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ABSTRACT

—
SUSANNE BEISCHER

Patience You Must Have, My Young Athlete

»
To my family

An anterior cruciate ligament (ACL) injury is
one of the most common knee-related inju-
ries, usually occurring in younger individuals
during sports participation. Moreover, al-
most 1 in 4 of younger athletes sustain a sub-
sequent ACL injury once they return to sport
(RTS). Few previous studies have, however,
focused on outcomes in adolescent athletes
(15-20 years of age) after a primary ACL re-

construction.

The overall aim of this thesis was to describe
outcomes after a primary ACL reconstruction
in terms of muscle function, RTS, concomi-
tant injuries, subsequent ACL injury, psycho-
logical aspects and symptoms related to knee
function in adolescent athletes, aged 15 to
20 years, and in adult athletes, aged 21 to 30

years.

This thesis comprises 5 studies, all based on
data from a rehabilitation outcome register,
Project ACL. The primary statistical methods
used were comparative analyses between ado-
lescents and adult athletes as well as uni- and
multivariable analyses with different binary
dependent outcomes. The results are presen-
ted under the following 4 topics: symmetrical
muscle function, return to sport, subsequent ACL
injuries and self-reported knee function & psycho-

logical outcome.

The first topic was evaluated in 2 prospec-
tive cohort studies (Studies I and IV). It was
found that the majority of young athletes

make an early return to knee-strenuous sport
after a primary ACL reconstruction, without
recovering their muscle function (Study I).
In addition, athletes with more symmetrical
knee-extension and knee-flexion strength, a
more symmetrical hop performance and hig-
her present self-efficacy after 4 months of re-
habilitation had increased odds of achieving
symmetrical muscle function 12 months after
an ACL reconstruction (Study IV).

The second topic was evaluated in 1 prospec-
tive cohort study (Study I) and 1 case-control
study (Study III). Study III combined data
from Project ACL with surgical data from the
Swedish National Knee Ligament Register. It
was found that male sex, younger age, a hig-
her preinjury level of physical activity and the
absence of concomitant injuries to the medi-
al collateral ligament and meniscus predicted
RTS 12 months after ACL reconstruction.
In addition, adolescent athletes had a higher
RTS rate at 8 months, where as many as 50%
had returned to knee-strenuous sport compa-
red with 38% of the adult athletes (Study I).

The third topic was evaluated in 1 prospective
cohort study (Study V). It was found that the
time of RTS and the preinjury level of physi-
cal activity were associated with a subsequent
ACL injury. Athletes who returned to sports
before 9 months after an ACL reconstruc-
tion had a 7 times higher ACL reinjury rate
compared with athletes who returned after 9

months.



Finally, the fourth topic was evaluated in 1 ca-
se-control study (Study IT) which showed that
adolescent athletes, especially females, perce-
ived enhanced self-efficacy, had a higher RTS
rate and were more motivated to reach their
goals after the ACL reconstruction. In addi-
tion, athletes with symmetrical muscle func-
tion reported greater motivation and superior
self-efficacy compared with athletes who had
not recovered their muscle function 8 and 12
months after the ACL reconstruction. Re-
gardless of age, athletes who had returned to

sport had a stronger psychological profile.

Taken together, it appears to be important
that young athletes receive information about
not returning to sport before they are both
physiologically and psychologically ready and
that this may take longer than 12 months. Ba-
sed on the findings in this thesis, the rehabili-
tation of young athletes, especially adolescent
athletes, should be prolonged to more than 9

months, preferably to at least 12 months.

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction




SAMMANFATTNING PA SVENSKA

—
SUSANNE BEISCHER

Patience You Must Have, My Young Athlete

En frimre korsbandsskada ir en av de vanligas-
te skadorna som drabbar knileden och skadan
drabbar frimst unga idrottsaktiva. Ungefir en
fjardedel drabbas dessutom av en andra frimre
korsbandsskada efter dtergang till idrott. Fa ti-
digare studier har specifikt undersokt utfall hos
idrottande ungdomar i aldern 15-20 ar efter en

primir frimre korsbandsskada.

Huvudsyftet med denna avhandling var att
beskriva utfall efter en frimre korsbands-
rekonstruktion avseende muskelfunktion,
atergang till idrott, associerade skador, efter-
foljande frimre korsbandsskada, psykologiska
variabler samt symtom och knifunktion hos
idrottande ungdomar, 15-20 ar, och vuxna,
21-30 ar.

Denna avhandling innehéller fem studier, som
alla baserats pa Projekt Korsband, ett rehabili-
teringsregister. Huvudsakligen anvindes jam-
forande analyser mellan ungdomar och vuxna
samt uni- och multivariabla analyser med oli-
ka bindra beroende utfall. Resultaten av av-
handlingen presenteras utifrin foljande fyra
teman; symmetrisk muskelfunktion, dtergdng till
idrott, efterfoljande framre korsbandsskada samt
patient-rapporterad kndfunktion & psykologiska
utfall.

Det forsta temat undersoktes i tva prospek-
tiva kohortstudier (Studie I och IV). Vi fann
att majoriteten av unga idrottare, 15 till 30 ar
gamla, atergick till knikrivande idrott tidigt

och utan att muskelfunktion var aterstilld

(Studie I). Vidare visades att idrottare med
mer symmetrisk styrka i kniextension och
kniflexion, en mer symmetrisk hoppférmaga,
samt hogre tilltro till sin formaga tidigt ef-
ter en frimre korsbandsrekonstruktion hade
hogre odds att aterstilla sin muskelfunktion,
mitt med ett batteri av fem muskelfunktions-
tester vid 12 manader (Studie V).

Det andra temat undersdktes i en prospektiv
kohortstudie (Studie I) och en fall-kontroll
studie (Studie III). I den senare kombinera-
des data frin Projekt Korsband med data frin
Svenska Korsbandsregistret. Fynden var att
manligt kon, yngre alder, en hégre preopera-
tiv fysisk aktivitetsniva samt avsaknaden av
associerade skador pa mediala kollateralliga-
mentet samt mediala eller laterala menisken
predikterade aterging till idrott vid 12 ma-
nader efter en frimre korsbandsrekonstruk-
tion. Dessutom hade en hégre andel, 50 %, av
ungdomarna atergatt till knidkriavande idrott
vid 8 minader, jaimf6rt med 38 % f6r de vuxna
idrottarna (Studie I).

Det tredje temat, undersoktes i en prospektiv
kohortstudie (Studie V). Tid for atergéng till
idrott sévil som preoperativ fysisk aktivitets-
niva visades vara associerade med en efter-
féljande frimre korsbandsskada. De idrottare
som dtergick till idrott innan 9 manader efter
en frimre korsbandsrekonstruktion hade 7
ganger sd hog risk att drabbas av en efterfol-
jande frimre korsbandsskada jimfért med de

idrottare som atergick efter 9 manader.



Det fjirde temat, undersoktes i en fall-
kontrollstudie (Studie II) som visade att ung-
domsidrottare, speciellt de kvinnliga, upp-
levde hogre knirelaterad tilltro till sin for-
maéga, hade éatergitt till idrott i hogre grad
samt var mer motiverade att nd sina mal
efter en frimre korsbandsoperation. Vidare
visades att idrottare med symmetrisk mus-
kelfunktion rapporterade hdgre motivation
och hogre knirelaterad tilltro till sin férmaga
jaimfort med de idrottare som inte aterstillt
sin muskelfunktion. Oavsett alder uppvisade
de idrottare som atergatt till idrott en starkare

psykologisk profil.

Sammantaget tycks det vara av stor vikt att
yngre idrottare informeras om att inte aterga
till idrott forrdn de ir tillricklig aterstillda,
savil fysiskt som psykiskt, och att detta kan ta
lingre tid 4n 12 manader. Baserat pa resulta-
ten av denna avhandling rekommenderas att
rehabiliteringen av yngre idrottare, speciellt
av ungdomar, bor paga mer in 9 manader,

helst i minst 12 manader.

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction
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ACL reconstruction
Adolescent athletes
Adult athletes

Allograft

Autograft
Bias
Body mass index (BMI)

Confounder

Contralateral

Face validity

Incidence

Intraclass coefficient (ICC)

Ipsilateral

LSI

Minimal detectable change (MDC)

Minimal important change (MIC)

Multivariable variable model

Reconstruction of the native ACL using a graft
Athletes aged 15 to 20 years
Athletes aged 21 to 30 years

Tissue from a donor of the same species as the recipient but not

genetically identical

Tissue from one point to another of the same individual’s body
Systematic error

Weight (kg)/height (m)?

A distortion that modifies an association between an exposure and
an outcome because a factor is independently associated with the

exposure and the outcome
Belonging to or occurring on the opposite side of the body

Subjective judgement by experts in the field that items appear to

assess the desired qualities?®

The number of new cases of a condition or injury that develop

during a specific period of time, such as a year

Reliability coefficient. Reflects the test’s/PROs’ ability to differen-

tiate between patients
Belonging to or occurring on the same side of the body

Limb Symmetry Index. The LSI is defined as the ratio of the re-
sults of the injured and the uninjured limb expressed as a percen-

tage (injured/uninjured x 100)

A measurement of the variation in a scale due to measurement
error. A change in the score can only be considered to represent a

real change if it is larger than the MDC**

The smallest change in a score needed for the effect to be conside-

red clinically relevant?¢

A statistical model in which there are multiple independent vari-
ables. This type of statistical model can be used to assess the rela-

tionship between a number of variables



Muscle function

Non-parametric statistics
Null hypothesis

Odds

Odds ratio

Overfitting

Parametric statistics

Predictor

P value

Return to sport

Sensitivity

Specificity

Symmetrical muscle function

Statistical power

Standard error of measurement (SEM)

Survival analysis
Type I error
Type Il error

Univariable model

20

Knee strength and hop performance

A statistical method where the data are not required to fit a normal

distribution
The assumption that no differences exist between populations

The ratio of the probability of an event occurring in a group with
a given exposure to the probability of the event not occurring in

the same group
The ratio of the odds in a group to the odds in another group

The production of an analysis that corresponds too closely or ex-
actly to a particular set of data and may therefore fail to fit additio-

nal data or predict future observations reliably

A statistical method that relies on the assumption of normal dist-

ribution
A variable associated with an increased risk/chance of an outcome

The level of statistical significance, i.e. the probability of finding
the observed, or more extreme, results when the null hypothesis

of a study question is true

Participating in knee-strenuous sport, defined as returning to a

Tegner Activity Scale of > 6

True positive rate = the level at which a test is able correctly to
detect a condition (e.g. an ACL injury) in patients who actually

have the condition 2%

True negative rate = the level at which a test is able correctly to

rule out a condition ¢

Achieving an LSI of at least 90% in 5 tests of muscle function (2

strength tests and 3 single-leg-hop tests)
The probability of making a type II error

Quantifies the precision of individual scores within the subject.
SEM = SD x /(1-R) where SD is the standard deviation of test
scores and R is the reliability of the test

Studies the risk and time to an event
Incorrect rejection of a true null hypothesis
Failure to reject a false null hypothesis

A statistical model in which there is only one independent variable

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction
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1.

INTRODUCTION

SUSANNE BEISCHER

Patience you must have, my young athlete

»

I'm going back to the start

— COLDPLAY, “THE SCIENTIST”
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1.1 ANATOMY

The knee joint is the largest joint in the hu-
man body and consists of 2 parts, the tibio-
femoral and the patellofemoral joints. Here-
inafter, knee joint will be used to refer to the
tibiofemoral joint, which consists of the thigh
bone, the femur, and the shin bone, the tibia.
The knee joint is classified as a modified hinge
joint, which primarily permits flexion and ex-
tension. Limited rotatory movement can also

occur when the knee is flexed.

Cartilage

PCL

The articulating surfaces of the femur and tibia
are covered with hyaline cartilage, which protects
the bones as they move (Figure 1). The primary
role of the cartilage is to transmit and distribute
load and, together with the synovial fluid, provi-

de near friction-free and smooth articulation. ¥

As the joint socket of the knee joint is almost
flat, the stability of the joint needs to be en-
sured by the surrounding tissues, primary
by the menisci, the surrounding muscles and

tendons and the knee ligaments.

ACL

Lateral collateral ligament —— = |
ff

Lateral meniscus

Medial meniscus

Medial collateral ligament

FIGURE1 The knee joint.
PCL posterior cruciate
ligament, ACL anterior
cruciate ligament.

23



1.1.1 Menisci

The menisci are crescent shaped and located
between the femoral condyles and attached to
the tibial plateau (Figure 1). The medial menis-
cus, together with the lateral meniscus, covers
approximately 70% of the tibial plateau. Their
main functions are to distribute load, facilita-
te movement and contribute to joint stabili-
ty.?!"” The menisci adapt in shape and size and
distribute forces across the knee joint during
weight-bearing. As the menisci are made of
fibrous cartilage, they act as soft elastic shock
absorbers. In addition, as the menisci are also
wedge shaped and accommodate to the end of
the femur, they contribute to the stability of

the knee joint.?

1.1.2 Muscles around the knee joint

Together with the menisci and the knee liga-
ments, the surrounding muscles and tendons
are important for the functional stability of
the knee joint. The most important muscle
groups are the quadriceps and hamstrings in
the anterior and posterior thigh. The quadri-
ceps muscle is the largest extensor of the knee
joint and produces an anterior translatory
force on the tibia, in relation to the femur,
when contracting. The hamstring muscles
are the primary flexors of the knee joint and
counteract the anterior translatory force pro-

duced by the quadriceps.

1.1.3 Ligaments of the knee joint

The 4 main stabilizing ligaments of the knee
joint are the 2 collateral ligaments, the medial
collateral ligament (MCL) and the lateral colla-
teral ligament (LCL), and the 2 cruciate liga-
ments, the posterior cruciate ligament (PCL) and

the anterior cruciate ligament (ACL) (Figure 1).

24

The MCL consists of 2 parts, the superficial
MCL and the deep MCL, '* and provides me-
dial stability to the knee joint by preventing
excessive medial opening. The MCL attaches
proximally to the medial femoral epicondyle.
The superficial part of the MCL has 2 distin-
ct tibial attachments as it blends into the se-
mimembranosus tendon and also attaches to
the posteromedial crest of the tibia.**'* The
deep medial aspect of the MCL consists of the
meniscofemoral and the meniscotibial liga-
ment, both of which attach to the medial me-
niscus. ** An injury to the MCL usually occurs
during valgus stress when the knee is partially
flexed, as seen in Figure 2. This injury is com-

54202 and can be either

mon in young athletes
isolated or occur in combination with injuries

to other structures of the knee.

The LCL provides lateral stability to the knee
joint by preventing excessive lateral opening.
This strong ligament originates from the late-
ral femoral condyle and inserts to the head of
the fibula. Unlike the MCL, the LCL has no
attachment to the nearby meniscus. An injury
to the LCL is less common than an injury to
the MCL. **2% An LCL injury has been repor-
ted to account for about 1% of all knee injuries

compared with about 8% for MCL injury. '*!

The cruciate ligaments, the ACL and the PCL,
derive their name from their crossed arrange-
ment. The ligaments are named anterior and
posterior according to their attachment to the
tibia. The cruciate ligaments are the primary
passive stabilizers of the knee joint, providing
both translatory and rotatory stability. The
ACL restricts the tibia from moving forward in
relation to the femur, i.e. anterior translation,

and provides nearly 90% of the passive stability

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

during anterior translation. The PCL acts in
the opposite direction, resisting the forward

sliding of the femur in relation to the tibia.

The ACL originates from the medial side of
the lateral femoral condyle and inserts on the
medial tibia. The ACL is formed by 2 bundles,
the anteromedial (AM) bundle and the poste-
rolateral (PL) bundle. The bundles are named
according to their tibial insertion. 7486224 Ag
the AM bundle inserts anteriorly and medi-
ally on the tibia, it primarily restricts the an-
terior translation of the tibia, while the PL
bundle restricts tibial rotation. ?* When the
knee is extended, the PL bundle becomes tight
and the AM bundle is moderately relaxed. %
During knee flexion, the AM bundle tightens
and the PL bundle loosens up.?”!

1.2 ACL INJURY
1.2.1 Injury mechanism

A rupture of the ACL primarily occurs in
younger athletes during sports participation.
Nearly three-quarters of all ACL injuries are
classified as non-contact injuries, meaning
that the injury occurs with minimal or no
contact with another individual. ****! The in-
jury most commonly occurs during a cutting
maneuver (Figure 2), or during a sharp decele-
ration or in a single-legged landing maneuver.
127.131178.250 The mechanism of an ACL injury
has been described as a forceful and sudden
valgus collapse with the knee close to full
extension, combined with external or inter-
nal rotation of the tibia (Figure 3). '7'7® This
description of the ACL injury mechanism is
supported by the fact that the peak strain in
the ACL occurs with the knee flexed between
0° and 30°. ¥ The fact that valgus loading is a

key factor in the ACL injury mechanism has

been repeatedly confirmed in previous rese-
arch.'®1%15! From the point of the initial foot
contact, the ACL is found to rupture within

40 milliseconds. ¥’

FIGURE 2 |llustration of a cutting maneuver which,
together with a single-legged landing, is the most
common situation that causes an anterior cruciate
ligament injury. The injury occurs within the first 40
milliseconds after the initial foot contact.

Koga et al. '’ formulated the following hy-
pothesis regarding the mechanism of a

non-contact ACL injury.

1) When a valgus load is applied to the knee
joint, the MCL becomes tauter and a lateral

compression of the knee joint occurs.

2) In combination with the anterior force cau-
sed by the contraction of the quadriceps, the
load on the knee causes a displacement of the
femur in relation to the tibia, where the late-
ral femoral condyle shifts posteriorly and the
tibia translates anteriorly and rotates inter-
nally, resulting in an ACL rupture (Figure 3,

left).
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3) After an ACL rupture, the primary restraint
to anterior translation of the tibia is gone,
which causes the posterior displacement of
the medial femoral condyle, resulting in the
external rotation of the tibia (Figure 3, right).
This external rotation may be aggravated by
the typical movement pattern in which the

foot rotates externally relative to the trunk.

€

FIGURE 3 The anterior cruciate ligament ruptures
when the tibia translates anteriorly and rotates inter-
nally and the lateral femur condyle shifts posteriorly
(left). After the rupture, the medial femoral condyle
shifts laterally, resulting in the external rotation of

the tibia, which may be aggravated by the typical
movement pattern in which the foot rotates externally
relative to the trunk (right).

1.2.2 Incidence

The annual incidence of ACL injury in Sweden
has been estimated at 80/100,000 inhabitants,
which represents about 8,000 injuries a year.
19 National ACL injury or reconstruction in-
cidence rates at population levels are available
for several countries, particularly in Scandi-
navia and Australia. ' The annual incidences

of primary ACL reconstruction are similar
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across these countries, with about 30-40 per

100,000 inhabitants. *' However, the inciden-

47,84,169 30,82,160,169,193

ce varies by age, patient sex

and the type and level of physical activity.**'®
For instance, the highest incidence is seen in
younger athletes participating in high-risk
sports, such as soccer, basketball and floor-
ball. ¢?82192216 [n Sweden, male patients aged
21 to 30 years are reported to have the hig-
hest incidence; 225/100,000 inhabitants. '
On the other hand, female patients sustain
an ACL injury at a younger age compared
with male patients; most commonly between

169,216

the ages of 11 to 20 years. One explana-
tion for this finding can be that females are
more exposed to injury risk situations at a

younger age compared with male patients.

It is well established that women run a hig-
her risk of sustaining a primary ACL injury
compared with men. 38101 A gystematic
review and meta-analysis ' of 58 studies of
athletes participating in organized sports re-
ported that 1 in 29 female athletes and 1 in 50
male athletes sustain an ACL injury in a peri-
od that spans from 1 season to 25 years. The
relative risk of ACL injury was found to be 1.5
times higher in females compared with male
athletes. The higher risk seen in females is
probably multifactorial; however, the reasons
for this are not yet fully understood. Hormo-

nal factors 2107273

104,106,131

and knee valgus moments
are factors that have been found to
explain the difference in risk between females

and males.

1.2.3  Concomitant injuries

An isolated ACL injury is thought to ap-
pear in 12-40% of all ACL injuries. 13*!17%243
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Knowledge regarding the way concomitant
injuries influence outcome after an ACL re-
construction is limited. With respect to the
association between concomitant injuries
and regaining symmetrical muscle function,
conflicting results have been reported. 13
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Krych et a reported that cartilage dama-
ge, classified as 1 or less on the Outerbridge
chondral knee lesion classification, i.e. softe-
ning and swelling of cartilage,* was associa-
ted with achieving symmetrical muscle func-
tion in strength and hop tests at 6 months
after an ACL reconstruction compared with
having cartilage damage of 2 or more, i.e.
fragmentation and fissuring of the surface
or the subchondral bone. In contrast, Ham-
rin Senorski et al. *” did not find any associ-
ation between concomitant injuries and the
likelihood of regaining symmetrical muscle
function 12 months after an ACL reconstruc-
tion. Moreover, Lepley et al. '** showed that
patients who undergo meniscectomy or
meniscal repair at the time of the ACL re-
construction did not differ with respect to st-
rength in knee extension at the time of return
to sport (RTS) compared with patients with
an isolated ACL reconstruction. However, the
studies by Hamrin Senorski et al. * and Lepley
et al. ' included a limited number of patients,
which might explain why no associations
were found. Even though there appear to be
conflicting results regarding the association
between concomitant injuries and short-term
outcome in terms of muscle function, con-
comitant knee injuries are reported to have
a negative influence on achieving acceptable
patient-reported knee function 12 months
after an ACL reconstruction® and an increa-
sed risk of impaired knee function in the long

term, i.e. more than 10 years after the ACL

reconstruction.!”?

1.2.4  Clinical presentation

A patient who has sustained an ACL injury
often describes an audible “pop” or a feeling
that “something was going out and then going
back” and that it was impossible to continue
the activity. Occasionally, pain and effusion
limit further activity, but sometimes swelling
is only minimal or delayed. Moreover, a des-
cription of a feeling of instability or lack of
confidence in the knee when trying to resume

the activity is common.

An ACL injury can be confirmed by clinical
testing and/or magnetic resonance imaging.
3 Three commonly applied tests in clinical
practice to diagnose an ACL injury are the
anterior drawer, the Lachman and the pivot
shift tests.” Because the ACL is the primary
restraint to anterior movement of the tibia,
an injury to the ACL often results in anteri-
or laxity, which can be tested with the ante-
rior drawer and Lachman tests. The anterior
drawer test shows good sensitivity and speci-
ficity in chronic conditions but not in acute
conditions.? In contrast, the Lachman test is
reported to be the most valid test for diagno-
sing ACL ruptures, both in acute as well as
in chronic conditions, in clinical practice and
during anesthesia.?**** However, the pivot
shift test is reported to have the highest spe-
cificity but limited sensitivity, especially in
awake patients. 2 In contrast to the anterior
drawer and Lachman tests, the pivot shift test
assesses combined rotatory translational knee

laxity 26162

and is regarded as the best indicator
of a patient’s perceived instability, as the test
is able to provoke the feeling of an episode of

“giving way”.
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1.3 TREATMENT OF ACL INJURY

There are 2 primary treatment options af-
ter an ACL injury; (1) rehabilitation, or (2)
rehabilitation in combination with an ACL
reconstruction. It is, however, not known
whether either is the optimal treatment for
an ACL injury.” It is likely that ACL re-
construction is the best option for some in-
dividuals but not for others. The aim of both
treatment options is to reduce perceived joint
instability and to improve overall knee func-
tion. However, there are several areas of di-
sagreement in terms of the best treatment of
patients with an ACL injury. They are, for
instance, related to the optimal timing of the
ACL reconstruction, reconstruction versus
no reconstruction, surgical techniques and
the benefit of different rehabilitation pro-

grams.

To date, only 1 randomized controlled tri-
al (RCT) 7" has been published comparing
a group of patients with an ACL injury who
underwent rehabilitation alone with a group
who underwent rehabilitation in combina-
tion with early ACL reconstruction. The
group who underwent rehabilitation alo-
ne had the option of late reconstruction. In
this RCT, young active patients (18-35 years
of age) were included. The primary outco-
me was the change in patient-reported knee
function from baseline to 2 and 5 years after
the ACL injury or the ACL reconstruction.””
! No differences between the 2 groups were
found at either of the 2 follow-ups. However,
as many as 51% of the patients in the group
who underwent rehabilitation alone opted for
late ACL reconstruction. Moreover, the pa-
tients who underwent an early reconstruction

had a higher frequency of small meniscal tears
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at baseline. The meniscal tears in patients
who were assigned to rehabilitation plus ear-
ly ACL reconstruction were more likely to be
left untreated. These limitations need to be

considered when interpreting the results.

1.3.1 ACL reconstruction

The primary indication for an ACL re-
construction is the patient’s perceived insta-
bility of his/her knee. The aim of the ACL
reconstruction is therefore to restore stabili-
ty, in order to prevent the knee from future
instability, and to protect the knee from sub-
sequent knee-related injuries, e.g. injuries to
the meniscus or the cartilage, and reduce the
risk of future osteoarthritis. It is well known
that ACL reconstruction reduces anteropos-
terior and rotational knee laxity.”” However,
it is not known whether an ACL reconstruc-
tion leads to an enhanced outcome in terms
of overall knee function, a reduced number of
subsequent intra-articular injuries or a redu-

ced incidence of osteoarthritis.

In Sweden, it is estimated that approximately
50% of patients with an ACL injury are tre-
ated with an ACL reconstruction. ® Regard-
less of the reconstruction rate, the total rate
of ACL reconstructions per 100,000 popula-
tion has increased during the last few deca-
des, especially in younger athletes. “**?7* The
average age of a patient undergoing an ACL
reconstruction is 27 years; 25 years for fema-
les and 28 years for males. © Moreover, 42%
of patients who undergo an ACL reconstruc-
tion in Sweden are females. '*? Irrespective of
patients’ sex, it appears that the highest inci-
dence of ACL reconstruction occurs in adole-

47,103,160,169,192,225

scents, with a significant peak at

the age of 17 years.”
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An ACL reconstruction is normally perfor-
med using arthroscopic surgery. There are
3 primary graft choices for ACL reconstruc-
tion; the hamstring tendon (HT) autograft,
the bone-patella bone-tendon (BPTP) auto-
graft and an allograft. In Sweden, HT grafts
are the most common graft choice, ?** where

about 90% of all the patients who undergo an

4,84,97

ACL reconstruction receive this graft.

Semitendinosus

Gracilis

Femur

Quadruple stranded
hamstring autograft
(side and frontview)

Collateral medial ligament
Tibia

In the European countries, HT autografts
together with BPTP autografts dominate as
the primary graft choices; 92-99% of the pa-
tients receive these grafts. '** Figure 4 shows
the harvesting of HT and BPTB grafts. The
BPTB graft involves the central third of the
patellar tendon and the HT graft includes
both semitendinosus and gracilis hamstring

tendons. Figure 5 shows a reconstructed ACL.

§\

-—ﬁ Patella
/ Patellar tendon
I ——  autograft

(side and frontview)

Patellar tendon

Tibia

FIGURE 4 Harvesting grafts. Hamstring tendon autograft (left) and bone-patella tendon-bone graft (right).

There is no consensus on which autograft
is superior with respect to the re-rupture

rate53,58,74,75,185

and no or only minor diffe-
rences with respect to long-term functional
outcome have been shown between HT and
BPTB grafts. *"'*” The primary advantage of
the BPTB graft is the bone plugs at each end,
providing good conditions for the fixation
and ingrowth of the graft.?’> On the other
hand, pain when kneeling, anterior knee

215,243

pain and knee-extension weakness are

commonly reported problems. A quadru-
ple HT autograft is reported to be stronger
and stiffer than a BPTB graft.'”® However,
patients receiving HT autografts are repor-
ted with reduced end-range knee-flexion
strength and a change in the muscle-tendon

128,129 In

properties of the hamstring muscles.
the United States, allografts are a common
graft choice, together with HT grafts. ' The
main indications for an allograft are ACL re-

vision, multiple ligament reconstruction and
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athletes with a low tolerance of leg muscle
deficits. '» Even though the choice of graft
should be individualized, it depends on the
surgeon’s competency and familiarity with

the different techniques.

FIGURE 5 The knee joint with a reconstructed
anterior cruciate ligament.

1.3.2 Rehabilitation

Regardless of whether or not a patient chooses
to undergo an ACL reconstruction as part of
his/her treatment, a long period (up to a year,
sometimes longer) of rehabilitation is essenti-
al. Since the injury to the ACL is often associa-
ted with a variety of different aspects that need
to be considered, the rehabilitation needs to
be individualized. The physical therapist thus

needs to consider aspects such as the presence
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of concomitant injuries, graft choice, patient
adherence to the rehabilitation, psychologi-
cal status, the patient’s goal for rehabilitation,
the demands of the activities the patient wis-
hes to resume and how much time the pa-

tient is prepared to spend on rehabilitation.

Immediately after an ACL injury, rehabilita-
tion is started to reduce knee joint effusion,
restore range of motion and improve knee-ex-
tension strength. #8148 If the patient opts for
an ACL reconstruction, a preoperative proto-
col comprising progressive rehabilitation for
at least 5 weeks before the ACL reconstruc-
tion is recommended. ' Preoperative reha-
bilitation, with the goal of regaining at least
80-90%°"% of knee-extension strength in the
injured leg compared with the uninjured leg,
before ACL reconstruction, has been found to
be associated with an improved postoperative

outcome, 31288

Traditionally, the rehabilitation after an ACL
reconstruction has been divided into phases
with different goals and content. The descrip-
tion of rehabilitation phases, as illustrated in
Table 1, is influenced by the work of Thomeé
& Kvist *° and Herrington et al.'” However,
there is no consensus presented in the litera-
ture on how rehabilitation after an ACL re-

construction should be designed. »**

The initial rehabilitation phase, Phase 1, is cha-
racterized by postoperative care and the early
implementation of treatment with low-load
exercises. The main purpose of this phase is
to reduce and control effusion, improve ROM
and activate the muscles around the knee. The
initial phase corresponds to the inflammatory

healing phase. Because inflammation has been
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found to contribute to further cartilage dama-

145 jnflammation needs

ge after an ACL injury,
to be resolved before further progression to

the next phase can take place.

The phase for folerance training, Phase 2, starts
with continued low-load exercises, such as bi-
lateral weight-bearing activities that gradual-
ly progress until the knee tolerates full unila-
teral weight-bearing activities. During Phase
3, specific hard training exercises are initiated.
This means that the patient progresses from
bilateral load activities to full unilateral load
activities in multidirectional planes, alongside

a progressive and relatively heavy period of

TABLE1 Rehabilitation following ACL reconstruction

Progression Rehabilitation

phase phase

Control pain,

. Phase 1 !
Postoperative . reduce effusion,
Initial .

improve ROM
Bilateral No effusion,
loading Phase 2 full extension,
Tolerance unrestricted
training walking, good

balance and control

! | Full ROM, return
Unilatera to running, knee
loading s o strength = 90% of

izﬁﬁ:'c et the uninjured leg,
9 restricted agility
drills
.. Phase 4
I Rt to Return to sports
loading
sports

ROM Range of Motion
RTS Return to Sport

Repair

training with very high intensity exercises at
the end of the phase.

The last phase, Phase 4, is characterized by
multidirectional running and landing tasks,
which are aligned to the needs of the sport the
patient wants to return to. This phase, which
can be regarded as the most difficult and de-
manding, aims to restore the unique charac-
teristics of all damaged tissue to withstand the
often very intense loads during sports. A re-
cent appealing consensus statement regarding
RTS emphasizes that the RTS phase starts
from the day of injury, which can be an im-

portant concept to promote to the patient.

Healing phase  Example of exercises

ROM exercises, calf rises, hip

Inflammation abduction/extension, gait training,

isometric hamstring/quadriceps

Mini squats and lunges, leg press, leg
extension (isometric/dynamic), bridges,
Nordic hamstring (isometric then
supported/unsupported dynamic),
single-leg calf rises, balance exercises,
bilateral hop exercises

Running drills (forwards/sideways/
backwards/sprinting), loaded squats

Remodeling and lunges, deadlifts, Nordic hamstrings,

progressive unilateral hop exercises,
agility drills (changing directions, kicking)

Progressive RTS (restricted training,

Maturity unrestricted training, match play,

competitive match play)
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Even though success means different things
to different people, RTS is often equivalent
to success from a patient’s perspective. ®
However, a clinician might define success
after ACL injury/reconstruction as the pre-
vention of new or subsequent injuries.® With
regard to the convincing findings relating to
primary ACL injury prevention,'®163164187.247
it is surprising that postoperative rehabili-
tation protocols seldom include recommen-
dations on knee-specific training once the
rehabilitation is ended. White et al. *¢* de-
signed a rehabilitation protocol with the aim
of preventing future injuries. Only 2.5% of
the patients who underwent rehabilitation
according to their protocol sustained a sub-
sequent ACL injury, i.e. a graft rupture or a
contralateral ACL injury, within 2 years of
the ACL reconstruction.!” The reinjury rate
in this study is lower than the reinjury rate
in a general ACL population (6%) and much
lower than the reinjury rate of up to 30% in
young patients. >74%135:217.243.256266 [ the light
of the high risk of a subsequent ACL injury,
especially in younger patients, there is, the-
refore, a need for future research on secon-

dary prevention.

It is usually suggested that the progression of
an exercise or progression to the next pha-
se of the rehabilitation protocol should be
guided by the fulfillment of certain criteria.
102194240 By monitoring pain and effusion of
the knee joint, decisions on the progression
of exercises can be supported, as pain and ef-
fusion relate to the tolerance of the load pla-
ced on the knee. An increased knee circum-

122

ference at the patella of > 1 cm '* and pain

that increases from day to day, as measured

with a 10-point numeric rating scale, 3%
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are indications that the joint load has been
too high. Patients who experience increa-
sed pain, effusion and/or deficits of range of
motion should undergo treatment to resolve
these impairments before further progressi-

on of the rehabilitation takes place.

Regaining symmetrical muscle function
and enhancing neuromuscular control are
2 cornerstones of rehabilitation. Several
positive associations have been reported by
patients when symmetrical muscle function
and adequate neuromuscular control have
been regained. For instance, more symme-
trical knee-extension strength is associated
with improved self-reported knee function,
enhanced hop performance and landing qu-
ality. °'218 115 Moreover, more symmetrical
knee-extension strength lowers the risk of
a new knee-related injury. *' * Enhanced
neuromuscular control can be achieved by
training exercises for muscle strength, coor-
dination and proprioceptive ability and this
has been associated with improved knee
function, knee joint position sense, knee
joint stability, muscle strength, hop perfor-
mance and function during activities of daily
living. '**?”* However, the choice and level of
exercises vary a great deal between different
patients throughout the rehabilitation. The
most important recommendations are that
the exercises need to progress successively

and be varied.??

Figure 6 gives an example of how an exercise
can progress throughout the rehabilitation
and gradually help to enhance the patient’s
capacity to regain symmetrical muscle func-

tion.
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v

L} 1 1 L)

Change of exercise

FIGURE 6 |llustration of the progression of an exercise (1) during rehabilitation in order to achieve, for example,

symmetrical muscle function. The current figure is a modified version from Blanchard et al.’s 1 illustration of a

theoretical model for exercise progression as a continuum. For example, in a squat exercise, the patient can start

by performing mini-squats (1) within the first weeks after the anterior cruciate ligament reconstruction. The starting

squat exercise can then progress by increasing the ROM, duration, speed and number of repetitions et cetera. In the
next stage, the squats can be performed with an external load (2) and the repetitions, speed and ROM could initially
be reduced. The load is then eliminated and another stimulus, for instance, performing the exercise on one leg (3),

is introduced. After that, this exercise is loaded again (2). In the next phase, the single-leg squat is progressed to be

performed on a balance board, for example (4).
ROM Range of Motion

To facilitate planning, to set realistic expecta-
tions and to strengthen a patient’s self-efficacy
the physical therapist should carefully inform
the patient of all the details of the rehabili-
tation program. Even though information
directed at the patient is essential throughout
the entire rehabilitation, this is especially
important during the initial phase (Table 1).
A higher level of self-efficacy and the use of
positive strategies to cope with the injury and
complete the rehabilitation will increase the
patient’s motivation, diligence and complian-

ce with the rehabilitation. 24

1.4 OUTCOMES AFTER AN
ACL INJURY

There is no consensus on what is regarded
as a satisfactory outcome after an ACL re-
construction. The International Classification
of Functioning, Disability and Health (ICF),
which was introduced in 2001, is a biopsycho-
social model classifying health components
of functioning and disability. The ICF com-
prises sections on Functioning and Disability
and Contextual factors (Figure 7). Functio-
ning is further divided into 3 components;

body functions and structures, activity and
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participation. By measuring several compo-
nents of the ICF, clinicians treating patients

after an ACL reconstruction can obtain a

more comprehensive summary of the pa-

tient’s health, 0180269

Health Condition

(ACL injury )

Environmental factors

Social attitudes, climate, terrain
( social support from coaches/teammates )

Personal factors

Age, patient sex, behavior pattern
(adolescent, risk-taking )

FIGURE?7 International Classification of Functioning, Disability and Health with examples in parentheses for a

patient with an anterior cruciate ligament injury.

1.4.1 Short-term results

Short-term results are generally outcomes
evaluated 1 to 5 years after an event, which,
in this thesis, refers to an ACL reconstruc-
tion. All short-term outcomes reported in
this thesis relate to 12 months after ACL re-
construction and they are all related to the
Functioning section or the Personal factors
component of the section Contextual factors of
the ICF (Figure 7). Outcomes relevant to pa-
tients who have undergone ACL reconstruc-
tion include the results of tests of muscle
function, joint laxity and biomechanics, as

well as the results from patient-reported
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outcomes (PROs). These tests can be used to
describe the patient’s perception of the se-
verity of their injury and monitor progress

during rehabilitation.

Knee function

Patient-reported outcomes are useful tools
when it comes to obtaining information on
the patients’ perceptions of treatment out-
come and they are often used to evaluate
changes in knee function after an ACL re-
construction. *** Two of the most common-
ly used PROs with respect to knee function

are the Knee injury Osteoarthritis Outcome
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Score (KOOS) and the International Knee
Documentation Committee Subjective Knee
Form (IKDC).2%326!

Patients with an ACL injury, regardless of
treatment choice, report inferior knee func-
tion compared with knee-healthy individu-
als.'®? 1313 Enhanced knee function has been
reported to be associated with a higher rate
of RTS,**” passing RTS criteria, '* patient
satisfaction’ and superior hop performance.
36719 Moreover, younger age and male sex
are found to predict an enhanced level of knee
function after an ACL reconstruction. >2%%>%
However, it is not known whether there is
any discrepancy in subjective knee function
between patients of different ages who have

already returned to sport.

QUESTION

Is there a difference in self-
reported knee function between
adolescent and adult athletes
who have returned to sport?

Regaining symmetrical muscle function

The main functional impairments after an
ACL reconstruction are considered to be
deficits in knee-extension strength and re-
duced neuromuscular control, both belong-
ing to the component of body function/
structures in the ICF. *° Regaining symmet-
rical muscle function is regarded as an im-
portant goal during rehabilitation, as more

symmetrical muscle function is associated

with a higher rate of RTS *!% and a lower

Y1137 However,

risk of subsequent injuries.
many patients demonstrate muscle strength
deficits in the injured leg compared with the
uninjured leg and compared with healthy
matched controls, 9 to 12 months after ACL
surgery. *1%! In addition, the majority of
patients are reported not to regain symmet-
rical muscle function 6 to 12 months after an
ACL reconstruction, 8191101241245 However, it
is not known how many adolescent athletes
regain symmetrical muscle function and if
the proportion differ between different age-

groups.

QUESTIONS

How many adolescent athletes
that have returned to sport
have achieved symmetrical

muscle function?

Is there a difference between
adolescent and adult athletes

in terms of the proportion of
athletes that meet RTS criteria?

Knee-extension strength has been reported to
have a large impact on knee function. For in-
stance, knee extension asymmetry at the time
of RTS is associated with changes in knee

117,181

joint biomechanics, poorer self-reported

function 51,148,267

and poorer physical function
and performance. '** Patients who RTS are
more likely to have a higher knee-extensi-
on peak torque-body weight ratio compared

with patients who do not RTS. **!! A larger
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proportion of young athletes, who meet the
criteria for symmetrical knee strength at the
time of RTS, are reported to maintain the
same level of sports participation over the
year following the RTS, compared with those
who do not meet the criteria.**® Finally, the
importance of regaining symmetrical muscle
function is also illustrated by the findings
that a more symmetrical hop performance
pre- and postoperatively is reported to be as-
sociated with superior patient-reported knee
function 12 months after ACL reconstruc-

tiOn 89,147

The limb symmetry index (LSI) is the most
frequently reported criterion for assessing
whether strength and hop performance are
classified as normal or abnormal after an
ACL injury or reconstruction. %4%23%24! The
LSI is defined as the ratio of the results on
the injured side and the uninjured side ex-
pressed as a percentage. An LSI of > 90% is
commonly regarded as a sufficient level for

both muscle strength and hop performance.
22,37,91,137,149,239

Many factors could contribute to symmetrical
muscle function. For instance, patients who,
at an early stage, have fewer symptoms, fewer
impairments and more symmetrical muscle
function may be better off when it comes
to recovering symmetrical muscle function
12 months after the ACL reconstruction.
SLIS146,148,267 Because an association between
self-efficacy and symmetrical hop perfor-
mance has been reported in patients after an
ACL reconstruction, 2** psychological outco-
mes appears also to be important variables to
consider when attempting to find predictors

of symmetrical muscle function.
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Younger age has been identified as a predic-
tor of an excellent muscle-function outcome
6 months after an ACL reconstruction.'*
Recently, Toole et al. *** reported that only
14% of young athletes that were cleared for
RTS met their RTS criteria, including an LSI
of > 90% in both hop and strength tests. This
is worrying and presents a major challenge
that needs to be resolved, as patients young-
er than 20 years of age who are involved
in knee-strenuous sport at their primary
ACL injury constitute a high-risk group in
terms of sustaining a subsequent ACL inju-
ry. It would therefore be of clinical value if
modifiable predictors could be identified for
symmetrical muscle function, especially for

young athletes.

QUESTION

Can early outcomes predict the

achievement of symmetrical
muscle function 1 year after
ACL reconstruction?

1.4.2  Psychological factors

Historically, evaluations after an ACL re-
construction have focused on objective phy-
sical outcomes. However, despite normal or
nearly normal knee function, as measured
with a PRO and 2 hop tests, only 55% of
the general ACL population are reported to
return to a competitive level of sports after

an ACL reconstruction. '

The discrepan-
cy between RTS rate and physical status can

possibly explain the increased interest in the
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association between psychological factors
and physical outcomes. Negative psycholo-
gical responses, such as anxiety, depression

72190 a5 well as

and loss of athletic identity,
positive responses, such as high motivation,
high confidence, high self-efficacy and low
fear of reinjury, '»***?* have been described

in patients after an ACL injury.

To better understand psychological aspects
that might affect both the rehabilitation and
RTS, several theoretic models have been de-
veloped. In 1998, Wiese-Bjornstal presented
the biopsychosocial framework with respect
to psychological response to sports injury. **
According to this framework (Figure 8), out-
comes after an injury are influenced by pa-
tient emotions, thoughts and behavior, e.g.

actions and efforts. 2

STRESS RESPONSE

8

Personality, Coping resources,
history of stressors intervention

&
RESPONSE TO ACL INJURY AND REHABILITATION

THOUGHTS

Beliefs,
goal adjustment,
coghnitive coping

RECOVERY

BEHAVIOR OUTCOMES EMOTIONS
Adherence, Fear of unknown,
risk taking, effort anger, depression,

frustration

FIGURE 8. A modified version of the Integrated
model of response to sports injury, originally
described by Wiese-Bjornstal et al. 26

For many patients, the ultimate goal after an
ACL reconstruction is to RTS. According to
the framework by Wiese-Bjornstal et al. 2° (Fi-
gure 8), RTS corresponds to recovery outcome.
Patients who succeed in returning to sport af-
ter an ACL reconstruction have been characte-

rized by lower levels of fear of reinjury, 134208244

94,236

higher self-efficacy of knee function, gre-

S 12,59,78,191

ater motivation to RT and higher le-

vels of psychological readiness to RTS. 10142

Moreover, in a meta-analysis, [varsson et al. '%
reported that low levels of negative psycholo-
gical responses, such as anxiety and fear, and
high compliance with rehabilitation were pre-
dictors of a successful RTS after sports injuries,
including acute ACL injuries. Together, these
2 predictors explained 36% of the variance in
RTS, ¥ indicating the importance of addres-
sing psychological factors in the rehabilitation

after an ACL reconstruction.

Psychological readiness to RTS
The construct of psychological readiness to RTS

includes emotions, risk appraisal and confi-
dence in performance, ** where confidence is
suggested to be the key component. '** Greater
psychological readiness to RTS can be descri-
bed as a combination of the athlete experien-
cing high confidence levels and low levels of
fear and anxiety with respect to reinjury and

underperforming. 7’

The importance of
psychological readiness to RTS has been high-
lighted by Ardern et al., " showing that psycho-
logical readiness before and early after an ACL
reconstruction was associated with returning
to the preinjury level of sports at 12 months.
Higher levels of psychological readiness appear
to be associated with male sex, younger age, a
shorter time between injury and surgery, a hig-

her frequency of preinjury sports participation,
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greater limb symmetry and higher patient-re-

ported knee function. **2”2

The interesting question is, however, whether
psychological readiness to RTS plays the same
important role in adolescents as in older ath-
letes. In a recent study, McPherson et al.'** re-
ported that younger (<20 years) patients who
sustained a subsequent ACL injury had lower
psychological readiness to RTS compared with
patients who did not sustain a subsequent ACL
injury. This pattern was not found in older
patients. However, this was the first study to
compare younger and older athletes with res-
pect to psychological readiness, especially with
respect to subsequent ACL injuries. More stu-
dies are therefore needed to confirm this result.
Moreover, injured patients, as a group, were in
another study by McPherson et al. ** reported
to demonstrate less improvement in psycholo-
gical readiness as compared with uninjured ath-
letes. Both these studies™ '** confirm the im-
portance of attaining and maintaining a strong
psychological profile during rehabilitation, as
well as in the RTS phase of rehabilitation.

Self-efficacy

The theory of self-efficacy was originally for-
mulated by Bandura in 1977. * According to
Bandura’s theory, self-efficacy is defined as a
person’s confidence in his/her perceived abili-
ty to perform tasks despite pain or discomfort.
The level of self-efficacy is considered to be
influenced by one’s initiative for action, level
of effort and resilience to setbacks, as well as
previous experience of failure and success, in-

cluding one’s own and by observing others.

Higher levels of self-efficacy have repeatedly been

reported as a predictor of enhanced outcome in
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patients with acquired diseases or impairments.
27,73,150,155203242 \y7jth respect to the knee, the as-
sociation between self-efficacy and outcomes has
been reported for patients with knee osteoarthri-

251,270

tis, 5150 total joint arthroplasty menisc-

ectomy ” and ACL injury. %66:235236

In 2006, Thomeé et al. *** developed a new
instrument to measure self-efficacy in pa-
tients after an ACL injury or reconstruction.
Knee-related self-efficacy was found to be a
predictor of outcome, with respect to func-
tion in sport and recreational activities, qua-
lity of life, frequency of physical activity and
acceptable hop performance, 1 year after an

ACL reconstruction. 2%

Patient-reported symptoms and functions, as
well as a patient’s locus of control, have been
found to explain 40% of a patient’s level of
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self-efficacy. In contrast to psychological
readiness to RTS, patient sex, age and level of
physical activity appear not to be associated
with the level of self-efficacy 12 months after

ACL reconstruction. 2

Because psychological responses appear to be
associated with a range of rehabilitation out-
comes, clinicians need to consider the influ-
ence of an injured athlete’s thoughts, feelings
and actions on the rehabilitation.®® One inte-
resting question is whether the higher odds
of RTS reported in younger patients can be
explained by differences in psychological re-
sponse between age groups.”” However, spe-
cific knowledge with respect to psychological

response in adolescent athletes is lacking.

Moreover, prior studies that aimed to com-

pare psychological response between different
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groups of patients with an ACL injury have
controlled for the level of muscle function
by assessing the patients using different hop
tests. '#1%82% The rationale for this is that a
patient’s behavior, cognition and emotions
are thought to be influenced by their func-
tional outcome. 2 These previous studies
used 2 hop tests to control for muscle func-
tion recovery, with a cut-off level of an LSI

of > 85%. However, Thomeé et al.?*!

report-
ed that, when using more demanding criteria
for successful muscle function, using batteries
of tests or increasing the acceptable LSI level
from > 90% to > 95% or > 100%, the success
rate, i.e. the rate of patients achieving a given
cut-off value for symmetry, decreased. The
association between the recovery of muscle
function and psychological outcome therefore

requires further evaluation.

QUESTIONS

Is there a difference in
psychological outcome between
younger athletes who have and

have not returned to sport?

Is there a difference in
psychological outcome between
adolescent and adult athletes
after a primary ACL reconstruction?

Is there a difference in
psychological outcome between
younger athletes who have and
have not recovered their muscle

function?

1.4.3  Return to sport

The definition of RTS and thereby the repor-
ted RTS rate vary across studies. '*** However,
success means different things to different pe-
ople and expectations of the overall condition
of the knee joint are high 12 months after an

ACL reconstruction, *¢?

especially in patients
who are younger, highly active and without
previous knee surgery. ® More than 90% of
the patients expect to RTS within 12 months
after the ACL reconstruction.®? In contrast,
only 55% of patients in a general ACL popu-
lation have been reported to return to com-
petitive sports participation 12 months after
ACL reconstruction. * Factors that are posi-
tively associated with RTS are younger age,
male sex, being an elite athlete and having a
more positive psychological profile. 31459119
Moreover, a more symmetrical muscle func-
tion are described as a positive predictor of
RTS. 3! Even though most ACL injuries are
not isolated **'7%2% few previous studies have
accounted for concomitant injuries with res-
pect to a patient’s ability to RTS after an ACL

reconstruction.

QUESTIONS

Is there a difference between

adolescent and adult athletes

in the proportion of athletes

returning to a knee-strenuous
sport?

How do concomitant injuries
influence the rate of RTS?
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The length of time for ACL-reconstructed
athletes to RTS varies. Most patients who
do not succeed in participating in sports 12
months after ACL reconstruction are reported
to return to some form of sport within 2 years
after the reconstruction.' In spite of this, only
2 in 5 patients were active at their preinjury
level of sport 2 years after ACL reconstruc-
tion. In contrast, in men’s professional soccer
and in patients younger than 18 years of age,
almost all RTS after ACL reconstruction.*?*
The reasons for this might be greater motiva-
tion, faster recovery of muscle function and
stronger psychological profile. However, few
previous studies have compared potentially
explanatory variables between adolescent and
adult athletes.

A decision to RTS is seldom a straightforward
decision. In most cases, the patient and the cli-
nician share the same goal - to make a safe and
timely RTS. However, what “timely” means
has not been defined and differs between re-
habilitation protocols, patients and clinicians
(as well as between other stakeholders, such
as coaches, parents and managers). Moreover,
patient age, level of sport and incitement, e.g.
amateur versus professional player, will in-
fluence the RTS decision. It is, however, im-
portant to recognize that patients who RTS
earlier run an increased risk of a subsequent
knee-related injury, as confirmed in recent
studies. ! These findings stress that the cur-
rent evidence needs to be better implemented
in daily clinical work and carefully considered
in the RTS decision.

Over time, the pendulum has swung from ti-
me-based toward an objective criterion-based

RTS decision. In spite of this, there is to date
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no consensus in the literature on how best to
determine when a patient can RTS after ACL
reconstruction. #*>¥2¢ Recently, Burgi et al.
published a study with the aim of describing
the criteria used to clear athletes to RTS after a
primary ACL reconstruction. As many as 67%
of the studies published before September 2017
failed to report any RTS criteria. Moreover,
42% of the included studies gave postoperative
time as the sole criterion, 41% included some
kind of strength measurement and 13% inclu-
ded at least one hop test as criteria. Using an
LSI of > 80% as a cut-off value for knee strength
was just as common as using > 90% (22% each).
With respect to hop tests, the most common
cut-off value was an LSI of > 90%. Taken to-
gether, the recent compilation by Burgi et al. ¥
further highlights the need for valid RTS crite-
ria, as well as implementing these findings into

research and clinical rehabilitation guidelines.

1.4.4  Subsequent ACL injury

One devastating complication after a prima-
ry ACL reconstruction is sustaining a subse-
quent ACL injury, i.e. a graft rupture or an
injury to the contralateral ACL. In a study
by Schilaty et al. 27 the overall incidence of
a subsequent ACL injury was reported to be
approximately 6% in patients older than 16
years of age (mean age 28.1 years). From that
study, 67% of the subsequent ACL injuries
were contralateral and the highest incidence
of a subsequent ACL injury was seen in fema-
le athletes, 17-25 years of age, who returned
to a competitive level of sport. 7 The fact
that younger patients are a high-risk group
has been repeatedly reported in the scientific
literature, 7:45135:217.243,256266 A recent systema-
tic review and meta-analysis reported that

almost 1 in 4 patients, aged 25 or younger,
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who returned to high-risk sport will sustain a
subsequent ACL injury after the primary ACL

reconstruction. 2

As young patients are more prone to return

to their preinjury sport, '3’

it is important
to consider risk factors in an RTS decision.
A higher preinjury physical activity level
761124222266 and a premature RTS have been
found to be other important risk factors for
a subsequent ACL injury.**' Grindem et al. ®
reported that the rate of knee-related reinju-
ries, such as injury to the meniscus, cartilage
and the collateral ligaments, decreased by 51%
for every month the RTS was delayed. This is
in line with another study which reported an
association between an early RTS and a sub-
sequent ACL injury in athletes younger than

18 years of age. *

In addition, achieving symmetrical muscle
function before RTS °!1¢137 and returning to

91,124,213,222,228

high-risk sports are regarded as
other important factors to consider when at-
tempting to reduce the reinjury risk after a
primary ACL reconstruction. Recently, Grin-
dem et al. *' and Kiyritsis et al. ¥ published
interesting results. Kyritsis et al. ¥ found that
patients failing to meet their RTS criteria, in-
cluding achieving symmetrical knee-extension
strength and hop performance, prior to RTS
ran a 4 times higher risk of a subsequent ACL
injury. Grindem et al. *' reported that patients
with more symmetrical knee-extension st-
rength (isokinetic concentric), measured seated
at 60°/s with 5 maximum effort repetitions,
ran a significantly lower risk of a knee-related
reinjury. *' However, the studies by Grindem et
al. °' and Kyritsis et al. 1*” have some limitations

which must be considered. For instance, the

study by Grindem et al. * only comprised 74 pa-
tients with a mean age of 24.3 years and a total
of 26 knee-related reinjuries. These reinjuries
included injuries to the menisci, the cartilage,
the graft or the contralateral ACL. A total of 8
ACL graft ruptures and 2 contralateral ACL in-
juries were identified. The question of whether
the results of reduced risk of knee-related knee
injuries are only applicable to subsequent ACL
injuries is therefore justified. Moreover, Kyrit-
sis et al. ' based their conclusions on 22 graft
ruptures in 158 male professional athletes with
a mean age of 21 years. It is thus unclear how
these results can be generalized to an overall

ACL population.

Taken together, younger athletes who return
to knee-strenuous sport run a significantly hig-
her risk of sustaining a subsequent ACL injury.
Moreover, the time between reconstruction
and RTS and achieving symmetrical muscle
function prior to RTS appear to be critical

factors to consider in the RTS decision.

QUESTION

Are time to RTS and symmetrical
muscle function associated with
subsequent ACL injuries in young
athletes?

1.4.5  Long-term outcomes

Osteoarthritis (OA) is a condition characte-
rized by structural and functional changes
in all tissues of the joint. Knee OA, together
with OA of the hip, are the leading causes of
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pain and disability in older adults.* Common
symptoms include swelling, reduced range of
motion, pain, impaired function and a lower

level of physical activity.

Patients undergoing ACL reconstruction
expect the knee joint to be normal or near-
ly normal after the reconstruction and 98%
expect no or only a slightly increased risk of
OA.* In contrast, patients who have sustai-
ned an ACL injury run a remarkably high risk
of developing knee OA. 74243263 Ag early as 10
years after the ACL reconstruction, approx-
imately 50% have radiographic signs of OA
with associated reported pain and functional
impairment. '”* This means that patients who
sustain their ACL injury in adolescence might
show radiographic signs of OA at an age of 30
years. The discrepancies between patient ex-
pectations and the reality regarding OA emp-
hasize the need for appropriate patient infor-

mation early after the ACL reconstruction. '*®

An ACL injury combined with an injury to
the medial meniscus or to the MCL,!*% %3 a5
well as higher BMI, are well-documented
risk factors for the development of OA. ¥°
Patients who are stronger and have symme-
trical muscle function run a decreased risk
of deterioration in knee-related symptoms
and functions as time passes. *'”7 Recently,
Oiestad et al. '7® reported that patients who
returned to a pivoting sport after an ACL
reconstruction demonstrated lower odds of
knee OA and better patient-reported ADL
function compared with patients who had
not returned to a pivoting sport, on condi-
tion that they had not sustained a meniscal
injury. 7 These findings further reinforce the

importance of helping and encouraging the

patient to regain symmetrical muscle func-
tion, setting realistic expectations/goals and

providing information about risk factors. '*

In addition to the elevated risk of OA, indi-
viduals with an ACL injury run an approx-
imately 4 times higher risk of being over-
weight/obese 3-10 years after the injury
compared with healthy matched individuals.
65263 This fact, combined with the symptoms
of OA, such as pain, impaired knee function
and lower levels of physical activity, might
predispose patients with an ACL deficit to
non-communicable diseases.?® Nevertheless,
failure to RTS, a higher BMI, sustaining a
subsequent ACL injury and severe radiograp-
hic OA are all associated with reduced quality

of life in patients with an ACL injury. %

Patients with an ACL injury demonstrate im-
paired knee-related quality of life 5 to 23 years
after the injury compared with a healthy po-
pulation. ** An ACL injury may therefore re-
sult in the risk of reduced knee function and
quality of life for many years, sometimes for
life, especially in those who suffer a subsequ-
ent ACL injury. ¢

1.5 EVALUATION

To help patients reach their goals and prevent
future injuries and impairments, clinicians
need to understand and evaluate factors that
contribute to a successful outcome, such as
RTS. As described in chapter 1.3.2, the reha-
bilitation after ACL reconstruction nowadays
is often criterion based. In order to provide
feedback to the clinician and the patient and
to evaluate goals of progression, repeated
evaluation is considered necessary during

the entire rehabilitation. *° Importantly, an

The answer to the ultimate question of life, the universe and everything
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outcome measurement needs to be reliab-
le, valid and have acceptable responsiveness.
Reliability refers to “the degree to which the
measurement instrument is free from measu-
rement error” and validity has been defined as
“the degree to which a measurement instru-
ment measures the construct(s) it purports to

measure”, ¥

Responsiveness is defined as “the
ability of an instrument to detect change over

time in the construct to be measured”. '**

Traditionally, objective measurements of
strength and hop performance have been
used to guide clinicians in the RTS decision.
However, other types of test, such as clinical
examination (range of motion, thigh circum-
ference, effusion measurements, tests of liga-
ment laxity), quality of motion, agility tests,
biomechanical tests and PROs have been des-
cribed in the literature.”” It is recommended
that decisions relating to RTS should be based
on the results of a battery of muscle function
tests, 82 together with the results of assess-

ments of patients’ psychological response.®

Even though no consensus exists on how
best to determine whether a patient can RTS,
8191137168 the battery of tests should cover se-
veral levels of the ICF, as described on page
33. The LSI, defined as the result for the inju-
red leg divided by the result for the uninjured
leg, is the most frequently reported method
for assessing whether strength and hop per-

formance are sufficient. 3714923

1.5.1 Measurement of muscle function
Assessments of knee strength can be perfor-
med using several different types of test. In

this thesis, isometric and isokinetic tests were

used. These tests have been criticized for a

lack of functional relevance to sporting and
training situations. However, isokinetic tests
are still regarded as the ‘gold standard’ for me-
asuring muscle strength and are convenient,
reliable measurements, which supports their
use as an appropriate method of assessment
after ACL reconstruction.?*® However, there
is no standardized isokinetic strength proto-
col following ACL reconstruction. In 2015,
Undheim et al. **¢ systematically reviewed
isokinetic-strength-evaluation protocols that
had been published and used for patients after
an ACL reconstruction. Based on their results,
they aimed to propose a standard protocol to
enable consistency of testing and accurate
comparison in future research. The suggested
protocol included 5 repetitions of concentric
knee extension and flexion at 60°/s. However,
no protocol for isokinetic-strength evalua-
tion has been validated as a useful predictor of
successful RTS. In this thesis, isokinetic and
isometric strength tests were used to assess
knee strength based on a protocol reported by

Neeter et al. 1%

Several hop tests have been described in the
literature and they are usually used to assess
strength, power, quality of movement and
functional performance. Commonly used
hop tests are the single hop for distance, 39%2%
the triple hop for distance, ***” the crossover
hop for distance, ** the 6-m hop for time, ** the
side hop®? and the vertical hop. **''"° In this
thesis, the battery of hop tests, originally
described by Gustavsson et al., " includes the
single leg hop for distance, the side hop and the

vertical hop.
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1.5.2 Patient-reported outcomes (PROs)
The use of PROs has increased in the field of

sports medicine, both in daily clinical work
and in research, during the last decade. Two
of the most commonly used PROs with res-
pect to knee function are the KOOS and the
Knee Documentation Committee Subjective
Knee Form (IKDC).253:26!

Psychological readiness to RTS and self-ef-
ficacy are 2 of the most commonly assessed
psychological aspects in patients after an ACL
injury or reconstruction. *94208223233259 The
ACL Return to Sport after Injury (ACL-RSI)
scale (Appendix) and the Knee Self-Efficacy
Scale (K-SES) (Appendix) are both reliable
and validated PROs 23%%* developed to assess
psychological readiness to RTS and knee-re-
lated self-efficacy in patients who have sus-
tained an ACL injury. However, few batteries
of tests that are commonly used to determine
when RTS can be recommended in research
include these PROs.

Patient-reported outcomes, such as the Teg-
ner Activity Scale (Tegner) (Appendix) *° and
the Marx score, '** are commonly used in re-
search to define whether a patient has retur-

ned to sport.
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2.

RATIONALE FOR THIS THESIS

—
SUSANNE BEISCHER

Patience you must have, my young athlete

»

All you have to decide is what to do with the
time that is given to you

— J.R.R.TOLKIEN
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The rationale for this thesis is to improve our
knowledge of the outcome in young athletes
after a primary ACL reconstruction. Athletes
younger than 25 years of age are of particular
interest, as they run a 4 times higher risk of
suffering a subsequent ACL injury compared
with a general population with an ACL injury.
In individuals younger than 20 years of age, a
reinjury rate of over 30% has been reported.
Moreover, young athletes have a higher RTS
rate compared with older athletes, which may
partly explain the high reinjury risk reported

in young athletes.

Factors that explain the discrepancies in the
RTS rate between younger and older patients
have not previously been studied. An indi-
vidual’s psychological response to an injury,
surgery and rehabilitation appears to influ-
ence the RTS rate. In adult athletes, a more
positive psychological response prior to an
ACL reconstruction and early in the rehabili-
tation process is associated with a higher RTS
rate. For instance, patients who RTS have
been described as having higher self-efficacy
of knee function, greater motivation to RTS
and higher levels of psychological readiness
to RTS. However, it is not known whether
this relationship is valid for adolescent ath-
letes. Moreover, evaluations of self-efficacy,
motivation and psychological readiness are
rarely included in the batteries of tests used
to complement the decision-making process
for RTS. Furthermore, no studies have been

found evaluating the association between

recovery of muscle function and psychologi-
cal outcome when it comes to RTS, especially

in adolescent athletes.

One important goal of the rehabilitation af-
ter an ACL reconstruction is to regain sym-
metrical muscle function. However, previous
studies have repeatedly reported that the ma-
jority of individuals do not achieve this goal.
Specific knowledge relating to modifiable re-
habilitation-specific factors that predict sym-
metrical muscle function in young athletes is,
however, lacking. Moreover, the proportion
of young athletes that actually achieve sym-
metrical muscle function prior to their RTS

is not known.

There is no consensus on which RTS crite-
ria should be used when determining when
patients can safely RTS after an ACL re-
construction. *?** A safe RTS can be defined
as a minimal risk of a reinjury or a subsequent
associated injury in the short term and a re-
duced risk of osteoarthritis in the long term.
In 2016, 2 studies reported that patients not
meeting specific RTS criteria might run an
increased risk of a subsequent knee-related
injury and graft failure. In addition, one of
the studies stated that, for every month the
patient delayed his/her RTS, the risk of a
knee-related reinjury decreased significantly.
It is, however, unknown if the reduced risk of
a knee-related injury is applicable to a redu-
ced risk of a subsequent ACL injury in young
athletes.
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At the beginning of 2019, almost 20,000
publications related to the term “anterior cru-
ciate ligament” were found in the PubMed
database. Despite the large number of publi-
cations, it can be argued that the vast majority
of previous studies have not been large eno-
ugh to manage the heterogeneity of individu-
als after an ACL reconstruction. With respect
to the high reinjury risk in younger athletes,
clinical guidelines and specific RTS criteria
for this young age group might be needed.
However, these guidelines and criteria cannot
be developed on the basis of the current sci-
entific literature. The reasons for this include
the fact that most of the previous literature
included individuals of different ages and dif-

ferent preinjury levels of sport.

To obtain specific knowledge of young athle-
tes who have undergone an ACL reconstruc-
tion, large amounts of data are needed. This
approach means that different sub-groups, for
example based on patient sex, age, concomi-
tant injuries and preinjury level of sport, can
be created. This thesis was therefore based on
data from a rehabilitation-specific register,
Project ACL, which utilizes a web-based plat-
form for regular assessments with validated
PROs and tests of muscle function. At the be-
ginning of 2019, the register contained more
than 2,000 individuals with an ACL injury,
data from almost 6,000 muscle function test
occasions and 40,000 completed PROs. Using
data from Project ACL enabled us to handle
large amounts of data from which subgroups
of about 150-400 patients were created and

investigated.
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To summarize, younger athletes have a higher
RTS rate, but the rate of a subsequent ACL
injury is also high in this population. One in-
teresting question is whether the higher RTS
rate in younger athletes is associated with a
faster recovery of muscle function and/or a
stronger psychological profile. Finally, is the-
re an association between a subsequent ACL
injury, an early RTS and asymmetrical muscle

function prior to RTS in younger athletes?
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3.

AIMS

SUSANNE BEISCHER

Patience you must have, my young athlete

»

To boldly go where no man has gone before

— JEAN-LUC PICARD, STAR TREK
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The overall aim of this thesis was to describe
the outcome after a primary ACL reconstruc-
tion in terms of RTS, muscle function,
psychological outcome, symptoms, concomi-
tant injuries, subsequent ACL injury and knee
function in adolescent athletes, aged 15 to 20
years, and adult athletes, aged 21 to 30 years.

SPECIFIC AIMS
Study 1

The aim was to evaluate the return to knee-st-
renuous sport rate, muscle function and sub-
jective knee function among adolescent pa-
tients (15— 20 years of age) and adult patients
(21-30 years of age) 8 and 12 months, respec-

tively, after ACL reconstruction.

Study 11

The aim was to investigate psychological
readiness to return to sport, knee-related
self-efficacy and motivation in adolescent
(15-20 years old) and adult athletes (21-30
years old) after ACL reconstruction. A further
aim was to compare athletes (15-30 years old)
who had recovered their muscle function and

returned to sport with athletes that had not.

Study 111

The aim was to study whether patient charac-
teristics, concomitant injuries, and graft choi-
ce at primary ACL reconstruction can predict

RTS 1 year after surgery.

Study 1V

The aim was to investigate whether patient
demographics, short-term PROs and muscle
function are able to predict the achievement
of symmetrical muscle function in 5 tests of
muscle function in young athletes 1 year after

ACL reconstruction.

Study V

The aim was to investigate the association
between sustaining a subsequent ACL injury
and 1) time to RTS and 2) symmetrical muscle
function at the time of RTS in young athletes

after primary ACL reconstruction.
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4.

METHODS

SUSANNE BEISCHER

Patience you must have, my young athlete
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4.1 EVIDENCE-BASED MEDICINE

Evidence-based medicine was originally de-
fined as “the conscientious, explicit, and judi-
cious use of current best evidence in making
decisions about the care of individual pa-
tients”.?'? In 2000, this definition was upda-
ted to “a systematic approach to clinical pro-
blem-solving which allows the integration
of the best available research evidence with
clinical expertise and patient values”. *'! In
2000, the Oxford Centre of Evidence Based
Medicine (OCEBM) presented a classifica-

tion system called “Levels of evidence” (Table

2) to make the process of finding appropria-
te evidence more practical and facilitate the
interpretation of the results of the evidence.
In 2011, the “Levels of evidence” was upda-
ted. #2172 This classification system categori-
zes the evidence based on considerations of
study design, risk of bias, reliability and the
consistency of the results, for example. The
OCEBM levels of evidence are a hierarchy of
the likely best evidence designed in such way
that it can be used as a short cut for busy cli-

nicians, researchers, or patients. '!!

TABLE 2 Levels of Evidence according to Oxford Centre Evidence Based Medicine 201172

1a  Systematic review of RCTs (with level of evidence I)

1b  Individual RCT

2a Systematic review of RCTs (level of evidence Il) or cohort studies

2b Individual RCT (level of evidence Il) or cohort study
3a Systematic review of case-control studies

3b Individual case-control study

4  Case series or poor-quality cohort studies and case-control studies

5  Expert opinion without explicit critical appraisal

RCT Randomised Controlled Trial

Study designs

The quality, the reliability and the clinical
value of a scientific study are influenced by
its design. *** According to the OCEBM,'!
a study can be classified as either analytic or
non-analytic. A non-analytic study, also called
a descriptive study, aims to describe what is

happening in a population, e.g. the prevalence

or the incidence in a specific patient popula-
tion. Case reports, case series, qualitative stu-
dies and cross-sectional studies are all defined

as non-analytic studies.

The aim of an analytic study is to quanti-
fy the relationship between 2 variables, i.e.

the effect on an outcome of an intervention
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or an exposure. An analytic study comprises
one intervention or an exposed group that is
compared with one or more groups. Analytic
studies can be classified as an observational
study, meaning that the researcher is not in-
volved or is able to manipulate the study, or
an experimental study, meaning that the rese-

archer plays an active role.""

In experimental studies, e.g. an RCT, the in-
cluded patients are divided into 2 or more
groups to receive an intervention or expo-
sure. The patients are then followed up un-
der controlled conditions. This type of study,
particularly if it is randomized and blinded,
has more potential to control for biases, e.g.
systematic errors that can occur in scientific
studies, compared with other study designs.
RCTs are regarded as the gold standard to de-
termine the efficacy of a treatment or an in-
tervention, 77 even though this type of study
has been criticized for not representing usual

care. 7

4.1.1 Observational study

In an observational study, the exposure (an
intervention or a risk factor) and the outco-
mes (e.g. a disease) are observed as they oc-
cur. Depending on the direction (prospective
or retrospective design) and timing of as-
sessments of the exposure and the outcome,
the study design is classified as a cross-sectio-
nal study, a case-control study, or a cohort stu-
dy. However, one study can comprise several
design elements. For instance, baseline mea-
surements in a cohort study can be used as a

cross-sectional study.

In a cross-sectional study, the outcome and the

exposure are assessed at one particular time.
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A cross-sectional study can provide infor-
mation on the association between variables.
However, no conclusion with respect to cau-

sality can be drawn.

A case-control study is designed to determine
whether an outcome of interest, e.g. a disease
or a condition, is associated with a specific ex-
posure. Individuals who have the condition of
interest, e.g. a disease, are compared with a su-
itable group of individuals without the condi-
tion with respect to an exposure.'** As a result
of its design, a case-control study is always re-

trospective, as it starts with the outcome.

A cohort study is a controlled prospective ob-
servational study designed to assess the asso-
ciation between exposures and outcomes. An
exposed and an unexposed group of individuals
are followed until a follow-up of assessments
of outcomes is performed and outcomes are
compared. Data are collected at baseline and
at pre-defined follow-ups. As a result of its de-
sign, a cohort study is classified as a prospective

study, as it starts with the exposure.

A cohort study based on register data is a spe-
cific cohort study design. Even though the
study starts after data have been obtained,
this type of study is not a retrospective study
and should not be associated with recall bias,
as the data have been collected prospectively.
3356 Register-based studies offer advantages
with respect to the generalizability of the re-
sults, identifying incidences, understanding
practices and determining the long-term
effects of different types of exposure/inter-

27 However, observational studies

vention.
have limitations such as individual varia-

tion and confounding factors. For example,
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variation can exist in biological responses, in
previous treatments, in activity levels and in

types of activity and variations in lifestyles.

This thesis includes studies that were designed
as prospective cohort studies (Studies I, IV, V)
and case-control studies (Study II and III).

4.2PROJECT ACL

This doctoral thesis is based on data from a
rehabilitation outcome register, Project ACL.
The data collection for the register started in
September 2014 after more than 10 years of
clinical experience of testing and evaluating
patients with an ACL injury. The concept of
Project ACL is to include a large number of
patients with an ACL injury, irrespective of
their age, sex, time from injury, or choice of
treatment. At present, more than 2,000 pa-
tients have been included in the project and
almost 6,000 muscle function tests and about
40,000 PROs have been completed.

The register consists of 2 parts: a battery of
validated PROs and a battery of muscle-func-
tion tests for lower extremity muscle strength
and hop performance. The patients included in
Project ACL are regularly assessed according to
a predefined schedule of follow-ups after their
primary ACL injury or after their reconstruc-
tive surgery. The follow-ups are performed at
10 weeks, 4, 8, 12, 18 and 24 months and the-
reafter yearly up to 5 years. The plan thereafter
is to assess the patient every 5 years after injury

or ACL reconstruction.

After every assessment, the results are re-
gistered in the Project ACL database and a
personal report for the patient is automati-

cally generated and is available online to the

patient. In addition, every patient has the op-
portunity to make his/her personal report av-
ailable to the responsible orthopedic surgeon
and/or physical therapist. Moreover, mean
statistics from all test results in Project ACL
are automatically updated and are available
online (www.projektkorsband.se) to support
the interpretation of muscle function and
PROs results. Participation in Project ACL is
voluntary for patients, physical therapists and

surgeons.

In Project ACL, approximately 85% of the in-
cluded patients have been treated with ACL
reconstruction and rehabilitation in combi-
nation. About 60% of all the included patients
were between 15 and 30 years of age at their
primary ACL reconstruction. The most com-
mon sports in which the patients in this age
group were involved prior to their primary
ACL injury were football (soccer) (40%), hand-
ball (16%), floorball (8%) and basketball (3%).

To date, about 25% of all the included patients
are adolescents, 15-20 years of age. One in 4
of these patients is registered with more than
one ACL injury compared with 16% in the 21-
to 30-year age group and 6% in patients older
than 30 years of age.

4.3 SWEDISH NATIONAL
KNEE LIGAMENT REGISTER
(SNKLR)

The Swedish National Knee Ligament
Register (SNKLR)*? is a nationwide data-
base which was established at the beginning
of January 2005. The register is 1 of 3 Scan-
dinavian ACL registries aiming to improve
treatment outcomes through feedback to

health care. In addition, the register aims to
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detect procedures and devices that cause early
failure and to identify factors associated with

good and poor outcomes.

The SNKLR gathers information on patients
with ACL injuries and associated knee surge-
ry. Patient data and surgical treatment data
are registered on a web-based protocol. ** The
protocol consists of one surgeon-reported se-
ction and one patient-reported section. The
surgeon reports information on the type of
activity performed at the time of the injury,
the time from injury to reconstruction, graft
selection and surgical fixation techniques.
In addition, information regarding previous
surgery on the injured knee, the contralateral
knee and all concomitant injuries is registe-
red. If treatment of any concomitant injury
is performed, this is also registered. Patients
are regularly followed up with PROs preope-
ratively, 1, 2, 5 and 10 years after ACL sur-
gery/reconstruction. * However, no clinical
follow-ups are performed. Continuous re-
gistration regarding associated knee surge-

ry, i.e. revision surgery or contralateral ACL

TABLE 3 Table of included athletes presented in this thesis

reconstruction, is performed. Participation in
the SNKLR is voluntary for patients and sur-

geons.

More than 90% of all ACL reconstruction
performed in Sweden are registered in the
SNKLR and the response rate of the PROs
is about 50-70%. ** The SNKLR was used in
Study III.

4.4SUBJECTS

At total of 729 unique patients were included
in the 5 studies and 41 of these patients were
included in all the studies. Moreover, 87 pa-
tients were included in Studies I-IV and 159
patients were included in both Study II and
Study IV. Table 3 shows the patient demo-
graphics of the included athletes presented
in this thesis stratified by each study. All the
included patients had undergone a primary
ACL reconstruction and, prior to their injury,
they were regarded as athletes, defined as be-
ing involved in knee-strenuous sport, i.e. a

preinjury Tegner score of > 6.

Study | Study Il Study Il Study IV Study V
270 (8m) 384 (8m)
Total (n) 272 237 159
203 (12m) 271 (12m)
51 (8m) 50 (8m)
Female (%) 51 59 64
52 (12m) 52 (12m)
22.0 + 4.3 (8m) 22.1 £ 4.5 (8m)
Mean age + SD (y) 26.0 95 21542 21.5+x4.4
22.0 + 4.3 (12m) 22.2 + 4.6 (12m)
Level of physical 5 5 " 5 5
I 9[6-10] (8 & 12m)> 9 [6-10] (8 & 12m)°  8[7-9] 9 [6-10] 9 [6-10]
SD standard deviation,
m month
y years

2 As measured by the Tegner Activity Scale
b Reported as the median [min-max]
¢ Reported as the median [Q1-Q3]
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4.5 EVALUATION
4.5.1  Test of knee strength and hop
performance

Since the start of Project ACL, 2 methods of
muscle-strength assessment have been used.
Initially, isometric tests of knee extension
and flexion were performed using a David
F200 DMS-EVE and a David F300 DMS-
EVE (David Health Solutions Ltd, 2013,
Finland) and contributed to about 9-35%
of the results in Studies I, II, IV and V. In
December 2015, the isometric tests were re-
placed by isokinetic concentric strength tests
of knee extension and knee flexion using a
Biodex System 4 (Biodex Medical Systems,
Shirley, New York). In addition, the patients
included in Project ACL are assessed with
a battery of 3 single-leg-hop tests, at the

4-month follow-up at the earliest. *2

To perform the strength tests, the patient
should have no pain or effusion. In addition,
patients should have performed single-leg
exercises as part of their rehabilitation for
at least 2 to 3 weeks before the tests with a
moderate load and without perceiving new
or increased symptoms. To perform the hop
tests, the patients should tolerate high-load
single-leg exercises and perform them regu-
larly, as well as having good control of their
trunk, hip and knee in single-leg exercises,
e.g. a lunge. In addition, they should have
practiced single-leg maximum hop tests with
their responsible physical therapist. At the
time of follow-up, the test leader asks the
patient questions according to a strict health
declaration in order to ensure that the pa-
tient is able and well prepared to perform the

tests.

The results of each test in the battery of
muscle-function tests were presented as
the LSI and achieving an LSI of > 90% in all
five tests of muscle function was defined as

achieving symmetrical muscle function.**

4.5.1.1 Strength of knee extension and

knee flexion

The assessments of muscle function are per-
formed according to a standardized protocol
consisting of a 10-minute warm-up on an
exercise bike, followed by a warm-up pro-
cedure and familiarization with sub-max-
imum practice trials in the corresponding
strength-test device (Table 4). Both the iso-
metric and the isokinetic tests were perfor-
med unilaterally, starting with the injured
leg first. For the isometric tests, the patients
are instructed to extend/flex their knee with
maximum effort for 2 to 4 seconds (Figure 9).
For the isokinetic test, the patients are in-
structed to extend/flex their knee with max-
imum effort and as fast as possible from 90°
of flexion to a maximum extended knee and
back to 90° of flexion. The patient performs
3 to 5 maximum isometric/isokinetic trials
with 40 seconds’ rest in between. Verbal en-
couragement from the test leader is allowed.
The highest peak torque (Newton meter,
Nm) for extension and flexion for each leg
was documented and used for further ana-

lysis.
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FIGURE 9 Isometric (left) and isokinetic (right) strength test.

TABLE 4 Tests of muscle function

Knee angles (°)

Knee extension

Number of practice trials
(% of 1RM)

Number of
maximum
repetitions

Isometric® 60 3 (70, 80, 90% of 1RM)
3-5
Isokinetic® 0-90 1-2 (90% of 1RM)
Knee flexion
Isometric® 30 3 (70, 80, 90% of 1RM)
3-5
Isokinetic® 0-90 1-2 (90% of 1RM)
Single-leg vertical hop? - 2 3
Single-leg hop for distance - 2 3
Single-leg side hop® - 10 1

RM Repetition Maximum
s seconds

2 Measured with David F200 DMS-EVE (David Health Solutions Ltd, 2013, Finland)
b Measured with Biodex System 4 (Biodex Medical Systems, Shirley, New York, USA) at 90%/s
¢ Measured with David F300 DMS-EVE (David Health Solutions Ltd, 2013, Finland)

4 Measured with Muscle lab, Ergotest Technology, Oslo, Norway

¢ As many hops as possible in 30 seconds over 2 lines, 40 centimeters apart
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Rest between
repetitions (s)

40

40

20-30

20-30

360
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4.5.1.2 Single-leg-hop tests

After strength testing, the included athletes
are assessed with 3 hop tests in the following
order; single-leg vertical hop; single-leg hop
for distance; and single-leg side hop (Figure
10). For detailed information about the num-
ber of practice trials and maximum trials per
hop test, see Table 4.

The injured leg is always tested first, followed
by the uninjured leg. Verbal encouragement

from the test leader is allowed.

4.5.1.3 Single-leg vertical hop
The single-leg vertical hop test (Figure 10, left)

is performed as a counter-movement jump
and starts with the patient standing on 1 leg
with his/her hands behind his/her back. The
patient is asked to do a quick knee bend and
then jump as high as possible. In this thesis,
the Muscle Lab (Ergotest Technology, Oslo,
Norway) was used to register the height (cm)
of the hop by recording flight time. The sys-
tem then converted the flight time into jump

height in centimeters.

The unilateral vertical hop is reported to have
an interclass correlation coefficient (ICC) of
0.97 and a standard error of measurement
(SEM) of 0.6 cm. *?

4.5.1.4 Single-leg hop for distance

The single-leg-hop test (Figure 10, middle)
starts with the patient standing on one leg,
with his/her hands behind his/her back. The
patient is instructed to hop as far as possible
and perform a controlled, balanced landing.
This means keeping the landing foot in pla-
ce (i.e. no extra hops are allowed) until 2-3

seconds have passed. Failure to perform a

controlled landing results in a disqualified
test. This single-leg-hop test for distance has
been shown to have high test-retest reliabili-
ty with ICCs of 0.92-0.95°%'*2% an SEM of
3.5-4.6 cm ' and a minimal detectable
change MDC of + 8.1 cm.'*

4.5.1.5 Single-leg side hop

The test starts with patient standing on 1 leg
with his/her hands behind his/her back (Figu-
re 10, right). The patient is instructed to per-
form as many hops as possible over 2 lines, 40
cm apart, during 30 seconds. The number of
successful hops performed, without touching
the lines, is documented. Three minutes of
rest are given between trials for the injured
and for the uninjured leg. The side-hop test
has high test-retest reliability with an ICC of
0.93 and an SEM of 3.2 number of hops. *2

i
«
\

FIGURE 10 Hop tests: single-leg vertical hop (left),
single-leg hop for distance (middle) and single-leg

side hop (right).



4.5.2  Patient-reported outcomes (PROs)

Patient-reported outcomes were used in all 5
studies (Table 5).

4.5.2.1 Tegner Activity Scale (Tegner)
The Tegner * (Appendix) was used in all 5

studies to assess both preinjury and present
levels of physical activity and to determine
whether or not the patient had returned to
sport. The reported preinjury level of physi-
cal activity was used as an inclusion criterion

in all 5 studies.

The Tegner is graded from 1 to 10, with 1
representing the least strenuous knee acti-
vity and 10 representing the most strenuous
knee activity, such as rugby and international
soccer. The Tegner was used to identify the
preinjury physical activity level of > 6, which,
in this thesis, is defined as participation in

knee-strenuous sport.”*

The Tegner has been reported to have ac-

ceptable test-retest reliability with an ICC

of 0.8 for patients with an ACL injury or re-

construction.

4.5.2.2 Knee injury Osteoarthritis
Outcome Score (KOOS)

The Knee injury and Osteoarthritis Out-

come Score 2%

was used to assess patients’
opinions of their knee and associated pro-
blems (Appendix). The KOOS comprises 42
items in 5 subscales; pain (9 items), other
symptoms (7 items), activities of daily living
(17 items), function in sport and recreation
(5 items) and knee-related quality of life (4
items). Each subscale is scored independently
from 0 (worst) to 100 (best) by dividing the

mean score for each subscale by 4 and then
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multiplying the result by 100. Additionally,
the KOOS, can be calculated and is an average
score of 4 subscales, where the dimension of
function throughout daily living is excluded
to minimize the risk of a ceiling effect. The
reason for this is that young, active patients
rarely have difficulty with activities of daily
living, such as putting on socks/stockings. 7
The KOOS has been reported to have accep-
table test-retest reliability, with an ICC ran-
ging from 0.85 to 0.93 for each subscale for
patients with an ACL injury or after an ACL

reconstruction. 2%

The MDC in the KOOS for patients with a
knee injury ranges from 5 to 12 points for
each subscale. * The minimal important
change MIC, defined as the smallest change
in score needed for the effect to be conside-
red clinically relevant, has been reported to
be 12.1 for the KOOS subscales function in
sport and recreation and 18.3 points for the

subscale knee-related quality of life. '

4.5.2.3 Knee Self-Efficacy Scale (K-SES)

To assess perceived knee-related self-effica-
cy, a shorter version of the original K-SES
233 was used. The original version is divided
into 2 subscales; present self-efficacy, including
18 items, and future self-efficacy, including 4
items. Patients rate each item on an 11-point
Likert scale, ranging from 0 = not at all cer-
tain to 10 = very certain. A mean score of 7
or more on present self-efficacy subscale has
been used as an indicator of an acceptable le-
vel of self-efficacy. 2*¢ In Study II, the cut-off
value of 7 was therefore used to report the
rate of athletes achieving this level or higher,
together with reporting the median score for

each of the 2 sub-scales.
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Good validity and acceptable test-retest re-
liability (ICC = 0.75) have been reported for
the original version of the K-SES for patients
with an ACL injury or ACL reconstruction in

individuals aged 16 to 60 years.

After considering suggestions from patients
with an ACL injury/reconstruction and se-
veral colleagues with many years’ clinical ex-
perience of patients with an ACL injury/re-
construction, together with an item analysis,
4 items were omitted and 3 questions were

somewhat rephrased.

Evaluation of measurement properties of
the short version of Knee Self-efficacy Scale

The reliability, structure and validity of the
shorter version of the K-SES (K-SESsor)
(Appendix) were assessed according to the
“COSMIN checklist for evaluating metho-
dological quality”. '*® A test-retest reliability
analysis was performed on a cohort of pa-
tients with ACL reconstruction from 2010
(unpublished data) and resulted in an ICC of
0.92 for the K-SESsor subscale present as well
as for the K-SESsnor subscale future. Test-re-
test data were collected for 32 patients (50%
females, mean age 28.9 £+ 10.3, min-max 16-
50 years) with an average of 10 days between
test and retest. To be included in the test-
retest evaluation, the patients’ condition had
to be regarded as clinically stable during this
period. All patients had undergone ACL re-
construction and completed the test-retest
between 4 and 12 months after reconstruc-

tion.

For a further test of reliability, structure and
validity, data on the results of PROs (KOOS,
ACL-RSI scale, Tegner, Physical Activity

Scale®?** and the K-SESsor) Were extracted
from Project ACL in May 2018. Eleven fol-
low-ups were used in the analysis; 10 weeks,
4, 8, 12 and 18 months after ACL injury, pre
ACL reconstruction (within 6 weeks prior to
reconstruction) and 10 weeks, 4, 8, 12 and
18 months after ACL reconstruction. Pa-
tient demographics for included patients at
each follow-up are shown in Table 5. Internal
consistency is the degree of interrelatedness

between items'”’

and it was deemed good if
Cronbach’s alpha was between 0.70 and 0.95
for the subscales.”®® The K-SESsor showed
very good homogeneity at all 11 follow-ups.
Cronbach’s o ranged from 0.93 to 0.97 for
the K-SES, _ subscale present and from 0.78
to 0.92 for the K-SESshor subscale future (Ta-

ble 5).

Construct validity includes structural validity,
hypotheses testing and cross-cultural validi-
ty and is defined as the degree to which the
scores of a PRO are consistent with & prio-
ri hypotheses, based on the assumption that
the instrument validly measures the construct
that is going to be measured.”” To assess the
structural validity, a maximum likelihood
factor analysis using Harris Kaiser’s rota-
tion method was applied to the K-SES__ . A
cut-off value of > 0.4 was used for the rota-
ted factor loadings. At all 11 follow-ups, the
factor analysis produced the same 2 factors of
importance with an eigenvalue set at > 1, as
the original version of K-SES ( Table 6). Factor
1 was related to how the patients perceived
their present physical performance/function,
while factor 2 was related to how the patients
perceived their future physical performance/

prognosis for their knee.
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TABLE5 Patient demographics and Chronbachs a for the K-SESshor at 11 follow-ups for patients with an ACL injury

and after ACL reconstruction

Follow-ups

10 weeks after ACL injury

4 months after ACL injury

8 months after ACL injury

12 months after ACL injury

18 months after ACL injury

Preoperative®

10 weeks after ACL reconstruction

4 months after ACL reconstruction

8 months after ACL reconstruction

12 months after ACL reconstruction

18 months after ACL reconstruction

101

114

114

102

77

288

909

925

875

713

437

44.5
(12;63)

42.0
(12;63)

43
(12;65)

46
(19;69)

45
(11:69)

27
(13;61)

25
(11;65)

25
(11;65)

26
(14;65)

25
(14;65)

27
(15;65)

77

73

70

67

64

76

68

68

63

62

72.6
(15.4)

73.5
(15.9)

73.0
(14.9)

74.2
(14.7)

74.3
(14.8)

72.0
(14.6)

72.4
(13.6)

72.6
(13.6)

72.7
(13.3)

72.4
(13.0)

722
(12.5)

Age is presented as median (min;max) and weight and height as mean (standard deviation)
# follow-up performed within 6 weeks before ACL reconstruction

K-SES.o The shorter version of Knee Self-Efficacy Scale
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Height

172.3
(10.8)

171.8
(13.8)

172.8
(10.7)

173.2
(10.3)

173.8
(10.8)

172.9
9.3)

173 .6
(9.3)

173.8
(9.5)

174.0
(9.6)

173.8
(9.4)

173.8
9.3)

Chronbachs o

K-SESshort

present

0,958

0,951

0,962

0,956

0,967

0,948

0,933

0,934

0,942

0,950

0,945

K-SESshort

future

0,853

0,859

0,873

0,874

0,924

0,828

0,779

0,810

0,812

0,830

0,843
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TABLE 6 Example of a rotated component matrix from

the 8 month-follow up after ACL reconstruction

Item 1 0,779 0,177
Item 2 0,766 0,247
ltem 3 0,795 0,231
ltem 4 0,764 0,191
Item 5 0,718 0,166
ltem 6 0,761 0,131
ltem 7 0,622 0,166
ltem 8 0,653 0,149
[tem 9 0,730 0,256
Item 10 0,760 0,200
Item 11 0,548 0,326
ltem 12 0,767 0,252
ltem 13 0,770 0,266
ltem 14 0,704 0,336
ltem 15 0,272 0,877
ltem 16 0,232 0,850
ltem 17 0,179 0,567
ltem 18 0,116 0,571

Extraction method: Maximum likelihood.
Rotation method: Varimax with Kaiser normalization.

Hypothesis testing was performed using
Spearman’s correlation coefficient for non-pa-
rametric data, comparing the scores from the
K-SES, = with the KOOS subscales of sport
and recreation and QoL, the ACL-RSI and the
Tegner. Six predefined hypotheses were de-
veloped by the authors. These hypotheses,
ordered in level of importance, are presented
in Table 7. Because the K-SES, the ACL-RSI
and the KOOS were developed for similar
patient groups and measure essentially the
same constructs, we expected that, from fol-
low-ups between 4 and 18 months after injury
and between 4 and 18 months after the ACL

reconstruction, high correlations (Spearman

r>0.50) on average between both the subsca-
les present and the future of the K-SES_ and
the average score on the subscales of sport and
recreation and QoL of the KOOS, the total score
of the ACL-RSI and the present physical acti-
vity level measured with the Tegner would be
found (Table 7).

All 6 hypotheses regarding the relationships
between scores on the K-SES_  and scores
on other knee-specific PROs were confir-
med at all follow-ups (Table 7). At the fol-
low-up at 4 months after injury and 2 and 4
months after ACL reconstruction, some cor-
relations were between 0.4 and 0.5. This was
somewhat expected and can be explained by
the heterogeneity in the ACL reconstructed
population early after surgery in terms of
symptoms and function and psychological
readiness to RTS.

4.5.2.4 Anterior Cruciate Ligament
Return to Sport after Injury
(ACL-RSI) scale

The Swedish version of the ACL-RSI scale **
136 was used to assess psychological readiness
to return to sports participation. The ACL-RSI
scale measures 3 types of response with 12 items
believed to be associated with the resumption of
sport after an injury: emotions (5 items), confi-
dence in performance (5 items) and risk apprai-
sal (2 items). Patients are asked to rate each item
on a 10-point Likert scale that ranged from, for
instance, extremely likely to not likely at all.** Hig-
her scores reflect a more positive psychological
response. The Swedish version of the ACL-RSI
scale is reported to be valid, internally consistent
and reliable (ICC = 0.89) for patients aged 18-45

years after an ACL reconstruction. '*
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In previous studies, the ACL-RSI scale has been
reported as the mean total score, mean score,
or as a score transformed to a 0-100 scale; (total
score x 100)/120. Patients achieving a total score
higher than 56 on the ACL-RSI scale have been
found to have higher odds of returning to their
preinjury level of sport, compared with patients
reporting < 56 points. ' In Study II, the cut-off
value of 56 was used as an outcome by determi-
ning the rate of athletes achieving this level of
psychological readiness, while also reporting the
median total score of the ACL-RSI scale.

4.5.2.5 Motivation and goal-setting

In Study II, the questions “How important is it

for you to achieve your goal for rehabilitation?”,

“How likely do you think it is that you will achieve
your goal for rehabilitation?” and “How motivated
are you to achieve your goal for rehabilitation?”
were used to assess patients’ motivation and
goal-setting. The questions are graded from
1 = not at all important/likely/motivated to
5 = extremely important/likely/motivated.
The questions have been developed for Pro-
ject ACL by the research group. First, the
scientific literature with respect to the topic
was reviewed. To ensure face validity, ¢ th-
ree physical therapists, all with experience of
patients with an ACL injury, then took part in

the development of the questions.

TABLE?7 Predefined hypotheses used in tests of construct validity ordered in level of importance for the short version

of the K-SES

Hypotheses

Patients with a high present Tegner would score high on the subscale of present self-efficacy of the K-SESshon

Patients who scored high on the subscale of sport and recreation on the KOOS would score high on the subscale of

present self-efficacy of the K-SESshon

Patients who scored high on the subscale of quality of life on the KOOS would score high on the subscale of pres-

ent self-efficacy of the K-SESsor

Patients who scored low on the subscales of pain and symptoms of the KOOS would score low on the subscale of

present self-efficacy of the K-SESshor

0.5-0.8

0.4-0.8

Patients who scored high on the ACL-RSI scale® would score high on the subscale of present self-efficacy of the K-SESsor 0.4 - 0.7

Patients who scored high on the ACL-RSI scale* would score high on the subscale of future self-efficacy of the K-SESsor 0.5-0.8

ACL-RSI Anterior Cruciate Ligament Return to Sport after Injury scale
K-SES The original version of Knee Self-Efficacy Scale

K-SESshor The shorter version of the Knee Self-Efficacy Scale

KOOS Knee injury Osteoarthritis Outcome Score

? measured at 8-, 12- and 18-month follow-ups

TABLE 8 Patient-reported outcomes used in Studies |-V

Tegner Activity Scale (Tegner)
Knee injury Osteoarthritis Outcome Score (KOOS)
The shorter version of the Knee Self-Efficacy Scale (K-SESshor)

Anterior Cruciate Ligament Return to Sport after Injury (ACL-
RSI scale) scale

Motivation and goal-setting questions

Study | Study Il Study I Study IV Study V

X X X X X
X X

X X

X

X
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4.6 STUDY I

Study design: Prospective, observational regis-

ter study, level of evidence; 2b

Patients and methods

Patients with a unilateral ACL injury who
had undergone ACL reconstruction, aged 15
to 30 years at the primary ACL reconstruc-
tion, were included. A further inclusion cri-
terion was a preinjury self-reported physical
activity level on the Tegner *° of > 6. Pa-
tients who met these inclusion criteria and
had undergone a reconstruction between
September 2013 and July 2016 were eligible

for inclusion.

Patient demographic data (Table 9) and cross-
sectional data from 5 tests of muscle function
(2 strength tests and 3 hop tests), from the
KOOS and the Tegner, performed at 8 and 12
months after a primary ACL reconstruction,

were extracted from Project ACL.

Outcome

The rate of return to knee-strenuous sport,
i.e. returning to a Tegner level of 6 or higher,
¢ and the proportions of patients achieving
an LSI of > 90% in all 5 tests of muscle func-
tion and KOOS subjective knee function
scores were compared between the adolescent
athletes (15-20 years of age) and adult athletes
(21-30 years of age) at both follow-ups.

TABLE 9 Patient demographics for included patients at 8 and 12 months after anterior cruciate ligament reconstruction in

Study |

8 months 12 months

Returned to knee-
strenuous sport (Tegner
Activity Score 26)

All'included patients

Returned to knee-
strenuous sport (Tegner
Activity Score 26)

All included patients

(n=270) (n=114)
Age 15-20 Age 21-30 Age 15-20 Age 21-30
years years years years
(n=102) (n=168) pvalue (n=51) (n=63)

Age at

reconstruction 174+13 249%26 na  172+12 24527
(years)

mean * SD

Height (cm) 17310  177+9 0008 17210  179=8

Weight (kg) 7011 7613 0002 72+11  79%13

Pre-injury physical 8.7 + 0.9 82x12 0.001 8.9 0.9 8.8x1.0
activity level® 9 [6-10] 8[6-10] . 9[7-10] 9[6-10]

Female, n (%) 69 (67) 70 (42) <0.001 30 (59) 19 (30)

For categorical variables, n (%) is presented.

(n =203) (n=136)
Age 15-20 Age 21-30 Age 15-20 Age 21-30
years years years years
pvalue  (n=76) (n=127) pvalue (n=56) (n=280) pvalue

n.a. 173+12 248+28 n.a. 17212 243+26 n.a.

0.010 170 £ 22 177 9 0.004 171 +£25 178 £9 0.002

0.001 ZAlE=R(HE 7511 0.005 71+ 10° 77 =11 0.002

87+09 83=x12 0.001 8.7+ 0.9 8710
9[7-10] 8[6-10] : 9[7-10] 9[6-10]

n.s.

0.002 52 (68) 51 (40) <0.001 36 (64) 27 (34) <0.001

For continuous variables, the mean = SD is presented. Pre-injury physical activity level is presented as mean = SD and with median [min-max].
For comparisons between groups, chi-square test was used for dichotomous variables, the Mann-Whitney U test for ordered categorical variables and the indepen-

dent t-test for continuous variables.

p < 0.05 indicates statistical significance.

2 missing data for 1 patient

b missing data for 2 patients

< as measured with the Tegner, score range: 0-10
n.a. not applicable

n.s. not significant
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4.7 STUDY 1I
Study design: Case-control study, level of

evidence; 3b

Patients and methods

Athletes with a unilateral ACL injury who
had undergone ACL reconstruction between
March 2014 and August 2017 and were aged
15-30 years at the reconstruction were eli-
gible for inclusion. A further inclusion crite-
rion was a preinjury level of physical activity

on the Tegner #° of > 6.

Patient demographic data and cross-sectio-
nal data from the 8-month and 12-month
follow-ups, including the results from the
5 tests of muscle function, the Tegner, the
K-SESyo.v the ACL-RSI scale and from 3
single questions, were extracted from Pro-
ject ACL. These outcomes were compared
between adolescents (15-20 years old) and
adults (21-30 years old), as well as between
athletes who had and had not achieved sym-
metrical muscle function. Table 10 shows pa-
tient demographics at the 8- and 12-month

follow-ups respectively.

Outcome

The ACL-RSI scale was used to assess the
athletes’ psychological readiness to RTS!"®
and the K-SES,,: was used to assess present
and future self-efficacy of knee function.
Psychological readiness to RTS was analysed
by comparing the total score of the ACL-RSI
scale and the proportion of athletes achieving
a total score of 56 or higher respectively.
Scores from the subscales of present and future
K-SES o Were compared between age groups
as well as the proportion of athletes achieving

ascore of 7 or higher on the K-SES | _ subscale
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present. Motivation and goal-setting were as-
sessed using 3 individual questions described
on page 64. The results of muscle function
tests were presented as the LSI. Achieving
an LSI of 2 90% in 5 tests of muscle function
was defined as achieving symmetrical muscle
function. This variable was used to group the
included athletes into those that had and tho-
se that had not achieved symmetrical muscle

function.

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

TABLE 10 Baseline demographics at 8 and 12 months after anterior cruciate ligament reconstruction for included
patients in Study Il

8 months 12 months

Age 15-20  Age 21-30 Age 15-20  Age 21-30
p value p value
(n=174) (n=210) (n=123) (n=148)
Females, n (%) 110 (63%) 82 (39%) <0.001 80 (65%) 62 (42%) <0.001
173.6 (9.7) 176.8 (9.5) 173.4 (9.3) 175.9 (9.7)
Height (cm) <0.001 0.023
(155; 201) (150; 200) (155; 197) (150; 200)
69.0(11.8) 76.0(12.2) 69.4(10.5) 747 (12.5)
Weight (kg) <0.001 <0.001
(50; 115) (49;118) (50; 104) (49; 102)
22.8(2.8) 24.2 (2.4) 23.0(2.5) 24.0 (2.5)
BMI (kg/m2) <0.001 <0.001
(18; 39) (18; 32) (18; 39) (18; 32)
17.8 (1.6) 25.7 (2.7) 17.9 (1.7) 25.9 (2.6)
Age at surgery
(15.1; 20.9)  (21.0; 31.0) (15.1;21.0)0  (21.0; 30.9)
- . 6.5 (8.6) 10.5 (16.5) 5.5(6.8) 9.6 (15.7)
ime to ACL reconstruction 0.0038 0.0065
(months)
(0.0; 56.6)  (0.2; 133.1) (0.0,55.9) (0.8;133.1)
Tegnerpre-injury
6 3 (2%) 20 (10%) 1(1%) 18 (12%)
7 10 (6%) 51 (24%) 5 (4%) 33 (22%)
Oy 10y o, O,
8 58 (33%) 40 (19%) <0.001 50 (41%) 34 (23%) <0.001
9 60 (35%) 73 (35%) 43 (35%) 50 (34%)
10 43 (25%) 26 (12%) 24 (20%) 13 (9%)
Returned to sport 86 (49%) 73 (35%) <0.001 90 (73%) 86 (58%) <0.001

For categorical variables, n (%) is presented.

For continuous variables, the mean (SD) and (min; max) are presented.

For comparisons between groups, Fisher’s exact test (lowest one-sided p value multiplied by 2) was used for

dichotomous variables. The Mantel-Haenszel chi-square test was used for ordered categorical variables and the Mann-Whitney U
test was used for continuous variables.

BMI Body Mass Index

Tegner Tegner Activity Scale
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4.8 STUDY III
Study design: Case-control study, level of

evidence; 3b

Patients and methods

This study was based on data from Project
ACL and the SNKLR. Patients who had pa-
tient-reported data in Project ACL from the
1-year follow-up were eligible for inclusion.
Additional intraoperative and surgical in-
formation was extracted from the SNKLR,
including data reported on concomitant inju-
ries and graft choice. Only patients who had

undergone a primary ACL reconstruction

and had undergone no previous knee surge-
ry were regarded as eligible. Patients were
excluded if they had an early postoperative
infection, registered in Project ACL or in the
SNKLR. Patient demographics are presented
in Table 11.

Outcome

The Tegner *° was the primary outcome and
was used to determine RTS. Patients who re-
ported a Tegner of > 6 at the 1-year follow-up
were classified as having achieved RTS and
this was used as the dependent outcome in the

regression model.

TABLE 11 Baseline demographics and drop-out analysis for included and excluded patients in Study Il

Included Excluded
p value
(n=272) (n=170)

Patient sex

Female 138 (50.7%) 82 (48.2%) 0.68
Age at primary ACL injury 25.0(9.2) 25.3(9.2) 0.77
Age at primary ACL reconstruction 26.0 (9.5) 26.2 (9.6) 0.89
Height (cm) 174.7 (9.6) 175.7 (9.8) 0.24
Weight (kg) 72.6 (12.0) 75.0 (15.1) 0.23
BMI (kg/m2) 23.8(2.9) 24.1(3.3) 0.52
Graft choice

Hamstring tendon 234 (86.0%) 91 (91.0%)

Patellar tendon 34 (12.5%) 9 (9.0%) 043

Other 4(1.5%) 0 (0.0%)
Concomitant injuries

Medial meniscus 60 (22.1%) 24 (23.5%) 0.86

Lateral meniscus 77 (28.3%) 35 (34.3%) 0.32

Cartilage 65 (23.9%) 27 (26.5%) 0.70

Medial collateral ligament 12 (4.4%) 7 (6.9%) 0.47

Lateral collateral ligament 1(0.4%) 1(0.4%) 0.94

Meniscus (medial or lateral) 122 (44.9%) 53 (52.0%) 0.27
Tegner Activity Scale pre-injury (0-10) 8.0 (7.0; 9.0) 8.0 (7.0; 9.0) 0.27

For categorical variables, n (%) is presented.
For continuous variables, the mean (SD) is presented.
For ordered categorical variables, median (Q1; Q3) is presented.

For comparisons between groups, Fisher’s exact test (lowest one-sided p value multiplied by 2) was used for dichotomous variables and the Mann-Whitney

U-test was used for continuous variables.
Q Quartile
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4.9STUDY IV

Study design: Prospective cohort study, level of

evidence 2b

Patients and methods

Patients with a unilateral ACL injury who
had undergone ACL reconstruction, aged 15
to 30 years at the primary reconstruction,
were included. A further inclusion criterion
was a preinjury self-reported Tegner physi-
cal activity level of > 6. 2*° Patients who met
these inclusion criteria and had undergone a
reconstruction between September 2013 and
April 2017 were eligible for inclusion. Baseli-
ne demographics and the drop-out analysis
for included and excluded patients are shown
in Table 12.

Data from the 4-month and the 12-months
follow up, including results from 5 tests of
muscle function in addition to demographic
data, information regarding graft type used
at the reconstruction and results from PROs
including the Tegner *°, KOOS, ** and
K-SESqor, 2** were extracted from Project ACL.

Demographic data included age at the prima-
ry reconstruction, patient sex, height, weight,
BMI and preinjury level of sport. Demograp-
hic data, graft type and results from the PROs
and tests of muscle function were used as
independent variables. The results of muscle
function tests were presented as the LSI, de-
fined as the ratio between the results for the
injured side and the non-injured side expres-

sed as a percentage.

Outcome

Achieving an LSI of > 90% in all 5 tests of
muscle function was defined as achieving
symmetrical muscle function and was used as

the dependent variable. ***
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TABLE 12 Baseline demographics and drop-out analysis for included and excluded patients in Study IV

Patient sex
Female
Height (cm)
Weight (kg)
BMI (kg/m?)
Age at primary ACL reconstruction
Pre-injury physical activity level
6
7
8
9
10
Graft choice
Hamstring
Patella
Allograft
Other graft

For categorical variables, n (%) is presented.

Included

(n=237)

139 (58.6%)
174.0 (150.0; 200.0)
70.0 (45.0; 102.0)
23.1(18.5; 35.4)
21.5(4.2)

13 (6%)
33 (14%)
71 (30%)
82 (35%)
38 (16%)

190 (86.0%)
27 (12.2%)
3 (1.4%)
1(0.5%)

Patient’s height, weight and BMI are presented as the median (min; max).
Patient’s age at primary ACL reconstruction is presented as the mean (SD).

For comparisons between groups, Fisher’s exact test (lowest one-sided p value multiplied by 2) was used for dichotomous variables, the

Excluded

(n=153)

97 (63.4%)
175.0 (155.0; 197.0)
72.0 (49.0; 118.0)
23.9 (17.9; 38.7)
22.1 (4.4)

9 (6%)
25 (16%)
45 (29%)
54 (35%)
20 (13%)

95 (83.3%)
15 (13.2%)
2 (1.8%)
1(0.9%)

0.41

0.21
0.091
0.099

0.18

0.45

0.67

chi-square test was used for non-ordered categorical variables and the Mann-Whitney U-test was used for continuous variables.

2 as measured with the Tegner Activity Scale
BMI Body Mass Index
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4.10 STUDY V

Study design: Prospective cohort study, level

of evidence; 2b

Patients and methods

Athletes who had undergone a primary ACL
reconstruction between March 2013 and De-
cember 2017 and were aged between 15 and
30 years at their primary ACL reconstruction
were included. A further inclusion criterion

was a preinjury self-reported physical activity

level on the Tegner of > 6. Patients were ex-
cluded if they had > 2 ACL injuries or if any
complication occurred during the muscle
function tests that was considered to have in-
fluenced the results, e.g. muscle strain or knee
pain. Moreover, athletes were excluded from
further analyses if they had not responded to a
study-specific questionnaire (Table 13) or had
not performed tests of muscle function close
to the RTS.

TABLE 13 Project-specific questionnaire regarding return to sport used in Study V

1. “Since your primary ACL reconstruction, have you reached any of these levels of physical activity?” (yes/no)

la.  (If yes) “Please specify when you returned to at least level 6” (month/year)

Examples of Tegner Activity level 6-10

10 Soccer — national or international level, American football, wrestling, figure skating

9 Soccer, ice hockey, mogul skiing

8 Basketball, handball, floorball, long jump

7 Badminton, high jump, tennis, downhill skiing, volleyball

6 Baseball, hurdling, orienteering, snowboarding
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To determine time to RTS, defined as having
returned to at least level 6 of the Tegner,*®
an online questionnaire (Table 13) was sent to
patients registered in Project ACL, who had
performed tests of muscle function at the 8-,

12- or the 18-month follow-up.

To assess the association between a subsequent
ACL injury and symmetrical muscle function
prior to the return to knee-strenuous sport,

data from strength and hop tests were extracted

from the follow-up closest to the RTS.

Patient demographics for included athletes
stratified by athletes with and without a sub-
sequent ACL injury are presented in Table 14.

Outcome

The primary outcome was a subsequent ACL in-
jury after the primary anterior cruciate ligament
reconstruction. Data regarding the number of

ACL injuries were extracted from Project ACL.

TABLE 14 Baseline demographics stratified by athletes with and without a subsequent anterior cruciate ligament

injury in Study V

Subsequent ACL injury No subsequent ACL

(n=18) injury (n=141) prElle

Patient sex

Female 13 (72%) 89 (63%) 0.63
Height (cm) 171.2 (8.3) 174.7 (9.5) 0.13
Weight (kg) 67.2 (8.5) 71.2 (12.5) 0.21
Tegner pre-injury

6 0 (0.0%) 6 (4.3%)

7 2 (11.1%) 18 (12.8%)

0.029

8 3(16.7%) 43 (30.5%)

9 5 (27.8%) 51 (36.2%)

10 8 (44.4%) 23 (16.3%)
Graft choice

Hamstring 13 (72.2%) 120 (87.0%)

Patella 4 (22.2%) 17 (12.3%) 0.099

Quadriceps 1(5.6%) 0 (0%)

Allograft 0 (0%) 1(0.7%)
Age at index ACL reconstruction (years) 20.3 (3.4) 21.7 (4.5) 0.21
Time from ACL injury to reconstruction 43(4.8) 6.4(8.1) 0.041
(months)
dalsa Jmma

For categorical variables, n (%) is presented.
For continuous variables, mean (SD) is presented.
Time of follow up is presented with mean (SD), median (min; max).

For comparison between groups Fisher’s exact test (lowest 1-sided p value multiplied by 2) was used for dichotomous variables, the Man-
tel-Haenszel chi Square test was used for ordered categorical variables and the Mann-Whitney U-test was used for continuous variables.

Tegner Tegner Activity Scale
SD Standard Deviation
n.a not applicable
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5.

STATISTICAL METHODS

SUSANNE BEISCHER

Patience you must have, my young athlete

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

In Study I, statistical analysis was perfor-
med using the statistical package for the so-
cial sciences (SPSS) (version 22, 2013; SPSS
Inc., Chicago, IL, USA). In Studies II-V, the
statistical analysis was performed using the
statistical analysis system (SAS) (SAS/STAT,
version 14.2, 2016; SAS Institute Inc., Cary,
North Carolina, USA).

All significance tests were 2-sided and condu-

cted at the 5% significance level.

STUDY I

To describe patient demographics and outco-
mes, the mean and standard deviation (SD)
were used for continuous variables. Catego-
rical outcome variables were presented with
frequencies and percentages and ordered ca-
tegorical outcome variables were reported
with the median, interquartile range and mi-

nimum and maximum.

The variables were compared between age
groups using the chi-square test for non-or-
dered categorical variables, the Mann-Whit-
ney U test for ordered categorical variables
and the independent t-test for continuous

variables.

A power analysis based on the results of a

previous study **

suggested that 36 persons
per group were needed for a power of 80% to
detect a significant difference in knee exten-
sion strength, presented as the LSI, between

groups, with a variance of 10%.

STUDY II

To describe the patient sample and the out-
come, continuous variables were summarized
with the mean, SD and minimum and max-
imum. Categorical outcome variables were
presented with frequencies and percentages.
Non-parametric outcomes were reported
with the median, interquartile range and mi-
nimum and maximum. Data on patient demo-
graphics were compared using Fisher’s exact
test (lowest one-sided p value multiplied by
2) for dichotomous variables, the Mantel-Ha-
enszel chi-square test for ordered categorical
variables and the Mann-Whitney U test for
continuous variables in comparative analyses

between included and excluded athletes.

For between-group comparisons, i.e. between
age groups, between athletes that had or had
not returned to sport and between athletes
who had and had not recovered their muscle
function, Fisher’s exact test (lowest one-sided
p value multiplied by 2) was used for dicho-
tomous variables and the Mann-Whitney U

test was used for continuous variables.

STUDY III

To describe patient demographics and out-
comes, counts and proportions were used
for categorical variables. Continuous vari-
ables were reported as the mean and SD and
median with the first and third quartiles.
Comparisons between included and exclu-
ded patients were performed with Fisher’s
exact test (lowest one-sided p value mul-

tiplied by 2) for dichotomous variables and
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the Mann-Whitney U test for continuous
variables. In order to analyze the associa-
tion between predictors and return to knee-
strenuous sport, a binary logistic regression
was performed. Return to sport was defi-
ned as reporting level > 6 on the Tegner at
the 12-month follow-up and was used as a
dependent variable. The presence of conco-
mitant injuries was dichotomously (yes/no)
used as an independent variable in the re-
gression analyses. The analysis of graft choi-
ce was only based on patients who received
a HT or patellar tendon autograft, owing to
the small number of patients receiving other
grafts. Patient demographics of sex, age (per
10 years), weight at reconstruction, height
and preinjury level of physical activity (as
measured with the Tegner) were included as

independent variables.

With the aim of trying to find the best predic-
tive model for RTS 12 months after ACL re-
construction, a stepwise multivariable logistic
model was used. Variables with p < 0.20 in
the univariable analysis were entered into the
stepwise analyses. The results of the logistic
regression models were presented with odds
ratios (OR), 95% confidence intervals and p
values. For all the regression models used, the
area under the receiver operating characteris-
tics (ROC) curve was given as a measurement
of goodness of fit, using limits of 0.90-1 =
excellent, 0.80-0.90 = good, 0.70-0.80 = fair,
0.60-0.70 = poor and 0.50-0.60 = fail. >

STUDY IV

To describe the patient sample and out-
comes, categorical variables were summa-
rized with frequencies and percentages.

Continuous variables were reported with
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the mean and SD and the median with mi-
nimum and maximum values. These vari-
ables were compared between groups using
Fisher’s exact test (lowest one-sided p value
multiplied by 2) for dichotomous variables,
the Mantel-Haenszel chi-square test for or-
dered categorical variables, the chi-square
test for non-ordered categorical variables and
the Mann-Whitney U test for continuous va-

riables.

The primary outcome was the achievement of
symmetrical muscle function 12 months after
ACL reconstruction. To analyse the associa-
tion between independent variables and the
primary outcome, a binary logistic regression

was performed.

To predict the achievement of symmetrical
muscle function at 12 months, a forward step-
wise multivariable logistic model including all
independent variables was used. A seconda-
ry model, excluding the 3 hop tests, was also
performed. In this secondary analysis, knee
extension symmetry was entered first, ba-
sed on previous publications.'> 2! Variables
which had a p value of < 0.20 in the univari-
able analyses were entered into the 2 stepwise
regression models, where the variable with
the highest area under the ROC curve was

entered first.

The OR, i.e. the ratio between the odds of
an increase in the predictor, 95% CIs and p
values, was used to present the results of the
logistic regression models. The area under
the ROC curve was given as a measurement
of goodness of fit, using limits of 0.90-1 =
excellent, 0.80-0.90 = good, 0.70-0.80 = fair,
0.60-0.70 = poor and 0.50-0.60 = fail. *¢
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STUDY V

Descriptive statistics for patient demograp-
hics and outcomes were reported as the count
and proportions for categorical variables.
Continuous variables were reported with the

mean, SD and minimum and maximum.

The demographics were compared between
included and excluded athletes using Fis-
her § exact test (lowest one-sided p value mul-
tiplied by 2) for dichotomous variables, the
Mantel-Haenszel chi-square exact test for or-
dered categorical variables and the Mann-Whit-

ney U test for continuous variables.

In order to analyze the association between
the primary outcome of a subsequent ACL
injury and the independent variables time to
RTS, symmetrical muscle function prior to RTS
and specific patient demographics, a Cox
proportional hazards regression model was
used for categorical and continuous variables.
Time 0 was defined as the first month of par-
ticipation in sports equal to knee-strenuous
sport, i.e. Tegner > 6. Hazard ratios (HR) were
calculated for descriptive purposes. Multiple
survival analysis was performed with stepwi-
se Cox proportional hazards regression. Only
variables that affected survival time in the
univariable tests (p < 0.1) were included as
possible risk factors in the multivariable ana-
lysis. Generalized R? was calculated for both
the univariable and the multivariable analysis

in order to compare the models.
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6.

ETHICS

All the included patients were given written information about the study and participation in
Project ACL is voluntary for patients. Informed consent was obtained for all patients and the
rights of subjects are fully protected. Ethical approval was obtained from the Regional Ethical

Review Board in Gothenburg, Sweden (registration numbers: 265-13, T023-17).
SUSANNE BEISCHER
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7.

RESULTS AND SUMMARIES OF STUDIES

SUSANNE BEISCHER

Patience you must have, my young athlete
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7.1 STUDY I
Background

Athletes younger than 25 years of age con-
stitute a high-risk group in terms of a sustai-
ning subsequent ACL injury. 2 An early RTS
491 and not achieving symmetrical muscle
function prior to RTS 37185 are identified
as risk factors for a subsequent ACL injury.
However, it is not known how many young
athletes, 15-30 years of age, achieve symme-

trical muscle function prior to RTS.

Aim

The aim of this study was to evaluate the re-
turn to knee-strenuous sport rate, muscle
function and subjective knee function among
adolescent patients (15— 20 years of age) and
adult patients (21-30 years of age) 8 and 12
months, respectively, after ACL reconstruc-

tion.

Results

Of the athletes included at the 8-month fol-
low-up, 42% (114/270) reported that they had
returned to knee-strenuous sport. The corre-
sponding proportion at 12 months was 67%
(136/203). Moreover, adolescent athletes had
a higher RTS rate at 8 months compared with
the adult athletes (50% versus 38%, p = 0.044).
No differences in the RTS rate between the

age groups were seen at 12 months.

In all, 29% of both the adolescent (13/45)
and the adult athletes (14/49), who had re-

turned to knee-strenuous sport, achieved

symmetrical muscle function with an LSI
> 90% in all 5 tests of muscle function at 8
months after ACL reconstruction. At the
12-month follow-up, 20% of the adolescent
athletes (8/40) and 28% of the adult athletes
(17/60) (p = 0.346) achieved symmetrical
muscle function. No difference in the pro-
portion of athletes who achieved symmetri-
cal muscle function or in the mean LSI was
seen between adolescent and adult athletes at
any of the follow-ups (Table 15). Moreover,
no difference in patient-reported knee-func-
tion was seen between age groups at any fol-

low-up.

Conclusion

The majority of young athletes make an early
return to knee-strenuous sport after a prima-
ry ACL reconstruction, without recovering
their muscle function. To set realistic ex-
pectations, clinicians are recommended to en-
sure that young athletes receive information
about not to return before muscle function is
recovered and that this may take longer time
than 12 months.
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TABLE 15 Results from tests of muscle function, including the proportion (%) of athletes achieving symmetrical muscle function with a Limb Symmetry Index of (= 90%) at 8 and

12 months in athletes who had returned to knee-strenuous sport

12 months

8 months

Age 21-30 years

Age 15-20 years

v
o
©
]
>
)
Gp
o
N
[
o)
<

Age 15-20 years

Knee extension

83

83

72

80

99 =14

n.s. 99 + 10

100 = 14

100 = 10

Knee flexion

78

80

80

84

90 + 12°

92 + 142

88 + 15b

88 = 10°

Vertical hop

50

50

54

46

n.s.

n.s. 97 = 7°

95 =102

Hop for distance

83

78

80

81

97 £ 124

101 = 174

n.s.

93 £ 15¢

99 = 15¢

Side hop

75

78

72

78

For categorical variables, n (%) is presented.

For continuous variables, the mean (SD) is presented.

Statistically significant difference between groups at a p value of < 0.05 using an independent t-test.

ue for 1 patient
ue for 2 patients
ue for 4 patients
ues for 3 patients

ficant.

@ Missing va
b Missing va

¢ Missing va
4 Missing va

n.s. not sign
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7.2 STUDY 11
Background

Adult patients who return to their preinjury
level of sport after an ACL reconstruction
have been characterized by a more positi-
ve psychological response. However, less is
known about the association between the re-
covery of muscle function and psychological
outcome when it comes to determining RTS,

especially in young athletes.

Aim

The aim was to investigate psychological
readiness to return to sport, knee-related
self-efficacy and motivation in adolescent
(15-20 years old) and adult athletes (21-30
years old) after ACL reconstruction. A further
aim was to compare athletes (15-30 years old)
who had recovered their muscle function and

returned to sport with athletes that had not.

Results

Patient sex was evenly distributed in the
athletes included at both follow-ups; 50%
(192/384) versus 52% (141/271) females at
8 and 12 months. At both follow-ups, the
adolescent athletes (15-20 years old) compri-
sed more females than males (8 months, 63%
versus 39%, p<0.001; 12 months, 65% versus
42%, p = 0.002) and had a higher RTS rate
at both follow-ups (8 months, 49% versus
35%, p<0.001; 12 months, 73% versus 58%,
p<0.001) compared with the adult athletes.

In all, 22% and 23% of the athletes had re-
covered their muscle function at the 8- and
12-month follow-up respectively. Athletes
who had recovered their muscle function
had a higher RTS rate compared with athle-
tes who had not (8 months, 58% versus 29%,

p = 0.0021; 12 months, 84% versus 44%, p =
0.0098).

Psychological outcome

The adolescents reported significantly hig-
her levels of present (8 months, A = 0.3, p =
0.0062; 12 months, A = 0.4, p = 0.041) and fu-
ture knee-related self-efficacy (8 months, A =
0.5, p =0.0010; 12 months, A = 0.7, p = 0.042)
8 and 12 months postoperatively (Table 16).
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TABLE 16 Knee-related self-efficacy and psychological readiness to return to sport at 8 months and 12 months after anterior cruciate ligament reconstruction stratified by age

groups (Study 1)
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12 months

8 months

Age 21-30

o
N
")
2
[
o)
<

Age 15-20

0.041

9.0 (5.0; 10.0) 8.6 (1.8; 10.0)

0.0062

8.1 (0.0; 10.0)

8.4 (2.8; 10.0)

Present K-SESshort

0.042

8.0(0.8; 10.0) 7.3(0.0; 10.0)

0.0010

7.5(1.3; 10.0)

8.0(1.5; 10.0)

Future K-SESshor

0.74

105 (85%) 123 (83%)

<0.001

148 (71%)

149 (86%)

Present K-SESshor =7

0.28

58.3 (10.0; 100.0)¢

63.8 (13.3; 100.0)

0.14

55.0 (10.0; 99.2)°

58.3 (17.5; 99.2)

ACL-RSI

0.28

52 (62%) 60 (53%)

0.18

65 (44%)

62 (53%)

ACL-RSI > 56

For categorical variables, n (%) is presented.

For continuous variables, the median (min; max) is presented.

For comparisons between groups, Fisher's exact test (lowest one-sided p value multiplied by 2) was used for dichotomous variables and the Mann-Whitney U

test was used for continuous variables.

ACL-RSI Anterior Cruciate Ligament Return to Sport Index Scale

Present K-SESshor subscale of present self-efficacy of the short version of the Knee Self-Efficacy Scale
Future K-SESson subscale of future self-efficacy of the short version of the Knee Self-Efficacy Scale

2 Missing values for 56 patients
® Missing values for 61 patients
© Missing values for 39 patients
¢ Missing values for 35 patients
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Athletes who had recovered their muscle
function were more motivated to achieve
their goal compared with athletes who had
not recovered their muscle function (p<0.001)
and they reported higher levels of present
self-efficacy at both follow-ups (8 months,
A = 0.5, p =0.0016; 12 months, A = 0.7, p <
0.001). No differences in the other psycholo-
gical outcomes were found between the age
groups or between athletes who had and had
not recovered their muscle function. With re-
spect to RTS, both adolescent and adult athle-
tes who had returned to sport reported higher
levels on the K-SES,;,.. and the ACL-RSI scale
at both follow-ups (Table 17).

Because the adolescents comprised signifi-
cantly more females than males at both fol-
low-ups (8 months, p < 0.001; 12 months, p
< 0.001), sub-group analyses of the psycholo-
gical outcomes stratified by patient sex were
carried out. These analyses resulted in similar
findings between the age groups for females

but not for males.

Conclusion

Adolescent athletes, especially females, perce-
ived enhanced self-efficacy, had a higher RTS
rate and were more motivated to realize their
goals 8 and 12 months after ACL reconstruc-
tion. Regardless of age, athletes who had re-
turned to sport and athletes with symmetrical
muscle function had a stronger psychological

profile.
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TABLE 17. Knee-related self-efficacy and psychological readiness to return to sport at 8 months and 12 months after anterior cruciate ligament reconstruction stratified by age groups

12 months

8 months

Returned to sport

Not returned to

-
S
o

Q
0
<]
-
el
(7]
f=
=
3
=]
Q
o©

Not returned to

n=90

n=33

n=86

n=88

Age 15-20

8.6 (5.8; 10.0) <0.0001

7.6 (3.1;9.8)

<0.0001

9.0 (5.9; 10.0)

7.9 (2.8;9.9)

Present K-SES:hort

n=79

n=28

n=86

n=88

8.3(1.5; 10.0)

7.0(1.8;9.5

8.7 (4.3; 10.0)

7.7 (1.5; 10.0)

0.0030

Future K-SESshort

79

28

<0.0001

86

88

0.0004

(91.1%)

72

82 (95.3%) 0.0005 16 (57.1%)

(76.1%)

67

Present K-SESshort =7

59.2(17.5; 91.7)

39.2(17.5; 85.0)

68.8 (35.0; 99.2)

51.3(17.5; 89.2)

0.0049

0.0002

ACL-RSI

n=46

n=15

n=50

n=68

0.040

(54.3%)

25

3(20.0%)

0.020

33 (66.0%)

(42.6%)

29

ACL-RSI > 56

n=86

n=62

n=73

n=137

Age 21-30

8.4 (4.6;10.0)

7.1(1.4;9.6)

8.9 (5.4;10.0)

7.6 (0.0; 9.6)

<0.0001

<0.0001

Present K-SESshort

n=78

n=57

n=73

n=137

8.0 (3.5; 10.0)

6.8 (1.3; 10.0)

8.0 (3.8; 10.0)

7.3(1.3;10.0)

0.0009

0.0054

Future K-SESshort

78

57

73

n=137

0.0001

66 (84.6%)

30 (52.6%)

<0.0001

65 (89.0%)

83 (60.6%)

Present K-SEShort =7

59.6 (29.2; 99.2)

50.0 (10.0; 95.8)

60.0 (28.3; 98.3)

47.9 (10.0; 99.2)

0.023

<0.0001

ACL-RSI

48

n=>53

96

0.0042

14 (34.1%) 29 (60.4%)

0.0012

33 (62.3%)

32(33.3%)

ACL-RSI > 56

For categorical variables, n (%) is presented.

For continuous variables, the median (min; max) is presented.

For comparisons between groups, Fisher's exact test (lowest one-sided p value multiplied by 2) was used for dichotomous variables and the Mantel-Haenszel chi-square test was used for or-

dered categorical variables.

Present K-SESsor subscale of present self-efficacy of the short version of the Knee Self-Efficacy Scale
Future K-SESsor subscale of future self-efficacy of the short version of the Knee Self-Efficacy Scale
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7.3 STUDY III

Background

Ruptures of the ACL commonly occur with
concomitant injuries to other structures in the
knee, such as collateral ligaments, meniscus,
bone and articular cartilage. However, few stu-
dies have studied how concomitant injuries af-
fect the short-term likelihood of a return to a

knee-strenuous sport after ACL reconstruction.

Aim

The aim was to study whether patient charac-
teristics, concomitant injuries, and graft choi-
ce at primary ACL reconstruction can predict

RTS 1 year after surgery.

Results

In all, 272 (51%) females met the final inclusion
criteria. In the multivariable analyses, increa-
sed odds of RTS were found in male patients
(OR, 2.58; 95% CI, 1.43-4.65; P = 0.0016) and
in patients with a higher preoperative level of
physical activity (OR, 1.45; 95% CI, 1.13-1.87;

Mamnrgs predie or bieed| i

G S modsl oR

P =0.0038). Moreover, younger age at the time
of reconstruction was favorable for an RTS
(OR, 2.32; 95% CI, 1.59-3.33; P < 0.0001). In
addition, patients who did not have an MCL
injury had higher odds of RTS (OR, 7.61; 95%
CI, 1.42-40.87; P = 0.018), as well as patients
with no meniscal injury (lateral or medial)
(OR, 1.92; 95% CI, 1.10-3.36; P = 0.023). The
area under the ROC curve for a multivariable
model to predict RTS had a fair goodness of fit
(0.78; 95% CI, 0.72-0.83) (Figure 11).

Conclusion

Patients of male sex, a younger age, a higher
preinjury level of physical activity, and with
no reported concomitant injury to the MCL
or the meniscus had higher odds of returning
to knee-strenuous sport 1 year after an ACL
reconstruction. To set proper expectations, it
is important to inform patients with conco-
mitant injuries at the time of ACL reconstruc-
tion that RTS may not be possible during the

first year after surgery.

FIGURE 11 Logistic

o regression models, odds ratios
e (ORs) and 95% confidence

] intervals (Cls) for return to
sport. An OR of > 1 indicates
a result favoring the absence
of concomitant injury. For age
i at index ACL reconstruction,

an OR of > 1 indicates a result
favoring older age. For graft
choice, an OR of < 1 indicates

0 a result favoring a hamstring
tendon autograft, while an OR
of > 1 favors a patellar tendon
autograft.

BMI Body Mass Index

MCL Medial Collateral
Ligament

- LCL Lateral Collateral Liga-

— i 1 L L

ment.
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7.4 STUDY IV
Background

Recovering symmetrical muscle function is
one of the main goals of rehabilitation after
ACL reconstruction. A more symmetrical
muscle function has been associated with a
higher RTS rate and a lower reinjury risk. It
would therefore be of clinical value to find
modifiable factors early in the rehabilitation
period that can predict the recovery of sym-

metrical muscle function prior to RTS.

Aim

The aim was to investigate whether patient
demographics, short-term PROs and muscle
function are able to predict the achievement
of symmetrical muscle function in 5 tests of
muscle function in young athletes 1 year after

ACL reconstruction.

Results
Of the 237 athletes, 62 (26%) had achieved

symmetrical muscle function 12 months af-
ter ACL reconstruction. None of the patient
demographics could predict the achievement
of symmetrical muscle function 12 months
after ACL reconstruction. Increased odds of
symmetrical muscle function 12 months after
ACL reconstruction were found in athletes
with higher present self-efficacy at 4 months;
OR = 1.28 ([95% CI; 1.04-1.58], p = 0.020).
Moreover, an increase in the OR was found in
athletes with more symmetrical knee-extensi-
on strength, OR = 1.73 ([95% CI; 1.28-2.34],
p = 0.0004), and knee-flexor strength, OR =
1.39 ([95% CI; 1.07-1.81], p = 0.015). With
respect to hop tests, athletes with a more
symmetrical hop performance in the verti-
cal hop, OR = 1.77 ([95% CI; 1.27-2.45], p =
0.0006), the single-leg hop for distance, OR

88

= 1.98 ([95% CI; 1.24-3.17], p = 0.0043), and
the side hop, OR = 1.64 ([95% CI; 1.15-2.33],
p = 0.0059) had increased odds of achieving
symmetrical muscle function 12 months post-

operatively (Figure 12).

No predictive multivariable model could be
created because of data missing from hop tests
and the limited number of patients who had
achieved the dependent outcome of symme-
trical muscle function. Moreover, when ex-
cluding athletes with missing data (hop tests,
n = 105) from the 3 hop tests at 4 months, a
total of 166 athletes were included in the se-
cond multivariable model. No combinations
of variables were significant when perfor-

ming the multivariable model.

Conclusion

Symmetrical knee-extension and knee-flex-
ion strength, a more symmetrical hop perfor-
mance and higher present self-efficacy at an
early stage all increased the odds of achieving
symmetrical muscle function in young athle-

tes one year after ACL reconstruction.

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction
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FIGURE 12 Univariable logistic regression models, odds ratios (ORs) and 95% confidence Intervals (Cls) for muscle
function recovery, defined as achieving a Limb Symmetry Index of = 90% in 5 tests of muscle function 12 months af-
ter an ACL reconstruction. For patient sex an OR of > 1 indicates a result favoring males. For age at primary anterior

cruciate ligament reconstruction, an OR of > 1 favors the older age group (21-30 years old). For graft choice, an OR
of > 1 indicates a result favoring patellar tendon autografts.

KOOS4 average score on the Knee injury Osteoarthritis Outcome Score (4 dimensions)
K-SESpresent present Knee Self-Efficacy Scale

K-SEStuture future Knee Self-Efficacy Scale
LSI Limb Symmetry Index
Tegner pre-injury Tegner Activity Scale prior to the injury
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7.5 STUDY V
Background

Almost 1 in 4 patients aged 25 years or young-
er who return to high-risk sport will sustain
a subsequent ACL injury after their prima-
ry ACL reconstruction. Recent studies have
highlighted the importance of delaying RTS
and achieving symmetrical muscle function
prior to RTS in order to reduce the risk of a
subsequent knee injury. However, it is unk-
nown whether these variables are valid for

young non-professional athletes.

Aim

The aim was to investigate the association
between sustaining a subsequent ACL injury
and 1) time to RTS and 2) symmetrical muscle
function at the time of RTS in young athletes af-

ter primary ACL reconstruction

Results

In all, 159 (64% females) met the final in-
clusion criteria. A total of 18 (11%) athletes
sustained a subsequent ACL injury, of which
10 were graft ruptures and 8 were contralate-
ral ACL injuries. In the univariable analysis,
increased odds of a subsequent ACL injury
were found in athletes with a higher level of
preinjury physical activity, HR = 2.1 [95% CI;
(1.22-3.56), p = 0.0069].

A 23% risk reduction for a subsequent ACL
injury was found for every month RTS was
delayed, HR = 0.77 [95% CI; (0.62-0.95), p =
0.016]. Moreover, the risk of a subsequent
ACL injury was reduced by 85% by delaying
the return to knee-strenuous sport activities
to more than 9 months. Figure 13 shows that
the rate of a subsequent ACL injury was more

than 7 times higher in athletes who returned

90

to sport before 9 months compared with ath-
letes who returned to sport after 9 months.
No effect of achieving symmetrical muscle
function (p = 0.68) or extension symmetry (p
= 0.61) was found on the risk of a subsequent
ACL injury.

In the multivariable analysis, using a Cox pro-
portional hazards regression model, an earlier
time to RTS, HR = 0.14 [95% CI; (0.05-0.37),
p <0.0001], and higher level of preinjury phy-
sical activity, HR = 2.21 [95% CI; (1.26 -3.87),
p = 0.0056], were associated with sustaining a

subsequent ACL injury.

Conclusion

Returning to knee-strenuous sport earlier
than 9 months after ACL reconstruction en-
tails a markedly increased risk of sustaining
a new ACL injury compared with waiting 9
months or more. Athletes who participated in
high-risk pivoting sport were twice as likely

to sustain a new ACL injury.

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction
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FIGURE 13 Kaplan-Meier curve showing the failure rate (rate of a subsequent ACL injury) in athletes after ACL
reconstruction who returned to sport prior to 9 months, between 9-12 months, and after 12 months.
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7.6 SUMMARY OF RESULTS
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SYMMETRICAL MUSCLE FUNCTION

Regardless of age, the majority (>70%) of the athletes returned to knee-strenuous sport without
achieving symmetrical muscle function at 8 and 12 months after ACL reconstruction (Studly |)

More symmetrical knee strength and hop performance and higher present self-efficacy at 4
months were associated with achieving symmetrical muscle function 12 months after ACL
reconstruction (Study V)

SUBSEQUENT ACL

INJURY
RETURN TO SPORT

e  An early RTS was identified as a
risk factor of a subsequent ACL
injury. The risk of a subsequent

the absence of concomitant injuries ACL injury was reduced by 86%
to the medial collateral ligament and by delaying the return to knee-

meniscus were found to predict RTS strenuous sport to more than 9
12 months after ACL reconstruction months (Study V)
(Study I11)

Male sex, younger age, a higher
preinjury level of physical activity and

e Symmetrical muscle function close
to RTS was not associated with a
subsequent ACL injury (Study V)

At 8 months, 50% of the adolescent
athletes had returned to knee-stre-
nuous sport compared with 38% of
the adult athletes (Study I) *  Ahigher preinjury level of physical
activity was found to increase the

risk of a subsequent ACL injury
(Study V)

PSYCHOLOGICAL OUTCOME AND SELF-REPORTED KNEE FUNCTION

Adolescent athletes, especially females, perceived enhanced self-efficacy, had a higher RTS rate
and were more motivated to reach their goals 8 and 12 months after ACL reconstruction (Study I)

Athletes with symmetrical muscle function reported greater motivation and superior self-
efficacy compared with athletes who had not recovered their knee function 8 and 12 months
after ACL reconstruction (Study )

Younger athletes who returned to sport reported higher levels of self-efficacy and psychological
readiness to RTS (Study II)

No difference in self-reported knee function was found between adolescent and adult athletes 8
and 12 months after ACL reconstruction (Study )

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction
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8.

DISCUSSION

SUSANNE BEISCHER

Patience you must have, my young athlete

»

The more I see the less I know for sure

— JOHN LENNON

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

The overall aim of this thesis was to describe
the outcome after a primary ACL reconstruc-
tion in terms of RTS, muscle function, psycho-
logical outcome, symptoms, concomitant inju-
ries, subsequent ACL injury and knee function
in adolescent athletes, aged 15 to 20 years, and
adult athletes, aged 21 to 30 years.

The results will be discussed in relation to the
following topics: symmetrical muscle function,
return to sport, subsequent ACL injuries and self-

reported knee function & psychological outcome.

Symmetrical muscle function

The goal of achieving symmetrical muscle
function is important for patients with an
ACL injury, because symmetrical muscle func-
tion is associated with enhanced outcome,
such as improved self-reported knee func-

115218 40

91,137

tion,* improved hop performance
a lower risk of subsequent knee injuries.
However, knowledge is limited when it comes
to the proportion of adolescent athletes that
achieve symmetrical muscle function before
RTS, as well as the factors that predict sym-

metrical muscle function in young athletes.

In Study I, there was no difference in the pro-
portion of athletes recovering symmetrical
muscle function between adolescent and adult
athletes who had returned to sport at 8 or 12
months after ACL reconstruction (8 months:
29% versus 29%; 12 months: 20% versus 24%;
n.s.). Recently, Toole et al. ** reported that

only 14% of young athletes, who were cleared

for unrestricted sports participation by their
surgeon and treating rehabilitation specialist,
actually met their study-specific RTS criteria,
including an LSI of > 90% in hop and strength
tests. Even though the rate of achieving sym-
metrical muscle function was 2 times higher in
Study I compared with the study by Toole et

al,, 2

the results clearly demonstrate that too
few patients regain what can be considered a
minimum level of muscle function prior to RTS.
Moreover, the results indicate that surgeons and
physical therapists do not use a battery of tests to

make well-founded decisions on RTS.

In accordance with previous studies,
81,91,101,241,245260 the ] SIs from the tests of muscle
function in Study I and V, were > 90% on av-
erage for each of the 5 muscle functions tests
(Studies I and V). However, the majority of the
included athletes did not regain symmetrical
muscle function in all 5 tests before they retur-
ned to sport. This is worrying and emphasizes
the importance of using results from a battery
of tests for RTS decisions and not merely the

results from a single test of muscle function. #**

In this thesis, we used validated assessments
for the physical therapist to use when planning
rehabilitation, as well as enhancing patient
motivation. Despite these strong and stringent
methods, only 1 in 3 to 4 patients achieved sym-
metrical muscle function 8 or 12 months after
ACL reconstruction. The results in the general
ACL injured population are not known, but it

is worrying that they may be worse. Grindem
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et al. ® reported that specialized care is asso-
ciated with superior outcome in patients with
an ACL injury compared with a general ACL
population. Therefore, it can be assumed that
the regular assessment of athletes used in this
thesis resulted in some benefits, e.g. providing
the athletes and their responsible physical the-
rapists with valuable information about the
progress of the rehabilitation and guided them
in the rehabilitation and thereby increasing
the athletes’ possibility to regain symmetrical

muscle function.

The proportion of athletes regaining symme-
trical muscle function varied between 20 and
29% in Studies I, II, IV and V. Because an as-
sociation between a higher RTS rate and sym-
metrical muscle function has been described,
13166 it was somewhat surprising that the ath-
letes included in Studies I and V did not have
a higher rate of regaining symmetrical muscle
function compared with the athletes included
in Studies II and IV. Studies I and V com-
prised athletes that had all returned to knee-
strenuous sport compared with Studies II and
IV, which included athletes who both had and
had not returned to sport. The fact that only 1
in 3 to 4 athletes achieves symmetrical muscle
function represents a major challenge for all
physical therapists treating patients after an
ACL reconstruction. In the last few years, se-
veral expert opinions and editorials have been
published highlighting the need to implement
current evidence into the rehabilitation after

an ACL reconstruction 8°%1%

and, with respect
to this, recent studies indicate that patients
are being discharged too early to RTS or that
they receive rehabilitation with inadequate
content. ¥*° Ebert et al. * reported that fewer

than 30% of the patients received supervised
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rehabilitation of more than 6 months and
only about 5% received rehabilitation that fol-
lowed evidence-based guidelines,”* i.e. > 9-12
months of rehabilitation, comprising agility
and landing exercises, as well as a structured
RTS. Moreover, an association between reha-
bilitation and the LSIs for each test of muscle
function was reported, * indicating that super-
vised rehabilitation is important in order to re-
gain symmetrical muscle function and be able
to safely RTS. The findings reported by Ebert

et al. ¥

are alarming and suggest a need for
action with respect to implementing current
knowledge into the rehabilitation of athletes,
especially in high-risk groups such as adole-
scent athletes. In addition, with respect to the
findings in Study I, it can be strongly recom-
mended that patients should be informed at the
beginning of their rehabilitation that, in many
cases, regaining symmetrical muscle function

will take longer than 12 months.

Recent studies have reported an association
between symmetrical muscle function and a
lower risk of subsequent knee injuries. *'¥
Interestingly, Study IV found 6 modifiab-
le predictors of symmetrical muscle function
that are of clinical value, especially in young
athletes who are regarded as a high-risk group
with respect to a subsequent ACL injury.
5745,135217,243,256.266 The finding of an association
between early strong self-efficacy and regai-
ning symmetrical muscle function (Study IV) is
in line with previous studies that have reported
self-efficacy as a predictor of enhanced outco-
me in patients with other knee-related impair-

ments, 27,35/150,251,270 9,57,66,235,236

According to the Integrated model of response to
sport injury (page 37), it can be assumed that

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

athletes with high self-efficacy (thoughts) in
Study IV were more motivated to set more dif-
ficult goals and participate in and be more com-
pliant with the rehabilitation (behavior). These
athletes would therefore have greater potential
to achieve symmetrical muscle function (reha-
bilitation outcome) compared with athletes with
low self-efficacy. In addition, a higher propor-
tion of the patients included in Study II who
had recovered their muscle function achieved
the acceptable cut-off value of 7 units on the
K-SES, ., as well as higher levels of present
self-efficacy, which further strengthens the
hypothesis that there is a positive association
between enhanced psychological response and
symmetrical muscle function. However, the re-
sults for self-efficacy in Study IV must be inter-
preted with caution, as the area under the ROC
curve was 0.60, indicating that the predictive

capacity of this model was poor. *¢

An individual’s level of self-efficacy is conside-
red to be influenced by his/her level of effort
and resilience to setbacks, among other things,
2021 and is believed to be enhanced by master ex-
perience, social modeling and verbal persuasion,
as well as the patient’s emotional and physiolo-
gical response, ! which implies opportunities to
strengthen one’s level of self-efficacy. This topic

will be further discussed on page 103.

Early predictors of enhanced outcome are
valuable, as they can provide the physical the-
rapist with valuable information and improve
his/her understanding of the patients, as well
as planning the rehabilitation. The finding that
more symmetrical muscle strength, as well as
hop performance 4 months after the ACL re-
construction, were associated with symmetri-

cal muscle function at 12 months (Study IV)

is in accordance with previous studies. *'%

47 However, symmetrical hop performance as
early as 4 months after an ACL reconstruction
must be regarded as uncommon. In Study IV,
40% of the athletes were able to perform hop
tests as early as 4 months after the ACL re-
construction. This finding provides important
information to clinicians as well as to patients
in order to set realistic expectations during re-
habilitation. These findings also highlight the
fact that not all patients have a knee that to-
lerates hopping as early as 4 months after the
ACL reconstruction. Reasons for not being
able to hop might be the presence of concomi-
tant injuries, insufficient knee strength, fear of

reinjury and low self-efficacy.

An important finding relating to symmetrical
muscle function in this thesis is that almost
40% of athletes that had an LSI of 80% or hig-
her in knee-extension strength at the 4-month
follow-up regained symmetrical muscle func-
tion at 12 months, compared with fewer than
10% of the athletes that had an LSI lower
than 80%. This finding further indicates that
it might be important to regain symmetrical
knee-extension strength early in the rehabilita-
tion period in order to enhance the short-term

results after an ACL reconstruction, 5118148267

HSU7I8L28 Tt therefore seems reasonable to
help and encourage patients who demonstrate
knee-extension strength lower than an LSI of
80% at an early stage through acceleration and
the optimization of strength during the entire

rehabilitation process.

In Study IV, no multivariable model could
be created when using patient demograp-
hics, knee-extension and flexion strength and
PROs (KOOS , and K-SESshm) as independent

97



variables. This might indicate that factors
other than the aspects of muscle function and
self-efficacy that were investigated in this study
affect the achievement of symmetrical muscle
function across a battery of tests in young athle-
tes 12 months after ACL reconstruction. Other
factors might be concomitant injuries, moti-
vation, compliance with the rehabilitation and
personality. However, there was no information
on the presence of concomitant injuries in Study
IV. Because conflicting findings are reported in
terms of the influence of concomitant injuries
on symmetrical muscle function, ***!** future
studies are recommended to control for conco-
mitant injuries when assessing potential pre-

dictors of symmetrical muscle function.

Finally, in order to avoid misleading results
when comparing the results of different stu-
dies with each other, it is necessary that the
methods used to assess, muscle strength, for
example, are similar/equal. However, there
is a lack of consensus in terms of the optimal
strength methods to be used, as well as the
appropriate criteria for releasing patients to
unrestricted sports activities after an ACL re-
construction.”*?”*% For example, the results of
isokinetic tests may be affected by aspects of the
isokinetic protocol, e.g. angular velocity, range
of motion, number of repetitions, contraction
mode and gravity correction. In Studies I, II,
IV and V, an isokinetic test protocol including
3 to 5 repetitions of concentric knee extensi-
on and flexion at 90°s™ was used. In a study
by Undheim et al., >¢ a protocol consisting of
concentric/concentric mode of contraction, an
angular velocity of 60°s, 3-5 repetitions, range
of motion of 0-90° and the use of gravity cor-
rection was recommended. Even though the

protocol used in this thesis is slightly different
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it should be remembered that there is no stan-
dardized isokinetic strength evaluation proto-
col following ACL reconstruction and that the
recommendations of Undheim et al. > were
based on what has most frequently been repor-
ted in the literature. 2* The reason for choo-
sing an angular velocity of 90°s™ in this thesis
was that patients included in Project ACL are
evaluated as early as 10 weeks after their injury
or ACL reconstruction, which is a time point
at which the tolerance of higher loads can be
limited. With respect to the force-velocity cur-
ve, 90°s” was therefore chosen, since angular
velocity of 60°s, for example, would have re-

sulted in higher loads on the knee joint.

TAKE-HOME MESSAGES

Only approximately 25% of athletes
regain symmetrical muscle function
12 months after an ACL reconstruction.

Fewer than 30% of adolescent athletes
that return to sport 8 or 12 months after
an ACL reconstruction regain symmetrical
muscle function prior to their RTS.

No differences were found between
adolescent and adult athletes in terms

of the proportion of athletes that met
RTS criteria 8 or 12 months after the ACL
reconstruction.

Young athletes with more symmetrical
knee-extension and knee-flexion
strength, a more symmetrical hop
performance and higher present self-
efficacy, early after ACL reconstruction,
have increased odds of achieving
symmetrical muscle function 12 months
after ACL reconstruction.

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

Return to sport

In a systematic review and meta-analysis, Ar-
dern et al. * reported that just over 50% of
patients who had undergone ACL reconstruc-
tion returned to competitive sport and two-
thirds returned to their previous sport. More
than 90% of the patients expect to return to
their previous sport 12 months after the ACL
reconstruction ® and an RTS after 12 months
might therefore be perceived as a failure. In
Studies I-III, the RTS rate at 12 months va-
ried between 57% and 67%. It is important
to note that, in this thesis, RTS was defined
as a self-reported Tegner level of 6 or hig-
her, which might be different from a return
to previous sport. Hamrin Senorski et al. **
compared the definition used in this thesis
with a narrower definition of RTS; return to
preinjury Tegner + 1 but over 6. The ratio-
nale for this was that the narrower definition
could exclude patients who actually do return
successfully to a knee-strenuous sport. In
agreement with the literature,' the use of a
return to Tegner 6 or higher resulted in an
increase in the RTS rate. Regardless of which
definition is used and with respect to the pa-
tients’ expectations, it is important to inform
all patients with an ACL injury that RTS after
an ACL reconstruction may take longer than
12 months.

In accordance with previous studies, '“'378
male sex and having a higher preinjury level
of sports participation were positive pre-
dictors of RTS (Study III). The finding that
males have a higher RTS rate is also confir-
med by the results in Study I, where 64% of
the adolescent male athletes had returned to
sport 8 months after the ACL reconstruction

compared with 43% of the female adolescent

athletes. Moreover, an important and novel
finding in Study III was that athletes with a
concomitant meniscal injury and MCL in-
jury had decreased odds of RTS. For instan-
ce, the absence of an MCL injury resulted in
a 7-fold increase in favorable odds of RTS 12
months after ACL reconstruction. The hig-
her odds can, at least in part, be explained by
the fact that only a small number of athletes
had an MCL injury (n = 18), which brings
uncertainty to the analyses. However, it can
be assumed that athletes with both an ACL
and MCL injury can experience instability
of the knee joint, which may affect their abi-
lity or the time to RTS. In other words, the
findings in Studies I-III indicate that at least
40% of the athletes appear to need more than
12 months before they are able to return to
knee-strenuous sports, especially if a conco-
mitant injury is present at the time of injury/
reconstruction. It seems clear that it is time
for us to reconsider our recommendations
and expectations for the time required to RTS

after ACL reconstruction.

Like previous studies,'"’* the results of Stu-
dies I-III indicate that younger age is a posi-
tive predictor of RTS. In Studies I and II, the
adolescent athletes, 15-20 years old, had a 12-
14 percentage points higher RTS rate at the
8-month follow-up compared with the adult
athletes, 21-30 years old. At the 12-month
follow-up, no difference in RTS rate was
found between the age groups in Study I (74%
versus 63%). In contrast, in Study I, a signifi-
cant difference was found at 12 months, whe-
re 73% of the adolescent athletes and 58% of
the adult athletes had returned to sport. An
explanation of the differences in RTS rate
between these 2 studies could be that Study II
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comprised over 30% more athletes compared
with Study I, indicating a type II-error. More-
over, the finding that younger age was a posi-
tive predictor of RTS at 12 months (Study III)
further strengthens the conclusion that there
is a difference in RTS rates between the age
groups. This finding represents important
knowledge for all clinicians during rehabilita-
tion, since adolescent athletes run an increa-
sed risk of a subsequent ACL injury once they
RTS. %¢ In addition, as the time to RTS was
associated with a higher risk of a subsequent
ACL injury in Study V, clinicians are strongly
recommended to prolong the rehabilitation
for adolescent athletes, even if they present
acceptable psychological and physiological

outcomes earlier than 9 months.

TAKE-HOME MESSAGES

Adolescent athletes make an earlier RTS
compared with adult athletes.

The absence of concomitant injuries to
the medial collateral ligament and me-
niscus were positive predictors of RTS 12
months after ACL reconstruction.

Subsequent ACL injuries

If RTS is equated with success, a subsequent
ACL injury, i.e. a graft rupture or an injury
to the contralateral ACL, must be regarded
as treatment failure. Since young athletes are
found to be more prone to RTS, it is impor-
tant to consider risk factors before making
decisions on RTS.

In accordance with previous studies, **!

an association between time to RTS and
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subsequent ACL injuries was found in Stu-
dy V. Athletes who returned to sport earlier
than 9 months after ACL reconstruction had
a more than 7 times higher risk of sustaining
a subsequent ACL injury compared with ath-
letes who returned to sport after 9 months.
Alternatively expressed, the risk of a sub-
sequent ACL injury was reduced by 86% by
delaying the return to knee-strenuous sport
activities to more than 9 months. Based on
these findings, the recommendation to pro-
long rehabilitation to more than 9 months,
especially in adolescent athletes, appears ju-
stified.

In spite of this, more than 50% of the ado-
lescent athletes in Studies I and II made an
RTS within 9 months after the ACL re-
construction. In Study V almost two-thirds
of the athletes returned to knee-strenuous
sport between 7 and 11 months. As the time
to RTS is a modifiable factor, we need to un-
derstand why athletes make an early RTS. It
is somewhat surprising that as many as two-
thirds of the athletes had returned to sport
when only 24% of the athletes in Study V
met the RTS criteria. Worryingly, the ex-
planation of an early RTS is most probably
related to the athlete, as well as to the re-
sponsible physical therapist and/or orthope-
dic surgeon, who may not have used results
from a battery of tests to make well-founded
RTS decisions. For instance, an individual’s
personality and behavior appear to expla-
in differences in RTS rate to a large extent.
Tjong et al. *** reported that patients who
had returned to sport perceived themselves
as being self-motivated, competitive and
self-aware. In contrast, patients who did

not RTS perceived themselves as cautious,
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having a relaxed life outlook, being procras-
tinators or lacking self-confidence. *** It can
therefore be assumed that patients who RTS
are more prone to take risks compared with
athletes not returning to sport. In addition,
the adolescent period of life is known as a
period that entails increased risks in general
197205 and this might partly explain why this
age group has a higher RTS rate and accor-
dingly a higher subsequent ACL injury risk.
However, knowledge related to individuals’
personality and behavior with respect to
time to RTS and subsequent ACL injury is

limited and needs further evaluation.

The optimal timing of RTS is not known,
which is reflected in a study that aimed to
investigate views and practices of Australi-
an therapists on rehabilitation and RTS after
ACL reconstruction.’® In all, about 20% and
just over 50% of the therapists were willing
to discharge patients for sport at 6-9 and
9-12 months respectively and about 25% pre-
ferred 12-18 months after ACL reconstruc-
tion.*® Based on knowledge of the biological
and functional recovery of the knee, Na-
gelli and Hewett '** suggested that the RTS
should be delayed until 2 years after an ACL
reconstruction in order to lower the rate of
a subsequent ACL injury in young athletes.
This suggestion might be accurate; however,
previous studies have clearly demonstra-
ted that a long period of rehabilitation after
ACL reconstruction is mentally and emotio-
nal challenging. *'° For instance, Heijne et
al. ' reported that patients perceived the
rehabilitation period as being much longer
than they had imagined before the ACL re-
construction. Feelings of frustration and loss

of confidence in the rehabilitation process

were commonly reported when the expected
time of RTS was not reached. '® Lack of pa-
tience appears to be a reasonable explanation
of why adolescent athletes RTS too early af-
ter an ACL reconstruction, which underlines
the importance of setting and modifying ex-
pectations and goals during the entire reha-

bilitation.

The use of only a time criterion to determi-
ne unrestricted sports participation is not
enough.®*? Since an objective criterion-ba-
sed RTS decision is recommended, #?**%>4 the
athletes in this thesis were evaluated using
a battery of muscle function tests, including
both knee-strength and hop tests. In the light
of the results of Study I and previous work
by Toole et al. ,*** where adolescent athle-
tes were found to RTS without achieving
symmetrical muscle function, we wanted
to investigate the association between sym-
metrical muscle function close to RTS and a
subsequent ACL injury. However, no associ-
ation between symmetrical muscle function
and a subsequent ACL injury was found in
Study V which is in accordance with a re-
cent publish study.!*® In contrast, Kyritsis et
al. '*” reported a 4-fold higher risk of a sub-
sequent ACL injury in patients who did not
meet their RTS criteria prior to RTS. The
apparent differences between Study V and the
study by Kyritsis et al. ' can be attributed to
the fact that the latter only included male elite
athletes and the use of different batteries of
muscle function tests. Another explanation
could be that only 18 athletes in Study V had
sustained a subsequent ACL injury and a small
proportion, about 25%, of all the included
athletes regained symmetrical muscle func-

tion, resulting in a fairly small population.
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In accordance with the findings in Study V,
Grindem et al. *' did not find a difference
in reinjury rate between patients who met
their specific RTS criteria and patients who
did not. However, in contrast to the results
in Study V, Grindem et al. °' reported that
more symmetrical knee-extension strength
was associated with a reduction in the risk of
a knee-related reinjury. °' The discrepancies
in results in terms of knee-extension sym-
metry between these studies include the fact
that the athletes in Study V were approxima-
tely 3 years younger and had, at group level,
regained an LSI of > 90% in knee-extension
strength. In the study by Grindem et al., *!
the corresponding LSI was 75% in patients
who had sustained a knee-related reinjury,
e.g. an injury to the meniscus, cartilage or
the collateral ligaments. The higher LSI seen
in the athletes in Study V might have been

protective of a subsequent ACL injury.

Despite the fact that no association was
found between symmetrical muscle func-
tion and a subsequent ACL injury in this
thesis, clinicians are strongly recommended
to help and encourage patients to regain
symmetrical muscle function after an ACL
reconstruction. The reason for this recom-
mendation is that more symmetrical muscle
function has been reported to be associated
with enhanced short- and long-term out-
comes. 77728 The findings in Study
II, where athletes with symmetrical muscle
function reported a stronger psychological
profile and had a higher RTS, further st-
rengthen this recommendation. In addition,
as promising results with respect to secon-
dary prevention have been reported, ¢ all

patients should be encouraged to continue
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to perform specific prevention, including
strength, hop and neuromuscular exercises,
regularly as part of their training once they

finish their rehabilitation.

The total rate of a subsequent ACL injury
of 11% for younger athletes in Study V was
lower than the 23-36% rate that has been re-
ported in the literature. ***%* One explana-
tion could be that the athletes in Project ACL
were repeatedly assessed with tests of muscle
function and PROs, which might have pro-
vided the athletes and their responsible phy-
sical therapists with valuable information
about the progress of the rehabilitation and
guided them in the RTS decision. An enhan-
ced outcome after an ACL reconstruction is
believed to be achieved by following structu-
red and progressive pre- and postoperative
rehabilitation programs, %' combined with
clear goal-setting, detailed patient informa-
tion and consistently measuring the progress

of rehabilitation.3¢20:1841%8

TAKE-HOME MESSAGES

Athletes who RTS early and have a high
pre-injury level of physical activity run

a high risk of sustaining a subsequent
ACL injury.

The risk of a subsequent ACL injury was
reduced by 86% by delaying the return
to knee-strenuous sport activities to
more than 9 months.

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

Self-reported knee function and

psychological outcome

Study I was the first study that compared
self-reported knee function between adole-
scent and adult athletes who had undergone
ACL reconstruction. There was no differen-
ce in symptoms, knee function or quality of
life, as measured with the KOOS, between the
adolescent and adult athletes 8 and 12 months
after the ACL reconstruction. At group level,
all the included athletes reached what has been
described as a level of recovery**'#* 12 months
after ACL reconstruction for all the KOOS
subscales except for the knee-related quality
of life subscale. The athletes included in Study
I reported more than 20 points lower scores
at both the 8- and the 12-month follow-ups
compared with the scores regarded as an ac-
ceptable level on the quality of life subscale.”
An acceptable level is defined as the lower
threshold for the 95% CI of 18- to 34-year-
old males based on a published Swedish re-
ference population. "*2 The finding of lower
levels of quality of life might indicate a nega-
tive psychological response to the injury, the
reconstruction, or the rehabilitation in these
athletes. Even though no previous study has
investigated the psychological response in
adolescent patients, adults with a lower level
of self-efficacy prior to the ACL reconstruc-
tion have been described as reporting lower
levels of quality of life at 12 months. *¢ In
addition, lower levels of quality of life have
been reported to be associated with failure to
RTS, a higher BMI, greater fear of reinjury,
sustaining a subsequent ACL injury and se-
vere radiographic OA. %6833 Therefore, in
Study II, we aimed to investigate the psycho-
logical response in both adolescent and adult
athletes.

The finding of higher self-efficacy and
psychological readiness to RTS in athletes
(15-30 years of age) who had returned to
sport compared with athletes who had not re-
turned to sport in Study II confirms previous
findings reported in older patients. 12145978
A4134,191,208,236,244.259 Trregpective of whether the
athletes were adolescent or adult, patients
who had returned to sport reported higher
levels of psychological readiness to RTS and
stronger self-efficacy, which implies that the
relationship between RTS and a more po-
sitive psychological response seems true in
adolescent athletes. However, as the outcome
(psychological response) and exposure (RTS)
were assessed at the same time, no causal con-

clusion can be drawn.

To date, one previous study*” has investiga-
ted the effect of strengthening a patient’s le-
vel of self-efficacy during the rehabilitation
in order to enhance outcome after an ACL
reconstruction. Thomeé et al. 2’ presented a
clinical model based on the assumption that
an individual’s level of self-efficacy is influen-
ced by his/her level of effort, persistence, re-
silience to setbacks, master experience, social
modeling and verbal persuasion, as well as by
his/her emotional and physiological respon-
se. 22! The model has 4 stages, understanding,
maturity, persistence and coping, and comprises
elements of giving information, challenging,
increasing variety and complexity, evalua-
ting and giving feedback and giving support
and encouragement. 27 The model is inten-
ded to be implemented during rehabilitation
with the aim of guiding physical therapists
gradually to enhance patients’ knee-related
self-efficacy after an ACL reconstruction.

The model was evaluated in an RCT, which
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included 24 patients with an acute ACL injury
randomized to 1 intervention and 1 control
group, each comprising 12 patients. No ef-
fect of the model on patient-reported knee
function was found, however, and this could
be explained by the fact that the study was
underpowered. Larger RCTs are therefore

needed to further investigate this topic.

The finding of higher levels of self-efficacy in
adolescents is novel. 2** However, since an as-
sociation between self-efficacy and RTS was
found in both adolescent and adult athletes
(Study II), we cannot exclude the possibility
that the difference in self-efficacy between
age groups is explained by the higher RTS
rate found in the adolescent athletes. More-
over, as symmetrical muscle function appears
to be associated with self-efficacy (Study II),
the differences in self-efficacy could also be
explained by differences in the proportions
of athletes who had achieved symmetrical
muscle function. Since a small number of
athletes had regained symmetrical muscle
function, a comparative analysis between
age groups stratified by symmetrical muscle
function (yes/no) would have been under-
powered and was therefore not performed.
However, the findings in Study I indicate
that there is no difference between adolescent
and adult athletes in regaining symmetrical
muscle function 8 and 12 months after an
ACL reconstruction. Nevertheless, the fin-
dings of differences in self-efficacy between
the age groups should be interpreted with
some caution, as the differences were small
and no information in terms of the MIC in
the K-SES | is available.

According to the Integrated model of response
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to sport injury (page 37), a patient’s functional
outcome, e.g. muscle function, has a consi-
derable influence on behavior, cognition and
affective status after ACL reconstruction. **
In Study II, we compared psychological readi-
ness to RTS, self-efficacy and motivation
between athletes who had and had not rega-
ined symmetrical muscle function. Previous

¢ as well as the result from Study

findings,”
IV, where an association between self-effica-
cy and regaining symmetrical muscle function
was found, strengthen the finding in Study II
of greater self-efficacy in athletes who had re-
gained symmetrical muscle function. However,
as with the association between the psycholo-
gical outcome and RTS, we are unable to de-
termine whether athletes regain symmetrical
muscle function because of higher levels of self-
efficacy or whether symmetrical muscle
function causes higher levels of self-efficacy.
Nevertheless, as symmetrical muscle func-
tion appears to be associated with a stronger
psychological profile and a higher RTS rate, it
is advisable to encourage all athletes to regain

their muscle function before RTS.

In the light of this, it can be assumed that ath-
letes with high self-efficacy will be more mo-
tivated to and will RTS regardless of whether
or not they are physically and/or psycholo-
gically ready. Interestingly, besides higher
levels of self-efficacy, the adolescent athletes
reported greater motivation to realize their
goal, a finding that not was seen in the adult
athletes. This finding supports the idea that
greater motivation to RTS is an important
contributory factor to RTS **'*! and may ex-
plain why adolescent athletes have a higher
RTS rate (Studies I-III). Moreover, athletes

who RTS before 9 months were found to
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run a substantially higher risk of a subsequ-
ent ACL injury (Study V) and it is not known
whether the level of motivation and self-ef-
ficacy could contribute to a subsequent ACL
injury. Recently, it was reported in a study by
McPherson et al.!*® that younger (<20 years)
patients who sustained a subsequent ACL in-
jury had less psychological readiness to RTS
before they returned to sport compared with
patients who did not sustain a subsequent
ACL injury. '** However, this was the first
study including a psychological outcome as
an explanatory variable for a subsequent ACL
injury and this topic therefore needs further

investigation.

In contrast to self-efficacy, no difference in
psychological readiness to RTS, as measured
with the ACL-RSI scale, was found between
age groups or between athletes who had and
had not recovered their muscle function.
However, despite the fact that 49% of the ado-
lescent athletes had returned to sport 8 months
after ACL reconstruction, only about two-
thirds reached the cut-off of > 56 points, which
has been associated with higher odds of retur-
ning to the preinjury level of sport, compared
with patients reporting < 56 points. '* Based
on the study by McPherson et al., '** a cut-off
value of 76.7 points at 12 months after the ACL
reconstruction was found to identify younger
patients who sustained a second ACL injury,
with 90% sensitivity. In the light of this fin-
ding, the cut-off value of 56, used in Study II,
can be regarded as low. In Study II, the median
value of the ACL-RSI varied between 55.0 and
63.8 points at the 8- and 12-month follow-ups.
In patients who had regained symmetrical
muscle function, 74% reached the cut-off of >
56 and the median of the ACL-RSI was 74.2.

All the findings with respect to the ACL-RSI
scale imply that the majority of the included
athletes in Study II, irrespective of age, were
not psychologically ready to RTS. Even though
no differences in psychological readiness to
RTS were found between athletes who had and
had not achieved symmetrical muscle function,
athletes with symmetrical muscle function re-
ported the highest score on both the K-SES,
and the ACL-RSI scale. Reasons why no dif-
ferences between groups were significant may
include the small number of athletes who had
recovered their muscle function and had com-
pleted the ACL-RSI scale at 8 and 12 months
after ACL reconstruction (8 months, n=44; 12
months, n=35). This topic therefore needs to

be further evaluated in future studies.

TAKE-HOME MESSAGES

Adolescent athletes, especially females,
perceived enhanced self-efficacy, had a
higher RTS rate and were more motivated
to realize their goals 8 and 12 months
after ACL reconstruction (Study ).

Athletes with symmetrical muscle
function reported greater motivation
and superior self-efficacy compared with
athletes who had not recovered their
muscle function 8 and 12 months after
ACL reconstruction (Study Il).

Younger athletes who returned to sport
reported higher levels of self-efficacy and
psychological readiness to RTS (Study II).

No difference in symptoms, knee function
and quality of life, was found between
adolescent and adult athletes 8 and 12
months after ACL reconstruction (Study I).
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9.

STRENGTHS AND LIMITATIONS

SUSANNE BEISCHER

Patience you must have, my young athlete

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

This thesis includes cohort studies based on
register data. As a result, conclusions on cau-
sality cannot be drawn. In order to prove cau-
sality, it is necessary to perform an interven-

tional study and control for bias.

Since this thesis was based on data from the
rehabilitation register, Project ACL, there
was no control of either the rehabilitation
program or the RTS criteria used to cle-
ar the athletes to RTS. In other words, the
rehabilitation each athlete received was in-
dividualized by his/her responsible physical
therapist.

It is important to realize that this thesis only
covers a limited number of possible outcomes
after an ACL reconstruction. With respect
to the ICF (page 33), the included outcomes
cover both parts, i.e. Functioning and Contex-
tual factors. However, several other outcomes,
such as ligament laxity, quality of motion,
speed and biomechanical outcomes, are des-
cribed in the literature but were not included
in this thesis. Another outcome, often not in-
cluded in the rehabilitation of patients with
an ACL injury, which probably requires more
attention in future studies, is endurance, e.g.
maximum oxygen uptake capacity. Moreover,
no outcomes related to the ICF component
of Environmental factors, i.e. circumstances in
which the individual lives, such as support
and relationships, attitudes and natural en-

vironment, were not included in this thesis.

This thesis did not cover long-term outco-
mes, which often refer to evaluations more
than 10 years after an event. An important
question to answer is: does a successful short-
term result really matter if the athletes suffer
from OA and/or reduced quality of life 10
years after the ACL reconstruction? To date,
only a few studies'’*'”>*¢® have specifically in-
vestigated OA and quality of life in athletes
who underwent an ACL reconstruction befo-
re the age of 30. Moreover, this thesis did not
include athletes treated with rehabilitation
alone. Not including non-reconstructed ath-
letes means that no comparisons can be made
between non-reconstructed and reconstruc-
ted athletes. Since only 1 previous RCT study
has compared ACL reconstruction in combi-
nation with rehabilitation with rehabilitation
alone, there is a real need for more RCTs of
this kind in the future.

Tests of muscle function

Several different tests to assess patients’ knee
strength have been described in previous
studies. '8LI121126210246 Teokinetic muscle st-
rength tests, which are regarded as the gold
standard, ** evaluate muscle strength during
constant velocity compared with isometric
tests in which no movement occurs. With re-
spect to the force-velocity curve, an isometric
test will therefore result in higher measured

muscle forces compared with an isokinetic
test, 344498126
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One limitation of this thesis is that between
9% and 35% of the athletes in Studies I, IT, IV
and V were assessed with isometric strength
tests, while the other 65% to 91% were as-
sessed with concentric isokinetic tests. Only
using results from the isokinetic tests would
have resulted in underpowered studies. We
therefore decided to include athletes who had
all been assessed with isometric tests, from
the first 1.5 years of Project ACL. As a re-
sult, no absolute value for each test could be
used in the statistical analysis and the results
were therefore presented as the LSI. With
respect to previous studies demonstrating a
high to moderate correlation between iso-
metric and isokinetic tests of knee extension,
#8126 jt can be assumed that the use of results
from the isometric and isokinetic tests had
no or only a minor influence on the conclu-
sion drawn in Studies I, II, IV and V. Fur-
thermore, the test protocol used in Project
ACL for assessing isometric and isokinetic
tests was not equal to the protocols used in
the studies comparing the results of isome-
tric tests with the results of isokinetic tests,
which might somewhat limit our assumption
that there are no differences in LSI between
the test methods. In addition, Knezevic et
al. % reported somewhat lower correlations
when comparing LSIs in relation to absolu-
te values. This finding indicates one of the
limitation of LSIs, which will be discussed

further below.

Limb Symmetry Index

260 the use of

In a recently published study,
the LSI in RTS decisions was questioned, as
LSIs appear to overestimate knee function
after ACL reconstruction and might not be

sensitive enough to predict a subsequent ACL
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injury. Furthermore, lower absolute levels of
muscle function in the uninvolved leg might
conceal an abnormal muscle function, since
the LSI is calculated as a ratio between the
injured and the uninjured leg. For instance,
Hiemstra et al.'” reported that deficits in st-
rength are common in both legs after ACL
reconstruction. '%2¥! The LSI may therefore

not be the best clinical benchmark to use.

79,109

The limitation with LSIs can be easily un-
derstood when illustrated theoretically in the
following way. Imagine a patient who, in a
follow-up, in the single-leg hop for distan-
ce, jumps 111 cm on the injured leg and 118
cm on the uninjured leg. These results will
give an LSI of 94%, which would be equal to
“meeting the criteria” in most RTS protocols.
However, if the test is repeated the day after
and the patient still performs a hop within
the methodological error of approximately

4 cm 195,209,241

and now jumps 107 cm on the
injured leg and 122 cm on the uninjured leg,
he or she will achieve an LSI of 88%, which
would have been regarded as “not meeting
the criteria” in this thesis. This theoretical il-
lustration reflects that a small change in abso-
lute values can have a large effect on the LSI
and, secondly, affect whether the patient is
considered to have met or not met the RTS
criteria. It is therefore always important to
consider the methodological error in an RTS
decision or when the results of repeated mea-
surements are interpreted and compared with
one another. In addition, since the LSI is only
aratio, a patient that jumps 80 cm on the inju-
red leg and 82 cm on the uninjured leg, repre-
senting an LSI of 98%, will be defined as me-

eting this criterion, compared with a patient
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jumping 160 cm on the injured leg and 180 on
the uninjured leg (LSI = 89%). The question
is whether the patient who jumps 80 cm will
be better off compared with the patient who
jumps 160 cm.

In a perfect world, individual preinjury re-
ference values for all patients would provide
valuable information in order to set rehabili-
tation goals and enable comparisons with the
uninjured leg. Several studies have reported
normative values,*!¢2! but even if age, sex,
and sports-matched normative values for
knee-muscle strength in a healthy popula-
tion might provide a better understanding
of normal variation and the interpretation
of muscle function results than LSIs, it will
still be necessary that studies use the same
method. Moreover, quadriceps strength, in
absolute values, normalized to body mass,
has been reported to be a stronger predictor
of high self-reported function compared
with the LSI of knee-extension strength in
patients after an ACL reconstruction. !**!88
For instance, patients with a quadriceps
strength normalized to body mass at 3.1
Nmkg!, as measured with an isometric test
at 90° of knee flexion, were found to have
more than 8 times higher odds of reporting
high self-reported knee function more than
6 months after ACL reconstruction. '* This
finding suggests that achieving 3.1 Nmkg™'
might be a more important clinical bench-
mark for knee-extension strength compared
with an LSI of > 90%. However, it is impor-
tant to remember that no corresponding cut-
off value has been reported for concentric

isokinetic tests.

9.1 STUDY-RELATED
LIMITATIONS
Study I

The main limitation of this study includes the
definition of RTS. The Tegner score only re-
flects how knee strenuous the sports in which
the patients participated are. Data relating to
exposure, i.e. the frequency of participation,
or whether the participation in sport was mo-
dified or equal to unrestricted training/com-
petition, were not available. In addition to the
limitation of using the Tegner, as well as the
2 tests of muscle strength, the adolescent ath-
letes comprised more women than men com-
pared with the adult athletes. Subgroup ana-
lyses stratified by age group were therefore
performed. However, no differences between
the sexes in any of the outcomes were found.
The uneven distribution of patients’ sex in the
different age groups was therefore assumed
not to limit the opportunity to draw conclu-
sions. However, the number of athletes who
performed the battery of tests was somewhat
low and these sub-analyses might therefore be

underpowered.

Study I1

The methodological limitations of Study II
included the differences in patient demograp-
hics between the adolescent and the adult
athletes at both the 8- and the 12-month fol-
low-ups. However, demographic differences
are not unexpected between adolescents and
adults. In spite of this, further studies are
required to investigate whether the diffe-
rences in demographics between adolescents
and adults are able to explain differences in
psychological outcome. Moreover, the ath-
letes excluded at the 12-month follow-up
had a slightly higher physical activity level
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compared with the included athletes. This
finding may have a minor effect on the ge-
neralizability of the conclusion drawn from
the 12-month follow-up. A post-hoc sample
size analysis with 80% power revealed that
45 athletes per group were needed to de-
tect a significant difference in the ACL-RSI
scale of 12 units. Future studies with lar-
ger populations are therefore needed. Even
though a large population was included, only
about one-fifth of the athletes had recove-
red their muscle function at the follow-ups.
This fact, together with the missing data for
the ACL-RSI scale, may have resulted in too
small a number of athletes being included in
the analyses of psychological readiness. Mo-
reover, considering all the sub-analyses that
were performed in Study II, the risk of false
positives and negative outcomes cannot be

excluded.

Another limitation of Study II can be that a
shorter version of the K-SES was used. Even
though the shorter version shows the same,
or even better, measurement properties, in-
cluding reliability, structure and validity, the-
se data are so far unpublished. Compared with
the original version of the K-SES, the shorter
version included patients from the age of 11
implying that the K-SES,  is also valid for
individuals younger than 16 years of age. Fi-
nally, the Swedish version of the ACL-RSI
has not been evaluated for measurement pro-
perties for individuals younger than 18 years
of age. '* Since patients as young as 15 years
were included in the present study, some of
the items within this questionnaire may have
been too difficult for the adolescents to com-
prehend. However, Webster et al. *° used the

ACL-RSI scale in individuals as young as 14
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years of age and no reports of any problems
when using the questionnaire in this popula-

tion were made.

Study 111
The limitations of Study III include the fact

that the reference group in the univariable
analyses comprised all the included athletes
who did not have the concomitant injury of
interest. As a result, the analyses may be bia-
sed, as the reference group may have included
athletes with other concomitant injuries. For
instance, in the univariable analysis of the as-
sociation of meniscal injuries with RTS, the
reference group, i.e. athletes without meniscal
injuries, may have included patients with a
concomitant cartilage injury who might have
similar, equal, or even larger limitations. As
a result, the results for the reference group
might be misleading and might have resul-
ted in an underestimation of the association
with an additional injury. Moreover, no ac-
count was taken of the potential differences in
localization and the severity or the potential
differences in the surgical and rehabilitation
treatment of the injury of interest and this
could potentially bias the results. Finally, for
some of the predictors, only a small number
of athletes were represented in some variab-
les, e.g. LCL injury (n=1) and PT autografts
(n=34), which may have limited the ability to
draw conclusions, with regard to concomitant

injuries and their association with RTS.

Study IV

The most important limitation of Study IV,
apart from the methods for assessing and
reporting the results of the muscle function
tests, included the fact that only a minority

of the athletes who performed the tests of
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muscle function were able to perform all 3
hop tests at the 4-month follow-up and this
resulted in an overly small population and, as
a result, a multivariable model could not be
created. Moreover, as in Study II, a shorter
version of the K-SES was used. Since the re-
sults of measurement properties, in this shor-
ter version, have not until now been known
to others than our research group, the possi-

bility to interpret the results can be limited.

Study V

The methodological limitations of Study V
included the fact that only about 50% of the
athletes who responded to the study-specific
questionnaire had attended a follow-up of
muscle function close to RTS, resulting in
159 athletes, with 18 subsequent ACL inju-
ries, which can be considered as a minimum
of events in a multivariable model. Moreover,
as data relating to the time to RTS were col-
lected retrospectively, there is a risk of recall
bias. Like Study I, data relating to exposure
were lacking, i.e. the frequency of participa-
tion, or whether the athlete participated in
modified or unrestricted training/competi-
tion. However, no consensus on how to defi-
ne RTS exists and the definition varies across

1394 Future studies are therefore re-

studies.
commended to include exposure of the defini-
tion of RTS. Finally, the present study did not
account for other factors that might further
explain the risk of a subsequent ACL injury,
such as differences in rehabilitation proto-
cols, surgical techniques of ACL reconstruc-
tion, the treatment of concomitant injuries,
contextual and social factors, or psychological

factors.
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10.

CONCLUSIONS

SYMMETRICAL MUSCLE FUNCTION

The majority of young athletes make an early return to knee-strenuous sport after a primary ACL
reconstruction, without recovering their muscle function.

In order to set realistic expectations and goals, clinicians are recommended to ensure that young
athletes receive information about not returning before muscle function has been recovered and

SUSANNE BEISCHER .
that this may take longer than 12 months.

Symmetrical knee-extension and knee-flexion strength, a more symmetrical hop performance
and higher present self-efficacy at an early stage all increased the odds of achieving symmetrical
muscle function in young athletes 1 year after ACL reconstruction.

Patience you must have, my young athlete

RETURN TO SPORT

e Patients of male sex, a younger age, a higher preinjury level of physical activity, and with no
reported concomitant injury to the MCL or the meniscus had higher odds of returning to
knee-strenuous sport 12 months after an ACL reconstruction.

e To set proper expectations, it is important to inform patients with concomitant injuries at the
time of ACL reconstruction that RTS may not be possible during the first year after surgery.

SUBSEQUENT ACL INJURIES

*  Returning to sport earlier than 9 months after an ACL reconstruction entails a markedly increa-
sed risk of sustaining a new ACL injury compared with waiting more than 9 months.

e  Athletes who participated in high-risk pivoting sport were twice as likely to sustain a new ACL
injury.

PSYCHOLOGICAL OUTCOME

®  Regardless of age, athletes who had returned to sport and athletes with a symmetrical muscle
function had a stronger psychological profile.

®  Adolescent athletes, especially females, perceived enhanced self-efficacy, had a higher RTS rate
and were more motivated to realize their goals after ACL reconstruction.

113



114

REHABILITATION RECOMMENDATIONS FOR YOUNG ATHLETES BASED
ON PREVIOUS RESEARCH

Perform regular assessments of muscle function and psychological outcome 8702
Set realistic goals and expectations during the entire rehabilitation %

Base an RTS decision on the results of a battery of muscle function tests and psychological

patient-reported outcomes (e.g. the ACL-RSI scale or the K-SES) and not merely on a single test
8,239,254

Encourage patients to continue performing specific prevention exercises regularly as part of
their training once they finish their rehabilitation ''?

FURTHER REHABILITATION RECOMMENDATIONS FOR YOUNG
ATHLETES BASED ON THIS THESIS

Inform all athletes that, in many cases, regaining symmetrical muscle function across a battery of
tests, as well as regaining an acceptable level of psychological outcome, will take longer than 12
months after an ACL reconstruction

Focus on optimizing knee-extension strength during the entire rehabilitation process and espe-
cially in athletes who have a strength deficit of more than 20% in knee extension early after ACL
reconstruction

Prolong the rehabilitation period to more than 9 months and preferably to more than 12
months, especially for adolescent athletes, even if they present an acceptable psychological and
physiological outcome at an early stage

Implement current knowledge of rehabilitation after an ACL reconstruction into clinical practice,
especially in high-risk groups such as adolescent athletes

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction
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11.

FUTURE PERSPECTIVES

SUSANNE BEISCHER

Patience you must have, my young athlete

»

You should always take the best from the past, leave the
worst back there and go forward into the future

— BOB DYLAN

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction

Despite the large number of publications rela-
ted to outcomes after an ACL reconstruction,
several questions remain to be answered. This
thesis provides novel knowledge with regard
to adolescent athletes. In spite of this, we do
not fully understand why as many as a quar-
ter of adolescents sustain a subsequent ACL
injury within the first years after their RTS.
In order to develop evidence-based rehabili-
tation guidelines and RTS criteria for patients
after an ACL reconstruction, there is a need
to find and better understand the outcome
measurements that will provide the most ac-
curate and adequate information. These out-
comes should ideally cover every component
of an ACL injury, from symptoms, muscle
function and RTS to personal and environ-
mental factors. Further investigation of these
components could help researchers to reach
consensus about test protocols and RTS cri-

teria.

To enhance the planning and content of the
rehabilitation protocol, there is a need for
a better understanding of how physiologi-
cal outcome, such as symptoms and muscle
function, and psychological outcome, such
as self-efficacy and psychological readiness
to RTS, change during the first year after an
ACL reconstruction. The finding in this the-
sis that athletes did not achieve symmetri-
cal muscle function to a greater extent at 12
months compared with athletes at 8 months
indicates that knee strength and hop per-

formance between 8 and 12 months do not

improve sufficiently. If this finding is con-
firmed in future studies, the question is still
why? Are we providing rehabilitation pro-
grams with insufficient content? Or is this
lack of improvement in strength and/or hop
performance a result of the fact that the frequ-
ency of high-load strength-training sessions
are reduced in favor of the introduction of
more low-load sport-specific exercises, such
as cutting and jumping, and gradual sports
participation? Nevertheless, future studies are
needed to focus on a comparison between dif-
ferent rehabilitation protocols with the aim of
delineating evidence-based guidelines after an
ACL reconstruction, especially in adolescent
athletes.

This thesis was the first to investigate psycho-
logical outcomes in adolescent athletes in re-
lation to RTS and muscle function recovery.
Recently, an association between psycholo-
gical readiness and a subsequent ACL injury
was reported, indicating that the search for
answers explaining the high rate of subse-
quent ACL injuries in adolescents may need
to be more widespread. It appears to be im-
portant to continue the novel example of in-
ter-professional research that was presented
in Study III, as well as in recent studies by

Hamrin Senorski et al., *%7

for example. Pro-
fessions, other than orthopedic surgeons and
physical therapists, such as sport psycholo-
gists, physiologists and social scientists, might

all be able to contribute.
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In the rehabilitation register, Project ACL,
86% of patients with an ACL injury undergo
an ACL reconstruction in combination with
rehabilitation. In Sweden, the corresponding
proportion is roughly estimated to be 50%,
indicating that the selection of treatment va-
ries within different clinics, facilities, regions,
hospitals and so on. We therefore need better
criteria to determine whether a patient should
be treated with an ACL reconstruction and
rehabilitation or with rehabilitation alone. To
date, our knowledge of who will and who will
not benefit from each treatment is limited. To
improve our understanding of both treatment
options, there is a need to investigate outco-
mes related to muscle function, RTS, psycho-
logical factors, osteoarthritis and quality of

life, for example.

Moreover, studies with a sufficient number,
400-500, of patients, thereby providing gre-
ater power, are required to produce reliable
results about rare events, such as a subsequent
ACL injury and muscle function recovery, to
confirm the findings in this thesis and further
investigate predictors and whether there are
differences between age groups and sexes, for
example. The findings could then be used to
understand whether adolescents and adults
need different rehabilitation protocols and

criteria.

Even if the answers to all our questions for fu-
ture research could be found, the major chal-
lenge of implementing the knowledge into
clinical practice still remains. This thesis has
provided new rehabilitation recommenda-
tions after ACL reconstruction for adolescent
athletes. If this knowledge only stays within

the covers of this book and is not spread to
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the sports medicine and sports communities,
it will be worthless. The best way of imple-
menting new knowledge into clinical practice
is a challenge for future work. Although many
questions remain to be answered, I truly be-
lieve that we can all learn from the current
evidence and already today take the first steps

towards more evidence-based practice.

Rehabilitation Specific Outcomes after Anterior Cruciate Ligament Reconstruction
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13.

APPENDICES

SUSANNE BEISCHER

Patience you must have, my young athlete

PROJET KORSBAND

Tegner - Fysisk aktivitet

Fore skada

Klicka pa den hégsta nivé nir det giller anstringning/péafrestning pé ditt kné,
som du ansag dig vara pd i samband med arbete, motionsidrott eller aktiv idrott fGre din kniskada.

Finns inte din idrott eller ditt arbete med pé skalan sé forsok virdera och likstill det emot négot av alternativen.

Motionsidrott — idrott "bara for skojs skull" Aktiv idrott — Regelbunden tivling och trining

Akrobatik, Am fotboll, Brottning, Fotboll pa hogsta elitnivd, Konstakning,

10 Aktiv idrott Rugby

9 Motionsidrott  Akrobatik, Am fotboll, Brottning, Konstikning, Rugby
Aktiv idrott Fotboll, Ishockey, Puckelpist

Motionsidrott Puckelpist

8 Aktiv idrott Backhoppning, Basketboll, Budo, Handboll, Innebandy, Lingdhopp, Squash,
Trestegshopp
S Backl ing, Basketboll, Budo, Fotboll, Handboll, Innebandy, Ishockey,
7 o Lingdhopp, Squash, Tresteg
Aktiv idrott Badmi Hajdh hopp, Tennis, Utforsa Volleyball
ott dmi Hsjdhopp, Ishockey, Stavhopp, Tennis, Utfo lleyball
6 T — Bandy, Bascball, Hinderlopning, Hackldpning, Orientering, Telemark skiing,
Snowboard
Arbete Tung verkstad, Brandman, Militir, Skogsarbetare
Motionsidrott Bandy, Baseball, Orientering, Telemark, Snowboard
5 Boxning, Brinnboll, Diskus, Fallskarmshopp, Fiktning, Gymping,
AKktiv idrott Kulstétning, Langdskidor, M Motionsspérlopning, Sligga, Speedway,
Spjut, Tyngdlyftning, Vattenskidor
Arbete Bonde, Polis, Hamnarbetare, Platslagare, Murare, Byggarbetare
Boxning, Brinnboll, Diskus, Fiktning, Gymping, Kulst6tning, Langdskidor,
4 fonsidrott )\ Motionsspérldpning, Sligga, Sp . Spiut, Tyngdlyftning,
Vattenskidor
Aktiv idrott Bordtennis, Dans, Lopning pa plant underlag, Vattenpolo, Windsurfing
rer Litt verkstadsarbete, Lastbi for, Malare, Tré; betare,

Renhéllningsarbetare, Skadespelare, Snickare, Sotare, Stiderska, Vigarbetare
3  Skogspromenader
Motionsidrott Bordtennis, Dans, Lopning pa plant underlag, Vattenpolo, Windsurfing

Aktiv idrott Bodybuilding, Bowling, Curling, Cykel, Golf , Segling, Simning, Ridning
rer Afférsbitride, Bi or, Bitride, Forskolld Militdr, Nattvakt, Servitor,
Sjukskéterska
2  Gangpa ojimt
underlag

Motionsidrott  Bodybuilding, Bowling, Curling, Cykel, Golf, Segling, Simning, Ridning

Arbete Busschauffor, Flygare, Frisor, Kock, Kontor, Likare, Lirare, Sekreterare
1 Gang pi plant

underlag

Idrott Bridge, Bagskytte, Kanot, Schack, Skytte

Ser formuliret konstigt ut? tryck hir For en enklare version.




Tegner - Fysisk aktivitet

Just nu

Klicka pé den hégsta niva nir det giller anstringning/péfrestning pa ditt kna,
som du anser dig vara pa i samband med arbete, motionsidrott eller aktiv idrott just nu.

Finns inte din idrott eller ditt arbete med pa skalan s forsok vérdera och likstéll det emot négot av alternativen.

Motionsidrott — idrott "bara for skojs skull" Aktiv idrott — Regelbunden tivling och tréning

Akrobatik, Am fotboll, Brottning, Fotboll pé hogsta clitnivd, Konstakning,

10 Aktiv idrott Riby

9 Motionsidrott Akrobatik, Am fotboll, Brottning, Konstikning, Rugby
AKktiv idrott Fotboll, Ishockey, Puckelpist

Motionsidrott Puckelpist

8 Alktiv idrott Backhoppning, Basketboll, Budo, Handboll, Innebandy, Léngdhopp, Squash,
Trestegshopp

Motionsidrott  Backhoppning, Basketboll, Budo, Fotboll, Handboll, Innebandy, Ishockey,
7 Langdhopp, Squash, Tresteg
Aktiv idrott Badminton, Hojdhopp, Stavhopp, Tennis, Utforsdkning, Volleyball

dmi; Hojdh: Ishockey, Stavh Tennis, Utfo:
6 T— Bandy, Bascball, Hinderlopning, Hacklopning, Orientering, Telemark skiing,
Snowboard
Arbete Tung verkstad, Brandman, Militir, Skogsarbetare
Motionsidrott  Bandy, Baseball, Orientering, Telemark, Snowboard
5 Boxning, Brannboll, Diskus, Fallskarmshopp, Faktning, Gymping,
Aktiv idrott Kulstdtning, Lit i i 16pning, Sligga,
Spjut, Tyngdlyftning, Vattenskidor
Arbete Bonde, Polis, Hamnarbetare, Platslagare, Murare, Byggarbetare
Boxning, Brinnboll, Diskus, Fiktning, Gymping, Kulst6tning, Langdskidor,
4 ionsi ionssparlopning, Sligga, Speedway, Spjut, Tyngdlyftning,

Vattenskidor
Aktiv idrott Bordtennis, Dans, Lopning pé plant underlag, Vattenpolo, Windsurfing

Litt verk bete, L i 6r, Malare, Tr dsart
Renhillningsarbetare, Skidespelare, Snickare, Sotare, Stiderska, Vigarbetare
3 Skogspromenader

Motionsidrott Bordtennis, Dans, Lopning pa plant underlag, Vattenpolo, Windsurfing

Arbete

Aktiv idrott Bodybuilding, Bowling, Curling, Cykel, Golf , Segling, Simning, Ridning
Arbete Afférsbitride, Bi or, Bitride, Forskollirare, Militir, Nattvakt, Servitér,
Sjukskoterska

2  Gang pa ojimt
underlag
Motionsidrott  Bodybuilding, Bowling, Curling, Cykel, Golf, Segling, Simning, Ridning

Arbete Busschauffor, Flygare, Frisor, Kock, Kontor, Likare, Lirare, Sekreterare
1 Gang pa plant

underlag

Tdrott Bridge, Bagskytte, Kanot, Schack, Skytte

Ser formuléret konstigt ut? tryck hér For en enklare version.

5B

ANDSREGISTRET

- Tilltro till din formaga - A & B

Om formuliret ser konstigt ut sa tryck hér for en simplare version.

Frageformuldr om:

hur siiker du r pa din formaga att klara av olika aktiviteter just nu
och
hur siiker du kédnner dig pé hur ditt kné skall fungera i framtiden

Vi vill ta reda pd hur siker du ir pa din formaga att just nu klara av:

A. Vissa dagliga aktiviteter

B. Vissa fritids-, motions- och idrottsaktiviteter

C. Vissa fysiska aktiviteter

Vi vill ocksd ta reda pa hur siiker du kiinner dig just nu pé hur ditt knd skall fungera i framtiden.
D. Din knéfunktion i framtiden

Du skall endast svara pa din upplevelse av hur siiker du iir pd din férmdga att klara av de
olika aktiviteterna och inte pa hur bra du faktiskt klarar av det.

A. Dagliga aktiviteter
Markera rutan for den siffra som bist beskriver hur siker du ér pa din formdga att kunna
utfora aktiviteten just nu oavsett smarta/besvir.

Hur siker ér du pa att: 0 = inte alls siiker 10 = mycket siiker
gé i skogen Oifiifi2 8 3544 E S E 6547 18 E 95810
gi nedfor backar/trappor OLpiLik 2 830 4l h SLE 6L 7LE SLE9LR10
springa for att hinna med tex en buss OiF- 108208 308 48508658 7L 8LE- 954 10/
arbeta i tridgarden O 12 0.3 0450067 0.7 1 81:91.10,
stiida oL binali2i8 304l Sel 1614171 8L 190710

B. Fritids-, motions- och idrottsaktiviteter
Markera rutan for den siffra som bist beskriver hur siker du dr pa din formaga att
kunna utfora aktiviteten just nu oavsett smérta/besvar.

Hur séker dr du pa att: 0 = inte alls siiker 10 = mycket siiker
cykla lingre striickor OLL1 R 203 RALE SR 6l TR L 8RO 110,
dka lingdskidor 0 1 15270300400 500:651. 7118 194,10,
simma O p Lap 208 350 40k Sup 650 Tul 8:4'940110;
dansa Ol 208 30k 4l 'SiE 655 Tl '8ck 94 10;
fjillvandra Oipi1i)i2 435145 16517 18 Fi95110
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PROJVEXT KORSSAND

K-SES - Tilltro till din formaga - C & D

Om formuliret ser konstigt ut sa tryck hér for en simplare version.

Du skall endast svara pa din upplevelse av hur siiker du iir pa din formaga att klara av de
olika aktiviteterna och inte pa hur bra du faktiskt klarar av det.

C. Fysiska aktiviteter
Markera rutan for den siffra som bést beskriver hur siker du ir pa din formaga att
kunna utfora aktiviteten just nu oavsett smérta/besvar.

Hur siker ar du pa att: 0 = inte alls siiker 10 = mycket siiker
att sitta pi huk OF L2 4 30k 40k SIE 650 7L 8LE 954110,

att hoppa i sidled frin ett ben till det andra O hi1ik2 k304 LS hi6iL 70 84195010
att gora enbenshopp pa det skadade benet O L2 03040l S 16 17018 1:9 410,

att gora snabba viindningar OLp L2 0,30 40 SUL60E 7018 191,10,

D. Din kné&funktion i framtiden
Markera rutan for den siffra som bist beskriver just nu hur siker du ir pa din formaiga

i framtiden.
Hur siker ér du pa att: 0 = inte alls siiker 10 = mycket siiker
du blir bra i ditt kni OLpi1g:2:8 3514 1586517 18§ 958 110

du skall kunna iterga till den fysiska
aktivitetsnivi du hade fore skadan?

=
~
w
IS
n
EN
<
®
©

10

du inte fir nya skador i ditt kni? Ol 2003 040 L 50E 60037 18 1:9 1:10)

ditt kni blir bittre éin fore operation (for dig
som ir opererad)

Tillbaka

PROJEXT KORSSAND

KOOS - Knee injury and Osteoarthritis Outcome Score

Symptom & Stelhet

Om formuliret ser konstigt ut si tryck hir for en simplare version.

INSTRUKTIONER:
Detta formulir innehéller frigor om hur Du ser pé ditt kné.
Informationen ska hjalpa till att folja hur Du mar och fungerar i ditt dagliga liv.

Besvara fragorna genom att kryssa for det alternativ Du tycker stimmer bist
in pa dig (ett alternativ for varje fraga). Om Du ér osiker, kryssa dndé for det
alternativ som kénns riktigast.

Symptom
Tink pa de symptom Du haft fran ditt knd
under den senaste veckan nir Du besvarar dessa frigor.

Har kniit varit svullet? Aldrig Siillan Ibland Ofta Alltid

Har Du kiint att det maler i kniit eller hor Du

Klickande eller andra ljud frin knit? Aldrig Sallan Ibland Ofta Alltid

Har kniit hakat upp sig eller list sig? Aldrig Sillan Ibland Ofta Alltid

Har Du kunnat striicka kniit helt? Alltid Ofta Ibland Siillan Aldrig

Har Du kunnat boja kniit helt? Alltid Ofta TIbland Sillan Aldrig
Stelhet

Foljande fragor ror ledstelhet. Ledstelhet innebir svérighet att komma igéng
eller 6kat motstind da Du bojer eller stricker i knit. Markera graden av
ledstelhet Du har upplevt i ditt knd den senaste veckan.

Hur stelt har ditt kni varit nir Du just har vaknat pi

morgonen? Inte alls Nigot Mattligt  Mycket  Extremt

Hur stelt har ditt knii varit efter att Du har suttit eller

legat och vilat senare under dagen? Inte alls Nigot Mattligt  Mycket  Extremt

NSKA KDRSBANDSREGISTRET
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PROJELT KORSSAND

KOOS - Knee injury and Osteoarthritis Outcome Score

Smiirta

Om formuliret ser konstigt ut s tryck hir for en simplare version.

INSTRUKTIONER:
Detta formulir innehller fragor om hur Du ser pa ditt kni.
Informationen ska hjilpa till att folja hur Du mér och fungerar i ditt dagliga liv.

Besvara fragorna genom att kryssa for det alternativ Du tycker stimmer bist

in pa dig (ett alternativ for varje fraga). Om Du ar osiker, kryssa dnda for det
alternativ som kénns riktigast.

Hur ofta har Du ont i kniit? Aldrig  Varjemdnad  Varjevecka  Varje dag

Vilken grad av smiirta har Du kant i ditt knd
den senaste veckan under foljande aktiviteter?

NSKA KDRSBANDSREGISTRET

Snurra/vrida pa belastat kni

Ingen Liitt Mittlig Svir Mycket svir

Striicka kniit helt Ingen Litt Mittlig Svar Mycket svir

Bija kniit helt Ingen Litt Mattlig Svar Mycket svir

G4 pa jimnt underlag Ingen Liitt Miittlig Svir Mycket svir

Gi upp eller ner for trappor Ingen Litt Mattligt  Svar Mycket svir

Under natten i siingliige (smirta som stor somnen) Ingen Liitt Mittligt  Svir Mycket svir
Sittande eller liggande Ingen Litt Miattligt  Svar Mycket svir

Stiende Ingen Liitt Mittligt  Svar Mycket svir

PROJEXT KORSIAND

KOOS - Knee injury and Osteoarthritis Outcome Score

Funktion

Om formuliret ser konstigt ut s tryck hir for en simplare version.

INSTRUKTIONER:
Detta formulir innehéller fragor om hur Du ser pa ditt kni.
Informationen ska hjilpa till att folja hur Du mér och fungerar i ditt dagliga liv.

Besvara fragorna genom att kryssa for det alternativ Du tycker stimmer bist
in pa dig (ett alternativ for varje fraga). Om Du dr osiker, kryssa dnda for det
alternativ som kénns riktigast.

Funktion, dagliga livet
Foljande fragor ror Din fysiska formaga. Ange graden av svarighet Du
upplevt den senaste veckan vid foljande aktiviteter pa grund av dina
knibesvir.

Gi nerfor trappor Ingen Litt Mittlig Svir
Ga uppfor trappor Ingen Litt Miattlig Svar
Resa dig upp frin sittande Ingen Liitt Mittlig Svir

Ange graden av svérighet Du upplevt med varje aktivitet den senaste veckan.

Sta stilla Ingen Litt Mittlig Svar

Boja Dig, t ex for att plocka upp ett foremal frin golvet  Ingen Litt Miattlig Svar

Gi pa jimnt underlag Ingen Liitt Mittligt  Svar
Stiga i/ur bil Ingen Litt  Mattligt ~ Svar
Handla/gora inkop Ingen Liitt Mittligt  Svir
Ta pa strumpor Ingen Litt Mittligt  Svar
Stiga ur siingen Ingen Liitt Mittligt  Svir

Ta av strumpor Ingen Litt Mittligt  Svar

Ligga i singen (viinda dig, hilla knit i samma lige

under ling tid) Ingen Liitt Mittligt  Svir

Stiga i och ur badkar/dusch Ingen Liitt Mittligt  Svar

Sitta Ingen Litt Mittligt  Svar
Siitta dig och resa dig frin toalettstol Ingen Liitt Mittligt ~ Svar
Utféra tungt bete (sn: ing, g i

dammsugning etc) Ingen Litt Miattligt  Svar

Utfora litt hushallsarbete (matlagning, damning etc) Ingen Litt Miattligt  Svar

Mycket svir
Mycket svir

Mycket svir

Mycket svir
Mycket svir
Mycket svir
Mycket svar
Mycket svir
Mycket svir
Mycket svir

Mycket svir

Mycket svir
Mycket svir
Mycket svir
Mycket svir
Mycket svir

Mycket svir




NSKA KORSBANDSREGISTRET

PROJET KORSSAWD

KOOS - Knee injury and Osteoarthritis Outcome Score

Funktion

Om formuliret ser konstigt ut sa tryck hér for en simplare version.

INSTRUKTIONER:
Detta formulir innehéller frigor om hur Du ser pa ditt kni.
Informationen ska hjélpa till att folja hur Du mér och fungerar i ditt dagliga liv.

Besvara fragorna genom att kryssa for det alternativ Du tycker stimmer bést
in pa dig (ett alternativ for varje fraga). Om Du ér osiker, kryssa dnda for det
alternativ som kénns riktigast.

Funktion, fritid och idrott
Foljande fragor ror Din fysiska formaga. Ange graden av svirighet Du
upplevt den senaste veckan vid foljande aktiviteter pi grund av dina

kniibesvir.
Sitta pi huk Ingen Liitt Mittlig Stor Mycket stor
Springa Ingen Liitt Miittlig Stor Mycket stor
Hoppa Ingen Litt Miattlig Stor Mycket stor
Vrida/snurra pa belastat kni Ingen Litt Mattlig Stor Mycket stor
Ligga p kni Ingen Litt Miattlig Stor Mycket stor
Livskvalité
Varje Varje
Hur ofta gor sig Ditt kni pimint? Aldrig miénad vecka Varje dag Alltid
Har Du forindrat Ditt siitt att leva for att . 1 stor
undvika att pafresta knat? Inte alls Nigot Mittligt  ygstrickning Totalt
Helt och I'stor Till viss
T hur stor utstriickning kan Du lita p Ditt kni? hallet utstriickning ~ Mattligt del Inte alls
Hur stora problem har Du med knit generellt Mycket
sett? Inga Smi Mattligt Stora stora

Tillbaka

NSKA KDRSBANDSREGISTRET

PROJET KORSSAWD

Atergang till idrott efter frimre korsbandsskada

Instruktioner: Vinligen svara pa foljande fragor med tanke pa den huvudsakliga
idrottsaktivitet du utévade innan skadan. Besvara varje friga genom att markera
med ett kryss i den ruta som beskriver, hur du upplever situationen just nu i
relation till de tva ytterligheterna.

Ar du siiker pi att du kan utéva din idrottsaktivitet pi samma nivi som tidigare?

fealls 45 3 4 5 6 7 8 9 10  Heltsiker
siker
Tror du det iir sannolikt att du skadar ditt kni igen genom att delta i din idrottsaktivitet?

Extremt Inte alls
sannolikt L 2 3 i 3 7 v g % i sannolikt

Ar du orolig for att utéva din idrottsaktivitet?

Baemt |y ] s s ]l al sl a]s ] o] b
orolig orolig

Ar du siiker pi att ditt kni inte kommer att ge vika vid utévandet av din idrottsaktivitet?

fealls 4 3 3 4 5 6 7 8 9 10 Heltsiker
siiker
Ar du siiker pa att du kan utova din idrottsaktivitet utan att bekymra dig for ditt kni?

fealls 43 3 4 5 6 7 8 9 10  Heltsiker
siker
Upplever du att det ir frustrerande att behova ta hiinsyn till ditt knii med avseende pa din
idrottsaktivitet?

Extremt Inte alls
frustrerande i g 3 < 3 0 v g % i frustrerande

Ar du ridd for att skada ditt knii igen vid utévandet av din idrottsaktivitet?

Extremt Inte alls
idd 1 2 3 4 5 6 7 8 9 10 ridd
Ar du siiker pi att ditt kni Klarar att bil Kkontroll under ing?
Iealls 4 3 4 5 6 7 8 9 10 Heltsiker
siker

Ar du riidd att du, av en olyckshiindelse, skadar ditt kni vid utovandet av din idrottsaktivitet?

Extremt Inte alls
ridd 1 2 3 4 5 6 7 8 9 10 add

Har tankar pa att vara tvungen att genomgi operation och rehabilitering igen, hindrat dig frin att
utiva din idrottsaktivitet?

Alltid 1 2 3 4 5 6 7 8 9 10 Aldrig

Ar du siiker pa din formiga att kunna prestera bra i din idrottsaktivitet?

Inte alls 1 2 3 4 5 6 7 8 9 10 Heltsiker
siker
Kiinner du dig avspind infor att utdva din idrottsaktivitet?
Intealls | g Jals |alslelals]o]i Helt
avspind avspind

Ser formuliret konstigt ut? tryck hir! For en enklare version.
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