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4. Abstract in English

Background
Focal cartilage lesions are common in knees. No treatment strategy for such lesions

has been shown to be superior. Few studies have reported the long-term prognosis, and
the risk of subsequent knee arthroplasty is unknown.

Aims

The aim of the studies was to evaluate the long-term patient-reported outcomes and the
risk of subsequent knee arthroplasty in patients with focal cartilage lesions in the knee.
Furthermore, to evaluate the patient-reported outcomes (PROM) after knee
arthroplasty in patients with a history of focal cartilage lesions.

Methods

Patients with arthroscopically verified focal cartilage lesions in the knee and at least
one patient-reported outcome, between 1999-2012 from six Norwegian hospitals were
identified. The patients received a questionnaire regarding their current knee function,
characteristics, any additional knee surgery, and Knee injury and Osteoarthritis
Outcome score (KOOS). The patient cohort was linked to the Norwegian Arthroplasty
Register (NAR) and any ipsilateral knee arthroplasty was registered. A matched cohort
from NAR received the same questionnaires.

Results

Of the 516 eligible, 322 patients (328 knees) consented to participate in the cartilage
cohort. The mean age at the time of arthroscopically verified cartilage lesion was 36.8
years. The mean follow-up period for the cartilage cohort was 19.8 years. The 20-year
cumulative risk of knee arthroplasty was 19.1%, which was significantly higher than
that in the age-matched Norwegian general population. Surgical treatment of the lesion

did not reduce the risk of later knee arthroplasty compared to non-surgical.

Subsequent cartilage surgery had been performed in 17.7 % of the patients. Patients
treated with autologous chondrocyte implantation had significantly higher KOOS QoL
subscores (+18.2) and a lower risk (odds ratio 0.3) of treatment failure. A body mass
index >25 was associated with a lower KOOS QoL subscore and a higher risk of knee

arthroplasty.
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Patients with knee arthroplasty with a history of focal cartilage lesions reported
significantly lower KOOS subscores (Symptoms -8.4, Pain -11.8, and QoL -10.6) and
had significantly lower odds of reaching the Patient Acceptable Symptoms State
(PASS) for the KOOS subscores (odds ratio: Symptoms 0.4, Pain 0.3 and QoL 0.4)
than the matched cohort.

Conclusion

At a mean 20-year follow-up, patients with previous focal cartilage lesions in the knee
had a significantly increased risk of knee arthroplasty compared with the general
population. Patients treated with ACI had significantly better PROM and lower odds of
treatment failure than those without surgical cartilage treatment. At mid-term follow-
up, patients who underwent knee arthroplasty after a previous cartilage lesion had
lower PROM scores and lower odds of reaching the PASS threshold than a matched
cohort compared to the control group.

Implications

Focal cartilage lesions may significantly impair the quality of life. Improvement in
knee function can be anticipated regardless of the treatment strategy; however, normal
knee function following a symptomatic lesion is rarely achieved. Current treatment
options do not seem to reduce the risk of knee arthroplasty and randomised control
trials including an arm of sham surgery should be performed. Lowering body mass
index appears to be the only modifiable risk factor for reducing the risk of poor
treatment outcomes. Previous cartilage lesions predict poor outcomes, even after knee
replacement surgery. These are important factors to consider in shared decision making

regarding the choice of optimal treatment in patients with cartilage lesions.
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5. Sammendrag

Bakgrunn
Fokale brusklesjoner er vanlige i kneet. Ingen av behandlingsmodaliteten for slike
lesjoner er vist & veere bedre enn andre. Fé studier har rapportert den langsiktige

prognosen, og risikoen for pafelgende kneprotesekirurgi er ukjent.

Formal

Kartlegge de langsiktige pasientrapporterte resultatene og risikoen for pafelgende
kneprotesekirurgi hos pasienter med fokale brusklesjoner i kneet. Kartlegge
pasientrapporterte resultater (PROM) etter kneprotesekirurgi hos pasienter med

tidligere fokale brusklesjoner.

Metode

Pasienter med artroskopisk verifiserte fokale brusklesjoner i kneet, og minst ett
pasientrapportert utkomme, operert mellom 1999-2012 ved seks norske sykehus, ble
identifisert. Pasientene mottok et sparreskjema angéende deres naveaerende
knefunksjon, karakteristika, eventuelle tilleggsoperasjoner i kneet og Knee injury and
Osteoarthritis Outcome score (KOOS). Pasientkohorten ble koblet til Nasjonalt
Register for Leddproteser (NRL) og eventuelle kneproteser pd samme side ble

registrert. En matchet kohort fra NRL mottok de samme spoarreskjemaene.

Resultater

Av de 516 pasientene som ble identifisert, samtykket 322 pasienter (328 knzer) til &
delta i bruskohorten. Gjennomsnittsalderen ved tidspunktet for artroskopisk verifisert
brusklesjon var 36,8 ar. Gjennomsnittlig oppfelgingstid i bruskohorten var 19,8 ar.
Den 20-4rige kumulative risikoen for kneprotese var 19,1 %, som var betydelig hoyere
enn i den aldersmatchede norske normalbefolkningen. Kirurgisk behandling av
lesjonen reduserte ikke risikoen for senere kneprotesekirurgi sammenlignet med ikke-

kirurgisk behandling.

Ytterligere bruskirurgi hadde blitt utfert hos 17,7 % av pasientene. Pasienter behandlet
med autolog kondrocyttimplantasjon (ACI) hadde signifikant heyere KOOS QoL
delskar (+18,2) og lavere odds (odds ratio 0,3) for behandlingssvikt.
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Kroppsmasseindeks (KMI) >25 var assosiert med lavere KOOS QoL delskér og

hayere risiko for kneprotesekirurgi.

Pasienter med kneprotesekirurgi med en historie med fokal brusklesjon rapporterte
signifikant lavere KOOS delskar (Symptomer -8,4, Smerte -11,8, og QoL -10,6) og
hadde signifikant lavere odds for & oppné Pasient Akseptabelt Symptom Niva (PASS)
for KOOS delskarene (Odds ratio: Symptomer 0,4, Smerte 0,3 og QoL 0,4) enn den

matchede kohorten.

Konklusjon

Etter gjennomsnittlig 20-ars oppfelging hadde pasienter med tidligere fokale
brusklesjoner i kneet signifikant gkt risiko for kneprotesekirurgi sammenlignet med
normalbefolkningen. Pasienter behandlet med ACI hadde signifikant bedre PROM og
lavere odds for behandlingssvikt enn pasienter uten kirurgisk bruskbehandling. Ved
oppfelgingen hadde pasienter med kneprotesekirurgi etter en tidligere brusklesjon

lavere PROM-skarer og lavere odds for & na terskelverdien for PASS.

Konsekvenser

Fokale brusklesjoner kan redusere livskvaliteten betydelig. Forbedring i knefunksjon
kan forventes uavhengig av behandlingsstrategi, men normal knefunksjon oppnés
sjelden. Naverende behandlingsalternativer ser ikke ut til & redusere risikoen for
senere kneprotesekirurgi. A redusere KMI synes & vare den eneste modifiserbare
risikofaktoren for & redusere risikoen for darligere behandlingsresultater. Tidligere
brusklesjoner er assosiert med darligere behandlingsresultater selv etter
kneprotesekirurgi. Dette er viktige faktorer som gir felles beslutningsgrunnlag for

pasient og behandler ved valg av optimal behandling for pasienter med brusklesjoner.
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7. Introduction

7.1 Cartilage

7.1.1 Types of cartilage in the human body

There are three types of cartilage in the adult human body!, with different
biomechanical and structural features®. Elastic cartilage can be found in the trachea,
earlobe, and epiglottis for instance'. The random orientation of elastin fibres provides
tissue flexibility and shape®. Fibrocartilage can be found in intervertebral discs,
tendons, menisci, and the symphysis!. This is the hardest cartilage and consists of
more collagen type I and, to a lesser extent, collagen type II'-3. It is avascular and
aneural tissue. The most abundant type of cartilage in the human body' and the focus
of this thesis is hyaline cartilage. It is found in synovial joints and is often referred to
as articular cartilage but can also be found in the nasal septum and costal cartilage.
Hyalin cartilage is also the base of bone formation in embryo!. It is an aneural and
avascular tissue consisting of less than 5% chondrocytes and more than 95%
extracellular matrix (ECM)?. Collagen type II is the most abundant type of collagen in

hyaline cartilage'.
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Fig 1. Schematic drawing of the different structural layers of full-thickness articular
cartilage showing different compositions and component organisation. Reprinted from

Cartilage: From Biology to Biofabrication, Springer Verlag with permission.

7.1.2 Physiology of normal articular cartilage

Articular cartilage is the highly specialized connective tissue of synovial joints. To
provide a smooth, lubricated surface for articulation and to facilitate the transmission
of loads with a low frictional coefficient is the key function®. It is divided into the
superficial-, the middle-, the deep-, and the calcified zones at the border to the
subchondral bone. The superficial layer is in contact with the synovial fluid and plays
an important role in withstanding the sheer, tensile and compression forces imposed on
the joint surface*. The middle zone embodies approximately 50% of cartilage volume
and bridges the superficial and deep layers. The deep zone resists most of the
compressive forces and is separated from the calcified layer by the tide mark. The
calcified layer plays an important role in securing cartilage to the subchondral bone*.
Owing to the avascular nature of cartilage, it is dependent upon motion and
mechanical loading to facilitate fluid containing nutrients and molecules to move into

the cartilage from the synovial fluid®.
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The ECM in articular cartilage is a complex protein network that provides a structural
scaffold and cartilage with unique properties®. Collagen fibrils are a major part of the
ECM, accounting for approximately 2/3 of the dry weight of the adult articular
cartilage. Collagen fibrils display different molecular organisations and orientations
depending on their location in the cartilage. At the joint surface, they run parallel to the
surface, whereas at deeper zones, the fibrils are thicker and perpendicular to the
surface’. Articular cartilage contains several types of collagen, dominated by type I1.
Type XI, and IX are other important collagens almost exclusively found in cartilage®.
The thickness of collagen fibrils increases through the layers of cartilage, with the
deep layer having the thickest fibrils*. The different types of collagen form a complex

architectural network that is difficult to recreate after osteochondral trauma’.

Another key component of the ECM is proteoglycans which consist of a core protein
surrounded by glycosaminoglycan (GAG) chains® and is via glycoproteins® kept in
place by the collagen network®. GAGs are also found in other tissues of the human
body. One of the most studied proteoglycans is aggrecan which together with link
protein and hyaluronan forms the aggrecan-hyaluronan network. This network
immobilises negatively charged ions, resulting in an osmotic process that absorbs
water into cartilage tissue® !°. This is a crucial part of cartilage’s ability to absorb and

distribute mechanical loads.

The most important cell type in cartilage is the chondrocyte which is highly
metabolically active and plays a key role in the development, maintenance, and repair
of ECM*. The cellular organisation of cartilage is consistent between different types of
joints, with only minor variations due to mechanical loading''. In the superficial layer
of articular cartilage, chondrocytes are relatively abundant and oriented parallel to the
surface as flattened and elongated cells that produce hyaluronic acid to lubricate the
joint. Chondrocytes in the middle zone are rounder and produce ECM components,
such as aggrecan and type II collagen. In the deeper layer, chondrocytes are more
scarce and larger, with a hypertrophic appearance at the tide mark'!. Chondrocytes are
surrounded by a pericellular matrix consisting of proteoglycans and glycoproteins

which are contained by collagen fibrils that also involve type IV collagen*”. The
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pericellular matrix does not allow chondrocyte migration to adjacent areas and cell-to-
cell contact is rare. Chondrocytes respond to stimuli, such as growth factors,
mechanical loading and hydrostatic pressure*. As collagen is long-lasting, with a half-

life of 100 years, chondrocytes are mostly involved in the homeostasis of GAGs>.

Approximately 80% of the weight of cartilage consists of water, and most resides in
the interfibrillar ECM. The relative water concentration decreases from approximately
80% in the superficial zone to 65% in the deep zone, and its main function is the
transport of nutrients and inorganic ions to the cells, as well as lubrication*. The ability
of cartilage to withstand extensive loads is dependent on the high frictional resistance

and pressurisation of water in ECM*.

7.1.3 Epidemiology of focal cartilage lesions of the knee

Focal cartilage lesions (FCLs) are one or more well-delineated lesions surrounded by
the normal cartilage. There might be several causes of a FCL, such as trauma,
degeneration, and osteochondritis dissecans. Degenerative lesions usually have poorly
defined borders and are part of generalised degenerative progression (osteoarthritis) of
the joint. FCLs is a common finding in knee arthroscopies of any cause. In a large
cohort of more than 25 000 patients undergoing knee arthroscopy, Widuchowski et
al.'? found a cartilage lesion in 60% of knees, 67% of which were classified as focal
lesions. Twelve percent of the lesions were full-thickness lesions. The findings of
Widuchowski et al.'? concur with those of Curl et al.'3 in a large database study from
the US. In Norway, both Hjelle et al'* and Aroen et al.'’ reported cartilage lesions in
1000 consecutive knee arthroscopies. Cartilage lesions of any kind were found in 61%
and 66% of arthroscopies, respectively, and full-thickness lesions were found in 10%

and 11%, respectively.

Ding et al. found cartilage lesions in 44% of MRIs scans obtained from a cohort of 372
healthy individuals from Australia'®. The participants were 26-61 years old, and the
lesions varied from partial to full thickness!®. These findings concur with another study
of asymptomatic women, 30-49 years old, with cartilage lesions found in 53.5% of the
knees!”. Furthermore, Zanetti et al.'® found cartilage lesions in 25% of asymptomatic

knees, with more than 50% of the lesions being full-thickness. Even in younger
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patients, asymptomatic lesions can be found. In a study of 76 patients (age 15-27) with
a history of contralateral knee injury, Whittaker et al'®. found cartilage injuries in 4.2%
of the asymptomatic knees. Cartilage lesions appear to be even more frequent in young
athletes. Pappas®® found cartilage abnormalities in 75% of the knees on pre-seasonal

MRI in a cohort of 24 college basketball players.

In 2015, Engen et al.?! reported the incidence of cartilage surgeries in Norway between
2008 and 2011. A National incidence of 56/100 000 inhabitants was found, and nearly

400 cartilage restorative/reparative cartilage surgeries were performed annually.

7.1.3 Clinical presentation of focal cartilage lesions

Although some focal cartilage lesions may remain asymptomatic, as described in the
previous paragraph, others can be detrimental to knee function. Symptoms can arise in
patients with or without a history of trauma. The most common symptoms are pain,
intermittent swelling, crepitus, and mechanical symptoms such as popping, clicking,
catching, and locking. The latter symptoms suggest instability of the lesion or the

presence of loose bodies.

In 2010 Heir et al?? presented as study comparing KOOS in patients scheduled for
cartilage surgery to preoperative KOOS in ACL and knee arthroplasty patients. They
found that the KOOS QoL subscore in cartilage patients was similar to the subscore in
knee arthroplasty patients and worse than the subscore in ACL patients. However, the
other KOOS sub-scores were better in cartilage patients. The KOOS QoL subscore of
27 reported by Heir et al. was similar to that reported by other authors, such as

Wondrasch et al??, and Saris et al**.

7.2 Osteoarthritis

7.2.1 Pathophysiology of osteoarthritis

Osteoarthritis is characterised by the progression of cartilage loss, calcification of the
cartilage, subchondral bone changes, synovia inflammation, and osteophyte
formation’. It may cause significant disability and is the most common joint disorder

in the adult population. Currently, there is no available treatment that can reverse
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osteoarthritic changes. Mechanical overload mediated by increased load on the joint
surface or loss of protective mechanisms, such as muscle atrophy or joint instability, is
the leading cause of osteoarthritis®>. Genetic factors are also important contributors in
osteoarthritis, but mostly in hip osteoarthritis and less in the knee®®. The osteoarthritic
process is believed to begin with the loss of negatively charged GAGs with increased
water content as a result. This leads to swelling of the matrix and cartilage surface
fibrillation which progresses to deeper fissures and exposes the deeper layer of the
joint cartilage. Furthermore, chondrocytes undergo phenotypic changes, including a
catabolic state and gene expression of proteinases that degrade collagen type Il and
aggrecan’. Even a small amount of collagenolysis can cause irreversible cartilage
injury?’. The resulting damage-associated molecular patterns (DAMP) also induce
inflammation and release of proinflammatory cytokines in the adjacent synovium.
Synovitis negatively influences chondrocyte function and appears to be an important

factor in the development of osteoarthritis>.

Several changes in bone morphology have been observed in osteoarthritis. Typically,
increased cortical plate thickness, osteophyte formation, flattening of the joint contour,
and loss of the subchondral trabecular bone can be found?®. An increased cortical plate
thickness reduces the shock-absorbing capability of the subchondral bone. This
increases the load forces on the cartilage, adding to the overload and aggravating the
osteoarthritis process®. Microcracks appear in the osteochondral junction, allowing
blood vessels to invade the calcified layer of the cartilage, and bioactive factors to be
exchanged between the cartilage and subchondral bone?®. This process leads to
hypertrophic differentiation of chondrocytes, resulting in the thickening of the

calcified layer and further thinning of the cartilage’ 5.

7.2.2 Risk factors for knee arthroplasty in the general population

Knee arthroplasty is the most common treatment for symptomatic end-stage
osteoarthritis. Several risk factors for requiring knee replacement have been identified.
Inflammatory joint diseases such as rheumatoid arthritis and psoriatic arthropathy are

129

known to increase the risk of knee replacement. Apold et al~ reported the risk of knee

arthroplasty due to primary osteoarthritis in the general Norwegian population.
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Elevated BMI was identified as the most important risk factor, with a more than 6
times and 11 times elevated risk of knee replacement for men and women,
respectively, with a BMI >27.3 compared to patients with normal weight. Furthermore,
heavy manual labour increased the risk compared with sedentary work. High body
height was also found to be a risk factor independent of BMI. The findings of Apold et
al?® are consistent with those of a review and meta-analysis by Blagojevic et al*°
looking at risk factors for knee osteoarthritis, although the effect of BMI was
substantially lower in their study. Blagojevic also identified previous knee trauma,
older age, female sex, and poor mental health as risk factors for symptomatic
osteoarthritis. Both meniscal and ACL injuries are associated with an increased risk of

symptomatic osteoarthritis and subsequent knee replacement®!: 32,

7.3 Patient reported outcomes

7.3.1 Introduction

Traditionally, outcomes of surgical procedures have been reported empirically with
variables such as complications and the risk of needing further surgery. Since the early
1980s, the importance of patient-reported outcome measures (PROM) has been
recognised**. PROMs offer insights into the patients’ view of their health, well-being,
and satisfaction pre- and post-surgery, providing a more comprehensive evaluation of
surgical outcomes beyond clinical measures alone. Several knee-specific PROMs have

also been developed. In this section, the most widely used knee PROMs are discussed.

7.3.2 Lysholm/Tegner

The Lysholm score was first introduced in 19823 and revised into its current version
in 19853, It consists of eight questions: limp, support, locking, instability, pain,
swelling, stair climbing, and squatting. The maximal score is 100, indicating high knee
function. It is commonly used in combination with the Tegner Activity Score. The
Lysholm score has been validated for a variety of knee conditions, including focal
cartilage lesions®>, but has not been validated in patients with osteoarthritis, despite its
frequent use. The questionnaire is usually completed in a short time owing to a few

questions, and the patient burden is thus considered low*®. No floor or ceiling effect
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has been reported, but the test-retest reliability is less than adequate in patients with

mixed pathologies of the knee?®.

7.3.3 Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC)

WOMAC was introduced in 1982 as a PROM for patients with knee- or hip-
osteoarthritis*®. It has been revised several times, and the current version is version
3.1. It consists of 3 subscales (pain, stiffness, and physical function) with a total of 24
questions. Higher scores indicated worse pain, stiffness, and function. The current
version is available on a 5-point Likert, a 100 mm visual analogue scale, and an 11-
box numerical rating scale version. Despite being available only at pay per use directly
from the developer, Prof. Bellamy, the questionnaire has been widely used. It has been
validated for use in knee and hip osteoarthritis, but has also been used in other knee
conditions such as ligamentous injuries and cartilage injuries*®. Both floor and ceiling

effects have also been reported?®.

7.3.4 Oxford Knee Score (OKS)

The Oxford knee score was introduced in 1998 as a questionnaire for knee
replacement patients®’. It was later modified to the current version with a score ranging
from 0 to 48, with the latter being the best score®®. The questionnaire is patient
administrated with 12 questions, each of which was assigned a score between 0 and 4.
It has been validated for use in knee osteoarthritis and arthroplasty, with adequate test-
retest reliability®’. Although OKS has not been validated for other knee conditions, it
has been used for conditions as ligamentous injuries, fractures, and chondral lesions’®

3 No floor or ceiling effect were found*’.

7.3.5 Cincinnati knee rating system

The modified Cincinnati knee rating scale was originally introduced in 1990 as a
modification of the Noyes knee rating scale*!. It consists of eight sections (Pain,
Swelling, Giving way, overall activity level, Walking, Stairs, Running, Jumping, or
twisting) and has a maximum score of 100, constituting excellent knee function. It has
been validated in patients with ACL, with no floor effect and a moderate ceiling

effect*?. Marx et al. also validated it in a population with various knee conditions*’.
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Other authors have further modified the Cincinnati score; however, to the best of our

knowledge, they have not validated the modified versions**.

7.3.6 Knee Injury and Osteoarthritis Outcome Score (KOOS)

The KOOS was developed in 1995 to meet the need for a PROM covering several
types of knee injuries and including osteoarthritis*>. KOOS contains WOMAC 3.0
questions and the WOMAC score can thus be extracted from the KOOS score. The
questionnaire is comprehensive, patient-administered, and contains five subscores with
a total of 42 questions. The score ranges from 0 (worst) to 100 (excellent knee
function). The scores of each sub-score (Symptoms, Pain, Activities of daily living
(ADL), Sports/Recreations and Quality of Life (QoL)) are reported separately. A total
KOOS score has never been validated. However, the use of the KOOS questionnaire
with subscores has been validated in several knee conditions, such as cartilage

injuries*® 47, ligamental injuries*, osteoarthritis**, and knee replacement*s

. Thus, it can
be used to evaluate not only the impact of injury on patient-reported knee function but
also the long-term effects of osteoarthritis and knee arthroplasty. Age- and sex-
stratified normative values in the general population have been reported*”>°. The
KOOS questionnaire exhibit good or adequate validity and responsiveness without

floor- or ceiling effects’®

Several additional versions of the KOOS have been developed. The KOOS-Physical
Function Short Form was published in 2008°' and has been validated in patients with
knee osteoarthritis’?. The questionnaire consists of seven items derived from the
KOOS ADL and Sport/rec sub-scores. The KOOS was found to not be well understood
by children, and as a response, the KOOS-Child Questionnaire was developed in
20123, The questionnaire contains the same five domains as the original KOOS, but
only contains 39 questions, of which several have been highly modified. It has been
validated in children and adolescents with knee disorders>.

With 42 questions, the burden on KOOS respondents was substantial, and
consequently, the KOOS 12-item short form was developed in 2019. It consists of four
questions from the QoL subscore and eight questions from the Pain, ADL, and

sport/rec subscores. It provides pain, function, and QoL subscores, and, contrary to the
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original KOOS, a summary knee impact score can be estimated®>. The 12-items short

form has only been validated in patients with osteoarthritis and knee arthroplasty>>.

7.3.7 International Cartilage Regeneration & Joint Preservation Society (ICRS)
score

The International Cartilage Regeneration Score was introduced in a spring letter in
1998. This has never been validated and has gained little recognition. Few studies have
used the questionnaire in patient follow-up and usually only the Pain score is reported

as a VAS 0-100'> 6,

7.3.8 International Knee Documentation Committee (IKDC) Subjective Knee
Evaluation Form

The patient administered IKDC Subjective Knee Evaluation Form that was first
published in 2001 as a revision of the IKDC standard evaluation form developed in
19933657 1t contains 18 items in three domains: symptoms (7), daily function and
sports participation (10), and current knee function (1). The score from each item is
summarised as a total score ranging from to 0-100, where 100 represents the best score
with no knee-related symptoms or limitations of activity. The IKDC form has been
validated for several knee conditions, such as ligamentous, cartilage, and meniscal

37-38 The IKDC subjective score has been found to

injuries as well as osteoarthritis
have good or adequate validity, responsiveness, and test-retest reliability without floor
or ceiling effects®. As with KOOS, the IKDC subjective form has not been well
understood among children, and a Pedi-IKDC subjective form was thus introduced and

validated in 2011,

7.4 Treatment of focal cartilage lesions

When a patient presents with a symptomatic focal cartilage lesion in the knee,
numerous operative and non-operative treatments are available. The treatment strategy
depends on the symptoms, patient preferences, and extent of cartilage damage. In

order to be able to compare different treatment strategies classification systems are
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needed. Cartilage lesions can be classified based on either MRI or peroperative

findings.

7.4.1 Classification of cartilage lesions

Several systems have been proposed for classifying focal cartilage lesions during
surgery. The two most frequently used cartilage classification systems are described in
this section. Outerbridge published a classification of peroperative findings in
chondromalacia patella in 1961°!. This classification was later adopted for use in any
cartilage lesion of the knee®. Outerbridge consists of four groups: Grade 0 represents
normal cartilage, grade I is characterized by softening and swelling of the cartilage,
grade II is characterized by fragmentation and fissuring of an area less than 0.5 inches
in diameter, grade III is the same as grade II but larger than 0.5 inches and grade IV is
lesions extending down to bone®!.

The International Cartilage Repair Society (ICRS) was founded in 1997, and the
cartilage classification was developed by a working group published in 1998%. The
ICRS classification consists of five grades. Grade 0 indicates a normal cartilage. Grade
1-nearly normal, refers to softening of the cartilage (A) or superficial fissures (B).
Grade 2-Abnormal, is lesions extending down to <50% of the cartilage thickness.
Grade 3-Severely abnormal, lesions extending down > 50% of the cartilage thickness
(A), down to the calcified layer (B), and down to the subchondral bone (C) or cartilage
blisters (D). Grade 4-Severely abnormal consists of lesions extending down in the
subchondral bone®. Although the ICRS classification is comprehensive and some
studies have questioned interobserver reliability, several studies have demonstrated

good intra- and interobserver reliability®.
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Fig 2. ICRS Classification of the severity of cartilage lesions. Reprinted with
permission from the ICRS.

The FCL size is usually measured using a standard 4 mm arthroscopic probe or ruler>
%, There seems to be a slight but acceptable tendency to overestimate FCL size in
arthroscopic surgery compared with open arthrotomy®’. Moderate to good
intraobserver and interobserver reliabilities have been demonstrated for size

measurement using either an arthroscopic probe or a ruler®.
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7.4.2 Non-operative treatment
Non-operative treatment of focal cartilage lesions includes painkillers such as NSAIDs
for symptom relief, physiotherapy, intra-articular injections of drugs, blood-derived

products such as PRP, or stem cells.

Conservative treatment of osteoarthritis with exercise treatment is well documented.
Several studies have demonstrated meaningful effects on improving symptoms and
function, as documented in a Cochrane review in 2015¢7. However, there is limited
evidence of exercise treatment for focal cartilage lesions. As early as 1996, Messner et
al® claimed to demonstrate good/excellent results at 14 years follow-up in 28 athletes
with non-surgically treated FCL. However, 19 of the patients had received treatment
such as Pridie drilling, shaving, or removal of loose bodies. Widuchowski et al®
presented a study with 15 years of follow-up of 37 patients with arthroscopically
verified Outerbridge 3-4 lesions of 2-4 cm?. Most of the patient had symptom debut
after a knee trauma. Good to excellent patient-reported outcomes were observed, with
Lysholm and WOMAC scores comparable to those reported after cartilage surgery.
These findings may indicate that not all cartilage injuries require surgery. Currently,
only one published study has evaluated the effectiveness of a physiotherapy-guided
physical training program for treating patients with focal cartilage injuries. Wondrasch
et al® conducted a feasibility study of a 3-month active rehabilitation program in 48
patients scheduled for cartilage surgery for a symptomatic full-thickness focal cartilage
lesion. The participants had significant and clinically relevant improvements in the
KOOS QoL subscore and IKDC score after concluding the rehabilitation program, and
65% of the patients cancelled their scheduled cartilage surgeries. However, there is
currently no consensus on the ideal rehabilitation program for patients with focal

cartilage lesions.

PRP injections have been mostly used and studied in the setting of osteoarthritis and,
to a lesser extent, in focal cartilage lesions. PRP is not one single product, and three
different production methods are available: blood filtration and plateletpheresis,
single-spinning centrifugation, and double-spinning centrifugation’’. This provides

four different PRP categories: Pure PRP (P-PRP) with a low number of leukocytes;
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Leukocyte-rich PRP (L-PRP) which contains more leukocytes as well as more platelets
as P-PRP, Pure platelet-rich fibrin (P-PRF) obtained by double-spinning and is stiffer
than P-PRP; and non-injectable leukocyte- and platelet-rich fibrin (L-PRF)"°.
Additionally, several different methods of PRP activation exist, and substantial
variations in platelet concentration can be anticipated, even when using the same
method’’. Combining these factors makes it difficult to compare the results of previous

studies on the effectiveness of PRP.

Several in vitro studies have shown promising results with PRP treatment. PRP seems
to stimulate chondrocytes to synthesise proteoglycans and collagen, possibly through
growth factors such as platelet-derived growth factors (PDGF) and transforming
growth factor beta (TGF-B)”!. Furthermore, PRP stimulates stem cell proliferation and
differentiation towards chondtrocytes’!. However, clinical studies on PRP are of low
quality and include relatively small cohorts of patients. Although some studies have
demonstrated significantly better results with PRP in osteoarthritis or as an adjunct in
FCL surgery, a review by Shahid et al’® and the NICE-guidelines’? from the NHS-
England concluded that there is no hard evidence of the clinically meaningful effects

of PRP in cartilage patients.

Intra-articular injections of hyaluronic acid (Hyaluran) have been available since the
1990s and are mostly used in the setting of osteoarthritis. A large meta-analysis by a
Canadian consensus group’* concluded that hyaluronic acid was safe and provided
significantly better pain and functional outcomes than placebo. However, an increased
risk of adverse effects has been observed. Furthermore, only two of the included
reviews demonstrated clinically meaningful improvements compared with placebo.
When including only higher-quality studies on hyaluronic acid, there seems to be no

clinically relevant effect’® 7>,

7.4.3 Surgical treatment of focal cartilage lesions

7.4.3.1 Cartilage repair
The most inexpensive surgical treatment for FCL is chondroplasty or debridement.

While the two terms are frequently inconsistent and interchangeably used,
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chondroplasty most often only consist of smoothening of the surface with removal of
loose cartilage flaps or fragments. On the other hand, debridement most often refers to
removal of loose cartilage down to the subchondral bone to achieve stable edges of the
lesion, thus converting the lesion to an ICRS 3 lesion. It can be used as a single
procedure but is most often used as the first step in cartilage repair or inductive
procedures. Chondroplasty and debridement can be performed using either a curette,
shaver, or radiofrequency probe. Both procedures have been found to significantly

improve IKDC and KOOS above the minimal clinical important difference’®’%.

Subchondral drilling was first popularised by Pridie in 19597°. He proposed to drill
holes “not too far apart” in the subchondral bone to promote the formation of fibro-
cartilage. This technique was modified and further popularised as microfracture (MfX)
by Steadman et al. in the 90s*. The first step of the microfracture technique is to
debride the FCL down to the subchondral bone, removing the calcified layer and any
loose cartilage. The edges of the lesion should be perpendicular to the surrounding

80,81 Multiple holes or microfractures about 4 mm deep and 3-4 mm

healthy cartilage
apart are then made in the exposed bone using an arthroscopic awl to allow bone
marrow containing mesenchymal stem cells (Msc) to form a clot in the lesion®’. This
clot is thought to facilitate cartilage formation in defects. The Mfx procedure is one of
the most commonly used procedures in cartilage surgery worldwide, and is considered
the gold standard®?. Mfx mostly produces fibrocartilage, although some hyaline-like
cartilage is also found®?. Steadman et al®* demonstrated excellent results after
microfracture; however, concerns regarding the long-term results have been presented
by several authors®> 84, Microfracture is mostly used for smaller lesions without
subchondral bone defects®. In a review by Devitt et al®*, microfracture were found to

be comparable to or inferior to other cartilage treatments, such as mosaicplasty or ACI,

but never superior.

In 2005 Behrens et al® presented a modification of Mfx using a matrix/membrane
scaffold to contain the MCS-containing clot in the defect. This method is known as
autologous matrix-induced chondrogenesis (AMIC). The authors recommend it for

ICRS 4 lesions with a size of <1,5 cm? in patients with a single FCL without any
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rheumatoid arthritis, malalignment, or ligamentous deficiencies. However, this method
has also been used for larger, full-thickness lesions. Debridement of the lesion and
microfracture or drilling is performed before the defect is covered by a collagen
membrane using fibrin glue. Originally, the AMIC procedure was performed as an
open surgery; however, arthroscopic techniques were later developed®’. Significant
clinical improvements have been demonstrated after the AMIC procedure®® but seems

not to be superior to microfracture®® or ACI°.

7.4.3.2 Transplantation of osteochondral grafts
The transplantation of osteochondral grafts can be used to fill chondral or

osteochondral lesions. Both allograft as well as autograft can be utilised.

Osteochondral Autologous Transplantation (OAT), commonly referred to as
mosaicplasty, was described by Bobic®! in 1996 and further popularised by Hangody et
al. in 1997°2. Mosaicplasty can be performed as open or arthroscopic surgery. After
debridement of the lesion, 15 mm deep osteochondral cylinders are harvested from the
less weight-bearing edges of the trochlea. The chondral lesions is then prepared with a
drill of the same diameter as the harvested grafts, and the osteochondral grafts firmly
embedded in the lesion. This usually results in—60-70% filling of the defect with
hyaline cartilage and 30-40% fibrocartilage (between the grafts)?>. Donor-site chondral
defects usually heal with fibrocartilage. Owing to the limited availability of donor
sites, mosaicplasty is not recommended for lesions measuring > 4 cm? 3. Good clinical
results can be achieved in the short term; however, there are concerns regarding the

long-term results®*.

Osteochondral allograft (OCA) was first reported by McDermott in 1985%. Its
advantage over autografts is that there is no donor site morbidity, and graft availability
for larger defects is thus not a problem. Technically, the procedure is performed as
mosaicplasty, but the graft size can be substantially larger. Chondrocyte viability was
demonstrated for forty-five days, but decreased substantially after twenty-eight days
when stored in a culture medium at 4°C%. The disadvantages of OCA include the risk
of transmitting diseases and high financial burden®’. Currently, OCA is not available in

Norway. In a review by Familiari et al.”’, the OCA graft survival rate was 87% at five
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years, declining to 73% at 15-years. Furthermore, a reoperation rate of 30% was

found, but overall significant improvements in PROM could be expected.

7.4.3.3 Chondroinductive techniques

Autologous Chondrocyte Implantation (ACI) was first reported by Lars Peterson, and
Mats Brittberg et al. in 1994°%. ACI consist of two surgeries. In the first (arthroscopic)
surgery, the chondral lesion is evaluated, and chondral biopsies are taken in a less
weight-bearing area of healthy cartilage. The chondral biopsies are then minced and
treated with collagenase to isolate chondrocytes. The chondrocytes are cultivated in
the lab for 2-3 weeks before the second (open) surgery. A debridement of the lesion is
then performed before covering the lesion with a periosteum-flap sutured to the
surrounding cartilage. The cultivated chondrocytes are then injected in the defect. ACI
with periosteum-flap are commonly referred to as 1% generation ACI. The ACI
treatment has since been modified. In 1 generation ACI, there was a problem with
periosteal hypertrophy; thus a 2" generation ACI where the periosteum flap was
replaced with a collagen membrane was developed. The membrane/matrix used in the
later generation of ACI was the same as that used in the previously described AMIC
procedure. The initial results of 2" generation were comparable to the 1% generation,
but without the hypertrophy problem®. Later a 3rd generation ACI, referred to as
Matrix-Induced Autologous Chondrocyte Implantation (MACI), was developed. In
MACI, chondrocytes are injected into a collagen matrix, which facilitates a more even
distribution of chondrocytes in the defect”. However, no randomised trials have
demonstrated the superiority of MACI over 1% or 2" generation ACI. Regardless of
the generation used, several studies have suggested that good short-term and long-term

clinical outcomes can be expected after ACI surgery®* %°.

8. Background for the thesis

Focal cartilage lesions (FCL) in the knee are found in approximately 60% of

arthroscopies of any reason'?!4

. Knee-related quality of life may be impaired at the
same level in patients with FCL as in those with end-stage osteoarthritis?>. However,
FCLs can also be found on MRI scans of asymptomatic knees'® '%2°, Hyalin cartilage,

which covers the knee joint line, has little or no potential for self-healing!®. Acute
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FCL defects usually heal with fibrocartilage, which does not have the same
biomechanical quality as that of hyaline cartilage. Several treatment options for
symptomatic FCLs, both non-operative and operative, are available, as outlined in the
previous chapter. No treatment has been proven to be consistently superior, and the
optimal treatment is still controversial®*, especially in the longer-term. No treatment
has been able to reliably restore the normal hyaline cartilage'?’. Furthermore, the
ability to reduce the risk of later osteoarthritis has not yet been demonstrated in any

available treatment of FCLs.

Patients with a history of knee surgery have been reported to be significantly younger
at the time of knee arthroplasty than those in the general population!?!. The risk of KA
after ACL surgery has been reported to be as high as 40% within 35 years!%2. Several
long-term cartilage surgery studies have reported that some of the included patients
later received KA!93-195; however, the incidence of KA and its risk factors remain

unknown.

Patient-Reported Outcome Measures (PROM) after knee arthroplasty in patients with
ACL deficiency appear to be comparable to those in patients with primary
osteoarthritis'2. Few studies!?® 1°7 have reported patient-reported outcomes after knee
arthroplasty in individuals with a previous FCL. However, these studies have several
limitations, such as a small number of participants and only including patients treated
with microfracture or the inclusion of patients with concomitant meniscal allografts.
This limits their external validity and overall quality. The results of knee arthroplasty

in patients with a previous FCL are thus largely unknown.

9. Objectives of the thesis

The overall aim of this thesis was to evaluate the long-term results in Norway after an
arthroscopically verified FCL in the knee and to estimate the risk of subsequent knee
arthroplasty surgery. Furthermore, to evaluate the results of knee arthroplasty in

patients with a previous FCL.

The specific aims of each study were as follows:
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Paper 1:

1.

To evaluate the long-term cumulative risk of knee arthroplasty in patients with
arthroscopically verified focal cartilage lesions of the knee.

To investigate the risk factors for knee arthroplasty in patients with previous
cartilage lesions.

Estimate the relative risk of knee arthroplasty in patients with arthroscopically

verified focal cartilage lesions compared to the risk in the general population.

Paper 2:

1.

To evaluate the long-term patient-reported outcomes of arthroscopically verified
FCL in the knee with Knee injury and Osteoarthritis Outcome Score (KOOS)
Quality of Life (QoL) subscore.

To examine the need for subsequent cartilage surgery.

Identification of risk factors for treatment failure after an FCL.

Compare long-term patient reported outcomes and risk of treatment failure after

different treatment options, including non-operative treatment of FCL.

Paper 3:

1.

To examine patient-reported results of knee arthroplasty following a focal
cartilage lesion.
To compare these results with those of a matched national cohort of patients

with knee arthroplasty.

10. Materials and methods

The large language model of paperpal.com has been used to grammatically proofread

the thesis and improve the wording, but not to generate any text. The entire thesis is

the work of the author.
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Patient cohort

Patients with arthroscopically verified focal cartilage lesions in the knee, treated
surgically at one of six Norwegian hospitals between 1999-2012 were invited to
participate in these studies. The six hospitals were: Haraldsplass Deaconess Hospital,
St Olavs Hospital, University Hospital of North Norway, Martina Hansens Hospital,
Oslo University Hospital and Akershus University Hospital. These hospitals were
chosen because they had conducted or participated in several prospective cartilage
studies during the study period. The inclusion and exclusion criteria for the cartilage

cohort were as follows.
Inclusion:

e Minimum 18 years of age at the time of cartilage surgery
e Arthroscopically verified and classified focal cartilage lesion of the knee

e At least one PROM was documented at the time of the surgery.
Exclusion:

e Any cartilage lesion classified by the surgeon as osteoarthritis at the time of
surgery.
e “Kissing-lesion” (FCL on both proximal and distal part of the same joint

compartment)

Eligible patients were identified from previous research protocols as well as from the
surgical administrative system at each hospital. As PROMs are not routinely registered
in cartilage surgery at most hospitals, we anticipated that most eligible patients would
have been included in at least one clinical cartilage study. From the surgical report or
previous trial data, the following information was registered: any prior cartilage
surgery; the location, size, and ICRS classification of the FCL; the type of cartilage
procedure; any additional procedures; and the preoperative PROM. Patients registered
as emigrated or deceased in the Norwegian Population Register were excluded from
the study. Written consent was obtained from each patient prior to inclusion in the
present studies. Each patient received by post a questionnaire regarding their present

knee function, level of activity, any additional ipsilateral knee surgery weight, height,
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and education level. The PROMs used at the index cartilage surgery were the pain
VAS from the ICRS, Lysholm, and KOOS scores. The participants received the same
PROM as that registered at the time of the index surgery. Additionally, all the included
patients were asked to report their present KOOS scores. Final follow-up was
performed between 6™ of March and 31° of December 2020. Differences in baseline
data between the included patients and those who did not consent to participate in the

present study were examined using Student T-test and y>-test as appropriate.

The studies included in this thesis were approved by the regional ethics committee
(2017/1387) before the inclusion of patients. The data were stored in a Microsoft
Access database at the Helse Bergen Research Server. SPSS and Stata were used for

statistical analysis.
Power analysis:

Power analysis was performed prior to inclusion. To achieve an 80% chance of
detecting a 4-times higher risk of knee arthroplasty in the focal cartilage lesion cohort

than in the general population, we needed to include at least 181 participants.

A (before-after) difference of 10 units in the KOOS subscale was considered clinically
significant. To have an 80% chance of detecting a significant (at the 2-sided 5% level),
difference of 10 units in mean KOOS subscale values between the patient groups
studied, with an assumed standard deviation of 20, 64 individuals in each group were
required.

Paper 1:

All patients included in the cartilage cohort were included in Paper 1. The Norwegian
Arthroplasty Register (NAR) has registered knee arthroplasty surgery in Norway from
1994 and has documented a >95% completeness of reporting!'®®. After any knee
arthroplasty procedure, the surgeon files a report to the NAR. The report contains
information on the identity and general health of the patient, any previous knee
condition or procedure, the presumed reason for osteoarthritis, the type and brand of

the knee replacement impant, and the type of fixation of the arthroplasty'®.
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Furthermore, any subsequent knee surgeries are also reported to NAR. In the present
study, a patient was registered as having knee arthroplasty when their ipsilateral knee
was registered in the NAR and/or the patient reported an ipsilateral knee arthroplasty
in the questionnaire. Patients and their knees were identified based on their Norwegian
11-digit identification numbers and laterality in both the cartilage cohort and the NAR.

Population data were recorded using the Norwegian Population Register.
Statistics:

The risk of knee arthroplasty was assessed using the Kaplan-Meier method''?, and Cox
regression models were used to analyse the risk factors. A graphical causal model
(www.dagitty.net/dags.html) was employed to determine the variables that required

adjustment as recommended by Westreich and Greenland''".

Preoperative Lysholm and ICRS VAS pain scores were documented for 185 and 114
patients, respectively, and none of the patients had recorded >1 preoperative PROM.
The Cox model's linear assumption was validated using the Box-Tidwell procedure for
the preoperative VAS pain score. Survival times were calculated as the duration
between cartilage surgery and knee arthroplasty or the conclusion of the study on 31
December 2020. The proportional hazards assumption was met for all variables
analysed, with the exception of the BMI group and ACL surgery (yes or no). Using a
visual examination of the Kaplan-Meier plot, the two variables were individually
assessed based on the duration of follow-up (< 12 or > 12 years). Additionally, a subset
of patients who did not undergo any concurrent procedures at the time of the index
procedure was examined using the same Cox model as described previously. The
relative risk of undergoing knee arthroplasty after cartilage injury compared to the risk
in the age-matched general population was assessed. The absolute risk of knee
arthroplasty in the cartilage injury cohort was calculated by dividing the number of
knee arthroplasties by the total number of knees with cartilage injury in each age-
matched group. For the general population, the numerator was the number of all other
patients undergoing knee arthroplasty without inflammatory arthritis or previous
cartilage surgery, as reported to the NAR between 1 January 1999 and 31 December

2020. The denominator was the average number of Norwegian citizens in the same
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period, retrieved from the Norwegian Population Register. The results were stratified
into 10-year groups based on the age at the time of knee arthroplasty. To aid the
clinical interpretation of the relative risk of knee arthroplasty in the cartilage injury
cohort as compared to the general population, we also stratified each 10-year age
group at the time of knee arthroplasty according to at what age the patient underwent
the index cartilage procedure. For the general population, the absolute risk was
estimated as described in the previous paragraph. In the cartilage injury cohort, the
numerator was the number of knee arthroplasties in each 10-year age group (at the
time of cartilage surgery) and the denominator was the total number of patients with

cartilage injury in the same age group.

Paper 2:
The same cohort as in paper 1 was included in this study. The primary outcome was

KOOS-QoL subscore at the final follow-up. Failure was defined as a subsequent KA,
osteotomy, or KOOS-QoL score <50 at the final follow-up. KOOS QoL <50 is
generally considered to be the Patients Acceptable Symptom State (PASS) after

cartilage surgery'!2.

Patients who had undergone a KA or an osteotomy of the knee were excluded from the

PROM analysis, but were included in the analysis of treatment failure.

Multiple logistic regression models were used to identify risk factors for failure at the
final follow-up, whereas multiple linear regression models were used to assess the
factors influencing the KOOS-QoL score at the final follow-up. A Graphical Causal
Model (www.dagitty.net/dags.html) was utilised to identify the variables that
necessitated adjustment in the regression models, as proposed by Westreich !, A
subset of patients, excluding those with patellofemoral lesions, was analysed using the
same model. The time since cartilage surgery was calculated as the time between the
index cartilage surgery and the questionnaire follow-up in the KOOS analysis and the
end of the study on 31 December 2020 for the failure analysis. A paired sample t-test
was used to assess the difference in PROM-score preoperatively and at the final

follow-up.
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Paper 3:
The 59 patients ( with 59 knees) from the cartilage cohort, who underwent subsequent

knee arthroplasty, were eligible for this study. One patient was excluded because
sufficient details regarding the arthroplasty surgery were not available. Thus, 58
patients who underwent subsequent knee arthroplasty after previous FCL were

included.

A matched control group (1:3) was recruited from the NAR operated between 1994
and 2020, constituting 174 eligible participants. Patients in the NAR registered as
deceased, having rheumatoid arthritis, having had a previous FCL, having undergone
any type of cartilage surgery, or having a previous multi-ligament injury were
excluded prior to matching. The FCL group and the control group were then matched
on the following variables: year of birth (+/—10 years), sex, primary or revision
arthroplasty (and cause of revision), type of arthroplasty (total, unicondylar, or
patellofemoral), year of arthroplasty surgery, and the type and producer of the knee
replacement implant. Patients eligible for the control group received the same

questionnaire as the cartilage cohort in addition to the KOOS.

The demographic differences between the previous cartilage patients and the control
group were evaluated using the Student T test and the ? test. Multiple linear
regression models were employed to analyse the differences in KOOS sub-scores
between the previous cartilage patients and the patients from the control group. The
models were adjusted for the following variables: sex, age at the time of arthroplasty
surgery, level of education, primary or revision arthroplasty, type of arthroplasty, body
mass index (BMI) group, and any additional knee surgery before arthroplasty surgery,
except cartilage surgery or purely diagnostic arthroscopy. The continuous variables in
the model were evaluated and linear correlations were identified. Logistic regression
models were utilized to estimate the odds ratio of not reaching the patient acceptable
symptom state (PASS) for each KOOS subscore. These models were adjusted using

the same variables as those in the multiple regression models. The PASS score for
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KOOS subscores at 3 years follow-up after knee arthroplasty reported by Connelly et
al.!®, with a threshold of a KOOS Symptoms score of 84.0, KOOS Pain 87.5, KOOS
activities of daily living (ADL) 87.5, and KOOS QoL 66.0 was used.

11. Results

Of the 553 patients (563 knees) who were identified, 46 patients were registered as
deceased or emigrated or did not have a valid postal address and were thus excluded.
Five hundred and seven patients (516 knees) were eligible for the cartilage cohort in
the present study, of which 322 patients (328 knees) consented to participate (referred
to as responders). One hundred and sixty-four of those patients (169 knees) had
participated in studies with previously published intermediate to long-term results® %
115 At the time of index cartilage surgery, the responders were 3.0 years older
(p=0,002) compared to the non-responders. There were no statistically significant

differences in FCL size, ICRS classification, preoperative PROM, or sex between the

responders and the non-responders.

The mean age at index cartilage surgery was 36,8 years and the mean duration of
follow-up was 19.8 (CI 19.4-20.2) years. Most of the lesions were ICRS 3/4 (84.1%)
and the mean size was 2.0 (CI 1.8-2.2) cm?. At the final follow-up, 59 patients (18%)
had undergone KA surgery at mean 12,7 years after the index cartilage surgery. Four
patients (1.2%) had undergone later femoral- or tibial-osteotomy. There were no
patients with more than one category of preoperative PROM registered; 8.8% had
KOOS-scores, 56.4% Lysholm-score and 34.8% ICRS Pain-VAS registered
preoperatively. Most patients had a pre-enrolment weight-bearing radiograph which
did not show any joint-space narrowing. The radiographs were, however, not available

for the study group.



Fig 3. Flowchart illustrating the inclusion of the patients in the cartilage cohort of
studies 1 and 2.

563 knees with focal cartilage
lesions in 553 patients operated
with arthroscopic surgery
between 1999-2012

Excluded:
6 patients (6 knees) were emigrated
e ‘ 31 patients (31 knees) were deceased

9 patients (10 knees) had no valid address

y

Questionnaire by mail
516 knees in 507 patients

Non-responders
177 patients

(179 knees)

\

Responders
337 knees/330
patients (65.1%)

39

Excluded after review of medical records:
Missing data or no cartilage lesion:
5 patients/ knees
Kissing lesion or osteoarthritis:
4 patients/knees

 /

Included in cartilage cohort
328 knees in 322 patients




Table 1 Demographics and descriptive statistics of the 328 knees in 322 patients

included in the cartilage cohort as presented in paper

Knees

Male/Female

Right/left knee

Age at the time of surgery

Time from index surgery to end of study
Cartilage lesion ICRS 1-2/3-4

Size of cartilage lesion (mm?)

Location of cartilage lesion

— Patellofemoral

— Medial
— Lateral

Type of treatment:

— No cartilage treatment
— Microfracture

— Debridement

- ACI

— Mosaicplasty

—  Other

Level of education:
— High school
— Bachelor/Master degree

Body mass index (BMI) at end of study
- <25

- 25-29

- 230

ACL reconstruction in ipsilateral knee
— At index surgery

— Before or after index surgery

- No

Meniscal resection in ipsilateral knee
— At index surgery

— Before or after index surgery

- No

Osteotomy

Knee arthroplasty

— Male

— Female

Knee arthroplasty (KA)

— Total KA

— Unicompartmental KA

— Patellofemoral KA

Age at the time of KA surgery
— Male

— Female

Time(mean) from index cartilage surgery to KA
— Male

— Female

1116

Frequency or mean*

328

188(57%)/140(43%)
173(53%)/154(47%)
36.8 years (35.6, 38.0)
19.8 years (19.4, 20.2)
52(16%)/276(84%)
201.3 mm?*(178.9, 223.7)

73 (22.3%)
204 (62.2%)
51 (15.5%)

93 (28.4%)
124 (37.8%)
10 (3.0%)
30 (9.1%)
53 (16.2%)
18 (5.5%)

155 (47.3%)
164 (50.0%)

27.4(26.9,27.9)
100 (30.5%)
137 (41.8%)

75 (22.9%)

50 (15.2%)
15 (4.6%)
35 (10.7%)
278 (84.8%)

100 (30.5%)
46 (14.0%)
54 (16.5%)
228 (69.5%)
4(1.2%)

59 (18.0%)
39 (16.0%)
29 (20.7%)
59 (18.0%)
48 (81.4%)
8 (13,6%)

3 (5.1%)

56.4 (53.1-59.7) years
51.9 (47.6-56.1) years

13.9 (11.9-16.0) years
11.4 (9.0-13.8) years

40
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Paper 1:
Patients with arthroscopically verified FCL in the knee had a 19.1% (CI 14.6-23.6) 20-

year cumulative risk of undergoing a KA procedure and a significantly increased risk
of KA compared with the general population. The relative risk was particularly
elevated in the younger population. The most important risk factors for knee
arthroplasty were as follows: age >40 years at cartilage surgery (HR 3.7, C1 1.8, 7.7),
overweight (HR 3.9, CI 1.7, 9.0) or obesity (HR 5.9, CI 2.4, 14.3), ICRS grade 3-4
lesion (HR 3.1 CI 1.1, 8.7), ACI treatment of the FCL (HR 3.4, CI 1.0, 11.4) compared
to no surgical treatment), and higher VAS of pain at index cartilage surgery (HR 1.1 CI
1.0, 1.1). The size or location of the FCL did not significantly influence the risk of a
subsequent knee arthroplasty. Neither did the patients’ sex or educational level, nor

any concomitant ACL reconstruction or meniscal surgery.

Knee Arthroplasty /10°

1000
800
600
——Cartilage
Cohort
400
——General
Population
200
0

30-39 40-49 50-59 60-69 70-79
years years years years years

Fig 4. The incidence of Knee Arthroplasty in 1999-2020 in the cartilage cohort and the
general Norwegian population pr 100 000. Age at the time of knee arthroplasty surgery.
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Paper 2:
Patients with FCL in the knee, without undergoing subsequent KA or osteotomy

procedures, had significantly better PROM at a mean of 19.8 years follow-up than
preoperatively. At the final follow-up, 162 knees (49.4%) were classified as treatment
failures, 59 patients had received knee arthroplasty, 4 had undergone osteotomy
surgery and 99 patients had KOOS QoL subscore <50. The most important risk factors
were: BMI 25-29 (OR 2.0, CI 1.1, 3.5 ) and BMI=30 (OR 3.1, CI 1.6, 5.9), more than
one cartilage lesion (OR 1.9, CI 1.1, 3.3), ICRS 3-4 lesions (OR 2.5, CI 1.3, 5.0) and
lower level of education (OR 1.8, CI 1.1, 2.8). There were no statistically significant
differences in mean KOOS-QoL subscore or the odds ratio of treatment failure
between the non-surgically treated FCLs and the surgically treated lesions, except that
ACI treatment was associated with significantly higher KOOS-QoL and decreased
odds of treatment failure. Subsequent cartilage surgery had been performed in 47

(17,7%) knees as reported by the patients.

100
920
80

0 I I I I 'i 'I

6
5

ICRS VAS Lysholm KOOS Symp KOOS Pain KOOS ADL KOOS Sport KOOS QoL
n=94 n=140 n=26 n=26 n=26 n=26 n=26

o O o

4
3
2
1

o ©O o o

M Preoperative  ® Final Follow-up

Fig 5 Patient-reported outcome measures preoperatively at the time of index surgery and at
the final follow-up. Bars presented with 95% confidence interval. ICRS VAS (Visual analogue
scale) 100-no pain, 0-worst pain imaginable. N=Number of knees with this PROM registered
preoperatively.
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Paper 3:

322 patients Norwegian

(328 knees)

Arthroplasty Register
(1994-2020)

with FCL
(1999-2012)

Excluded due to:
Deceased
103571 knees Rheumatoid arthritis
Previous focal cartilage
lesion
Any type of cartilage
surgery
Multiligamental injury

Intact knees:
269N 263 | m—
patients

\/

59 patients
with knee
arthroplasty

Eligible for
matching:

34276 knees
69295 knees

Matching 1:3
Year of birth (+/-10 years)
Sex
Primary or revision arthroplasty
Cause of revision
Type of arthroplasty (Total,
Unicondylar or Patellofemoral)
Year of arthroplasty surgery
Arthroplasty brand

Eligible for
inclusion:
174 patients

Did not consent:
—_— .
58 patients

Control cohort:

Cartilage cohort:

58 patients (knees) 116 patients (knees)

Fig 6. Flowchart illustrating the inclusion process of the cartilage cohort and the control
cohort in paper 3. 117

At an average of 8 years following knee arthroplasty, patients with a history of
previous cartilage surgery demonstrated significantly lower scores for KOOS
Symptoms (mean 8.4 points, CI 0.3, 16.4), Pain (mean 11.8 points, CI 2.2, 21.4), and
QoL (mean 10.6 points, CI 0.2, 21.1) compared to the general population represented
by a matched cohort from the NAR. Additionally, there were significantly lower odds
of patients reaching the PASS threshold for the same KOOS subscores in the previous
cartilage patients with Symptoms (OR 2.7, CI 1.2, 6.4), Pain (OR 3.0, CI 1.3, 7.0), and
QoL (OR 2.4, CI 1.0, 5.5).



44

100
90

80

0 I| I| I| 'I II

KOOS Symp KOOS Pain KOOS ADL KOOS Sport/Rec KOOS QoL
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Fig 7. KOOS score at final follow-up for the arthroplasty patients from the cartilage cohort
and the control group. Mean score with 95% confidence intervals.

11. Discussion
11.1 Study design
The studies included in the present thesis were retrospective cohort studies. However,

several other study designs are available.

Randomised controlled trials (RCT) are at the highest levels of the scientific evidence
pyramid and have been considered the gold standard for comparing treatments in
medical science!'®. Randomisation ensures a more even distribution of potentially
biasing factors between groups. However, RCTs also have several limitations, such as
high cost, small sample size, and most often a shorter follow-up''®. Owing to the strict
inclusion criteria, concerns regarding the external validity of RCTs have been raised!'"”.
The reduced external validity of RCTs has also been demonstrated in cartilage
patients'?’. Another problem in RCTs of cartilage patients is the choice of control

treatment. Microfracture has been treated as the gold standard, despite the lack of
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evidence for such a status, and has been used as the control group in several RCTs of
newer treatment options®2. To the best of our knowledge, there are no published RCTs
comparing surgical treatment of cartilage lesions with non-operative treatment or sham

surgery.

Register-based studies have good external validity and several advantages in
evaluating rare outcomes or side effects''” 12!, One disadvantage is that the ability to
adjust for confounding factors is limited by the variables registered'!®. Cartilage
registries, such as the German Cartilage Registry (KnorpelRegister DGOU)!?% 123, can
be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister
only includes surgically treated lesions. Currently, there is no Norwegian Cartilage
Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty
Register (NAR); thus, NAR seems to be a good option for evaluating the risk of
subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients
with subsequent KA in the cartilage cohort of the present thesis were registered with
previous cartilage surgery in the NAR. This suggests that NAR cannot be used to
evaluate the risk of KA based on the indication for any previous knee surgery due to

poor reporting completeness of this variable.

In this thesis, we used a retrospective cohort design to have a better chance of
recruiting an adequate number of patients for the long-term follow-up of patients with
arthroscopically verified focal cartilage lesions. The retrospective design also has
several limitations, including selection and recall bias, as well as the limited number of
variables registered at the time of index surgery as the most important!?*. Selection
bias refers to the possibility that the patients responding to the questionnaire might not
be representative of those who did not want to participate in the present study.
Furthermore, recall bias might have occurred in the study cohort, as patients who
underwent surgical cartilage treatment might be more likely to remember any
subsequent cartilage treatment than those in the non-surgically treated group. Our
study was also limited by the variables registered at index cartilage surgery.
Information regarding BMI and level of activity at the time of surgery would have

been valuable.
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11.2 Cartilage cohort
In the present thesis, we recruited patients with arthroscopically verified FCLs of the

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for
several reasons. First, we did not include patients who underwent surgery after 2012 in
order to have a long-term follow-up. In long-term follow-up, there is always a risk that
the treatment options used are no longer relevant as new treatment options have been
introduced. In the 90’s several of the modern cartilage treatment options was
introduced, as described in the introduction®® °> %8, The surgical procedures most
frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI,

and mosaicplasty, are still regarded as valid options'?>,

Furthermore, during this period, the collaborating six Norwegian hospitals conducted
or participated in several clinical cartilage studies'> 12612, Participating in clinical
studies might increase the level of detail recorded regarding FCL size and depth, as
well as recording a PROM. However, recruiting participants from the previous studies
may have decreased the external validity of our study'?’. Engen et al.?! identified
10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the
Norwegian Patient Registry. Thus, our cohort of 321 patients may not be
representative of the average Norwegian cartilage patients. However, the undetailed
inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which

may have increased external validity.

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions
and osteoarthritis occur more frequently in the older population. There is a risk of
including patients with early osteoarthritis when participants over 50 years of age are
included. Most patients in our cartilage cohort underwent preoperative radiography
without radiographic signs of established osteoarthritis'!®. Further in Study 1, we also
found a tendency, but not statistically significant, towards a decreased risk of KA in
older patient groups compared to the age-matched general population''®. A possible
explanation is that older patients with an FCL have less cartilage changes than their
peers at the same age. Thus, this finding might indicate that the treating surgeons’
classification of the cartilage lesions as non-degenerative was correct even in older

patients.
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Body Mass Index (BMI) was registered during the index cartilage surgery in only 146
patients. Thus, the regression models could not be adjusted for BMI at index surgery
but only for BMI at the final follow-up because of listwise deletion. This must be
considered a limitation of the present study, as the BMI at index cartilage surgery is
likely a more important factor in determining the outcome of cartilage treatment. It is
possible that patients with poor knee function after the index cartilage treatment have
been less active, which might have contributed to the higher BMI in the poor knee
function group. In other words, it could be that poor knee function predicts a higher
BMI and not vice versa. The proportion of both men and women with a BMI >25 has
increased in the general Norwegian population from to 1999-2020'3°, Whether the

same increase has occurred in the cartilage cohort remains unknown.

NAR does not include any details about BMI prior to 2021. Thus, knee arthroplasty
patients in the general population could possibly have a significantly different BMI
than those in our cohort. However, in 2021 84.1% of the knee arthroplasty patients
reported in NAR'3! had a BMI >25 compared to 86.5% of the patients with subsequent
knee arthroplasty in the cartilage cohort. Furthermore, in 2020, the mean BMI of
Norwegian men were 26.5 kg/m? and women were 25.6 kg/m? 132, A BMI >25 were
found in 59% and 47% of male and female patients, respectively'*2. The corresponding
numbers at the final follow-up in our cartilage cohort were BMI 28.1 for men and 26.4
for women, and BMI >25 was found in 78.1% and 53.6% of the patients, respectively.
This suggests that the BMI in our cartilage cohort was slightly higher but still

comparable to that of the general Norwegian population.

11.3 Strength of the study
The main advantage of the present study design was the inclusion of a large number of

arthroscopically verified focal cartilage lesions. Furthermore, any concurrent meniscal
or ligamentous lesion was registered during the index cartilage surgery, and the
patients reported any subsequent ipsilateral knee surgery. Even though the exact
alignment of the patient’s leg remains unknown due to the lack of a standardised

preoperative radiographic protocol, the included patients had < 5° malalignment due to



48

the inclusion criteria in previous clinical trials. A mean follow-up period of 20 years
increased the ability to identify the long-term cumulative risk of knee arthroplasty. To
our knowledge, this is the first long-term study outside an ACL cohort, including
arthroscopically verified FCL patients undergoing no surgical cartilage treatment '**
134 and comparing PROM between non-operative cartilage treatment and surgically
treated lesions. This enhances our knowledge of the natural history of an FCL. NAR
had a 97% completeness of reporting throughout the study period and as such the

follow-up of knee arthroplasty procedures can be regarded as complete'3! 133,

11.4 Limitations of study design

This study has some limitations. First, 150 of the patients had participated in studies
with previously published long-term results ** 114 115 Thus, they may not be
representative of an average patient with FCL!?’, Secondly a response rate of 65%
might have introduced bias in the interpretation of the results. This is an observational
study, and the differences in the final frequency of knee arthroplasty and PROM
results should be interpreted with caution. The number of participants suggested by the
power analysis was not met in all subgroups, increasing the risk of type-2 error.
Several of the patients did not provide sufficient details of any subsequent cartilage
treatment after the index surgery. Three different PROMs were used preoperatively,
and none of the patients had more than one preoperative PROM. Owing to list-wise
deletion, this limited the adjustment of the regression models based on PROM data.
Furthermore, standardised preoperative radiographic images were unavailable. Owing
to the study design and long-term follow-up, any association between the findings at

index surgery and follow-up cannot be interpreted as a correlation'?.

11.5 Outcome evaluation
In a long-term follow-up of patients with a history of focal cartilage lesions in the

knee, several outcomes could be registered. In this thesis, the primary outcomes were
the need for a subsequent knee arthroplasty and the patient-reported KOOS subscores.
Knee arthroplasty is the hallmark of end-stage symptomatic osteoarthritis and must be
considered a failure after cartilage surgery. However, there is substantial variation in

the frequency of knee arthroplasty between different geographical regions!'*®. Thus,
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there could be variations in defining the indications for knee arthroplasty between
different hospitals. Including standardised radiographs at the follow-up could
potentially have demonstrated a variation in the indication for knee arthroplasty and
made adjustments in the statistical analysis possible. Standardised radiographs of a
patient cohort from all over Norway would be a logistic challenge and have a high
financial cost. The number of patients consenting to participate in the study would also
likely have been lower. Furthermore, there seems to be a limited association between
the severity of osteoarthritis and patient reported outcomes'” 13, Thus radiographs at

follow-up was not included in the study protocol.

As outlined in the paragraph concerning PROMs in the introduction, there are several
different PROMs available for the use in patients with knee conditions. These PROMs
are frequently used to evaluate outcomes, even when there is a lack of validation in
patients with that particular condition. KOOS is one of the few PROM:s that has been
validated in patients with focal cartilage lesions, osteoarthritis, as well as knee
arthroplasty*>*8, KOOS has been frequently used since it was first presented in 2003
and is currently the main PROM used by the Norwegian Knee Ligament Register and
NAR. Thus, we chose the KOOS as the primary PROM in this study.

A statistically significant change in a PROM does not necessarily imply a clinically
relevant change in experienced function of the knee by the patient. The importance of
the minimal clinically important difference (MCID) and patient-acceptable symptom
state (PASS) has been acknowledged in recent years'*°. A change in PROM above the
MCID suggests that the patient perceives better or worse knee function after treatment,
whereas any change below the MCID could be due to “measurement error” in
PROM'*°. A PROM score above the PASS threshold suggests that the patient have a
satisfactorily knee function. The PASS threshold must be established for each PROM,
and for each knee condition in which it is intended to be used and may vary
substantionally'*°. An analysis of the percentage of patients reaching the KOOS PASS
threshold was thus included in both Papers 2 and 3 to evaluate whether the difference

in PROM between the groups was clinically relevant.
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11.6 Results
Paper 1
Apold et al. identified increased BMI and heavy labour as risk factors for KA in the

Norwegian general population?. In a large cohort study including more than 4500
patients with osteoarthritis Salis et al'*’. demonstrated a linear (positive) association
between weight loss and a decreased risk of KA. The risk of KA was reduced by 2%
for every kg of weight loss. In our study, being overweight at follow-up was associated

with an increased risk of having a knee replacement.

Several long-term clinical trials report subsequent KA after cartilage surgery!% 141-142,

Ogura et al. reported an incidence of 20% KA surgeries in a 20-year follow-up period
of first generation ACI, which is consistent with our results!®*. Gobbi et al.!%
presented 15 years follow-up of FCL treated with microfracture in an athletic patient
cohort. The authors reported progression of osteoarthritis in 40% of the knees, with
11% failures defined as subsequent surgeries at the final follow-up. Whether any of
these were KA were not specified. Older age at the time of cartilage surgery and large
or multiple lesions were the main risk factors for OA. Possible explanations for the
high rate of KA in our study may be our somewhat older patient cohort (36.8 vs 31.4
years) as well as five years longer follow-up. Differences in KA frequencies at the
population level between regions, as demonstrated by Ackerman!*, might also

contribute to the differences in KA incidence.

In a study of 158 000 patients who had undergone chondroplasty in UK-NHS
hospitals, Abram et al. demonstrated a higher risk of KA compared with the general
British population'**. The overall risk of KA within five years was 17.6%. Both age
and sex were identified as risk factors for later KA. While Abram et al. did not have
information on BMI, they found that a higher Charleston comorbidity index increased
the risk of KA. The Abram patient cohort was older than our cohort, with a mean age
51.7 years. This is likely the reason for why the five-year risk of KA in the UK

chondroplasty cohort was approximating the twenty-year risk in our study.

Both ACL injury and meniscal lesions are known to increase the risk of osteoarthritis

and subsequently TKA3! 101144147 ‘Fyrthermore, in a meta-analysis by Whittaker et
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al.'"*® both cartilage lesions and concomitant meniscal resection were demonstrated to
increase the risk of later KA in patients with previous ACL surgery. In the present
cartilage cohort, meniscal resection and ACL surgery were not associated with an
increased risk of KA. One possible reason could be that cartilage lesions increase the
risk of KA to a greater extent than ACL and meniscal injuries, thereby obscuring the
effect of the latter. Visnes et al. found that patients aged 30-39 years had a three-fold
higher risk of KA after ACL surgery compared to the general population, while those
aged 40-49 years had a doubled risk.'*. In our cartilage cohort, the corresponding
numbers were 416- and 49-times increase in risk. In a large registry study of 50 000
patients with knee osteoarthritis, Gustafson et al.'*° demonstrated an increased risk of
KA in patients with previous knee surgery. Interestingly, Gustafson et al.!** found a
strong association between patients’ desire for surgical treatment and subsequent KA.
The patients in our cohort have had previous cartilage surgery and several of them
additional knee surgery and as such might have a stronger believe in surgery. Thus, a
stronger desire for a surgical solution for their knee condition might contribute to the

increased risk of KA in the cartilage cohort.

In Paper 1, we found that ACI treatment of cartilage lesions increased the risk of
subsequent KA by four times compared with no treatment. This finding was surprising
because ACI treatment, in contrast to mosaicplasty and microfracture, does not violate
the subchondral bone. ACI was performed as an open surgery and required two

surgeries, which may increase the risk of knee arthroplasty!%!: 143,

To reduce the risk of including asymptomatic lesions in the non-surgically treated
group, we performed a subanalysis of patients without any concurrent procedures at
the time of index surgery. The subanalysis revealed no significant differences between
treatment groups. This might suggest that our finding of increased risk following ACI
could be due to confounding factors. However, the subanalysis might be underpowered
and thus prone to type 2 error. According to a Cochrane review, there is insufficient
evidence of the superiority of ACI over other cartilage treatments'!. In recent years,
high-volume orthopaedic surgeries, such as meniscal surgery in middle-aged patients,

have not been shown to be superior to sham surgery or nonoperative treatment'>2 133,
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Consequently, we would suggest that future clinical trials on the treatment of FCL in
the knee should include a control group treated non-operatively or preferably with

sham surgery'>*.

Paper 1 has several limitations. This is not a randomised trial, and the indications for
different cartilage treatments might vary significantly. The ACI and several of the Mfx
patients were, however, previous randomised trial participants which reduced the risk
of selection bias. Patients undergoing cartilage surgery might have had more
symptomatic lesions than those who were not surgically treated. There may also be
unknown confounding factors that influence KA risk, such as genetic disposition®.
There were few knee arthroplasties in the younger age groups, resulting in wide

confidence intervals.

Paper 2
Long-term PROM results

In Paper 2, we found a mean KOOS-QoL of 58.1 at the final follow-up in patients
without subsequent knee arthroplasty. In a series of 44 patients, Ossendorf et al'>
found a KOOS-QoL score of 49 in patients with 1% generation ACI treatment versus 64
in patients with microfractures. Furthermore, Kreuz et al'*® and Niemeyer et al. 1%’
found KOOS-QoL of 58.0 and 54.3 respectively, in their studies. Even though the
present study has considerably longer follow-up, the PROM results are likely
comparable as several previous studies have suggested stable results from mid- to
long-term follow-up?* 194 115,156 n contrast, Gobbi et al'® presented 15 years follow-
up of 67 athletes with full-thickness lesions treated with microfractures, with a final
KOOS-QoL of 82.2. The higher KOOS score might be due to the more active study
population, as physical training has been shown to increase the KOOS score in patients
with FCL*. Multiple lesions were associated with inferior KOOS QoL. A possible

explanation could be that multiple lesions alter knee homeostasis more!3®.

A lower education level was associated with inferior KOOS. A higher risk of heavy

manual labour and a lower level of physical exercise may contribute to this.
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Furthermore, a lower socioeconomic status is known to decrease self-reported general

health'>’.

Medial and lateral FCLs were associated with significantly better KOOS-QoL scores
than retropatellar lesions. The inferior result in patellar lesions is consistent with
previous studies”” 16% 16! Using the same regression model, a subgroup without PF
lesions was analysed with the same overall results, indicating that the original

statistical model was able to adjust for FCL location (Supplementary Table 2, Paper 2).

Seifeth et al.!s? presented a propensity matched study from the German Cartilage
Register demonstrating that previous cartilage surgery was associated with decreased
PROM within 3-years follow-up after ACI surgery. Any non-cartilage knee surgery
did, however, not influence the patient reported outcome after ACI. The latter finding
of Seifeth is consistent with the finding of no association between ACL and meniscal

surgery and the KOOS QoL in the Paper 2 study.

In a systematic review of prognostic factors for the clinical outcome of FCLs in knees

1.193 identified several factors associated with

treated with microfracture, Van Tuijn et a
inferior outcomes. Inferior PROM was found in older patients, patients with larger
FCL size, previous or concomitant knee surgery such as meniscal resection or ACL
reconstruction, and in patients with longer duration of symptoms preoperatively. There
was, however, inconclusive data regarding the correlation between BMI and clinical

outcomes. The findings of Van Tujin et al.'®3

contradict the findings of Paper 2, where
elevated BMI was strongly associated with inferior KOOS-QoL. Furthermore, there
were no significant associations between patient-reported outcomes and lesion size,

patient age, or any concomitant knee surgeries.

Subsequent cartilage surgery

At the final follow-up, 47 knees (17.7%) had undergone subsequent cartilage surgery.
Niemeyer et al'> reported in a study of ACI patients that 28.6% required additional
cartilage surgery. This is consistent with the findings of Ossendorf et al'> with 34% of
reoperations. In the present study, there was no significant difference in the rate of
subsequent cartilage surgery between the treatment groups, although there was

substantial variation. This finding suggests that the analysis was underpowered. We
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did not have detailed data on the nature of subsequent cartilage surgery, and variations

in the type of surgery between the groups could be substantial.

Risk factors for treatment failure

The failure rate, defined as KA, osteotomy, or KOOS-QoL score <50, was nearly 50%.
Several other studies have defined any subsequent cartilage surgery as failure!%4 105 114,
157 From a 20-year perspective, any subsequent surgery might not be the best measure
of failure. KA is the final outcome of end-stage osteoarthritis and must be considered a
failure in cartilage surgery. However, the risk of undergoing a knee replacement may
vary considerably between countries as well as regions of a country!% 136, To
compensate for this, we also classified patients scoring <50 on the KOOS-QoL sub-
score as treatment failure, as Chahal et al''? demonstrated this to be the Patient
Acceptable Symptom State (PASS) in patients with FCL. The failure rate of 50%
seems high. Nonetheless, as previously discussed, the mean KOOS-QoL score in the

present study is comparable to that of other long-term studies.

More than one FCL was associated with an increased odds of failure, consistent with
the results of Gobbi et al'®®. Furthermore, an increased BMI is a known risk factor for

both KA and lower KOOS-score even in the general population3® 13,

Long-term PROM and risk of failure in different Cartilage treatment strategies
We found an increased KOOS-QoL score in ACI patients compared to other treatment
strategies, including no surgical treatment. In contrast Ossendorf et al'>® found that
microfracture patients had significantly higher scores than the ACI patients. However,
their analysis was not fully adjusted for significantly larger defects in patients with

ACI, which might introduce bias.

In the paper 1 study on the same cartilage cohort, we found that ACI treatment
increased the risk of KA. Considering this, it is notable that the ACI had the lowest
overall risk of failure. Even though the higher risk of KA is concerning, the number of
patients scoring themselves below PASS was considerably higher in the other
treatment groups. Possibly the ACI patients have been more prone to receive a KA

than the other patients. Cartilage allografts are not available in Norway, and revision
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options in cases of a large failed ACI treatment may be limited. This may partly
explain the higher KA rate.

This study included a heterogeneous cohort of patients. However, our findings
highlight the need for long-term follow-up of RCTs, as also suggested in a review by
Orth et al'®, as well as in cartilage registry studies. Furthermore, inclusion of a sham-

surgery arm in future RCTs should be considered.

Paper 3
The principal findings of the present study were that, at an average of eight years

following knee arthroplasty, patients with a history of previous cartilage surgery
demonstrated significantly lower scores for KOOS Symptoms, Pain and QoL
compared to a matched cohort from the Norwegian Arthroplasty Register.
Additionally, there were significantly lower odds of reaching the PASS threshold for
the same KOOS sub-scores in the patients with previous arthroscopically verified focal

cartilage lesions.

Failure of FCL surgery with residual symptoms poses a clinical challenge!®. In the
absence of osteoarthritis, resurfacing with mini-implants has gained popularity and has
been advocated in a recent consensus paper'®. In the present study, all of the previous
FCL patients were reported to have osteoarthritis at the time of knee arthroplasty by
the treating surgeon. Preoperative radiographs were not available to the research
group, but it is likely that the surgeon no longer considered the condition as a focal

cartilage lesion, but rather as osteoarthritis in one or more knee compartments.

In a study of 972 patients from the NAR, Lygre et al'®® reported similar or slightly
better KOOS sub-scores than in the control group in the present study. The tendency
towards better KOOS scores in their study might be explained by an older patient
population (76 years vs. 67 years in the control group in the present study), as younger
age has been shown to predict poorer PROMs in knee arthroplasty patients'®”.
Furthermore, Lygre et al. included only primary TKAs. Nevertheless, this might
suggest that the KOOS sub-scores in the control group were representative of the

average knee arthroplasty patients in Norway.
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Several studies have reported no correlation between previous knee surgery and
PROM scores in knee arthroplasty patients'*®17°, However, a recent meta-analysis by
Zhang et al.'”! found that previous knee surgery had a negative effect on postoperative
PROMs in patients undergoing knee arthroplasty. Furthermore, Khan et al.!”
demonstrated significantly lower KOOS JR, and lower odds for reaching both MCID
and PASS in knee arthroplasty patients with previous meniscal resection compared to a
cohort of patient without previous knee surgery. In a systematic review by Syrikas et
al.!”® a negative association was demonstrated between fracture-related post-traumatic
osteoarthritis and PROM following knee arthroplasty. These findings suggest a likely
association between previous knee surgery and PROM after knee arthroplasty. In the
present study, patients in the cartilage cohort underwent significantly more surgical
procedures in addition to cartilage surgery than those in the control group. To account
for possible confounding from these additional procedures in the analysis of the KOOS
score, the regression models were adjusted for any additional surgical procedures apart
from cartilage surgery and purely diagnostic arthroscopy. The sensitivity analysis
(Paper 3, Supplementary Table 1) without this adjustment also demonstrated inferior
results in the cartilage cohort for KOOS Symptoms and Pain, but not for QoL. This
finding supports those of Zhang et al.!”".

There were also significantly more revision arthroplasties performed in the cartilage
cohort. Although this variable was part of the matching procedure, a complete match
was not achieved because of variations in response rates. Thus, the regression models
were adjusted for primary versus revision arthroplasties. The sensitivity analysis,
including only primary knee arthroplasty (Paper 3, Supplementary Table 2), showed
results equivalent to those of the original analysis, indicating that the models were

adequately adjusted for revision knee arthroplasty.

KOOS Symptoms-, Pain-, and QoL-subscore after knee arthroplasty were significantly
lower in the previous cartilage cohort. This concurs with the findings of Ansari et al.!*
in a cohort of 21 previous microfracture patients, with a mean 7.8 points lower
improvement in the Knee Society Score (KSS) in the cartilage cohort compared to a
matched group of knee arthroplasty patients. However, the difference in KSS was

below the clinically important difference demonstrated by Lizaur-Utrilla et al.!”*,
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Ansari et al.'% did not report any power analysis prior to analysing the KSS results,
and the power analysis in the present study suggests that the Ansari study was
underpowered.

Frank et al.'"” presented 13 knee arthroplasty patients with previous chondral
auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis,
finding a mean KSS improvement of 16 points lower in the cartilage cohort. However,
they included patients with concomitant meniscal allografts in their cartilage cohort,

which could have substantially confounded their results.

This is to the best of our knowledge the first study of patient-reported results in knee
arthroplasty patients with previous cartilage lesions where PASS was reported.
Reporting the percentage of patients who reached the PASS threshold offers several
advantages, as outlined in a recent review by Mabrouk et al.'*°. This ensures that the
identified differences are not only statistically significant but also clinically relevant.
Significantly better odds of reaching the PASS threshold in the control group than in
the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and
PASS was not reached by two-thirds of the cartilage cohort. This supports the findings
of lower KOOS sub-scores in the cartilage cohort.

The reason for the inferior results in the cartilage cohort remains unclear. However,
several explanations for why previous focal cartilage lesions still seem to result in
inferior patient satisfaction after knee arthroplasty could be considered. There is likely
to be a substantial selection bias, in which cartilage patients require knee arthroplasty.
Satisfied cartilage patients with an adequate knee function are not likely to require
knee arthroplasty. Psychological factors have been shown to influence PROMs!” and
knee arthroplasty patients with failed cartilage surgery may have more psychological
issues than average knee arthroplasty patients. In a recent review by Olsen et al.'”®,
preoperative pain catastrophising was associated with worse pain in patients who had
undergone knee arthroplasty. Furthermore, Sellevold et al'’”” found preoperative
duration of pain, and psychological stress to be associated with less improvement after

knee arthroplasty surgery. Arendt-Nielsen et al.!”® demonstrated central pain

sensitisation to play an important role in the perception of pain in patients with severe
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osteoarthritis. Again, the duration of chronic pain seems to be associated with
increased central pain sensitisation'”. The cartilage cohort may have experienced a
longer duration of knee pain prior to knee arthroplasty than the control group. One or
more FCLs have been shown to alter knee homeostasis'®, potentially reducing knee

function even after knee arthroplasty.

The main strength of the present study was the large number of included patients with
KA after a previous arthroscopically verified and symptomatic FCL in the ipsilateral
knee. The follow-up after KA surgery was mid- to long-term, and several studies have
shown stable PROMS from one year postoperative in KA patients'®%-82 The previous
FCL patients with patellofemoral or unicompartmental KA, had received KA in the
same compartment as the previous FCL was located. This suggests that there may be a
correlation between the FCL and later KA. The participants reported any additional
ipsilateral knee surgeries in the questionnaire. This reduced the risk of not recording

any additional surgeries performed at another hospital.

This study has several limitations. We failed to include the necessary number of FCL
knees required by the pre-inclusion power analysis, falling six knees short. To reduce
the risk of underpowered analysis, we included an analysis of whether or not the
patients scored above the PASS threshold for KOOS subscores. This has been shown
to be a robust strategy for demonstrating clinically important differences in a recent
review by Mabrouk et al'¥,

Furthermore, we did not have access to radiographs obtained before KA surgery, and
there could be discrepancies in the degree of osteoarthritis in the FCL and control
groups. Dowsey et al'*” however, found no association between the Kellgren-
Lawrence score and preoperative PROM in patients with KA. Preoperative PROM was
not available, which has been shown to be an important factor in determining
postoperative PROM score!®3!8 There could have been a discrepancy in the
preoperative KOOS scores between the groups. However, several studies have

demonstrated that cartilage patients have similar KOOS QoL subscores to patients
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awaiting KA 22186 indicating that preoperative PROM in the cartilage cohort might be
similar to that in the control group.

Even though the control group was matched, there were differences in the distribution
of age, education level, and revision TKA owing to uneven response rates in the
matched control group. This resulted in unbalanced groups, necessitating adjustments

using regression models.

Improvements in function and satisfaction are provided by knee arthroplasty,

187 This seems to be

regardless of the type of implant, in patients with osteoarthrosis
true also in the context of previous FCL!'". However, the present study suggests that
both surgeons and patients should be aware of the lower improvement in PROMs after
knee arthroplasty in cases with a history of previous focal cartilage lesions as part of

shared decision-making.

11.7 General considerations of the thesis

Untreated cartilage injuries have limited healing potential and may progress to
osteoarthritis, and reversing this process is often an aim in cartilage treatment® 103129,
However, scientific evidence for the ability of any cartilage treatment to stop or
reverse the development of osteoarthritis is limited. In Paper 1, we demonstrated that
there is a significant increase in the risk of receiving knee arthroplasty in patients with
previous arthroscopically verified cartilage lesions compared with the general
population. The risk of KA was particularly high in patients aged < 40 years.
Furthermore, cartilage surgery does not seem to reduce the risk of subsequent
arthroplasty compared with no surgical treatment. Previous studies have demonstrated
a slight increase in the risk of osteoarthritis in patients with previous ACL
reconstruction compared to that in patients with non-operative treatment'8. The
finding of no correlation between knee arthroplasty risk and operative vs. nonoperative
treatment of FCLs suggests that the indication for any cartilage surgery should be

based on the patients’ current knee symptoms and not on the fear of any risk of later

osteoarthritis.
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As previously discussed in the introduction, focal cartilage lesions are frequently
observed in the knees. In a study from the American College of Surgeons National
Surgical Quality Improvement Program database, Gowd et al.'%® demonstrated a
significant increase in cartilage surgeries in the US between 2010 and 2016 (4.4% per
year). In contrast Engen et al?!. found a slight decrease in cartilage surgeries in
Norway in 2008-2011 but the incidence of cartilage surgery in Norway seemed to be
only slightly lower than that in the US at that time point. Gowd et al'®’. found a
particular increase in more advanced cartilage procedures, such as arthroscopic
osteochondral allograft and ACI, with an increase of > 600% for both procedures
during that period. However, there was no significant increase in the prevalence of
chondroplasty or microfractures. Advanced cartilage surgeries, such as allografts and
ACI, are substantially more expensive than microfractures or debridements. Although
most available surgical cartilage procedures are cost effective!®’, Aae et al®!.
demonstrated that ACI are less cost-effective than microfractures in a review of Level
1 and 2 studies. Thus, it is interesting that the increase in cartilage surgery seems to be
entirely in the more advanced and expensive procedures. However, this is consistent

with recent literature recommending microfracture in only smaller cartilage lesions'”!”

194
Currently, there is no scientific evidence for the optimal treatment of focal cartilage
lesions. Several authors, such as Brittberg!®! and Hinckel et al.!?>, have proposed

guidelines for the treatment of cartilage lesions based on available literature.



61

1emt Zemd Zemt &cm semt  em? 7em'  Bem  Sem?  10cm¢ 1Zem!  1Zem? 1&m? 15end 16

Bone Marrow
Stimulation-Nano
needling/drilling

Bone Marrow
Stimulation with
scaffold
augmentation

Osteochondral
autologous mosaic
plasty

Cartilage fragment
implantation

Chondrogeneiccell
implantation (ACI)

Osteochondral
allograft

Brittberg ©2024
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Additionally, focal inlay implants may be an alternative to failed biological cartilage
treatments. In a recent consensus paper from the German Knee Society and ESSKA 6,
there was a high degree of consensus in the international expert group that focal metal
inlay implants are a treatment option for full-thickness cartilage lesions that have
failed previous conservative or surgical treatments. However, there are concerns
regarding the revision rates in the Australian Joint Replacement Registry, with revision
rates as high as 38.8% after ten years. In contrast, Christensen et al.'*® reported a more
acceptable 80% survival rate after 10 years in the Danish Knee Arthroplasty Registry,

1.196 reported 96% survival at 10-years. Furthermore,

and Megaloikonomos et a
Stdlman et al.'”” demonstrated no implant migration in a study using radiostereometric

analysis (RSA) of a novel customised focal metal inlay implant.

In our studies, we could not find any correlation between lesion size and PROM or risk

of subsequent arthroplasty. This finding is consistent with that of a recent study from
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the German Cartilage Registry, which demonstrated no correlation between patient
satisfaction and lesion size!®®. Furthermore, in the largest randomised controlled trial
comparing ACI with other treatments, Snow et al'?’., failed to demonstrate the
superiority of ACI. A detrimental effect of previous microfracture was demonstrated in
the 5-years results of ACI patients, but not in those receiving other cartilage surgeries
after failed microfracture. Several other randomised trials have also failed to
demonstrate any clinically relevant differences between ACI and microfractures after
five years of follow-up'®®2®. On the other hand, Kon et al>"!., demonstrated clinical
relevant superior IKDC and return to sports in ACI patients compared to microfracture
patients, consistent with the SUMMIT study by Brittberg et al. with superior KOOS
score after 5-years®. However, the latter study was not manufacture-independent.
Concerns regarding declining long-term results after microfracture have been raised!'**
193,202 However, Knutsen et al.!'* did not find any difference in Lysholm scores for
ACI and microfracture procedures at 16-years postoperatively in their RCT. The
findings of Knutsen et al. are interesting, as most of the ACI patients included in this
thesis were the same as those in the Knutsen study. In paper 2, a clinically relevant and
significantly better KOOS QoL score was found in ACI patients compared to those
without surgical cartilage treatment and microfracture. A possible explanation could be
the superior quality of cartilage after ACI, even though there does not appear to be a
correlation between repair cartilage quality and clinical outcomes!®!: 198,203,204,
Microfracture has been regarded as the “golden standard” in surgical cartilage
treatment and several comparative studies includes a microfracture group, but the
evidence for such a status is scarce®?. Microfracture has never been demonstrated to be
superior to debridement or non-operative treatment of cartilage lesions®'. In a recent
randomised study from the Norwegian Cartilage Project, debridement achieved
equivalent or superior PROM scores compared with ACI in lesions > 2 cm? at a 2-
years follow-up?®. In paper 2 we used non-surgically treated lesions as reference in
the regression models. Few studies have compared cartilage surgery with non-surgical
treatment. In a study from the Norwegian Knee Ligament Register, Rotterud et al.2%
demonstrated inferior results for microfracture compared to non-surgical treatment at 2

years following concomitant ACL surgery. In Paper 2, there was a tendency towards
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inferior KOOS in the microfracture group compared to the non-surgical treatment
group, although the difference was not statistically significant. In addition to the
current literature, this further emphasises that less invasive or non-operative treatment

might serve better as a control group in comparative cartilage studies.

One concern regarding non-operative cartilage treatment is that several studies suggest
that a prolonged delay from symptom onset to cartilage surgery is negatively
correlated with the extent of cartilage injury and the PROM postoperatively'®® 207, This
might suggest that a preliminary period of non-operation could negatively affect the
outcome of any later cartilage surgery. However, two large studies including more than
2800 and 6000 patients, respectively, from the German Cartilage Registry found no
effect of symptom duration on either the preoperative or postoperative PROM scores
in cartilage patients'*® 2%, Furthermore, the knowledge regarding the natural history of
cartilage lesions and which lesions that remain symptomatic after the initial trauma is
limited®® 193-208.209 Thuys, an initial period of exploratory non-operative treatment

might be advisable for symptomatic cartilage lesions.

However, the optimal non-operative treatment for focal cartilage lesions remains
unknown?!%2!!, While there are several studies on the importance of physical training

in osteoarthritis?!0-212

, only one study has focused on physiotherapy in focal cartilage
patients®*. Wondrasch et al?*. demonstrated the feasibility of a 3-month rehabilitation
program focusing on neuromuscular and progressive resistance training in patients
scheduled for focal cartilage surgery. The patients experienced significant and
clinically relevant improvement in knee function and 65% of them cancelled their

scheduled cartilage surgery.

Several studies have been conducted on orthobiologics in knee osteoarthritis, and
ESSKA has recently endorsed the use of both PRP and cell-based (mesenchymal stem
cell) injections in the treatment of osteoarthritis®!*2!4, Orthobiologics in osteoarthritis
are, however, still controversial, and several internationally recognised guidelines
recommend not using them due to the lack of high-quality evidence of clinically
meaningful effects?!> 216, In the treatment of focal cartilage lesions, there is currently

limited evidence regarding the effect of orthobiolgics'®'.
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There are no nerve endings in the cartilage, the source of pain in patients with cartilage
lesions remains elusive!®?, and there is limited knowledge regarding the natural history
of focal cartilage lesions®”. Two models have been proposed to explain the cause of
pain in cartilage lesions'®*2!7: synovitis and breaching of the subchondral bone plate,
causing fluid under pressure to enter the highly innervated subchondral osteons®!’. In
Paper 3, we demonstrated inferior patient-reported outcomes after knee arthroplasty in
patients with pervious arthroscopically verified focal cartilage lesions. One of the
reasons for persistent pain in patients with knee arthroplasty might be a higher degree
of persistent synovitis, as focal cartilage lesions are known to substantially impair joint
homeostasis'>. The patients in our cohort have first had a period with a symptomatic
cartilage lesion and then likely a period with symptomatic osteoarthritis before they
underwent knee arthroplasty surgery. Thus, the degree of synovitis and altered joint
homeostasis may be more profound than in patients with knee arthroplasty after
idiopathic osteoarthritis. The likely prolonged period of symptoms before knee
arthroplasty in the cartilage patients may also have led to a sensitisation to pain. A
longer duration of preoperative pain has been shown to predict less improvement in
pain after knee arthroplasty'®>. Furthermore, preoperative pain catastrophising is

176 Chronic pain may

associated with increased pain in patients with knee arthroplasty
also be associated with symptoms of depression, which have been demonstrated to be
correlated with inferior patient satisfaction in arthroplasty patients!””-2!8, Additionally,
high preoperative expectations are associated with less patient satisfaction
postoperatively?'®. With pain from cartilage injury, patients in our cohort might have

had higher expectations for an arthroplasty procedure that removed all the cartilage.

There is conflicting evidence in the current literature regarding whether there is any
correlation between the degree of preoperative osteoarthritis and patient satisfaction
after knee arthroplasty. Dowsey et al.!*” demonstrated no correlation between
preoperative KL grade and knee function in arthroplasty patients; however, Hoorntje et
al.?"?, Sauder et al.??°, Rehman et al.??!, and Olsen et al.'®® reported that severe
preoperative osteoarthritis was associated with better patient satisfaction after knee
arthroplasty. Preoperative radiographs were not available in our cohort of patients who

underwent knee arthroplasty. As patients with focal cartilage have similar KOOS QoL
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as patients scheduled for knee arthroplasty?? 136, it is possible that patients with
previous cartilage lesions had less severe preoperative osteoarthritis compared to the

control group from NAR.

It does not seem to be a correlation in the cartilage quality or thickness and knee
function neither in focal cartilage lesions nor osteoarthritis'>® 1%:222_ Faber et al.!®, in
a large study from the German Cartilage Registry, did not find any correlation between
cartilage repair quality on MRI and patient satisfaction. Faber et al.'*3, thus suggest
that PROM should be the “golden standard” when reporting results in cartilage studies.
Bacon et al.?*? demonstrated that, although statistically significant, the correlation
between cartilage thickness and pain in osteoarthritis patients were weak. In a
randomised, placebo-controlled study, Hochberg et al>?3. demonstrated a significant
and substantial effect of Sprifermin on cartilage thickness in osteoarthritis. The
significant effect on the cartilage were, however, not correlated with any improvement
in pain. Based on their own findings and those of Hochberg et al.??*, Bacon et al.??
concluded that, at least in osteoarthritis, no treatment focused on improving cartilage

thickness would be able to achieve any clinically relevant effect on patient satisfaction.

12. Future perspectives

e RCTs on cartilage surgeries involving a sham surgery arm should be performed to
demonstrate that the effect on patient-reported outcomes is not purely placebo. The

importance of a sham-surgery control group has been highlighted by Moseley et

31.224 1.225

in osteoarthritis and by Sihvonen et al.** in degenerative menisci.

o The natural history of focal cartilage lesions should be better understood. The
reasons for why some cartilage lesions remain asymptomatic while others are
detrimental to knee function needs to be investigated.

o The optimal nonoperative treatment of patients with focal cartilage lesions should
be investigated and most likely applied before surgical treatment is considered.

e Several studies have investigated the sources of pain in osteoarthritis.!”® The

sources of pain in knees with focal cartilage lesions should be studied.
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o Future cartilage treatment modalities should target the sources of symptoms in
addition to the cartilage lesion itself.

o Cartilage treatment registries or large cohort studies are needed to monitor rare but
potentially serious adverse effects as well as that novel treatment options do not
underperform.

e PROM should be the primary outcome of prospective cartilage studies as suggested
by the German Cartilage Registry!®%, and cartilage repair quality assessed by MRI

or histology should only be secondary outcomes.

13. Conclusion and clinical implications

This thesis, with its nearly 20-years follow up of a cohort of patients with
arthroscopically verified focal cartilage lesions, provides new knowledge of their long-
term prognosis. Additionally, it provides new insights into the long-term outcomes of
nonsurgical treatment of focal cartilage lesions. These are important factors in the
shared decision-making process of choosing the optimal treatment for a patient with a

focal cartilage lesion.

Focal cartilage lesions increased the risk of requiring a later knee arthroplasty,
especially in the younger population. Surgical treatment of cartilage lesions does not
seem to reduce the risk of knee arthroplasty, suggesting that fear of subsequent
osteoarthritis may not be an indication for cartilage surgery. The only modifiable risk
factor for knee arthroplasty we found was the patient’s Body Mass Index. This finding
suggests that the guidance of patients with FCLs regarding lifestyle changes may be

important.

Patients with focal cartilage lesions in the knee did, however, report improved
outcomes at long-term follow-up compared to what they had reported before index
cartilage surgery, regardless of treatment strategy. However, patients treated with
Autologous Chondrocyte Implantation reported significantly and clinically relevant
better KOOS QoL than those treated with other treatment strategies. They also had

lower odds of treatment failure, despite an increased risk of knee arthroplasty.
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Patients who had undergone knee arthroplasty surgery after a previous focal cartilage
lesion reported significantly and clinically relevant lower KOOS at mid-term follow-
up. They also had a significantly lower odds of achieving the Patient Acceptable
Symptom State threshold than the matched knee arthroplasty cohort. These findings
may be important factors to consider in shared decision making in patients eligible for

knee arthroplasty and the adjustment of preoperative expectations.
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The Long-Term Risk of Knee Arthroplasty in Patients
with Arthroscopically Verified Focal Cartilage Lesions
A Linkage Study with the Norwegian Arthroplasty Register, 1999 to 2020
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Background: Focal cartilage lesions are common in the knee. The risk of later ipsilateral knee arthroplasty remains
unknown. The purposes of the present study were to evaluate the long-term cumulative risk of knee arthroplasty after
arthroscopic identification of focal cartilage lesions in the knee, to investigate the risk factors for subsequent knee arthro-
plasty, and to estimate the subsequent cumulative risk of knee arthroplasty compared with that in the general population.

Methods: Patients who had undergone surgical treatment of focal cartilage lesions at 6 major Norwegian hospitals
between 1999 and 2012 were identified. The inclusion criteria were an arthroscopically classified focal cartilage lesion in
the knee, an age of >18 years at the time of surgery, and available preoperative patient-reported outcomes (PROMs). The
exclusion criteria were osteoarthritis or “kissing lesions” at the time of surgery. Demographic data, later knee surgery, and
PROMs were collected with use of a questionnaire. A Cox regression model was used to adjust for and investigate the
impact of risk factors, and Kaplan-Meier analysis was performed to estimate cumulative risk. The risk of knee arthroplasty
in the present cohort was compared with that in the age-matched general Norwegian population.

Results: Of the 516 patients who were eligible, 322 patients (328 knees) consented to participate. The mean age at the
time of the index procedure was 36.8 years, and the mean duration of follow-up was 19.8 years. The 20-year cumulative
risk of knee arthroplasty in the cartilage cohort was 19.1% (95% Cl, 14.6% to 23.6%). Variables that had an impact on the
risk of knee arthroplasty included an ICRS grade of 3 to 4 (hazard ratio [HR], 3.1; 95% ClI, 1.1 to 8.7), an age of >40 years
at time of cartilage surgery (HR, 3.7; 95% Cl, 1.8 to 7.7), a BMI of 25 to 29 kg/m? (HR, 3.9; 95% Cl, 1.7 to 9.0), a BMI of
>30 kg/m2 (HR, 5.9; 95% Cl, 2.4 to 14.3) at the time of follow-up, autologous chondrocyte implantation (ACI) at the time of
the index procedure (HR, 3.4; 95% CI, 1.0 to 11.4), >1 focal cartilage lesion (HR, 2.1; 95% Cl, 1.1 to 3.7), and a high
preoperative visual analog scale (VAS) score for pain at the time of the index procedure (HR, 1.1; 95% Cl, 1.0to 1.1). The
risk ratio of later knee arthroplasty in the cartilage cohort as compared with the age-matched general Norwegian popu-
lation was 415.7 (95% Cl, 168.8 to 1,023.5) in the 30 to 39-year age group.
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Conclusions: In the present study, we found that the 20-year cumulative risk of knee arthroplasty after a focal cartilage
lesion in the knee was 19%. Deep lesions, higher age at the time of cartilage surgery, high BMI at the time of follow-up, ACI,
and >1 cartilage lesion were associated with a higher risk of knee arthroplasty.

Level of Evidence: Prognostic Level IV. See Instructions for Authors for a complete description of levels of evidence.

represent a clinical challenge'”. In the study by Heir | (including microfracture, autologous chondrocyte implantation

et al., patients who were scheduled for cartilage surgery | [ACI], and mosaicplasty) are available, but the optimum treat-
reported Knee Injury and Osteoarthritis Outcome Score Quality | ment has yet to be determined®”. Furthermore, no treatment has
of Life (KOOS QoL) subscores similar to those of patients | been proven to restore hyaline cartilage or decrease the risk of
scheduled for knee arthroplasty’. The intra-articular hyaline | osteoarthritis’.

F ocal cartilage lesions are common in the knee and | cartilage is unable to heal naturally’. Several treatment options
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Patients who have had previous knee surgery undergo
knee arthroplasty at a significantly younger age than those who
have not®. Several factors have been reported to increase the
lifetime risk of knee arthroplasty, including age, body mass
index (BMI), body height, sex, manual labor, knee injury, and
family history™"’.

Long-term articular cartilage studies have shown that
the rate of knee arthroplasty has ranged from 0% to 17% fol-
lowing regenerative cartilage surgical procedures such as mi-
crofracture, ACI, chondroplasty, or mosaicplasty'' . The
relative risk of knee arthroplasty in patients with a previous
focal cartilage lesion versus the general population remains
unknown. Thus, the purposes of the present study were to (1)
evaluate the long-term cumulative risk of knee arthroplasty in
patients with arthroscopically verified focal cartilage lesions in
the knee, (2) to investigate the risk factors for knee arthroplasty
in patients with cartilage lesions, and (3) to estimate the relative
risk of knee arthroplasty in patients with arthroscopically
verified focal cartilage lesions as compared with the risk in the
general population.

563 knees with focal cartilage
lesion in 553 patients operated
with arthroscopic surgery
between 1999-2012

Questionnaire by mail

516 knees in 507
patients

Responders
337 knees /330 patients

(65.1%)

Included in cartilage
injury cohort

328 knees in 322

patients

Fig. 1

LONG-TERM RISK OF KNEE ARTHROPLASTY IN PATIENTS WITH FOCAL
CARTILAGE LESIONS

Materials and Methods

Patients and Methods

We identified patients with arthroscopically verified focal
cartilage lesions that had been treated at 6 major

Norwegian hospitals between 1999 and 2012 (Fig. 1). These

hospitals were chosen because they had participated in several

prospective clinical cartilage trials in the contemporary period'"*.

The inclusion criteria in this study were (1) an arthro-
scopically verified and classified focal cartilage lesion in the
knee and (2) an age of >18 years at the time of surgery. At least
1 preoperative patient-reported outcome measure (PROM)
score had to be available. Exclusion criteria were cartilage
lesions that were assessed as being osteoarthritis or “kissing
lesions” intraoperatively by the surgeon (Fig. 1).

Patients who were found to be eligible for inclusion were
contacted by mail. Patients who were listed in the Norwegian
Population Register as emigrated or deceased were excluded.
Informed consent was obtained. Each patient received a ques-
tionnaire regarding their current height, weight, level of education,
knee function, additional knee surgery, and level of activity. The

Excluded:
6 patients were emigrated.
31 patients were deceased.

9 patients (10 knees) had no valid address.

\

Non-responders

179 knees/ 177 patients

Excluded after review of medical records.
Missing data or no cartilage lesion: 5 knees

Kissing lesion or osteoarthritis: 4 knees

Flowchart illustrating the inclusion of patients in the cartilage cohort.
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PROMs that had been previously used were the KOOS score”,
Lysholm score®, and International Cartilage Regeneration & Joint
Preservation Society (ICRS) visual analog scale (VAS) for knee
p airlz‘.

After informed consent had been obtained, the surgical
report and/or trial data for each participant were made available
to the main investigator (T.B.). The variables of interest included
any previous cartilage surgery; the location, size, and ICRS clas-
sification of the cartilage lesions; the type of operative treatment;
any additional procedures; and preoperative PROMs. Nine knees
in 8 patients who met the exclusion criteria at the time of surgery
were then identified and excluded (Fig. 1).

The Norwegian Arthroplasty Register (NAR) has captured
data on knee arthroplasty interventions and outcomes in Norway
since 1994 and has >95% completeness of reporting*. The
patients in the current study and in the NAR are identified by their
Norwegian unique identification number. Data from the NAR
included the date of knee arthroplasty, surgeon-reported cause
of knee arthroplasty (i.e., osteoarthritis, posttraumatic arthritis,
inflammatory arthritis), type of prothesis, and laterality.

A patient was registered as having a knee arthroplasty
when (1) the patient reported an ipsilateral knee arthroplasty in
the questionnaire and/or (2) the ipsilateral knee was registered
in the NAR.

The study was approved by the Regional Ethics Com-
mittee (2017/1387).

Statistical Analysis
The data were analyzed with use of SPSS Statistics (version 26;
IBM). The level of significance was set at p < 0.05.

The cumulative risk of knee arthroplasty was estimated
with use of the Kaplan-Meier method™. Cox regression models
were used to investigate risk factors for knee arthroplasty in the
study population. A graphical causal model (www.dagitty.net/
dags.html) was used to identify variables to adjust for, as sug-
gested by Westreich and Greenland®. Preoperative Lysholm
and ICRS VAS pain scores were registered for 185 and 114
patients, respectively, and no patient had recorded >1 preop-
erative PROM. The linear assumption of the Cox model was
confirmed for the preoperative VAS pain score with use of the
Box-Tidwell procedure. Survival times were calculated as the
time between cartilage surgery and knee arthroplasty or the end
of the study on December 31, 2020. The proportional hazards
assumption was fulfilled for all variables that were investigated
except for BMI group and anterior cruciate ligament (ACL)
surgery (yes or no). On the basis of a visual inspection of the
Kaplan-Meier plot, both variables were analyzed separately
according to the duration of follow up (<12 or 212 years).

A subgroup of patients without any concomitant pro-
cedures at the time of the index procedure were analyzed with
use of the same Cox model as described above.

The relative risk of knee arthroplasty after a cartilage
injury as compared with the risk in the age-matched general
population was estimated. The absolute risk of knee arthroplasty
in the cartilage injury cohort was estimated by dividing the
number of knee arthroplasties by the total number of knees with

LONG-TERM RISK OF KNEE ARTHROPLASTY IN PATIENTS WITH FOCAL
CARTILAGE LESIONS

cartilage injury in each age-matched group. For the general
population, the numerator was the number of all other patients
undergoing knee arthroplasty without inflammatory arthritis or
previous cartilage surgery as reported to the NAR between
January 1, 1999, and December 31, 2020. The denominator was
the average number of Norwegian citizens in the same period,
retrieved from Statistics Norway. The results were stratified in
10-year groups based on the age at the time of knee arthroplasty.

To further aid the clinical interpretation of the relative
risk of knee arthroplasty in the cartilage injury cohort as
compared with the general population, we also stratified each
10-year age group at the time of knee arthroplasty according
to when the patient underwent the index cartilage procedure.
For the general population, the absolute risk was estimated as
described in the previous paragraph. In the cartilage injury
cohort, the numerator was the number of knee arthroplasties
in each 10-year age group (at the time of cartilage surgery) and
the denominator was the total number of patients with carti-
lage injury in the same age group.

A power analysis was performed prior to inclusion. In
order to achieve an 80% chance of detecting a 4-times higher
rate of knee arthroplasty in the focal cartilage lesion cohort as
compared with the general population, we needed to include at
least 181 participants.

Source of Funding
The present study was funded by the Norwegian Research
Council through the Norwegian Cartilage Project.

Results

f the 553 patients (563 knees) who were identified, 507

patients (516 knees) were eligible, and, of those, 322
patients (328 knees) consented to participate (Fig. 1). One
hundred and sixty-four patients (169 knees) had participated
in studies with previously published intermediate to long-term
results®*. Most patients had a pre-enrollment radiograph that
did not show any joint-space narrowing. The demographic
characteristics of the patients are summarized in Table I. At
baseline, there were no significant differences between the
responders and nonresponders apart from the responders
being a mean of 3.0 years older (p = 0.002).

The 20-year cumulative risk of knee arthroplasty after
arthroscopic verification of a focal cartilage lesion was 19.1%
(95% confidence interval [CI], 14.6% to 23.6%). The mean age
at the index procedure for the treatment of the focal cartilage
lesion was 36.8 years, and the mean duration of follow-up was
19.8 years. The results of the Cox regression model are sum-
marized in Table II. The BMI classifications of overweight and
obese at the time of follow-up were the 2 most important risk
factors for knee arthroplasty, with an adjusted hazard ratio
(aHR) 0f 3.9 (95% CI, 1.7 t0 9.0) and 5.9 (95% CI, 2.4 to 14.3),
respectively. The size of the cartilage lesion did not significantly
influence the risk of later knee arthroplasty, but ICRS grade-3
and 4 lesions did increase the risk of knee arthroplasty (aHR,
3.1; 95% CI, 1.1 to 8.7). ACI treatment increased the risk of
knee arthroplasty (aHR, 3.4; 95% CI, 1.0 to 11.4) compared
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TABLE | Demographic and Descriptive Characteristics of 328
Knees with Focal Cartilage Lesions Treated with

Arthroscopic Surgery in 6 Norwegian Hospitals
Between 1999 and 2012+

No. of knees 328

188 (57%)/140 (43%)

174 (53%)/154 (47%)
36.8 (35.6-38.0)

Sex (male/female) (no. of knees)
Side (right/left) (no. of knees)
Age at time of surgeryt (yr)

Time from index procedure to end 19.8 (19.4-20.2)
of studyt (yr)
ICRS grade (no. of knees)
1-2 52 (15.9%)
34 276 (84.1%)

Size of cartilage lesiont (mm?) 201.3 (178.9-223.7)
49.4 (46.9-51.8)

44.3 (39.6-49.0)

Preop. Lysholm score (n = 184)1
Preop. VAS pain score (n =105)1

Location of cartilage lesion (no.

of knees)
Patellofemoral 73 (22.3%)
Medial 204 (62.2%)
Lateral 51 (15.5%)

Type of cartilage lesion (no. of

knees)
Traumatic 125 (38.1%)
ocD 17 (5.2%)
Degenerative 4 (1.2%)

Not reported 182 (55.5%)
Type of treatment (no. of knees)
No cartilage treatment

Microfracture

93 (28.4%)
124 (37.8%)

Debridement 12 (3.0%)
ACI/MACI 30 (9.1%)
Mosaicplasty 53 (16.2%)
Other 16 (4.9%)

Level of education (no. of knees)
High school
Bachelor's/Master’s degree
Missing information

BMI at end of studyt (kg/m?)

155 (47.3%)
164 (50.0%)
9 (2.7%)
27.4 (26.9-27.9)
BMI category at end of study (no.

of knees)
<25 kg/m? 100 (30.5%)
25-29 kg/m? 137 (41.8%)
>30 kg/m? 75 (22.9%)

Missing information 16 (4.9%)

Ipsilateral ACL reconstruction 50 (15.2%)

(no. of knees)

At index surgery 15 (4.6%)
Before or after index surgery 35 (10.7%)
continued

LONG-TERM RISK OF KNEE ARTHROPLASTY IN PATIENTS WITH FOCAL
CARTILAGE LESIONS

TABLE | (continued)

278 (84.8%)
100 (30.5%)

None
Ipsilateral meniscal resection
(no. of knees)

At index surgery

Before or after index surgery

46 (14.0%)
54 (16.5%)

None 228 (69.5%)
Knee arthroplasty (no. of knees) 59 (18.0%)
Male patients (n=188) 30 (16.0%)
Female patients (n=140) 29 (20.7%)
Knee arthroplasty procedures 59 (18.0%)

(no. of knees)

Total knee arthroplasty (n = 59) 48 (81.4%)

Unicompartmental knee 8 (13.6%)
arthroplasty (n = 59)
Patellofemoral knee 3 (5.1%)

arthroplasty
Age at the time of knee
arthroplastyt (yr)
Male patients
Female patients

56.4 (53.1-59.7)
51.9 (47.6-56.1)
Time from index cartilage surgery
to knee arthroplastyt (yr)

Male patients

Female patients

13.9 (11.9-16.0)
11.4 (9.0-13.8)

*N = 328 unless indicated otherwise. ICRS = International Cartilage
Repair & Joint Preservation Society, VAS = visual analog scale, OCD =
osteochondritis dissecans, AClI = autologous chondrocyte
implantation, MACI = matrix-induced ACI, ACL = anterior cruciate
ligament. TThe values are given as the mean, with the 95% Cl in
parenthesis.

with no cartilage treatment at index surgery. The preoperative
Lysholm and VAS pain scores were analyzed as continuous
variables. A low preoperative Lysholm score did not signifi-
cantly increase the risk of knee arthroplasty, whereas a high
preoperative VAS pain score did and was found to be linearly
correlated with the risk. ACL reconstruction was not a risk
factor for total knee arthroplasty (TKA) at the time of the latest
follow-up, but there was an increased risk in the <12-year
follow-up group (aHR, 3.2; 95% CI, 1.4 to 7.3) (subanalysis not
presented). Increased BMI was a significant risk factor only in
the >12-year follow-up group.

The subanalysis of patients without any concomitant
procedures at the time of the index procedure demonstrated
no significant difference in the risk of knee arthroplasty
between the treatment groups (see Appendix). Furthermore,
an additional Cox analysis including the time period of the
index operation (1999 to 2004 or 2005 to 2012) did not alter
our findings.

The Cox adjusted survival curves of the knees with a
cartilage lesion, with knee arthroplasty as the end point, are
presented in Figures 2-A through 2-D. The survival curves
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TABLE Il Twenty-Year Cumulative Risk (1 — Kaplan-Meier Survival) and Risk Factors Associated with Knee Arthroplasty After Cartilage Injury,

1999 to 2020, in a Focal Cartilage Lesion Cohort Linked to the Norwegian Arthroplasty Register§§§

No of Knee 20-Year
No. of No. of Knee Arthroplasties Cumulative Crude HR* Adjusted HRT
Knees Arthroplasties (TKAs/ UKAs/PFs)  Risk (95% Cl) (95% Cl) (95% Cl)
Total 328 59 (18.0%) of 328 19.1 (14.6-23.6)
Age at time of
surgery¥ (no. of
knees)
18-29 yr 83 (25.3%) 9 (10.8%) of 83 9 (7/0/2) 13.8 (9.7-17.9) 1
30-39 yr 128 (39.0%) 14 (10.9%) of 128 14 (12/2/0) 12.0 (5.7-18.3) 1.08 (0.47-2.50)
240 yr 117 (35.7%) 36 (30.8%) of 117 36 (29/6/1) 32.2(23.241.2) 3.69 (1.78-7.67)
Sex¥ (no. of knees)
Male 188 (57.3%) 30 (16.0%) of 188 30 (25/5/0) 14.1 (8.8-19.4) 1
Female 140 (42.7%) 29 (20.7%) of 140 29 (23/3/3) 22.8 (15.4-30.3) 1.38 (0.83-2.30)
BMI at end of
study§ (no. of
knees)
<25 kg/m? 100 (30.5%) 7 (7.0%) of 100 7 (5/1/1) 7.2 (2.1-12.3) 1 1
25-29 kg/m? 137 (41.8%) 27 (19.7%) of 137 27 (20/6/1) 22.2 (14.6-29.8) 3.07 (1.34-7.06) 3.86 (1.65-9.00)
>30 kg/m? 75 (22.9%) 19 (25.3%) of 75 19 (17/1/1) 27.1 (16.3-37.9) 4.1 (1.749.88) 5.90 (2.43-14.32)
Size of lesion# (no. of
knees)
<200 mm? 214 (65.2%) 40 (18.7%) of 214 40 (32/5/3) 20.3 (14.6-26.0) 1 1
>200 mm? 114 (34.8%) 19 (16.7%) of 114 19 (16/3/0) 16.1 (8.8-23.4) 0.92 (0.53-1.59) 0.99 (0.55-1.78)
ICRS grade# (no. of
knees)
1-2 52 (15.9%) 4 (7.7%) of 52 4 (4/0/0) 7.7 (0.4-15.0) 1 1
34 276 (84.1%) 55 (19.9%) of 276 55 (44/8/3) 21.5 (16.2-26.8) 3.35 (1.21-9.27) 3.09 (1.10-8.70)
Level of education**
(no. of knees)
High school 155 (47.3%) 33 (21.3%) of 155 33 (24/6/3) 20.8 (14.1-27.5) 1 1
Bachelor's/ 164 (50.0%) 22 (13.4%) of 164 22 (20/2/0) 15.8 (9.7-21.9) 0.62 (0.36-1.06) 0.60 (0.35-1.02)
Master's degree
ACL reconstructed at
any timetT (no. of
knees)
No 278 (84.8%) 50 (18.0%) of 278 50 (39/8/3) 19.1 (14.2-24.0) 1 1
Yes 50 (15.2%) 9 (18.0%) of 50 9 (9/0/0) 19.1 (7.1-31.1) 0.94 (0.46-1.91) 1.62 (0.76-3.47)
Meniscal resection
at any time$¥ (no. of
knees)
Yes 100 (30.5%) 18 (18.0%) of 100 18 (18/0/0) 21.3 (12.5-30.1) 1 1
No 228 (69.5%) 41 (18%) of 228 41 (30/8/3) 18.1 (12.8-23.4) 1.0 (0.58-1.75) 0.96 (0.563-1.73)
Location of cartilage
lesion§§ (no. of
knees)
Patellofemoral 73 (22.3%) 9 (12.3%) of 73 9(7/0/2) 13.5 (5.3-21.7) 1 1
Medial 204 (62.2%) 38 (18.6%) of 204 38 (29/8/1) 19.7 (13.825.6)  1.53 (0.74-3.17) 1.27 (0.58-2.78)
Lateral 51 (15.5%) 12 (23.5%) of 51 12 (12/0/0) 23.3 (11.1-35.5) 1.8 (0.74-4.30) 1.40 (0.55-3.57)

continued
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TABLE Il (continued)

Treatment at index
operation*** (no. of

Preop. VAS pain
scorett,FFF

Preop. Lysholm
scorett,FFF

105 (32.0%) 14 (13.3%) of 105

18 (56.1%) 42 (22.8%) of 184

No of Knee 20-Year
No. of No. of Knee Arthroplasties Cumulative Crude HR* Adjusted HRt
Knees Arthroplasties (TKAs/ UKAs/PFs)  Risk (95% Cl) (95% Cl) (95% Cl)
Cartilage lesions##
(no. of knees)
1 lesion 244 (74.4%) 33 (13.5%) of 244 33 (24/6/3) 14.2 (9.5-18.9) 1 1
>1 lesion 84 (25.6%) 26 (31.0%) of 84 26 (24/2/0) 31.2 (21.2-41.2) 2.25 (1.34-3.76) 2.05 (1.13-3.71)

knees)
No cartilage 93 (28.4%) 13 (14.0%) of 93 13 (11/1/1) 14.2 (7.1-21.3) 1 1
treatment
Debridement/ 136 (41.5%) 28 (20.6%) of 136 28 (23/3/2) 22.1 (14.5-29.7) 1.8 (0.95-3.56) 1.61 (0.70-3.70)
microfracture
ACI 30 (9.1%) 7 (23.3%) of 30 7 (5/2/0) 21.0 (5.9-36.1) 2.0 (0.785.01) 3.43 (1.03-11.39)
OATS 53 (16.2%) 11 (20.8%) of 53 11 (9/2/0) 21.1 (9.9-32.3) 1.65 (0.74-3.69) 1.95 (0.67-5.69)
Other 16 (4.9%) 0 0 0 0.0 (0-3.89 x 1029%) 0.0 (0.0)

1.03 (1.01-1.06) 1.08 (1.03-1.14)

0.99 (0.97-1.00) 1.0 (0.98-1.02)

888TKA = total knee arthroplasty, UKA = unicompartmental knee arthroplasty, PF = patellofemoral knee arthroplasty, CR = cumulative risk, Cl =
confidence interval, BMI = body mass index, ICRS = International Cartilage Repair & Joint Preservation Society, ACL = anterior cruciate ligament,
ACI = autologous chondrocyte implantation, OATS = osteochondral autograft transplantation system (mosaicplasty), VAS = visual analog scale.
*HR = hazard rate ratio from Cox analysis. TCox-adjusted for variables according to a graphical causal model ¥Not adjusted. §Adjusted for age at
time of surgery, sex, level of education. #Adjusted for age at time of surgery, BMI, meniscal resection. **Adjusted for sex. 1tAdjusted for age attime
of surgery, BMI, sex, level of education. F¥Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, level of education. §§Adjusted for ACL
reconstruction, age at time of surgery, sex, meniscal resection. ##Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, level of
education, meniscal resection, size of lesion. ***Adjusted for age at time of surgery, ICRS grade, level of education, location of lesion, number of
lesions, size of lesion. T{tAdjusted for ACL reconstruction, age at time of surgery, BMI, sex, ICRS grade, level of education, location of lesion,
meniscal resection, number of lesions, size of lesion. F¥FAdjusted for VAS pain and Lysholm scores analyzed as continuous variables.

are adjusted for the same covariates as in the Cox regression
model.

Table III summarizes the risk of knee arthroplasty in the
cartilage cohort as compared with that in the age-matched
general population. Table IV summarizes the subsequent risk
of knee arthroplasty according to age at the time of cartilage
surgery. The risk ratio of subsequent knee arthroplasty in the
cartilage cohort versus the age-matched general Norwegian
population ranged from 3.6 in the 60 to 69-year age group to
415.7 in the 30 to 39-year age group.

The rate of knee arthroplasty was significantly increased
in all age groups except the 70 to 79-year age group, ranging
from 819 to 952 of 100,000 in the cartilage cohort as compared
with 2.3 to 229 of 100,000 in the general population (Table III).

Table V summarizes the number of concomitant surgical
procedures at the time of the index procedure.

Discussion

Principal Findings

P atients with an arthroscopically verified focal cartilage lesion
in the knee had a 19.1% 20-year cumulative risk of knee

arthroplasty and a significantly increased risk of knee arthro-
plasty compared with the general population. The relative risk
was particularly elevated in the younger population. The factors
that were associated with an increased risk of subsequent knee
arthroplasty included an older age at the time of arthroscopy,
ACI treatment of the cartilage lesion, the depth of the cartilage
lesion, a higher VAS pain score at the time of the index proce-
dure, and a higher BMI at the time of follow-up.

Strengths and Limitations

The main strength of the present study is that all focal cartilage
lesions in the knee were evaluated arthroscopically. Further-
more, any concurrent meniscal or ligamentous lesions were
registered. The patients in the present study had no malalign-
ment (>5°) because of the inclusion criteria in the previous
clinical trials"'”"*. The mean duration of follow-up of 20 years
increases the ability to identify the long-term cumulative risk of
knee arthroplasty. To our knowledge, this is the first long-term
study outside of an ACL cohort that has included patients
with arthroscopically verified focal cartilage lesions who have
undergone no cartilage treatment™”. As such, the findings of
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Fig. 2-A through 2-D Cox adjusted survival curves of knees with focal cartilage lesions by World Health Organization BMI classes (adjusted for age at
time of surgery, sex, and level of education) (Fig. 2-A), sex (unadjusted) (Fig. 2-B), age group at index surgery (unadjusted) (Fig. 2-C), and cartilage

treatment (adjusted for age at time of surgery, ICRS grade, level of education, location of lesion, number of lesions, and size of lesion) (Fig. 2-D),

with knee arthroplasty as the end point. Adjustment based on graphical causal model. Mfx = microfracture.

TABLE Il Risk Ratio of Knee Arthroplasty in Cartilage Cohort Versus General Norwegian Population*

Age-Matched General

Cartilage Cohort Populationt
No. of Knee No. of Knee

Age at Knee No. of Knee No. of Patients Arthroplasties, Arthroplasties,

Arthroplasty Arthroplasties in Age Group 1999-2020 (per 10%) 1999-2019 (per 10%) Risk Ratio (95% Cl)
30-39 yr 4 20 952.4 2.3 415.69 (168.83-1,023.49)
40-49 yr 15 80 892.9 18.1 49.42 (31.01-78.76)
50-59 yr 25 126 944.8 83.3 11.35 (7.93-16.24)
60-69 yr 11 64 818.5 229.0 3.57 (2.07-6.17)
70-79 yr 3 31 460.8 363.4 1.27 (0.43-3.76)

*The relative risk of knee arthroplasty after a cartilage injury as compared with the general population. The absolute risk of knee arthroplasty in the cartilage cohort
was estimated by dividing the number of knee arthroplasties by the total number of knees with cartilage injury in each group. For the general population, the numerator
was all other patients with knee arthroplasty without inflammatory arthritis or previous cartilage surgery on the ipsilateral side as reported to the NAR between January
1, 1999, and December 31, 2020. The denominator was the average number of Norwegian citizens in the same period, retrieved from population data from Statistics
Norway. One patient was 81 years old at the time of knee arthroplasty and was excluded. TGeneral population excluded patients with previous cartilage surgery.
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TABLE IV Risk Ratio of Knee Arthroplasty After Cartilage Surgery in Specific Age Ranges Versus Age-Matched General Norwegian Population*

Age-Matched
Cartilage Cohort General Populationt
No. of No. of Knee No. of Knee
Age at Age at Patients Arthroplasties, Arthroplasties,
Cartilage Knee No. of Knee in Age 1999-2020 1999-2019 Risk Ratio
Surgery Arthroplasty Arthroplasties Group (per 10%) (per 10°) (95% 3Cl)
20-29 yr
30-39 yr 2 68 140.1 2.3 61.1 (15.5-240.6)
40-49 yr 7 66 505.1 18.1 28.0 (13.856.6)
30-39 yr
30-39 yr 2 128 74.4 2.3 32.5 (8.2-129.0)
40-49 yr 2 126 75.6 18.1 4.2 (1.1-16.6)
50-59 yr 7 124 268.8 83.3 3.2 (1.6-6.6)
40-49 yr
40-49 yr 6 78 366.3 18.1 20.3 (9.4-43.9)
50-59 yr 13 72 859.8 83.3 10.3 (6.3-17.0)
60-69 yr 8 59 645.7 229.0 2.8 (1.5-5.4)
50-59 yr
50-59 yr 2 34 280.1 83.3 3.4 (0.912.9)
60-69 yr 3 32 446.4 229.0 1.9 (0.7-5.8)
70-79 yr 1 29 164.2 363.4 0.5 (0.1-3.1)
*The relative risk of knee arthroplasty in the cartilage cohort as compared with the general population, stratified in 10-year age groups
at the time index cartilage procedure. For the general population, the absolute risk was estimated as described in Table Ill. In the
cartilage cohort, the numerator was the number of knee arthroplasties in each 10-year age group (at the time of cartilage surgery) and the
denominator was the total number of patients with a cartilage injury in the same age group. TGeneral population excluded patients with
previous cartilage surgery.

the present study enhance our knowledge of the natural history | nonresponders had the same demographic characteristics as
of focal cartilage lesions. the responders, with the exception that they were a mean of 3

The present study had several limitations. The included | years younger. Patients with poor knee function or knee
patients were predominantly participants in previous clinical | arthroplasty might have been more prone to participate in
trials and may not be representative of the average patient witha | the study, thus leading to an overestimated risk of knee
focal cartilage lesion®. The follow-up rate of 65.1% may have | arthroplasty. Although the participants were asked if they
introduced bias to the interpretation of the results, although the | had undergone additional surgery, we did not have complete

TABLE V Number of Additional Surgical Procedures at Time of Index Cartilage Procedure*

Loose
ACL Meniscal Meniscal Lateral Diagnostic Body
Index Cartilage Treatment Reconstruction Resection Suture Release Arthroscopy Removal Total
No surgical treatment of cartilage (n = 93) 12 39 2 2 36 2 93
Microfracture/debridement (n = 136) 2 6 0 0 0] 0 8
ACI/MACI (n = 30) 1 0 0 0 0 0 1
Mosaicplasty (n = 53) 0 0 0 0 0] 0] o]
Other (n = 16) 0 1 0 0 0 0 1
*ACL = anterior cruciate ligament, ACI = autologous chondrocyte implantation, MACI = matrix-induced ACI, Other = MaioRegen (Finceramica, Italy),
Cartipatch (Xizia, Hong Kong), or TruFit (Smith & Nephew, USA).
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medical records regarding later knee surgery. There were few
knee arthroplasties in the younger age groups, which could
have introduced bias.

The NAR does not include any details on BMI, and thus
patients undergoing knee arthroplasty in the general popula-
tion could have a significantly different BMI than those in our
cohort. However, in 2020, the mean BMI values for Norwegian
men and women were 26.5 and 25.6 kg/m?, respectively, with a
BMI value of >30 kg/m? reported for 59% and 47% of men
and women, respectively™. These findings suggest that the BMI
for our cartilage cohort was comparable with that the general
Norwegian population. Three different PROMs were used
preoperatively, and no patient had >1 preoperative PROM,
limiting the ability to adjust on the basis of PROM data in the
Cox model.

The present study was not a randomized trial, and the
indications for the different cartilage treatments might have
varied substantially. However, the patients who underwent
ACI and several of those who underwent microfracture were
participants in previous randomized trials, reducing the risk
of selection bias. Patients who underwent cartilage surgery
might have had more symptomatic lesions than those who
did not. There also may have been unknown confounding
factors (e.g., genetic disposition) that influenced the risk of
knee arthroplasty'’.

Risk of Arthroplasty

Apold et al. identified increased BMI and heavy labor as
risk factors for knee arthroplasty in the Norwegian general
population’. In the present study, being overweight at the
time of follow-up was associated with an increased risk of
knee arthroplasty.

Several long-term clinical trials have investigated knee
arthroplasty after cartilage surgery'>****. Ogura et al. reported a
20% rate of knee arthroplasty in a 20-year follow-up of first-
generation ACI, which is in line with our results*. Gobbi et al.
presented the 15-year results for focal cartilage lesions that
had been treated with microfracture in an athletic patient
cohort”. Those authors reported progression of osteoar-
thritis in 40% of the knees, with an 11% rate of failure
(defined as subsequent surgery by the time of the latest
follow-up); however, they did not report whether any of the
subsequent procedures were knee arthroplasties. Older age
at the time of cartilage surgery and large or multiple lesions
were found to be the main risk factors for osteoarthritis.
Possible explanations for the high rate of knee arthroplasty
in our study may have been our somewhat older patient
cohort (mean, 36.8 versus 31.4 years) as well as the 5-year-
longer follow-up as compared with the study by Gobbi et al.
Differences in the frequency of knee arthroplasty at a pop-
ulation level between regions, as demonstrated by Ackerman
et al.”, also might have contributed to the difference in the
rate of knee arthroplasty.

Abram et al,, in a study of almost 158,000 patients
who had undergone previous chondroplasty in U.K. National
Health Service (NHS) hospitals, found an increased risk of

LONG-TERM RISK OF KNEE ARTHROPLASTY IN PATIENTS WITH FOCAL
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knee arthroplasty compared with that in the general British
population'. The overall risk of knee arthroplasty within
8 years was 17.6%. Both sex and age were identified as risk
factors for later knee arthroplasty. Abram et al. provided no
information on BMI but found that an increased Charlson
Comorbidity Index increased the risk of knee arthroplasty.
The cohort in that study (mean age, 51.7 years) was older than
our cohort. This is most likely the explanation why the 8-year
risk of knee arthroplasty in the U.K. chondroplasty cohort
approximated the 20-year risk in our study.

Both ACL injury and meniscal lesions are known to in-
crease the risk of osteoarthritis and subsequent TKA****. In the
present cartilage cohort, neither meniscal resection nor ACL
surgery was associated with an increased risk of knee arthroplasty.
A possible explanation could be that the cartilage lesion increases
the risk of knee arthroplasty substantially more than ACL and
meniscal injury do, thereby limiting the functional impact of the
latter. Visnes et al. found a 3-times increased risk of knee
arthroplasty in 30 to 39-year-old patients and a doubled risk in
40 to 49-year-old patients after ACL surgery compared with the
general population”. In our cartilage cohort, the corresponding
values were a 416-times increased risk and a 49-times increased
risk, respectively. However, we do not have any information
regarding nonoperative ACL treatment. Another possibility is
that the surgeons might have misclassified arthritic lesions
as focal cartilage lesions. We found that the oldest patients
in our cartilage cohort had a tendency toward a decreased
risk of subsequent knee arthroplasty (although this finding
was not significant). This finding might be indicative that
patients with arthritic lesions were excluded even in the older
patient group.

In the present study, we found that treatment of the cartilage
lesion with ACI increased the risk of subsequent knee arthroplasty
by 3.4 times as compared with no treatment. To reduce the risk of
including asymptomatic lesions in the nonoperatively treated
group, we performed a subanalysis of the patients without
any concomitant procedures at the time of the index pro-
cedure. The subanalysis revealed no significant difference
between the treatment groups, suggesting that our finding
of increased risk following ACI could have been due to
confounding factors. Vasiliadis and Wasiak, in a Cochrane
review, found that there is insufficient evidence of the
superiority of ACI compared with other cartilage treat-
ments*. In recent years, high-volume orthopaedic proce-
dures such as meniscal surgery in middle-aged patients
have been shown not to be superior to sham surgery or
nonoperative treatment****. Consequently, we suggest that
future clinical trials on the treatment of focal cartilage
lesions in the knee should include a control group that is
treated nonoperatively or with sham surgery™.

Conclusions

In this study, the 20-year cumulative risk of knee arthroplasty
after focal cartilage lesion in the knee was 19%. We found an up
to 416-times increased risk of knee arthroplasty in patients with a
focal cartilage lesion as compared with the general population.
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Deep lesions, older age at the time of cartilage surgery, high BMI
at the time of follow-up, ACI, and >1 cartilage lesion were asso-
ciated with a higher risk of knee arthroplasty. Surgical treatment of
cartilage lesions does not seem to decrease the risk of subsequent
knee arthroplasty compared with no surgical cartilage treat-
ment. Our findings should be viewed as hypothesis-generating
and support the need for prospective randomized clinical trials
including a sham surgery arm.

Appendix

Supporting material provided by the authors is posted
with the online version of this article as a data supplement
at jbjs.org (http://links.lww.com/JBJS/H504). m
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Table Supplement 1. Risk factors associated with knee arthroplasty (KA) after a cartilage injury 1999-2020. A focal cartilage lesion cohort without any concomitant
procedures at index cartilage surgery.

number of Crude HR* Adjusted HR?
knee
arthroplasties
(%) HR (95% Cl) HR (95% CI)
Total 50(19.6%)
Age at time of surgery(years)®
18-29 8 (11.6%) 1 1
30-39 13 (13.1%) 13 (0.5-3.1) 13 (0.5-3.1)
>40 29 (33.3%) 4.1 (1.9-9.0) 41 (1.9-9.0)
Gender?
Male 27 (19.3%) 1 1
Female 23 (20.0%) 1.1 (0.6-1.9) 1.1 (0.6-1.9)
BMI*
<25 6 (7.9%) 1 1
25-29 23 (22.1%) 31 (1.2-7.5) 36 (1.4-8.9)
>30 16 (25.8%) 3.8 (1.5-9.7) 55 (2.1-14-7)
Size of lesion(mm?)®
<200 mm? 36 (21.6%) 1 1
2200 mm? 14 (15.9%) 07 (0.4-1.3) 07 (0.4-1.4)
ICRS grade®
1-2 2 (10.5%) 1 1
3-4 48 (20.3%) 25 (0.6-10.5) 26 (0.6-10.1)
Level of education®
High school 28 (22.6%) 1 1
Bachelor/Master 18 (14.5%) 0.6 (0.4-1.1) 06 (0.3-1.1)
ACL reconstructed at any time’
No 43 (18.9%) 1 1
Yes 7(25.9%) 14 (0.6-3.0) 1.9 (0.8-4.6)
Meniscal resection at any time®
Yes 11 (22.4%) 1 1
No 39(18.9%) 14 (0.7-2.7) 11 (0.5-2.3)
Location of cartilage lesion®
Patellofemoral 9 (14.8%) 1 1
Medial 32(20.4%) 13 (0.6-2.8) 1.2 (0.6-2.7)
Lateral 9 (24.3%) 15 (0.6-3.8) 12 (0.4-3.4)
Number of cartilage lesions'®
1 30 (16.0%) 1 1
>1 19 (38.0%) 26 (1.5-4.7) 2.6 (1.4-4.9)
Treatment at index operation'!
No cartilage treatment 6(19.4%) 1 1
Debridement/Mfx 26 (20.5%) 13 (0.5-3.1) 06 (0.2-1.8)
ACI 7 (24.1%) 1.5 (0.5-4.4) 1.8 (0.5-6.7)
OATS 11 (20.8%) 1.2 (0.4-3.2) 0.7 (0.2-2.5)
Other 0(0%)
VAS Pain preoperative!?!? 1.04 (0.99-1.08) 1.49 (0.33-6.52)
Lysholm preoperative!>*? 0.99 (0.99-1.00) 0.99 (0.97-1.02)

1HR=Hazard rate ratio from Cox analysis *Cox-adjusted for variables according to graphical causal model *Not adjusted.  Adjusted for Age at time of surgery, Gender, Level
of Education. ° Adjusted for Age at time of surgery, BMI, Meniscal resection. ® Adjusted for Gender.” Adjusted for Age at time of surgery, BMI, Gender, Level of
Education. # Adjusted for ACL reconstructed, Age at time of surgery, BMI, Gender, Level of Education. ° Adjusted for ACL reconstructed, Age at time of surgery,
Gender, Meniscal resection. ° Adjusted for ACL reconstructed, Age at time of surgery, BMI, Gender, Level of Education, Meniscal resection, Size of lesion. *
Adjusted for Age at time of surgery, ICRS grade, Level of Education, Location of lesion, Number of lesions, Size of lesion. * Adjusted for ACL reconstructed, Age at
time of surgery, BMI, Gender, ICRS grade, Level of Education, Location of lesion, , Meniscal resection, Number of lesions, Size of lesion. * Adjusted for VAS pain
and Lysholm analysed as continuous variables.



Copyright © The Authors. Published by The Journal of Bone and Joint Surgery, Incorporated

BIRKENES ET AL.

THE LONG-TERM RISK OF KNEE ARTHROPLASTY IN PATIENTS WITH ARTHROSCOPICALLY VERIFIED FOCAL CARTILAGE LESIONS. A LINKAGE STUDY WITH THE NORWEGIAN ARTHROPLASTY REGISTER,
1999 102020

http://dx.doi.org/10.2106/1BJS.22.01174

Page 2

KA-Knee Arthroplasty, UKA- Unicompartmental Knee Arthroplasty, PF-Patellofemoral Knee Arthroplasty, CR-Cumulative Risk, BMI- Body Mass Index, ICRS- International
Cartilage Repair Society, ACL- Anterior Cruciate ligament, Mfx- Microfracture, ACl-Autologous Cartilage Implantation, OATS-Osteochondral Autograft Transplantation System
(Mosaicplasty), VAS- Visual Analogue Scale
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Long term results after arthroscopically verified focal cartilage
lesion in the knee. A 20-year multicentre follow-up with

patient reported outcome

Birkenes T, Furnes O, Laastad Lygre SH, Solheim E, Aaroen A, Knutsen G, Drogset JO, Heir
S, Engebretsen L, Loken S, and Visnes H.

Abstract

Introduction

Focal cartilage lesions (FCL) are frequently found in knee arthroscopies and may impair
quality of life (QoL) significantly. Several treatment options with good short-term results are
available. The natural history without any treatment is largely unknown. The aim of this study
was to evaluate the patient satisfaction, need of further cartilage surgery and the risk of

treatment failure 20-years after a FCL in the knee.

Methods

Patients were identified in six major Norwegian hospitals undergoing any FCL-surgery
between 1999-2012. Inclusion criteria: Arthroscopically classified FCL in the knee, Patient
>18-years at surgery and any preoperative patient reported outcome (PROM). Exclusion
criteria: Osteoarthritis or “kissing-lesions” at surgery. Demographic data, later knee-surgery
and PROM were collected by questionnaire. Regression models were used to adjust for and
evaluate the factors impacting the long-term PROM and risk-factors for treatment failure

(knee arthroplasty, osteotomy or KOOS-QoL<50).

Results

322 patients(328 knees) of 553 eligible consented to participate. The mean follow-up was
19.1 years and mean age at index FCL-surgery was 36.8(CI 35.6-38.0) years. The patients
without knee arthroplasty(KA) or osteotomy, had significantly better mean PROM(Pain,
Lysholm and KOOS) at final follow-up than preoperatively. At follow-up 17.7% of the knees
had undergone subsequent cartilage surgery. Nearly 50% of the patients had treatment failure
and the main risk factors were body mass index >25 with odds ratio 2.0(CI 1.1-3.6), >1 FCL
OR 1.9(CI 1.1-3.3), full-thickness lesions OR 2.5(CI 1.3-5.0), and lower level of education
OR 1.8(Cl1 1.1-2.8). Autologous Chondrocyte Implantation(ACI) was associated with



significantly higher KOOS-QoL at 17.5(CI 3.2-31.7) points and a lower risk of treatment

failure than no cartilage treatment, microfracture or mosaicplasty.

Conclusion

After a mean 20-years follow-up patients with FCL, without subsequent KA, had significantly
higher PROM-score than preoperatively. Non-surgically treated FCLs had equal result
compared to surgically-treated FCLs except ACI-treatment which was associated with better
KOOS and lower risk of treatment failure. Full-thickness lesions, >1 FCL, lower level of

education, increased BMI were the main risk factors predicting poorer results.



Background

Focal cartilage lesions (FCL) are frequently found in patients undergoing knee arthroscopies."
2 They may impair quality of life equivalent to end-stage osteoarthritis scheduled for knee
arthroplasty (KA)>*. Due to avascularity, the joint hyaline cartilage, is unable to heal
naturally °. Several treatment options are available, but the optimal treatment is still
unknown® . In the 90’s and the first decade of 2000, several new cartilage treatment options

became available®!?

. Most patients with surgically treated lesions can now expect acceptable
results, but few regain normal knee function® ”>!!. Several clinical studies in cartilage
treatment, have shown good/excellent short-term results, but there are concerns regarding the
results in the long-term ’. Newer generations of cell-based treatments have had increasing
popularity despite lack of evidence of their superiority'?. Randomized control trials fail to
represent the heterogenous group of patients with a FCL in an orthopaedic practice'?.
Cartilage registries might contribute to our knowledge, but currently only short-term results
are available'®. The long-term natural history of a non-operative treated FCL is largely

unknown!>18,

The aim of the present study was to:

— Evaluate the long-term patient reported outcome of arthroscopically verified FCL in
the knee with Knee injury and Osteoarthritis Outcome Score(KOOS) Quality of
Life(QoL) subscore.

— Examine the need of subsequent cartilage surgery.

— Identify risk factors for treatment failure after an FCL.

— Compare long-term patient reported outcome and risk of treatment failure after

different treatment options including non-operative treatment of FCL.

Methods
Patients with arthroscopically verified FCLs were identified in six major Norwegian Hospitals
between 1999-2012(fig 1). These hospitals had a high volume of cartilage surgery and

participated in several prospective cartilage studies during this period: 12!,

The inclusion criteria in this study were: any arthroscopically verified and classified FCL in
the knee and patient >18 years at the time of surgery. At least one preoperative patient

reported outcome measure(PROM) had to be available. Exclusion criteria were cartilage



lesions assessed as gonarthrosis or “kissing-lesions” at the time of operation. Each patient
(n=553,Figure 1) received a questionnaire regarding their current height, weight, level of
education, current knee function and additional knee surgery. In addition, the participants
were asked to complete the PROM used at the time of surgery as well as KOOS?2. The PROM
used preoperatively were KOOS??, Lysholm?® and International Cartilage Regeneration &

Joint Preservation Society(ICRS) knee pain visual analogue scale (VAS)**.

See Figure 1 Flowchart for inclusion details.

Patients identified as eligible for participation in the present study were contacted by mail.
Patients registered in the Norwegian Population Register as deceased or emigrated, were
excluded. After informed consent were obtained, the participants’ trial data and/or surgical
report were made available for the main investigator (TB). The following variables were
retrieved: The characteristics (localisation, size (measured by a standard 4-mm probe) and
ICRS classification?®) of the FCL, type of surgical treatment, any additional procedures and
preoperatively PROM. Nine knees in 8 patients meeting the exclusion criteria at index surgery
were then identified and excluded. The final follow-up was performed between 6 of March

and 31°% of December 2020.

Failure was defined as subsequent KA or osteotomy or KOOS-QoL <50 at final follow-up.
KOOS QoL <50 is considered to be the Patients Acceptable Symptom State (PASS) after
cartilage surgery?. The details of the arthroplasty group have been published previously?’.

Patients with KA or osteotomy were excluded in the analysis of PROM but included in the

analysis of treatment failure.

Statistics

Multiple logistic regression models were used to identify risk factors for failure at final
follow-up while multiple linear regression models were used to evaluate the factors
influencing the KOOS-QoL score at final follow-up. A Graphical Causal Model
(www.dagitty.net/dags.html) was used to identify variables to adjust for in the regression
models as suggested by Westreich?®. A subgroup, excluding patients with patellofemoral
lesions was analysed with the same model. Time since cartilage surgery was calculated as the
time between index cartilage surgery and the questionnaire follow-up in the KOOS analysis

and the end of the study on December 31,2020 for the failure analysis. Lysholm-score



preoperatively and ICRS VAS-pain preoperatively were only registered in 185 and 114
patients respectively and there were no patients with more than one preoperative PROM,

however all patients had KOOS score at follow-up.

A paired sample t-test was used to evaluate the difference in PROM-score preoperative and at
final follow-up. The data was analysed using SPSS Statistics 26(SPSS, Chicago, Illinois) and
STATA 17(StataCorp, Texas).

Power analysis:
A pre-inclusion power analysis suggested that 64 patient in each group were needed to a

detect a difference of 10+20 points of KOOS with a a-level of 0.05 and power-level of 0.8.

Ethics
The study was approved by the Reginal Ethics Committee reference number 2017/1387.

Funding
The present study was funded by the Norwegian Research Council (2015107) through the

Norwegian Cartilage Project.

Results

Out of the 553 patients identified, 516 were eligible and of those 322 patients (328 knees)
consented to participate (65.1%)(Figure 1). The characteristics of these patients(responders)
and their knees are summarized in table 1 and supplementary table 1. At baseline, there were
no significant differences between the responders and non-responders apart from the
responders being a mean of 3.0 years older(p=0.002). Most of the lesions were ICRS 3/4
(84.1%) and the mean size was 2.0 (CI 1.8-2.2) cm?. The mean follow-up time was 19.1(CI
18.8-19.5) years and the mean age at time of index surgery was 36.8 years. Fifty-nine
patients(18%) had had KA surgery at follow-up. Four patients (1.2%) had undergone later
femoral- or tibia-osteotomy. There were no patients with more than one category of
preoperative PROM registered, 8.8% had KOOS-scores, 56.4% Lysholm-score and 34.8%
ICRS Pain-VAS registered preoperatively. Most patients had a pre-enrolment weight-bearing

x-ray which did not have any joint-space narrowing.

Long-term PROM and factors of significant influence
Mean PROM-values preoperative and at final follow-up for the 254 patients (260 knees)
without subsequent KA or osteotomy are presented in Table 2 and Figure 2 and there was

statistically significant improvement in all PROM-scores. Nine patients did not provide



PROM at final follow-up. The mean KOOS sub-scores for all patients (n=256, 262 knees)
with intact native knee at final follow-up is presented in Tablel. The unadjusted KOOS-
sport/rec and QoL sub-scores at final follow-up by treatment group is presented in Figure 3
and 4. In a multiple linear regression model(Table 3), higher level of education, Autologous-
Cartilage-Implantation(ACI) treatment, higher preoperative Lysholm score, longer follow-up
time and lesions of the lateral compartment were associated with increased KOOS-QoL, while

>1 lesion and ICRS 3-4 lesions were associated with inferior results .

Subsequent cartilage surgeries

Forty-seven (17.7%) knees had undergone subsequent cartilage surgery after the index
surgery as reported by the patients. The incidence of >1 subsequent cartilage surgery in the
treatment groups were: No operative treatment 10.1%, debridement/microfracture 21.7%, ACI
18.2%, mosaicplasty 26.2% and other treatment 17.9%. The differences between the
treatment groups were not statistically significant as assessed by chi-square test (p=0.21, not
shown in tables). Most of the patients did not provide sufficient details of the subsequent

surgery to classify the treatment.

Risk factors for treatment failure

At final follow-up 162 knees (49.4%) were classified as failures (59 KA, 4 osteotomies and
99 observations of KOOS QoL<50). The crude and adjusted multiple logistic regression
model of failure is summarized in Table 4. Body Mass Index(BMI) 25-29 and BMI>30
increased the odds of failure at follow-up with an odds ratio of 2.0(Cl 1.1-3.6, p=0.016) and
3.1(C1 1.6-5.9, p=0.001) respectively. Lower level of education had an odds ratio of 1.8(Cl
1.1-2.8, p=0.011) compared to patients with a bachelor/master-degree. More than one
cartilage lesion increased the odds 1.9 times (CI 1.1-3.3, p=0.035). The ICRS 3-4 lesions had
2.5 times (CI 1.3-5.0, p=0.009) higher odds of failure compared to ICRS 1-2 lesions.
However, lesion size did not influence the odds of subsequent failure, nor did gender, age at
time of cartilage surgery, duration of follow-up, Anterior-Cruciate-Ligament(ACL)

reconstruction or meniscal resection or the preoperative PROM.

PROM results and risk of treatment failure by cartilage treatment

There was no significant difference in odds of treatment failure between the no surgical
treatment group and the surgically treated FCLs except ACI treatment which were associated
with decreased odds of treatment failure (OR 0.3) (Table 4). Moreover, ACI was associated
with significantly (p=0.017) higher mean KOOS-QoL than no surgical cartilage treatment
(Table 3), but had an increased risk of KA?’. Crude KOOS-QoL is presented in figure 4.



Discussion

Principal findings

Patients with FCL in the knee, without subsequent KA or osteotomy, had significantly better
PROM at a mean of 19.8 years follow-up than preoperatively. At final follow-up, 162
knees(49.4%) were classified as treatment failures, with BMI 25-29 and BMI>30, more than
one cartilage lesion, ICRS 3-4 lesions and lower level of education as the main risk factors.
There were no difference in KOOS-QoL subscore or odds of treatment failure between the
non-surgically treated FCLs and the surgically treated lesions, except that ACI treatment was

associated with significantly higher KOOS-QoL and decreased odds of treatment failure.

Strength and limitations

The main strength of the present study is the high number FCLs in the knee evaluated
arthroscopically in detail. Any concurrent knee injury as meniscal or ligamentous lesions were
registered. Even though the exact alignment of the patients’ leg remains unknown, due to the
lack of a standardized preoperative radiographic protocol, the included patients had <5°
malalignment due to inclusion criteria in the previous clinical trials'*?!. To our knowledge,
this is the first study outside an ACL-cohort, comparing the PROM results in arthroscopically

verified FCL treated with no operative cartilage treatment as well as surgically treated lesions.

There are several limitations. One hundred and fifty of the patients had participated in studies
with previously published long-term results 2°*!. They thus might not represent the average
patient with FCL!3. The respond rate of 65% might introduce bias to the interpretation of the
results. This is not an RCT and the differences in final PROM results should be interpreted
with caution. The number of participants suggested by the power-analysis were not met in all
sub-groups, increasing the risk of type-2 error. Several of the patients did not provide
sufficient details of any subsequent cartilage treatment after the index surgery. Three different
PROMs were used preoperatively, and no patient had >1 preoperative PROM. Due to list-
wise deletion this limited the adjustment of the regression models based on PROM data.

Standardized preoperative x-rays were not available, nor were an activity scale.

Long-term PROM results
In the present study we found a mean KOOS-QoL of 58.1 at final follow-up. In a series of 44
patients, Ossendorf et al*? found a KOOS-QoL of 49 in patients with 15 generation ACI



treatment vs 64 in patients with microfracture. Furthermore, Kreuz et al** and Niemeyer et al
3 found KOOS-QoL of 58.0 and 54.3 respectively in their studies. Even though the present
study has considerably longer follow-up, the PROM results are likely comparable as several

previous studies has suggested stable results from mid- to long-term follow-up® 313335 In

contrast, Gobbi et al*®

presented 15 years follow-up of 67 athletes with full-thickness lesions
treated with microfracture, with a final KOOS-QoL of 82.2. The higher KOOS-score might be
due to a more active study population as physical training has been shown to increase the
KOOS-score in patients with FCL37. Multiple lesions were associated with inferior KOOS-
QoL. A possible explanation could be that multiple lesions might alter the knee homeostasis

more’®.

Lower level of education was associated with inferior KOOS. Higher risk of heavy manual
labour and lower level of physical training might contribute to this. Furthermore, lower

socioeconomic status is known for decreasing the self-reported general health®”.

Medial and lateral FCLs were associated with significant better KOOS-QoL score compared
to retropatellar lesions. The inferior result in patellar lesions is consistent with previous
studies*®*2. Using the same regression model a subgroup without PF-lesions were analysed,
with the same overall results, indicating that the original model was able to adjust for FCL

location(Supplementary Table 2).

Subsequent cartilage surgery

At final follow-up 47(17.7%) of the knees had undergone subsequent cartilage surgery.
Niemeyer et al** reported in a study of ACI patients that 28,6% required additional cartilage
surgery. This is consistent with the findings of Ossendorf et al*? with 34% reoperations. In the
present study there was no significantly different rate of subsequent cartilage surgery, even
though there was substantial variation. This could suggest that our analysis was
underpowered. We didn’t have detailed data on the nature of subsequent cartilage surgery and

the variations in the type of surgery between the groups could be substantial.

Risk factors for treatment failure

The failure rate, defined as TKA, osteotomy or KOOS-QoL<50), was nearly 50%. Several
other studies have defined any subsequent cartilage surgery as failure?® 33, In a 20-year
perspective any subsequent surgery might not be the best failure measure. KA is the final
outcome of end-stage osteoarthritis and must be considered a failure in cartilage surgery.

However, the risk of undergoing a knee replacement might vary considerable between



countries as well as regions of a country*>»*. To compensate for this, we also classified
patients scoring <50 in KOOS-QoL sub-score a treatment failure, as Chahal et al*®
demonstrated this to be the Patient Acceptable Symptom State (PASS) in patients with FCL.
The failure rate of 50% seems high. Nonetheless, as previously discussed the mean KOOS-

QoL in the present study is comparable to other long-term studies.

More than one FCL was associated with increased odds of failure, consistent with the results
of Gobbi et al*®. Increased BMI is a known risk factor for both KA and lower KOOS-score

even in the general population!! .

Long-term PROM and risk of failure in different Cartilage treatment strategies

We found an increased KOOS-QoL score in the ACI patients compared to the other treatment
strategies including no surgical treatment. In contrast Ossendorf et al*? found that
microfracture patients had significantly higher scores than ACI patients. However, their
analysis was not fully adjusted for significantly larger defects in the ACI patients, and this

might introduce bias.

In a previously published study of the same cartilage cohort, we found ACI treatment to
increase the risk of KA?". Considering this, it was notably that ACI had the lowest risk of
failure overall. Even though the higher risk of KA is concerning, the number of patients
scoring themselves below PASS was considerable higher in the other treatment groups.
Possibly the ACI patients have been more prone to receive a KA than the other patients.
Cartilage allograft is not available in Norway and revision options in case of a large failed

ACI treatment may be limited. This could partly explain the higher rate of KA.

The present study includes a heterogeneous patient cohort. Our findings do, however,
highlight the need of long-term follow-up of RCTs, as also suggested in a review by Orth et
al'®, as well as cartilage-registry studies. Furthermore, including a sham-surgery arm in future

RCTs should be considered.

Conclusion

After a mean 20-years follow-up patients with FCL without subsequent KA had significantly
better PROM-score than preoperatively, although nearly 50% of the knees could be classified
as treatment failures. Non-surgically treated FCLs had equal result compared to surgically

treated FCLs except ACI-treatment which was associated with better KOOS and lower risk of



treatment failure, despite greater risk of KA. More than one FCL, full-thickness lesions, lower
level of education, retropatellar lesions and increased BMI were the main risk factors

predicting poorer results.
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Figure 1. Flowchart illustrating the inclusion of patients in the cartilage cohort.
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Figure 2 Patient Reported Outcome Measures (PROM) preoperative at the time of index

surgery and at final follow-up.
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Figure 3. Crude KOOS Sport/Rec sub scores at final follow-up by treatment group excluding

patient with knee arthroplasty or osteotomy.
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Figure 4. Crude KOOS Quality of Life (QoL) sub scores at final follow-up by treatment group

excluding patient with knee arthroplasty or osteotomy.
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Table 1 Demographics and descriptive statistics of 328 knees in 322 patients with focal cartilage
lesions in 6 Norwegian Hospitals between 1999-2012

Knees
Male/Female
Right/left knee
Age at the time of surgery
Time from index surgery to PROM follow-up
Cartilage lesion ICRS 1-2/ 3-4
Size of cartilage lesion (mm?)
Location of cartilage lesion®:
— Patellofemoral
—  Medial
— Lateral
Type of treatment:
— No cartilage treatment
— Microfracture
— Debridement
- AdI
— Mosaicplasty
— Other
Level of education:
— High school
— Bachelor/Master degree
Body mass index (BMI) at end of study
— <25
- 25-30
- >30
ACL reconstruction in ipsilateral knee
— Atindex surgery
— Before or after index surgery
- No
Meniscal resection in ipsilateral knee
— Atindex surgery
— Before or after index surgery
- No
Knee arthroplasty
Osteotomy
KOOS at final follow up n=262
KOOS Symp
KOOS Pain
KOOS ADL
KOOS Sport/Rec
KOOS QoL

Frequency or mean?

328

188(57%)/140(43%)
173(53%)/154(47%)
36.8 years (35.6, 38.0)
19.1 years (18.8, 19.5)
52(16%)/276(84%)
201.3 mm?(178.9, 223.7)

73 (22.3%)
204 (62.2%)

51 (15.5%)

93 (28.4%)
124 (37.8%)
10 (3.0%)
30(9.1%)
53 (16.2%)
18 (5.5%)

155 (47.3%)

164 (50.0%)
27.4(26.9, 27.9)

100(30.5%)
137(41.8%)
75(22.9%)
50 (15.2%)
15 (4.6%)
35 (10.7%)
278 (84.8%)
100 (30.5%)
46 (14.0%)
54 (16.5%)
228 (69.5%)
59 (18.0%)
4(1.2%)

72.7 (70.2-75.3)
73.9 (71.1-71.1)
81.0 (78.4-83.7)
50.3 (46.5-46.5)
58.1(54.8-61.3)

Ipercentage or 95% Confidence Interval in parenthesis. % For detailed information regarding location
by treatment group please refer to supplementary table 3. ICRS — International Cartilage Repair and
Joint Preservation Society, VAS — Visual Analogue Scale, OCD — Osteochondritis dissecans, ACl —
Autologous Cartilage Implantation, MACI- Matrix induced Autologous Cartilage Implantation, ACL-
Anterior Cruciate Ligament



Table 2. Patient Reported Outcome Measures (PROM) preoperatively at the time of index surgery
and at final follow-up in the patients without subsequent knee arthroplasty or osteotomy. Means
with 95% confidence intervals are in parentheses.

PROM Mean preop Mean at follow-up | Mean Improvement? p
ICRS VAS! n=94 58.0 (53-62,9) 71.1(66,4-75,8) 12.4 (6.2-18.5) <0.001
Lysholm n=140 50.2 (47.4-53.0) | 72.0(68.6-75.4) 21.4 (17.7-25.2) <0.001
KOOS Symp n=26 50.0 (45.2-54.9) | 70.1(62.1-78.1) 20.0 (12.2-27.9) <0.001
KOOS Pain n=26 48.6 (42.6-54.6) | 70.4 (60.4-80.4) 20.4 (11.0-29.7) <0.001
KOOS ADL n=26 61.1(53.4-68.8) | 77.7 (67.8-87.5) 16.5(8.2-24.8) <0.001
KOOS Sport/rec n=26 | 23.5(17.2-29.7) | 41.7 (29.0-54.4) 18.3(9.0-27.5) <0.001
KOOS QoL n=26 23.1(18.2-28.1) | 48.9(38.1-59.7) 25.8 (17.0-34.6) <0.001

1ICRS VAS (Visual analogue scale) 0-no pain, 100-worst pain imaginable. 2 95% Confidence Interval in

parentheses.

Table 3. Factors influencing the KOOS Qol at final follow-up after focal cartilage lesions in the knee.
Patients with ipsilateral knee arthroplasty or osteotomy were excluded.

Crude Adjusted!
Mean Mean
difference!s 95% CI p difference'’ 95% CI p
Lower  Upper Lower  Upper

Gender?

Male ref

Female -2.7 -9.2 38 0418
Number of cartilage lesions?

1 ref ref

>2 -6.4 -14.3 1.4 0.111 -11.1 -19.5 -2.8  0.009
Size of cartilage lesion*

<2cm? ref ref

>2cm? 39 -2.9 10.7  0.264 4.8 -2.1 1.7 0.171
Age at time of index surgery?

<30 years ref

30-39 years -1.7 -9.7 6.2 0.622

>40 years 43 -4.3 13.0 0.325
Body mass index®

<25 ref ref

25-29 -6.0 -13.4 1.3 0.111 -5.4 -13.2 24 0.178

>30 -8.2 -17.1 0.7  0.072 -7.0 -16.1 2.1 0.132
Level of education®

Bachelor/

Master degree ref ref

High school -7.9 -14.4 -1.4  0.018 8.7 22 152 0.009
Ipsilateral ACL reconstruction’

No ref ref

Yes 1.1 -8.1 102 0.815 0.51 -8.7 9.7 0913

Continued



Table 3 Continued

Crude Adjusted!
Mean Mean
difference'® 95% CI p difference!S 95% CI p
Lower  Upper Lower Upper
Ipsilateral meniscal
resection®
No ref ref
Yes -0.8 -7.9 6.2 0.815 -2.5 -9.7 4.8 0.505
ICRS classification’
1-2 ref ref
3-4 -11.2 -19.5 -2.9 0.008 9.8 -18.8 -0.9 0.032
Cartilage treatment at index
surgery'?
No treatment ref ref
Microfracture -11.2 -19.0 -34 0.005 -6.0 -15.9 39 0.231
ACI 13.2 0.9 255 0.036 17.5 32 31.7 0.017
Mosaicplasty -11.0 -20.8 -1.2 0.028 94 -21.6 2.8 0.129
Other -10.1 --21.3 1.1 0.078 -3.8 -17.7 10.1 0.592
Location of cartilage
lesion'!:
Patellofemoral ref ref
Medial compartment 7.8 0.1 15.5 0.046 7.2 -0.8 15.2 0.077
Lateral compartment 17.1 6.4 27.7 0.002 17.6 6.9 28.3 0.001
Time since index cartilage
surgery!? 0.9 0.0 1.9 0.052 0.98 0.04 1.93 0.040
Preoperative Lysholmscore'3 0.5 0.2 0.7  <0.001 0.31 0.04 0.57  0.023
Preoperative ICRS VAS'* -0.2 -0.4 0.1 0.183 -0.05 -0.32 0.21 0.690

! Mean difference adjusted according to a Graphical Causal Model.? Not adjusted. > Adjusted for
number of cartilage lesions, Age at cartilage surgery, ACL reconstruction, BMI, Gender, level of
education, meniscal resection, size of cartilage lesion, and time from cartilage surgery to
questionnaire follow-up. * Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time
from cartilage surgery to questionnaire follow-up . 3 Adjusted for Age at cartilage surgery, Gender,
Level of Education, and time from cartilage surgery to questionnaire follow-up ¢ Adjusted for
Gender.” Adjusted for Gender, Level of education, Age at cartilage surgery, BMI, and time from
cartilage surgery to questionnaire follow-up . *Adjusted for Age at cartilage surgery, BMI, ICRS
classification, and time from cartilage surgery to questionnaire follow-up . >Adjusted for Age at
cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to questionnaire follow-
up . '’Adjusted for Age at cartilage surgery, ICRS classification, Level of Education, Location of
cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time from cartilage surgery
to questionnaire follow-up . ''Adjusted for ACL reconstruction, Age at cartilage surgery, Gender and
meniscal resection. ?Adjusted for Location of cartilage lesion, ACL reconstruction, Age at cartilage
surgery, Gender, Meniscal resection, BMI, Cartilage treatment at index surgery, ICRS classification,
Level of education, Number of cartilage lesions and Size of lesion.'* Adjusted for ACL
reconstruction, Age at cartilage surgery, BMI, Gender, ICRS classification, Level of Education,
Location of cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, and time
from cartilage surgery to questionnaire follow-up . '*Adjusted for ACL reconstruction, Age at
cartilage surgery, BMI, Gender, ICRS classification, Level of Education, Location of cartilage
lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, time from cartilage surgery to
questionnaire follow-up and cartilage treatment at index surgery. 15 Mean difference in QoL score
from reference. Negative numbers implies lower mean score than reference. CI- Confidence Interval,
OR- Odds Ratio, ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation



Table 4. Risk factors for treatment failure defined as ipsilateral knee arthroplasty, ipsilateral knee
osteotomy or KOOS QoL subscore < 50 in the Norwegian cartilage lesion cohort.

Crude Adjusted!
Failures,
n(%) OR 95% CI p |OR 95% CI P
Lower  Upper Lower  Upper

Total 162(49.4%)
Gender?

Male 87(47.3%) 1

Female 75(53.6%) 1.3 0.8 20 0.262
Number of cartilage lesions?

1 101(45.5%) 1

>2 50(60.2%) 1.9 1.2 32 0.010| 1.9 1.1 33 0.035
Size of cartilage lesion*

<2cm? 110(51.9%) 1

>2cm? 52(46.4%)  0.67 0.4 1.1 0.119] 0.8 0.5 1.3 0.319
Age at time of index surgery?

<30 years 36(43.9%) 1

30-39 years 62(49.2%) 1.2 0.7 2.2 0.454

>40 years 64(55.2%) 1.6 0.9 28 0.119
Body mass index®

<25 37(37.4%) 1 1

25-29 70(51.1%) 2.5 1.4 44  0.001|2.0 1.1 3.6 0.016

>30 45(60.8%) 2.6 1.4 5.0 0.003]| 3.1 1.6 5.9 0.001
Level of education®

Bachelor/

Master degree 70(43.3%) 1 1

High school 87(56.1%) 0.5 0.3 0.8 0.003|1.8 1.1 2.8 0.011
Ipsilateral ACL reconstruction’

No 139(50.4%) 1 1

Yes 23(47.9%) 1.0 0.5 1.8 0916 1.1 0.6 2.1 0.785
Ipsilateral meniscal resection®

No 110(48.9%) 1 1

Yes 52(52.5%) 1.1 0.7 1.8 057413 0.8 22 0.337
ICRS classification’

12 17(32.7%) 1 1

3-4 145(53.3%) 1.8 1.0 3.5 0.061]|25 1.3 5.0 0.009
Cartilage treatment at index surgery'®

No treatment 40(44%) 1 1

Microfracture 71(57.2%) 1.8 1.0 3.1 0.038| 1.2 0.6 2.5 0.638

ACI 8(26.7%) 0.5 0.2 12 0.115(03 0.1 1.0 0.040

Mosaicplasty 30(57.7%) 1.7 0.9 34 0115|115 0.6 39 0.369

Other 13(46.6%) 0.8 0.5 2.7 0.749] 0.8 0.3 2.7 0.752

Continued



Table 4. Continued

Crude Adjusted’
Failures,
n(%) OR 95% CI p OR 95% CI p
Lower  Upper Lower  Upper

Location of cartilage lesion'!:

Patellofemoral 42(57.5%) 1 1 0.303

Medial compartment 98(48.8%) 0.8 0.5 1.4 0.513 | 0.7 0.4 1.2 0.167

Lateral compartment 22(44.0%) 0.7 0.4 1.5 0417 | 0.5 0.2 1.1 0.82
Time since index cartilage
surgery'? 1.0 0.9 1.0 0442 | 1.0 0.9 1.1 0.588
Preoperative Lysholmscore'3 0.98 0.96 1.0 0.013 | 0.98  0.96 1.00 0.107
Preoperative ICRS VAS'* 1.03 1.01 1.05  0.004 | 1.01 099 1.04 0.190

' OR adjusted according to a Graphical Causal Model.2 Not adjusted. 3 Adjusted for number of
cartilage lesions, Age at cartilage surgery, ACL reconstruction, BMI, Gender, level of education,
meniscal resection, size of cartilage lesion, and time from cartilage surgery to end of study. *
Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to
end of study. * Adjusted for Age at cartilage surgery, Gender, Level of Education, and time from
cartilage surgery to end of study. ¢ Adjusted for Gender.” Adjusted for Gender, Level of education,
Age at cartilage surgery, BMI, and time from cartilage surgery to end of study. 3Adjusted for Age
at cartilage surgery, BMI, ICRS classification, and time from cartilage surgery to end of study.
°Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to
end of study. °Adjusted for Age at cartilage surgery, ICRS classification, Level of Education,
Location of cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time from
cartilage surgery to end of study. ' Adjusted for ACL reconstruction, Age at cartilage surgery,
Gender and meniscal resection. '?Adjusted for Location of cartilage lesion, ACL reconstruction,
Age at cartilage surgery, Gender, Meniscal resection, BMI, Cartilage treatment at index surgery,
ICRS classification, Level of education, Number of cartilage lesions and Size of lesion.'*Adjusted
for ACL reconstruction, Age at cartilage surgery, BMI, Gender, ICRS classification, Level of
Education, Location of cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of
lesion, and time from cartilage surgery to end of study. '*Adjusted for ACL reconstruction, Age at
cartilage surgery, BMI, Gender, ICRS classification, Level of Education, Location of cartilage
lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, time from cartilage surgery
to end of study and cartilage treatment at index surgery. CI- Confidence interval OR- Odds Ratio,
ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation
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Supplementary Table 2. Factors influencing the KOOS QoL at final follow-up after focal cartilage
lesions in the knee. Patients with patellofemoral lesions or with ipsilateral knee arthroplasty or
osteotomy were excluded.

Adjusted!
Mean
difference'® 95% CI p
Lower Upper

Gender?

Male ref

Female -1.5 -8.9 6.0 0.700
Number of cartilage lesions?

1 ref

>2 -12.3 -21.7 -3.0 0.010
Size of cartilage lesion*

<2cm? ref

>2cm? 0.76 -6.8 8.4 0.843
Age at time of index surgery?

<30 years ref

30-39 years 2.0 -6.9 10.9 0.659

>4(0 years 11.2 1.6 20.8 0.022
Body mass index®

<25 ref

25-29 2.2 -11.0 6.6 0.624

>30 -6.7 -17.1 3.7 0.205
Level of education®

Bachelor/Master degree ref

High school 9.0 1.7 16.4 0.017
Ipsilateral ACL reconstruction’

No ref

Yes -0.84 -10.3 8.6 0.860
Ipsilateral meniscal resection®

No ref

Yes -6.7 -14.9 1.4 0.105
ICRS classification’

1-2 ref

3-4 -8.3 -18.2 1.7 0.104
Cartilage treatment at index surgery'?

No treatment ref

Debridement or

Microfracture -3.1 -15.1 8.8 0.605

ACI 17.9 1.8 33.9 0.029

Mosaicplasty -3.5 -18.9 11.9 0.655

Other -5.8 -21.0 9.35 0.447
Location of cartilage lesion'!:

Medial compartment ref

Lateral compartment 12.0 2.5 21.3 0.012
Time since index cartilage surgery'? 1.3 0.25 2.32 0.015
Preoperative Lysholmscore'3 0.27 -0.05 0.59 0.101
Preoperative ICRS VAS'# -0.03 -0.32 0.26 0.835




! Mean difference adjusted according to a Graphical Causal Model.? Not
adjusted. * Adjusted for number of cartilage lesions, Age at cartilage surgery,
ACL reconstruction, BMI, Gender, level of education, meniscal resection, size
of cartilage lesion, and time from cartilage surgery to questionnaire follow-up.
4 Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time
from cartilage surgery to questionnaire follow-up. > Adjusted for Age at
cartilage surgery, Gender, Level of Education, and time from cartilage surgery
to questionnaire follow-up. ® Adjusted for Gender.” Adjusted for Gender,
Level of education, Age at cartilage surgery, BMI, and time from cartilage
surgery to questionnaire follow-up. *Adjusted for Age at cartilage surgery,
BMLI, ICRS classification, and time from cartilage surgery to questionnaire
follow-up. °Adjusted for Age at cartilage surgery, BMI, meniscal resection,
and time from cartilage surgery to questionnaire follow-up. '*Adjusted for Age
at cartilage surgery, ICRS classification, Level of Education, Location of
cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time
from cartilage surgery to questionnaire follow-up'' Adjusted for ACL
reconstruction, Age at cartilage surgery, Gender and meniscal resection.
12Adjusted for Location of cartilage lesion, ACL reconstruction, Age at
cartilage surgery, Gender, Meniscal resection, BMI, Cartilage treatment at
index surgery, ICRS classification, Level of education, Number of cartilage
lesions and Size of lesion.'*Adjusted for ACL reconstruction, Age at cartilage
surgery, BMI, Gender, ICRS classification, Level of Education, Location of
cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of
lesion, and time from cartilage surgery to questionnaire follow-up'*Adjusted
for ACL reconstruction, Age at cartilage surgery, BMI, Gender, ICRS
classification, Level of Education, Location of cartilage lesion, Meniscal
resection, Number of cartilage lesions, Size of lesion, time from cartilage
surgery to questionnaire follow-upand cartilage treatment at index surgery. 15
Mean difference in QoL score from reference. Negative numbers implies
lower mean score than reference. CI- Confidence Interval, OR- Odds Ratio,
ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte
Implantation
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models were employed to adjust for confounding factors.

Results: Mean follow-up post knee arthroplasty surgery was 7.6 years (range
1.2-20.3) in the cartilage cohort and 8.1 (range 1.0-20.9) in the control group.
The responding patients were at the time of surgery 54.3 versus 59.0 years in
the cartilage and control group, respectively. At follow-up the control group
demonstrated higher adjusted Knee Injury and Osteoarthritis Outcome
subscores than the previous focal cartilage patients with a mean adjusted
difference (95% confidence interval in parentheses): Symptoms 8.4 (0.3, 16.4),
Pain 11.8 (2.2, 21.4), Activities of daily living (ADL) 9.3 (-1.2, 18.6), Sport and
recreation 8.9 (1.6, 19.4) and Quality of Life (QoL) 10.6 (0.2, 21.1). The
control group also demonstrated higher odds of reaching the patient-
acceptable symptom state threshold for the Knee Injury and Osteoarthritis
Outcome subscores with odds ratio: Symptoms 2.7 (1.2, 6.4), Pain 3.0 (1.3,
7.0), ADL 2.1 (0.9, 4.6) and QoL 2.4 (1.0, 5.5).

Conclusion: Previous cartilage surgery was associated with inferior patient-
reported outcomes after knee arthroplasty. These patients also exhibited
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INTRODUCTION

Focal cartilage lesions (FCLs) in the knee exhibit poor
natural healing capabilities [1] and may significantly
reduce quality of life (QoL) [2, 3]. Even in surgically
treated FCLs, normal knee function is often not
achieved [4]. The risk of knee arthroplasty in the
younger FCL patient is greater, regardless of cartilage
treatment strategy [5]. In Norway, more than 95% of
knee arthroplasties have been reported to the Norwe-
gian Arthroplasty Register (NAR) since 1994 [6].
Previous knee injury, such as FCL, significantly
increases the risk of later osteoarthrosis [7, 8].

While knee arthroplasty generally leads to improve-
ments in function and satisfaction, irrespective of the type
of implant used [9], a recent meta-analysis [10] found that
previous knee surgery is associated with lower patient
satisfaction after knee arthroplasty. None of the patients
included in that analysis had been treated for FCL. Only a
few studies [11, 12], involving a limited number of
patients, have reported patient-reported outcomes after
knee arthroplasty in individuals with previous FCL. These
studies have several limitations such as only including
patients treated with microfracture or the inclusion of
patients with concomitant meniscal allografts and thus
have limited external validity. Consequently, the patient-
reported results of knee arthroplasty in patients with
previous FCL remain largely unknown. The aim of the
present study was thus to examine the patient-reported
results of knee arthroplasty following an FCL and
compare these results to a matched national cohort of
knee arthroplasty patients. The hypothesis posited that
prior FCL did not influence patient-reported outcomes
after knee arthroplasty.

METHODS
Cartilage cohort

In a previously published long-term follow-up of 322
patients operated between 1999 and 2012 in six
Norwegian hospitals with an arthroscopically verified
FCL in the knee, 59 patients with subsequent knee
arthroplasty were identified [5]. FCL surgeries were
performed by experienced cartilage surgeons. The
mean duration from FCL surgery to knee arthroplasty

PREVIOUS CARTILAGE SURGERY AFTER KNEE ARTHROPLASTY

significantly lower odds of reaching the patient-acceptable symptom state
threshold for the Knee Injury and Osteoarthritis Outcome subscores.

Level of Evidence: Level lll.

cartilage, focal cartilage lesions, knee arthroplasty, PASS, PROM

was 12.7 years. In one of the patients, insufficient
details on the arthroplasty procedure were available,
and the patient was excluded from the present study.
Consequently, 58 patients with knee arthroplasty
following previous FCLs were included.

Control cohort

A matched control group (1:3) from the NAR operated
between 1994 and 2020, was recruited, with 174 eligible
participants identified. Patients in the NAR registered as
deceased, having rheumatoid arthritis, having had a
previous FCL or any type of cartilage surgery, or a
previous multi-ligamentous injury were excluded prior to
matching. The FCL group and the control group were then
matched on the following variables: Year of birth (+/-10
years), sex, primary or revision arthroplasty (and cause of
revision), type of arthroplasty (total, unicondylar or
patellofemoral), year of arthroplasty surgery and brand of
the arthroplasty. The inclusion procedure is illustrated in
Figure 1. Of the 174 patients found eligible for the control
group, 116 (66.7%) consented to participate in the present
study. The characteristics of the exposure groups are
summarized in Table 1.

Data collection

Each patient in the control group received a question-
naire by post, along with the Knee Injury and Osteo-
arthritis Outcome Score (KOOS) [13], as this has been
validated for both knee arthroplasty and FCL patients
[14-16]. The cartilage cohort had previously completed
the same questionnaire regarding body height, weight,
level of education, knee function, level of activity and
any previous knee surgery. The knee arthroplasty
patients of both groups had completed their KOOS
scores at minimum 1-year postsurgery. The NAR does
not contain information on the treating surgeon.

Statistics
Demographic differences between the previous carti-

lage patients and the control group were assessed
using the Student T test and the x° test.
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322 patients
(328 knees)
with FCL
(1999-2012)

Intact knees:
269 in 263 |
atients
P

59 patients
with knee

arthroplasty
deta'_|33 ] Matching 1:3
1 patient Year of birth (+/-10 years)

Sex
Primary or revision arthroplasty
| Cause of revision

Cartilage cohort:
58 patients (knees)

FIGURE 1

Multiple linear regression models were employed
to analyse the differences in KOOS subscores
between the previous cartilage patients and the
patients from the control group. The models were
adjusted for the following variables: sex, age at the
time of arthroplasty surgery, level of education,
primary or revision arthroplasty, type of arthroplasty,
body mass index (BMI) group and any additional
knee surgery before arthroplasty surgery, except
cartilage surgery or purely diagnostic arthroscopy.
The continuous variables in the model were eval-
uated and linear correlations were found.

Logistic regression models were utilized to estimate
the odds of not reaching the patient acceptable
symptom state (PASS) for each KOOS subscore.
These models were adjusted with the same variables
as the multiple regression models. The PASS score for
KOOS subscores at 3 years follow-up after knee
arthroplasty reported by Connelly et al. [17], with a
threshold of a KOOS Symptoms score of 84.0, KOOS
Pain 87.5, KOOS activities of daily living (ADL) 87.5,
and KOOS QoL 66.0 was used. A p<0.05 was
regarded as statistically significant. The data were
analysed using STATA 17 (StataCorp).

Type of arthroplasty (Total,
Unicondylar or Patellofemoral)
Year of arthroplasty surgery
Arthroplasty brand
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Norwegian

Arthroplasty Register

(1994-2020) Excluded due to:

Deceased
Rheumatoid arthritis
Previous focal cartilage

lesion
Any type of cartilage
surgery
Multiligamental injury

103571 knees

Eligible for

matching: 34276 knees

69295 knees

Eligible for
inclusion:
174 patients

_ / Did not consent:
= 58 patients

Control cohort:
116 patients (knees)

Flowchart illustrating the inclusion of participants. FCL, focal cartilage lesion; KA, knee arthroplasty.

Power analysis

Prior to enrolment, a power analysis was performed. To
achieve an 80% chance of detecting a significant
difference of 10 points in KOOS subscales between the
exposure groups with an assumed standard deviation of
20, 64 patients in each group were required. A 10-point
difference was selected as the minimal clinically important
difference, as suggested by the developers of the KOOS
score [13].

RESULTS

The mean follow-up from the knee arthroplasty to the
reporting of KOOS scores by the participants was
7.6 years (range 1.2-20.3) in the cartilage cohort and
8.1 (range 1.0-20.9) in the control group. Osteo-
arthritis was reported as the indication for the knee
arthroplasty surgeries in all participants in the study
population. All 11 patients (knees) with patellofemoral
or unicompartmental knee arthroplasty had received
knee arthroplasty in the same compartment where the
previous FCL were located. None of the patients had
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TABLE 1 Demographics and descriptive statistics.

Frequency or mean?

KA after focal cartilage

lesion Control group P
Knees 58 116
Male/female 29 (50.0%)/29 (50.0%) 62 (53.5%)/54 (46.6%) 0.7
Right/left knee 2 (55.2%)/26 (44.8%) 110 (94.8%)/6 (5.2%) <0.001
Age at the time of KA surgery 54.3 (51.6-57.0) 59.0 (57.3-60.7) 0.003
Age at follow-up 61.9 (59.2-64.5) 67.1 (65.4-68.8) <0.001
Years from arthroplasty surgery 6 (6.1-9.1) 1(7.1-9.0) 0.6

to end of study

Level of education

High school 32 (59.3%) 87 (75.7%) 0.03

Bachelor's/Master's degree 22 (40.7%) 28 (24.3%) 0.5
Body mass index (BMI) at 29.5 (28.3-30.7) 30.0 (29.1-30.9)

follow-up

<25 7 (13.4%) 2 (11.0%)

25-29 26 (50.0%) 55 (50.5%) 0.9

230 19 (36.5%) 42 (38.5%)

Previous ACL reconstruction in ipsilateral knee

Yes 8 (13.8%) 1(0.9%)

No 50 (86.2%) 115 (99.1%) <0.001
Previous meniscal resection in ipsilateral knee

Yes 17 (29.3%) 20 (17.2%)

No 1 (70.7%) 96 (82.8%) 0.04
Previous ipsilateral osteotomy 1(1.7%) 1(0.9%) 0.6
Any previous knee surgery except cartilage surgery

Yes 33 (56.9%) 29 (25.0%) <0.001

No 25 (43.1%) 87 (75.0%)

Type of knee arthroplasty

Unicompartmental 8 (13.8%) 2 (19.1%)

Patellofemoral 3 (5.2%) 4 (3.5%)

Total KA 2 (72.4%) 6 (66.1%) 0.7

Total KA with patella 5 (8.6%) 3 (11.3%)

Primary knee arthroplasty 5 (77.6%) 109 (94%) 0.001
Revision knee arthroplasty 13 (22.4%) 7 (6%)

Abbreviations: ACL, anterior cruciate ligament; KA, knee arthroplasty.
#Percentage or 95% confidence interval in parenthesis.

received focal inlay implants. Patients in the FCL
group were significantly younger at the questionnaire
follow-up and at the time of knee arthroplasty
(Table 1). The FCL cohort had significantly more
knees with revision arthroplasties (p=0.001), more
previous knee surgeries in addition to the previous

cartilage surgery (p<0.001) and a higher level of
education (p=0.03). No significant differences
between the groups in the distribution of sex, BMI,
follow-up time, or type of arthroplasty were observed.

The KOOS subscores for the arthroplasty patients from
the cartilage cohort and the control group are presented in

SUOIPUO) PUE SWIa1 241 295 “[KZ07/90/81] U0 AIRIGIT UIIUQ A211A “O-LcI 1412993 2010AUL JESH AN JO ANMISU] UEIBINION £ 0SOZ["ESZO01 0 1/10P/LI0d A1 AIBIqURUIUOS{eumofeyssay/:sdiny WOty pIPEojumo °Z *bZ07 “LbELEEH]

Sl

asuaa1] suowI0) 2AEa1) 2lqeotfdd s £q PAIAAOE 1 SIOIE VO SN JO SN Jof AIBIqI AUUO Kd]1A O (s



PREVIOUS CARTILAGE SURGERY AFTER KNEE ARTHROPLASTY

Figure 2. The adjusted results, as presented in Table 2,
demonstrated significantly lower scores for KOOS Symp-
toms (8.4 points, p=0.042), Pain (11.8 points, p=0.016)
and QoL (10.4 points, p = 0.045) subscores in the cartilage
cohort. A sensitivity analysis was performed without
adjusting for previous additional surgeries, but otherwise
using the same regression models (Supporting Information
S1: Table 1). KOOS Symptoms and Pain subscore for the
cartilage cohort remained significantly inferior to those of
the control group, but QoL was not significantly lower.
Given the high number of revision arthroplasties in the
cartilage cohort, a sensitivity analysis using the same
regression models was performed, but only including the
primary knee arthroplasty (Supporting Information S1:
Table 2). In addition, a sensitivity analysis only including
total knee arthroplasty (TKA) was performed. The results
were consistent with the original analysis.

Approximately 65% of the arthroplasty patients with
previous FCL failed to reach the PASS thresholds for the
KOOS subscores versus 46% in the control group
(Table 3). There were significantly higher odds of reaching
the PASS threshold in the subscores for KOOS Symptoms
Pain and QoL in the control group (Table 3).

DISCUSSION

The principal findings of the present study were that at
an average of 8 years following knee arthroplasty,
patients with a history of previous cartilage surgery
demonstrated significantly lower scores for KOOS
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Symptoms, Pain and QoL compared to a matched
cohort from the NAR. Additionally, there were signifi-
cantly lower odds of reaching the PASS threshold for
the same KOOS subscores in the previous cartilage
patients.

Failed FCL surgery with residual symptoms remains
a clinical challenge [18]. In the absence of osteo-
arthritis, resurfacing with mini-implants has gained
popularity and is advocated in a recent consensus
paper [18]. In the present study, all previous FCL
patients were reported to have osteoarthritis by the
treating surgeon at the time of knee arthroplasty.
Preoperative X-rays were not available to the research
group, but the surgeon probably no longer considered
the condition to be an FCL, but rather osteoarthritis in
one or more compartments of the knee.

In a study of 972 patients from the NAR Lygre et al.
[19] reported similar or slightly better KOOS subscores
than in the control group in the present study.
The tendency towards better KOOS score in their study
might be explained by an older patient population
(76 years vs. 67 years in the control group in the present
study) as younger age has been shown to predict poorer
Patient Reported Outcome Measures (PROMs) in knee
arthroplasty patients [20]. Furthermore, Lygre et al. only
included primary TKAs. Nevertheless, this might suggest
that the KOOS subscores in the control group were
representative of the average knee arthroplasty patient in
Norway.

Several studies have reported no correlation between
previous knee surgery and PROM scores in knee

0 I‘ I‘ “ 'I II

KOOS ADL

KOOS Sport/Rec
(p=0.239)

KOOS QoL

(p=0.351) (p=0.031)

H Control group

FIGURE 2 KOOS score at final follow-up for the arthroplasty patients from the cartilage cohort and the control group. Mean score with 95%
confidence intervals. ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, Quality of Life.

SUOIPUO) PUE SWIa1 241 295 “[KZ07/90/81] U0 AIRIGIT UIIUQ A211A “O-LcI 1412993 2010AUL JESH AN JO ANMISU] UEIBINION £ 0SOZ["ESZO01 0 1/10P/LI0d A1 AIBIqURUIUOS{eumofeyssay/:sdiny WOty pIPEojumo °Z *bZ07 “LbELEEH]

asusa1] suowLIO) 2A1EaI) 2lqeotfdd ays £q PALIAAOE 1 SIAIE VO SN JO SN Joj AIEIqI AUIUQ K31 UO



PREVIOUS CARTILAGE SURGERY AFTER KNEE ARTHROPLASTY

366
W1 LE Y—Knee Surgery, Sports Traumatology, Arthroscopy

TABLE 2 Difference in KOOS score between the knee arthroplasty patients with previous focal cartilage lesion and the knee arthroplasty
patients in the control group.

Crude Adjusted®
Mean difference® P Mean difference® P
KOOS Symptoms
Cartilage cohort Ref Ref
Control group 9.6 (2.3, 16.9) 0.01 8.4 (0.3, 16.4) 0.04
KOOS Pain
Cartilage cohort Ref Ref
Control group 10.9 (2.5, 19.4) 0.01 11.8 (2.2, 21.4) 0.02
KOOS ADL
Cartilage cohort Ref Ref
Control group 4.3 (-3.9, 12.6) 0.3 9.3 (1.2, 18.6) 0.053
KOOS Sport/rec
Cartilage cohort Ref Ref
Control group 5.5 (-3.7, 14.8) 0.2 8.9 (1.6, 19.4) 0.1
KOOS QoL
Cartilage cohort Ref Ref
Control group 10.4 (1.2, 19.6) 0.03 10.6 (0.2, 21.1) 0.045

Abbreviations: ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, Quality of Life.

2Adjusted for age at arthroplasty surgery, level of education, primary or revision arthroplasty, sex, type of arthroplasty and previous ipsilateral knee surgery in addition
to cartilage surgery.

PMean difference in KOOS score from reference with 95% confidence intervals in parentheses. Negative numbers imply lower mean score than reference.

TABLE 3 The odds of failing to achieve the patient-acceptable symptom state for the KOOS subscores.

Crude Adjusted®
Failures,n (%) OR® P ORP P

KOOS Symptoms

Control group 52 (44.8%) 1 1

Cartilage cohort 40 (69.0%) 2.7 (1.4, 5.3) 0.003 2.7 (1.2,6.4) 0.020
KOOS Pain

Control group 51 (44.0% 1 1

Cartilage cohort 39 (67.2%) 2.6 (1.4,5.1) 0.004 3.0 (1.3, 7.0) 0.010
KOOS activities of daily living

Control group 57 (49.1%) 1 1

Cartilage cohort 34 (58.6%) 1.5 (0.8, 2.8) 0.239 2.1 (0.9, 4.6) 0.076
KOOS Quality of Life

Control group 53 (45.7%) 1 1

Cartilage cohort 38 (65.5%) 2.3(1.2,4.3) 0.014 2.4 (1.0, 5.5) 0.041

Abbreviation: KOOS, Knee Injury and Osteoarthritis Outcome Score.

2Adjusted for age at arthroplasty surgery, level of education, primary or revision arthroplasty, sex, type of arthroplasty and previous ipsilateral knee surgery in addition
to cartilage surgery.

°Odds ratio from the regression model with 95% confidence intervals in parentheses.
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arthroplasty patients [21-23]. However, a recent meta-
analysis by Zhang et al. [24] found that previous knee
surgery had a negative effect on postoperative PROMs in
knee arthroplasty patients. In the present study, the
patients in the cartilage cohort had significantly more
surgical procedures in addition to their cartilage surgery
than those in the control group. To reduce the risk of
these additional procedures confounding the analysis of
the KOOS score, the regression models were adjusted
for any additional surgical procedures apart from cartilage
surgery and purely diagnostic arthroscopy. The sensitivity
analysis (Supporting Information S1: Table 1) without this
adjustment, also demonstrated inferior results in the
cartilage cohort for KOOS Symptoms and Pain, but not
for QoL. This supports the findings of Zhang et al. [24].

There were also significantly more revision arthro-
plasties in the cartilage cohort. Although this variable
was part of the matching procedure, a complete match
was not achieved due to variations in response rates.
The regression models were thus adjusted for primary
versus revision arthroplasty. The sensitivity analysis
including only primary knee arthroplasty (Supporting
Information S1: Table 2) showed equivalent results to
the original analysis, indicating that the models
adequately adjusted for revision knee arthroplasty.

Significantly lower KOOS Symptoms, Pain, and QoL
subscores after knee arthroplasty were demonstrated in
the previous cartilage cohort. This concurs with the
findings of Ansari et al. [11] in a cohort of 21 previous
microfracture patients with a mean 7.8 points lower
improvement in the Knee Society Score (KSS) in the
cartilage cohort than in a matched group of knee
arthroplasty patients. The difference in KSS is, however,
below the clinically important difference demonstrated by
Lizaur-Utrilla et al. [25]. Ansari et al. [11] did not report any
power analysis prior to analysing the KSS results and the
power analysis of the present study suggests that the
Ansari study was underpowered.

Frank et al. [12] presented 13 knee arthroplasty
patients with previous chondral auto/allograft matched
1:1 to a cohort of knee arthroplasty patients with
osteoarthritis, finding a mean KSS improvement of 16
points lower in the cartilage cohort. However, they
included patients with concomitant meniscal allograft in
the cartilage cohort, which could have substantially
confounded their results.

This represents the first study of patient-reported
results in knee arthroplasty patients with previous
cartilage lesions where PASS is reported. Reporting the
percentage of patients having reached the PASS
threshold offers several advantages, as outlined in a
recent review by Mabrouk et al. [26]. It ensures that
identified differences are not only statistically signifi-
cant but also clinically relevant. Significantly better odds
of reaching PASS threshold in the control group than in
the cartilage cohort for the KOOS Symptoms, Pain and
QoL subscores were found, and PASS was not reached
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by two-thirds of the cartilage cohort. This supports the
findings of lower KOOS subscores in the cartilage cohort.

The reason for inferior results in the cartilage cohort
remains elusive. However, several explanations for
why previous FCLs still seem to result in inferior patient
satisfaction after knee arthroplasty surgery could be
considered. There is likely to be substantial selection
bias in which cartilage patients need a knee arthro-
plasty. Psychological factors have been shown to
influence PROMs [27] and knee arthroplasty patients
with failed cartilage surgery might have more psycho-
logical issues than the average knee arthroplasty
patients. In a recent review by Olsen et al. [28],
preoperative pain catastrophizing was associated with
worse pain in knee arthroplasty patients. Furthermore,
Sellevold et al. [29] found preoperative duration of pain
and psychological stress to be associated with less
improvement after knee arthroplasty surgery. The
cartilage cohort might have experienced a longer
duration of knee pain prior to the knee arthroplasty
than the control group. One or more FCLs have been
shown to alter the knee homeostasis [30], potentially
reducing knee function even after a knee arthroplasty.

The main strength of the present study was the high
number of included patients with knee arthroplasty after a
previous arthroscopically verified and symptomatic FCL
in the ipsilateral knee. The follow-up period after knee
arthroplasty was mid- to long-term, and several studies
have shown stable PROMs from 1 year postoperative in
knee arthroplasty patients [31-33]. The previous FCL
patients with patellofemoral or unicompartmental knee
arthroplasty had received knee arthroplasty in the
compartment where the previous FCL was located,
suggesting a correlation between the FCL and the
subsequent knee arthroplasty. Any additional ipsilateral
knee surgery was reported by the participants in the
questionnaire, reducing the risk of overlooking any
surgery performed at another hospital.

There were several limitations to this study. The
necessary number of FCL knees required by the preinclu-
sion power analysis was not met, with a shortfall of six
knees. To reduce the risk of an underpowered analysis, an
analysis of whether patients' self-reported KOOS sub-
scores were above the PASS threshold was performed.

Only 67% of eligible patients agreed to participate in
the present study, potentially introducing bias to the
results. Furthermore, radiographs before the knee arthro-
plasty were not available and there could have been a
discrepancy in the degree of osteoarthritis in the FCL
group and the control group. However, Dowsey et al. [34]
found no association between Kellgren—Lawrence scores
and preoperative PROMs in knee arthroplasty patients.
Preoperative PROMs were not available, and these are
known to be a key factor in determining the postoperative
PROM scores [10, 35, 36]. There could have been a
discrepancy in the preoperative KOOS scores between
the groups. However, several studies have demonstrated
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that cartilage patients have similar KOOS QoL subscores
to patients awaiting knee arthroplasty [2, 3], indicating that
the preoperative PROM in the cartilage cohort might be
comparable to those in the control group.

Although the control group was matched, differ-
ences in the distribution of age, education level and
revision TKA due to uneven response rates were
observed. This resulted in unbalanced groups, neces-
sitating adjustment with regression models.

Improvement in function and satisfaction is provided
by knee arthroplasty regardless of the type of implant in
patients with osteoarthrosis [9]. This seems to be true
also in the context of a previous FCL [12]. However, the
present study suggests that both surgeons and patients
should be aware of lower improvement in PROMs after
knee arthroplasty in cases with a history of previous
FCL as part of the shared decision making.

CONCLUSION

Previous cartilage surgery was associated with inferior
patient-reported outcome after knee arthroplasty at
mean 8 years following knee arthroplasty. Patients with
previous focal cartilage lesions demonstrated signifi-
cantly lower KOOS Symptoms, Pain and QoL sub-
scores compared to a matched cohort. The cartilage
cohort also had significantly lower odds of reaching the
PASS threshold for the same KOOS subscores.
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Supplementary Table 1 Difference in KOOS score between the knee arthroplasty patients with
previous focal cartilage lesion and the knee arthroplasty patents in the control group (not adjusted

for previous knee surgery)

Crude Adjusted?
Mean difference® P Mean difference® p

KOOS Symptoms

—  Cartilage cohort ref ref

—  Control group 9.6 (2.3,16.9) 0.01 8.3(0.5,16.1) 0.04
KOOS Pain

—  Cartilage cohort ref ref

—  Control group 10.9 (2.5,19.4) 0.01 10.8 (1.5,20.1) 0.02
KOOS ADL

—  Cartilage cohort ref Ref

—  Control group 4.3(-3.9,12.6) 0.3 7.7 (-1.4,16.9) 0.1
KOOS Sport/rec

—  Cartilage cohort ref Ref

—  Control group 5.5(-3.7,14.8) 0.2 8.6 (-1.6,18.7) 0.1
KOOS QoL

—  Cartilage cohort ref Ref

—  Control group 10.4(1.2,19.6) 0.03 8.9(-1.2,19.1) 0.08

2Adjusted for age at arthroplasty surgery, level of education, primary or
revision arthroplasty, sex, and type of arthroplasty. "Mean difference in
KOOS score from reference with 95% confidence intervals in

parentheses. Negative numbers imply lower mean score than

reference.



Supplementary Table 2 Difference in KOOS score between only the primary knee arthroplasty
patients with previous focal cartilage lesion and the primary knee arthroplasty patients in the control

group.
Ajusted?
Mean difference? p

KOOS Symptoms

—  Cartilage cohort ref

—  Control group 8.7 (-0.0,17.5) 0.05
KOOS Pain

—  Cartilage cohort ref

—  Control group 12.4(1.9,22.9) 0.02
KOOS ADL

—  Cartilage cohort ref

—  Control group 10.2 (0.3,20.1) 0.04
KOOS Sport/rec

—  Cartilage cohort ref

—  Control group 10.3 (-1.1,21.6) 0.08
KOOS QoL

—  Cartilage cohort ref

—  Control group 11.4(-0.3,23.2) 0.06

2Adjusted for age at arthroplasty surgery, level
of education, primary or revision arthroplasty,
sex, type of arthroplasty and previous ipsilateral
knee surgery in addition to cartilage surgery.
®Mean difference in KOOS score from reference
with 95% confidence intervals in parentheses.
Negative numbers imply lower mean score than

reference
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«FORNAVN» «K ETTERNAVN» «Side» kne «Pasientnr»

5

» &/
1.Hoyde:....... Vekt: ... ’%E}y
2.Hoyeste fullforte utdannelse:

D Grunnskole D Videregaende D Hagskole D Universitet

3.Hvordan er det andre kneet?D Normalt D Besvaer Huvilket besvaer?...........cccoveeenns

4.Er det andre arsaker til at du har problemer med a ga? ( F eks smerter fra andre ledd,

ryggsmerter, hjerte-karsykdommer eller andre sykdommer) DJa DNei

5.Er du operert flere ganger i (flettefelt side) kneet? DJa D Nei
Hvis ja, spesifiser:

Arstall:............... Hva slags Operasjon..........ccoouiiiiiiiiiiiiii e
Arstall:............... Hva slags operasjon............coocuviiiiiiiiiniiiie e
Arstall:............... Hva slags Operasjon............covuuiiiiiiininiiiece e

6.Hvor godt fungerer kneet ditt i forhold til et friskt kne?

O100% |0 9% | 80% | O 70% | [J60% | [ 50%

7.Hvor ofte driver du mosjon/trening:
Aldri D<1 gang pr uke Dl gang pr uke D 2-3 ganger pr uke D Hver dag

O40% | 30% |0 20% | [J10%

8.Dersom du driver slik mosjon, sa ofte som en eller flere ganger i uka; hvor hardt mosjonerer
du?
D Blir ikke andpusten/svett D Blir andpusten/svett DTar meg nesten helt ut

9.Hvor lenge holder du pa hver gang? (i gjennomsnitt)
D <15 min 0 15-29 min [0 30 min - 1time [0 Merenn 1time

10.Hva slags mosjon/trening driver du Mmed?...........couiiiiiiiiiiiiii s
11.Har du vanligvis minst 30 min fysisk aktivitet daglig pa arbeid eller fritid? DJa DNei
12.0mtrent hvor mange timer sitter du i ro pa en vanlig dag? ......................

13. Sett kryss ved det alternativet som passer din aktivitet best:

Niva 1 (deltar 4-7 dager pr uke)
D Hopp, bra vridninger og vendinger

(handball, fotball, basketball, volleyball, Niva 3 (deltar 1-3 ganger i mnd)
turn, squash) D Hopp, bra vridninger og vendinger

O Lgp, vridning, vending (tennis, alpinski, (handball, fotball, basketball, volleyball,
ishockey, friidrett) turn, squash)

D Ingen Igping, hopping eller vridning D Lgp, vridning, vending (tennis, alpinski,
(sykling, svgmming) ishockey, friidrett)

D Ingen lgping, hopping eller vridning

Niva 2 (deltar 1-3 dager pr uke) (sykling, svpmming)

D Hopp, bra vridninger og vendinger
(handball, fotball, basketball, volleyball, Niva 4 (ingen idrett)

turn, squash) Jeg utfgrer daglige gjgremal uten problem

oo

D Lgp, vridning, vending (tennis, alpinski, Jeg har moderate problemer med daglige
ishockey, friidrett) gjgremal

D Ingen lgping, hopping eller vridning D Jeg har store problemer med daglige
(sykling, svgmming) gigremal (krykker, full ufgrhet)



Knee injury and Osteoarthritis Outcome Score (KOOS), Norwegian version LK 1.0

KOOS — SPGRRESKJEMA FOR KNEPASIENTER

«FORNAVN» «kETTERNAVN» «Side» kne
«Pasientnr»

Veiledning: Dette sparreskjemaet inneholder sparsmal om hvordan du opplever
kneet ditt. Informasjonen vil hjelpe oss til & fglge med i hvordan du har det og fungerer
i ditt daglige liv. Besvar spgrsmalene ved & krysse av for det alternativ du synes
passer best for deg (kun ett kryss ved hvert spgrsmal). Hvis du er usikker, kryss
likevel av for det alternativet som fales mest riktig.

Symptom
Tenk pa de symptomene du har hatt fra kneet ditt den siste uken nar du
besvarer disse spagrsmalene.

S1. Har kneet vaert hovent?

Aldri Sjelden I blant Ofte Alltid
O O O O O
S2. Har du felt knirking, hert klikking eller andre lyder fra kneet?
Aldri Sjelden 1 blant Ofte Alltid
O a O O a
S3. Har kneet haket seg opp eller last seg?
Aldri Sjelden I blant Ofte Alltid
O O O O O
S4. Har du kunnet rette kneet helt ut?
Alltid Ofte Iblant Sjelden Aldri
O O O O O
S5. Har du kunnet beye kneet helt?
Alltid Ofte 1 blant Sjelden Aldri
O O O O O
Stivhet

De neste spgrsmalene handler om leddstivhet. Leddstivhet innebaerer
vanskeligheter med & komme i gang eller gkt motstand nar du beyer eller
strekker kneet. Marker graden av leddstivhet du har opplevd i kneet ditt den
siste uken.

S6. Hvor stivt er kneet ditt nér du nettopp har vaknet om morgenen?
Ikke noe Litt Moderat Betydelig Ekstremt
O O O O O

S7. Hvor stivt er kneet ditt senere pa dagen etter 4 ha sittet, ligget eller hvilt?
Ikke noe Litt Moderat Betydelig Ekstremt
O a O O O
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Smerte
P1. Hvor ofte har du vondt i kneet?
Aldri Manedlig Ukentlig Daglig Hele tiden
O O O O O

Hvilken grad av smerte har du hatt i kneet ditt den siste uken ved folgende
aktiviteter?

P2. Snu/vende pa belastet kne

Ingen Lett Moderat Betydelig Sveert stor
O O O O O
P3. Rette kneet helt ut
Ingen Lett Moderate Betydelig Sveert stor
O O O O |
P4. Boye kneet helt
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
P5. Ga pa flatt underlag
Ingen Lett Moderat Betydelig Sveert stor
| a O a O
P6. Gé opp eller ned trapper
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
P7. Om natten i sengen (smerter som forstyrrer sgvnen)
Ingen Lett Moderat Betydelig Sveert stor
| a O a O
P8. Sittende eller liggende
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
P9. Stéende
Ingen Lett Moderat Betydelig Sveert stor
O O O O O

Funksjon | hverdagen

De neste spgrsmal handler om din fysiske funksjon. Angi graden av
vanskeligheter du har opplevd den siste uken ved felgende aktiviteter pa
grunn av dine kneproblemer.

Al. Ga ned trapper
Ingen Lett Moderat Betydelig Sveert stor

O O O O O

A2. G4 opp trapper
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
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Angi graden av vanskeligheter du har opplevd ved hver aktivitet den siste
uken.

A3. Reise deg fra sittende stilling

Ingen Lett Moderat Betydelig Sveert stor
O O O O O
A4. Sta stille
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
AS. Boye deg, f.eks. for & plukke opp en gjenstand fra gulvet
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
A6. Gé pa flatt underlag
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
A7. Ga inn/ut av bil
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
A8. Handle/gjore innkjep
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
A9. Ta pé sokker/stremper
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
A10. Sta opp fra sengen
Ingen Lett Moderat Betydelig Sveert stor
(| O O O O
Al1l. Ta av sokker/stremper
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
A12. Ligge i sengen (snu deg, holde kneet i samme stilling i lengre tid)
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
A13. Ga inn og ut av badekar/dusj
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
Al4. Sitte
Ingen Lett Moderat Betydelig Sveert stor
O O O O O

AlS5. Sette deg og reise deg fra toalettet
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
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Angi graden av vanskeligheter du har opplevd ved hver aktivitet den siste
uken.

A16. Gjere tungt husarbeid (méke sn@, vaske gulv, stovsuge osv.)

Ingen Lett Moderat Betydelig Sveert stor
O O O O O
Al7. Gjere lett husarbeid (lage mat, torke stov osv.)
Ingen Lett Moderat Betydelig Sveert stor
O O O O O

Funksjon, sport og fritid

De neste spgrsmalene handler om din fysiske funksjon. Angi graden av
vanskeligheter du har opplevd den siste uken ved fglgende aktiviteter pa
grunn av dine kneproblemer.

SP1. Sitte pa huk

Ingen Lett Moderat Betydelig Sveert stor
O O O O O
SP2. Lepe
Ingen Lett Moderat Betydelig Sveert stor
O a O O O
SP3. Hoppe
Ingen Lett Moderat Betydelig Sveert stor
O O O O O
SP4. Snu/vende péa belastet kne
Ingen Lett Moderat Betydelig Svert stor
O O O O O
SP5. Sta pé kne
Ingen Lett Moderat Betydelig Svert stor
O O O O O
Livskvalitet

Q1. Hvor ofte gjer ditt kneproblem seg bemerket?

Aldri Maénedlig Ukentlig Daglig Alltid
O a a O O
Q2. Har du forandret levesett for 4 unngé & overbelaste kneet?
Ingenting Noe Moderat Betydelig Fullstendig
O O O O
Q3. I hvor stor grad kan du stole pa kneet ditt?
Fullstendigl I stor grad Moderat Til en viss grad  Ikke i det hele tatt
O O O O O
Q4. Generelt sett, hvor store problemer har du med kneet ditt?
Ingen Lette Moderate Betydelige Sveert store
O O O O O

Takk for at du tok deg tid og besvarte samtlige spgrsmal!
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«Side» kne

Sett kryss ved de utsagn som best beskriver dine kneplager

Halting (5 poeng):
Ingen (5)

Lett halting (3)

Mye og konstant (0)

Stotte (5 poeng):
Ingen (5)

Stokk eller krykke (2)

Vektbaering umulig (0)

Lasninger (15 poeng)
__ Aldrilasninger eller fglelse av at kneet
hekter seg opp (15)

Folelse av hekting, men aldriladsninger
(10)

Lasning av og til (6)

Ofte lasning (2)

Last kne ved utfylling (0)

Instabilitet (25 poeng)

(kneet gir etter/ikke til & stole pa)
Gir aldri etter (25)

Av og til ved idrett eller hard
anstrengelse (20)

Ofte ved idrett eller hard anstrengelse.
Evt ikke i stand til & delta (15)

Av og til ved dagligdagse aktiviteter
(10)

Ofte ved dagligdagse aktiviteter (5)

For hvert skritt (0)

Smerte (25 poeng)
Ingen smerte(25)

Bare av og til og litt ved hard
anstrengelse (20)

Betydelig ved hard anstrengelse (15)
— Betydelig under eller etter mer enn 2

km gange (10)

Betydelig under eller etter mindre enn
2 km gange (5)

—  Konstant smerte (0)

Hevelse (10 poeng)

Ingen hevelse (10)

—— Ved hard anstrengelse (6)
—— Ved vanlig anstrengelse (2)

—  Konstant hevelse (0)

Trappegang (10 poeng)

Ingen problemer (10)
Lett hemmet (6)
Ett trinn av gangen (2)

Umulig (0)

Dype knebgy (5 poeng)
Ingen problem (5)

Lett hemmet (4)

Ikke mer enn 90 grader (2)

Umulig (0)
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Orginalskjema

ICRS EVALUERINGSSKJEMA / KNE

1. I forhold til det andre (friske) kneet fungerer det skadede kneet:|

I I} 11 v
00— 1 D% TO-00%, 40-T0P -4,

[ [ [ W

2. Angi hvor store smertene i kneet er pa denne skalaen:

Ingen smeftey —m8m —AF4———b— | Vergt enkelige smerter
) o

3. Symptomer (Hpyeste aktivitetsniva uten symptomer):

Hvilke aktiviteter (velg hayeste aktivitetsnivi av de under) kan du gjwre, eller kan do tenke deg at du kunne gjore, vien i {3 falgende
plager med kneet:

Aktivitetsniva
a) Smerter i kneet under aktivitet

¢} Kneet giretter, henger seg opp

Idser seg ved aktivien

d} Stansmerer

|
[]
b}  Hevelse i kneet pga. aktiviteter D
[]
[

OO e
I I R
OO -

Aktivitetsniva:

| Hopping, raske vridningervendinger. fotball, handball
2 Tungt manuelt arbeid, alpini, tennis

3 Lett manuelt arbeid, lpping/jogging

4 Siillesitende arbeid, daglige gjdremal
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Example of DAG analysis
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