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Jag vill vaga och prova. Det ar en av
grunddrifterna i mitt vasen att icke tala
nagot halvmedvetet och halvklart, dar det
star i min makt att taga fram det och halla
det upp i ljuset och se efter vad det é&r.

Hjalmar Séderberg

General practice is the easiest job in
the world to do badly, but the most
difficult to do well,

Professor Sir Denis Pereira Gray



CONTENTS

11
12
1.3
1.4

241

2.2
2.3
2.4
2.5
2.6

3.1

3.2
3.3
3.4
3.5
3.6
3.7
3.8

ABSTRACT

LIST OF PAPERS
ABBREVIATIONS
DEFINITIONS
INTRODUCTION

The knee

The Anterior Cruciate Ligament
Review of the literature
Rationale for this thesis
AIM

Study |

Study |l

Study Il

Study IV

Study V

Study VI

METHODS

Data sources

Study design

Assessment of risk of bias
Assessment of level and quality of evidence
Study |

Study Il

Study Il

Study IV

V1
VIII



3.9

3.10
3.11
312

41

4.2
4.3
4.4

5.1

5.2
5.3
5.4
5.5

6.1

6.2
6.3
6.4

10

Study V

Study VI

Statistics

Ethics

RESULTS

Meniscal injury and surgery
Chondral injury and surgery
Revision surgery

Contralateral ACL reconstruction
DISCUSSION

Meniscal injury and surgery
Chondral injury and surgery
Revision surgery

Contralateral ACL reconstruction
Limitations and strengths
CONCLUSIONS

Meniscal injury and surgery
Chondral injury and surgery
Revision surgery

Contralateral ACL reconstruction
FUTURE PERSPECTIVES
ACKNOWLEDGEMENTS
REFERENCES

PAPERS



ABSTRACT

BACKGROUND: An anterior cruciate
ligament (ACL) tear is a serious knee
injury that frequently affects young in-
dividuals active in soccer, alpine skiing,
handball and basketball. Regardless of
treatment, an ACL injury is associated
with an increased risk of complications
in the short and long term, such as me-
niscal and chondral injuries or a need
to undergo surgery on the injured knee
or the contralateral knee. In order to
prevent these complications, the essen-
tial first step is to obtain knowledge of
factors that make certain individuals
susceptible to certain complications.

AIM: The aim of this thesis was to
investigate patient- and health care-
related factors and identify predictors of
meniscal injury, chondral injury, revision
surgery and contralateral ACL recon-
struction.

METHODS: This thesis is based on
six studies. Studies I-III are systematic
reviews of randomized controlled trials
and cohort studies. Studies IV-VT are
registry-based cohort studies of patients
in the Swedish National Knee Ligament
Register.

RESULTS: Individuals with an ACL
injury who underwent non-surgical
treatment ran a more than 10 times
higher risk of sustaining meniscal inju-
ries and an at least 4 times higher risk
of requiring meniscal surgery compared
with individuals who underwent ACL
reconstruction. Adolescents (individuals
aged 13 to 19 years) who underwent ACL
reconstruction ran a 2 to 3 times higher
risk of revision surgery or contralateral
ACL reconstruction. Adolescents who
suffered an ACL injury while playing
soccer ran a 3 times higher risk of revi-
sion surgery. Females who underwent
ACL reconstruction with harvest of a
contralateral hamstring tendon autograft
ran a more than 3 times higher risk of
future contralateral ACL reconstruction.

CONCLUSIONS: Non-surgical treat-
ment, age 13 to 19 years, injury during
soccer and contralateral hamstring ten-
don harvest were predictors of serious
complications after ACL injury.

KEYWORDS: Sporzs medicine, evidence-
based medicine, knee, joint, menisci, car-
tilage, osteoarthritis, arthroscopy, physical
therapy, rehabilitation, sex, adolescent,

teenager, football



SAMMANFATTNING

PA SVENSKA

BAKGRUND: Frimre korsbandsruptur
ar en allvarlig knéskada som ofta drab-
bar unga individer aktiva inom fotboll,
alpin skiddkning, handboll och basket.
Oavsett behandling sé dr en frimre kors-
bandsskada forenad med en okad risk for
komplikationer pa kort och lang sikt, si
som menisk- och broskskador eller ett
behov av att genomgi operation av det
skadade knit eller det andra knit. For att
kunna férebygga dessa komplikationer
ar det viktigt att forst inhdmta kunskap
om faktorer som gor att vissa individer
drabbas av sirskilda komplikationer.

SYFTE: Syftet med avhandlingen var
att undersoka patient- och sjukvardsrela-
terade faktorer och identifiera prediktorer
for meniskskada, broskskada, revisions-
operation i det opererade knit eller frimre
korsbandsoperation i det andra knit.

METOD: Avhandlingen baseras pi
sex studier. Studierna I-III 4r systema-
tiska litteraturstudier av randomiserade
kontrollerade studier och kohortstudier.
Studierna IV-VI idr registerbaserade
kohortstudier av patienter i det Svenska
korsbandsregistret.

RESULTAT: Individer med en frimre
korsbandsskada som genomgick icke-op-
erativ behandling 16pte mer 4n 10 ginger
hogre risk att drabbas av meniskskador
och dtminstone 4 ginger hogre risk
att behéva genomga framtida menisk-
operation jamfort med individer som
genomgick frimre korsbandsoperation.
Ungdomar (individer i aldern 13 till 19
dr) som genomgick en frimre korsband-
soperation lopte 2 till 3 ginger hogre
risk att behova genomgi revisionsoper-
ation i det opererade knit eller frimre
korsbandsoperation i det andra knit.
Ungdomar som &adrog sig en frimre
korsbandsskada nir de spelade fotboll
16pte 3 ginger hogre risk att behova
genomgi revisionsoperation. Kvinnor
som genomgick frimre korsbandsoper-
ation med bojsenegraft fran det andra
knit I6pte mer dn 3 ginger hogre risk att
behéva genomgi frimre korsbandsoper-
ation i det andra kniit.

SLUTSATS: Icke-operativ behandling,
alder 13 till 19 4r, skada i samband med
fotbollsspel samt bojsenegraft frin andra
knit var prediktorer for allvarliga komp-
likationer efter en framre korsbandsskada.
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ACL Anterior Cruciate Ligament

AMSTAR Assessment of Multiple Systematic Reviews
BMI Body Mass Index

CDSR Cochrane Database of Systematic Reviews
CENTRAL  Cochrane Central Register of Controlled Trials
Cl Confidence Interval

CONSORT  Consolidated Standards of Reporting Trials
DARE Database of Abstracts of Reviews of Effects
EMBASE Excerpta Medica Database

GRADE Grading of Recommendations Assessment,
Development and Evaluation

HR Hazard Ratio

HT Hamstring Tendon

HTA Health Technology Assessment

ICRS International Cartilage Repair Society

IKDC International Knee Documentation Committee

LAD Ligament Augmentation Device

MEDLINE  Medical Literature Analysis and Retrieval System Online
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NIHR National Institute for Health Research
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OARSI Osteoarthritis Research Society International

OCEBM Oxford Centre for Evidence-Based Medicine
OMERACT Outcome Measures in Rheumatology

OR Odds Ratio

PCL Posterior Cruciate Ligament

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PT Patellar Tendon

RCT Randomized Controlled Trial

RR Relative Risk

SBU Swedish Council on Health Technology Assessment

ST Semitendinosus

STG Semitendinosus-Gracilis

STROBE Strengthening the Reporting of Observational Studies in Epidemiology
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DEFINITIONS

ACL reconstruction

Allograft

Autograft
Bias

Case series

Case-control study

Cohort study

Completeness

Complication

Confidence interval

Confounding factor

Contralateral

Coverage

Graft failure

Incidence

Index

Injury-to-surgery
interval

Ipsilateral
Levels of evidence

Long-term

Reconstruction of the native ACL using a graft

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
A systematic error

An uncontrolled observational study of outcomes in a group with
a given exposure

A controlled retrospective observational study in which exposure in
a group with a given outcome (cases) is compared with exposure in
a group without the outcome (controls)

A controlled prospective observational study in which outcomes in
a group with a given exposure are compared with outcomes in a similar
group without the exposure

The proportion of records in a register in relation to the total number
of known records

A secondary condition aggravating an already existing one

An estimated range of values from a sample which includes the
unknown population parameter with a certain probability

A factor that is associated with an exposure and has an impact on
an outcome that is independent of the impact of the exposure

Belonging to or occurring on the opposite side of the body

The proportion of units that report to a register in relation to the total
number of eligible units

Insufficiency of the reconstructed ACL graft, which can be either
patient-reported or objectively assessed

The probability of the occurrence of new cases during a given period
of time in a population at risk

In epidemiology, the first known occurrence of its kind

The time interval from ACL injury to surgical treatment

Belonging to or occurring on the same side of the body
An hierarchical system which grades studies based on methodology

A follow-up of at least 10 years



Mid-term

Odds

Odds ratio

P value

Power

Precision

Predictor
Prevalence
Randomization
Randomized
controlled trial
Recall
Regression
Relative risk

Reliability

Revision surgery

Risk

Short-term

Systematic review

Type | error
Type Il error
Validity

Variable

A follow-up of at least five years

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 probability, under the null hypothesis, of obtaining a result equal to
or more extreme than what was actually observed

The probability of avoiding a Type Il error for a true treatment effect of
a given magnitude

The proportion of relevant records in relation to the total number of all
records in a database

A variable associated with an increased risk of an outcome
The proportion of cases at a given time in relation to the population at risk
An unknown and unpredictable allocation sequence

A controlled prospective interventional study in which eligible
participants are randomized to a group with a given intervention or
a control group and then followed and compared over time

The proportion of relevant records in relation to the total number of
relevant records in a database

A statistical model for the relationship between one or more explanatory
variables and one or more dependent variables

The ratio of the probability of an event occurring in a group with a given
exposure to a group without the exposure

The extent to which an observation is free from random error and thus
yields consistent results

Replacement of a previous ACL reconstruction

The probability of the occurrence of new cases during a given period of
time in the population initially at risk

A follow-up of less than five years

A literature study in which an explicit and reproducible methodology is
used to answer a specific question by analysis of evidence

Incorrect rejection of a true null hypothesis
Failure to reject a false null hypothesis

The extent to which an observation is free from systematic error and thus
reflects the construct

An operationalized characteristic of a construct



“We don’t know where we're going,
but we’ll get nowbhere if we've
forgotten where we've been.”

Maria Taylor
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INTRODUCTION

1.1 THE KNEE

The knee is the largest joint in the hu-  tions: mobility during movement, stabil-
man body and is situated between the ity during stance while also continuously
two largest bones, the femur (thigh bone) ~ communicating its whereabouts to our
and the tibia (shin bone), as well as the  brain (proprioception). This thesis is a
largest sesamoid bone, the patella (knee  proof of concept of the fourth function:
cap). Basically, the knee has four func-  occupying the minds of researchers.

Femur

Quadriceps
tendon

Patella

Posterior cruciate
ligament (PCL)

Anterior cruciate
ligament (ACL)

Patellar
tendon

Fibula

Tibia

Figure 1. The knee (anterior view)

The anterior cruciate ligament (ACL) is situated in the center of the knee and connects the femur to
the tibia. It stabilizes the knee by preventing forward displacement and limiting internal rotation of
the tibia relative to the femur. Copyright © Daniel Andernord



16 | INTRODUCTION

1.1.1 The joint capsule

'The knee is surrounded by a joint cap-
sule, which is essential to knee stability.
It consists of two layers. The external lay-
er is a tough fibrous membrane composed
mainly of collagen fibers. The internal
layer is a thin synovial membrane com-
posed of loose connective tissue. The free
space inside the joint capsule is occupied
by synovial fluid, which is a viscose, clear

1.1.2 The ligaments

fluid primarily composed of hyaluron-
ic acid secreted from fibroblasts in the
synovial membrane and interstitial fluid
filtered from blood plasma. The synovial
fluid carries nutrients to the intra-artic-
ular structures with poor blood supply,
primarily cartilage. The synovial fluid
also contains macrophages that remove
debris arising from everyday use.

'The topographical design of the joint
surfaces of the femur and tibia is in-
congruent and provides little in terms
of knee stability. Instead, the stability
is maintained by the surrounding soft
tissue, particularly the accessory lig-
aments. Traditionally, there are four
major ligaments which contribute to this
stability: the anterior and posterior cru-
ciate ligaments (which are located inside
the joint capsule but outside the synovial
cavity) and the medial and lateral collat-
eral ligaments (which are located outside
the joint capsule). The joint capsule is
also strengthened by the quadriceps and
patellar tendons and the oblique and ar-
cuate popliteal ligaments.

The two major intracapsular accessory
ligaments are known as the cruciate lig-

aments, because they cross one another
like the letter X. They are named the
anterior cruciate ligament (ACL) and the
posterior cruciate ligament (PCL) based
on their respective attachment in the
anterior and posterior intercondylar area
on the tibial plateau. The main function
of the ACL is to act as the principal
stabilizer of the knee by preventing the
forward displacement of the tibia rela-
tive to the femur. The spiraling nature of
the ligament fibers also helps resist the
internal rotation of the tibia. The PCL
prevents the posterior displacement of
the tibia relative to the femur. It is the
main stabilizer in the weight-bearing

flexed knee (e.g. walking downbhill).
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Patellar tendon

Anterior cruciate ligament

Medial meniscus

Medial
collateral
ligament

Posterior
i oral

Tibia

Transverse

ligament

Posterior
cruciate ligament

ligament of knee

Lateral

Tibiofibular joint

Head of fibula

3 Lateral
collateral ligament

Figure 2. The tibial plateau (superior view)

The cruciate and collateral ligaments are essential to the stability of the knee. The menisci provide
a contact area between the femur and the tibia and transmit the compressive loads in the knee.

Copyright © Daniel Andernord

1.1.3 The menisci

The medial and lateral menisci are two
semilunar discs of fibrocartilage that are
located between the femoral condyles and
the tibial plateau. They are composed pre-
dominantly of collagen but also contain
fibroblasts and chondrocytes. The pe-
ripheral border of each meniscus is thick,
while the inner free border is thin, creat-
ing a wedge-like shape in cross-section.
The upper surface of each meniscus is,
however, concave and articulates with the
corresponding overlying femoral condyle.

'The anterior and posterior horns of each
meniscus are attached to the anterior
and posterior intercondylar area of the
tibial plateau respectively. The periphery
and horns of the menisci are relatively
well vascularized with branches from
the genicular anastomosis. The inner
free edges of the menisci are, however,
avascular and depend on diffusion. The
menisci are attached to the tibial rims via

the coronary ligaments and to the ante-
rior and posterior intercondylar area of
the tibia. The menisci are also attached
to one another via the anterior and pos-
terior transverse ligaments of the knee.

The medial meniscus is semicircular and
quite firmly attached to the deep fibers in
the medial collateral ligament. The lateral
meniscus is smaller and almost circular,
with a uniform outline along its length. It
moves more freely during knee movement
compared with the medial meniscus. The
lateral meniscus is not attached to the lat-
eral collateral ligament, because the pop-
liteal tendon separates the two along its
course from the tibia to the lateral femoral
epicondyle. The main function of the me-
nisci is to provide a contact area between
the femur and the tibia and transmit the
compressive loads in the knee. The menis-
ci also contain mechanoreceptors which
contribute to knee proprioception.
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1.1.4 The hyaline cartilage

The articular surfaces of the femur, patel-
la and the tibial plateau are covered with
hyaline cartilage, which, together with
the synovial fluid, offers smooth, glisten-
ing and almost friction-free surfaces. Hy-
aline cartilage is composed of chondro-
blasts and chondrocytes which depend on
diffusion of nutrients from the synovial
fluid, as there are almost no blood vessels
present except in the deepest calcified

layers closest to the bone. The chondro-
cytes produce a very important complex
mixture of hydrophilic molecules, the
proteoglycans, which are responsible for
the viscoelastic properties of the hyaline
cartilage which is both compressible and
elastic. These properties aid the menisci
in transmitting the compressive forces to
which the knee is subjected.

Femur

Intercondylar
notch

Lateral femoral
condyle
Lateral meniscus

Lateral tibial -
plateau ’ ‘
Patella

Tibia

s}

Articular cartilage

| Medial femoral
condyle
Medial meniscus

Medial tibial
plateau

Figure 3. The hyaline cartilage

The hyaline cartilage (blue) covers all the articular surfaces in the knee and offers an almost
Sfriction—free surface. Copyright © Daniel Andernord

1.2 THE ANTERIOR CRUCIATE LIGAMENT

The ACL is situated in the very center of
the knee and connects the femur to the
tibia. It is approximately 30 to 40 mm
long and 10 mm wide and consists main-

ly of collagen fibers.®> ' It is attached
to the femur on the posterior part of
the medial surface of the lateral condyle
and then runs obliquely inside the knee
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(anteriorly, medially and inferiorly) down
to its tibial attachment on the medial
part of the anterior intercondylar area,
immediately behind the anterior horn of
the medial meniscus. There, its fibers fan
out to form a triangular or oval footprint
region, which is 3.5 times larger than
the mid-substance cross-sectional area.”
'This enables the ligament to run freely
under the roof of the intercondylar notch
in full extension of the knee, which is
crucial for normal knee function.

Morphologically, the ACL is a single
ligament. However, during its course

through the knee, the ACL is slightly

twisted along its long axis, so that the
collagen fibers arising most anteriorly
from the tibia are attached most posteri-
orly to the femur and vice versa. As a re-
sult of this helical structure, the ACL is,
in a functional sense, arranged into two
distinguishable fiber bands or bundles,
named after their respective insertion
site on the tibia. The anteromedial bun-
dle tightens during flexion of the knee
and prevents the tibia from moving for-
ward. The posterolateral bundle, which
is much shorter than its anteromedial
counterpart, tightens and stabilizes the
knee during extension.

Figure 4. The double-bundle anatomy of the ACL (medial view)
The anteromedial (AM) and the posterolateral (PL) bundles of the ACL are oriented differently in
A) extension and B) flexion of the knee. Copyright © University of Pittsburgh Medical Center

The ACL is, however, not only a me-
chanical stabilizer of the knee. It also
contains receptors for both pain and
proprioception and provides the brain’s
sensory cortex with afferent information
via the genicular branches of the tibial,

common peroneal and obturator nerves.
'The blood supply to the ACL is derived
from the genicular branches (mainly the
middle genicular branch) of the popliteal
artery.
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1.2.1 ACL injury

ACL injuries frequently affect individuals
active in soccer, alpine skiing, handball
and basketball.’> %197 115 The annual inci-
dence in the general population has been

estimated to be 30 to 81 per 100,000.%%¢%

5 In sports, incidence numbers are more
commonly expressed as ACL injuries per
1,000 exposures, where one exposure can
be defined as one practice, one match or
one hour,56 163,167

ACL

Figure 5. Injury mechanism

A sudden rotation of the knee where the femur and the tibia twist in opposite directions under full
body weight is a frequent cause of ACL injury. Copyright © Daniel Andernord

The ACL in itself is prone to injury due
to its location and surroundings. Liter-
ally situated “out on a limb”, between
the longest bones in the human body,
the knee essentially becomes a fulcrum
where small input forces from the thigh
or the lower leg are amplified to greater
forces which can exert considerable stress

and strain on the ACL. The majority of
all ruptures are a result of a non-contact
mechanism, such as a sudden rotation,
deceleration or landing on a knee near
full extension. Acute symptoms are
pain and swelling of the knee and fur-
ther activity is generally not possible.
Hemarthrosis is a common finding if
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acute arthrocentesis or arthroscopy is
performed.’® In general, female athletes
run an approximately three times higher
risk of primary ACL injury compared
with male athletes.’® 1% ‘This is probably
attributable to a wide array of factors

1.2.2 Treatment of ACL injury

of which anatomical, hormonal and
neuromuscular aspects have been most
frequently discussed.”” Interestingly, this
incidence disparity is not found among
alpine skiers, where injury rates are

equally distributed.’®®

Non-sur gical treatment

The management of an individual with an
ACL injury aims to reduce pain and insta-
bility and restore the function of the knee.
Structured rehabilitation is always essen-
tial, regardless of subsequent treatment.
The first weeks focus on resolving the
inflammatory process and restoring range
of motion. During the following months,
it is important to restore neuromuscular
control by improving muscle strength, sta-
bility and proprioception. The last phase
of rehabilitation concentrates on a return
to the previous level of activity, while also
minimizing the risk of re-injury and other
complications. The length of each phase
and the total duration of rehabilitation
before the individual is ready to return
to training or competition remains con-
troversial, but a total of six to 12 months
in total is common.’® 2 In addition to
structured rehabilitation, treatment op-
tions include both surgical reconstruction
and non-surgical treatment, which always
needs to be tailored to suit the individual.
From a scientific point of view, it remains
unclear whether stabilizing the knee sur-
gically produces any benefit over non-sur-
gical interventions.'®’

Non-surgical treatment is a common op-
tion for an individual with a sedentary life-
style who is willing to accept occasional in-
stability. Non-surgical treatment does not,

however, imply that an active lifestyle or
aspirations in sports are unattainable. Pa-
tients who choose non-surgical treatment
can reach an activity level of recreational
sports or competitive individual sports
such as cycling, running and cross-country
skiing.” It is also possible, at least in the
short and mid-term, to reach a competi-
tive level in team sports such as soccer and
handball.'*>172 Still, there is concern that a
non-surgically treated patient will experi-
ence more recurrent episodes of giving-way
that will traumatize intra-articular struc-
tures and cause progressive degeneration."”

Surgical treatment

In general, surgical reconstruction is
recommended for an athletic individual
with a high activity level and an obvious
need for satisfactory knee function. In the
general population of Scandinavia (Swe-
den, Norway and Denmark), the annual
incidences of primary ACL reconstruc-
tions range from 32 to 38 per 100,000
inhabitants, which means that approxi-
mately 50% of the patients with an ACL
injury choose to undergo reconstruction.
In contrast, the corresponding figure from
the Multicenter Orthopaedic Outcomes
Network (IMOON) in the United States
has been estimated to be 90%.'"*

Today, surgical treatment is normally
performed using arthroscopic recon-
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struction of the ACL using a tendon
autograft or allograft. Graft selections
most commonly include a hamstring
tendon (HT) autograft or a bone-pa-
tellar tendon-bone (PT) autograft.’® In
the whole of Scandinavia, HT autografts
are the most frequent graft selections.*’
Surgical ACL reconstruction improves
knee function for patients with disabling
instability and recurrent episodes of giv-
ing-way and most patients are able to

1.2.3 Complications after ACL injury

return to their pre-injury activity level in
the short term,'** but satisfactory results
are also attainable in the long term.'*
Surgical treatment reduces the risk of
re-injuries and the number needed to
treat (NNT) to prevent one re-operation
is approximately 5.%° Surgery is, however,
associated with a risk of complications,
such as technical failure, nerve injury,
infection, deep vein thrombosis and
pulmonary embolism.?*

Meniscal and chondral injuries

ACL injury is closely associated with me-
niscal and chondral injuries.®* ¢ Meniscal
and chondral injuries arise as a result of
the grinding actions of the femoral con-
dyles on the tibial plateau during axial and
rotational loading, which is aggravated by
the increased anterior-posterior tibial lax-
ity in the ACL-deficient knee. Intra-ar-

ticular damage can occur at the time of

acute injury, as well as progressively over
time in the unstable knee with recurrent
32,49,66.139 and altered syno-
vial fluid constituents.'?> 1 Meniscal and
chondral injuries are registered in approx-
imately 40% and 25% respectively of all
patients at the time of ACL reconstruc-
tion in Scandinavia where the median
injury-to-surgery interval varies between
seven and 10 months.®”

microtrauma

Figure 6. Meniscal injuries

A) Normal menisci. B) Radial tear. C) Longitudinal tear.
D) Degenerative tear. E) Bucket handle tear. F) Flap tear. Copyright © Daniel Andernord
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Meniscal injury is associated with
pain and functional impairment and is
sometimes accompanied by a lack of full
extension.” Longitudinal tears and flap
tears in the posterior and middle-thirds
are the most commonly encountered me-
niscal injuries.?** Some of these injuries
can be managed with structured rehabil-
itation and non-surgical treatment. The
decision to proceed with surgical treat-
ment is based on the patient’s symptoms
and functional impairment, as well as
the type and size of the tear. The surgical
treatment of meniscal injuries includes
repair, partial or total meniscectomy and
transplantation, which is followed by at
least six months of rehabilitation.?

Concomitant chondral injuries are fre-
quently located in the medial tibiofem-
oral compartment, especially on the
medial femoral condyle.®” 2 There are
several classification systems for chon-
dral injuries, including the widely used
classifications by Outerbridge™® and
Noyes and Stabler.*” Today, many stud-
ies use the International Cartilage Re-
pair Society (ICRS) Hyaline Cartilage
Lesion Classification System,” in which
lesions are graded as ICRS 0 to 4, based
on depth. Grades 1 and 2 (less than 50%
of the cartilage thickness) account for
approximately two thirds of the chondral
injuries seen in conjunction with ACL
injuries.?** Focal injuries can be treated
surgically by opening the subchondral
space, which aims to imitate the vascular
tissue inflammatory response including
the release of mesenchymal cells. Oth-
er techniques include osteochondral
allograft and autografts and autologous
chondrocyte cultures.

Previous investigations have identified

patient age,?"* return to a pivoting sport'#

and the injury-to-surgery interval®® 32 4%
66, 91,204,206 t6 be associated with menis-
cal injury, while patient age,?* tear' or
loss™ of the meniscus, injury-to-surgery
interval®® % 294 and meniscectomy'’!
have been shown to be associated with
chondral injury. Although treatable to
some extent, meniscal and chondral in-
juries are important to prevent,*” since
they are closely associated with worse
patient-reported outcome,’” 17 190, 202
motion deficits,* longer rehabilitation,'*®
development of osteoarthritis,!% 12 170
and because treatment strategies have
not been shown to lower the risk of pro-
gressive joint degeneration,3¢ 64 132,162

Osteoarthritis of the knee

Osteoarthritis is a condition character-
ized by a generalized joint failure, where
all the tissues of the joint are affected by
deterioration. Symptoms include swell-
ing, reduced range of motion and pain.
Osteoarthritis of the knee is, in fact, the
leading cause of knee-related pain and
disability in older adults.’*23* More im-
portantly, patients who have sustained
an ACL injury run a considerable risk of
developing post-traumatic osteoarthri-
tis of the knee and show the first signs
of radiographic joint space narrowing
at the age of approximately 40 years,'”°
which means that they are 15 to 20 years
younger than patients with primary os-
teoarthritis.

Ten to 20 years after an ACL injury, the
incidence of radiographic osteoarthritis
has been estimated to be 70%,%* although
a more recent review suggests a lower
rate of approximately 50%."° Contrast-
ing estimations can be explained in part
by the considerable difference in the risk
of osteoarthritis between isolated and
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combined ACL injuries®* ¥ and the
fact that there is no gold standard for the
radiological assessment of knee osteo-
arthritis. Numerous classifications have
been proposed, of which Fairbank,*
Kellgren and Lawrence,”” Ahlbick,!
IKDC? and the Osteoarthritis Re-
search Society International (OARSI)

atlas* have provided some of the more
commonly used. In spite of this, a plain
radiograph of the weight-bearing knee
with measurements of joint space width
is the common denominator among the
available assessments tools and is in fact
recommended by the OARSI-OMER-
ACT initiative."

Figure 7. Osteoarthritis of the knee after ACL injury

A 36-year old female basketball player who sustained an ACL injury and lateral meniscal and
chondral injuries. Five years after ACL reconstruction, the radiograph showed moderate tibiofemoral
osteoarthritis in the lateral compartment. Copyright © Jiiri Kartus

'There is another issue with regard to as-
sessing osteoarthritis in studies, namely
the lack of correlation between radio-
graphic signs and clinical symptoms.*
'This issue was already the subject of dis-
cussion in the late 1960s.2% So, is it pos-
sible to predict the patient’s symptoms
on the basis of the radiographic findings

and vice versa? In all likelihood, the

answer to this question is “No”.# 142 144

162,216 As long as this correlation is weak
or moderate at best, it is probably best
to regard radiographic signs and clinical
symptoms as two distinctly different yet
complementary outcome measures in the
assessment of osteoarthritis.

In the ACL-deficient knee, the medial
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meniscus takes on a very important role
of restraining anterior-posterior laxity,'*
%5 which protects the hyaline cartilage
from excessive shear forces.’*” Today,
meniscal injury and meniscectomy are
well-known predictors of knee osteoar-
thritis,""” which was originally reported
by Fairbank* almost 70 years ago. The
treatment of ACL-injured patients
aims, in part, to re-stabilize the knee
and protect the menisci and hyaline
cartilage from such secondary injuries.
The best way to achieve this remains
controversial.'” Recent studies indicate
that surgical treatment may be superior
to non-surgical treatment with regard to
preventing further injury to intra-artic-
ular structures.*®  For reasons not yet
entirely understood, ACL reconstruction
does not appear to prevent the develop-
ment of osteoarthritis of the knee.!1% 132
21 For physicians working in the field
of family medicine, the prevention and
treatment of joint failure is as imperative
as that of any other organ failure.

Graft injury

Re-injury of the reconstructed knee is a
matter of great concern to both patients
and health-care professionals. This fre-
quently also applies to sports clubs, man-
agers and fans.®* For patients who, after a
period of rehabilitation and careful con-
sideration, choose to undergo the ACL
reconstruction of their symptomatic knee,
a re-injury might be emotionally devas-
tating. For physicians and physical thera-
pists, graft failure is sometimes regarded
as the equivalent to treatment failure.
Sporting activities at the time of injury
are most common'” and factors that have
been associated with graft injury are pa-
tient age,”" graft selection,” knee laxity'®
and a return to pivoting sports.'”!

The exact rate of graft injury is of
course difficult to determine, because
many individuals do not seek clinical
consultation. Of those that actually do,
many are not registered in any type of
registry or study. There are, of course,
numerous reasons for not consulting
health care. Many individuals cope with
occasional giving-way and instability, or
are no longer active at the same level as
they were at the time of their primary
injury and might not be bothered by a
subsequent graft rupture. Moreover,
the proportion of individuals who sus-
tain graft injuries is largely dependent
on the length of follow-up after ACL
reconstruction. Many studies report on
“graft failure”, which includes both sub-
jective and objective outcome measures.
Revision surgery is possibly a preferred
outcome measure, because it is a firm end
point and presumably represents a more
accurate proportion of individuals with
clinically relevant and disabling symp-
toms of graft insufficiency who wish to
regain their previous level of activity.

'The proportion of individuals who have
sustained a graft injury has been estimat-
ed to be 2-4% at two years,*> 4652 102, 221
4-6% at five years™™ ! and 11% at seven
years'®* and ten years'®? respectively. Graft
failure is, however, most likely to occur
during the first year following index re-
construction.' These failures probably
occur owing to the relative weakness
associated with the complex process of
graft incorporation,® '?* which possibly
takes up to three years, although the re-
constructed graft has achieved sufficient
capacity for most activities by one year
after index reconstruction.!24 154 175,182

In contrast, the proportion of revision
surgery in different studies is 2% at one
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year,'? 3% at two years,'”” 10% at seven
years'®* and 8% at ten years.'*? Revision
surgery is most commonly performed
during the first two years after index
reconstruction.’”” Unfortunately, the
outcome of revision surgery is less bene-
ficial compared with index ACL recon-
struction with regard to patient-reported
outcome, %1 Jaxity,*” failure rate' and
return to previous activity level.'” For
this reason, preventing this complication
is an important objective.

Contralateral ACL injury

After ACL reconstruction, fear of a new
injury includes not only the rupture of
the newly implanted graft but also a tear
to the intact ACL in the contralateral
knee. Patient sex,"! patient age,'* previ-
ous ACL injury,** graft selection' and
a return to moderate or strenuous activ-
ities'™ have been suggested as potential
predictors of contralateral ACL injuries,
which tend to occur during the first
three years after index reconstruction.'*>
182,191 Most of these injuries are sustained
during participation in the same sporting

1.2.4 Prevention of ACL injury

activity as the index injury.16% 182,184,191
Studies examining contralateral ACL
injuries have reported a cumulative
proportion of 3-4% at two years,'> 3
21 5-6% at five years,'®> 1% 14% at seven

years'® and 16% at ten years.!*?

Like revision surgery, contralateral ACL
reconstruction is an important outcome
measure complementing the rate of inju-
ry, in view of the fact that it is a well-de-
fined end point reflecting an individ-
ual with enough symptom severity to
convince the patient, physiotherapist and
surgeon to agree that reconstruction is
the best hope of attaining improved knee
function when structured rehabilitation
has not achieved satisfactory results.
However, little is actually known about
the rate of contralateral ACL reconstruc-
tion, but it has been shown to be 3% at
two years.??! Injury to the intact ACL
in the contralateral knee, like all other
complications, is vital to prevent, because
it too often signals the beginning of the
end of a promising career.’

Looking at ACL injury and its complica-
tions from another perspective, it seems
only natural to ask a simple question:
is it possible to prevent ACL injuries
from occurring and re-occurring? The
current literature shows that preventive
strategies have focused on injuries among
soccer and handball players.!# 153167

In a randomized controlled trial, Soli-
gard et al.’’” implemented a 20-minute
injury prevention programme among
adolescent female soccer players with
special emphasis on compliance. The

study failed to demonstrate a significant
reduction in knee injuries between the
intervention and the control group (3.1%
vs. 5.6%, RR=0.6 [95% CI, 0.4-1.1],
p=0.079). In addition, Gilchrist et al.®®
studied female soccer players in a ran-
domized controlled trial and designed a
warm-up routine focusing on optimizing
strength and neuromuscular coordina-
tion performed three times a week dur-
ing the regular season. In overall terms,
this did not result in significantly fewer
ACL injuries. Nonetheless, the inter-
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vention significantly reduced the num-
ber of primary ACL injuries in practice
sessions compared with matches. It also
significantly reduced non-contact ACL
injuries among participants with a his-

tory of previous ACL injury.

In contrast, two meta-analyses have re-
ported positive results, with a decrease
in the rate of ACL injuries, after imple-
menting a neuromuscular and proprio-
ceptive training program. Hewett et al.”®
performed a meta-analysis of interven-

1.3 REVIEW OF THE LITERATURE

tions of this kind among female athletes
active in soccer, handball, basketball and
volleyball and found an overall reduction
in ACL injuries in favor of prevention
programs (OR=0.4 [95% CI, 0.3-0.6]).
Another meta-analysis by Prodromos et
al.' also reported a reduction of 0.24
ACL tears per 1,000 exposures among
both male and female soccer players. So,
to some extent, it seems possible to pre-
vent ACL injuries from occurring and
re-occurring.

1.3.1 Health Technology Assessment

Health Technology Assessment (HTA)
refers to a systematic and multidisci-
plinary evaluation of health-care in-
terventions developed to solve a health
problem. These continuous, structured
assessments of evidence are crucial in or-
der to enhance the rational use of health
interventions and determine whether
and when these interventions should be
integrated into health-care systems, as
the efficient use of resources is the most
crucial factor in the sustainability of
health-care systems.*’

Consequently, the World Health Or-
ganization (WHO) has approved a
resolution which urges all member states
to consider establishing national moni-
toring systems for health interventions,
such as national quality registries, and
national health technology assessment
organizations.??® In this respect, Swe-
den is at the forefront, as it was the first
country in the world to initiate a nation-

al quality registry in 1975, the Swedish

Knee Arthroplasty Register, as well as an
HTA organization in 1989, the Swedish
Council on Health Technology Assess-
ment (SBU).%

With the aim of identifying similar pre-
vious, ongoing or planned projects inves-
tigating complications after ACL injury
and identifying possible knowledge gaps
and literature conflicts, a search for
relevant HTA reports was carried out
by consulting SBU as well as the two
largest HT'A organizations in the world,
the Cochrane Collaboration and the
National Institute for Health Research.

Swedish Council on Health Tech-
nology Assessment

A search of this HTA database did not
yield any records of reports pertaining to
ACL injuries.

The Cochrane Collaboration

The Cochrane Database of System-
atic Reviews (CDSR) is available in
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the Cochrane Library provided by the
Cochrane Collaboration. A search of the
CDSR produced four relevant systemat-
ic reviews issued by the editorial group,
the Cochrane Bone, Joint and Muscle
Trauma Group. The systematic review
by Linko et al.'” of the surgical versus
the non-surgical treatment of ACL
ruptures was based on two randomized
trials of poor quality conducted in the
early 1980s. The remaining systematic
reviews relating to meniscal injuries®
and rehabilitation®? 2'* had all been
withdrawn because they were regarded
as substantially out of date.

National Institute for Health
Research

The Database of Abstracts of Reviews
of Effects (DARE) is produced by the
Centre for Reviews and Dissemination
and provided by the National Institute

1.4 RATIONALE FOR THIS THESIS

for Health Research (NIHR) in the
United Kingdom. The DARE contains
systematic reviews that evaluate the
effects of health-care interventions and
the delivery and organization of health
services. The DARE is an important
complement to the CDSR, because it
includes systematic reviews that are not
issued by the Cochrane Collaboration.

A search of the DARE produced six rel-
evant systematic reviews. Four of them
focused on graft selection in ACL recon-
struction'”*" %228 and two on aspects of
rehabilitation after ACL reconstruc-
tion.”** 222 The literature searches in four
of these systematic reviews," 7> 222228 g
though pertinent to the aim and research
question, were regarded as out of date.
There were no assessments of meniscal
and chondral injuries, revision surgery or
contralateral ACL reconstruction.

Complications are by nature trouble-
some. One way to help our patients
to overcome this fate is to prevent the
complications from occurring in the first
place. Prevention is possibly the best
intervention there is, for both primary
ACL injuries and subsequent complica-
tions. Strategies should focus on factors
that make certain individuals susceptible
to certain complications.

In order to implement both effective and
efficient prevention interventions, the
essential first step is to obtain knowl-
edge of factors associated with the risk
of complications after ACL injury. Cur-
rently, no HTA reports on predictors
of complications after ACL injury are

available. After a thorough review of the
literature and recognizing the significant
contribution of systematic reviews and
registry-based cohort studies to new
evidence, it was decided that there was
a need for updated systematic reviews
that could act as a platform upon which
further studies could be based. Further-
more, a need for cohort studies based on
large patient samples from the Swedish
National Knee Ligament Register focus-
ing on predictors of complications after
ACL injury was identified.






“Nothing contributes so much to
tranquillize the mind as a steady
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AV

The aim of this thesis was to investigate patient- and health care-related factors and
identify possible predictors of meniscal or chondral injuries, as well as the need for
revision surgery and contralateral ACL reconstruction.

2.1 STUDY |

The aim of Study I was to investigate whether non-surgical or surgical treatment, the
timing of surgical treatment, graft tension, ligament augmentation, graft fixation, a
post-operative knee brace, the timing of post-operative rehabilitation, home-based
or supervised rehabilitation and open kinetic chain or closed kinetic chain exercises
were associated with meniscal and chondral injuries, revision surgery and contralateral
ACL reconstruction.

2.2 STUDY lI

The aim of Study II was to investigate whether graft selection, harvest site and sin-
gle-bundle or double-bundle reconstruction were associated with meniscal and chon-
dral injuries, revision surgery and contralateral ACL reconstruction.

2.3 STUDY Il

The aim of Study I1I was to investigate whether the timing of surgical treatment was
associated with meniscal and chondral injuries.

2.4 STUDY IV

'The aim of Study IV was to investigate whether graft selection, graft width, single-bun-
dle or double-bundle reconstruction, graft fixation, the timing of surgical treatment or
meniscal and chondral injuries were associated with revision surgery.
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2.5 STUDY V

The aim of Study V was to investigate whether patient sex, age, height, weight, body
mass index, use of tobacco and activity at the time of injury were associated with
revision surgery.

2.6 STUDY VI

The aim of Study VI was to investigate whether patient sex, age, activity at the time
of injury, the timing of surgical treatment, graft selection, harvest site or meniscal and
chondral injuries were associated with contralateral ACL reconstruction.






“It is common sense to take a
method and try it. If it fails,
admit it frankly and try anotbher.
But above all, try something.”

Franklin D. Roosevelt



Three

METHODS

3.1 DATA SOURCES

3.1.1 PubMed

PubMed is a free search engine devel-
oped and maintained by the National
Center for Biotechnology Information,
which is a division of the United States
National Library of Medicine at the
National Institute of Health. First in-
itiated in 1966, it was not until 1997
that it was made freely available on the
internet. Currently, it comprises more
than 24 million citations and abstracts
relating to biomedical literature indexed
in the Medical Literature Analysis and
Retrieval System Online (MEDLINE)
database, life science journals and on-
line books, which primarily provide
information on biomedicine and health.

3.1.2 Excerpta Medica Database

New citations are assigned a PubMed
ID (PMID) and become available in
PubMed within 48 hours after the pub-
lishers of journals have submitted citation
and abstract data electronically. All cita-
tions in MEDLINE, which is the central
component of PubMed, are indexed with
the Medical Subject Headings (MeSH)
thesaurus. However, the indexing process
is performed manually and takes up to a
few months after submission. This is why
PubMed also contains in-process cita-
tions which provide records for articles
before they are indexed and then added
to MEDLINE.?

The Excerpta Medica Database (EM-
BASE) is provided by the European pub-
lisher Elsevier and requires a subscrip-
tion for access. The EMBASE covers the
biomedical literature, with an in-depth
focus on pharmacology, and it is indexed
with Elsevier’s thesaurus, Emtree, but

allows for search queries with MeSH
terms as well. Currently, the database
contains more than 28 million records
from approximately 8,400 journals. It
covers all of MEDLINE but does not
contain PubMed’s other contents.
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3.1.3 Cochrane Central Register of Controlled Trials

The Cochrane Central Register of
Controlled Trials (CENTRAL) is a
bibliographic database comprising ran-
domized and non-randomized controlled
trials retrieved from pertinent biblio-
graphic databases through the extensive
handsearching of relevant journals or
conference proceedings, reference lists

of articles and consulted trialists and ex-
perts, all of which have been identified
by the Cochrane Collaboration’s respec-
tive editorial groups during their work
on systematic reviews. The CENTRAL
is therefore a very important complement
to searches in electronic bibliographic
databases.

3.1.4 The Swedish National Knee Ligament Register

The Swedish National Knee Ligament
Register?" is a national quality registry
which gathers information on patients
with ACL injuries and associated knee
surgery. It was initiated on 1 January
2005, with the primary aim of moni-
toring the development of treatment of
individuals with ACL injuries, in addi-
tion to continuous reporting to health-
care providers. Patient data and surgical
treatment data are registered online at
baseline. Follow-ups are administered
exclusively by obtaining patient-reported
outcome measures one, two, five and 10
years after ACL reconstruction. There are
no clinical follow-ups. Events of associat-
ed knee surgery, such as revision surgery
or contralateral ACL reconstruction, are,
however, registered continuously with
the same completeness as index events.
Participation in the Swedish National
Knee Ligament Register is voluntary

3.2 STUDY DESIGN

for patients and surgeons, owing to the
fact that there is no legislation making
participation or data input mandatory.

The coverage (proportion of participat-
ing units in relation to all eligible units)
and completeness (proportion of target
population in the registry) are 92.9%*
and 89.4%% respectively. Every patient
is identified by his/her unique Swedish
Personal Identity Number.!"! Currently,
the Swedish National Knee Ligament
Register is one of three Scandinavian
ACL registries which, according to
Engebretsen and Forssblad,* serve three
basic purposes: the improvement of treat-
ment outcomes via feedback to health
care, the detection of procedures and
devices that result in early failure and the
identification of factors associated with
good and poor outcomes.

3.2.1 Systematic review

A systematic review is a structured
literature review addressing a specific

question that is to be answered by anal-
ysis of evidence. A systematic review is
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distinguished from a /iterature review
or overview by an objective literature
search, study selection based on prede-
termined inclusion and exclusion criteria,
standardized data extraction, a quality
appraisal of included studies and, final-
ly, a synthesis of data from the includ-
ed studies. In a systematic review, it is
essential that all studies, regardless of
positive, negative or inconclusive results,
are eligible for inclusion.

The Cochrane Collaboration is a re-
nowned producer and publisher of
high-quality systematic reviews in most
fields of medicine. The Cochrane Hand-
book for Systematic Reviews of Interven-
tions”® or the Preferred Reporting Items
for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement™* provide thor-
ough guidelines for the reporting of data
in a systematic review. The Assessment
of Multiple Systematic Reviews (AM-
STAR)™ is a useful tool when it comes
to assessing the quality of the systematic
review in itself. According to the Swed-
ish SBU, the oldest health technology
assessment organization in the world, a
systematic literature search in the three
databases, PubMed, EMBASE and the
Cochrane Library, is sufficient for re-
search questions pertaining to biomedical
research.”®” Due to the fact that a system-
atic review accumulates studies, aggre-
gates and analyzes all data and produces
new results and conclusions, it is always
more than the sum of its parts.

Meta-analysis vs. data-synthesis

In principle, there are two ways of ana-
lyzing data in a systematic review: the
meta-analysis and the data-synthesis or
best-synthesis approach. The decision to
perform either one is based on the het-

erogeneity of the included studies. A
meta-analysis with statistical analysis of
aggregated data is often preferable, but
it is only attainable when certain criteria
are met, e.g. homogeneity of participants,
interventions, comparisons, outcomes and
settings. As a result, a meta-analysis ob-
tains a quantitative estimate of the overall
effect of a variable on a defined outcome.

In contrast, the data-synthesis approach
is used when an area of research con-
tains studies with a wide variety of study
methods that are not suitable for tradi-
tional statistical modeling. As a result,
the data-synthesis method produces a
qualitative estimate of the effect of a var-
iable on a defined outcome. It is very im-
portant to report these results in order to
implement harmonizing improvements
in a field of research. Consequently, the
meta-analysis and data-synthesis ap-
proaches are two distinctly different, yet
complementary and equally important
ways of conducting a systematic review.

Precision and efficacy vs. recall and
effectiveness

Another important aspect of a system-
atic review is the scope of the literature
search. The optimal search strategy
would naturally identify all relevant
studies and nothing but relevant studies.
In reality, this never happens. In princi-
ple, the focus of a literature search can
be broad or narrow, and this is often a
matter of resources.

The result of a literature search can be
described using the following terms:
precision and efficacy vs. recall and eftec-
tiveness. Precision refers to the propor-
tion of relevant records in relation to the
total number of a// records. In contrast,
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recall refers to the proportion of relevant
records in relation to the total number
of relevant records. A broad literature
search takes account of the fact that
studies may have varying index terms,
inadequate indexing or a complete lack
of indexing. The aim of a broad literature
search is high recall, i.e. finding as many
as possible of all the studies that answer
the research question. A broad search
does not guarantee high recall, but it
most certainly improves the chances.

A narrow literature search yields fewer
records, which is time saving, and will

3.2.2 Cohort study

hopetully produce many relevant records,
i.e. high precision. On the other hand,
the narrow search will probably fail to
generate a considerable part of the rel-
evant literature. In general, a narrow
literature search is not sufficient for the
purpose of a systematic review but may
be adequate for a fiterature review. In
conclusion, a broad literature search im-
proves recall and effectiveness, whereas
a narrow literature search will hopefully
improve precision and efficacy.

A cohort study is a controlled prospec-
tive observational study (investigators do
not intervene or manipulate the sample,
exposure or setting), where outcomes in
a group with a given exposure (e.g. en-
vironmental factors or an intervention)
are compared with outcomes in a similar
group without the exposure. Data are
gathered at baseline, after which the two
groups are followed forward in time until
a follow-up assessment is carried out and
the outcomes are compared. As such, a
cohort study leads from exposure to out-
come and allows for estimations of inci-
dence, risk and number needed to treat.

It is essential to distinguish a cohort study
from a non-randomized controlled trial, a
case-control study and a case series, which
are fundamentally different in terms of
methodology, temporality, statistical
analysis, causality and level of evidence.
Cohort studies can be subject to selection
bias, which occurs when there are differ-
ences between the study groups in the
distribution of known or unknown factors

in ways that can affect the outcomes. The
STROBE (Strengthening the Reporting
of Observational Studies in Epidemiol-
ogy) statement®’ provides guidelines for
reporting observational studies.

Registry-based cohort study

A cohort study based on registry data is
a special cohort study design. Sweden is
well known for its high-quality national
quality registries.*>* Registries generally
contain large patient samples with a rep-
resentative cross-section of a real-world
patient population compared with rand-
omized controlled trials (RCTs), which
increases statistical inference and gen-
eralizability (high external validity), but
might reduce the confidence of the esti-
mate (low internal validity). Even though
the study per se starts after data collec-
tion, it is neither considered retrospective
nor subject to recall bias, owing to the fact
that the data are registered prospectively.

The registry-based design helps to reduce

possible detection bias, because patients
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and assessors, although aware of a given
exposure, are not aware of future study
objectives and outcome measures. Fur-
thermore, the completeness of the reg-
istry helps to manage possible attrition
bias, where a high level of completeness

reduces attrition bias. Due to these prop-
erties, registry-based cohort studies are
very useful in determining the rate of ad-
verse events which can be detected long
before any interventional study would
have detected them.**

3.3 ASSESSMENT OF RISK OF BIAS

Bias refers to a systematic error in an ob-
servation which increases the risk that
a study will overestimate or underes-
timate the true effect of an exposure.”
As such, bias may arise from any factor
other than the exposure of interest that
systematically distorts the magnitude of
an estimate from the true effect. In this
way, bias limits the accuracy or validity
of the estimate. Bias does not, however,
limit the precision or reliability of the
estimate, since the precision is the extent
to which the estimate is free from random
error. The precision is represented by the
confidence interval. A wide confidence
interval reflects imprecision but not inac-
curacy. Moreover, a particular source of
bias may vary in both direction and mag-
nitude, e.g. a reduction in internal valid-
ity but an increase in external validity,
or lead to underestimation in one study
but overestimation in another study. The

results of a study might even be unbiased,
despite methodological flaws.

In a systematic review, it is important
always to assess the potential risk of
bias, because this can help to explain
variations in the results of the included
studies. However, homogeneous results
between studies do not automatically
imply unbiased methodology, since all
the studies may in fact be flawed. The
conclusion in a systematic review must
therefore be carefully assessed with re-
gard to the methodological quality of the
included studies from which the conclu-
sion is drawn.

In general, there are five categories of bias:
selection bias, performance bias, detection
bias, attrition bias and reporting bias (Ta-
ble 1). There are, however, other kinds of
bias that do not fit into these categories.
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Table 1. Categories of bias’®

Category

Definition

Examples of determinants

Selection bias

Systematic differences in baseline
characteristics between study

groups

Sequence generation

Allocation concealment

Performance bias

Systematic differences in
interventions or other exposures
between study groups

Blinding of participants

Blinding of personnel

Number of care givers
Experience of care givers
Rescue therapies
Spillover of participants
Crossover of participants

Study protocol does not
reflect clinical practice

Detection bias

Systematic differences in outcome
assessments between study groups

Blinding of assessors
Blinding of statisticians

Diagnostic activity

Attrition bias

Systematic differences in
withdrawals between study groups

Incomplete outcome data
Loss to follow-up

Exclusion of participants

Reporting bias

study groups

Systematic differences in reported
and unreported findings between

Selective outcome reporting

3.4 ASSESSMENT OF LEVEL AND QUALITY OF EVIDENCE

The levels and quality of evidence ap-
plied in this thesis are the classifica-
tion systems presented by the Oxford
Centre for Evidence-Based Medicine
(OCEBM) Levels of Evidence Working
Group™ and the Grading of Recom-
mendations Assessment, Development
and Evaluation (GRADE) Working
Group?” respectively. These two classi-
fication systems categorize the evidence
based on careful considerations of study
design, risk of bias (accuracy), precision

of the estimate (reliability), consistency
of the results across studies, directness
of the inference and effect size, but they
serve different purposes. The OCEBM
levels of evidence are used to grade a sin-
gle study, whereas GRADE is used to
grade each outcome. As a result, within
a single study (OCEBM I-V), the quality
of each outcome may differ (GRADE
A-D). Brief summaries of the categories
in each classification are presented in
Tables 2 and 3.
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Table 2. OCEBM Levels of Evidence'®"

la Systematic review of RCTs (with level of evidence )

b Individual RCT

Ila Systematic review of RCTs (level of evidence ) or cohort studies
b Individual RCT (level of evidence Il) or cohort study

Illa Systematic review of case-control studies

b Individual case-control study

v Case series or poor-quality cohort studies and case-control studies
\Y Expert opinion without explicit critical appraisal

Table 3. GRADE Quality of Evidence?®’

estimate of effect

A Further research is very unlikely to change our confidence in the

B Further research is likely to have an important impact on our confi-
dence in the estimate of effect and may change the estimate

C Further research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change the
estimate

D Any estimate of effect is very uncertain

3.5 STUDY |

Study design
Systematic review of RCTs (OCEBM 1Ia)

Study protocol

The CONSORT statement'* guided the
quality appraisal and reporting of data.

Patients and methods

The electronic literature search was
carried out using PubMed in April
2007, with an updated search in March
2009. English-language, randomized
controlled trials (OCEBM Ib and IIb)
published between 1 January 1995 and

20 March 2009 were eligible for inclu-
sion. Records were screened by reading
the title and abstract and study selection
was based on predetermined inclusion
and exclusion criteria. The investigated
variables were surgical or non-surgical
treatment, timing of surgical treatment,
graft fixation, graft tension, ligament
augmentation, post-operative knee brace,
timing of rehabilitation, home-based or
supervised rehabilitation and open kinet-
ic chain or closed kinetic chain exercises.
For exclusion criteria, see Study 1. A
standardized data extraction sheet was
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used for the purpose of data extraction.
The quality appraisal was based on the
CONSORT statement. Levels of evidence
were based on the Oxford 2009 Levels of
Evidence.”®® Data analysis was performed
using the data-synthesis approach.

Search string

“anterior cruciate ligament”’[Major
topic] AND (“1995/01/01”[PDAT]:

3.6 STUDY Il

“2009/03/20”[PDAT]) AND Eng-
lish[lang] AND Randomized Con-
trolled Trial[ptyp]

Outcome measures

The outcome measures were meniscal
and chondral injuries and surgery, osteo-
arthritis, revision surgery and contralat-
eral ACL reconstruction.

Study design
Systematic review of RCTs (OCEBM 1Ia)

Study protocol

The CONSORT statement'® guided the
quality appraisal and reporting of data.

Patients and methods

The electronic literature search was car-
ried out using PubMed in April 2007,
with an updated search in March 2009.
A broad literature search was performed
to improve search recall. Only Eng-
lish-language, randomized controlled
trials (OCEBM Ib and IIb) published be-
tween 1 January 1995 and 20 March 2009
were eligible for inclusion. Records were
screened by reading the title and abstract
and study selection was based on prede-
termined inclusion and exclusion criteria.
The investigated variables were graft
selection, harvest site and single-bundle

3.7 STUDY Il

or double-bundle reconstruction. For ex-
clusion criteria, see Study I1."% A stand-
ardized data extraction sheet was used
for the purpose of data extraction. The
quality appraisal was based on the CON-
SORT statement. Levels of evidence
were based on the Oxford 2009 Levels of
Evidence."° Data analysis was performed
using the data-synthesis approach.

Search string

“anterior cruciate ligament”’[Major
topic] AND (“1995/01/01”[PDAT]:
“2009/03/20"[PDAT]) AND Eng-
lish[lang] AND Randomized Con-
trolled Trial[ptyp]

Outcome measures

The outcome measures were meniscal
and chondral injuries and surgery, osteo-
arthritis, revision surgery and contralat-
eral ACL reconstruction.

Study design

Systematic review of RCTs, cohort stud-
ies and prognostic studies (OCEBM Ila)

Study protocol

The PRISMA statement’* and the
Cochrane Handbook for Systematic
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Reviews of Interventions” guided the
reporting of data and quality appraisal.

Patients and methods

The electronic literature search was car-
ried out using PubMed, EMBASE and
CENTRAL in October 2011. A broad
literature search was performed to im-
prove search recall and effectiveness. All
English-language articles (OCEBM Ib
and IIb) published between 1 January
1995 and 31 August 2011 were eligible
for inclusion. To assess data on the tim-
ing of surgical treatment, all records were
screened by reading the title, abstract,
methods and results. Study selection was
based on predetermined inclusion and ex-
clusion criteria. The investigated variable
was the time interval between ACL in-
jury and ACL surgery (the injury-to-sur-
gery interval). Original study data were
obtained from respective journals where
available. For exclusion criteria, see Study

3.8 STUDY IV

II1.8 A standardized data extraction sheet
was used for the purpose of data extrac-
tion according to the PRISMA check-
list. The level of evidence was based on
the Oxford 2011 Levels of Evidence.'!
Data analysis was performed using the
data-synthesis approach.

Search string

(“Anterior Cruciate Ligament”[Mesh]
OR “anterior cruciate ligament”[tiab] OR
ACL][tiab]) AND (“Surgical Procedures,
Operative”[Mesh] OR surgical[tiab] OR
surgery[tiab] OR reconstruction[tiab]
OR reconstructive[tiab] OR reconstruct-
ed[tiab]) AND (English[lang] AND
(“1995”[PDAT] : “3000”[PDATY))

Outcome measures

The outcome measures were meniscal
and chondral injuries and surgery as well
as osteoarthritis of the knee.

Study design
Registry-based cohort study (OCEBM IIb)

Study protocol

The STROBE statement®* guided the
reporting of data.

Patients and methods

Patient data were extracted from the
Swedish National Knee Ligament Regis-
ter. Patients registered for index (primary
ipsilateral) ACL reconstruction between
1 January 2005 and 31 December 2009
and registered for revision surgery be-
tween 1 January 2005 and 31 December
2011 were assessed for eligibility. Only

patients who underwent index ACL re-

construction with an HT autograft or a
PT autograft were included. Follow-up
started on the date of index ACL recon-
struction and ended with revision sur-
gery, after 24 months of follow-up or on
31 December 2011, whichever occurred
first. The investigated variables were
the timing of surgical treatment, graft
selection, graft width, single-bundle or
double-bundle techniques, graft fixation,
and meniscal or chondral injuries.

Outcome measure

'The study end point was the two-year
risk of revision surgery.
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3.9 STUDY V

Study design
Registry-based cohort study (OCEBM IIb)

Study protocol

The STROBE statement*® guided the
reporting of data.

Patients and methods

Patient data were extracted from the
Swedish National Knee Ligament Regis-
ter. Patients registered for index (primary
ipsilateral) ACL reconstruction between
1 January 2005 and 31 December 2011
and registered for revision surgery be-
tween 1 January 2005 and 31 December
2013 were assessed for eligibility. Only
patients aged 13 to 59 years who under-
went index ACL reconstruction with an
HT autograft or a PT autograft were

3.10 STUDY VI

included. Patients with concomitant
fractures and ligament injuries were ex-
cluded. Follow-up started on the date of
the index ACL reconstruction and ended
with revision surgery, after 24 months
of follow-up or on 31 December 2013,
whichever occurred first. The investi-
gated variables were activity at the time
of injury, patient sex, patient age, body
height, body weight, body mass index
(BMI) and the use of tobacco. Males
and females were expected to differ sig-
nificantly in terms of demographics and
anthropometric data and were therefore
analyzed separately.

Outcome measure

The study end point was the two-year
risk of revision surgery.

Study design
Registry-based cohort study (OCEBM IIb)

Study protocol

The STROBE statement** guided the
reporting of data.

Patients and methods

Patient data were extracted from the
Swedish National Knee Ligament Regis-
ter. Patients registered for index (primary
ipsilateral) ACL reconstruction between
1 January 2005 and 31 December 2008
and registered for contralateral ACL re-
construction between 1 January 2005 and
31 December 2013 were assessed for eli-
gibility. Patients aged 13 to 59 years who

underwent index ACL reconstruction

with an HT autograft or a PT autograft
were included. Patients with concomi-
tant fractures and ligament injuries were
excluded. Follow-up started on the date
of the index ACL reconstruction. Fol-
low-up ended with contralateral ACL re-
construction, after five years of follow-up
or on 31 December 2013, whichever
occurred first. The investigated variables
were patient sex, patient age, activity at
the time of injury, the timing of surgical
treatment, graft selection, graft harvest
site and meniscal and chondral injuries.
Soccer, basketball, floorball, handball,
volleyball and racket sports were grouped
and analyzed as “cutting/pivoting” activ-
ities. Sex-specific results were of special
interest and male and female participants
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were expected to differ significantly in
terms of demographics and anthropo-
metric data and were therefore analyzed
as separate samples.

3.11 STATISTICS

Outcome measure

The study end point was the five-year
risk of contralateral ACL reconstruction.

Tables and diagrams were generated
using Microsoft Excel® (Microsoft
Corp, Redmond, Washington, USA).
Statistical analysis was performed using
SPSS® Statistics (IBM, Armonk, New
York, USA) and Stata® (StataCorp LP,
College Station, Texas, USA). Data
were characterized according to the
level of measurement.?’! Ratio scale data
were stratified into ordinal scale data
when comparing risk estimates in order
to obtain clinically appropriate groups.
Arithmetic means of normally distribut-
ed continuous data were compared with
the independent-samples t-test. The
Mann-Whitney U test was used for com-
parisons of independent non-parametric
continuous data. Two-tailed p values for
categorical data were calculated using
Fisher’s exact test and the two-tailed
chi-square test with Yates’ correction

3.12 ETHICS

for continuity. The relative risk (RR),
its standard error and 95% confidence
interval (CI) were calculated according
to Altman.® Survival functions were ana-
lyzed with the Kaplan-Meier estimator.
In studies IV-VI, adjusted risk estimates
were calculated using a stratified relative
risk regression model for binary depend-
ent variables and presented with 95%
CIs. Confidence intervals for proportions
were calculated with the Agresti-Coull
method for the interval estimation of bi-
nomial proportions. Where null values
caused computational problems in the
relative risk or its confidence interval,
0.5 was added to all cells according to
Pagano.”” Statistical significance was
defined as a 95% CI for relative risks
not including 1.0, as well as p<0.05 for

comparisons of means and pI‘OpOI’tiOI’lS.

Studies I-I1T are systematic reviews for
which ethical review board consent is not
applicable or necessary, as they are based
on data from studies for which ethical
approval has already been granted. Stud-
ies IV-VI were approved by the Regional

Ethical Review Board in Stockholm,
Sweden. Personal identity numbers were
replaced by unidentifiable serial numbers
before delivery to investigators in order to
ensure the integrity of the participants.



“Everything we hear is an opinion,
not a fact. Everything we see is a
perspective, not the truth.”

Marcus Aurelius
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RESULTS

4.1 MENISCAL INJURY AND SURGERY

Studies I and III identified three con-
trolled clinical trials that compared the
non-surgical and surgical treatment of
patients with ACL injuries. Frobell et
al.** reported results from the only RCT
(OCEBM Ib). There were no significant
differences in meniscal injury or meniscal
surgery between the groups at baseline
and, if the total number of menisci with
surgery at baseline, as well as during
follow-up, were combined, the difference
was not statistically significant (42%
[50/118] vs. 32% [40/124], RR=1.3 [95%
CI, 0.9-1.8], p=0.106). However, during
the two-year follow-up, the participants
randomized to non-surgical treatment
reported significantly more signs and
symptoms of serious meniscal injury (22%
[13/59] vs. 2% [1/62], RR=13.7 [95% CI,
1.8-101.2], p=0.011) and a significantly
larger proportion underwent meniscal sur-
gery (32% [19/59] vs. 8% [5/62], RR=4.0
[95% CI, 1.6-10.0], p=0.003) compared
with the participants randomized to
ACL reconstruction within 10 weeks. In
addition, the number of menisci in the
index knee that required surgery during
follow-up was five times higher among
participants randomized to non-surgical
treatment (25% [29/118] vs. 5% [6/124],
RR=5.1 [95% CI, 2.2-11.8], p<0.001).

Two non-randomized controlled trials

(OCEBM IIb) reported similar findings.

Fithian et al.*® reported that participants
allocated to non-surgical treatment were
more likely to undergo meniscal surgery
(20% [29/146] vs. 2% [1/63], RR=12.5
[95% CI, 1.7-89.9], p=0.012), which was
also reported by Meunier et al.'™** (35%
[18/52] vs. 12% [5/42], RR=2.9 [95% CI,
1.2-7.2], p=0.021) [I, III].

Patients who underwent surgical treat-
ment with different injury-to-surgery
intervals were also assessed. Studies I and
11T identified six controlled trials (OCE-
BM Ib and IIb) that investigated the
timing of surgery as a primary objective,
while also analyzing meniscal injury or
meniscal surgery. There was a wide variety
in the respective classification of early and
delayed reconstruction (within two days
to five months vs. beyond three weeks to
24 months) and the results with regard to
meniscal outcomes were contrasting.

The RCT by Bottoni et al.*» (OCEBM
Ib) reported significantly more menis-
cal injuries among patients with early
ACL reconstruction (94% [32/34] vs.
69% [24/35], RR=1.4 [95% CI, 1.1-1.7],
p=0.010). In contrast, the cohort study
by Ahlén and Lidén? (OCEBM IIb)
showed that there was no difference in
the number of meniscal injuries, but
the need for partial meniscectomy was
significantly higher among patients
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with delayed ACL reconstruction (42%
[13/31] vs. 10% [3/30], RR=4.2 [95%
CI, 1.3-13.3], p=0.015), whereas three
RCTs"?2 129165 and one cohort study®
found no such associations [I, III].

Graft selection between an HT or a PT
autograft!? 13 46.70. 106, 149 or the choice
between single-bundle or double-bun-
dle reconstruction®” 88 137225226 were not
reported to be associated with the risk

of meniscal injury or meniscal surgery.
Also, graft fixation did not influence me-
niscal outcomes.” %126 Finally, the use
of a post-operative brace after surgical
treatment with ACL reconstruction did
not reduce the risk of meniscal injury or
meniscal surgery.’® 2414168 None of these
studies had performed a sample size cal-
culation with regard to meniscal injury
or meniscal surgery [I-I1I].

4.2 CHONDRAL INJURY AND SURGERY

Patients who underwent surgical treat-
ment but at different time intervals after
injury were assessed with regard to chon-
dral injury or chondral surgery. Studies
I and III identified four controlled trials
(OCEBM Ib and IIb) that investigated
the timing of surgery as a primary ob-
jective, while also analyzing chondral
outcomes. There were three RCTs by
Bottoni et al.,?! Marcacci et al.'?? and
Raviraj et al.’® and one cohort study by
Ahlén and Lidén, 3 which consistently
found no associations between the tim-
ing of ACL reconstruction and chondral
injury or chondral surgery. No study had

4.3 REVISION SURGERY

performed a sample size calculation with
regard to this outcome. In the study by
Raviraj et al.,’® the authors had per-
formed a sample size calculation for the
primary outcome measure, post-opera-
tive range of motion [I, III].

Graft selection between an HT or a
PT autograft in ACL reconstruction
was not found to be associated with the
risk of chondral surgery in the RCT by
Harilainen et al.” (OCEBM IIb) (13%
[5/39] vs. 5% [2/40], RR=2.6 [95% CI,
0.5-12.4], p=0.243) [1I].

Adolescents (participants aged 13 to 19
years) ran a significantly higher two-year
risk of revision surgery compared with all
other age groups (males: 3.5% vs. 1.3%,
RR=2.7 [95% CI, 1.9-3.7], p<0.001 and
females: 2.9% vs. 1.3%, RR=2.3 [95%
ClI, 1.6-3.2], p<0.001) [V]. ACL injury
during soccer was also associated with a
significantly increased two-year risk of
revision surgery compared with all other
activities (males: 2.2% vs. 1.4%, RR=1.6

[95% CI, 1.1-2.2], p=0.009 and females:
2.4%vs. 1.7%, RR=1.4 [95% CI, 1.0-2.0],
p=0.045) Individuals with a combination
of these two factors (adolescents who
sustained an ACL injury while playing
soccer) ran a further increased risk of
revision surgery (males: 4.3% vs. 1.5%,
RR=2.9 [95% ClI, 1.8-4.6], p<0.001 and
females: 4.6% vs. 1.8%, RR=2.6 [95% ClI,
1.7-4.0], p<0.001) [V].
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For patients who underwent surgical
treatment with ACL reconstruction,
the timing of surgery,® ¥ graft selec-
tion between an HT autograft or a PT
autograft!® 13 42, 4, 70,85,102, 118, 149, 181, 158, 229
or the choice between single-bundle or
double-bundle reconstruction®” 8% were
not found to be associated with the
risk of revision surgery. These studies
comprised RCTs and non-randomized
controlled trials (OCEBM Ib and IIb),
but none presented a sample size calcu-
lation or adequate power with regard to

revision surgery [I-IV].

Moreover, ACL reconstruction with
an ST autograft and metal interference

screw fixation on the tibia was associat-
ed with a significantly lower two-year
risk of revision surgery compared with
all other graft fixations (1.0% vs. 3.1%,
RR=0.3 [95% CI, 0.1-0.9], p=0.031)
[IV]. However, two RCTs by Harilainen
et al.”? (OCEBM 1Ib) and Rose et al.'”3
(OCEBM IIb) did not find any differ-
ences in the revision surgery rates with
regard to the choice of graft fixation be-
tween cross-pins or interference screws.
Finally, the use of a ligament augmen-
tation device® or a post-operative knee
brace' did not reduce the two-year risk
of revision surgery [1].

4.4 CONTRALATERAL ACL RECONSTRUCTION

Patients aged 13 to 19 years ran a signifi-
cantly higher five-year risk of contralater-
al ACL reconstruction compared with all
other age groups (males: 5.2% vs. 2.2%,
RR=2.4 [95% CI, 1.7-3.4], p<0.001 and
females: 4.6% vs. 1.6%, RR=2.9 [95% CI,
1.9-4.5], p<0.001) [VI].

Graft selection between an HT autograft
or a PT autograft was not associated
with the five-year risk of contralateral
ACL reconstruction [VI], which was
supported by two RCTs™ 81 (OCEBM
IIb) with five-year follow-ups [II].

Among females who underwent ACL
reconstruction, harvesting an HT au-
tograft from the contralateral knee sig-
nificantly increased the five-year risk of
contralateral ACL reconstruction com-
pared with an ipsilateral graft harvest
(9.4% vs. 2.8%, RR = 3.4 [95% CI, 1.4-
7.9], p=0.006). There were no significant
associations among females who received
a PT autograft or among males [VI].



“The aim of discussion should

not be victory, but progress.”

Joseph Joubert
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DISCUSSION

This doctoral thesis is based on six stud-
ies, three systematic reviews [I-111]% 18
and three registry-based cohort studies
[IV-VI]*7 that investigated predictors
of complications after ACL injury. Im-
portant findings were that adolescence,
injury during soccer, non-surgical treat-
ment and contralateral hamstring tendon
harvest at reconstruction were associated
with increased risks of complications.

Patient-related factors, such as sex,
height, weight, BMI and tobacco use, as
well as health care-related factors, such
as the timing of surgical treatment, graft
selection, single-bundle or double-bundle
reconstruction, ligament augmentation,
graft fixation or the use of a post-oper-
ative knee brace, were not found to be
associated with complications.

5.1 MENISCAL INJURY AND SURGERY

The non-surgical treatment of patients
with ACL injuries was associated with
a significantly increased risk of menis-
cal injury, as well as a need for meniscal
surgery. The RCT by Frobell et al.>*
with a short-term follow-up of two years
had the highest methodological quality,
including a random and concealed allo-
cation procedure, adequate power for its
primary outcome measure and minimal
loss of participants (OCEBM Ib). The
participants, aged 18 to 35 years, had a
high pre-injury activity level of median
9 on the Tegner Activity Scale. There
were no differences in meniscal injury
or meniscal surgery between the groups
at baseline. During follow-up, however,
patients randomized to non-surgical
treatment (structured rehabilitation
with the option of subsequent ACL re-
construction) reported signs and symp-
toms of serious meniscal injury almost

14 times more frequently and required
four to five times more surgical meniscal
procedures compared with the patients
who were randomized to surgical treat-
ment (structured rehabilitation and ACL
reconstruction within 10 weeks). In the
recently published five-year follow-up,
Frobell et al.* reported that the partici-
pants randomized to non-surgical treat-
ment continued to undergo significantly
more repetitive surgery on their index
knee menisci.

These results were supported by two
non-randomized controlled trials (OCE-
BM IIb) by Fithian et al.*® and Meunier
et al.”®? in which non-surgical treatment
was also associated with a significantly
increased risk of subsequent meniscal
surgery. However, a high risk of both se-
lection and performance bias might limit
the accuracy of the estimates. In addi-
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tion, these findings are contradicted by
a cohort study with a two-year follow-up
by Grindem et al.®® (OCEBM IIb) and
a case-control study with a 10-year fol-
low-up by Meuffels et al.’®! (OCEBM
IIIb) that did not find any significant
differences in meniscal injury or surgery
between surgically and non-surgically
treated patients. However, in the study by
Meuffels et al.,'! the risk of meniscecto-
mies was noticeable and did in fact reach
borderline significance in favor of surgical
treatment (40% [10/25] vs. 12% [3/25],
RR=3.3 [95% CI, 1.0-10.7], p=0.043).

Although there was a risk of bias in the
study by Frobell et al.>* (no blinding of
participants, personnel or assessors, as
well as the between-groups spill-over of
participants), it is still, to our knowledge,
the only RCT that has investigated the
non-surgical vs. surgical treatment of
ACL injuries. Two recent meta-analyses
have compared the minimum 10-year
outcomes of the non-surgical and surgical
treatment of ACL-injured individuals.
Chalmers et al.”” reported that non-sur-
gically treated patients required twice as
much meniscal surgery compared with
patients that underwent ACL recon-
struction (29% vs. 14%, p=0.002). Smith
et al.”” also found that participants who
underwent surgical treatment had a low-
er probability of partial meniscectomy
compared with non-surgically treated
participants (OR=0.2 [95% CI, 0.1-0.5]).

It is well acknowledged that individuals
with an ACL injury run a greater risk
of developing osteoarthritis compared
with their non-injured counterparts; ad-
ditional meniscal injury or meniscectomy
are also recognized as further increasing
this risk 14 90.110,117,127,144,216,234,235 Tf ACL

reconstruction actually does reduce the

risk of subsequent meniscal injury, it
would also, by implication, be expected
to reduce the risk of osteoarthritis in the
long term as well. This has not yet been
established.?** Two meta-analyses have
shown that, after 10 years, radiograph-
ic signs of osteoarthritis were similar
among surgically and non-surgically
treated patients respectively (35% vs.
33%, p=0.768)* and (OR=1.6 [95% ClI,
1.0-2.4], p=0.05)"¢, although this has
been challenged in the meta-analysis by
Ajuied et al.,> who reported an increased
risk of developing radiographic osteo-
arthritis after 10 years of non-surgical
treatment of ACL injury (RR=5.0 [95%
CI, 2.5-10.2], p<0.001).

The timing of surgical treatment was
not clearly associated with the risk of
meniscal injury or surgery after ACL
injury. If an individual with an ACL
injury comes to the decision to undergo
surgical treatment, the rationale of early
surgery is to minimize the risk of further
meniscal and chondral injuries, as well
as an expected earlier return to sporting
or occupational activities. In contrast,
delayed surgery allows for adequate de-
cision-making, as well as optimal mental
and physical preparation, as not every
patient requires surgery.

The studies which investigated the
injury-to-surgery interval, displayed
marked heterogeneity with regard to
participants, interventions, comparisons,
outcome measures and study design [I,
II1]. This diversity made comparison
and inference complex. The RCT by
Bottoni et al.?! found more meniscal
injuries among patients who underwent
early (within three weeks) as compared
to delayed reconstruction (beyond six
weeks). There is, however, concern
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about performance and detection bias
that limits the generalizability of this
study. First, the patients randomized to
early surgical treatment were scheduled
for surgery at the earliest possible date
without any exceptions for swelling,
limited range of motion or pain, which
cannot be considered customary. Second,
although the total number of meniscal
injuries was higher in the early group,
most of these tears were small lateral
posterior horn tears that required mini-
mal debridement. Moreover, in the early
group, twice as many medial meniscal
tears were reparable compared with the
tears in the delayed group.

The three other RCTs!?2 12165 that did
not find any differences between early
and delayed surgery comprised small
samples and did not present a sample size
calculation or adequate power for differ-
ences in meniscal outcomes. In 2010,
Smith et al."” published a meta-analysis
of early versus delayed surgery (within
three weeks vs. after six weeks post-inju-
ry) and found no increased risk of menis-
cal injury with delayed surgery (RR=0.92
[95% CI, 0.7-1.2], p=0.53). Their search
strategy identified 254 records (of which
six papers were included) compared with
7,154 records in Study III (of which 22
papers were included), which provides an
example of precision vs. recall.

The quandary is that the classification
of early and delayed surgery by Smith et
al.'® is arbitrary, since there is no con-
sensus in the literature on what is to be
considered as early or delayed surgery. In
fact, within three weeks or beyond six
weeks are still intervals located at the very
early end of the wide injury-to-surgery
spectrum, which is an important fact that

is clearly elucidated in Study III. This il-

lustrates the important complementary
effects of systematic reviews employing
meta-analysis and data-synthesis in order
to fully investigate an objective.

To summarize, the literature provided
limited evidence from which to draw
any conclusions with regard to the as-
sociation between the timing of surgi-
cal treatment and the risk of meniscal
injury or surgery. Nonetheless, other
investigators have found a relationship
between delayed surgical treatment and
the development of meniscal injuries.
Based on a large patient sample from the
Norwegian National Knee Ligament
Registry, Granan et al.® found small yet
significantly increased odds of meniscal
tears for each month that elapsed since
ACL injury. In addition, several case
series have reported significantly more
meniscal tears among patients who have
undergone ACL reconstruction beyond
six months'®2% as well as 12 months,3"%%
% and the menisci were also significantly
less likely to be salvageable.*

12,13, 46, 70, 106, 149 gosecsed me-

Six studies
niscal injury or surgery based on graft
selection. None of these studies had me-
niscal outcomes as a primary objective
and none presented adequate power to
show a relevant difference with regard
to this outcome. In all but one study,
outcomes were clinically similar. In the
RCT by Barenius et al.,"® which was also
the study with the highest quality, the
PT group had a larger proportion of me-
niscal surgery after index reconstruction
compared with the ST group (12% [9/78]
vs. 7% [5/75], RR=1.7 [95% CI, 0.6-4.9],
p=0.304) [1I, III]. In a systematic review
by Herrington et al.,” there was no dif-
ference with respect to meniscal com-

plications between the HT and the PT
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group. In 2011, the Cochrane Collabo-
ration published a systematic review'® of
graft selection for ACL reconstruction
in adults and noted that complications
were inconsistently reported and that
no conclusions could be drawn based on
graft selection. Consequently, when the
identified studies are taken into account,
a type Il error cannot be ruled out. As a
result, a conclusion with regard to any
association between graft selection and
meniscal complications is uncertain.

The rationale of the double-bundle ACL
reconstruction is allegedly a more an-
atomical approach with less rotational
laxity, which would in theory reduce the
risk of subsequent injury to menisci and
hyaline cartilage. However, none of the
identified studies®” 8 137 225 226 of sin-
gle-bundle vs. double-bundle reconstruc-
tion reported any difference with regard
to meniscal complications between these
two techniques [II]. No study presented
adequate statistical power to be able to
rule out a type II error. Interestingly, a
more recently published systematic review
by the Cochrane Collaboration®"® found
significantly fewer patients with new me-
niscal injuries in the double-bundle than
the single-bundle group (4% [9/240] vs.
7% [24/358], RR=0.5 [95% CI, 0.2-0.9])
and this remained statistically significant
after the exclusion of quasi-randomized
trials. The authors concluded that dou-
ble-bundle reconstruction may have some
superior results when it comes to protec-
tion from recurrent injury. It is important
to note, however, that the systematic
review by the Cochrane Collaboration
included PT reconstructions in the sin-
gle-bundle group.

Study I identified three studies that
investigated associations between graft
fixation and meniscal complications.
Harilainen et al.”" investigated pins vs.
metal interference screws, while Laxdal
et al.’”! and McGuire et al.'* investiga-
ted bioabsorbable vs. metal interference
screws. There were no statistically sig-
nificant or clinically relevant differences
between patient groups based on graft
fixation. Two recent systematic reviews
by Shen et al.”? and Colvin et al.** have
also assessed graft fixation in ACL re-
construction, but they did not report on
meniscal complications.

The rationale of a post-operative knee
brace after ACL reconstruction is to
protect the intra-articular structures by
enhancing neuromuscular control and
restraining extremes of range of motion.
In theory, less meniscal and chondral
damage would be expected. Study I iden-
tified four RCTs!® 2% 143168 that investi-
gated the effect of bracing on meniscal
complications after ACL reconstruction.
The outcomes between patients treated
with and without a brace were clinically
similar. However, the patient samples
were small and none of the studies had
performed a sample size calculation of
a relevant difference with regard to me-
niscal complications. Similar results were
reported by Wright and Fetzer??? who, in
their systematic review of bracing after
ACL reconstruction, found no evidence
that subsequent injuries were prevented
by using a brace.
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5.2 CHONDRAL INJURY AND SURGERY

The timing of surgical treatment, spe-
cifically delayed ACL reconstruction,
was not found to be associated with an
increased risk of chondral injury. Three
RCTs? 122165 and one cohort study?**
investigated this but did not find any
association [I, III]. However, as none
of the studies presented adequate pow-
er, a type II error cannot be ruled out.
Interestingly, several other studies, in-
cluding registry-based cohort studies®”
6 and case series,5 5% % 139 148,204 }5ue
noted that delayed surgical treatment
significantly increased the likelihood
of chondral complications after ACL
injury. On the other hand, Kluczynski
et al.” found increased odds of early
surgery among patients with chondral
injuries. Moreover, Rotterud et al.'’®
have reported that an injury-to-surgery
interval of more than 12 months, as well

5.3 REVISION SURGERY

as male sex, male handball players, in-
creasing age and previous surgery, were
associated with full-thickness chondral

injuries (ICRS 3-4).

Only one study investigated the effect of
graft selection on chondral complications.
Harilainen et al.” found no significant
difference between patients who received
HT autografts and PT autografts, al-
though there were twice as many chon-
dral operations in the HT group [II]. The
study was, however, powered to detect
differences in the Lysholm knee score and
not chondral complications. Although
there are numerous systematic reviews of
graft selection in ACL reconstruction, it
is difficult to put these findings in con-
text, because reports on chondral injury
and surgery are rare.’»51: 9275136200

Adolescence (patient age 13 to 19 years)
was associated with a more than two
times greater risk of revision surgery
compared with older age [V]. No other
studies that analyzed the association be-
tween patient age and revision surgery
were identified [I, II]. It remains un-
known whether this finding represents a
significant difference in ipsilateral graft
injuries or revision surgery exclusively.
Moreover, it is important to consider that
the follow-up time was only two years.
Younger patients might have a higher
pre-injury activity level,”! in addition
to an eager early return to strenuous
activities, and would therefore choose
to undergo revision surgery at an earlier

stage compared with their older counter-
parts. In fact, Desai et al.*® showed that
increasing patient age was associated
with significantly longer injury-to-sur-
gery intervals. It is therefore not known
whether the rate of revision surgery is
similar among older individuals, only
that this occurs beyond two years. Data
on activity level were not available in the
Swedish National Knee Ligament Reg-
ister at the time of the study, thus not
allowing for adjustment in the analysis.
Whether there are other important bio-
logical factors associated with young age
per se, is not known. Nevertheless, the
results are validated by several previous
and subsequent studies that have consist-
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ently reported a higher rate of graft fail-

ure and revision surgery among young
patients 58, 61,99, 108, 116, 120, 121, 161, 217, 218

Sustaining an ACL injury while playing
soccer was associated with a small yet
significantly increased risk of revision
surgery compared with all other activi-
ties [V]. No other studies that analyzed
the association between activity at the
time of injury and revision surgery were
identified [I, II]. In all, effect sizes were
clearly small and, among females, the risk
was of borderline significance. However,
individuals with a combination of the
two risk factors (adolescence and playing
soccer) ran an almost three times higher
risk of revision surgery. Interestingly, in
a recent and much larger cohort study
by Gifstad et al., based on data from
all three Scandinavian ACL registries,
activity at the time of ACL injury was no
longer associated with the five-year risk
of revision surgery, even if soccer, hand-
ball and alpine activities were grouped
and analyzed together as pivoting activi-
ties. The study based on all Scandinavian
registries and Study V are comparable in
terms of patients and methods, as well as
statistical analyses; as a result, the larger
data set in the paper by Gifstad et al.®" is
believed to provide more accurate infer-
ences and generalizability.

'The timing of surgical treatment was not
found to be associated with the risk of re-
vision surgery [IV], which was support-
ed by one RCT"™ and one cohort study®*®
[1, III]. There are, however, important
limitations to consider. The results in
Study IV were not adjusted for pre-in-
jury activity level, which is important,
as activity level and injury-to-surgery
interval might display inverse propor-
tionality (i.e. a high pre-injury activity

level is associated with earlier ACL re-
construction, should the patient choose
to undergo surgical treatment). Without
an adjustment of this kind, higher revi-
sion rates after early reconstruction could
potentially be misinterpreted as being at-
tributable solely to the injury-to-surgery
interval. Furthermore, patients undergo-
ing early reconstruction might undergo
potential revision surgery at an early
stage as well, which would be detected
during study follow-up and possibly bias
results towards lower revision rates af-
ter delayed reconstruction. Finally, the
decision to delay reconstruction might
be based on low functional demands,
adaptation to an injured knee or fear or
sustaining other injuries, which in turn
reduces the risk of exposing the knee to
strenuous activities and subsequent graft
failure. However, the pre-injury activity
level was not available in the Swedish
National Knee Ligament Register at the
time of the study. The studies identified
in Studies I and III found only minimal
differences in revision surgery between
groups but did not present a sample size
calculation or adequate power to identify
relevant differences.

For many years, graft selection in pri-
mary ACL reconstruction has been an
area of intense discussion and research,
although the HT and the PT autografts
are currently without question the most
common choices in both research and
clinical practice.’®® In Study IV, based
on data from 13,000 patients, graft se-
lection between an HT autograft and a
PT autograft was not found to be asso-
ciated with the risk of revision surgery,
which was in accordance with the results

of twelve RCTs!2 13 42, 46, 70, 85, 102, 118, 149,
181,188,229 jdentified in Studies II and III.



DISCUSSION | 57

These results are supported by several
mid-term® 7 and long-term studies'®*
162,180 35 well as systematic reviews.'”
75,166,200 T fact, the Cochrane Collab-
oration™® has systematically reviewed
outcomes of ACL reconstruction with
regard to graft selection between HT
and PT autografts. The difference in
re-ruptures between the two groups was
small and not statistically significant
(PT 2.6% vs. HT 3.3%, RR=0.78 [95%
CI, 0.41-1.50]. Even when the analyses
were stratified into quasi-randomized
studies and randomized studies, the
results remained insignificant. The rates
of revision surgery were, however, incon-
sistently reported across studies to enable
a meaningful comparison between PT
and HT reconstructions. These findings
were substantiated in a more recent me-
ta-analysis by Li et al.’ (HT 5.0% vs.
PT 3.8%, RR=1.37[95% CI, 0.67-2.81]).

However, contrary to consistent findings
in recent years, there is now emerging
evidence from large registry-based
cohort studies from Scandinavia®" "
164 and the United States (Kaiser Per-
manente Anterior Cruciate Ligament
Reconstruction Registry)"” 2! that the
risk of revision surgery is, in fact, sig-
nificantly higher for patients who have
received an HT autograft reconstruction.
The study by Gifstad et al.,** based on
more than 45,000 patients from Norway,
Sweden and Denmark, showed that the
five-year risk of revision was significantly
lower in the PT group compared with
the HT group (2.8% vs. 4.2 %, adjusted
HR=0.63 [95% CI, 0.53-0.74]). Based on
10,000 patients registered in the Kaiser
Permanente ACL Reconstruction Reg-
istry, Maletis et al.”?' showed that the
HT autograft carried an increased risk

of revision surgery compared with the
PT autograft (2.4% vs. 1.9%, HR=1.53
[95% CI, 1.16-2.02]). Nevertheless, it is
important to note that these numbers
indicate successful ACL reconstructions
with an overall low five-year risk (less
than 5%) of revision surgery in both

Scandinavia and the USA.

To summarize, it appears that most
systematic reviews only find relevant
differences with regard to graft-specific
harvest-site symptoms and instrument-
ed laxity. The recent findings from the
national and regional registries are very
interesting and suggest that it takes
patient samples of considerable sizes, as
suggested by Salmon et al.,'? in order to
detect statistical significance regarding
graft failure and revision surgery. In
spite of this, there appear to be small or
no differences in clinical relevance that
justify discontinuing the use of one graft
type in favor of the other. Instead, small
advantages or disadvantages, e.g. har-
vest-site symptoms and strength deficits,
associated with certain graft types might
be of great importance when it comes to
tailoring surgical treatment for every
unique ACL-injured individual.

It has been suggested that the dou-
ble-bundle ACL reconstruction more
closely mimics the anatomy and function
of the native ACL compared with the
commonly used single-bundle technique
in order better to withstand both anteri-
or translation and rotation of the tibia.
In theory, this construct accomplishes
increased stability and presumably
also a reduced risk of subsequent graft
failure and a need for revision surgery.
Although ACL reconstruction with the
double-bundle technique produced bet-

ter short-term stability, it was not found
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to be associated with a lower risk of graft
failure®” # or revision surgery [1I, IV].

In a systematic review, Meredick et al.'*°
concluded that the double-bundle recon-
struction does not provide any clinically
relevant advantages with regard to knee
joint stability. In 2012, the Cochrane
Collaboration** showed that dou-
ble-bundle reconstruction was associated
with a small yet significantly larger pro-
portion of patients with normal or nearly
normal rotational knee stability tested
by the pivot-shift test (98% vs. 92%,
RR=1.06 [95% CI, 1.02-1.09]), although
it was not associated with a reduction in
graft failure compared with single-bundle
reconstruction (0.5% vs. 2.2%, RR=0.45
[95% CI, 0.07-2.90]). In addition, three
more recent systematic reviews'? 224 232
have reported less anterior and rotational
knee laxity, but not graft failure, in favor
of double-bundle reconstruction. These
findings support the view that the dou-
ble-bundle technique must contribute to
a clinically relevant reduction in com-
plications, e.g. revision surgery, before
it can be regarded as the new standard
for modern ACL reconstruction. This is
because it potentially adds to operating
time, surgical complexity and cost*” and
because cost-effective interventions are

crucial for the sustainability of modern
health care 220

Successful ACL reconstruction is highly
dependent on techniques that keep the
new ligament in a satisfactory position,
without being affected by mechanical
loading during rehabilitation. Satisfac-
tory fixation should hold the graft firmly
in place for at least three to six months
following reconstruction to allow for
the optimal healing of the bone-tendon
interface.’”® Graft fixation with a met-

al interference screw was found to be
associated with a significantly reduced
risk of revision surgery. However, the
difference was small and only attribut-
able to the subgroup of patients who re-
ceived ST autograft fixation on the tibia.
Moreover, it was not possible to obtain
support for this finding, as there were
only two RCTs™" 7 that assessed metal
interference screws in comparison with
cross-pin fixation [I]. In fact, different
fixation techniques have not been shown
to produce clinically relevant differenc-
5.3 125: 192,199 Tp view of these findings,
it was not possible to conclude that metal
interference screw fixation is superior to
other fixation techniques in preventing
revision surgery.

'The idea of supporting the healing graft
during incorporation after ACL recon-
struction is appealing. In 1980, Kennedy
et al.” proposed the use of a ligament
augmentation device (LAD) which
would, in theory, protect the graft from
excessive elongation and rupture during
rehabilitation. It is therefore surprising
that only one study® was identified, in
which the protective properties of lig-
ament augmentation was assessed, al-
though graft failure was not the primary
outcome. After two years of follow-up,
Grentvedt et al.*” found that the device
made no difference to the results but did
not present adequate power to detect a
relevant difference in graft failure or re-
vision surgery between the study group
with and without ligament augmentation
[I]. After eight years, there was still no
difference with regard to failure rate®
and the LAD was withdrawn from the
market in 2000.13#

Like ligament augmentation, the use of a
post-operative knee brace is also thought
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to protect the healing graft by the me-
chanical restraint and improvement of
neuromuscular control. Only one RCT?®
(OCEBM 1Ib) was identified that as-
sessed the protective properties of a knee
brace or a neoprene sleeve on subsequent
revision surgery [I]. The two-year rate
of graft failure and revision surgery was
equal in both study groups, although the

primary outcome was a patient—reported

outcome measure with a corresponding
sample size calculation. The conclusion
that a post-operative knee brace after
ACL reconstruction does not protect
the knee from complications, such as
meniscal injury or surgery, chondral in-
jury or surgery, or revision surgery, is in
agreement with three other systematic
reviews 9% 222,223

5.4 CONTRALATERAL ACL RECONSTRUCTION

Patient sex was not associated with
the risk of contralateral ACL recon-
struction, which is consistent with the
population-based study with a five-year
follow-up by Wasserstein et al.?’” This
finding is also supported by three long-
term studies with 15-year follow-ups®*
82,104 and a meta-analysis,"” all of which
report no difference in contralateral graft
survival based on patient sex.

Adolescence (patient age 13 to 19 years)
was associated with a more than two
times higher five-year risk of contralat-
eral ACL reconstruction compared with
older age. This finding is consistent with
previous studies. The population-based
study by Wasserstein et al.?’” reported
that patient age of 15 to 19 years was
associated with a doubled five-year risk
of contralateral ACL reconstruction
(HR=2.1[95% CI, 1.6-2.7], p<0.0001). In
addition, a cohort study by Leys et al.'
and two case series by Bourke et al.?? and
Hui et al.?? all showed that contralateral
graft injury was at least twice as com-
mon among adolescents compared with
older participants during their 15-year
follow-ups. Finally, a recent case-control
study by Webster et al.® also found that

patients who had undergone contralat-
eral ACL reconstruction had more than
three times higher odds of being younger
than 20 years of age at the time of index
reconstruction. It is not known wheth-
er age per se is a risk factor or a proxy
measure for unknown factors, e.g. activ-
ity level. Data on activity level were not
available in the Swedish National Knee
Ligament Register at the time of Study
V1. However, other studies have shown
a relationship between younger age and
higher activity level.!-26. 191, 218

In contrast to the risk of revision surgery,
activity was not associated with the risk
of contralateral reconstruction. To our
knowledge, this is the first study to in-
vestigate this association. On the other
hand, Salmon et al.’®® and Webster et
al.?"® found significantly more contralat-
eral injuries among individuals who
returned to cutting or pivoting activities
compared with those who did not.

Graft selection between an HT auto-
graft and a PT autograft at index ACL
reconstruction was not associated with
the risk of contralateral ACL reconstruc-
tion. Two long-term studies with 15-year
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follow-ups have assessed the association
between graft selection and contralateral
injury and presented contrasting results.
Bourke et al.?? reported that contralateral
graft survival was similar between the
HT and the PT group throughout the
follow-up (HR=1.5 [95% CI, 1.0-2.2],
p=0.061), whereas Leys et al.'™ noted
that, although contralateral graft sur-
vival was comparable during the first
five years after index reconstruction,
the PT group had sustained twice as
many contralateral graft injuries at final
follow-up (26% vs. 12%, OR=2.6 [95%
CI, 1.1-5.9], p=0.022). The basis for this
difference is unclear. Patient selection
was not randomized, but similar surgical
techniques and rehabilitation protocols
were used and more than 80% follow-up
was achieved in both studies.

Among females, harvesting an HT
autograft from the contralateral knee
was associated with a more than three
times higher five-year risk of contralat-
eral ACL reconstruction compared with
harvest from the ipsilateral knee that
was subject to reconstruction. No such
associations were found among female
participants with PT autograft recon-
structions or among male participants.
Study II identified one RCT?*7 that
investigated harvest-site morbidity, but
this study did not analyze the need for
subsequent surgery. To our knowledge,
only McRae et al.'?® have reported results
of an RCT of ipsilateral versus contralat-
eral hamstring harvest. After two years
of follow-up, there were no differences
between the two groups with regard to
patient-reported outcome, strength or
pain. Only one participant, in the con-
tralateral group, suffered a contralateral
ACL injury. As a result thereof, an anal-

ysis of a possible association with harvest
site was not meaningful.

Study V1is a landmark study of the asso-
ciation between graft harvest site and the
risk of contralateral ACL reconstruction.
'This association might be attributable to
a combination of different factors. It is
well known that the hamstrings perform
an important agonist function with
regard to the ACL in restraining the
forward translation of the tibia relative
to the femur. Harvesting the hamstring
tendons during ACL reconstruction is
also known to cause significant ham-
string muscle strength deficits, which
have been shown to persist for up to five
years after ACL reconstruction.’” More-
over, female athletes have been reported
to possess more lax hamstrings®® and
higher mean anterior tibial translation
compared with males at comparable
forces,” which may lead to the delay
or absence of hamstring muscle activa-
tion,’ %230 which in part might explain
the three times higher risk of sustaining
a primary ACL injury'®® compared with
their male counterparts. The native ACL
in females is, by implication, more likely
to depend on the unrestricted perfor-
mance of the hamstrings rather than
the quadriceps,” compared with the
male ACL. As a result, harvesting the
contralateral hamstring tendons might
theoretically increase the risk of con-
tralateral ACL injury and subsequent
reconstruction.

This finding is intriguing. However,
the potential implications for clinical
practice are still unknown and should
be treated with caution owing to the fact
that this is the first study to show this
association. Further research is likely to
have an important impact in this area.
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5.5 LIMITATIONS AND STRENGTHS

It is important to consider both the lim-
itations and the strengths of this thesis.
Work on the first two studies began in
April 2007. During this period, a great
deal of research has been undertaken and
many papers have been published. More-
over, knowledge based on data from the
Scandinavian ACL registries has started
to attract widespread attention. This
thesis is based on systematic reviews and
registry-based cohort studies. It does not
include interventional studies. In a regis-
try-based cohort study, it is not possible
to prove causality, primarily due to the
risk of selection and performance bias.
In order to establish contributory causes,
it is necessary to perform a controlled
interventional study with adequate ran-
dom allocation of known and unknown
confounding factors, i.e. an RCT or a
meta-analysis of these studies with sig-
nificant homogeneity across all studies
with regard to participants, interventions,
comparisons, outcomes and settings.

A systematic literature search is essential
to a systematic review. The fact that the
electronic literature searches in Studies I
and II were only carried out in PubMed
and not EMBASE and CENTRAL as
well, compared with Study III, is there-
fore a limitation. Moreover, depending
on the search strategy, an electronic
literature search might not be sufficient
to detect every record relevant to the
objective. Sometimes, a hand search of
pertinent journals reveals papers that
have not been indexed in the database.

In registry-based cohort studies with
large patient samples, it is possible to
obtain statistically significant differences

that might not be of clinical relevance.
Consequently, it is important always
to consider the statistics and effect size
in detail before implementing any ad-
vancement in clinical practice. Studies
IV, V and VI were based on data from
the Swedish National Knee Ligament
Register and not all the Scandinavian
ACL registries in Norway, Sweden and

Denmark.

In the Swedish National Knee Ligament
Register, data on activity level, injury
mechanism, graft failure and non-sur-
gical treatment were not available at the
time of data collection in Studies IV,
V and VI. It was therefore not possible
to adjust for the possible confounding
properties of activity level. Moreover, the
rate of graft failure was not possible to
determine, because these events are not
identified by the registry. Furthermore,
activity at the time of ACL injury is only
assumed to correspond to the primary
pre-injury activity and, hopefully, also
the primary post-injury activity, which
are not necessarily the same. In Study
VI, it would have been interesting to
include a control group comprising
ACL-injured individuals who underwent
non-surgical treatment but subsequently
sustained a contralateral ACL injury.

'The length of follow-up in Studies IV, V
and VI was two and five years respective-
ly, which can be regarded as short and
mid-term. However, in a registry-based
cohort study, the length of follow-up has
to be carefully balanced with respect to
the patient sample, as patients enter the
registry continuously and not all at the
same time. In fact, 70-90% of the in-
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cluded RCTs had short-term follow-ups
[I, II]. A longer follow-up is not always
better. Instead, the follow-up has to be
considered with the outcome measures
in mind. In Studies IV and V, the aim
was to investigate factors that predispose
individuals to the need for early revision
surgery and not revision surgery overall.

The main strength of this thesis is clearly
the comprehensive scope and high recall
in the investigation of four important
complications after ACL injury. In
addition, the fact that the results were
supported by those reported elsewhere
suggests high external validity. Studies
I, IT and III used extensive electronic
literature searches and included 131
RCTs and cohort studies respectively.
'The included papers were also carefully
assessed with regard to quality.

The registry-based cohort studies, IV,
V and VI, comprised data from a large
sample of ACL-injured individuals
with well-defined end points instead
of indistinct outcome measures such as
graft failure and contralateral ACL in-
jury, which are subject to a wide variety
of interpretations. Another important
strength is the quality of the data source;
the Swedish National Knee Ligament
Register has excellent coverage (93%)
and completeness (89%).

Finally, all the studies in this thesis dis-
played high levels of evidence (OCEBM
IIa and IIb) and the conclusions were
classified according to GRADE? to en-
able the reader to determine the quality
of the evidence behind each conclusion.






“Long experience has taught

me this about matters requiring
thought: the less people know and
understand, the more they attempt
to argue, while on the other hand
to know and understand renders
men cautious in passing judgment
upon anything new.”

Galileo Galilei



S1X
CONCLUSIONS

6.1 MENISCAL INJURY AND SURGERY

Non-surgical treatment of ACL injury was a predictor of meniscal injury and a need for

meniscal surgery (GRADE B)

The timing of surgical treatment, graft selection, single-bundle or double-bundle recon-
struction, graft fixation and the use of a post-operative knee brace were not predictors of
meniscal injury or a need for meniscal surgery (GRADE D)

6.2 CHONDRAL INJURY AND SURGERY

The timing of surgical treatment and graft selection were not predictors of chondral

injury or a need for chondral surgery (GRADE D)

6.3 REVISION SURGERY

Age 13 to 19 years and ACL injury while playing soccer were predictors of a need for
revision surgery (GRADE C)

Patient sex, height, weight, BMI, use of tobacco, the timing of surgical treatment, graft
selection, graft size, single-bundle or double-bundle reconstruction, graft fixation, meniscal
and chondral injuries were not predictors of a need for revision surgery (GRADE C)

A ligament augmentation device or a post-operative knee brace did not reduce the risk

of revision surgery (GRADE D)

6.4 CONTRALATERAL ACL RECONSTRUCTION

Age 13 to 19 years was a predictor of a need for contralateral ACL reconstruction (GRADE C)

In females, contralateral hamstring tendon harvest was a predictor of a need for con-

tralateral ACL reconstruction (GRADE C)

Patient sex, activity at the time of injury, graft selection, meniscal and chondral injuries
were not predictors of a need for contralateral ACL reconstruction (GRADE C)



“The scientific man does not aim at an
immediate result. His work is like that
of the planter - for the future. His
duty is to lay the foundation for those

who are to come, and point the way.”

Nikola Tesla
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FUTURE PERSPECTIVES

There is much to be gained from con-
sensus. Research would benefit greatly
from consensus on a strict selection of
valid, reliable and responsive outcome
measures that reflect both objective and
subjective constructs. In addition, these
outcome measures have to be relevant
with regard to clinical practice and, in
the end, our patients. Encouraging work
has fortunately already begun.!®

There is a need for agreement on what
is to be regarded as a clinically relevant
effect size for each outcome. This would
hopefully promote the use of sample size
calculations. Moreover, the consistent
reporting of results is required. Risk
estimates and confidence intervals are
indispensable complements to p values in
order to facilitate future data analyses in
systematic reviews. However, the seduc-
tive simplicity of statistics is a comple-
ment to, but can never replace, common
sense.” Just as it is not possible to draw
a general conclusion from a single event,
inference from a sample only applies
to other similar samples and not to the
unique individual. The responsibility for
accomplishing all of this lies not only
with study investigators but with ethical
review boards and journal reviewers and
editors as well.

Today, the potential value of registry
data is unquestionable. Nonetheless, the
results are never better than the quality
of the data source. Continuous improve-

ments are important in order to maintain
credibility and high-quality research. In
the Swedish National Knee Ligament
Register, work has begun with the in-
clusion of all ACL-injured individuals
regardless of treatment, the removal of
variables with poor reliability and in-
creasing patient response rates.”'’ There
is, however, concern about missing or
inaccurately reported data, which might
be reduced by a coordinating controller.
Suggestions regarding possible improve-
ments also include using data on main
pre- and post-injury activity, including
the level of activity, injury mechanism,
turf material and menstrual cycle.

Finally, it is important to continue to
investigate the potentially protective
properties of the hamstrings in females
in addition to the implications of surgical
vs. non-surgical treatment of individuals

with ACL injury.
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