errors of assessment and measurement of the
studied population(figure 19). Selection bias refers to factors influencing who is included in the
study population. Confounding bias refers to factors that determine who is expogéeé &iudied
intervention and influences the generalizability of the study reStffs The terminology and

division of bias into categoriesriesby discipline and among authors

source population
selection bia

study population
informatio

Figurel9: Schenatic illustration of the relationship betweaénformation, selection and confounding bia
and the study, source armhckgroundpopulation. Modified from Gerhard et al.
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7.1.1 The randomizedantrolled trial

TheRCThas been develged to produce groups who are identical in all maters except for the

intervention under investigation. Ideally it would lead to unbiased conclusions.

Component Type of bias Description How to control

Randomization Selection bias Systematic differences leveen baseline Stringent randomization
characteristics of the groups that are procedures
compared Computer generatedand
concealedrandomization

Blinding Detection bias Systematic differences between groups in Blinding of invesigators
how outcomes are determined

Performance bias Systematic differences between groups in the Blinding of patients, health
care that is provided, or in exposure to personal
factors other than the interventions of
interest

Incomplete Attrition bias Systematic diferences between groups in Study design should consider
outcome data withdrawals from a study how to avoid dropout
Use of Intention to treat analysis
or Available case analysis

Selective outcome  Reporting bias Systematic differences between reported anc All outcomes are reported
reporting unreported findings

Baseline imbalance May indicate An imbalance in baseline characteristics may Stringent randomization
selection bias indicate flaws in randomization procedures
May raise An imbalance in prognostic factors leads to  Population size above 400
guestions related the question of whether the effect Stratification for a few inportant
to effect estimate estimate is because of the trement effect prognostic factors in small
or because of the difference in prognostic trials
factors Regression analysis to adjust for
observed imbalances

Early stopping Early stopping Trials are stopped at a point when the Well defined pimary endpoint
bias treatment effect is high at random when and when to investigate it
an insufficient number of outcome
measures have been achieved

Academic Academic bias A bias towards finding the same result if the  Publication of the trial protocol
Detection clinical trial is repeated in a new group of Honesty concerning previous
patients publications andconvictions

Source of funding  Detection bias See descriptions above. The results tend to  Declaration of source of funding
Performance bias ~ becomefavorableli 2 G KS aLkRy
Reporting bias
Early stopping
bias

Table7: Showing thenain componets to minimize risk of biaaw / @pfd@osedoy the Cochrane group
Modified from Gerhard et al. 2008.




In reality bias is always present in research studies, the question is how much bias exists and to
what extend it influences the drawn conclusfdriThe Cochrane group has published guidelines

for designof w / ¢irCbéder to minimize risk of bi&5 the main components are shown in table 7.

7.2 Study I: Treatment of acute Achilles tendon rupture in Scandinavia

The aim of study | wase investigatethe used treatment protocols in Scandinagiea given time
Forthat an observatioal, prospectivecrosssectional study desigwaschosen, and dta were
collecied througha questionnaire based survephis design introduces range of information

bias.

The risk ofrecall bias that the person who filled out the questionnaire did netall or due to
positive or negative emotions did over or under estimate the answer. It is an inherent part of a
guestionnairebased crossectional study. In order to control for recall bias a prospective design

investigating the actual treatment over a/gn period of time could be chosen

Also the risk ofanguage biasvaspresent Translation and cultural differences mighave led to
different interpretation of the questions different parts of Scandinavido better control for
language bias a pr@p validation of the questionnaire could be made in each country.

Alternatively an English questionnaire could have been used. However, it might also be differently

interpreted across Scandinavia and a validation would be needed to investigate this matter.

Some of the questions were designed as ordinal scales and others as nominal scales.
Misclassification biamight have been introduced if the scales were not intuitively understood and
the questions overlapping. Again the solution to better cohfor mislassification bias wdd be

a proper validation of the questionnaire.

The survey was designed to investigate tised treatment protocolen orthopedic departments
across Scandinavia andlahot consider the size of the respective departmemts.such,he

design did not allow foguantitative considerationsoncerninghe number of patients receiving a
given treatment If one was interested in the number of patients receiving a given treatment a
retrospective or prospectiveegister studycould be chosenlhe prospective being the least

biased of the two in this matter.
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The aim of the study was to investigate the treatment in Scandinavia and as all departments in
Scandinavia were included in the source population it equals the background population.
Therebre no confounding bias was present. If one would like to generalize the results outside of

Scandinavia an analysis of possible confounding bias should be performed.

The high response rate of 93% minimizes the risk of selection bias. Still it is pdesilhest
remaining 7% did not respond due to a systematic difference in their treatment protocols, which

would lead to unrecognized selection bias.

7.3 Study lland It The influence of early weigHbearing on clinicand

biomechanicalbutcome

Theaim of study Iland lllwas to investigate the effect of an intervention. For that an

experimental, prospective, longitudinal design was chosdiiraed, randomized, controlled
clinicaltrial. The randomized study design is the best design to prevent biaska®wn factors
affecting the trialare expected to be equally distributed between groups. The randomized setup is
logistically demanding and time consumifigne following is a systematic review of the

components listed in table 7.

Inclusion and exclusioniteria were chosen according to existing literatubge, delayed
presentation, treatment with corticosteroid and severe medical illness were considerieel
probable confounding variabdéeand controlled forThus, the study can be generalized to a
population of 18 to 60 year old persons without severe medical illness and without prior use of

corticosteroids.

Randomization was dortgy the book and no selection bias was recognized. The procedure would
have had more credibility if the randomization sequehe&l been computer generated. No
baseline imbalance was found except for a small difference in height. A larger sample size would

most probably have eliminated this difference.

The investigators were blinded to the intervention, whereby we have contrétledetection bias.
Patients and healthcare personal could not be blinded due to the type of intervention and as such
performance bias might be preserithe intervention taken into consideratioit is not possibleéo

control for performance biaas blindng of patients and healthcare personnel is not possible.
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In paper Il data form 56 of 60 patients were analyzed, in papdatdl from46 of 60 patients were
analyzed In order to reduce attrition bigsvailablecaseanalysis was performed. praper Il ad
lllit is stated that intentiorto-treat-analysis was usedhis is incorrect aso imputation of data

was performed, only the available cases were analyzed.

All outcomesstated in the trial protocols are reported arsdught published. No reporting lsa
waspresent.The trial was stopped according to the trial protott@rebyminimizing the risk of
early stopping bias. The research group had no previous publication concerning the topic of

interest. The risk for Academic bias is therefore low.

The trid was funded by Hvidovre University Hospital, though a minor contribution was received
from a company fabricating orthoses. The company hadofein study design, data collection
and analysis, decision to publish, or preparation of the manusdfipthemore the study result
whether positive or negativelid not havesubstantiaimplication forthe firm. The risk of bias due

to the source of funding is therefore considered minimal.

It should also be considered if the lack of difference found betweenritegvention and control
groups could be due to lack of compliance. We intended to register the extent to which the
allocated regimensvere followedby implantationof pressure sensatin the orthoses. The sensor
were custom made taneasure the number adtepstaken.Unfortunately the pressure sensors
broke during treatment andve were not able to measure the difference in weidfgaring

between groups. Patients and health personnel were not informed about the malfunction of the

pressure sensors. A degreéshameffect is therefore expected.

The large variation of data in stuttymakesone consider if the setup was impreciskeseating of
subjects in the isokinetic dynamometer lead to unrecogaik&s orthe isokinetic dynamometer
functioned probably. However, the isokinetic dynamometer was used according to standard
instructions and other studies performed on the same machine in the same period of time did not
lead to excess spread of dat#/e therefore conclude that the spread of data is caused by an

actual diversity in study population.
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7.4 Study IV: A Novel Ultrasound Measurement of Achilles tendon Length and
Elongation

Theaim of studylVwas to develop and validatereovel UL measurement. For that an
observational, prospectivecrosssectional sudy design was used. We consider the study
population to be static andatato be collected at a prolonged point in tim@ne can discuss the
optimaltime interval between test and reest. The interval should be long enough for the
investigators to forgetheir previous measurement bt the same time sufficiently short for the
study subjecto remain staticWe decided for an interval between tests of three weeks, as we

expected the length of an uninjured Achilles tendon to remain constant over time.

When designing an observational study one would like the study population to reflect the
background population in order to be able to generalize the resiils. size of the study
populationin paper Vtaken into consideratiomkind of selection bias muste expectedAll the
investigated personwere health personalaged 26 to 63 years, without prior Achilles tendon
problemswho volunteered to participateTheyprobably differfrom the background population in
a range of unrecognized ways, but it is afdémportancen the chosen setup where the left and

the right sideswere compared.

The next source of possible bias was the study setup. Positioning of the study subjects and
execution of the measurements were done according to a written study protowbbgreed upon
by the investigators just before measurement. Stime kind of bias must be expected as the
measurement was personalized by the investigators and a learning curve effect is possible. Study
subjects rotated between investigators positionedthe same roonusing three different US
scanners Though no communication concerning the measurements was allowed between
investigators they might have influenced each ott@nally, the measurement required visible
marks to be made on the leg with a rkar. The marks were removed between tests, but in some
cases a vague mark persisted which might have influence the measurement of the following
investigators.

It is difficult to control for the bias connected to the study setup. Howetver risk of biasould
possibly have beereduced study subjects had beensitionedby the same person for all

investigators. The risk of learning curve could have been reduced by a thorough training in the
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measurement before the study period. Finally the same scanndddwmve been used by all three
investigators and scans could have been done in isolated reathdime enough between scans

to allow for proper removal of the marks.
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8 Summary of results

Experience is that marvelous thing that enables you
to recoqnize a mistake when you make it again.

Franklin Jones

8.1 Studyl: Treatment of acute Achilles tendon rupture in Scandinavia

The questionnaire was returned by 138 of 148 departments (response rate: BEB@rway 73%

of departments recommendperative teatmentto all patients. This is significantly different from

the remaining Scandinawviacountries(P < 0.001) where only@©18% recommensisurgery to

principally all patients. Some 92% of departments in Norway, 83% in Denmark and 65% in Sweden
recommendsurgical treatment for active people under the age of 60; this is only the case in 30%

of departments in Finland (P < 0.00Cpntrolled early motionvasused significantly less in

Denmark 22% (5/23), Norway 38% (17/45) and Sweden 28% (11/40) compaiekhia 8%

(15/26) (P=0.015)Iwo weeks after surgery 57¢®2% of departmentacross Scandinavalow

partial or full weightbearing and it increases to 829400% after 4 week§ here isa significant

difference between countries in educational levepeirforming surgeondn Sweden 73% of
departments answered that surgery was performed by a specialist in orthopedic surgery in the

vast majority of cases. This is significantly different (p = 0.001) from Denmark (22%), Norway (19%)
and Finland (41%)

8.2 Studyll: The influence of early weighbearing on clinical outcome

Thirty patients were randomized to each group; 29 and 27, respectively, were analyzed. There
were no statistically significant differences between theightbearingand the nonweight
bearinggroups at 12 months, except from a better heatthated quality of life in theveight
bearinggroup (p=0.009). Mean ATRS at 12 months waséight-bearingand 74 nonweight-
bearing(p=0.81). The Heelse-work-test showed a total work performed ofé injured limb
compared to the uninjured limb of 53%eight-bearingand 58% nosweight-bearing(p=0.37) at

12 months. There were three-ruptures in theweightbearinggroup andtwo re-rupturesin the
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non-weightbearing(p=1.0).The weightbearing groupgeturned to work averagely six days earlier
and resumed sport 38 days earlier compared to the-aaight-bearing groupthis was not

statistically significant

8.3 Studylll: The influence of early weighbearing on biomechanical outcome

Thirty patients wee randomized to each group6and 2, respectively, were analyzed. There
were no significant differences between theightbearingand the nonweight-bearinggroups.
Compared to the unaffected limb, peak passive torque was significantly lower forfeeeaf

limb atsixmonths (91%, p=0.01put not at 12 months (98%, p=0.51). Stiffness was significantly
lower for the affected limb during the early part of dorsiflexiorsetmonths (67%, p<0.001), and
remained inferior at 12 months (77%, p<0.001).dpectively of groupa statistically significant
decrease in the ability to store energy was seen in the affected limbs atspaffd%, p<0.001)

and 12 months (82% p<0.001) follow up. Likewise, a statistically significant increase in torque
relaxation wa found in the affected limbs at bo#ix(114%, p<0.001) and 12 months (111%
p<0.001) follow up. Ae strength was significantly lower in the affected compared to the
unaffected limb at botlsix(82%, p<0.001) and 12 months (93%, p=0.009).

As a surrogatedi tendon elongation we looked at strength throughout range of motion. If tendon
elongation was present one would expect strength to decline in the end of plantar flexion. As seen

from figure20 no difference between groups were found.

100,00 . Affected limb
80,00 ; =

40,00 \ _

20,00 WB 12 months \

Strength (Nm)

—8—NWB 12 months

0,00

20° DF 10° DF Neutral 10° PF 20° PF
Position of ankle joint

Figure 20 Strength throughout range of motion in the affected leg of the
weight-bearng (WB) group and the nemeightbearing (NWB) group.
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8.4 StudylV: ANovel Ultrasound Measurement of Achilles tendon Length and
Elongation

Theintra-rater evaluationof the novelUSmeasurement showed excellent reliabilfCC 0.9%and
an acceptablagreement(SEM 3.7mm and MDC 10.3mmhhe nter-rater evaluationshowed a
systematic difference between US observers of 2.1grbmm (p=0.00D.036);reliability was
excellent ([CC 0.9vand agreement acceptab(8EM 3.3mm and MDC 9.3mrwalidity was
evaluated by comparison withlRI measurementdJL measurements wen average 3.8mm
longer than US (p=0.001he measurement errowas2%.No statistically significant difference in
lengthwas foundbetween the left and the right Achilles tendadowever, a rather large spread of

data was found; agreement SEM 4.1mm and MDC 1th5m
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9 Discussion

All who drink of this treatment recover in a short time, except those whom it does not help,
who all die. It is obvious, therefore, that it fails only in incurable cases.

Galen

The aim of this PhD thesis waseawaluatenon-operativetreatment of acute Achilles tendon
NHzLJG dzNB > F RRNBaaiAy3d (KS ippxstveitredmnyent pritéedl foacuted G K
l OKAfESa GSYR2Yy NHzLII dzZNBKQ

Through thefour papers of this thesis we have investigated 1) the status of treatment across
Scandinaviaandif departments adhere to the latest eviden@® the influence of immediate
weight-bearingon patient reported and functional outcome, 3) the influence of immediate
weightbearingon biomechanical properties of the plantar flexor mustedadoncomplex, and 4)
the validity and reliability of a novel ultrasound measuremehAchilles tendon Length and

Elongation
9.1 Treatment of acute Achilles tendon rupture in Scandinavia

9.1.1 Operative vs. noroperative treatment

There is increasing evidensapporting noroperative treatment as a safe and recommendable
treatment for acute Achilles tendon ruptufehapter 3.15*®"1324! The metaanalyses reveal
convincing evidence thaton-operative treatment yields a-3 times increased risk of seipture
and a 45 times decreased risk of other complicatié#§°"*"13, |ooking at functional results no
clinical relevant differences are found in the metaalyse®*%>"1"139 The few studies that have

assessed the patient perception through a PROM have not found any differencesither

However,no evidence oflifference is notquivalent withevidence of no differencell studies
performed so far have been superiority studies, and as such they arebteotaclaim non
inferiority of a given treatment.Furthermore, me could argue that thé&rials lackability to show

the actualdifferences between operative and nooperative treatmentdue to imprecise outcome
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parametersAlso it could be argued that thectual differences between treatment protocols are
hidden in the heterogenic study populations. It is likely that a subgroup of the study populations
would benefit from operative treatment and another subgroup from raperative treatment.
Dynamic ultrasond and Amlangs ultrasound classification have been suggested for use as
selection tools to divide patients in subgroupsit no assessment of the measurements ability to

predict final outcome habeen madé®”.

Considering the present literaturéé¢ decision to treat operatively or nemperativelyrelies on an
assessment ahe severity ofcomplications, in particulare-rupture and deep infectionThe only
published assessment of severityaafmplications was performed Bajala et af* They oncluded
that the outcome after a simple reupture without infectionwas saisfactory,whereas the

outcomeafter a deep infection ofte wasdevastating

The severity of complications taken into consideration; humble conclusion ihat the
literature favorsnon-operativetreatment as the standard treatment for acute Achilles tendon

rupture.

9.1.2 Departments in Scandinavitreat operatively

In Norway3 out of 4 departmentstreat all patients operativelyin Denmark and Norway 9 out of
10 departmens, in Sweden 7 out of 10 and in Finland 3 out of 10 departments use operative
treatment as their standard protocol farctive people undethe age of 60According to the
literature, thisputs patients in increased risk of complications without cleactional

S48,49,57,117,139

benefit and as such does natdhere to the latest evidence

9.1.3 Controlled early motiorvs. immobilization

Controlled early motion has been investigated in a number of experimentaltiidlsand a few
w/ £*€¥®° (chapter 3.2.1)Furthermore controlled early motion has been used as standard
treatment protocol in a number ofr / ¢te@téing operative vs. nooperative treatment>’88"92
117132141 The trialshave not found clear positive or negative effects of controlled early motion,
but tend to favor the mobilizing regimeAlso, he arguments used in chapterB1 concerning
precision of the used outcome parameters and heterogeneity of the study population are valid

here.
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9.1.4 Departments in Scandinavia use of controlled early motion to some extend
Controlled early motioris used irR0%c¢ 60% of departments in Scandinavia; the least in Denmark
and the most in Finlan®ne could argue thathe spread use of controlled early motion is in

accordance with the emerging evidenatich might favor controlled early motion.

9.1.5 Controlled ealy weight-bearingvs. immobilization

Controlled earlyweightbearinghas been investigated in oriRCTooking at operatively treated
patients”** and been part of the standarieatment protocol in a number obther trials*”*%*
(chapter 3.2.2)TheRCTound a positive impact on health related quality of life during treatment.
No other effects wre found.Also, he arguments used in chapterB1 concerning precision of

the used outcome parameters and heterogeneity of the study population are valid here.

9.1.6 Departments in Scandinavia use controlled early weidigaring

Partial or full weightbearing after surgical and nesurgical treatment is allowed in the majority of
departments across Scandinavia within the firgt2weeks Considering the little evidence on the
subject no conclusion can be drawn in regard to whether departmadiere tothe latest

evidence

9.2 Controlledearly weightbearing

The role of weighbearing is of fundamental importance as it influences not only the quality of
treatment but also the patier® @bility to take care ohim/herself. This ability is an essentipért

of most health related quality of life scor@d***?’ and as suchwhen using a PROIit s
expectable to find an improved quality of life during treatment in the weigdaring group asit

was done by Suchak et’&f

The evidence concerning controlled early weidpgaring as discussed in chapt@rl.5-6, doesnot
allow for proper conclusiongspecially conerning ron-operative treatmentwherenow / ¢h&va
been performedAnyway, controlled early weighiearing is used as the standard treatment in the
majority of hospitalsacrossScandinavigprobably due to the obvious advantages concerimg
patA Sy { Q o takedcaré of inhesélfand the patients improved quality of lif@he wide

spread use of controlled early rehabilitation can to some extend be considered a rough test of
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safety, as major complications most probably would have been recognized. Howearpst
probable complication associated witlontrolled earlyweight-bearing, namely tendon elongation,

cannot be expected to beecognizedutsidea controlled clinical setup.

In this thesis we investigatetie influence of immediate weigHtearing onpatient reported and
functional outcomen study Il and omiomechanical properties of the plantar flexor muscle
tendon complexn study IlINo differences were found between the weigh¢aring and the non
weightbearing groups excegor the expected dierence inquality of life.

Again it is important to emphasize that no evidence of difference i®goivalent withevidence
of no difference. The trials wemot designed as a neimferiority trialsand as suclthey cannot
claim immediate and nonweight-bearing to be equally effective in the treatmentadute
Achilles tendon ruptureAlso thearguments used in chapter®B1 concerning precision of the

used outcome parameters and heterogeneity of the study population are valid here.

9.3 Lengthmeasuranent

Elongation of the Achilles tendon after acute rupture is well known and assoaiatiedferior
clinical outcomé®’®8115 Therefore, it is desirable to identify the group of patients in high risk of
elongation in the acute or early phase afsaute Achilles tendon ruptur@ order to individualize
and thus optimize their treatmenf clinically applicable, accurate and easy to perform method

for evaluating Achilles tendon length and elongation is neddedhis purpose

A range of length measures have been described in chapt&f®4%449>99102105118144 1y 1t they do
not fulfill the above mentioned criterial heaim of this study was to develop and validate a
method which can determine Achilles tendon length and elongation accurately in@tietting

using standard US equipment.

The first question that arisesvghetherit makes sense tmvestigatethe length of a ruptured
tendon.Doesa ruptured tendon hege a length oris it merely two flowing tendon ends. With the
novel UL measuremente chosetwo anatomical landmarks at the periphery of the tendon. One
could say that instead of investigating the tendon itself, we investajdtehangesvere made to
the working length of the suralis muscle in relation to the calcaneal béMinen the tendon

ruptures, the position of the proximal end of the Achilles tendon varies with knee flexion and
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contraction of the Triceps surae muscle and the position of the distal end of the Achilles tendon
varies with the position of the ankle jofit*°%. It is therefore paramount for a measurement of

the ruptured Achilles tendon to use aasidardized position of the ankle and knee joint.

The validity of the measurement compared to MRI was accepi@ter 2%).The length
assessment methods are different in US and MRI and as such a difference must be eXpRtted.
has not been validated fdhis specific length measuythusit could be argued that our validity
test is invalid. However, MRI was considered to be the besilable norinvasive modalityd use

as gold standard concerning Achilles tendon length.

The reliability ancagreementof the novel US measurememtascomparable with themore
advanced and logistically more demanding methods described in chapt&t'4°4For
comparison between groups of nanjured subjectsdifferences of more than 4mm can be
detected. For repeated assessment of individual subjefitierences of more than I@m can be

F125

detected.If the findings by Silbernagel et'af'?° of anaverage elongation after ATR of 3%cm

holds to be truethe precision of the novel US measurementully acceptable

Finally, the large variation in length between the right and thedelié inhealthy people
introduces an error in all measurements using the healthy leg as reference. We do not see an
alternative reference value, but it is important for clinicians and researchers to be aware of this

additional error.
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10 Conclusion

Lifeis the art of drawing sufficient conclusions from insufficient premises.

Samuel Butler

Non-operative treatmentusing controlled early weigHiearing afteracute Achilles tendon rupture
is safe. Imaybe the standard of care in national and internatiotr&latment guidelines

concerning acute Achilles tendon rupture.

10.1 Treatment does not adhere to evidence based guidelines.

Operative treatment and controlled early weighearing is the preferred treatment protocol for
acute Achilles tendon rupture in &wdinavia.This is in contrast with the latest evideneehich

may favomon-operative treatment as the standard treatment for acute Achilles tendon rupture.

10.2 Controlled early weightbearing is safe

It seems reasonable to recommend immediate weightrbegin a noroperative, dynamic

treatment protocol as a safe treatment modality facute Achilles tendon rupturdmmediate
weightbearing improves health related quality of life during treatment and does not seem to have
detrimental effecton patient rgported and functional outcome and on biomechanical properties

of the plantar flexor musckendon complex.

10.3 The novel UL measurement is valid and reliable

The novel US measurement showed good validity, reliability and agreement. For comparison
betweengroups of noAnjured subjects differences of more than 4mm can be detected. For
repeated assessment of individual subjects differences of more than 10mm can be detected. A
measurement error of 2% was founido systematic difference in length of the rigind left

Achilles tendon was found, but a rather large variation. Due to this an error of 5mm is introduced
whenlooking at groups of patientssing the uninjured side as reference aaerror of 13mnfor

repeated asessment of individual subjects.
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11 Perspective and future research

WeKS Y2NB @2dz 1y263 UKS Y2NB

Socrates

The best treatment of acute Achilles tendon rupture has been discussed for a cefhisyhesis

is a small step on the road of evidence.

An unaccepthble diversity of treatment protocols is seen in Scandinavia. Future research should

aimat developnga uniform treatment algorithm.

w/ ¢h&vaé focused on operative vs. noperative treatment. There is a neddr better
investigationof the influence of ehabilitation. Future trials should investigate the area of

controlled early motion and the combination of controlled early motion and welg#ring.

An unacceptable fraction of patients acquiring an acute Achilles tengigtiore do not return to

their premorbid level of functionWe do not know why and we are not able to predict who wil re
rupture and who will heal in elongation. If this subgrarquld be identifiedn the acute phase of
rupture or early phase of treatmene.g. by US measurementge might be able to individualize

and improvetheir treatment. Future research should focus on identifying measures to identify this

subgroup.

The novelUS measuremerghould be tested in a population with Achilles tendon rupture and it
should be correlated téinal outcome. The same should be done for other US measurements like

Amlangs US classification sysfem

Allw / ¢pablishedto date haveconsidered patients the sanmend used rerupture as the primary
outcome. Future researctould stratify people according to their risk profiles and use validated

outcome measures.
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13 Annex

Annex A

Livskvalitet

Falgende spargsmal omhandler i hvor stor udstraekning patienten har fglt sig begraenset
pa grund af behandlingen som et gennemsnit over de sidste 8 uger.

1. Var du begreaenset i dine hverdagsaktiviteter (eks.: indkgb, madlavning, toilet besag)
som fglge af stgvlebehandlingen?

Meget Slet ikke
begreenset begreenset

2. Var du begraenset i dit arbejde (i forhold til dine funktioner fgr du kom til skade) som
folge af stevlebehandlingen?

Meget Slet ikke
begreenset begreenset

3. Var du begraenset i dit sociale liv (eks.: Biograf tur, samvaer med venner, parforhold)
som fglge af stgvlebehandlingen?

Meget Slet ikke
begreenset begreenset

0 1 2 3 4 5 6 7 8 9 10

4. Var dit humgr pavirket som falge af staviebehandlingen?

Meget Slet ikke
pavirket pavirket
0 1 2 3 4 5 6 7 8 9 10

5. Hvad var dit gennemsnitlige smerteniveau?

Meget Slet ikke
pavirket pavirket
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Annex B

Spargeskema omhandlende behandling
af akut achillesseneruptur i Danmark

Vi vil bede dig bruge 5 minutter pa at udfylde vedlagte korte spargeskema.

Vi gnsker at klarlseegge, hvad der er den foretrukne behandling af akut achillesseneruptur
pa landets ortopaedkirurgiske afdelinger.

Eventuelle spgrgsmal kan rettes til Kristoffer Barfod:
TIf. 61 300 288.
E-mail: kbarfod@dadlnet.dk

Spgrgeskemaet bedes returneret inden 2 uger til:
Kristoffer Barfod

Ortopaedkirurgisk ambulatorium, afsn. 333
Hvidovre Hospital

Kettegard Alle 30

2650 Hvidovre

Med venlig hilsen

Leege, PHD-studerende Kristoffer Barfod,
Ortopaedkirurgisk afdeling, Hvidovre Hospital

Leege, PHD-studerende Anders Boesen
Institut for idreetsmedicin, Bispebjerg Hospital
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Generelt

Hospital / enhed

Behandles akut achillesseneruptur pé din afdeling? [ ] [ ]

Hvordan fastlaeegges diagnosen akut achillesseneruptur?

[]

[ ]
[]

Diagnosen stilles klinisk, kun i sjeeldne tilfeelde anvendes billeddiagnostik
Billeddiagnostik anvendes i de fleste tilfeelde for at sikre diagnosen

Andet:

Hvordan besluttes valg af behandling?

[ ]

HinEEE

Det er en individuel vurdering foretaget af behandlende laege i samarbejde med
patienten.

Der er klare kriterier for hvem der skal behandles operativt og hvem der skal
behandles konservativt, men der er fortsat rum til individuel vurdering.

Der er klare kriterier for hvem der skal behandles operativt og hvem der skal
behandles konservativt, der lades meget ringe rum til individuel vurdering.

Andet:

Har afdelingen en nedskreven instruks vedrgrende behandling af ASR:

HiNmEN

Afdelingen har en gyldig nedskreven instruks der fglges i langt de fleste tilfaelde.

Afdelingen har en instruks, men den fglges kun delvist, og der er rum for
individuelle vurderinger blandt afdelingens lseger.

Afdelingen har ikke en gyldig nedskreven instruks.
Andet:

Hvordan inddrages patienten i behandlingsvalget:

NN

Vi leegger veegt pa at patienten selv skal traeffe beslutning omkring behandlingsvalg

Afdelingen har en klar anbefaling omkring behandlingsvalg, men patientens gnske
har afggrende betydning.

Afdelingen er af den overbevisning at behandlingsvalget skal forestages af lsegen
og ikke overlades til patienten, forudsat at patiens rettigheder overholdes.

Andet:
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Operativ behandling

Hvem anbefales operativ behandling?

OO U

Vi anbefaler operativ behandling til stort set alle

Vi anbefaler operativt behandling til raske mennesker med hgijt aktivitetsniveau og
en alder under 60 ar

Vi anbefaler stort set kun operativ behandling til aktive idreetsfolk og andre med
seerdeles hgije krav til achillessenens funktion

Vi anbefaler kun operativ behandling ved oversete rupturer, hvis patienten er
behandlet med binyrebarkhormon eller ved skarp leesion, samt evt. i ganske fa
andre tilfeelde

Andet:

Hvilke af fglgende forhold vurderer du mest korrekt?

[ ]

[ ]
L]
[ ]

Vi behandler mere end 90% af alle akutte achillessenerupturer operativt
Vi behandler 50% - 90% af alle akutte achillessenerupturer operativt

Vi behandler 10% - 50% af alle akutte achillessenerupturer operativt

Vi behandler mindre end 10% af alle akutte achillessenerupturer operativt

Hvilken operationsteknik anvendes som farste valg?

]

HipNinan

Aben operation med end-to-end sutur ad modum Krackow, modificeret Kessler
eller Bunnel.

Forsteerket end-to-end sutur hvor plantarissenen anvendes til at forsteerke den
reparerede sene.

Minimalt invasiv end-to-end sutur

Der er ikke en fast anbefaling, det er op til den enkelte kirurg at veelge
operationsteknik

Anden teknik:
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Hvem udfgrer operationerne?

[ ]

NN

Operationerne udfgres i langt de fleste tilfeelde af speciallaeger tilknyttet fod-ankel
sektor eller traumatologisk sektor

Operationerne udfgres i langt de fleste tilfeelde af speciallaeger

Operationerne udfgres af specialleeger, kursister eller introlseger
Andet:

Hvilken postoperativ bandagering anvendes?

]

NN

Gips eller walker bandage i 6-8 uger med gradvis opretning af fodledet. Der er ikke
mulighed for at bevaege over ankelledet.

Gips eller walker bandage i 6-8 uger med gradvis opretning af fodledet. Efter ca. 2

uger dynamiseres over ankelledet ved at patienten flere gange dagligt tager foden
ud af stavlen og beveeger ankelledet igennem.

Gips bandage de farste uger efterfulgt af behandling i orthose med bevaegelighed
over ankelledet.

Der er ikke en fast anbefaling, det er op til den enkelte kirurg at veelge
Postoperativt regime.

Andet:

Hvornar ma der belastes pa benet (szet gerne et kryds i hver kolonne)?

Delvis

HiRNNINE

Fuld

Med det samme nar bandagen er anlagt
Efter 2 uger

Efter 4 uger

Efter 6 uger

HiNINEE

Efter 8 uger
Andet:

Hvor ofte kontroleres patienten af en laege?

HiNINN

Patienten kontroleres af leege 1 gang (F.eks. ved suturfjernelse)

Patienten kontroleres af laege 2 gange (F.eks.ved suturfjernelse og afbandagering)
Patienten kontroleres af laege 3 eller flere gange

Andet:
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Konservativ behandling

Hvilken bandagering anvendes?

]

NN

Gips eller walker bandage i 6-8 uger med gradvis opretning af fodledet. Der er ikke
mulighed for at beveege over ankelledet.

Gips eller walker bandage i 6-8 uger med gradvis opretning af fodledet. Efter ca. 2

uger dynamiseres over ankelledet ved at patienten flere gange dagligt tager foden
ud af stavlen og beveeger ankelledet igennem.

Gips bandage de farste uger efterfulgt af behandling i skinne med beveegelighed
over ankelledet.

Der er ikke en fast anbefaling, det er op til den enkelte lsege at veelge
konservativt regime.

Andet:

Hvornar ma der belastes pa benet (szet gerne et kryds i hver kolonne)?

Delvis

HiRNNINE

Fuld

Med det samme nar bandagen er anlagt
Efter 2 uger

Efter 4 uger

Efter 6 uger

HiNINEE

Efter 8 uger
Andet:

Hvor ofte kontroleres patienten af en lsege?

NN

Patienten kontroleres af lzege 1 gang (F.eks. ved afbandagering)

Patienten kontroleres af laege 2 gange (F.eks.ved kilefjernelse og afbandagering)
Patienten kontroleres af laege 3 eller flere gange

Andet:
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Kasuistikker

Hvordan behandles fglgende patienter med akut achillesseneruptur pa din afdeling?

Patient nr 1: 32 arig mand, ASA 1, tidligere professionel bordtennisspiller, idraetsleerer og
treener for landsholdet i bordtennis, ingen sukkersyge, ikke ryger, ingen tidligere sygdom i
achillessenen.

[ ] Konservativ behandling [ ] Operativ behandling

Patient nr 2: 52 arig mand, ASA 1, veltraenet, ingen sukkersyge, politimand, Ikke ryger,
har gennem det sidste ¥ ar haft irritation og smerter fra achillessenen og inden for den
sidste maned faet 2 injektioner steroid omkring senen.

[ ] Konservativ bahandling [ ] Operativ behandling

Patient nr 3: 65 arig mand, ASA 2, udseende yngre end alder, ingen sukkersyge,
aktiv med cykling, tidligere ryger, ingen tidligere sygdom i achillessenen.

[ ] Konservativ behandling [ ] Operativ behandling
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ABSTRACT

The best treatment of acute Achilles tendon rupture has been discussed for decades. During the past half
decade, evidence has increased in favor of nonoperative treatment and dynamic and weightbearing rehabil-
itation. We hypothesized that the treatment strategies would show great variation and that adherence to
evidence-based recommendations would not be as good as desired. The purpose of the present study was to
investigate how acute Achilles tendon rupture is treated in Scandinavia. A questionnaire was distributed to all
orthopedic departments treating acute Achilles tendon ruptures in Denmark, Sweden, Norway, and Finland.
The questionnaire was returned by 138 of 148 departments (response rate 93%). Two-way tables with Fisher's
exact test were used for statistical analysis. [n Denmark, Norway, Sweden, and Finland, 19 of 23 (83%), 44 of 48
(92%), 26 of 40 (65%), and 8 of 27 (30%) departments recommended surgical treatment (p < .001). Dynamic
rehabilitation was used significantly less often in Denmark (5 of 23 [22%]), Norway (17 of 45 [38%]), and
Sweden (11 of 40 [28%]) than in Finland (15 of 26 [58%]; p = .015). A significant difference was found among
the countries in the educational level of the performing surgeons (p < .001). Surgical treatment was the
treatment of choice in Danish, Norwegian, and Swedish hospitals regardless of the increasing evidence
favoring nonoperative treatment. Although increasing evidence has favored dynamic rehabilitation, it has
gained limited use across Scandinavia. Weightbearing was used in most hospitals. Surgery was performed by
junior surgeons in most hospitals across Scandinavia, Treatment algorithms showed considerable variation
and often did not adhere to the clinical evidence.

© 2013 by the American College of Foot and Ankle Surgeons. All rights reserved.

Acute Achilles tendon rupture is a common injury, with an inci-
dence of 11 to 37/100,000 (1-3). The best treatment method has been
the subject of ongoing debate for decades. Acute Achilles tendon
rupture can be treated surgically or nonsurgically. Rehabilitation
can be dynamic or immobilizing and can be weightbearing or non-
weightbearing.

In the 1980s and 1990s, a number of randomized controlled trials,
comparing surgical and nonsurgical treatment, suggested better

Financial Disclosure: None reported.

Conflict of Interest: None reported.

Address correspondence to: Kristoffer W. Barfod, MD, Department of Orthopaedic
Surgery, Clinical Orthopaedic Research Hvidovre, Copenhagen University Hospital,
2650 Hvidovre, Denmark.

E-mail address: kbarfod@dadInet.dk (K.W. Barfod).

outcomes after surgery owing to the higher rate of rerupture in the
nonsurgical group (4-6). Other reports have been unable to show
significant benefits with surgical treatment (7-14). In 2012, 3 high-
quality meta-analyses (15-17) comparing surgical and nonsurgical
treatment of Achilles tendon ruptures all found a significantly higher
rerupture rate but a significantly lower overall complication rate in
the nonsurgically treated patients. However, in these studies, no
distinction was made between studies using a dynamic rehabilitation
protocol and those using immobilization. No significant differences
in functional outcomes were found between the 2 treatment
methods.

In 2007, Twaddle and Poon (10) drew attention to dynamic
rehabilitation, suggesting that controlled early motion was the most
important part of treatment of ruptured Achilles tendons.

1067-2516/5 - see front matter © 2013 by the American College of Foot and Ankle Surgeons. All rights reserved.
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Table 1
Response rate

Country Response Rate (%)
Denmark 100 (23/23)
Sweden 89 (40/45)
Norway 96 (48/50)
Finland 90 (27/30)

Sum 93 (138/148)

Subsequent to this observation, 3 randomized controlled trials
comparing dynamic treatment protocols in surgically and non-
surgically treated patients did not show statistically significant
differences in the rerupture rates {10-12). This observation was
confirmed by a recent meta-analysis. When considering the
subgroup of studies using dynamic rehabilitation, they did not find
any difference in the rerupture rate between surgical and nonsurgical
treatment (16,17).

Weightbearing during rehabilitation of Achilles tendon ruptures
has been shown to have a positive effect on the health-related
quality of life, and it might allow for a quicker return to work (18).
It has been shown in experimental rodent models that the increased
strain of weightbearing on the tendon is beneficial for healing {19).
In humans, Suchak et al {(18) found no detrimental effects from
weightbearing from the second postoperative week in surgically
treated patients.

Given the historical diversity of the published results and
recommendations, it could be anticipated that the treatment of
Achilles tendon ruptures would differ widely among departments
treating this injury. It is doubtful whether all departments
treating Achilles tendon ruptures adhere to the latest evidence,
We, therefore, performed a survey of Scandinavian centers to
investigate the use of surgical treatment, dynamic rehabilitation,
and weightbearing.

Patients and Methods

The present study was conducted as a questionnaire-based, cross-sectional study
investigating the use of surgical treatment, dynamic rehabilitation, and weightbearing.
All orthopedic departments treating acute Achilles tendon ruptures in Denmark,
Sweden, Norway, and Finland were identified. Only public hospitals were included,
because private hospitals, in our experience, have played a negligible role in the
treatment of acute Achilles tendon rupture in Scandinavia. The questionnaire was sent
to the physician respensible for Achilles tendon treatment when possible and, other-
wise, to the head of the department. If the physician did not respond, a reminder was
sent by electronic mail, regular mail, or telephone. Data were collected from October
2011 to October 2012.

The questionnaire was developed in Danish and translated by bilingual speakers
inte Swedish, Norwegian, and Finish. No formal validation of the translations was
performed. The questionnaire consisted of 17 questions. The questions were
multiple choice, with 4 to 6 possible answers, including the possibility of a free text
answer. The questionnaire was divided into 4 parts. Part 1 investigated Achilles
tendon rupture diagnostics, including how the choice of treatment was made and to

what degree the patient was involved in the decision-making process (4 questions).
Part 2 investigated which patients were recommended for surgical treatment,
which surgical technique was used, and what type of postoperative regimen was
offered (7 questions). Part 3 investigated what type of nonsurgical treatment was
offered (3 questions). Dynamic rehabilitation was defined as a rehabilitation
protocol allowing movement of the ankle after week 2. Part 4 consisted of 3 patient
cases in which the preference for surgical or nonsurgical treatment had to be
determined.

A paper version and an electronic version of the questionnaire were developed.
For those physicians with email, the electronic questionnaire was used; otherwise,
the paper version was used. In Sweden and Finland, all data were collected elec-
tronically. In Denmark, 7 hospitals answered electronically, and 16 used the paper
version. In Noerway, all data were collected using the paper version. The questionnaire
was returned by 138 of 148 departments (93%; Table 1).

The investigational team participated in the development and translation of the
questionnaire and the collection of data. The statistical analysis was performed by 2 of
us (K.W.B., A.T.). Statistical analysis was performed using the Statistical Package for
Social Sciences, version 12.0, for Windows (SPSS, Chicago, IL). Two-way tables with
Fisher's exact test were used.

Results
Use of Surgical Treatment

In Norway, 73% of the departments recommended surgery to all
patients. This percentage was significantly different from the
remaining Scandinavian countries (p < .001), in which only 9% to 18%
recommended surgery principally to all patients. About 92% of the
departments in Norway, 83% in Denmark, and 65% in Sweden
recommended surgical treatment for active people younger than
60 years old. This was the case in only 30% of departments in
Finland (p < .001). Considering the surgical treatment of active
sportsmen, we found the same trend: 100% of departments in
Norway, 91% in Denmark, and 85% in Sweden recommended surgery,
but only 74% of departments in Finland recommended surgery
(p = .001; Table 2). The same numbers were reflected in the patient
cases (see Table 7).

Use of Dynamic Rehabilitation

After surgery, dynamic rehabilitation was used in 35% of the
departments in Denmark compared with 50% in Sweden, 52% in
Norway, and 64% in Finland (p = .20). When treating nonsurgically,
dynamic rehabilitation was used in 22% of the departments in
Denmark, 28% in Sweden, and 38% in Norway compared with 58% in
Finland (p = .015; Table 3).

Use of Weightbearing

Partial or full weightbearing 1 day after surgery was allowed in
26% of the departments in Finland and 30% in Denmark compared
with 42% in Norway and 62% in Sweden (p = .018). At 2 weeks after
surgery, 57% to 92% of departments allowed partial or full

Table 2

Use of surgical treatment

Response Denmark Sweden Norway Finland p Value”

1. In principle, all patients are recommended surgery 9(2/23) 18 (7/40) 73 (35/48) 11(3/27) <.001

2. Healthy and active people <60 years are recommended surgery 83 (19/23) 65 (26/40) 92 (44/48) 30(8/27) <.001

3. Active sportsmen and those with excessive demands to their Achilles tendons 91 (21/23) 85 (34/40) 100 (48/48) 74 (20/27) .001
are recommended surgery

4. Only patients with a delayed diagnosis, treated with corticosteroids, sharp lesions, 9(2/23) 15 (6/40) 0(0/48) 26 (7/27) .001

and a few other cases are recommended surgery

Data presented as percentages, with numbers in parentheses.

The departments were asked which patients they would recommend te undergo surgery; responses 1, 2, and 3 are summative; that is, those who would recommend surgery for all
patients (response 1) also would recommend surgery for healthy and active people (response 2), and so forth.

+ Difference between countries.
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Table 3
Use of dynamic rehabilitation

Country Dynamic Rehabilitation
Used after Surgery Used with Nonoperative Treatment
Denmark 35 (8/23) 22 (5/23)
Sweden 50 (20/40) 28 (11/40)
Norway 52 (25/48) 38 (17/45)
Finland 64 (22/39) 58 (15/26)
p value 20 .015

"Difference between countries.

weightbearing across Scandinavia, with the percentage increasing to
82% to 100% after 4 weeks.

Full weightbearing 1 day after surgery was allowed in 0% of the
departments in Finland and 10% in Norway compared with 26% in
Denmark and 31% in Sweden (p = .001). At 2 weeks after surgery, 22%
of the departments in Finland allowed full weightbearing compared
with 44% in Norway, 48% in Denmark, and 64% in Sweden (p = .009;
Table 4).

The same trend was seen after nonoperative treatment.
However, the departments across Scandinavia were slightly more
restrictive in allowing weightbearing after nonoperative treatment
(Table 5).

Surgeons’” Experience Level

In Sweden, 73% of the departments responded that surgery
was performed by a specialist in orthopedic surgery in the vast
majority of cases. This was significantly different (p = .001) from the
proportion in Denmark (22%), Norway (19%), and Finland (41%;
Table 6).

Patient Cases

Case 1 concerned a 32-year-old, nonsmoking athlete with no
comorbidities. This patient would have been recommended surgical
treatment in 91% of the departments in Denmark, 85% in Sweden, and
100% in Norway. The difference from that in Finland (70%) was
statistically significant {(p < .001; Table 7).

Case 2 concerned a 52-year-old, nonsmoking, and physically fit
male. He had experienced tendinosis of the Achilles tendon during
the previous 6 months and had undergone 2 injections with
corticosteroids within the previous month. This patient would have
been recommended surgical treatment in 61% of the departments
in Denmark, 73% in Sweden, and 94% in Norway. The difference
from that in Finland (48%) was statistically significant {p < .001;
Table 7).

Case 3 concerned a 65-year-old male with minor comorbidities
(American Society of Anesthesiologists class 2), no diabetes, and no
former problems with his Achilles tendon. This patient would have
been recommended surgical treatment in 52% of the departments in
Denmark, 45% in Sweden, and 87% in Norway. Again, the difference
from that in Finland (26%) was statistically significant (p < .001;
Table 7).

Discussion

Strong evidence supports nonoperative treatment and dynamic
rehabilitation as a safe and recommendable treatment of choice
for acute Achilles tendon ruptures. Furthermore, weightbearing
seems safe and beneficial after surgery. The purpose of the present
study was to investigate whether the treatment of acute Achilles
tendon rupture in Scandinavia adheres to evidence-based
recommendations.

Use of Surgical Treatment

The results of the present study have shown a remarkable varia-
tion of treatment across Scandinavia. The choice of treatment varied
from hospital to hospital within cities or countries and between
countries. In Denmark, Sweden, and Norway, most departments
recommended surgical treatment, but in Finland, most departments
recommended nonoperative treatment.

In Norway, most departments recommended surgical treatment to
practically all patients. The decision was independent of patient age,
activity level, and etiology of the lesion. In Denmark and Sweden, the
main criteria for surgery was age younger than 60 years and an active
lifestyle. This differed from Finland, in which excessive demands to
the tendon and the etiology of the rupture were the main criteria for
surgery.

No evidence has been presented in published studies concerning
which patients should undergo surgery. The reports advocating
surgical treatment have claimed faster recovery, better strength, and
a lower rerupture rate {5,16). Advocates for nonoperative treatment
have claimed less disabling complications, the same functional
result, and the same low rerupture rate (15-17). Meta-analyses
considering all studies comparing surgical and nonsurgical treat-
ment have found a lower rerupture rate and, potentially, marginally
better functional outcomes in the surgical group. However, when
stratifying the data and considering only those studies using
a modern dynamic rehabilitation protocol, the rerupture rate and
functional results did not differ between the 2 treatments (16,17). In
summery, the complication rate associated with surgery is signifi-
cantly increased compared with that associated with nonoperative
treatment, and, when using a modern rehabilitation protocol, no
important differences in the repeat rupture rate or functional results

Table 4
Use of weightbearing after surgery stratified by interval until weightbearing allowed
Week Denmark Sweden Norway Finland p Value’

Partial or Full Full Partial or Full Full Partial or Full Full Partial or Full Full Partial or Full Full
0 30(7/23) 26 (6/23) 62 (24/39) 31 (12/39) 42 (20/48) 10 (5/48) 26 (7/27) 0(0/27) 018 001
2 57 (13/23) 48 (11/23) 92 (36/39) 64 (25/39) 77 (37/48) 44 (21/48) 74 (20/27) 22 (2/27) 012 009
4 82 (19/23) 61 (14/23) 97 (38/39) 82 (32/39) 85 (41/48) 56 (27/48) 100 (27/27) 56 (15/27) 024 042
6 100 (23/23) 91 (21/23) 100 (39/39) 95 (37/39) 94 (45/48) 73 (35/48) 100 (27/27) 96 (26/27) 28 007
8 100 (23/23) 100 (23/23) 100 (39/39) 100 (39/39) 94 (45/48) 98 (47/88) 100 (27/27) 100 (27/27) 28 1.00
Other 0(0/23) 0(0/23) 0(0/39) 0 (0/39) 6(3/48) 2(1/48) 0(0/27) 0(0/27) 28 1.00

Data presented as percentages, with numbers in parentheses.

The answers are summative: those allowing weightbearing 1 day postoperatively also allowed weightbearing after 2 weeks, and sc forth.

+ Difference between countries.
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Table 5
Use of weightbearing when treating noncoperatively stratified by interval until weightbearing allowed
Week Denmark Sweden Norway Finland p Value’

Partial or Full Full Partial or Full Full Partial or Full Full Partial or Full Full Partial or Full Full
0 23 (5/22) 18 (4/22) 58 (23/40) 28 (11/40) 33 (13/39) 13 (5/39) 15 (4/27) 0(0/27) 002 2010
2 46 (10/22) 46 (10/22) 73 (29/40) 50 (20/40) 49 (19/39) 31(12/39) 44 (12/27) 15 (4/27) 053 016
4 64 (14/22) 59 (13/22) 85 (34/40) 70 (28/40) 64 (25/39) 41 (16/39) 89 (24/27) 33 (9/27) 029 010
6 96 (21/22) 77 (17]22) 93 (37/40) 83 (33/40) 82 (32/39) 54 (21/39) 100 (27/27) 86 (23/27) 067 013
8 96 (21/22) 96 (21/22) 100 (40/40) 100 (40/40) 95 (37/39) 100 (39/39) 100 (27/27) 100 (27/27) 29 17
Other 4(1/22) 4(1/22) 0 (0/40) 0 (0/40) 5(2/39) 0(0/39) 0(0/27) 0(0/27) 25 17

Data presented as percentages, with numbers in parentheses,

The answers are summative: those allowing weightbearing 1 day postoperatively also allowed weightbearing after 2 weeks, and so forth.

+ Difference between countries.

have been shown. Therefore, it does not seem commendable to treat
patients surgically by default,

Use of Dynamic Rehabilitation

Dynamic rehabilitation was used in 20% to 60% of departments in
Scandinavia, with the least percentage in Denmark and the most in
Finland. The published data support dynamic rehabilitation for
healing flexor tendons (20,21); and animal studies have shown
a reduced strength of immobilized Achilles tendons 3 times less than
that of mobilized tendons (22). The use of dynamic rehabilitation has
been supported by the latest randomized clinical trials comparing
surgical and nonsurgical treatment (10-12) and the latest meta-
analyses (16,17). Given the present published data, it seems
dynamic rehabilitation protocols should be recommended after both
surgical and nonoperative treatment. However, no randomized
controlled trials have compared dynamic and immobilized rehabili-
tation protocols.

Use of Weightbearing

Partial or full weightbearing after surgical and nonoperative
treatment was allowed in most departments across Scandinavia
within the first 2 to 4 weeks. Sweden was the most aggressive
concerning full weightbearing, and Finland was more restrictive,
Across Scandinavia, the departments tended to be slightly more
restrictive using nonoperative treatment than using surgery. The
published data support full weightbearing from week 2 after surgery,
although only 1 randomized controlled trial has investigated the use
of weightbearing (18). No data are available from humans concerning
weightbearing after nonoperative treatment. Rodent models
have shown the beneficial effects of mechanical stimulation after
nonoperative treatment of dissected Achilles tendons (19).

From the published data, it does seem safe to recommend
early weightbearing after surgical treatment. However, additional
knowledge concerning optimal loading of the healing tendon
is necessary to determine the best protocol for weightbearing,

Table 6
Surgeons’ experience level

Country Surgery for Acute Achilles Tendon Rupture Mainly
Performed by Orthopedic Surgical Specialists

Denmark 22 (5/23)

Sweden 73 (29/40)

Norway 19 (9/48)

Finland 41 (11/27)

p value <.001

Data presented as percentages, with numbers in parentheses.

High-quality, randomized controlled trials investigating weightbear-
ing after nonoperative treatment are needed.

Surgeons’ Experience Level

The results of the present study have shown that surgery of
Achilles tendon ruptures is performed by a specialist in orthopedic
surgery in 73% of the departments in Sweden, although this was the
case in only 22% of departments in Denmark, 19% in Norway, and 41%
in Finland. We expected the experience level of the surgeon to be an
important factor of success, just as it has been in other fields of
surgery (23,24). As such, one could expect the quality of surgery to be
better in Sweden than in the rest of Scandinavia. However, it was
beyond the scope of the present cross-sectional survey to draw
conclusions concerning the surgeon skill level. National differences
in healthcare systems and educational system should also be
considered.

Study Limitations

The survey was designed to investigate the treatment of choice in
orthopedic departments across Scandinavia and did not consider the
size of these departments. Thus, the survey could not be used to
answer quantitative questions concerning the number of patients
receiving a given treatment. The degree of data completeness was
good, with a reply rate of 93%. However, a risk of bias existed, because
the remaining 7% might have included those with the least adherence
to the evidence-based recommendations. Also, our definition of
dynamic rehabilitation included the use of a hinged orthosis. This led
to a risk of overestimating the true number of departments using
a dynamic rehabilitation protocol because some might have used the
hinged orthosis as a static orthosis. Finally, the translation of the
questionnaire was not validated; therefore, a risk of data distortion
among the countries was possible,

In conclusion, we found a remarkable variation of treatment
across Scandinavia. In Finland, the treatment policies seemed closer
to the evidence-based recommendations compared with the rest of
Scandinavia. Surgical treatment was the treatment of choice in
most Danish, Norwegian, and Swedish hospitals, regardless of
increasing evidence favoring nonoperative treatment. Despite
increasing evidence favoring dynamic rehabilitation, it has gained
limited use across Scandinavia. Weightbearing was used in most
hospitals in Scandinavia. Surgery was performed by junior surgeons
in most hospitals across Scandinavia, warranting a focus on the
supervision of surgery. The treatment algorithms in Scandinavia
varied considerably and often did not adhere to evidence-based
recommendations.
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Table 7
Patient cases
Case Denmark Sweden Norway Finland p Value
1. 32-year-old, nonsmoking athlete with no comorbidities 91 (21/23) 85 (34/40) 100 (47/47) 70 (19/27) <.001
2. 52-year-old, nonsmoking, and physically fit male with tendenitis for 6 months, 61 (14/23) 73 (29/40) 94 (44/47) 48 (13/27) <.001

who had undergone 2 corticosteroid injections within previous month

3. 65-year-old male with light comorbidities (ASA class 2), no diabetes, and no former 52 (12/23) 45 (18/40) 87 (40/46) 26 (7/27) <001

problems from Achilles tendon; an active cyclist

Abbreviation: ASA, American Society of Anesthesiologists.
Data presented as percentages, with numbers in parentheses.
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ABSTRACT

Background Dynamic rehabilitation after neoperative treatment of acute Achilles tendon rupture (ATR)

has been suggested to be an important part of treatment yielding functional outcome angbtere rates
comparable to that of operatively treated ATR. However, the optimataoarative treatment potocol

remains to be clarified, particularly the role of weidigaring (WB) during early rehabilitation.

The purpose of this study was to compare immediate WB with\W@hin a noroperative, dynamic

treatment protocol for ATR.

Methods. The study was calucted as a blinded, randomized, controlled, parallel, superiority trial (RCT).
Patients aged 18 to 60 years were eligible for inclusion. Both groups were treategpeoatively with

controlled early motion. The intervention group was allowed full WB fday 1. The control group was

non-WB for 6 weeks. Primary outcome was the Achilles tendon Total Rupture Score (ATRS) after one year.
Secondary outcomes were the Haele-work-test, health related quality of life and therepture rate

(RR). Outcomassesors were blinded to the intervention.

Results 30 patients were randomized to each group; 29 and 27, respectively, were analyzed. There were
no statistically significant differences between the WB and theWdhgroups at 12 months, except from a
better health-related quality of life in the WB group (p=0.009). Mean ATRS at 12 months was 73 WB and 74

non-WB (p=0.81). The Herte-work-test showed a total work performed of the injured limb compared to
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the uninjured limb of 53% WB and 58% AMB (p=0.37) at2 months. There were 3 feiptures in the WB
group and 2 RR in the ndB (p=1.0).

Conclusion There were no statistically significant differences between the groups in ATRS -siskleel
work-test, but an improved quality of life in the weighearing goup. Both groups had significant
functional deficits in the injured limb compared with the uninjured limb. Immediate wdiglairing is a
recommendable option in the neaperative treatment of ATR.

Trial registration at ClinicalTrials.gov: NCT01470833tddrgrant support was received from DJO Nordic.

Level of evidence Level 1

INTRODUCTION

Non-operative treatment of acute Achilles tendon rupture (ATR) is aaaekpted treatment modality

used as the standard of care by approximately half of hospitadsine regions. Dynamic rehabilitation
after non-operative treatment of ATR has been suggested to be an important part of treatment yielding
functional outcome and reupture rates comparable to that of surgically treated AT’ However, the
optimal nonoperative treatment protocol remains to be clarified, particularly the role of welygdring

during early rehabilitation.

ATR is a frequent and potentially disabling injury that typically occurs among young active adults (11 to 37
per 100,000 peyear)®*®*’. Consequently, optimizing treatment and shortening recovery holds the

potential of socioeconomic benefits and improved functional outcome after ATR.

The role of controlled early motion has been discussed since the early 19851€%* In theory, controlled

early motion of tendons leads to a better and faster healing due to, inter alia, the release of growth factors
5 and animal studies have shown a three times increased strength of dynamic rehabilitated Achilles
tendons™®. Nonethelesstandomized Controlled trials comparing dynamic and immobilized rehabilitation

protocols have found no important significant differences between grotfpg*®

The role of weighbearing has been sparsely investigated in a clinical setup. In expegahmeodels it is

well documented that mechanical load improves tendon healfin@hus, it is reasonable to believe that
early loading of the tendon under controlled conditions will affect tendon healing beneficially. Immediate
weight-bearing in a noroperative treatment protocol has been investigated in one randomized, controlled

|14

trial . The trial provided no evidence of a functional benefit from immediate weiglaring, but did not

find any detrimental effect on outcome either. The trial suffered frovethodological problems, as the
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inclusion procedure led to selection bias with a skewed age distribution and further, the basic construct of
the weightbearing and norweightbearing regimes differed substantially. Early weibbaring after

surgery has &en investigated in two randomized, controlled tridls. The studies showed the weight

bearing groups to have an improved health related quality of life, a faster return to normal walking and no
detrimental effect on other outcome parameters. The stiyyCosta et al. suffered from the

methodological problems just mentioned.

The objective of this blinded, randomized, controlled trial was to compare immediate waggining with
non-weightbearing in a noroperative treatment protocol for ATR using casited early motion. We

hypothesized that immediate weigttearing would affect tendon healing positively and thus lead to a
better patient reported and functional outcome. The primary endpoint was the Achilles tendon Total

Rupture Score (ATRS) after onarye

MATERIAL AND PATIENTS

This was a blinded, randomized, controlled, superiority trial with participants individually randomized to
one of two parallel groups. The trial was designed in accordance with the Consort requirements; no
changes were made tde trial design after commencement of the trial. The full trial protocol can be
acquired from the first author. The trial is registered at ClinicalTrials.gov, number NCT01470833. Limited
grant support was received for the research from DJO Nordic. Theffinad no role in study design, data

collection and analysis, decision to publish, or preparation of the manuscript.

Patients

Patients with ATR referred to the orthopedic department of Copenhagen University Hospital Hvidovre from
April 2011 to March 201®%ere assessed for eligibility. Diagnosis was based on a medical history with a
clear snap of the Achilles tendon and a clinical examination with a palpable gap and positive Thompsons
test°. Sixty patients were included in the trial and were randomlygassi to one of two parallel groups
following a randomization procedure using opaque, sealed envelopes. The envelopes were prepared and
shuffled by an experienced researcher with no other connection to the trial.

All patients aged 18 to 60 years who wepgected to be able to follow the treatment protocol and give
written consent in Danish were eligible for inclusion if randomization could be done within 4 days of the
rupture. Exclusion criteria were previous Achilles tendon injury, corticosteroid injesciuithin the last 6
months, ASAcore of three or more, medical history of arterial insufficiency in the legs and rupture within

1 cm of calcaneus. The rupture side was determined by palpation; in case of doubt ultrasound was used.
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The study was approveday the Regional Ethical Review Board. All participants received oral and written

information concerning the trial before written consent was obtained.

Treatment

Both groups received the following treatment: In the emergency department an ankle ortBd€dsNextep
Contour2 Walker) with three wedges of 1.5cm was applied, fixating the ankle in equinus positigth (20
degrees of plantar flexion). The orthosis was worn for 8 weeks gradually bringing the ankle to neutral
position by removing a wedge every sadoveek (table 1). Patients were seen in the outpatient clinic after
two and eight weeks. The patients were instructed not to remove the orthosis at any time during the first
two weeks. After two weeks the first wedge was removed and controlled early mbagun: Patients

were instructed to remove the orthosis at least 5 times a day sitting on the edge of a table with both legs
hanging (figure 1). Gravity plantar flexed the foot and the patient actively dorsi flexed the foot to a
horizontal position. Patigs were instructed to do this in series of 25 repetitions. The orthosis was not to
be removed except during exercises from week three to six. The last two weeks of treatment the orthosis

could be removed at night.

Intervention

The treatment protocol fothe intervention group was similar to that of the control group except for the
permission to bear weight. The intervention group was allowed full webglatring from day one. Crutches
were recommended but not obligatory the first two weeks of treatmente Thntrol group was instructed

not to bear weight for the first six weeks of treatment. The last two weeks full weight bearing was allowed.
Compliance of the allocated regimen was controlled; as a pressure sensor was integrated in the orthosis

and number 6 steps throughout the 8 week period was detected in both groups.

Rehabilitation

A standardized rehabilitation protocol was followed from week 9 to 16 where patients were trained three
times a week by a team of specialized physiotherapists. Recommendatiere individualized but in
general cycling was allowed from week 10 and jogging from week 14. Racquet and contact sports could be

resumed after one year other types of sports after six months.
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Endpoints

Our primary endpoint was the Achilles tendon dldRupture Score (ATRS) after one year. The ATRS is the
only patient reported outcome measure validated for use after AR Secondary endpoints were the
Heelrise work test, re-rupture, length of sick leave and quality of life during treatmente Heelrise-

work test was performed according to the instructions of Silbernagel et al. and Nigsander et al.***,

The MuscleLab (Ergotest Technology, Oslo, Norway) was used and the patients were given standardized
instructions: They warmed up forrbinutes on a stationary bicycle with low load and did 3 sets of 10 two
legged toe raises. The uninjured side was tested first. Health related quality of life during the initial 8 weeks
of treatment was measured using a purpose made 5 item Likert scalgg(i@10; 10 being the best

possible score). The items reflected: 1) limitations in daily living, 2) limitations in work situations, 3)

limitations in social life, 4) affection of the patient mood, and 5) level of pain.

Assessors and followp

Enrolimentand allocation of treatment was done in the gpatient clinic, Copenhagen University Hospital
Hvidovre, by the principal investigator or one of five orthopedic surgeons in close contact with the trial.
Follow up at six and twelve months was done fromdBet 2011 to March 2013 by two dedicated full time
researchers at th&ait Analysis Lab, dep. Ofthopedic surgery, Copenhagen University Hospital Hvidovre.
They were blinded to the intervention as they were not involved in the treatment and patients were
instructed not to tell which group they had been allocated to. Follow up was organized in the following
order: First the ATRS and other papers were filled out by the patient, therrideg@lork test was

performed.

Statistical methods

Sample size calation was done a priori: The clinical relevant difference in our primary endpoint (ATRS)
was set to 10 points and the power to 0.90 (two sided). The standard deviation was estimated to 10 points
from the material of Nilssoiielander et al?. Following thee assumptions 22 patients were needed in

each group. We included 30 patients in each group to account for patients lost to follow up.

Statistical analysis was performed following the intention to treat principles. The ATRS at one year was the
primary endpoint of the study. Comparison between groups of continuous variables was done using the
Mann-Withney U test, as our data did not follow the normal distribution. Comparison within groups was

done using the Wilcoxon signed rank test. Comparison of groypategorical data was performed using
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the Fishers exact test. The level of significance was set at p < 0.05. The limb symmetry index (LSI) was
calculated to compare the 2 treatment groups in the Hest-work and Heelise-height. The LSI was
defined aghe ratio between the involved limb score and the uninvolved limb score, expressed as a

percentage (involved/uninvolved x 100 = L!SI)

RESULTS

Thirty patients were randomly assigned to each group (figure 2). In the intervention group one patient
discontnued the treatment and was lost to follow up as he decided for operative treatment in another
hospital. In the control group two patients discontinued the treatment and were lost to follow up as they
could not comply with the nomveightbearing protocol ad did not want to participate in the follow up. At
half-year follow up one patient from each group did not show, as they were temporarily working out of the
state. 28 patients from the intervention group and 27 from the control group were included inalfigear
analysis, all belonging to their original assigned groups. At one year follow up a patient from the control
group did not show as he was unsatisfied with the given treatment. 29 patients from the intervention
group and 27 from the control groupese included in the ongrear analysis, all belonging to their original
assigned groups.

Recruitment was done from April 2011 to March 2012. Recruitment was stopped when the planned
number of patients had been enrolled. Follow up was done from October @20hrch 2013.

Baseline demographic of the two groups is shown in table 2. Only minor differences were found between
the two groups. The only statistically significant difference was the control group being on average 3 cm/

1.2 inches taller.

Patient repated outcome

No statistically significant differences in ATRS were found between the weghing and the nonwveight
bearing group. The mean ATRS at 6 months follow up was 61.1 in the \wegjirig and 67.0 noweight
bearing group, at 12 months it wa8.4 and 74.4, respectively (table 3). A statistically significant increase in
ATRS was seen from 6 to 12 months in both groups (p<0.001 wabghihg group, p=0.009 nemeight

bearing group).

Health related quality of life during the initial 8 weekdmfatment was significantly better in the group

allowed immediate weighbearing (p=0.009) (table 4).
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Functional assessment

No statistically significant differences were found in hesd-work and heefise-height between the
weightbearing and the nomwveightbearing groups (table 3). The Hesle-work test showed a mean LSI at
6 months of 40% in the weiglitearing group and 36% in the nereightbearing group, after 12 months it
was 53% and 58% respectively (table 3). A statistically significant$edrethe Heefise-work test was

seen from 6 to 12 months in both groups (p<0.001 for both groups).

Rerupture

The overall rate of reupture was 5/57 (9%) at 12 month follewp. Three reruptures were seen in the
weightbearing group and two in the nemweight-bearing (table 4). No statistically significant difference in

re-rupture-rate was found between groups (p=1.000).

Work and sport

No statistically significant differences in length of sick leave and time to return to sports were found
between groups (table 4). The mean length of sick leave was 52 days in the wsghhg group and 58 in
the nonweightbearing (p=0.580). Sporting activities were resumed faster in the wbigdrting group
(after mean 143 days) than in the nereight-bearing (after nean 181 days), however it did not reach

statistical significance (p=0.358) (table 4).

Complications

One patient in the nowweightbearing group sustained a severe tendon elongation withoutupture.
He had an operative tendon shortening but continuedhave problems at one year follow up. No
infections or nerve damages were seen in patients undergoing surgery duguptree or elongation. No

cases of deep venous thrombosis were found.

DISCUSSION

Dynamic rehabilitation has been advocated in a numifdrend setting studie&**.

However, the optimal
non-operative treatment protocol for ATR remains to be clarified, particularly the role of early weight
bearing during dynamic rehabilitation. We hypothesized that immediate wdighting would affect

tendon healing positively and thus lead to a better patient reported and functional outcome. This is the first
RCT using validated outcome measures to investigate the role of immediate weigling in a non

operative, dynamic rehabilitation protocol.
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Non-operative treatment has gained increasing popularity during the past decade. A number of meta

analyses comparing operative and noperative treatment have shown a significant lower rate of re

rupture and a significant higher rate of other complicati@nsong operatively treated patienfs’®® When

looking only at studies using dynamic rehabilitati®oroceanu et al. foundo significant difference in the

rate of rerupture between operatively and neoperatively treated patients; leaving the increasesk of

other complications in the operative group to be the only statistically significant diffeferidés correlates

Sttt gAGK GKS LaddA IS o0& ¢glRRES YR t22y3s (KL
important factor in optimizing otcomes in patients with Achilles tendon rupture and that surgery makes

y2 RAFFSNBYOS (2 (KS 2dzi02YS I LINIG FNBY AYONBIl &aAy
It should be noted, though, that the trials included in the mataalysis bysoroceanu et aliffers from

those included in the other metanalyses. Also, it should be noted that no high quality trials have

investigated the effect of controlled early motion compared to immobilization in a randomized controlled

setup were the parallel groups differ oritythe mobilization regime. And finally there is no broadly

accepted definition of dynamic rehabilitation: In some studies it meant controlled early mobilization, in

others controlled early weigHbearing and in others again a combination of the two. At&mobilization

regime differ, some used a hinged orthosis allowing continues movement where others used a fixed

removable orthosis, like it was the case in this trial.

The role of weighbearing is of fundamental importance as it influences not onlygiality of treatment

odzi Ffaz2 GKS LI GASY(d FoAfAGe G2 GF1S OFNB 2F 2ySa
weightbearing in the treatment of ATR™. Costa et al. considered return to normal activities as the most
important outcome psameter. They found that immediate weigbtaring led to quicker return to normal

walking and stair climbing in operatively but not in roperatively treated patient$®. Suchak et al.

considered quality of life to be the most important outcome parametérey found that early weight

bearing led to a better healthelated quality of life during treatment. None of the studies found

detrimental effects of early weigHiearing; they were, however, not designed as fiferiority studies.

Our results show netatistically significant differences in ATRS or hisetwork test between groups. The
study was powered to 0.90 based on the ATRS. The ATRS aniséleelk test are measurements that
have been specifically developed and validated for evaluation BfAf* The ATRS includes walking, stair

climbing and questions related to quality of life. The combination of a patient reported outcome measure
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and a functional endurance test has shown good validity and ability to detect changes to the cofitfition

and includes the consideration of both Costa et al. and Suchak'€t al

Health related quality of life during the initial eight weeks of treatment showed to be statistically significant
better in the group allowed immediate weigbearing. The improvetealth related quality of life in the

immediate weightbearing group might be explained by the practical advantages in daily living. Many of our
patients in the intervention group expressed relief to be allowed welgdring as it left them less

dependerii 2y 2GKSNBR® hdzNJ aGdzRé OoNAYy3Ia& FdzZNIKSNJ SGARSYO
weightdo S NAyYy 3 LINRPGPARSE SYKFIYyOSR ljdatAde 2F tAFSQo

Rerupture rate, time to return to work and time to return to sport showed differences that were, however,
not statistically significant. The weigbearing group experienced one extramgture, returned to work
averagely six days earlier and resumed sport 38 days earlier compared to tiveeigin-bearing group.

The idea of quicker return to work and sport aftarly weightbearing due to less muscle atrophy is
intriguing, but not answered in this trial, as the trial was not powered to show differences in those

secondary outcomes.

Limitations

This study was designed as a superiority study intending to shawirttmediate weightbearing was

superior to norweight bearing. As such the study cannot claim immediatel norweight-bearing to be

equally effective in the treatment of ATR.

Compliance of the allocated regimen was controlled using a pressure setegmated in the orthoses.
Unfortunately the pressure sensors broke during the treatment period. Patients, clinicians and assessors
were not informed of this fact and the pressure sensors were used as sham devices. We did, however, not
succeed to monitor ampliance.

The power calculation in this study was based on a standard deviation of 10 points in ATRS, as was found in
a the material of Nilssohlelander et al?. Our results showed a standard deviation of 16, which should be

taken into consideration whedesigning future studies using the ATRS as primary outcome.

The generalizability of the study is good: we aimed to control for all other factors than wesghihg and
there was no recognized selection bias in the inclusion procedure. The results gandralized to a
population of healthy people between 18 and 60 years of age with no use of corticosteroids the past half

year and no medical history of arterial insufficiency in the legs.
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In future studies it would be interesting to investigate the rofecontrolled early motion in the

rehabilitation after noroperative treatment of ATR. Controlled early motion has been strongly advocated
as an important part of nowperative, dynamic rehabilitatiof?*>, but no high quality randomized,

controlled trialshas been forthcoming. It would also be interesting to look further into the influence of
tendon length on return to normal gafattern using gait analysis. It has been shown in a case report using
gait analysis, that the injured side displayed differencestrength, ankle range of motion, heel rise, and
tendon length when compared to the uninvolved side 1 year after irffufinally it would be interesting to
test the influence of immediate weiglitearing on a larger population to see if the foundeafiénce in time

to return to work and sport as well as-rapture rate is random or actual.

Conclusion

In conclusion it seems reasonable to recommend immediate weight bearing in-epsoative, dynamic
treatment protocol as a safe treatment modality AT R. Our results are consistent with previous findings.
Immediate weightbearing improves health related quality of life during treatment and does not seem to

have detrimental effect on outcome.
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TABLES

Table 1
Treatment protocol
Week 1 and 2

Orthosis with three wedges.

The orthosis could not be removed at any time.
Intervention group: Weighbearing allowed,
crutches were recommended.

Control group: No weigHbearing.
Week 3 and 4

Orthosis with two wedges.

Controlled early motion in both groups.
Intervention group: Full weigHtearing.
Control group: No weigHbearing.

Week 5 and 6

Orthosiswith one wedge.

Controlled early motion in both groups.
Intervention group: Full weigHbearing.
Control group: No weigHbearing.

Week 7 and 8

Orthosis without wedges.

Controlled early motion in both groups.

The orthosis could be removed at night.
Intervention group: Full weighbearing.
Control group: Full weigHtearing.

Week 9 to 16

Visit to physiotherapist three times a week.
Standardized rehabilitation protocol with room for
individualization.
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Table 2: Baseline demographic characteristichefdample population

Variable Weightbearing Nonweight-bearing p-value
Age (years) 41.2 (6.4),41.4 39.1(7.5), 39.2 0.520
(26.6;51.8), n=29 (26.7;56.4), n=28
Gender (male/female) | 24/5 (83%/17%) 24/4 (86%/14%) 1.000
Height (cm) 177.1 (7.0), 176.7 180.0 (9.6), 178.1 0.041
(1635;196.7), n=27 (161.1;198.7), n=27
Weight 86.3 (13.7), 84.3 86.1 (13.2), 86.4 0.667
(63.2;116.2), n=27 (63.7;117.3), n=27
Injured side (right/left) | 12/17 (41%/59%) 16/12 (57%/43%) 0.294
Dominant side 21/3 (87%/13%) 18/3 (86%/14%) 1.000
(right/left)
Smoker (yes/no) 5/24 (17%/83%) 9/19 (25%/75%) 0.230
Work 0.150
Heavy 8 (28%) 5 (18%)
Light but mobile 10 (34%) 5 (18%)
Sedentary 11 (38%) 18 (64%)
Sport (hours) 4.6 (2.4), 4.0 (1.0;10.0),| 5.5 (4.1), 5.0 (1.0;18.0),| 0.191
n=22 n=23
ATRS prénjury 98.6 (4.0), 100 (79;100)| 98.7 (3.4), 100 (84;100)| 0.771
n=29 n=27

For categorical variables, data are reported as: n and (%). For continuous variables, data are report
mean (standard deviation), median (min; max), and ® Fisher exact test was used for comparisons
between groups of dichotomous variables. For continues, normally distributed variables the unpaire

test was used. The MarAwhitney U test was used for ATRS.
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Table 3: Results

6-month evaluation

12-month evaluation

Test Weight Nonweight | p-value Weight Nonweight | p-value
bearing bearing bearing bearing

ATRS 61.1(18.0), | 67.0 (21.0), | 0.274 73.4(16.2), | 74.4 (17.7), | 0.812
61 (34;95), | 67 (27;99), 75 (39;94), | 75 (34;100),
n=28 n=27 n=29 n=27

Heetrisework | 40% (15), 42| 36% (21), 36| 0.464 53% (20), 53| 58% (25), 56| 0.372
(1;73), n=24 | (1;72), n=24 (10;94), n=29 (9;99), n=25

Heetrise height | 66% (21), 67| 58% (23), 65| 0.240 69% (17), 70| 72 (14), 73 | 0.440
(1;97), n=24 | (0;96), n=24 (26;96), =29 (42;95), n=25

Data are reported as: mean (standard deviation), median (min; max), and n. The limb symmetry ind¢
was calculated to compare the 2 treatment groups in the functional tests. The LS| was defined as th
between the involved limb score and the uninwed limb score, expressed as a percentage

(involved/uninvolved x 100 = LSI). The M3Nhitney U test was used to evaluate differences between

groups.

104




Table 4: Results

Test Weight Nonweight | p-value
bearing bearing
Quality of life | 6.3(1.8), 6.6 | 5.0 (5.0), 1.8| 0.009
during (3;9), n=29 | (1:;8), n=27
treatment
Rerupture 3/29 2127 1.000
(yes/no) (109%/90%) | (7%/93%)
Sick leave (dayq 52 (67), 9 58 (48), 48 | 0.580
(1;221), (0:144), n=25
n=25
Resumption of | 143 (44), 145 181 (98),151 | 0.358
sports (days) (81;226), (62;415),
n=24 n=20

For categorical variables, data are reported as: n and (%).
continuous variables, data are reported as: mean (standar
deviation), median (min; max), and n. The Fisher exact teg
was used for comparisons between groups ohdiomous
variables. For continues variables the Manthitney U test

was used.
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Figure 1
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Controlled early motion:The patients in both groups did controlled early motion of the ankle joint from
week 3 to 8. Patients were instructed to remove the anfs at least 5 times a day sitting on the edge of a
table with both legs hanging. Gravity plantar flexed the foot where upon the patient actively dorsi flexed
the foot to a horizontal position. Patients were instructed to do this in series of 25 repetitio
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FIGURE 2: Consort Flow Diagram

Enrollment

Allocation

Assessed for eligibility (n = 80)

Excluded (n = 20)
+ Not meeting inclusion criteria

\4

(n=15)
+ Declined to participate (n=5)
+ Other reasons (n=0)

Randomized (n=60)

Intervention group

Allocated to weight-bearing regime (n=30)

+ Received allocated intervention (n=30)

+ Did not receive allocated intervention
(n=0)

A 4

Control group

Allocated to non-weight-bearing regime

(n=30)

+ Received allocated intervention (n=30)

+ Did not receive allocated intervention
(n=0)

v

Lost to follow-up (give reasons) (n=1)
Discontinued intervention (n=1)
(Reason: sought treatment elsewhere)

Lost to follow-up (give reasons) (n=3)
Discontinued intervention (n=2)
(Could not comply with the treatment
regime and did not want to participate)

Analysis

Analysed (n=29)
+ Excluded from analysis (n=0)

Analysed (n=27)
+ Excluded from analysis (n=0)
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ABSTRACT

Background Acute Achilles tendon rupture (ATR) causes damage to the fibrous structure of the tendon.
The altered biomechanical properties of the plantarflexor musetelon complex (PMTC) may have
conseaiences for functional performance and risk ofingury.

Purpose To compare the biomechanical properties of the PMTC of both limbs in patients randomized to
early weightbearing (WB) or no#VB in horoperative treatment of ATR.

Study DesignRandomized @htrolled Clinical Trial.

Methods: Sixty patients were randomized into two groups. In both groups, patients were treated non
operatively with dynamic rehabilitation. The intervention group was allowed full WB from day 1 of
treatment. The control group wanonWB for 6 weeks. After 6 and 12 months the peak passive torque at
20 degrees dorsiflexion and stiffness during slow stretching in early, medium and late dorsiflexion were
measured in both the affected and unaffected limb. Likewise, the maximal stréplgtntarflexor torque at
20 degrees dorsiflexion) was investigated in both limbs. Data was evaluated deftg. T

Results There were no significant differences between the WB and theWa&ngroups. Compared to the
unaffected limb, peak passive torques significantly lower for the affected limb at 6 months (91%,

p=0.01), not at 12 months (98%, p=0.51). Stiffness was significantly lower for the affected limb during the
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early part of dorsiflexion at 6 months (67%, p<0.001), and remained inferior abhthe(77%, p<0.001).
Irrespectively of group, the strength was significantly lower in the affected compared to the unaffected
limb at both 6 (82%, p<0.001) and 12 months (93%, p=0.009).

Conclusion There were no significant effects of treatment regimensloe biomechanical properties of
PMTC. The reduced stiffness and strength in the affected limb in the early part of dorsiflexion may have
substantial implications for coordination of i.e. gait and running, and the fact that the stiffness is not

normalizedafter 12 months may indicate a need for better treatment and rehabilitation.

INTRODUCTION

Achilles tendon rupture is a frequent and potentially disabling injury that typically occurs among young
active adults (11 to 37 per 100,000 per yedfy:*” Achilles tendon rupture causes damage to the fibrous
structure of the tendon. The organized architecture of the collagen fibers is lost, and an increased content
of type Il collagen is seen at the rupture sité?®?” An average elongation of the tendoii 2.5-3.5cm has
been described after Achilles tendon rupture in humans, and a linear relationship between tendon
elongation and functional deficits has been proposé& The remodeling of the plantar flexor musecle
tendon complex during healing leadsdbanges in biomechanical properties that likely affect functional
performance and risk of rmjury.”*?** An uninjured Achilles tendon works as a shock absorber storing and
releasing energy during gait and running. The ability to do so depends oaste groperties: stiffness,
energy stored and torque relaxatidr® Also the risk of renjury depends on the tendons elastic properties

as the load to failure is determined by the tendons stiffness and maximal energy stored.

Non-operative treatmentusing early weighbearing is a welhccepted treatment modality for acute

Achilles tendon rupture used as the standard of care by approximately half of hospitals in some T&gions.
It is likely that weighbearing during early rehabilitation of acutettes tendon rupture affects tendon
healing and thus its biomechanical properties. In experimental models mechanical loading of healing
tendons has shown beneficial in terms of an increased load to failure and an increased stfffhess.
randomized ontrolled trial McNair et al. allocated 38 naperatively treated Achilles tendon ruptures to a
non-weight bearing protocol and a weight bearing prototoAt 6 months follow up they found weight
bearing to be beneficial, as the group allowed early welgraring showed higher stiffness and energy

stored than the norweightbearing group.

Looking at functional outcomes, early weidigaring has been investigated in three randomized,

controlled trials: One testing a nesperative treatment protocd| andtwo testing surgical treatment
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protocols’? The trials showed a faster return to normal walking and an improved quality of life in the
groups allowed weighbearing. This is the first randomized controlled trial to investigate how the
biomechanical proerties of the plantar flexor muscliendon complex are influenced by early weight

bearing at one year follow up.

The objective of this blinded, randomized, controlled trial was to compare the biomechanical properties of
the plantar flexor muscktendon camplex of both limbs in patients randomized to early weigbtring or
non-weight-bearing. Both groups were treated naperatively using controlled early mobilization. Peak
passive torque, stiffness, energy stored and strength one year after rupture Werentdpoints of interest

in this study.

MATERIAL AND PATIENTS

This study is based on data from a blinded, randomized, controlled trial with participants individually
randomized to one of two parallel groups. Both functional and biomechanical data wikgeted. Only
biomechanical data are presented in this paper. The trial was designed in accordance with the Consort
requirements; no changes were made to the trial design after commencement of the trial. The full trial
protocol can be acquired from the $irauthor. The trial is registered at ClinicalTrials.gov, number
NCT01470833. Limited grant support was received for the research from DJO Nordic. The funder had no

role in study design, data collection and analysis, decision to publish, or preparati@roinuscript.

Patients

Enroliment and allocation of treatment was done in the -patient clinic, Copenhagen University Hospital
Hvidovre, by the principal investigator or one of five orthopedic surgeons in close contact with the trial.
Patients referré to the department with acute Achilles tendon rupture in the period from April 2011 to
March 2012 were assessed for eligibility. Diagnosis was based on a medical history with a clear snap of the
Achilles tendon, a clinical examination with a palpable ayagp positive Thompsons te&tSixty patients

were included in the trial. They were randomized using opaque, sealed envelopes to one of two parallel
groups. An experienced researcher with no other connection to the trial prepared and shuffled the
envelopes

Patients aged 18 to 60 years who were expected to be able to follow the treatment protocol and give
written consent in Danish were eligible for inclusion if randomization could be done within 4 days of the
rupture. Exclusion criteria were previous Algsltendon injury, corticosteroid injections within the last 6

months, American Society of Anesthesiologists (A88)€ of three or more, medical history of arterial
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insufficiency in the limbs and rupture within 1 cm of calcaneus. The location of rupageletermined by
palpation; in case of doubt ultrasound was used. The study was approved by the Regional Ethical Review

Board. Oral and written consent was obtained from all participants.

Treatment and intervention

In the emergency department an anlkdethosis (DJO Nextep Contour2 Walker) with three wedges of 1.5cm
was applied, fixating the ankle in-30 degrees of plantar flexion. The ankle was gradually brought to
neutral position over the following 8 weeks by removing a wedge every second weekol@arearly

motion was begun after 2 weeks. The control group was instructed not to bear weight for the first six

weeks of treatment. The last two weeks, full weight bearing was allowed.

The intervention group differed from the standard treatment protbas full weightbearing was allowed
from day one. Crutches were recommended but not obligatory the first two weeks of treatment.
Compliance of the allocated regimen was controlled; as a pressure sensor was integrated in the orthosis

and number of steps tloughout the 8 week period was detected in both groups.

A standardized rehabilitation protocol was followed from week 9 to 16 where patients were trained three
times a week by a team of specialized physiotherapists. In general cycling was allowed flodOveee
jogging from week 14, but recommendations were individualized. Sports could be resumed after six

months, but patients were advised not to resume racquet and contact sports before 12 months.

Assessors and followp

Follow up was done from Octob2011 to March 2013 by two dedicated full time researchers atGhaé
Analysis Lab, dep. @frthopedic surgery, Copenhagen University Hospital Hvidovre. They were blinded to
the intervention as they were not involved in the treatment and patients wergueged not to tell which

group they had been allocated to.

Procedures

Follow up was done at six and twelve months; the primary endpoint being at twelve months. A clinical and
a biomechanical assessment were performed. Measurements of passive tendienpiantar flexor
muscletendon complex were performed using an isokinetic dynamometer. A motor (Caldercraft Electric

Motors, model 26) was driven by a DC power amplifier (model 2708; Briel & Kjeer, Naerum, Denmark) and
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could deliver maintained torques up 80Nm and peak torques up to 120Nm. An elegjamiometer,

connected to the footplate, measured the angle of the ankle joint and a torque meter measured the torque
exerted on the footplate. This apparatus was developed and shown to produce highly rejirledu
measurements of passive and reflsediated torque around the ankle joint by Toft et al. and Sinkjger et

al %3 Before testing in the isokinetic dynamometer the patient warmed up on a stationary bicycle for 5
minutes. For the measurements the patt was positioned with the foot strapped to a pedal in 10 degrees
of plantar flexion and the knee and hip fixed in 90 degrees flexion. Patients were asked to relax and not
activate their calf muscles as the ankle was passively moved into dorsiflexiba pgdal at an angular

velocity of 5 degrees/sec. The isokinetic dynamometer rested for 2 seconds at maximal dorsiflexion before
the pedal was returned to the starting position at the same velocity. The resistant torque was sampled at a
frequency of 1000HZPatients who had a ROM exciding 20 degrees of dorsiflexion were tested in the range
from 10 degrees plantditexion to 20 degrees dorsiflexion. Seven patients had a range of motion below 20
degrees of dorsiflexion, they were tested in the range from @@rdes plantaflexion to 10 degrees
dorsiflexion. Ten repetitions were performed on each limb. The unaffected limb was tested before the

affected.

Strength was measured using the same isokinetic dynamometer setting. The patient was asked to relax as
the dynamometer dorsiflexed their ankle to 10 or 20 degrees of dorsiflexion, respectively. The
dynamometer rested for 3 seconds and the patient was encouraged to deliver maximal flarian

power without activating the thigh while the dynamometer plantixed the foot 40 degrees from the

starting position with a speed of 6.7°/s. Five repetitions were performed on each limb. The unaffected limb
was tested before the affected. Standardized verbal encouragement was provided to ensure maximal

effort.®

Dataanalysis and processing

Data was processed using a Butterworth 4th order lowpass filter with a cutoff frequency at 2 Hz.
Concerning the biomechanical data, the average of the median two repetitions was used for further
analysis. The peak passive torqueswaeasured at maximal dorsiflexion (10 or 20 degrees, respectively).
Stiffness was determined as the increase in passive torque per degree of dorsiflexion (DF) by obtaining the
maximal stiffness in the early (m&®& minus 22.5° to me@F minus 14°), middignaxDF minus 14° to

maxDF minus 7.5°) and late (m&¥F minus 7.5° to maRF) part of the dorsiflexion. Energy stored during
loading was calculated as the area under the loading curve as described by McNa&ir &tred.torque

relaxation of the tendorluring the two second period of maximal tension was calculated as the absolute
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relaxation divided by the peak passive torque as described by Bressel. @@ @hcerning the strength data,
the first repetition was considered a trial attempt and excludduk Three repetitions with the highest
strength measures were selected and the average values for the measuring angles were calculated for
further analysis. Measuring angles were 20° of dorsiflexion, 10° of dorsiflexion, neutral, 10° of plantar

flexion and20° of plantar flexion.

Statistical analysis

Samplesize calculations were made on a primary endpoint not presented in this paper. If, however, one
would make a poshoc samplesize calculation on the biomechanical data, we suggest using peak passive
torque as endpoint. Bressel et al. estimated the clinical relevant difference to 15% of the normal value,
equaling 4.5Nm in their materfal Their data had a standard deviation of 6 Nm. Setting the power to 0.80

(two sided) 28 patients would be needed in eaghup.

Statistical analysis was performed following the intention to treat principles. Comparison between and
within groups was done using unpaired and pairaést, respectively. Repeated measurements were
analyzed using repeated measurement analgéigariance. The limb symmetry index (LSI) was calculated

to compare the two treatment groups. The LS| was defined as the ratio between the affected limb and the

unaffected limb, expressed as a percentage (involved/uninvolved x 1002 LSI).

RESULTS

Thirty patients were randomly assigned to each group (figure 1). In the intervention group one patient
discontinued the treatment and was lost to follow up as he decided for operative treatment in another
hospital. In the control group two patients discontirtithe treatment and were lost to follow up as they
could not comply with the nomveightbearing protocol and did not want to participate in the follow up. At
half-year follow up two patients from the intervention group and five patients from the contmlgmere
not tested due to technical problems with the isokinetic dynamometer. 27 patients from the intervention
group and 23 from the control group were included in the {yalar analysis, all belonging to their original
assigned groups. At one year follap two patients from the intervention group and seven patients from
the control group were not tested due to technical problems with the isokinetic dynamometer.
Furthermore one patient from the intervention group did not participate due to pain in theld@ and one
patient from the control group did not show as he was unsatisfied with the given treatment. 26 patients
from the intervention group and 20 from the control group were included in the-yesr analysis, all

belonging to their original assignegoups. Recruitment was done from April 2011 to March 2012. Follow
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up was done from October 2011 to March 2013. Baseline demographic of the two groups is shown in table
1.

Stiffness

There were no significant differences in peak passive torque and stfnetween the weighbearing and

the nonweightbearing groups (table 2). Comparing the affected and unaffected limb, peak passive torque
was statistically significantly lower in the affected limb at 6 months follow up (87%, p=0.010) but not at 12
monthsfollow up (97%, p=0.511) (table 3). A statistically significantly lower stiffness was found for the
affected limb during the early part of dorsiflexion at 6 months (67%, p<0.001), and remained inferior at 12
months (77%, p<0.001) despite statistically Bigant improvement over time (p=0.019) (table 3).

Comparing the three consecutive stiffness measurements using repeated measurement analysis of
variance, no difference was found between the affected and unaffected limb at 6 (p=0.628) or 12 months

(p=0.663.Increasing stiffness was observed with increasing dorsiflexion (table 3).

Energy stored and torque relaxation

There were no statistically significant differences in energy stored during loading or torque relaxation of the
muscletendon complex betweethe weightbearing and the nonveight-bearing groups (table 2).

Comparing the affected and unaffected limb, a statistically significant decrease in the ability to store energy
was seen in the affected limbs at both 6 (74%, p<0.001) and 12 months (82%1)<6lw up (table 3).
Likewise, a statistically significant increase in torque relaxation was found in the affected limbs at both 6
(114%, p<0.001) and 12 months (111% p<0.001) follow up (table 3).

Strength

The limb symmetry index (LSI) showed a giatifly significantly lower maximal strength in the weight

bearing group compared to the nameight-bearing group at 6 months (87%, p=0.027) but not at 12

months (96%, p=0.534) (table 2). However, when looking at the absolute strength values, the udaffecte
limb was significantly stronger in the weigh¢aring group at 6 months (117%, p=0.035), but not at 12
months (114%, p=0.11), whereas no difference was found between groups in the affected limb (table 2).
Irrespectively of group, the maximum strength vwagnificantly lower in the affected compared to the
unaffected limb throughout range of motion at both 6 (82%, p<0.001) and 12 months (93%, p=0.009) (table
3), and the same trend was seen throughout range of motion (6 months p<0.001; 12 months p=0.002)

(figure 2).
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DISCUSSION

Achilles tendon rupture causes damage to the fibrous structure of the tendon leaving the healed tendon
with altered architecture. The remodeling of the tendon leads to changes in biomechanical properties that
likely affect functionaperformance and risk of rajury. We hypothesized, that weigiearing during early
rehabilitation of acute Achilles tendon rupture would affect tendon healing and thus its biomechanical

properties.

Our results show no statistically significant differesian biomechanical properties of the mustéadon

complex between the weigHbearing and norweightbearing groups at 6 or 12 months follow up (table 2).
These findings are contrary to the findings of McNair ét alho found a significantly higher peplssive

torgue and energy stored in the weightaring group at 6 months follow up. Irrespectively of group
allocation, significant deficits were seen in the affected limb at both 6 and 12 months follow up (table 3);
indicating reduced function of the Altlles tendon one year after injury. When interpreting the deficits, the
assumption by Bressel et al., that only differences above 15% are clinical relevant, must be kept‘in mind.
The affected limb had statistically significantly lower, but not clinicalgvant, peak passive torque at 6
months (87%, p=0.010) that was normalized at 12 months (table 3). At both 6 (67%, p<0.001) and 12
months (77%, p=0.001) a statistically significant and clinically relevant reduced stiffness was found in early
part of dorsflexion in the affected limb. Likewise, a statistically significant and clinically relevant decrease in
energy storage capacity of the plantar mustdadon complex was seen in the affected limbs at both 6

(74%, p<0.001) and 12 months (82% p<0.001) fallp\itable 3). Torque relaxation was statistically
significantly increased at both 6 (114%, p<001) and 12 months (111%, p<001), but the differences were not
clinically relevant (table 3). McNair et al. have found similar differences between affected afidated

limbs at 6 months follow up, and Don et al. found reduced stiffness at 3 and 6 months follow that was
normalized at 12 montfs At long term follow up Bressel et al. did not find significant impairments in

biomechanical properties-& years afte rupture.

Persisting deficits may affect performance in activities involving the ststtohtening cyclg as it has been
demonstrated, that up to 60% of work involved in repetitive jumping exercises is generated in the t&ndon.
Furthermore the reduce stiffness in the early part of dorsiflexion and the increased torque relaxation may
have substantial implications for coordination of i.e. gait and running. Bressel et al. have shown unilateral
changes in stiffness and torque relaxation after Achillesita rupture to be correlated with deficits in

tendon proprioception in both limb3The fact that stiffness and energy storage capacity of the plantar
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muscletendon complex is not normalized after 12 months may indicate a need for better treatment and

rehabilitation.

Our strength data showed a significantly higher, but not clinically relevant, LSI for theaight-bearing

group at 6 months (87%, p=0.027), not at 12 months (96%, p=0.534) (table 2). The relative difference at 6
months was, however, motikely due to decreased muscle atrophy in the unaffected limb in the group
allowed immediate weighbearing; as the unaffected limb was statistically significantly stronger in the
weightbearing compared to the neweightbearing group, whereas no differea was found in the

affected limb (table 3). Irrespectively of group allocation, statistically significant strength deficits were seen
in the affected limb at 6 (82%, p<0.001) and 12 months (93%, p=0.009) (figure 5). Our results are
comparable to other bimechanical studies that have found strength deficits ranging between 10% and
20%™ In comparison to functional strength and endurance tests the deficits are markedly small.
Evaluating patients using the hed$e-work test, deficits between 25% and 4@%& reported in the

affected limb?

Limitations

This study is based on data from a blinded, randomized, controlled trial powered to analyze a primary
outcome not presented in this paper. A pdsic samplesize calculation using peak passive torque as
endpoint reveals the study to be adequately powered for our purpose. However, the large spread of data
and the 23% (14/60) lost to follow up impairs our possibility to detect actual differences. The spread of data
can be due to normal variation between patienprocedural imprecision in the biomechanical testing or
malfunction of the isokinetic dynamometer. As malfunctioning of the isokinetic dynamometer is unlikely,
the spread of data must be explained by to the first two factors.

It should also be noted thave did not succeed to monitor compliance of the allocated regimen as planned,
as the pressure sensors broke during the treatment period. Patients, clinicians and assessors were not
informed of this fact and the pressure sensors were used as sham devices.

The generalizability of the study is acceptable: we aimed to control for all other factors than swegyimg

and no selection bias were recognized in the inclusion procedure. However, due to technical problems 10

out of 30 included patients were losb follow up in the control group.
In future studies it would be interesting to look further into the correlation between tendon length,

biomechanical properties of the musdiendon complex and the return to normal gguattern using gait

analysis. Theambination of gait analysis and biomechanical testing would help us better define clinical
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relevant values for the biomechanical endpoints. Gait analysis has shown that improvement of gait pattern
is slower than recovery of plantar flexor mechanical praigs?, and that the injured side displayed

differences in strength, ankle range of motion, heel rise, and tendon length when compared to the
uninvolved side one year after injufyFinally it would be interesting to test the influence of immediate

weight-bearing on a larger population.

Conclusion

In conclusion it seems reasonable to recommend immediate weight bearing in-apesative, dynamic
treatment protocol as a safe treatment modality for acute Achilles tendon rupture, as no significant effects
of weightbearing on the biomechanical properties of the plantar musetelon complex were found. The
reduced stiffness and strength in the affected limb in the early part of dorsiflexion may have substantial
implications for coordination of i.e. gait andrmming, and the fact that the stiffness is not normalized after

12 months might indicate a need for better treatment and rehabilitation.
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Table 1: Baseline demographic characteristics of the sample population

Variable Weightbearing Nonweight-bearing p-value
Age (years) 41.2 (6.4), n=29 39.1 (7.5), n=28 0.520
Gender (male/female) | 24/5 (83%/17%) 24/4 (86%/14%) 1.000
Height (cm) 177.1 (7.0), n=27 180.0 (9.6), n=27 0.041
Weight 86.3 (13.7), n=27 86.1 (13.2), n=27 0.667
Injured side (right/left) | 12/17 (41%/59%) 16/12 (57%/43%) 0.294
Dominant side 21/3 (87%/13%) 18/3 (86%/14%) 1.000
(right/left)

Smoker (yes/no) 5/24 (17%/83%) 9/19 (25%/75%) 0.230

For categorical variables, data are reported as: n and (%). For continuous variables, data are report

mean (standard deviation), and n. The Fisher exact test was used for comparisons between groups

dichotomous variables. For continues, normally distributed variables the unpaiesd was used.

122



Table 2: Results comparing weidigaring and nosweight-bearing groups

6-months evaluation

12-months evaluation

Test Weight Nonweight | Relative Weight Nonweight | Relative
bearing bearing difference | bearing bearing difference
Peak passive | 89.8 (30.0), | 91.2 (42.4), | 98% 91.3(28.1), | 108.1(30.5),| 84%
torque ¢ (LSI) n=27 n=23 p=0.137 n=26 n=20 p=0.722
Stiffness in early 69.2 (21.1), | 70.2 (32.3), | 99% 75.8 (24.7), | 86.4(31.3), | 88%
ROMC (LSI) n=27 n=23 p=0.097 | n=26 n=20 p=0.529
Stiffness in 94.8 (35.9), | 96.1 (47.0), | 99% 97.9(35.1), | 111.0 (35.5),| 88%
middle ROM; n=27 n=23 p=0.258 n=26 n=20 p=0.830
(LSI)
Stiffness 99.1 (41.8), | 107.4 (56.5), | 92% 103.2 (35.0),| 82.7 (33.7), | 125%
terminal ROM; | n = 27 n=23 p=0.449 n=26 n=20 p=0.697
(LSI)
Torque 115.1 (16.5),| 114.0 (22.0),| 101% 110.9 (16.2) | 114.5 (24.3) | 97%
relaxation (LSI)| n = 27 n=23 p=0.841 n=26 n=20 p=0.577
Energy stored | 72.8 (16.4), | 69.5(20.2), | 105% 79.1 (20.2), | 90.0 (21.6), | 88%
(LSI) n=26) n=21 P=0.538 |n=26 n=20 p=0.119
Max strength | 76.9 (16.8) , | 88.7 (17.9) , | 87% 92.9 (21.6), | 97.1(22.6), | 96%
(LSI) n=25 n=22 p=0.027 n=26 n=19 p=0.534
Max strength | 80.7 (28.7) , | 74.1 (25.1), | 109% 95.7 (28.7), | 87.1(27.7), | 110%
affected limb n=25 n=22 p=0.414 n=26 n=19 p=0.315
(Nm)
Max strength | 101.6 (32.2),| 87.1(25.5), | 117% 104.6 (27.8) | 91.4 (27.1), | 114%
unaffected limb | n=27 n=22 p=0.035 n=26 n=20 p=0.113

(Nm)

Data are reported as: mean (standard deviation), number of patients. The limb symmetry index (LS

calculated to compare the 2 treatment groups. The LS| was defined as the ratio bdtveciemolved limb

score and the uninvolved limb score, expressed as a percentage (involved/uninvolved x 100 = LSI).

unpaired ttest was used to evaluate differences between groups. Relative difference =

affected/unaffected.
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Table 3: Results compariaffected and uraffected limb

6-months evaluation

12-months evaluation

Test Affected Un-affected Relative Affected Un-affected Relative
difference difference

Peak passive | 11.07 (5.3), | 12.78 (5.9), 87% 13.49 (6.2), | 13.% (5.5), | 97%
torque (Nm) n=50 n=50 p=0.010 | n=46 n=46 p=0.511
Stiffness in early 0.240 (0.11),| 0.358 (0.13), | 67% 0.324 (0.14),| 0.422 (0.18), | 77%
ROM (Nm/°) | n=50 n=50 p<0.001 | n=46 n=46 p<0.001
Stiffness in 0.520 (0.28),| 0.568 (0.28), | 92% 0.651 (0.35),| 0.638 (0.28), | 102%
middle ROM n=50 n=50 p=0.144 | n=46 n=46 p=0.740
(Nm/°)

Stiffness 1.124 (0.59),| 1.038 (0.59) , | 108 1.330 (0.69),| 1.153 (0.57), | 115%
terminal ROM | n=42 n=42 p=0.236 | n=46 n=46 p=0.017
(Nm/°)

Torque 14.8 (2.1), |13.0(1.59), |114% 14.3(1.7), [12.9(1.8), |111%
relaxation (%) | n=42 n=42 p<0.001 | n=46 n=46 p<0.001
Energy stored | 21.49 (9.4), | 28.89 (11.4), | 74% 26.09 (10.5),| 31.65 (10.9), | 82%
(KJ) n=50 n=50 p<0.001 | n=46 n=46 p<0.001
Max strength | 77.6 (27.0), | 94.4 (31.2), 82% 92.1(28.3), | 99.0(28.3), | 93%
(Nm) n=47 n=47 p<0.001 | n=45 n=45 p=0.009

Data are reported as: mean (standard deviation), number of patients. The paiestiwas used to

evaluate differences between limbs. Relative difference = affected/unaffected.
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FIGURE 1: Consort Flow Diagram

Enrollment

Allocation

Assessed for eligibility (n = 80)

Excluded (n = 20)
+ Not meeting inclusion criteria
(n=15)

\ 4

+ Declined to participate (n=5)
+ Other reasons (n=0)

Randomized (n=60)

Intervention group
Allocated to weight-bearing regime (n=30)

+ Received allocated intervention (n=30)
+ Did not receive allocated intervention
(n=0)

A\ 4

Control group

Allocated to non-weight-bearing regime

(n=30)

+ Received allocated intervention (n=30)

+ Did not receive allocated intervention
(n=0)

v

Analysis

Lost to follow-up (give reasons) (n=4)
Discontinued intervention (n=1)

1 patient sought treatment elsewhere.

2 patients were not tested due to technical
problems.

1 patient was not tested due to pain in the
tendon.

Lost to follow-up (give reasons) (n=10)
Discontinued intervention (n=2)

2 Patients could not comply with the
treatment regime and did not want to
participate.

8 patiens were not tested due to technical
problems.

Analysed (n=26)
+ Excluded from analysis (n=0)

Analysed (n=20)
+ Excluded from analysis (n=0)
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LegendConsat flow diagram:Showing the flow of patients from inclusion to final follow up.

FIGURE 2: Strength in the affected limb compared to the unaffected limb at 6 and 12 months.

100 ——— 6 months 100——=—— 12 Months

°0 \\ 60 \ -
40

\\ 40 \\
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Strength {Nm)
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Unaffected
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20°DF 10° DF Neutral 10° PF 20° PF 20° DF 10° DF Neutral 10° PF 20° PF

Position of the ankle joint Position of the ankle joint

Legend: Graphs showing strength throughout range of motion in the affectedraftected limb at 6 and
12 months. Rralues for the comparison of affected and unaffected limb using repeated measurement

ANOVA: 6 months p<0.001; 12 months p=0.002. DF=dorsiflexion, PF=plantarflexion.
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ABSTRACT

Purpose:Elongation of the Achilles tendon after acute rupture is assodiati¢h inferior functional

outcome. A clinically applicable and accurate method for evaluating Achilles tendon elongation is needed.
The purpose of this study was to develop and validate an ultrasonographic (US) method that accurately
measures the lengthfahe Achilles tendoraponeurosis complex.

Material and methods Both legs of 19 noinjured subjects were examined by MRI and US. The length of
the Achilles tendoraponeurosis complex (calcaneus to the medial head of m. gastrocnemius) was
measured by thre independent US examiners. Repeated US measurements were performed and
compared to MRI measurements. Intrater and interrater reliability and the agreement between MRI

and US was determined. Data were evaluated using the Intraclass Correlation ueffieC), the

Standard Error of the Measurement SEM) and the Minimal Detectable Change (MDC).

Results Intra-rater reliability of US assessment showed no significant differences between test days
(p=0.45); ICC 0.96, SEM 3.7mm and MDC 10.3mmrhattarreliability showed a systematic difference
between US observers of 2.1mg.5mm (p=0.0090.036); ICC 0.97, SEM 3.3mm and MDC 9.3mm. MRI
measurements were on average 3.8mm longer than US (p=0.001); ICC 0.98, SEM 2.7mm and MDC 7.6mm.
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Conclusion The novel lirasound measurement showed excellent reliability. For comparison between
groups of norAnjured subjects differences of more than 4mm can be detected. For repeated assessment of
individual subjects differences of more than 10mm can be detected. This l@saund measurement is a

promising clinical tool to be further assessed in the setting of acute Achilles tendon rupture.

INTRODUCTION

Patients acquiring an acute Achilles tendon rupture (ATR) are affected for the rest of tHéir. Mest
patients réurn to normal activities of daily living and 30%6% resume previous sporting activities,
however, a considerable group of patients suffer from persistent unacceptably decreased functional
outcome[16] [13]. Elongation of the Achilles tendon after agutipture is well known and associated with
inferior clinical outcomg9][24]. Therefore, it is desirable to identify the group of patients in high risk of
elongation in the acute or early phase after ATR in order to individualize and thus optimizeghtirent.

A clinically applicable, accurate and easy to perform method for evaluating Achilles tendon length and

elongation is needed.

Inferior results after ATR are correlated with complications like infection, surgical adhesion, nerve damage
and tendonelongation[14][17][10][25][8][7] Biomechanical studies have found loss of plantar flexion
power after ATR15] and clinical studies have found a decreased maximakteeheight after ATR to be

correlated with Achilles tendon elongation and inferianidal outcome24].

Different methods to measure Achilles tendon elongation have been develdfidd{9][11][18][19][21]
[22][26][30]. The methods can be divided into four groups depending on modaligy Xultrasonographic

(US), Magnetic Resonaneedging (MRI) and clinicakry allows for measurement of displacement of the
torn tendon ends by implantation of radiological markft}9]. The latest and best validated method is
Roentgen Stereophotogrammetric Analysis (RSA) using tantalum beadskassf#?][11]. Because
implantation of markers is invasive the technique has only been used to evaluate elongation after operative
treatment.

US has been established as an important and-efisttive tool in the diagnosis of tendon problems. Rees

et al.developed a method combining viddmsed motion capture and US imag[2d]. Achilles tendon

length was defined as the distance between the gastrocnemius muscle tendon junction and the tendon
insertion at the calcaneus. Panoramic ultrasound imaging alfoevtransducer to be moved along the

patients Achilles tendon, blending multiple images together to form one long image with an extremely wide

field of view[19]. The method is easy to perform and clinically applicable, but it has not been validated
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[30][18][26]. Finally Amlang et al reported an US classification system to be used for individual treatment
selection in patients with ATRoking at the degree of overlap of the torn tendon enda asirrogate for
tendon displacement and elongatigh]. Thisclassification system is yet to be validated and correlated to
the final outcome of treatment.

Magnetic Resonance Imaging (MRI) is also aimeasive modality for tendon length measurement.

Relative to US the setup is more demanding and expensivedadagical assistance is needed to perform

MRI measurements. Clinically, Matles test is the most widely used test for Achilles tendon elofif#tion

The purpose of the present study was to develop and validate a method, which can determine Achilles
tendon length and elongation accurately in a clinical setting using standard US equipment. In order to do so
we had the following specific aims: 1) US identification of the anatomical landmarks and development of
the specific measurement. 2) Assessment ofitiiea-rater reliability and 3) of the interater reliability. 4)
Comparison of different modalities (Ultrasonography and MRI). 5) Comparison of the tendon length of both

legs of the same subject.

MATERIAL AND METHODS

Description of the novel US measuremt

Achilles tendon length was defined as the distance between the tendon insertion at the calcaneus and the
medial gastrocnemius muscle tendon junction, as previously described by Red2&} &irst, the

anatomical landmarks were identified and madke@nd then the distance between them was measured.

The distal landmark was the posterior and most superior corner of the calcaneus in the midline, which on
sagittal US examination was identified as the point where the cortical bone and its underlyirmyvshad

ended (figure 1). The proximal landmark was the distal tip of the medial gastrocnemius head, which was
defined as the most distal point where the muscular fibers inserted into thleaped convergence of the

deep crural fascia (figure 2).

Study populaton

Nineteen noninjured subjects, age 26 to 63 years, without prior Achilles tendon problems were included.
Investigations were performed in the period November 2Q1Ianuary 2013. The study was approved by
the Regional Ethical Review Board (Ref.N@18). All participants received oral and written information

and written consent was obtained.
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Setup

The novel US measurement was validated by three independemtudStigators with two to five years of
experience within musculoskeletal US. {itkages wee evaluated by two independent investigators, both
specialized in musculoskeletal MRI. All investigators were blinded to the results of the other investigators
and to their own previous results.

Inter- and intrarater reliability for the novel US measuremt was determined for the three independent

US investigators on two occasions with three weeks between scans. Within the following two months MRI
examinations were performed.

Participants were positioned in a prone position with the knee flexed 10 degfageriorly to (below) the

ankle joint a triangle shaped foam pad was placed with the feet resting relaxed against it (figure 3). Using a
goniometer the ankle joint was positioned in 10 degrees of plantar flexion by adjustment of the foam pad.
Participans were positioned identically for US and MRI investigations.

Reliabilitytesting of the US measurement was performed using three different US scanners: GE Healthcare
Logig S8, Logiqg 9 and logiq P5. Frequency was set to 15 MHz and focus was dynamist@ityadihe US
operator. The predefined anatomical landmarks were identified using longitudinal imaging. A needle was
placed between the probe and the surface of the skin, and the posterior acoustic shadow created by the
needle on the US image was centm@ver the landmark. The position of the needle, thus representing the
landmark, was then marked on the skin. (figure 3). The direct distance between landmarks was measured
with a tape measure following the curves of the leg (figure 3). After each scandfies on the skin were

removed in order to secure blinding of results between investigators.

MRI setup

MR imaging was performed on a 1,5T system (Magnetom Avanto, Siemens, Erlangen, Germany). Axial 2D
sequences covering both entire lower legs were perfed as follows: T1 weighted without fat saturation
(TR/TE, 485/12 ms; flip angle, 90°; pixel matrix, 384 x 256; voxel size, 1.2 x 0.9 x 6.0mm; slice thickness,
6.0mm; distance factor, 30%; FOV, 350 x 312mm; slices, 58), and T2 weighted without fatosaturati

(TRITE, 4090/78ms; flip angle, 150°; pixel matrix, 448 x 355; voxel size, 1.0 x 0.8 x 6.0mm; slice thickness,
6.0mm; distance factor, 20%; FOV, 370 x 367mm; slices, 60). Sagittal 2D sequences covering each entire
lower leg separately were performed asldéws: T1 weighted without fat saturation (TR/TE, 555/22ms; flip
angle, 180°; pixel matrix, 448 x 238; voxel size, 1.2 x 0.9 x 3.0mm; slice thickness, 3.0mm; distance factor,

10%; FOV, 410 x 291mm,; slices, 37) and T2 weighted without fat saturation, @RI0E2ms; flip angle,
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150°; pixel matrix, 512 x 512; voxel size, 1.7 x 1.7 x 4.0mm; slice thickness, 4.0mm; distance factor, 20%;
FOV, 440 x 440mm; slices, 26).

T1 weighted slices were used for all measurements. Length measures were performed frowstigistal

part of the medial head of the gastrocnemius muscle to the distal end of the Achilles tendon, which was
defined by the axial plane intersecting the most cranial aspect of the tuber calcanei. Measurement was
performed as follows: The measuringsor was placed at the distal end of the Achilles tendon on the
sagittal T1 slice. Keeping the cursor in this exact position the radiologist scrolled to the sagittal slice
showing the most distal end of the medial head of the gastrocnemius muscle. Taecgistas then

measured on this slice. The number of sagittal slices between the two measurement points was recorded
and multiplied by the slice thickness (3.3 mm) to obtain the lateral distance between the two measurement
points in the coronal plane. Antimate of the real length of the tendon was then calculated based on the
craniocaudal measurement on the sagittal slice, and the lateralization estimate, using the equation of

Pythagoras.

Statistical methods

The sample size was determined a priori aftensultation with a biostatistician. The study was sized as an
exploratory study. Standard procedures were used for descriptive statistics. Data were evaluated using the
BlandAltman method[2][3]. Difference of the mean and standard error of the measureinend { 9a ' {5
(1 ¢ ICC)) were calculated to assess the agreement between groups dR&athimits of agreement and

minimal detectable change (MDC) were calculated to assess agreement between data of the individual

LI G§ASyG&a o6a5/ [P9]. M3bthe Inté cokelatioh cogfficiand (ICC) was calculated. A paired t

test was used for comparison of means as the data showed a normal distribution and the scale was
considered to be continuous. Statistical analysis where performed using the Séh#sitkage for Social

Sciences (SPSS, version 20.0 for Windows, SPSS Inc, Chicago, IlI).

RESULTS

Both legs of 19 uninjured persons (8 males and 11 females) were studied. Their mean age was 43.4 years
(SD 10.7, range 283). Average height was 175cm (SDatige 158192) and average weight was 76.8kg

(SD 12.9, range 5B10). They all had right as their dominant side.

Reliability

The novel US measurement showed excellent imdtar reliability (ICC 0.96, SEM 0.37 and MDC 1.03) and
inter-rater reliability(ICC 0.97, SEM 0.33 and MDC 0.93) (table 1). There was no systematic difference
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between test days, but a systematic difference between investigators of 2.1mm to 4.5mm (P-=0.04

<0.01). The variation of the int@ater reliability measurements is showmfigure 4.

The MRI measurements showed an integer reliability (ICC 0.99, SEM 0.16 and MDC 0.43) andrattar
reliability (ICC 0.98, SEM 0.23 and MDC 0.64). There was no systematic difference between evaluations by
the same investigator but a systewic difference between investigators of 3.5mm (P < 0.01). The variation

of the interrater reliability measurements is shown in figure 5.

Validity

Validity of the novel US measurement was tested by comparison with the MRI measurements. The MRI
measuremerts were on average 3.8mm longer than the novel US measurement (p=0.001); ICC 0.98, SEM
2.7mm and MDC 7.6mm. The variation of measurements is shown in figure 6. The average length of the

measured Achilles tendons was 183mm; giving a measurement error/@83.8 2%.

Comparison of tendon length of the two legs

We found no statistically significant difference in length between the left and the right Achilles tendon
assessed with both MRI and US. US measurements: p=0.95; ICC 0.94, SEM 4.1mm and MDC 1lL..5mm. MR
measurements: p=0.50; ICC 0.93, SEM 0.46mm and MDC 1.3mm. The variation of tendon length is shown in
figure 7.

DISCUSSION
Elongation of the Achilles tendon after acute rupture is associated with inferior functional outcome
[9][13][16][24]. The purpose fthis study was to develop and validate a clinically applicable, accurate and

easy to perforrmethod for determiningAchilles tendon length.

Measurement of tendon elongation in the acute and early phase of ATR is complicated by several factors.
Firstly,anatomical landmarks are blurred due to rupture morphology. According to our experience the torn
tendon ends consist of irregular fiber bundles of varying size and length. Therefore the diastasis between
individual tendon fibers of the two ruptured endsamvary several centimeters. As such the actual
displacement of the tendon ends cannot be measured by looking at the gap. Also, the distal insertion of the
Soleus muschendon junction is blurred due to hematoma. Secondly, when the tendon is ruptured, the
position of the proximal end of the Achilles tendon varies with knee flexion and contraction of the Triceps
surae muscle, and the position of the distal end of the Achilles tendon varies with the position of the ankle

joint [23][20]. And finally, in ordeto measure elongation a reference value is needed. Although the length
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of the right and left Achilles tendons previously have been shown to be equal, this finding is based on a

small series, and further investigation is needed to confirm[t$

Theexisting methods used to measure Achilles tendon length and elongation are not applicable in the
acute and early phase following ATR. RSA allows for very accurate measurements, but the technique is not
applicable as a clinical tool, as it measures disphace of the torn tendon ends in the period after

application of the markers and not the actual displacement in the acute phase, and thus tendon elongation.
The invasive nature of the technique also disqualifies it for evaluation cbperative treatmentof ATR.

US imaging combined with viddmsed motion capture also allows for accurate and valid measurements:
Accuracy (<1% error) and reliability (ICC=0.97; SEM=0.4cm; MDCH24]ciHpwever, the method is not
applicable as a diagnostic tool in clinisalrk due to its complicated setup. Panoramic US imaging

appeared to be a promising method. Unfortunately it showed an unacceptable andhinterrater

reliability in an unpublished pilot study performed on the same study population with same study setup
(ICC=0.84; SEM=0.9cm; MDC=2.6cm). MRI measurements airevasive and accurate but time

consuming and expensive to perfoffl. Moreover, the expense of advanced imaging modalities such as
MRI must be justified in the light of rapidly rising health cawsts[28]. Clinically, Matles test is the most

widely used test for Achilles tendon elongatidr2]. The test is easy to perform and can easily be applied
intra-operatively. It does, however, not give an exact value but a rough estimation of elongatihn;

despite its use for many years, it is still to be validated and correlated with the final outcome of treatment.

The relationship between Achilles tendon elongation and functional deficit needs to be further
investigated. An average elongation afterRAdf 2.53.5cm has been found in small series of patients, and a
linear relationship between deficits in hegse-height and tendon elongation has been propo$2d][27].

However, the acceptable Achilles tendon elongation after rupture still needs ttakiéied.

In the present study, Uand MRI measurement both showed excellent reliability (table 1, figure 4 and 5).
For comparison between groups of noyured subjects, differences in length of Achilles tendons of more
than 4mm and 2 mm can be detedevith the US and MRI measurements respectively. For repeated
assessment of individual subjects differences in length of Achilles tendons of more than 10mm and 6 mm
can be detected with the US and MRI measurements respectively. Accuracy of the noveddument

was considered acceptable (error 2%). A certain difference between measurements was expected, as the
anatomical landmarks appear different on US and MR imaging. It is not within the scope of this study to

determine which of the two measurements the most accurate. The reliability and validity of the novel US
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measurement is comparable with the method combining vitleased motion capture and US imaging
[21][24]. Roentgen Stereophotogrammetric Analysis is far more precise (0.@L@25mm), but des not

measure the actual tendon length and it is not clinically applicedlg

When assessing elongation of a ruptured Achilles tendon, a reference value is needed. The healthy leg
being the obvious choice, we measured the difference in length betweenight and the left side, as
previously described by Pang and Yit8]. We found no systematic difference in length of the two Achilles
tendons, but a rather large variation (table 1 and figure 7). Due to this variation in length of the two Achilles
tendons an additional error was introduced in all measurements using the uninjured side as reference.
Looking at groups of patients an error of 5mm is introduced when using the uninjured side as reference,
and for repeated assessment of individual subjeeterror of 13mm is introduced when using the

uninjured side as reference. It should also be noted that this study investigatethjuvad subjects and

that data not necessarily can be directly applied in an injured population.

The novel US measuremesta promising clinical tool. It is accurate, reproducible,-effgtctive, easy to
perform and norinvasive. However, it needs to be evaluated in a population with acute Achilles tendon
rupture. The next obvious point of research is the correlation betwgetendon elongation in the acute

and early phase of rupture and 2) the length and functional result after rehabilitation. Moreover, if tendon
elongation in the acute and early phase of rupture does in fact correlate with inferior clinical function the

novel US measurement might allow for individualized and optimized treatment of ATR.

Conclusion

The novel US measurement showed good reliability and accuracy. For comparison between groups of non
injured subjects differences of more than 4mm can be deteckt repeated assessment of individual

subjects differences of more than 10mm can be detected. The novel US measurement is a promising clinical

tool to be further assessed in the setting of acute Achilles tendon rupture.
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TABLES

Table 1: Results

ICC SD SEM MDC | Diff. P- Upper Lower
Reliability: The novel US measurement
Intra-rater reliability 0.96 1.86 0.37 1.03 | -0.097 0.18 135 -1.55
Inter-rater reliability (22) | 0.97 1.81 0.33 093 | -0.21 0.04 143 -1.85
Inter-rater reliability (£3) 0.24 0.02 199 -151
Inter-rater reliability (23) 045 <0.01 187 -0.97
Reliability: MRI measurements
Intra-rater reliability 0.99 1.74 0.16 043 0.056 0.14 0.66 -0.55
Inter-rater reliability 0.98 1.76 0.23 0.64 035 <0.01 126 -0.57
Validity: US measurements compared with MRl measurements
US- MRI 0.98 1.77 0.27 0.76 0.38 <0.01 1.47 -0.71
Comparison of tendon length of the two legs
right - left 0,93 1,76 0,46 1,26 -0.15 0.95 1.63 -1.92

LEGEND: ICC: Inter @tation Coefficient; SD crude: Standard deviation of the crude measureme

SEM: Standard error of measurement; MDC Minimal Detectable Change; Diff. mean: Difference

mean; Pvalue: Significance level of the Diff.mean; Upper LoA: Upper Limit of Agreddiff. mean +

2 standard deviations); Lower LoA: Lower Limit of Agreement (diff. m2atandard deviations).

Intra-rater reliability of thenovel USMeasurement was tested by three investigators. The Bland

Altman method only allows for comparisontefo investigators; thus results are shown for the thres

pairs of investigators (2, 1-3 and 23).
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FIGURES

Figure 1 A sagittal US picture showing the insertion of the Achilles tendon at the calcaneus. The distal
landmark, the posteriesuperior corneof calcaneus, is seen as the point where the cortical bone and its
underlying shadow ends. A 21 gauge needle is positioned between the probe and the skin without

penetrating the skin. The landmark is projected to the skin bypth&terioracousticshadowng of the

needle.

Figure 2 A sagital US picture showing the musgelrdon junction. The proximal landmark is the distal tip
of the medial gastrocnemius head (the insertion of the most distal muscle fibers into the deep fascia). A 21
gauge needle is @itioned between the probe and the skin without penetrating the skin. The landmark is

projected to the skin by thposterioracousticshadowng of the needle.
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Figure 3:Positioning of the study subjects. Participants were positioned in a prone positiothe knee
flexed 10¢ 20 degreesThe ankles rested on a triangular foam pllding agoniometerthe ankle joint was
positioned in10 degrees of plantar flexion lagjustment of thefoam pad(A). With a marker the point
where the US probe and the nelectrossed was marked on the skiB+C) The distance between

landmarks was measured with a tape measure following the curves of tH{{®)eg
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