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Meniscus tear

The menisci are essential to the function of the knee. At the same time 
meniscal tears and lesions are very common in the population and surgery 
performed on the meniscus is one of the most common orthopedic procedures. 
However, several high quality studies have questioned this practice in patients 
with degenerative meniscal lesions or osteoarthritis. This thesis explores some 
questions as: What patients get a knee arthroscopy and what is their clinical 
and radiological status? How much sick leave will patients with meniscal injury 
require, with or without surgery? Will national guidelines alter the incidence 
of APM performed? 
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“I would rather have questions that can´t be answered than answers 
that can´t be questioned  

(Richard Feynman, physicist) 
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Thesis at a glance 

Paper I II III IV 

Question Is there an overuse 
of APM in the 
middle-aged 
patients with 
degenerative 
menicus and OA? 

What amount of 
sick leave is 
associated with 
APM due to acute 
meniscal tear? 

What amount of 
sick leave is 
associated with 
degenerative 
meniscal lesions?  
 
Will the patients 
treated with APM 
have less sick leave? 
 
Will there be sex 
differences? 

Will a national 
recommendaton in 
Sweden not to do 
APM in patients with 
OA, associate with 
decreased numbers 
of APM? 

Design Cross sectional study 
utilising surgical and 
radiological records 

Population based 
cohort study. Data 
collected from 
Skåne Healthcare 
Register (SHR) and 
Swedish Social 
Insurence Agency 
(SSIA) 

Population based 
cohort study. Data 
collected from 
Skåne Healthcare 
Register (SHR) and 
Swedish Social 
Insurence Agency 
(SSIA) 
 

Time series analysis. 
Data collected from 
SHR and Swedich 
Population Register. 

Patients/years 2165 arthroscopies 
with diagnose old 
meniscus injury or 
OA and a subset of 
502 radiographicallly 
evaluated. 
Years 2007-2009 

604 patients and 
2254 controls 
included during 
2004-2012. Sick 
leave more than 2 
weeks analyzed 
during one year 
before, and two 
years after APM. 

4833 patients 
included during 
2004-2012. Sick 
leave more than 2 
weeks analyzed 
during one year 
before, and two 
years after 
diagnosis. With or 
without APM. 

42044 patients with 
diagnosis of OA or 
old meniscus injury 
analyzed in respect 
of proportion having 
APM. Before and 
after 
recommendation. 

Answer Yes. 64% of the 
patients had typical 
findings of 
degenerative 
meniscal lesions and 
46% had 
preoperative 
prevalence of 
radiological OA 

Two thirds of 
patientes treated 
with APM due to 
acute mensus tears 
had 2 weeks or less 
sick leave. Women 
has more sick leave 
than men. 

There is in general a 
quick return to work 
regardless if treated 
with or without 
APM.  
 
Women has more 
sick leave than men 
regardless of 
treatment. 

Yes. The proportion 
of APM performed 
in patients with knee 
OA or degenerative 
meniscal lesions 
declined från 9.3 % 
pre recommendation 
to 6.5% post 
recommendation. 
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Abstract 

The menisci are highly important to knee joint function. It provides stability and load 
transmission while distributing forces from joint movement over a large area. If the 
menisci are injured, by trauma or degradation, the load increases on the cartilage and 
poses a risk factor for degradation and in the end joint failure (osteoarthritis). This is 
also the case if meniscal tissue is removed by surgery. If the meniscus is injured, it has 
traditionally been treated with total or partial meniscectomy. Arthroscopic partial 
meniscectomy has grown to be one of the most common orthopaedic procedures 
performed and majority of the surgeries has been performed in middle-aged patients 
with knee pain without trauma, with or without radiological Osteoarthritis (OA). 
Several high quality randomized controlled studies have however shown no added 
benefit with surgery above non-surgical or placebo treatment, evaluated with knee 
function and pain scores. The studies have been criticized to not be representative of 
the selection of the patients normally treated. Further, the studies have evaluated the 
patients with several aspects of function and pain, but the aspect of sick leave from work 
has not been evaluated. This has led to the main questions that I assessed in this thesis. 
What patients get a knee arthroscopy and what is their clinical and radiographical 
status? How much sick leave will patients with meniscal injury require, with or without 
surgery? Will national guidelines alter the incidence of APM performed? 

In the first study, I assessed three years of surgical records from year 2007-2009 in 
Region Skåne and made in depth analysis of the diagnosis old meniscus injury and 
osteoarthritis, evaluating their clinical per-operative status and pre-operative 
radiological findings of OA. In study II and III I assessed sick leave >2 weeks by 
selecting diagnoses isolated meniscus injury from the regional health care register 
(SHR), both acute and non-acute, with data on sick leave from Swedish Social 
Insurance Agency (SSIA) and calculated the proportions of sick leave in patients treated 
with or without APM. To assess the effect of national guidelines published 2012, 
recommending against APM in patients with OA, I examined data from SHR and 
Sweden population register, calculating the incidence of APM before and after the 
recommendation. 

I found that of 4096 arthroscopies, 53% had the diagnoses old meniscus injury or OA. 
In this subgroup 64% had typical per-operative findings consistent with degenerative 
meniscal lesions and 46% had a preoperative prevalence of radiological knee OA. I 
conclude that there is a discrepancy between evidence based treatment guidelines and 
the clinical practice regarding the amount of knee APM performed. I found that in 604 
acute meniscal injuries without ligament injuries, two thirds had 2 weeks or less sick 
leave and the APM per se is accounting for less than that. In 4833 middle aged patients 
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with degenerative meniscal lesions there is in general a quick return to work regardless 
if treated with or without APM. The peak proportion of sick leave in the non-surgically 
treated cohort was 11.7% in men and 17.7% in women. In the surgically treated cohort 
the proportion was 19.4% in men and 30.5% in women.  Thus I found no evidence of 
less prolonged sick leave if surgically treated and women have more sick leave than men 
regardless of treatment. Finally, I found that of 42044 patients with OA or degenerative 
meniscal lesions, the incidence of APM were reduced from 9.3% before the publication 
of national guidelines to 6.5% after. I conclude that APM in knees with OA or 
degenerative meniscal lesions can be reduced by professional guidelines. 
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Populärvetenskaplig sammanfattning 

Knäleden är kroppens största led och är påtagligt komplicerad. Den utsätts dagligen för 
stora krafter vid såväl böj och vridrörelser som stötkrafter vid stegisättning. För att den 
skall fungera optimalt måste flera olika komponenter samverka. Brosket som bekläder 
benändarna bidrar med stötdämpning och ger en mycket låg friktion vid rörelse. Flera 
olika ligament och muskler som löper över leden bidrar till dess stabilitet. Meniskerna, 
som denna avhandling handlar om, är likaledes viktiga för ledens funktion. Meniskerna 
fungerar stabiliserande, stötdämpande och kraftfördelande. Utan meniskerna blir 
således knäleden dels mera instabil samt kraften och därmed förslitningen på brosket 
ökar. Meniskskada, vare sig denna uppstår via våld mot knät eller som ett resultat av 
kirugi, ökar risken för ledsvikt, även kallat Artros. 

Traditionellt har meniskskada, vare sig den orsakats av våld eller är ett resultat av 
åldersförändringar, behandlats med att man helt eller delvis har tagit bort menisken. 
Delvis avlägsnande av en skadad menisk (partiell meniskectomi) har sedermera blivit 
ett mycket vanligt ingrepp bland medelålders patienter med knäsmärta och förmodad 
eller via magnetkamera bekräftad, meniskskada. Detta ingrepp uförs nästan alltid med 
titthålsteknik (knäartroskopi). Detta har man gjort i förhoppningen att detta skall 
minska knäsmärtan. Flera högkvalitativa studier har dock övertygande påvisat att dessa 
patienter via detta ingrepp inte förbättras mer än vad patienter som erhållit 
sjukgymnastik eller placebo-kirurgi gjort. 

Denna avhandling består av fyra delarbeten där jag sökt svar på frågor som; Vilka 
patienter blir behandlade med delvis borttagande av meniskvävnad, dvs opererar vi 
“rätt” patienter? Hur mycket sjukskrivning genereras av patienter med meniskskada, 
dels patienter som fått någon form av våld mot knät eller som har åldersbetingade 
förändringar i menisken, med eller utan kirurgi. Slutligen har jag undersökt huruvida 
utfärdande av nationella rekommendationer att inte operera medelålders patienter med 
artros har påverkat operationsfrekvensen. 

I mitt första delarbete analyserade jag tre årsproduktioner (2007-2009) av 
knäartroskopier utförda i Region Skåne, via det gemensamma journalsystemet Ortreg 
(4096 patienter). I speciell detalj studerades sådana diagnoser, som med hög 
sannolikhet rymmer sådana patienter, som man i tidigare studier konstaterat inte tjänar 
på operation. En slumpvis utvald undergrupp studerades med avseende på deras 
röntgen eller magnetkamerabilder, utförda före operation på det skadade knät. Jag fann 
att åtminstone en tredjedel av alla knä-artroskopier utförda i regionen, utfördes på 
patienter med sådana åldersförändringar i meniskerna samt general ledsvikt i knät, där 
studier konstaterat utebliven effekt av kirurgi. Från detta kan man dra slutsatsen att det 
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finns en skiljaktighet mellan bevisbaserade rekommendationer och vad som utförs i 
praktiken. Detta borde kunna innebära möjligheter att vara mer restriktiv med 
artroskopi med partiell meniskectomi i denna patientgrupp framgent. 

I det andra delarbetet undersökte jag 604 patienter i Region Skåne med akut 
meniskskada (utan några andra skador i drabbat knä), som blivit opererade med partiell 
meniskectomi. Med hjälp av sjukskrivningsdata från Försäkringskassan som sträckte sig 
från ett år före skadan, till två år efter skadan kunde andelen patienter sjukskrivna mer 
än två veckor, analyseras. Jag fann att två tredjedelar hade två veckors sjukskrivning 
eller mindre under operationstillfället. Då sjukskrivningen innehåller all sjukskrivning 
utan närmare specificerad orsak, är det sannolikt att själva operationen i sig, står för en 
mindre del av den totala sjukskrivningen. 

I det tredje delarbetet undersökte jag 4833 patienter i Region Skåne i åldersintervallet 
40-60 år, med åldersförändringar i meniskerna. En andel blev opererade (1736 stycken) 
och en andel blev inte opererade (4826 stycken) Med hjälp av data från 
Försäkringskassan, kunde andelen sjukskrivna beräknas från ett år före diagnos eller 
operationsdatum, till två år efter. Vi fann att oavsett behandling, var andelen 
sjukskrivna vid diagnos eller operationstillfället, relativt låg. Kvinnor hade dock mer 
sjukskrivning än män, oavsett behandling. Vi fann inga bevis för att de patienter som 
behandlats med operation, har mindre sjukskrivning jämfört med de som inte 
opererats. 

I det fjärde delarbetet undersökte jag utfallet av Socialstyrelsens nationella 
rekommendationer utfärdade 2012, vilka avråder från artroskopisk meniskectomi på 
patienter med artros. Dessa rekommendationer utgår från bevis som visat att knä 
artroskopi utförd på patienter med artros, inte förbättrar patienternas smärta eller 
funktion. Jag mätte därför andelen patienter med diagnoserna “gammal meniskskada” 
och artros, som blivit opererade med partiell meniskectomi, före och efter 
rekommendationerna. Resultatet visar på en tydlig nedgång i antalet operationer och 
man kan därför dra slutsatsen, att professionella rekommendationer har effekt på den 
kliniska verksamheten.  
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Abbreviations 

APM Arthroscopic partial meniscectomy 

ACR American College of Rheumatology 

CI Confidence interval 

ECM Extracellular matrix 

KL Kellgren Lawrence scale 

MRI Magnetic Resonance Imaging 

OA Osteoarthritis 

RCT Randomized Controlled Trial 

SHR Skåne Healthcare Register 

SSIA Swedish Social Insurance Agency 

VTE Venous thromboembolism 
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Background 

The normal meniscus 

 

Figure 1 
The anatomy of the knee joint, seen from anterior wiew. Reproduced with permission from Elsevier[1] 

Anatomy 

To understand meniscal pathology and possible treatment strategies, it is necessary to 
understand some of the basics of the anatomy, function, vascularisation and healing 
capacity. In the knee joint cavity, located between the two articular surfaces of Femur 
and Tibia lays the two menisci. These are two crescent-shaped fibrocartilaginous discs 
and are placed on the respective lateral and medial side. The normal meniscus has a 
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smooth, glossy appearance and the colour is close to pearl white. They fill out the space 
between the convex femur and the flat Tibia articulating surfaces. Seen from a cross 
sectional view the menisci form a triangular shape and the part pointing to the centre 
of the joint is thin and the part facing the opposite direction is thicker. Meniscal 
ligament attaches the menisci to the underling subchondral bone of the Tibia 
plateau.[2] Further, the menisci are attached by circumferential matrix fibres forming 
anterior and posterior ligaments attached to the intercondylar fossa. The medial 
menisci have a C-shaped form and covers up to 60% of the tibia compartment. The 
peripheral rim adheres with the joint capsule and is attached to the medial collateral 
ligament. The lateral meniscus has a more circular form and is smaller than the medial 
meniscus and in contrast to the medial meniscus, not attached to the collateral ligament 
and more loosely attached to the joint capsule. This makes the lateral meniscus more 
mobile. It occupies a larger portion (~80%) of the articular surface than the medial 
meniscus. [3] The posterior horn of the lateral meniscus is also attached to the posterior 
Femur condyle and posterior cruciate ligament through the ligaments of Humphrey 
and Wrisberg, which makes the meniscus coupled with the motion of Femur condyle 
and therefore less prone to injury than the less mobile medial meniscus.[4] (Fig. 2) 

 
Figure 2 
Superior view of the Tibia plateau. The menisci in hold in place by the horn attachments and the transverse ligament 
among others. The circumferential fibers that run inside the menisci to the anterior and posterior hornattachments creates 
resistense when loaded that inhibits displacement of the menisci. Reproduced with permission from Elsevier[1] 
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Vascularisation and neural innervation  

During the prenatal development, the menisci are fully vascular supplied and has a high 
density off cells. This gradually decreases and the content of collagen increases. In the 
adult, only approximately one third of the menisci perimeter is vascularized (red zone). 
The inner zone (white zone) is dependent of diffusion of nutrients from synovial fluid. 
The border line is usually called the red-white zone. The blood supply originates from 
the medial, lateral and middle genicular arteries. The capacity of healing seems to 
depend on the blood supply and the heeling therefore is superior in the red zone 
compared to the white zone. [5, 6] 

The neural innervation is derived from a branch of the Tibia nerve and, similar to the 
vessels, penetrates the joint capsule and innervates the outer third of the meniscus, while 
the inner two thirds are not innervated. Mechanoreceptors are found in the innervated 
parts and accounts for proprioception and is therefore important for normal function 
and tissue homeostasis. [7, 8]  

Composition and structure 

There are three phenotypes of cells in the menisci and they appear different depending 
on their location. In the peripheral and middle part they are oval-shaped and typically 
named fibroblast-like and produce mainly collagen type I. The inner part of the 
meniscus, on the other hand, is dominated by cells that are smaller, round and produces 
mainly collagen II. These are typically named chondrocyte-like cells. A third phenotype 
of cells is located in the surface of the meniscus. They are typically called progenitor 
cells and appear flat or fusiform. It is believed that they have regenerative purposes.[9]  
[10] (Fig. 3) 

The meniscal extracellular matrix is made up of 70% of water which is bound to 
proteoglycans that are large negatively charged proteins (by the attached 
glycosaminoglycan) and therefore hydrophilic. This is substantial for the viscoelastic 
properties of the menisci, and contributes to the meniscus ability to withstand 
compression forces. About 20% of the meniscus tissue is made up of collagen whereas 
90% of the dry weight is collagen type I. The peripheral and middle zone is dominated 
by collagen type I, whereas the inner part is, to a higher degree, made up of collagen 
type II (as seen predominantly in the cartilage). Many other non-collagen proteins are 
also found such as Fibronectin and Elastin.  

 



20 

 
Figure 3 
Regional variations in vascularization and cell populations of the meniscus. Left: though fully vascularized at birth, the 
blood vessels in the meniscus recede during maturity. In adulthood, the red-red region contains the overwhelming 
majority of blood vessels. Right: cells in the outer, vascularized section of the meniscus (red-red region) are spindle-
shaped, display cell processes, and are more fibroblast-like in appearance, while cells in the middle section (white-red 
region) and inner section (white-white region) are more chondrocyte-like, though they are phenotypically distinct from 
chondrocytes. Cells in the superficial layer of the meniscus are small and round. Reprinted with permisson of Elsevier[1] 

Function 

The menisci have an important biomechanical function in terms of load transmission 
and shock absorption and the architecture of the collagen fibre network enables 
resistance to shear, compression and tension forces. Together with the flat cartilage 
surface of the Tibia they form a socket where the condyles fit and articulate. In the 
peripheral and mid portion of the menisci, the collagen fibres run circumferential and 
parallel to the outer rim. These fibres blend with the ligament attachments of the 
meniscal horns.  These are interwoven with fibres directed radially from the inner part 
of menisci to provide structural integrity. The forces that emanates from weight bearing 
pushes the menisci outwards in a peripheral direction, but the bony attachment 
through the anterior and posterior horns counteract this radial force and a tension load 
is created within the menisci through the circumferential fibres. (Fig. 4) The menisci 
therefore account for approximately 50% of force transmission between Femur and 
Tibia. The horns of the menisci block posterior and anterior rolling and gliding motion 
of the femoral condyles.[3, 11] (Fig. 5) 
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Figure 4 
Drawing illustrates the orientation of collagen fibres in the meniscus. The circumferential fibres attaches to the anterior 
and posterior horn which in turn is attached to tibia. 

 

Figure 5 
How force is transduced upon and throughout the knee meniscus. Free body diagram of the forces acting on the knee 
meniscus during loading (for simplicity, only the lateral meniscus is shown). During everyday activity, the menisci are 
compressed by the downward force of the femur. Since the meniscus is a wedge, the femoral force is enacted at an 
angle, and thus a vertical component exists which is countered by the upward force of the tibia. Additionally, a horizontal 
component of the femoral force exists, which is exerted radially outward on each meniscus. This horizontal force is in turn 
countered by the anchoring force of the attachments at the posterior and anterior horns of the meniscus. Additionally, as 
this compression occurs, circumferential stress is created along the meniscus. Therefore, the menisci function by 
converting compressive loads to circumferential tensile loads. At the same time, shear forces are developed between the 
collagen fibers within the meniscus while the meniscus is deformed radially. Reprinted with permission of Elsevier[1] 
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With increasing age the menisci become stiffer, more fragile and the vascularised part 
is being reduced in proportion to the non-vascularized part. After 50 years of age, only 
the peripheral quarter of the menisci is vascularized.[12] There is a gradual loss of 
cellular elements creating cystic areas that can initiate a tear. Also the ECM changes 
during the years, with the non-collagenous proteins showing the largest decreases.[13-
15] 

Osteoarthritis and meniscal pathology 

Osteoarthritis (OA) is the most common joint condition and the knee is commonly 
affected. It is not limited to the cartilage but effects all the tissues of the joint including 
the synovium, menisci, subchondral bone and the ligaments. The diagnosis includes 
clinical symptoms and structural derangements. Structural alterations include cartilage 
loss and/or meniscal lesions. However, there is a great discordance between clinical 
symptoms and these structural changes. Half of the population with radiographic 
changes has no pain and almost half of patients above 55 years with complains of knee 
pain have no radiographic evidence of OA.[16] There are several different guidelines 
to diagnose OA. The American College of Rheumatology (ACR) uses clinical findings 
as follows: Using clinical findings alone, a patient with symptomatic knee OA should 
have knee pain AND at least three of the following 6 criteria: age >50 years, morning 
stiffness <30 minutes, crepitus on active movements, tenderness of the bony margins 
of the joint, bony enlargement, no palpable warmth.   

Often the symptoms increase over a longer time period. The aetiology is multifactorial 
with increasing age as a strong risk factor (or age as a proxy for exposure time). Genetic 
predisposition, obesity, female sex and more rare systemic diseases as gout, synovitis or 
haemophilia are some other risk factors.[17] Excessive biomechanical loads on the 
cartilage can also lead to a pathological response of the joint tissues.[18] This could be 
from trauma such as anterior cruciate ligament injury, meniscal injury or fracture.  

Unfavourable repetitive loads as kneeling or squatting are further risk factors.[19, 20] 
OA is traditionally characterised by loss of cartilage but involves all tissue in the knee 
joint such as the menisci, synovia, ligaments and bone. The meniscus has been shown 
to be an important factor in the aetiology and pathogenesis and is associated with other 
signs of OA in the knee joint as well as radiological findings of OA in other distant 
joints i.e. finger joints.[21] (Fig. 6) 
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Figure 6  
Drawing shows some of the factors leading to OA 

As the meniscus has an important role in maintaining normal biomechanical function 
in the knee, loss of meniscal tissue, either from trauma, degradation or surgery will 
increase the load on the cartilage and ligament, eventually with cartilage loss. With 
altered loading, further degenerative changes can occur resulting in radiological 
evidence of OA.[22] Partial removal of meniscus tissue by arthroscopic partial 
meniscectomy has also been shown to increase the risk of OA.[23] Thus a plausible 
scientific presumption is that one pathway to OA is starting with loss of meniscal 
function resulting in OA-development and the progression of OA, and due to general 
degradation of the knee joint, is in turn causing degenerative lesions that further 
accelerate the disease. (Fig. 7)  

 

Figure 7 
Drawing illustrates the scientific plausible pathway of loss of meniscal function resulting in OA development and the 
progression of OA, and due to general degradation of the knee joint, is in turn causing degenerative lesions 
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Traumatic tears and degenerative lesions 

Meniscal injuries are sometimes discussed as they were one entity. However, it is 
possible to distinguish two main categories depending on the aetiology. A traumatic 
tear is supposed to occur if the tissue of the meniscus is normal, but the force applied 
to it is abnormal and therefore disrupts its integrity. A traumatic tear is defined by the 
history of a knee injury, often during participating in pivoting sports, and generates 
sudden onset of joint line pain. Primarily, this occurs in the younger individual with 
no previous history of knee pain. The occurrence of a tear of also the anterior cruciate 
ligament or collateral ligament injury is common. The type of tear is often longitudinal 
that splits the meniscus vertically and parallel to the circumferential oriented collagen 
fibres.[24] Occasionally, a radial tear occurs, which is oriented perpendicular to the 
circumferential fibres and thus has potential to disrupt the function of the meniscus 
severely if the tear is full thickness. As shown later in paper I in this thesis, this tear, 
when traumatic, is predominantly located at the lateral compartment.[25] (Fig. 8) 

 

Figure 8 
Drawing shows stylized different types of meniscal tears and lesions. In some cases, the tissue facing the inner part of the 
joint, can dislocate and as a result end up in between the Femur condyles, inhibiting normal range of movement. This is 
called a ”Bucket handle” tear. 

In a degenerative lesion however, the opposite is at hand. The force applied to the 
meniscus is normal, or near normal, but the tissue itself is weakened, thus resulting in 
a lesion. In this case, often the individual are not aware of any actual trauma. Although 
the lesions can be combined in complex patterns, some typical patterns can be 
distinguished. (Fig. 8) Englund et al reported an overall prevalence of meniscal tears of 
31% in the population from age 50 and more, increasing with age and higher in men. 
As seen on MRI, ranging from 19% in women aged 50-59 years to 56% among men 
between 70-90 years old. [26] (Fig. 9) 
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Most of the degenerative meniscus lesions are asymptomatic. The prevalence of 
meniscal injuries is much higher in individuals with radiographic OA (75-90%) and is 
considered to be part of the spectrum of early OA.[27-29] The degenerative type of 
tears is thus associated with increasing age and pre-existing or incipient OA. [24]  

 

Figure 9  
Prevalence of Meniscal Tear or Destruction in the Right Knee among Middle-Aged and Elderly Persons, According to Age 
Group and Sex.All persons with previous knee surgery were excluded from the prevalence estimates of meniscal 
destruction. The I bars denote 95% confidence intervals. Reproduced with permission from N Engl J Med, Copyright 
Massachusetts Medical Society. [26] 

A horizontal lesion runs parallel to the tibia plateau dividing the meniscus in a superior 
and an inferior part. This dysfunction can lead to increased peak contact pressure on 
the cartilage.[30] A flap tear is thought to be caused by horizontal or oblique fissures 
and a displacement of a part into the joint cavity or into the meniscal recess. This tear 
type is associated with higher age and simultaneous cartilage degradation. Radial tears 
located at the medial side predominantly affect the posterior horn, and has also a high 
association with ipsilateral cartilage damage and higher age. [25] 

Surgery on the meniscus 

As the meniscus play an important protective role in load distribution, there is a 
consensus of preserving as much meniscal tissue as possible. In traumatic tears suturing 
is the first line of choice if this is possible (although the rehabilitation is more 
demanding). This is because of the increased risk of developing secondary osteoarthritis 
after APM. [23, 31] The goal is to keep the circumferentially oriented matrix fibres in 
the meniscus intact so that the meniscus can withstand the load without meniscus 
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extrusion and thereby be able to distribute the contact forces. This concept of meniscal 
preservation has progressed over the years.[32, 33] A recent study has shown about 25-
50% lower risk of consultation for knee OA after meniscus repair as compared to APM. 
[34] 

If suturing is not possible, the alternatives are partial meniscectomy or simply non-
removal. In the case of partial meniscectomy, obviously a variable function of the 
meniscus might be lost. In a degenerative meniscal lesion, a partial meniscectomy is 
therefore likely to some degree accelerate the degenerative process in the knee. [23] This 
can however be necessary, according to consensus, if the torn part is interfering with 
the normal range of motion of the joint. There is still some controversy about the role 
of mechanical symptoms (i.e. locking and painful clicking) due to an unstable meniscus 
lesion. Pooled results of all performed RCTs reveals however limited added benefit of 
APM in degenerative meniscus lesions regardless if there were pre-operative symptoms 
or not. [35] 

How it began 

As surgeons and scientists, it is natural to have the attention directed on the present 
questions and the possible future answers. But to do this adequately, it is also useful to 
reflect on the past.  

The term “meniscus” in a scientific context was first used in a book by Johannes Kepler 
where he described a lens. (Kepler J, dioptrice, 1611). Yet, for many years the common 
description for the knee meniscus was “semilunar cartilage”. In Hippocrates 
“Hippocratic corpus” dated to around 400 years BC, described the treatment of bones, 
and the difficulties with healing the knee joint, he mentioned something called 
“cartilage”. During the middle ages anatomical research appears less frequent. In the 
renaissance (1543) Andreas Vesalius published his book “De humani corporis” in 
which the whole body was described based on dissections by the author. Vesalius coined 
new anatomical terms and he proposed the term “cartilago semilunaris” to the 
anatomical part that in modern time is referred to as menisci. Although mentioned in 
literature during the sixteen and seventeen centuries, the treatment is non-surgical.  

The first documented surgical approach is the work of sir Thomas Annandale published 
1885. [36] Here a 30 year old miner was treated with suturing the anterior part (horn) 
of the medial meniscus to the facia margin of tibia, after presenting with symptoms of 
“acute pain in certain movements of the joint, which frequently became locked in flexed 
position”. Not only did Annandale perform the first suturing of a meniscus, but a few 
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years later he was the first to perform a total excision of meniscus. This treatment was 
chosen due to the fact that the major part of the meniscus was macerated and the lesion 
was not possible to suture; “..the body of the cartilage itself were thickened and 
undergoing a form of fatty degeneration. Had the cartilage been healthy I should have 
confined the operation to the excision of the projecting portion”. Obviously he 
considered also the first partial meniscectomy. In this way Annandale started the era of 
surgical management of meniscus injury.[37] 

Total or partial meniscectomy 

Moritz Katzenstein published in 1908 case series of meniscus surgery with a follow up 
of seven years. He pointed out that long term follow up is critical when evaluating 
clinical results. He promoted suturing rather than resection due to the latter inferior 
long term results and that only “..in a minority of cases, resection of the meniscus results 
in permanently good function…. this was not astonishing, since with resection of the 
meniscus, an important part of the joint is removed”. And further; “it does not make 
sense to try to suture a severely degenerated or misformed meniscus, in all other cases, 
I would strongly advise repairing a torn meniscus”. [38] 

After experiments on dogs, King D reported 1936 that the menisci protected hyaline 
cartilage, improved stability and congruity of the joint and were the first to associate 
degenerative arthritis with meniscectomy. He also pointed out that the fibrous tissue 
that was formed after meniscectomy did not prevent degenerative arthritis in the joint, 
and that “a torn meniscus can be healed if the tear communicates with the synovial 
membrane”. Unfortunately, the importance of this work was unrecognised for several 
decades.[39] 

In despite the insights these men mediated, total meniscectomy seem to dominate for 
many years and there was reports on good outcome at least in short and intermediate 
terms. (Michinger,22, Sjövall,1942). Poorer result was reported if OA was present 
already before meniscectomy.[40] It seems likely that total meniscectomy was the 
preferred treatment before partial meniscectomy because leaving the remaining 
meniscus as a possible future problem to recur means risking a second dangerous 
surgery. Why risk a possible second, dangerous surgery, if there are no obvious benefits 
with suturing the meniscus or partial meniscectomy? This idea is especially likely if the 
understanding of the meniscus function in the joint is not complete. JB Sutton 
described the meniscus as a “functionless remains of leg muscle origins” in his book 
Ligaments; Their Nature and Morphology. (Sutton 1897), and it seems that the 
dominating view of the meniscus were that it was a problematic structure with 
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uncertain functions for many years. Furthermore, there seem to have been an opinion 
that the meniscus could regenerate, and to achieve this, the meniscus had to be totally 
excised to encourage bleeding.[41] McMurray wrote in 1942“A far too common error 
is shown in the incomplete removal of the injured meniscus”, suggesting that remnants 
of meniscus in the joint were a potent cause of arthritis.[42] 

The first paper that clearly demonstrated the clinical impact of total meniscectomy was 
published by Sir Thomas Fairbank 1948. He showed radical degeneration of articular 
cartilage over time after meniscectomy in 107 patients. Lipscomb and Hendersen 
reported that partial meniscectomy  produced as good results as total meniscectomy 
and suggested this to be an alternative.[43], but it took almost 20 years until Tapper 
and Hoover reported that leaving the peripheral rim in longitudinal tears, in patients 
with 10-30 years of follow up, produced less degenerative changes compared to total 
meniscectomy.[44] 

 
Figure 9 
This figure chows the increased peak pressure that results from a meniscectomy. The same force  applied on a smaller 
area results in higher pressure in the affected area. Drawing by Amanda Bergkvist 

Shift to arthroscopy 

The first arthroscopic surgery is said to have been done in 1962 by The Japanese 
surgeon Masaki Watanabe and Robert Jackson is credited with introducing 
arthroscopic meniscal surgery in the USA 1968.[45] During the 70s the interest grew 
to excise only the damaged portion of the meniscus (as proposed by Annandale). It 
seems likely that this shift in approach was facilitated by the simple fact that it is easier 
to make a partial meniscectomy rather than total with the arthroscopic technique.  
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At the same period further work was presented facilitating the understanding of the 
menisci biomechanical function in the knee joint.[46-48] [49, 50], and numerous 
reports indicating a high frequency of radiological changes and impaired knee function 
after total meniscectomy.[44, 51] Roos et al showed up till six times increased risk, of 
radiological OA compared to matched controls.[31] (Fig. 9) 

These factors combined; the increasing understanding of the function of the menisci, 
the increasing evidence of negative outcome due to total meniscectomy and the 
improved surgical technique due to the use of arthroscopy, are factors that are likely to 
have changed the paradigm from total meniscectomy to partial meniscectomy during 
the 80-90s century. Unfortunately (and contra intuitive), the evidence of improved 
long term outcome were limited. [52] This is likely partly due to the fact that a large 
number of meniscectomies are performed in patients with already existing insipient 
OA. Englund et al reported that the type of tear (traumatic or degenerative) predicted 
the long term outcome in favour of the traumatic, and that minimal resections in 
degenerative lesions renders better outcome than extensive resections.[53, 54]  

The arthroscopic technique has obvious advantages compared to open surgery. It is less 
invasive and the patients can be treated as outpatients. The rehabilitation time is 
shortened and the complication rate is lower than with open surgery.[55] By the last 
ten years in the past decennium the Magnetic Resonance Imaging (MRI) provided a 
possibility to visualise soft tissue such as meniscal tears and ligament injuries. This way, 
clinically suspected meniscal tears that possibly could be treated with surgery could be 
identified. These factors are likely to have led to the observed increase in the frequency 
of APM and by the millennial, APM is the most common orthopaedic procedure 
performed, and increasing. A large proportion of these procedures (APM) are 
performed in middle aged patients with a suspected or MRI verified meniscal lesion. 
[56-59] (Fig. 10) 
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Figure 10 
Population adjusted trends in frequency of knee arthroscopy; percent in some european countries. Arthroscopic knee 
surgery remains common despite accumulating evidence suggesting little benefit. Reprinted with permission from BMJ 
2017;357:j1982[60]. 

Is the benefit greater than the harm? 

As the indication widened and more patients were subjects to APM, questions of its 
efficacy arise. Early reports from open surgery had suggested that patients without 
degenerative changes improved more than patients with degenerative changes.[61, 62] 
Reports from arthroscopic partial meniscectomy on patients with cartilage changes also 
indicate poorer results. [63-66] The long term outcome of meniscal injury and surgery 
was further related to the type of meniscal tear/lesion with inferior results with the 
degenerative types.[28, 53, 54]. On the other hand numerous uncontrolled case series 
reported substantial pain relief after arthroscopic debridement or lavage for OA of the 
knee. [67-75] 

Amazingly, it took more than 20 years after the general introduction of arthroscopic 
surgery before the first randomized placebo controlled study was published. This 
double blind study assessed 180 patients <75years old (mean 52 years) with knee OA 
(KL 1-3) and pain. It compared three interventions; lavage, debridement and sham 
surgery (skin incisions) and the outcome was knee function and pain. All three arms 
improved equally and the author concluded: “the outcomes after arthroscopic lavage or 
arthroscopic debridement were no better than those after a placebo procedure”.[76] 
This study fundamentally altered the role of arthroscopic surgery in OA patients and 
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has left an enormous legacy. Not only it showed that APM were non superior compared 
to placebo in OA knees, but authors also showed that a sham trial vas feasible. This 
study met the objections that the patients were men and assessed also severe OA (and 
thus not applicable to the population normally treated). 

To further study the efficacy of arthroscopy of OA, Kirley et al conducted a study built 
on the results of Moesley et al. This study included patients with knee OA grade 2-4 
Kellgren-Lawrence scale. The subjects were randomised to standardized physiotherapy 
or Surgery and PT. Outcomes were assessed with WOMAC pain and function scores. 
Even though the presumed placebo effect of surgery should be in favour of the surgical 
arm, no meaningful difference was found between the two treatment arms after 3 
months, demonstrating that arthroscopic debridement is non superior to physiotherapy 
alone in patients with OA. [77] 

These studies had made it clear that arthroscopic lavage and debridement in the 
management of symptomatic OA is no more effective than sham surgery or 
physiotherapy. The critics raised to these studies were that the major indication for 
APM in clinical practice is symptomatic meniscal lesion and not OA per se and the 
subjects in the studies were recruited on the basis of OA and not a suspected meniscal 
tears. Several epidemiological studies have shown that meniscal lesions are often 
asymptomatic. In example; adults in a large community based sample with MRI 
diagnosed meniscal lesions did not have more knee pain than subjects without lesions. 
[26] Further, subjects with OA and a meniscal lesion had no more pain than subjects 
with OA and no meniscal lesion. [78] Naturally this challenges the rationale for APM 
in degenerative knees. 

Two randomized controlled studies addressed this question by comparing outcome of 
knee function and pain between APM and supervised physiotherapy and physiotherapy 
alone. Both studies included subjects at age 45 or older with meniscal lesion visualised 
on MRI and knee pain. Both study groups had substantial improvement in respective 
outcome, but no statistically significant or clinically relevant differences between groups 
were found. Both studies had about 30 patients crossing over from non-operative 
therapy to surgery. [79-81] 

Yim and colleagues published at nearly the same time (2013) a RCT of APM and non-
supervised physiotherapy compared to intense physiotherapy alone. The study subjects 
had non-traumatic knee pain and a horizontal lesion visualised on MRI. This study had 
only one subject that did crossover from non-operative arm to surgery arm. Also in this 
study both treatment arms improved but no statistically significant or clinical relevant 
differences could be found between the treatment arms in any key outcomes.[82] 
Gauffin and colleagues published in 2014 a RCT of APM with Physiotherapy versus 
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physiotherapy alone. Both arms improved markedly from baseline to follow up, but in 
this case the group randomized to APM improved more in KOOS pain score than the 
group randomized to PT and this difference was both statistically significant and 
clinically relevant. However, also in this study there was substantial cross over from 
non-surgical to surgical treatment which could make the results difficult to 
interpret.[83] 

Sihvonen and colleagues performed sham (placebo) controlled trial of APM. The 
subjects included had non-traumatic knee pain and a medial meniscal lesion verified 
on MRI and during arthroscopy. Subject with radiological OA (Kellgren-Lawrence 
grade >1) were not included. The sham group had lavage but no APM. Both groups 
received instructions for an exercise program. Although both groups had significant 
improvements in knee function and pain, the APM group was not superior to sham 
surgery.[84] (Table 1) 

These trials, and some more, have been reviewed in two systematic reviews and meta-
analyses. Khan and colleagues found a small benefit for pain but of short duration. 
However, also adverse events were reported. The number of adverse events per 1000 
procedures was 5.7 for VTE, 2.1 for infection and 0.96 from any cause death.[85] 
Thorlund and colleagues found that there was no benefit to APM compared to non-
operative treatment and concluded that a trial of non-operative management should be 
the first line of treatment. [86] 

These studies mentioned above have its primary focus on primary outcomes as pain 
and knee function. However, long term structural consequences are not accounted for. 
Given the knowledge of meniscal function in the knee, it is reasonable on a logic 
rationale to expect negative effects on the cartilage and consequently progress of OA 
not only in total meniscectomy but also in partial meniscectomy. As described 
previously, the increased load on cartilage due to lessen contact area when the area of 
the meniscus is reduced by meniscectomy is demonstrated to increase contact stress 
significantly. This is shown in human cadavers where a compression testing machine 
was used to transmit increasing loads at various strain rates across twelve canine and 
twelve human cadaver knees. “The specimens were originally evaluated with both 
menisci intact and the same tests were repeated with one meniscus removed and then 
with both menisci removed. This investigation showed that the menisci perform a load-
transmitting and energy-absorbing function in the knee joint. The stress acting across 
the joint increased significantly after meniscectomy. The intact meniscus was deformed 
during compressive loading rather than being passively pushed away, thus 
demonstrating the presence of hoop stresses within the meniscus”.[87] The contact 
stresses on the cartilage in Femur and Tibia increases linear with the reduction of 
meniscus area.[88] In randomized controls long term follow up study, Hede and 
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colleagues described the results of partial versus total meniscectomy after eight years. 
The function of the knee was inversely related to the amount of meniscal tissues 
resected.[89] Longitudinal studies has also showed APM to be a risk factor to develop 
later OA, and through assessment on radiologic and MRI changes Englund and 
colleagues has shown an association between APM and incident OA within one year 
and increased risk of worsening cartilage damage.[90, 91] 

In summary, the intervention of APM in degenerative meniscus, with or without OA, 
is associated with small and inconsequential benefits and short duration, is associated 
with small but existing harms, and may be associated with worsening of the 
degenerative condition that led to APM in the first place.
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The outcome measures 

The standard assessment tools evaluate pain and knee function. Some aspects of this 
are further; activities of daily living, sport and recreation function, and knee-related 
quality of life, as an outcome effect of APM. Some patient reported outcome measures 
are; AIMS scale,[92] Lysholm Knee scoring Scale,[93] Womac,[94] Womet[95] and  
KOOS.[96] The SF-36, assessing items as limitations in social activities, general mental 
health and general health perceptions is also used.[97] Sick leave, as an outcome 
measure has so far not been used. However, sick leave is likely to have a large effect on 
the patient’s life and to society. It cannot be excluded that sick leave as an outcome 
could reveal aspects of knee function that other patient related outcome measures does 
not. In example, If APM would render fewer sick leaves this would be a relevant 
parameter to acknowledge.  

Many physicians prescribe certificates to sick-leave virtually on a daily basis. The 
consequences of this action are however poorly understood. There is limited evidence-
based information for decision making, or about the consequences of sick-leave itself. 
However, to be on sick-leave is clearly costly to both society and the individual.  

Besides the large costs for society and the impaired personal finances, there are several 
other potential negative effects associated with prolonged sick leave. A few examples 
are; other illness than the index reason may appear, such as depression or other mood 
disorders. Health in terms of wellbeing and the sense of meaning and therefore quality 
of life could be associated with the ability to work and could be affected negatively by 
prolonged sick leave. Social integration and participation in society could be affected 
negatively and items as self-confidence and self-image could lead the patient to taking 
on a “sick role” impairing the general ability to work. The alienation from social context 
could by itself lead to longer terms of sick leave and in the end disability pension. 
Obviously personal career opportunities could be negatively affected.[98, 99]  

Does the evidence alter the practice?  

Administrative statistics reveals that evidence that brings APM into doubt has had little 
effect on practice of APM in the middle aged patients with knee pain and a meniscus 
lesion. Although the number of patients with diagnose of OA has slightly decreased, 
the number of middle aged patients with old meniscus injury treated by APM appears 
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to increase, at least until 2012. [100] The incidence of meniscal procedures performed 
in Denmark doubled from 2000 to 2011, with the largest increase in middle-aged and 
older patients.[58] Furthermore, there are large national and regional differences in the 
incidence of APM in degenerative meniscal lesions. In Finland, the incidence of APM 
is two to four times as frequent compared to Sweden, regardless if it is performed in 
traumatic or degenerative meniscus. In Denmark the incidence increased 3-fold 
between the years 2000-2011 in those aged over 55 years. The difference in incidence 
of meniscal procedures between Sweden and Denmark were 5-fold. [101]  

The growing evidence against benefits of arthroscopic surgery in degenerative meniscus 
with or without OA, compared to non-surgical interventions, and the still high or 
increasing incidence in the use of APM, points to a discrepancy between what we know 
and what we do. Some questions arise from these circumstances. What patients do we 
actually treat? Do they differ markedly from those patients in the studies, as has 
frequently has been argued? Are there other relevant outcomes besides PROM of pain 
and function, that to this date has been foreseen that could in part explain this 
discrepancy and could sick leave be such? Will national guidelines help to bridge the 
gap between what we know, and what we do? It is my ambition to answer these 
questions in this thesis. 
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Aims of the study 

• To determine the characteristics of the knee arthroscopies performed in Region 
Skåne; with focus on the degenerative knee and in respect of patient demographics, 
clinical per-operative status and pre-operative radiological findings. (Paper I) 

• To assess sick leave in patients with acute meniscal tear treated with APM 
including; all cause sick leave before and after APM and sick leave initiated at the 
time of APM (Paper II) 

• To assess all cause sick leave in patients with degenerative meniscal tears in cohorts 
with and without APM (paper III) 

• To assess the impact of a national guideline in Sweden recommending not to 
perform APM in patients with knee Osteoarthritis (Paper IV) 
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Patients and methods 

Registers in Sweden 

Demographic and health care data has been collected in Sweden for many years and are 
available to research after ethical approval and complying with security and 
confidentiality laws. The use of existing registers of this kind is cost effective and enables 
the researcher to work with large cohorts. The data collection in such registers is 
independent of the researchers study question and includes the whole population in a 
specific geographic region and therefore limits selection bias. However, the data 
collection from such registers could have limitations. The data quality is pre-defined by 
the holder of the register and not the researcher and the validity or completeness can 
be unknown. Further, the data registered is naturally using definitions that are relevant 
for the administrator which may not be the same as those preferred to answer the 
research question. The coding practice may vary over time or geographical are.  

Data sources used in the study 

Ortreg 

Ortreg is an Orthopaedic surgical patient record in the Skåne region, the most southern 
part of Sweden. The information in Ortreg can be retrieved through the patient’s 
personal identification number, which includes the date of birth and information on 
gender. It contains the surgical report, the surgeons’ diagnostic codes according to the 
International Classification of Diseases (ICD) 10, and the procedure codes according 
to the Swedish version of NOMESCO Classification of Surgical Procedures (KKÅ97). 
Ortreg also includes information on all knee arthroscopies including detailed cartilage 
and meniscal status, performed by the public healthcare providers in the region. All 
public healthcare providers in the region use Ortreg to produce the mandatory surgical 
record that grants financial reimbursement for the surgical procedure. A control system 
is used to ensure that the surgical records are produced by the surgeon. To our 
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knowledge, there is a very low likelihood of missing records or data. Per-operative 
findings and diagnoses are registered by the surgeon on a computer in a “click and 
choose” fashion, where all relevant information must be included to be able to complete 
the registration. Private clinics are not covered. 

Skåne Healthcare Register 

In study II, III and IV the patients were identified through Skåne Healthcare Register 
(SHR). SHR is a register containing information of all healthcare produced in the 
region with 1,3 million habitants (2019). The health care is mainly financed by taxes, 
and the reports to SHR are the basis for reimbursement to the providing health care 
units in the region. Each individual in Sweden has a unique 12-digit personal number, 
which is registered at every visit to a health care provider according to date and location. 
This personal number is linked to data as sex, age, and diagnosis according to 
International Classification of Diseases (ICD 10) as noted by a physician at the time of 
each visit, and codes for surgical procedures according to the Nordic Medico-Statistical 
Committee (NOMESCO) classification. The proportion of physician visits with an 
assigned diagnosis was 85% in primary care and 97% in outpatient secondary care 
between the years 2004-2012. The diagnoses from private care are however not 
registered in SHR.  [102] 

Swedish Social Insurance Agency 

In study II and III I used data on sick leave that were retrieved from the Swedish Social 
Insurance Agency. Every individual in Sweden who cannot work owing to illness or 
injury is entitled to sickness benefit (financial compensation for reduced work capacity), 
provided that you have worked previously for six months. This reimbursement starts 
on day 2 of the reported sickness period.  All sick leave exceeding 7 days must be granted 
by a physician who prescribes a certificate. For employed individuals, sickness benefit 
from day 2 to 14 is reimbursed by the employer. If the sick leave exceeds 14 days it is 
reimbursed by the Swedish Social Insurance Agency (SSIA). Thus, all data on sick leave 
periods lasting longer than 14 days are registered by the SSIA (all from day 1). For 
example, if a patient who is employed is on sick leave for 10 days, all reimbursement 
(for 9 days) is provided by the employer. This is not at all registered by the SSIA. 
However, if the patient is on sick leave for 20 days, i.e. an additional 6 days beyond the 
employer’s 14-day period, this is registered in the SSIA as 20 days of sick leave. In paper 
II and III I used data from SSIA, thus all registered sick leave is to be regarded as 
“prolonged sick leave” namely >2 weeks. 
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Data linkage 

Every citizen living in Sweden will get a 10-digit personal identification number which 
is unique to this individual. It is used in all contacts with authorities, health care 
systems, social insurances system, and bank systems and in all imaginable situations 
where identification is required. This personal identification number can be used in 
research to link data from different register, i.e. medical records and Social insurances 
(after ethical approval and through required security procedures). 

Diagnostic tools for OA 

The diagnosis of OA is not dependent on plain radiographs and the menisci cannot 
normally (unless calcified) be visualised in this modality. However, criteria are 
developed to assess and grade existing knee OA in plain radiographs. In study I, I 
used both plain radiographs and MRI to identify patients with radiological incipient 
or definitive OA. 

Weight bearing radiography 

The most common way to identify and grade knee OA is by weight-bearing plain 
radiograph using the Rosenberg view (45 degrees knee flexion, weight-bearing, 
anterior-posterior view). The main signs of OA are; osteophytes, Joint space 
narrowing, subchondral sclerosis, bone deformity and cysts. I reviewed the 
radiologist´s written statement and classified the weight bearing knee radiographs. 
There are several grading systems that apply to knee OA. I used the Kellgren-
Lawrence 5 grade scale, [103] with grade 1 or more as cut-off to define incipient or 
definitive OA. This system is often used in epidemiological studies.[104] It has been 
reported that patients with KL 1 progress to later stages of OA to a high degree and 
thus should be regarded as a part of a continuum of OA. [105]. (Table 2) 

Table 2  
The Kellgren and Lawrence grading systeom of OA 

 The Kellgen and Lawrence system 

Grade 0 No radiographic features of OA are Present 

Grade 1 Doubtful joint space narrowing (JSN) and possible osteophytic lipping 

Grade 2  Definite osteophytes and possible JSN on anterioposterior weight-bearing radiograph 

Grade 3 Multiple osteophytes, definite JSN, sclerosis, possible bone deformity 

Grade 4 Large osteophytes, marked JSN, severe sclerosis and definite bony deformity 
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Magnetic Resonance Imaging (MRI) 

The MRI is a superior tool to visualise the menisci due to high soft tissue contrast, 
and is therefore used widely in diagnosis and evaluation. It can visualise all soft 
tissue in and surrounding the knee. This includes the cartilage, menisci, ligaments, 
synovia, bone marrow and vascular abnormalities. It gives you a three dimensional 
view of the tissues with high resolution. It has a high sensitivity and specificity 
(~90%) for detection of meniscal lesions.[106] There is however also a discrepancy 
between the gold standard of arthroscopy and MRI because the latter can produce 
falsely positive findings (intra meniscal signal alterations) in degenerative meniscal 
tissue, that cannot be confirmed as a clinically significant lesion during 
arthroscopy.[107] 

MRI can also be used in diagnosing and evaluating OA through semi-quantitative 
scoring of lesions and signs attributable to OA such as; meniscal tears, cartilage 
quality, bone marrow lesions and osteophytes. In paper I I used the Boston-Leeds 
Osteoarthritis Knee Score (BLOKS) to define OA according to the report from the 
radiologist.[108] As an alternative, it was accepted if the radiologist reported 
“findings compatible with OA”. (Table 3) 

Table 3 
Definition of Osteoarthritis in knee by Boston-Leed osetoarthritis knee score (BLOKS). Defines knee OA by two of group A 
features or one group A feature and two gropu B features.  

A B 

Definite osteophyte formation Subchondral bone marrow lesion or cyst not associated 
with meniscal or ligamentous attachments 

Full thickness cartilage loss Meniscal subluxation, maceration or degenerative 
(horizontal) tear 

*Exclusion of inflammatory arthritis Partial thickness cartilage loss 

 Bone attrition 

Design of studies 

Paper I  

In this cross sectional study I aimed to determine the characteristics of the knee 
arthroscopies performed in Region Skåne; with focus on the degenerative knee and in 
respect of patient demographics, clinical per-operative status and pre-operative 
radiological findings. I selected all patients that had an arthroscopic procedure 
performed in Region Skåne through the medical record Ortreg described above. I 
selected all patients during three years (2007-2009) From this material I further singled 
out patients with diagnoses of OA (M17 ICD10) or old meniscus injury (M232 
ICD10), to further in depth analyses in respect of tear type and location, ACL and 
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cartilage status. I further randomized one quarter of these patients for further analyses; 
if they had weight bearing knee examination or knee MRI performed pre-operatively. 
I manually reviewed the radiologist´s written statement and classified the knee 
examinations according the Kellgren-Lawrence and BLOKS scale respectively. I then 
calculated the prevalence of pre-arthroscopic findings of radiographic knee OA and the 
prevalence of pre-arthroscopic MRI findings compatible with compatible with knee 
OA. (Fig. 11) 

 

Figure 11 
The figure shows all patients that had a arthroscopy in Region Skåne during the years 2007-2009 and the following 
selection for in deph analysis of the clinical apprarance intraoperatively and analysis of weight bearing radology and MRI 

Paper II and III.  

In these longitudinal cohort studies I aimed to evaluate the prevalence and distribution 
of sick leave associated with surgery for acute meniscus injury (paper II) respective sick 
leave in old meniscal injury with or without surgery (paper III), I retrieved data during 
a 9-year period, from January 1 2004 through December 31 2012.  

The inclusion criteria were: 

• Age 18-59 years old. 

• A primary or secondary diagnosis code of acute meniscal tear (S832) and 
surgical procedure code of APM (NGD11) (paper II) 
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• A primary or secondary diagnosis code of old meniscus injury (M232) with 
or without a surgical procedure code of APM (NGD11) (paper III) 

• Resident in the region one year before the diagnosis code. 

Exclusion criteria were: 

• Any ligament injury 

• Permanently reduced work ability or disability pension 

• In the old meniscus injury group, also those with the diagnosis of acute 
meniscus injury were excluded (paper III) and calculations were done in 
patients 40-60 years to reduce the risk of misclassified traumatic meniscal tear 
in younger patients. 

For each included subject, I randomly sampled four matched reference subjects from 
the general population in the region that at any time had a health care visit. The 
matching variables were; sex, year of birth and district of residence. I excluded all 
subjects with permanently reduced work ability or early disability pension. (Fig. 12) 
(Table 4) 

 

Figure 12. 
Flowchart of the selection of patients in study II and III 
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Table 4.  
Descriptive statistics of study sample in paper II and III. M232=Old meniscus injury. S832=Acute menicsus injury. 
NGD11=Arthroscopic partial meniscectomy. 

Treatment Case Control 

 N (% male) Age (SD) N (% male) Age (SD) 

M232 3097 (58) 49 (6) 11191 (58) 49 (6) 

M232+NGD11 1736 (71) 49 (6) 6278 (71) 49 (6) 

S832+NGD11 604 (71) 40 (11) 2254 (72) 40 (11) 

 

In study IV I aimed to assess the impact of a national guideline in Sweden 
recommending not performing APM in patients with knee Osteoarthritis. I used the 
SHR to identify all residents aged more than 40 years in Region Skåne that during any 
of the years 2010-2015 had a diagnosis of OA (M17) or old meniscus injury (M232) 
recorded by a physician in primary or secondary care. I further extracted data on 
performed procedures from SHR during the same years. The procedures were; 
arthroscopic exploration of knee (NGA11), Arthroscopic total excision of meniscus in 
knee (NGF31), Arthroscopic partial excision of meniscus in knee (DGD11) and 
arthroscopic partial excision of joint cartilage in knee (NGF31). These procedures 
(collectively named “arthroscopy” below) were those that were recommended “not to 
use” in the national guideline.[109] From this I defined two outcomes: 

1. the proportion of patients aged >40 years diagnosed with a main diagnosis of 
OA/degenerative meniscal lesion relative the number of patients that 
underwent knee arthroscopy 

2. knee arthroscopy rate regardless of main diagnosis in patients aged >40 years/ 
100 000 persons in Skåne. The latter outcome is to account for any potential 
redistribution of diagnosis codes. 

To assess the possibility that altered rate of total knee replacement could affect the 
outcome; I also made the above calculations with the diagnoses of total knee 
replacement with or without cement (NGB29, NGB39 and NGB49). I then compared 
the outcome pre and post the recommendations from the Board of Health and Welfare 
with a 6 month “phase in period” after the recommendations. 
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Statistical analyses 

In paper I, I calculated confidence intervals (CI) for proportions with a formula for 1-
sample dichotomous outcome. Mean is presented with SD. 

In paper II, I estimated the mean number of days of sick leave with 95% confidence 
interval (CI) per 30-day period. Further, I calculated the proportion of patients with 
sick leave more than 14 days from the day of surgery (day 0) until the sick period ended. 
Finally, I also calculated the proportion of patients who did not have sick leave the 
preceding 30 days before surgery, but had a new period of sick leave starting at the day 
of surgery. In this group I can be reasonable certain that the new sick leave initiated are 
attributable to the knee surgery itself. 

In paper III, I used logistic regression with binary outcome (on sick leave; yes/no), 
adjusted for age and sex to estimate difference in proportion on sick leave between APM 
and no APM with 95% confidence intervals (CI). From this model I obtained risk 
differences with 95%CIs using method of standardization. 

In paper IV I used interrupted time-series analysis to estimate changes in the level and 
the pre-existing trend to compare with level and trend post-intervention. To account 
for the lag between the publication of the guideline and its implementation I considered 
a 6-month “phase in” period. 
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Results and discussion 

A large proportion of APM is done in patients where 
evidence speaks against it. 

Arthroscopic partial meniscectomy is one of the most performed orthopaedic 
procedures and a high volume of APM is performed globally. The long term results 
however, are not so good. Even though high quality scientific publications show 
advantages with non-removal and physiotherapy instead of APM in degenerative 
meniscal lesions the number of APM remains high. In other words, there is a 
considerable gap between these publications and daily practice. There could be several 
explanations for this. One is the organisation of the health care and reimbursement 
based on volume rather than the medical outcome.[110] Another possibility is the 
extensive use of MRI in middle aged or older patients with knee pain, where an actually 
non-symptomatic degenerative meniscal lesion is likely to occur, making the patient 
pushing for a solution.[26] A third reason is the extensive questioning of the 
generalizability of the studies to the clinical practise. “we don’t do these patients 
enrolled in these studies”[111-113] This makes it important to better understand the 
treated population in daily clinical settings.  

In paper I I found that more than half of all arthroscopies during the years 2007-2009 
were performed in patients with diagnosis of old meniscus injury or OA which confirms 
that the patient category discussed constitutes a large part of the arthroscopic activities. 
(Table 5) I further found that in these diagnoses (old meniscus injury or OA) two thirds 
had degenerative types of lesions; horizontal, flap tear, or complex (named degenerative 
in paper I) and medial radial. Patients with these lesions had a mean age of 50 years. 
(Table 2) The most common procedures was; Arthroscopic partial meniscectomy 
(77%), Synovectomy (23%) and shaving of cartilage (23%). 5% had micro fracturing. 
Table 6 
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Table 5  
The 24 most frequent per-operative diagnoses of all arthroscopies performed by public health care providers in Skåne region, 
Sweden in the years 2007, 2008 and 2009 arranged in descending prevalence and presenting percent of total number of 
arthroscopies and mean age. 

ICD-10 Text N % of total Mean age 

M23.2M Derangement of meniscus due to old tear or injury, medial 1016 25 44 

M17.1 Other primary gonarthrosis 471 12 55 

M23.5 Chronic instability of knee 257 6 32 

M23.2L Derangement of meniscus due to old tear or injury, lateral 223 5 38 

M23.2 Derangement of meniscus due to old tear or injury 214 5 42 

S83.2M Tear of meniscus, current, medial 158 4 34 

M17.3 Other post traumatic gonarthrosis 158 4 41 

M65.9G Synovitis and tenosynovitis,knee, unspecified 153 4 33 

M67.2 Synovial hypertrophy, not elsewhere specified 112 3 29 

S83.5 Sprain and strain involving cruciate ligament of knee 85 2 28 

M17.5 Other secondary gonarthrosis 83 2 51 

M25.5G Pain in joint, knee 80 2 33 

M23.4 Loose body in knee 75 2 35 

S83.5R Sprain and strain involving anterior cruciate ligament of knee 72 2 28 

M93.2G Osteochondritis dissecans, knee 71 2 25 

M00.9G Pyogenic arthritis, unspecified, knee 67 2 55 

M79.6G Pain in limb, knee 65 2 30 

S83.2L Tear of meniscus, current, Lateral 65 2 29 

S83.0 Dislocation of patella 56 1 20 

S83.7 Injury to multiple structures of knee 50 1 31 

S83.3M Tear of articular cartilage of knee, current, medial 50 1 39 

M00.0G Staphylococcal arthritis, knee 46 1 56 

M22.2 Patello femoral disorders 40 1 27 

M23.8 Other internal derangements of knee 37 1 31 
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Table 6  
Frequency (n=1898) and types of meniscal tears and associated findings in patients diagnosed with “derangement of 
meniscus due to old tear or injury” (code M23.2) or “knee osteoarthritis” (code M17). 

 

Table 7 
Frequency of patients with the diagnosis “old meniscus injury” or “knee osteoarthritis”, examined with knee radiography 
or magnetic resonance imaging 

 
 

Further, I found that the prevalence of radiographic OA and MRI-defined OA pre 
surgery was high. Of all examined in this subgroup, 36% had radiographic or MRI 
defined OA. However, not all patients had a weight loaded radiograph or MRI which 
is needed to evaluate OA. Of those who had a weight loaded radiograph or MRI, 46% 
was evaluated with OA. (Table 7)  

It appears, from our results, that a relative large volume of patients had undergone knee 
arthroscopy with little or no evidence of an effect over placebo. Moseley´s[76] and 
Kirkeley´s[77] studies were based on osteoarthritic knees and the other ones without 
advanced knee OA.[79, 81, 82, 114, 115] Sihvonen and colleagues, that performed a 

Pre-operative imaging modality n (%) With OA on imaging, n (%) Without OA on imaging, n (%)
Weight-bearing knee x-ray 262 (52) 108 (41) 154 (59)
Knee MRI 248 (49) 107 (44) 141 (56)
Total (knee x-ray and/or knee MRI) 395 (79) 182 (46) 213 (54)

* Percentages are row %

Random subset with M17 or M32 diagnosis, n=502

  Type of meniscal tear 

 Degenerative/flap or 
horizontal  Radial  Bucket-

handle/longitudinal 

 Medial Lateral  Medial Lateral  Medial Lateral 

  n=1002 n=294  n=79 n=53  n=346 n=124 

Age, mean (SD) 50 (12) 49 (15)  51 (14) 32 (14)  35 (13) 37 (15) 

Women, n (%) 339 (34) 124 (42)  18 (23) 14 (26)  102 (29) 51 (41) 

Location of tear, n (%)         

Posterior horn 796 (79) 87 (30)  59 (75) 6 (11)  181 (52) 79 (64) 

Body 168 (17) 155 (53)  16 (20) 43 (81)  147 (42) 33 (27) 

Anterior horn 38 (4) 52 (18)  4 (5) 4 (8)  8 (2) 12 (10) 

Any cartilage damage 
ipsilateral compartment, 
n (%) 

774 (77) 221 (75)  65 (82) 28 (53)  181 (52) 72 (58) 

ACL injury, n (%) 139 (14) 61 (21)  6 (8) 19 (36)  154 (45) 35 (28) 
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randomized placebo controlled study, enrolled patients without radiographic evidence 
of OA.[84] I believe I have showed that these studies are relevant in relation to the 
actual clinical situation and at least one third of all knee arthroscopies in the region are 
performed on knees that evidence advice not to. 

When evaluating the results in paper I, it is of value to contemplate that there also is a 
considerable regional discrepancy in the numbers of APM/capita performed in patients 
aged over 40 years with diagnostic codes M17 or M232. Region Skåne being amongst 
the lowest numbers in Sweden and Sweden considerably lower than i.e. Denmark. I 
suggest the possibility of being more restrictive regarding the use of arthroscopy in 
middle aged patients with non-traumatic knee pain.  

All radial tears are not the same 

The radial tear is oriented perpendicular to the circumferential fibres and therefore 
disrupts these fibres. This results in loss of the meniscus resistance to hoop-stresses and 
results in a dramatic reduction of function due to reduced ability to withstand loading. 
In cadaver studies, large increase in contact stresses has been shown both in the medial 
and the lateral meniscus with this type of injury 

Conventionally, partial meniscectomy has been considered first line of treatment which 
naturally will not prevent degenerative development. Unfortunately, the effort of trying 
to restore function by suturing has not been very successful and partial lateral 
meniscectomy resulted in peak pressures that were not significantly different from 90% 
tears.[116, 117] Radial tears can be recognised in MRI. I have found that, in the clinical 
setting with selection of patients with diagnoses OA or old meniscus injury, the radial 
tears represent only 7% of all meniscal lesions. The medial meniscus radial lesion is 
associated with the highest degree simultaneous cartilage injury compared to all other 
tear types and a mean patient age of 51 years (no different from patients with 
degenerative or flap tears). This makes the radial medial meniscal lesion, predominantly 
in the posterior part of the meniscus, a part of the natural history of knee OA.[118] I 
found however, that the lateral radial meniscus tear is predominantly located in the 
body of the meniscus, has a low degree of concomitant cartilage injury and the mean 
age were 32 years, and could therefore be regarded as traumatic in origin. (Table 7) 
With this in mind, further attempts could likely be considered to improve the outcome 
of meniscal suture in order to prevent secondary degenerative changes.[119] 
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More meniscal tissue could possibly be saved 

Authors of cadaver knee studies have indicated the importance of the meniscus to 
provide normal load distribution and stability to the knee. Longitudinal tears result 
from disruption of the superficial radial collagen fibres in between and connecting the 
circumferentially oriented (longitudinal) collagen fibres. When a substantial 
longitudinal tear is resected, subtotal meniscectomy may be the consequence and cause 
the contact pressure in cartilage to nearly triple.[120] As the downsides of a total, and 
also partial meniscectomy, have become more obvious, the incentive to preserve 
meniscal tissue has become more pronounced. Therefore, many techniques of meniscal 
repair have been developed to preserve injured meniscus tissue. Actually this was tested 
already in the 19th century.[36]  

Primarily, suturing is most suitable for peripheral longitudinal ruptures due to the 
blood supply and better capability to heal. Therefore, for traumatic tears, the first line 
of treatment is to preserve meniscal tissue to (if possible) reduce the risk of secondary 
OA. Acutely repaired meniscus tears have been reported to achieve superior results in 
terms of successful healing compared with tears repaired more than 3 months after 
injury, but also tears that are more than 3 months old has been reported to have a 
healing rate of more than 60%.[121, 122] 

In paper I, I found that within the diagnoses of OA and old meniscus injury, 22% of 
the patients had an APM for longitudinal/bucket handle tear. Half of them were 
younger than 35 years old, and had no ipsilateral cartilage injury. (Table 7) It is likely 
that a part of this subgroup had some kind of trauma (as the tear type indicated) and 
also might have had the potential to heal. The overall suturing rate was however only 
2%. It is especially relevant to make an effort in saving meniscal tissue when a tear is 
located in the outer rim (red or red-white zone) where the vascular supply is more 
abundant and more readily allows healing.[123] I suggest that further efforts to save 
meniscal tissue in this patient group could be sought. 

Two thirds of the patients with acute meniscal injury has 
sick leave less than two weeks by the time of APM 

Although outcomes as pain and knee function have been pervasively investigated, other 
outcomes such as sick leave have not been so. Knowledge on sick leave is sparse and 
very few studies have been done in this matter related to Arthroscopic meniscal surgery. 
This is somewhat peculiar because sick leave is likely to occur after surgery, and to have 
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a large impact on both the patient and the society. Therefore, it is relevant for health 
care professionals, patients and society to have knowledge on this outcome. In the 
cohort with acute isolated meniscal injuries I found that the patients one year before 
injury had similar (slightly elevated) proportion of prolonged sick leave more than two 
weeks, as compared to controls matched by age, sex and district of residence.  

About three months before APM, the proportion of patients on sick leave begun to 
increase. This increase is likely due to the injury itself. At the time of arthroscopy 39% 
of the women had an all cause sick leave (new or ongoing) and among the men, 27% 
had sick leave more than two weeks. After this the sick leave sharply declined and 
reached the initial level at about 3 months. (Fig. 12 and 13)  

However, I also calculated the proportion of patients with sick leave initiated at the day 
of surgery and not the month before. In this way I could with high probability assume 
that the event that induced the lesion and other causes to sick leave were not included. 
In this case, only 15% had a sick leave more than 2 weeks, likely attributed to the APM 
per se.  

Earlier reports of sick leave associated to APM have been dependent on self-report and 
as such possible associated with report bias with poor agreement to prospectively 
ascertained register data.[124, 125] Our findings show in general a somewhat higher 
degree of sick leave than these previous reports.[126, 127] Brattvall and colleagues 
reported much differentiated pattern of sick leave prescriptions from different hospitals. 
Prescription of sick leave varied between 5 to 90% of patients (the length of the 
prescription not described).[128]  

A direct comparison between the results of paper II and other studies is however 
complicated because I reported the proportion of patients with more than two weeks 
of sick leave, and the first two weeks are not included in our study. The mean showed 
in table 12 and 13 is a mean of days of those who had more than two weeks sick leave 
divided by all patients and should be regarded as illustrating the trends rather than the 
true mean. 
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Figure 12 
Sick leave more than two weeks divided by all in the cohort. Presented as mean (95%CI) number of full sick days of all 
female patients and female references over time 

 

Figure 13 
Sick leave more than two weeks, divided by all in the cohort. Presented as mean (95CI) number of full sick days of all male 
patients and male references over time. 
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Isolated acute meniscal injury is possibly associated with 
early degenerative changes 

Although I selected patients with acute meniscal injury as a proxy for traumatic injury 
to the meniscus, it is relevant to reflect on the amount of trauma associated with acute 
meniscal injury without any ligament injuries. It is likely that knees without ligament 
injuries sustained less traumatic force and presumably do not have the properties of 
completely healthy meniscus. It has previously been reported that meniscus injuries 
without ligament injuries have an inferior healing rate compared to those with ligament 
injuries.[129, 130] It has been speculated that the reason for this is the release of growth 
factors and pluripotent cells after bone tunnel drilling in ACL repair, but another 
possibility is that a meniscus that ruptures due to less trauma than is needed to induce 
also ligament injuries, and thus inherent susceptible, is already in an early degenerative 
pathway.[122] The mean age in the patients with isolated traumatic meniscal injury 
was 40 years (Table 4) but the excluded group that had acute traumatic meniscal injury 
combined with ligament injury was 6 years younger. This could suggest that isolated 
meniscal injury, although defined as a traumatic in the Swedish translation of S83.2, 
tends to be more common in the slightly older patient category where less traumatic 
force is needed to result in a meniscal tear, possibly due to early degenerative 
processes.[26, 131] This finding was not a predefined outcome in Paper II and thus is 
an incidental finding. To asses this hypothesis, new studies designed to answer this 
specific question in needed. 

Gender differences 

Women with meniscal injury has more prolonged sick leave than men 
regardless of intervention 

SSIA has reported (social insurance report 2015:7) gender differences in 
musculoskeletal diseases with higher sick leave in women. This has been apparent since 
at least 1967. The reason for this is unclear. The European report; “Work-related 
MSDs: prevalence, costs and demographics in the EU 2019” shows also higher degree 
of complaints of MSD in woman population. Lower limb disorders might affect 
women more due to a high proportion of them has occupations involving prolonged 
standing in tiring or painful positions in example health care, hotel and catering sector 
and cleaning work. 
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In paper II, I found a higher proportion of women on sick leave more than two weeks 
due to acute meniscal injury and APM (39%) compared to the corresponding cohort 
with men (27%). (Figure 12 and 13) In paper III, assessing old meniscus injury with 
or without APM, a similar pattern appears. In patients with old meniscus injury 
without APM, woman has a peak sick leave more than 2 weeks in 17.7%, the 
corresponding number in men is 11.7%. In patients with old meniscus injury with 
APM, woman has a peak sick leave more than two weeks of 30.5% whereas the 
corresponding number in men is 19.4%. (Figure 14 and 15)  

These findings are congruent with the reports of SSIA although the SSIA reports in less 
specific detail. Similar patterns are seen in several European countries. The reason for 
this discrepancy is unclear, but several factors has been suggested, such as; biological 
differences and their expression due to the environment, or social differences such as 
responsibility for unpaid work in the home and responsibility for the family situation. 
Other aspects could be a higher degree of part time labour and therefore a weaker 
position in labour market which could induce less incitement for return to work.[132-
134] Another possible explanation to this gender discrepancy could be the conception 
or misconception from the medical doctor on how much sick leave a patient needs. 
This could be biased according to the patient’s gender. 

This gender differences appears to be related to other factors than an APM per se, 
because as shown in study II, when sick leave was calculated from the day of arthroscopy 
and no sick leave from the month before, both woman and men had the same 
proportion of prolonged sick leave (15%). 

I find clear gender differences in the proportions of sick leave more than two weeks in 
patients with meniscal injury. This is regardless if it concerns acute or old meniscus 
injury or patients with or without meniscal surgery. I believe our findings are relevant 
for physicians when discussing treatment options and expectations of return to work 
with the patient. 

Women with old meniscus injury are less often surgically treated 

In paper III, I also noted that women were less likely to be treated by surgery. In all 
patients with old meniscus injury and in the age of 40-60 years (4833) there were 1803 
women (37%). This proportion is congruent to previous cohort study showing a lower 
prevalence of meniscal injury in women in this age span.[26] However there were a 
disproportional prevalence of men in the surgery group and women in non-surgery 
group. The proportion of women in the APM group was 29%, while in the no-APM 
group the women constitute 42%.  (Table 4) The reasons for this is unclear, but might 



56 

be associated with less intense symptoms, less participation in sports or other high 
demand activities. However, it could also indicate inequity (with harm on men) in 
health care. 

In patients with degenerative meniscal lesions, there is in 
general quick return to work regardless of treatment 

As meniscal tear is the one of the most frequent orthopaedic diagnosis, and APM is one 
of the most frequent surgical procedures in patients aged about 40 years, it is relevant 
to asses this patient group and the treatments they are subjected to. This has been done 
in several randomized controlled studies in respect of pain and physical function. These 
have shown none or limited and transient effect above placebo between APM and 
physiotherapy. In paper III, I studied the sick leave more than two weeks as an outcome 
of respective treatment. 

In the cohort treated without surgery, I found that the proportion of sick leave more 
than two weeks were close the reference cohort one year before diagnosis, peaked at the 
time of diagnosis and then slowly went down to origin level. In the cohort with men 
the proportion of sick leave peaked at 11.7% respective 17.7%  in the cohort of women. 
The recess to origin levels was somewhat slower in the woman’s cohort. (Fig. 14) 

 
Figure 14 
Proportion of men (left) and women (right) on sick leave >2 weeks during one year before and two years after diagnosois 
of degenerative meniscal lesion without APM. 
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A similar pattern was seen in the cohort treated with APM although the peak was higher 
at the time of diagnosis. In the cohort with men the peak were 19.4% having sick leave 
more than two weeks. In the cohort with women having APM, the proportion of 
patients with sick leave was at maximum at 30.5%. (Fig. 15) 

Figure 15 
Proportion of men (left) and women (right) on sick leave >2 weeks during one year before and two years after diagnosois 
of degenerative meniscal lesion with APM. 

I then further compared the difference between patients with or without APM. When 
comparing the men, they started out very similar with a proportion of patients on sick 
leave more than two weeks at about 4%. At time of diagnosis there were an adjusted 
difference of 8.6% with more prolonged sick leave in men that had APM. This 
difference later resolves within 4 months. A similar pattern is revealed in the cohorts 
with women. However, the difference started 4 months before diagnosis. At the time 
of diagnosis, there were an adjusted difference of 14.9% with more sick leave in women 
that had APM. This difference resolves within 4 months. (Figure 16) 

Fixure 16 
Risk difference for being on sick leave >2 weeks in patients having APM vs no APM in men (left) and woman (right). Error 
bars show 95% confidence intervals. 
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In these observational data on sick leave more than two weeks in patients with 
degenerative meniscus lesions, I found no evidence that patients treated with APM have 
a smaller proportion sick leave than their non-surgically treated counterparts. A direct 
fair comparison between the groups with and without APM is however challenging 
because of the inherent selection bias in an observational setting. It is i.e. possible that 
the patients treated with APM had more aggravated knee symptoms which would lead 
to more sick leave if left untreated.  

To give a solid answer to this, sick leave has to be evaluated in an RCT-study although 
such is less likely to be undertaken. Still, I see no evidence that the patients treated with 
APM have less prolonged sick leave in the long term up to two years. This supports the 
evidence from randomized controlled trials that the vast majority of these patients can 
and should be managed without surgery. 

National guidelines can make things happen 

As accumulated evidence suggesting no additional benefits of APM in patients with 
non-traumatic meniscal lesions above non-surgical treatment or placebo to would 
appear plausible that the incidence of APM would decline. This appears however not 
to be the case, at least not in the Nordic countries until 2012.[58, 101] In 2012, the 
Swedish board of health and welfare issued the first national guideline aimed to decision 
makers and professionals. This guideline recommends against the use of arthroscopy 
(APM, exploration of knee, excision of cartilage in knee) in patients with OA. In study 
IV I aimed at assessing the result of this guideline in respect of incidence of 
arthroscopies performed in patients with OA. Since a potential unintended outcome of 
this guideline is a redistribution of diagnosis codes from knee OA to degenerative 
meniscal lesions I also assessed the incidence of this diagnosis.[135] 

I found that 59% of all identified 6155 knee arthroscopies during the study period 
(2010-2015) were APM. This is congruent with the earlier findings in paper I. Out of 
42044 patients with diagnose knee OA or degenerative meniscus lesion, 8,9% had 
APM over the study period, however the proportion was 9,3% pre recommendation 
and 6,5% post recommendation. Calculated relative the whole population in the region 
aged more than 40 years, the knee arthroscopy rate decreased from 305 to 236 per 
100 000 habitants. (Fig. 17) 
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Figure 17 
To the left; interrupted time series analyses of the proportion of patients with knee osteoarthritits/degenerative meniscal 
tear who undervent knee arthroscopy. To the right: Knee arthroscopy rate per 100 000 in Skåne Population. 2010-2015. 
Reproduced by permission of International Journal for Quality in Helath Care[136] 

This suggests that the publication of Swedish national guidelines was associated with 
reductions in the use of knee arthroscopy in patients >40 years in the public health care 
in Region Skåne. 

Although the use of total knee replacement was essentially unchanged during the study 
period, and therefore not likely to affected the outcome, other factors could have 
influenced the outcome. In example, a treatment model called “Better treatment of 
patients with OsteoArthritis”, were launched in the region Skåne in 2008. Its purpose 
is to provide all patients with OA adequate information and exercise program based on 
treatment guidelines before any surgery. This intervention has become more popular 
during the study period and could have affected the numbers of APM performed.  

After the two studies by Mosely et al and Kirkley et al[76, 77] , showing no additional 
benefit of APM in patients with OA over placebo or non-surgical treatment, the 
numbers of APM performed in patients with OA decreased. But on the other hand the 
APM increased in the population suggesting a possible redistribution of diagnostic 
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codes from OA to degenerative meniscus lesions. [137, 138]Regardless of any 
redistribution, the number of APM increased over time.[57, 58, 101]  

On the other hand, in line with paper IV, several authors reported reduction of the use 
of knee arthroscopy following implementation of a policy guideline.[139, 140] In 
Norway, a district including half of the population in the country implemented 
administrative measures to bring down the rates of knee arthroscopy. The other districts 
did not. In short, after discussing the results of studies on arthroscopic procedures for 
degenerative meniscal tears and OA, the terms for the contracts with public and private 
health care providers were adjusted. Now requiring the proportion of treated patients 
above the age of 50 years should not exceed 20% and that physiotherapy should be 
tried for at least three months prior to surgery. This district reduced the knee 
arthroscopy rates in the years 2012-2015, with 48% compared with 13% in other 
regions. This suggests administrative regulations could be effective.[141] 

However, in Denmark the arthroscopy rates declined with 37% (290 to 183/100 000) 
between the years 2012-2016 and in Finland the reduction was 52% (339 to 187/100 
000) during the same years. This reduction has reportedly taken place without any 
administrative regulations. In Sweden the arthroscopy rates have continued to decline 
according to Swedish National Board of Health and Welfare. In year 2012 the rate of 
APM in patients more than 40 years in Sweden were 209/100 000 inhabitants. In year 
2018 the number were 122/100 000. (Figure 18)  

In paper IV the goal was to evaluate the effect of the national guidelines implementation 
specifically. However, it is obvious that the incidence of APM has continued to decrease 
continuously after 2012 even though the reasons for this are likely due to the combined 
effect of the accumulating scientific knowledge, the general ongoing debate among 
professionals and the national guidelines. In 2013 Sihvonen et al performed a 
multicentre, randomized, double-blind, sham-controlled trial. In this trial involving 
patients without knee osteoarthritis but with symptoms of a degenerative medial 
meniscus tear, the outcomes after arthroscopic partial meniscectomy were no better 
than those after a sham surgical procedure.[84] This study is likely to have had an effect 
on the rates of APM in patients with degenerative meniscal lesions only. 
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Figure 18  
The incidence of Arthroscopic partial meniscectomy and meniscal repair in Sweden/100 000 habitants in specialized open 
care. Patients >40 years. Both men and woman. 

Despite the overall reductions, arthroscopies in knees with OA or degenerative meniscal 
lesions is still performed more often than justified by evidence based clinical practice 
guidelines.[35] In paper IV still 4,5% of all patients >40 years diagnosed with OA 
underwent knee arthroscopy in 2015.  

There have been substantial differences in the rate of APM in degenerative meniscus or 
OA between countries and regions. In example Mattila et al found that the arthroscopy 
incidence per 100 000 person years between the years 1997-2012 was 2-4 times as high 
in in Finland as in Sweden. [101] Further, the rate of APM in patients over 40 years 
was 2016 in Stockholm 416/100 000 while the rate was 119/100 000 in Region Skåne. 
These proportional differences are unchanged until 2018. These large differences in 
arthroscopy rate are unlikely to relate to medical factors. Other factors such as varying 
attitudes and traditions among the general practitioners and orthopaedic surgeons and 
access to adequate evidence based non-surgical treatment are likely to play a role.[142] 
Increasing arthroscopy rates in private sector has been reported from Denmark and 
financial incentives are likely to influence surgical rates.[143] The results from paper 
IV and other studies suggest that APM in knees with OA or degenerative meniscal 
lesions can be reduced through professional guidelines. 
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Limitations 

External validity 

All four papers that this thesis is based on are register studies in one way or another. 
The completeness of all registers that I used is very high and frequently associated with 
economical reimbursement. Therefore the external validity could be supposed to be 
high related to the conditions in Region Skåne and Sweden. In paper I, the number of 
APM is among the lowest in Sweden and in an international comparison, even lower. 
This, as I reflect on it, is more likely to underestimate rather than overestimate the main 
results and conclusions. This would be true also in the results and conclusions in paper 
IV. The premises for sick leave and its reimbursement could differ between countries 
and possibly alter the proportions of patients that would be on sick leave. I believe 
however the outcome sick leave >2 weeks is relevant to approximate the limitations in 
knee function and therefore generalizable to some degree. 

Internal validity 

As I have undertaken register studies, different kinds of bias must be considered.  If you 
get systematically errors the study will produce an incorrect conclusion, or the 
magnitude of the observations could at least be exaggerated or minimized, deviating 
from the truth. This deviation can be much bigger than i.e. the statistical significance, 
especially when dealing with small differences and large number of patients.  

In paper I, there is a risk of misclassification. There is no consensus of what defines 
“Tear of meniscus, current injury” (S83.2) rather than “derangement of meniscus due 
to old tear or injury” (M23.2). It is therefore possible that an acute meniscal injury are 
initially treated with physiotherapy and then later defined in Ortreg as old meniscal 
tear. This would underestimate the proportion of degenerative lesions and OA within 
the diagnoses M23.2 and M17. It is also possible, that a degenerative meniscal lesion is 
preceded by a minor event, i.e. squatting, walking in stars etc. and therefore coded as 
“Tear of meniscus, current” and therefore not included in Paper I. This would also 
underestimate the proportion of degenerative meniscal lesions or radiographic OA. The 
latter scenario I however find less plausible. Further, the surgical record (Ortreg) does 
not include the private health care providers. 

In paper II, I focused on sick leave and diagnose “tear of meniscus, current injury” 
(S83.2) as a proxy for an injury associated with some degree of trauma. The Swedish 
Orthopaedic Association also translates this diagnose with the Swedish word for 
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“traumatic”. It is however possible that a degenerative lesion could be misclassified as a 
traumatic injury as described above. This aspect is discussed under the headline 
“Isolated acute meniscal injury is possibly associated with early degenerative changes” 
above. The most important limitation is that sick leave shorter than 14 days are not 
registered. The proportion of prolonged sick leave >2 weeks remains however 
unchanged. 

In the year 2004, the sick benefit was reimbursed by the employer for three and not 2 
weeks as it was from the years 2005–2012. This will slightly underestimate the 
proportion of patients on sick leave, however likely to be equally distributed between 
men/women and patients/references. 

In paper III I focused on the diagnosis “derangement of meniscus due to old tear or 
injury (M23.2) and the sick leave associated with or without APM. This diagnose is 
used as a proxy for degenerative meniscal lesion in the middle aged patient. It is possible 
(likely) that old traumatic injuries wold appear under this diagnosis. To minimize this 
risk we excluded patients that at any time had the diagnosis S83.2. Further we included 
only patients 40 years and older which are more likely to have degenerative lesions 
rather than traumatic tears. 

Also paper IV is subject to problems inherent to administrative register data including 
misdiagnoses and coding errors, as discussed above. Neither in this paper are the private 
practises included. 

General discussion  

There are likely several reasons for the widely used method of APM in middle aged 
patients with degenerative meniscal lesions or OA. The high prevalence of meniscal 
lesions in the population (the majority without symptoms), combined with the 
availability of MRI to find such lesions is probably one factor. If a middle aged or older 
patient presents with knee pain, and MRI shows a lesion, it could be difficult for the 
physician to know whereas the lesion is the culprit or not. This situation is likely to 
have increased the likelihood of an arthroscopic procedure. The patient’s belief of the 
need for surgery in order to recover from injury and overoptimistic expectations on the 
postoperative function are likely to have contributed to the popularity of knee 
arthroscopy. Economic incitements from private caregivers cannot be excluded as a 
factor. As the placebo effect of surgery and regression-to-the-mean phenomenon* are 
both potent, also the surgeon could get an overenthusiastic view of the outcome of 
surgical measures taken. The clinical impression can be deceiving.[144]  
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When high-level evidence speaks against a well-established clinical routine (which is 
perceived as a successful one) there will be a cognitive dissonance and the evidence will 
be doubted, questioned or ignored. But one must remember that also clinical 
experience has an inherent bias. This makes us all also susceptible to confirmation bias, 
with a tendency to embrace information that supports our current views and less prone 
to embrace information that challenges what we already believe. 

It has been a long journey between the statement expressed by Smillie 1967 “if it is 
torn, take it out! Take it all out! Even if you just think it is torn, take it out” [145] and 
the slogan more recently encountered –Save the meniscus! In this thesis, I have dealt 
with only minor questions in this span in comparison to the many giants cited 
elsewhere (and everywhere). Still I hope that I have contributed with some small pieces 
in the big scientific puzzle. 

 

*Regression to the mean states that an extreme random event will likely be followed by a less extreme 
event. In a medical context, this can be interpreted as; in a condition where the intensity of the 
symptoms vary over time, it is more likely that patients seeks medical advice and receive treatment 
when the symptoms is more pronounced, and is more likely to have less symptoms later when 
evaluated, independent of the treatment. This phenomena must be considered when designing 
studies and interpreting data. One method to check for this is to use a control group.  
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Conclusions 

• A large proportion of APM is performed in patients where evidence speaks against 
it. I suggest the possibility of being more restrictive regarding the use of APM in 
middle aged patients with non-traumatic knee pain. 

• The lateral radial meniscal tears are associated with lower age and less 
simultaneously cartilage injury than the medial counterpart, likely often traumatic 
in origin. I suggest a high vigilance of the possibilities of suturing such tears. 

• A minority of patients with old meniscus injury treated with APM has longitudinal 
tears (20%) and an age less than 35 years (10%). I suggest that further efforts to 
save meniscal tissue by suturing could be considered in this subgroup.  

• Two thirds of patients with isolated acute meniscal injury had two weeks or less of 
sick leave during the month of APM. The APM per se is likely to account for even 
less. 

• I suggest the possibility that, although defined as acute, some isolated meniscal 
injuries are already in an early degenerative pathway. To answer this question 
further studies are needed. 

• Woman with meniscal injury has more prolonged sick leave than men regardless 
of intervention. This is relevant to both physicians and patients when discussing 
expectations of return to work. 

• Women with isolated degenerative meniscal injury are less often treated with 
surgery. The reason for this is unclear. 

• In middle aged patients with degenerative meniscal lesions there is in general a 
quick return to work regardless if treated with or without APM. I found no 
evidence of less prolonged sick leave if surgically treated. 

• APM in knees with OA or degenerative meniscal lesions can be reduced through 
professional guidelines. 
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Future perspectives 

As a result of my own studies, I think it would be of interest to follow up on the 
declining rate of APM in Sweden and Region Skåne. Is it just the frequency that is 
declining or has also the patient selection changed? In other words; Less patients are 
subjected to APM, but are they different related to their clinical per-operative findings 
in terms of degenerative changes or radiological OA? 

As the slogan –Save the meniscus! Is becoming more and more valid I think it would 
be relevant to perform further assessment in the area of meniscal sutures corresponding 
to what I have done in paper I. 
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The menisci are essential to the function of the knee. At the same time 
meniscal tears and lesions are very common in the population and surgery 
performed on the meniscus is one of the most common orthopedic procedures. 
However, several high quality studies have questioned this practice in patients 
with degenerative meniscal lesions or osteoarthritis. This thesis explores some 
questions as: What patients get a knee arthroscopy and what is their clinical 
and radiological status? How much sick leave will patients with meniscal injury 
require, with or without surgery? Will national guidelines alter the incidence 
of APM performed? 

Dan Bergkvist was born 1971 in Malmö 
Sweden. After a decade of working 
as a mechanic and later as a process 
operator in industry, he started to study 
medicine at the University of Lund and 
graduated as MD in 2009. Since 2011 
he has been working in the Orthopedic 
Department at the University hospital of 

Skåne. He has been a PhD student since 2012. The spare time is often spent 
on either a motocross track or in a concert according to the two daughters’ 
interests. Books and Netflix is also ok.  In the picture he gets some good advice 
whispered in the ear by Albus, a very good friend.

9
7
8
9
1
7
6

1
9
9
4
4
2


	Tom sida
	Dan B hela avh G5 nr2.pdf
	Tom sida
	Tom sida
	Paper II.pdf
	Sick leave before and after arthroscopic partial meniscectomy due to traumatic meniscal tear
	1. Introduction
	2. Material and methods
	2.1. Study cohorts
	2.2. Sick leave
	2.3. Data linkage
	2.4. Statistics

	3. Ethics statement
	4. Results
	4.1. Study sample
	4.2. All-cause sick leave
	4.2.1. Sick leave initiated at surgery


	5. Discussion
	Author contribution
	Funding
	Level of evidence
	Declaration of Competing Interest
	References


	Tom sida
	Paper IV.pdf
	Impact of a national guideline on use of knee arthroscopy: An interrupted time-series analysis
	Introduction
	Method and Material
	Swedish healthcare system
	Study Population and Setting
	Intervention and Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion
	Supplementary material.
	Funding






