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1. Introduction 
In 1803 William Hey in Leeds was the first to describe a dislocated 

meniscus as a cause of knee joint dysfunction. The first meniscal operation was 

performed at St. George’s Hospital in London in 1866 by Bradhurst (Helfet 

1974). The treatment was usually manipulation until Lister’s work from 1867 

on antiseptics prepared the way for surgical treatment. In 1883 Thomas 

Annandale performed the first meniscal repair by relocating and suturing a 

detached anterior horn (Annandale 1885). 

Excision of the fibrocartilage soon became the preferred treatment of 

meniscal lesions. Many authors were enthusiastic about this procedure, 

reporting excellent functional results rarely followed by degenerative joint 

changes (Hamilton and Finklestein 1943, Wynn-Parry et al. 1958, Perey 1962). It 

was emphasized that excision of the total meniscus was important (McMurray 

1941) and that it was particularly hazardous to leave a posterior horn behind 

(Tapper and Hoover 1969). 

Data slowly accumulated in the 1970s to a point where the pendulum 

started to swing towards a more conservative approach (Goodfellow 1980). 

Due to persistent symptoms after total meniscectomy, partial resection with 

excision of the damaged portion only has increasingly been employed and is 

considered superior to total meniscectomy as it causes less degeneration of the 

knee joint (Hamberg et al. 1984, Odgaard et al. 1989). This shift in surgical 

procedure was based on studies that were retrospective cross sectional 

investigations and based on selected patients providing no data on changes in 

symptoms, clinical and radiographic findings after surgery (Tapper and 

Hoover 1969, Johnson et al. 1974). Additionally, the investigations suffered 

from the fact that the type of meniscal lesion and preferences of the surgeon 

determined which surgical procedure was to be performed (Franke 1966, 

McGinty et al. 1977). 
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Today, meniscal surgery is one of the most common orthopedic 

procedures. An association has repeatedly been reported between meniscal 

disease respectively removal of meniscal tissue and cartilage degeneration 

(Tapper and Hoover 1969, Johnson et al. 1974). 

Little is known about the occurrence and treatment of meniscal lesions 

in the general population. Men seem to suffer meniscal lesions more often than 

women but this information is based on calculations of patients operated on 

without considering the background population (Saugmann-Jensen 1963, 

Whipple et al. 1984). 

It has never been established how much fibrocartilage should be 

removed when performing partial meniscectomy. Furthermore, little is known 

of whether all categories of meniscal lesions benefit from partial meniscectomy 

when compared to total excision. 

The clinical diagnosis of meniscal lesions is difficult even in 

experienced hands (Hede and Hejgaard 1981, Anderson and Lipscomb 1986). 

In some patients symptoms suggesting meniscal disorder are highly disabling 

and may change during the period of time before establishing diagnosis and 

undertaking treatment (Shakespeare and Rigby 1983). Thus, delay in 

diagnosing might affect the number of patients examined and treated for a 

meniscal lesion. This would bear on the economic resources necessary for 

treating the disease. 

Meniscal repair has increasingly been advocated as an alternative to 

meniscectomy with the purpose of causing minimal interference with the 

normal biomechanics of the joint. It has been performed in both recent and old 

lesions in the vascularized peripheral third of the meniscus (Hamberg et al. 

1983b). In contrary, tears in the central and avascular two thirds of the 

meniscus do not heal even after suturing (Arnoczky and Warren 1983). 

In experimental models healing of recent defects in the central area 

have been attained. Other studies have assessed the effect of displaced 
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meniscal lesions and meniscectomy on the joint cartilage. Considering the 

delay in treatment of most meniscal lesions it remains to be investigated 

whether old lesions in the avascular part of the meniscus can be repaired. It is 

also unclear which influence repair of them has on the joint cartilage and 

whether this procedure is preferable to meniscectomy and no treatment in 

terms of preserving joint cartilage. 

 

On this background it was relevant to 

- Study the epidemiology of surgically treated meniscal lesions. 

- Assess the onset of symptoms in relation to trauma and study the 

association between trauma and occurrence of different lesions, especially 

differences between men and women. 

- Compare the clinical, functional and radiological outcome after partial 

and total meniscectomy in a group of patients randomized to one of the 

surgical procedures and to compare the short and long term results defining 

risk factors for the eventual outcome. 

- Determine the result of partial and total meniscectomy in treatment of 

different meniscal lesions in relation to the extent of the former procedure. 

- Investigate the spontaneous course of symptoms and physical 

performance in patients awaiting treatment of a presumed meniscal lesion. 

- Investigate the influence of a well defined and undisplaceable 

meniscal lesion on the hyaline cartilage and adjacent bone. 

- Develop an experimental model of repairing old lesions in the 

avascular part of the meniscus and to use this model in the study on joint 

cartilage comparing meniscectomy, repair and no treatment. 

 



 19/08/17 9 

 

2. Epidemiology 
There is no generally accepted classification of meniscal lesions. They 

can be classified according to their shape, position in relation to the anterior or 

posterior horn of the meniscus and to whether they can be or actually are 

displaced. Furthermore, lesions can be graded according to their etiology as 

following a direct trauma, as degenerative lesions or as lesions following 

ligamentary knee instability.  

Peripheral detachments, bucket-handle lesions and transverse tears 

classified as either parrot-beak or radial tears are all vertical lesions often seen 

following injuries while cleavage tears including flap tears are located 

horizontally and assumed to rise from areas of degenerated fibrocartilage 

(Smillie 1977, Reikerås 1989). The lesions illustrated in Figure 2-1 are included 

in most morphological classifications (Wynn-Parry et al. 1958, Lidge 1979) but 

in clinical practice combinations and transitional forms occur. Dandy (1990) has 

in detail described the anatomy of 1,000 symptomatic lesions. 

Recently the meniscal structure has been clarified. In the peripheral 

part of the fibrocartilage the bundles of collagen fibers are densely packed with 

a circumferential pattern (Bullough et al. 1970, Beaupré et al. 1986) (Figure 2-2). 

After leaving the periphery the fibers arch through the middle zone with a 

nearly radial direction and decreasing density in the central part (Wagner 

1976). Meniscal lesions tend to occur parallel to the collagen bundles (Bullough 

et al. 1970). 

The clinical diagnosis of meniscal pathology appears to be erroneous in 

about a third of the cases (Hede and Hejgaard 1981, Anderson and Lipscomb 

1986). Hede and Hejgaard (1981) demonstrated that joint line tenderness was 

the most predictive clinical finding, as confirmed by other authors (Anderson 

and Lipscomb 1986, Abdon et al. 1990a). 
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Arthrography has been used in settling the indication for explorative 

arthrotomy (Gillies and Seligson 1979, Schmidt 1982, Daniel et al. 1982, Roper 

and Levack 1986). The diagnostic accuracy has varied between 84 and 98 

percent (Gillies and Seligson 1979, Ireland et al. 1980), being slightly higher in 

medial than in lateral lesions (Nicholas et al. 1970, Schmidt 1982). Roper and 

Levack (1986) found in only 72 percent a complete correlation between the 

preoperative arthrographic diagnosis and the definite surgical diagnosis 

obtained at open surgery.  

Arthroscopy and double-contrast arthrography were equally accurate 

in the series of Ireland et al. (1980). Theoretically, the diagnostic accuracy can 

be enhanced by combining arthroscopic and radiographic techniques 

(Levinsohn and Baker 1980).  

Today the arthroscopic examination is regarded as the key to 

recognizing meniscal pathology. It is superior to direct inspection during 

explorative arthrotomy (DeHaven and Collins 1975) since incorrect 

arthroscopic interpretation occurs only in a few percent (Dandy and Jackson 

1975b, Lysholm et al. 1981). Arthroscopy has also replaced arthrography as the 

diagnostic method of choice, since the diagnostic and therapeutic procedures 

can be combined. 

In recent years non-invasive methods as computed tomography and 

magnetic resonance imaging have proved valuable for the detection and 

description of meniscal tears (Passariello et al. 1985, Raunest et al. 1991). 

Further refinement may make non-invasive procedures preferable to 

arthroscopic examination. 

Little is known about the occurrence and treatment of meniscal lesions 

in the general population though meniscal surgery is both a frequently 

performed and resource exacting procedure. 

Studies on meniscal lesions in adults have till now been based on 

selected patients without a proper background population necessary for 
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epidemiologic assessments. The age of the patients appears to have increased 

during the last decades: Smillie (1967) found in 6,500 meniscectomies from 1940 

through 1965 that the mean age rose from 27.6 to 39.8 years. However, this 

estimate might be biased as patients were recruited during war time and hence 

might include a large number of soldiers. 

Meniscal lesions are frequently related to a trauma which has been 

taken to explain that they occur more frequently in men than in women (Barfod 

and Bierring 1956, Saugmann-Jensen 1963, Johnson et al. 1974, Dandy 1990). 

The ratio between men and women has varied but has always been presented 

without correlation to the background population. 

 
Own Investigations 
Methods 

A total of 1,215 persons living in Copenhagen County, with 

approximately 620,000 inhabitants during 1982 through 1984, were treated 

during this period for a meniscal lesion at one of the three hospitals in the 

county performing orthopedic surgery. The mean age of the 812 men and 403 

women was 36 (range 3-83) years. 

To describe the total number of treated meniscal lesions rather than the 

number of different citizens, calculations and figures are presented without 

excluding patients who underwent more than one meniscus operation during 

the 3-year period. 

From patient records information on whether a trauma was related to 

the onset of symptoms and type of lesion was obtained — a trauma being 

defined as a single episode of physical violence to the knee. Surgery was 

performed openly, and only 18 operations were preceded by a diagnostic 

arthroscopy. The meniscal lesions were classified according to Lidge (1979), 

with recording of other peroperative findings and type of operation performed. 

Men and women operated on were divided into 10-year age groups. The 
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population of Copenhagen County was stratified into similar groups according 

to information obtained from the Danish Central Bureau of Statistics. 

The age and sex related incidences per 10,000 inhabitants i and the 

overall incidences for the 3-year period were calculated as 

 

 

(inh is the number of inhabitants in Copenhagen County on January 1.) 

A chi-square test was used in the calculation of the two-way 

relationships between the sex of the patients, trauma-associated onset of 

symptoms, and type of meniscal lesion. The three-way relationships between 

these three variables were analyzed with a chi-square test for conditional 

independence (Kreiner 1987). 

 
Results 

The overall annual incidence of meniscal lesions undergoing surgery 

was 9.0 and 4.2 per 10,000 for men and women. In men, the highest incidence 

was 17 in the 20-39 year-old age groups, gradually decreasing to 1 in patients 

above 70 years (Hede et al. 1990b) (Figure 2-3). In women the incidence per 

10,000 was stable until 60 years of age and then declined. 

Onset of symptoms was associated with a knee injury in 77 percent of 

the men and 64 percent of the women. This sequence was seen in all the 

physically active age groups in the men. In contrast, the women had a definite 

peak incidence in the 20-29-year-old age group (Table 2-1). 

Of all the meniscal lesions operated on 73 percent were medial and 27 

percent lateral. The men sustained more bucket-handle lesions than the women 

(Table 2-2). In the women, there was a preponderance of peripheral 

detachments. This discordance between men and women could not be 

explained solely from the different occurrence of meniscal lesions following a 

i
age, sex =  10,000 (number of meniscotomies 1982-1984)  age, sex  

0.5((inh1982+inh1983)+(inh1983+inh1984)+(inh1984+inh1985))  age, sex
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knee injury. Bucket-handle lesions – in contrast to peripheral detachments – 

were related to trauma. 

Sports injuries were responsible for 38 percent of the total number of 

lesions and for 52 percent of the lesions caused by a knee injury. Damage 

(earlier or recent) to the anterior cruciate ligament was encountered in 11 

percent of the knees operated on. There was a concurrent fracture of the 

femoral or tibial condyles in 1.2 percent. 

Total meniscectomy was performed in 79 percent of the meniscal 

lesions while 19 percent had a partial meniscectomy. In 0.7 percent the lesion 

was repaired. 

 
Discussion 

Meniscal tears do not always present with characteristic symptoms and 

may heal spontaneously (Noble and Hamblen 1975). Some patients accept their 

discomfort and do not seek medical assistance – often additionally accepting a 

lower level of physical performance (Hede et al. 1990a). 

Epidemiological studies on meniscal lesions in adults have not been 

published before. In the present study the preponderance in men demonstrated 

in cross-sectional studies and explained by differences in exposure to trauma 

(Barfod and Bierring 1956, Johnson et al. 1974) has been further investigated. 

Reference to the background population has allowed demonstration of two 

different, age-related patterns of incidences in men and women. 

The excess of bucket-handle lesions in men as compared with women 

agrees with the results of Shakespeare and Rigby (1983), and may be related to 

more frequent exposure to trauma. A traumatic etiology of lesions, however, 

did not explain this discrepancy between men and women. Little is known 

about biomechanical differences between male and female knee joints but 

varying joint laxity appears to be of no practical significance in this context 

(Jacobsen 1981). 
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In the present study the operations were performed openly. Diagnosing 

meniscal disorders by an arthrotomy is less accurate than when made through 

the arthroscope (DeHaven and Collins 1975) but meniscal lesions missed in the 

present study will only influence the results in patients not reoperated on. The 

3 years in the early 1980’s selected for study have been carefully chosen because 

the introduction and rapid expansion of arthroscopic surgery will prevent 

reliable future epidemiologic assessment, as this surgical technique is now 

being performed in numerous private clinics. 

It appears likely that the number of surgically treated meniscus lesions 

has increased following the introduction of arthroscopic techniques (Abdon 

and Bauer 1989), because it has made possible diagnosis and minor meniscal 

repairs on an outpatient basis. The distribution of operations between age 

groups and male and females is unlikely to be affected by the technique 

employed. 

In the present study 27 percent of the lesions were lateral. Others have 

found figures between 14 (Sonne-Holm et al. 1980) and 31 percent (Wynn-Parry 

et al. 1958). These variations are influenced by the age of the patients since the 

incidence of lateral meniscus tears decreases with age due to the 

preponderance of degenerative tears in the medial meniscus. Japanese have 

more lateral lesions due to more discoid lateral menisci than Europeans and 

Americans (Hoshikawa et al. 1983). 

In children the epidemiology of meniscal lesions has been investigated 

by Abdon and Bauer (1989). In the present study the incidences were similar. 

The incidence increased fifty-fold from the first to the second decade of life. 

Clark and Ogden (1983) also found that meniscal injuries were uncommon in 

children and that the vascularity, histological characteristics and biomechanics 

of the developing meniscus might be responsible for this relative immunity 

from injury. 
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Above the age of 40 surgically treated meniscal lesions occurred in less 

than 10 per 10,000. In the same age groups Noble and Hamblen (1975) found an 

incidence of horizontal cleavage lesions of 29 percent in 400 menisci in a 

representative necropsy series indicating that a large fraction of these lesions 

remain unrecognized - possibly in part due to the decreased level of physical 

activity with increasing age.  

Meniscal lesions may occur during sports (Ferguson and Thompson 

1940, Sørensen and Sonne-Holm 1977). The fact that sports injuries in the 

present study - regarding the background population - led to more than a third 

of the operations, emphasizes the need for prophylactic measures (Quigley 

1959). 

The arthroscopic technique and the assumption that partial resection is 

superior to total removal (Gillquist et al. 1982, Hamberg et al. 1983a, McGinty et 

al. 1977) will restrict total meniscectomy and promote surgical repair. 

 
Conclusions 

The overall incidence of meniscal lesions per 10,000/year was 9.0 in 

men and 4.2 in women. The bucket-handle lesion was the most frequent type of 

meniscal lesion in men (35 percent) whereas peripheral detachment was the 

most frequent type in women (41 percent). The sex-associated occurrence of 

knee trauma causing the lesions did not explain the difference between men 

and women as to type of meniscal lesions. Sports injuries accounted for 

38 percent of the total number of lesions. 
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3. Treatment in clinical practice 
The menisci limit the extremes of flexion and extension (Brantigan and 

Voshell 1941) and absorb part of the rotational torque (Wang and Walker 1974). 

They are weight-bearing (Seedhom et al. 1974, Shrive 1974, Shrive et al. 1978, 

Seedhom 1979), transmitting 40-65 percent of the load across the joint (Krause 

et al. 1976). The medial meniscus is an important load-distributing structure 

whose function also is essential for the subchondral bone, the trabecular bone 

of the proximal part of the tibia and the tibial surface (Bourne et al. 1984, 

Odgaard et al. 1989). Menisci increase the area of weight-bearing (Kettelkamp 

and Jacobs 1972, Walker and Erkman 1975, Kurosawa et al. 1980, Baratz et al. 

1986) and act as shock absorbers (Voloshin and Wosk 1983). 

 
A) Meniscectomy 

Meniscal function and poor clinical long term results following total 

meniscectomy (Bürkle-de la Champ 1935, Tapper and Hoover 1969, Jørgensen 

et al. 1987) suggest that the notion that the menisci are unnecessary 

ligamentary remnants is wrong (Seedhom 1979). 

Not until recently have fibrocartilage preserving procedures such as 

partial meniscectomy and repair been favored (McGinty et al. 1977, Simpson et 

al. 1986). However, long term reviews demonstrated that partial meniscectomy 

does not prevent cartilage deterioration (Tapper and Hoover 1969, Appel 1970, 

McGinty et al. 1977). The risk of unrecognized tears and re-tears in the 

fibrocartilage left behind due to mechanical incongruence has been emphasized 

(McMurray 1941). 

Despite this risk, favorable results have been reported after partial 

meniscectomy - both after open and arthroscopic surgery - compared to total 

excision (Aarstrand 1954, Böhler 1955, DiStefano 1980). These studies are all 

cross-sectional investigations and based on selected patients providing no data 
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on the course of symptoms or clinical and radiographic findings after surgery. 

Furthermore, which of the two procedures performed was determined by the 

type of lesion encountered or the preference of the surgeon (Bauer 1971, 

Gillquist et al. 1982). In a widely cited study by McGinty et al. (1977) no 

posterior horn lesions at all were treated with partial meniscectomy. 

Normal preoperative radiographs and a short duration of symptoms 

are associated with a good prognosis (Lotke et al. 1981), provided the proper 

criteria are used for selection of patients (McBride et al. 1984): preexisting joint 

cartilage pathology and angular malalignment (Dandy and Jackson 1975a, 

Ferkel et al. 1985) determine the functional outcome from meniscectomy in 

patients over 40 years of age rather than the age itself (Lotke 1981, Northmore-

Ball and Dandy 1982). Arthrosis in patients with degenerative tears is 

associated with a less favorable outcome (Chand 1972, Peters and Smillie 1972). 

Since degenerate menisci and those with undisplaced tears still transmit 

significant fractions of load as long as the circumferential continuity is 

maintained (Seedhom and Hargreaves 1979), there seems to be no advantage 

from excising such fibrocartilage from joints with cartilage degeneration (Jones 

et al. 1978, Reikerås 1989). 

Meniscectomy in children is not a harmless procedure (Medlar et al. 

1980, Abdon et al. 1990b). The developing meniscus seems to have greater 

reparative ability supporting the concept that every effort should be made to 

preserve some or all of a traumatized meniscus in children and adolescents 

(Clark and Ogden 1983). 

Meniscal injury is an important consequence of both recent and old 

anterior cruciate ligament (ACL) tears (Galeazzi 1927, Grana et al. 1982). The 

incidence seems to be around 50 percent in acute injuries (Cerabona et al. 1988). 

The fate of the menisci is important for the function of the ACL-

insufficient knee also after reconstructional procedures (Lysholm et al. 1982, 

McDaniel and Dameron 1983). After partial meniscectomy the functional 
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outcome is best in bucket-handle lesions and worst in posterior horn lesions 

(Paterson and Trickey 1983). Prompt reconstruction of an ACL lesion reduces 

the risk of later meniscal disease (Lynch et al. 1983). Repaired menisci in ACL 

insufficient knees have a good chance to survive once healing has occurred 

(Sommerlath and Hamberg 1989, Hanks et al. 1990). 

Radiological signs of degeneration after meniscectomy have been 

described (Huckell 1965, Appel 1970, Johnson et al. 1974, Jones et al. 1978, 

Yocum et al. 1979, Lotke et al. 1981, Lynch et al. 1983, Allen et al. 1984). 

Fairbank (1948) demonstrated three distinct varieties:  

1) Anterior - posterior ridge formation downwards from the 

margin of the femoral condyle. 

2) Narrowing of the joint space on the side of operation. 

3) Generalized flattening of the marginal half of the femoral 

articular surface. 

Joint line narrowing was related to loss of the weight bearing function 

of the meniscus while ridge formation and condylar flattening were thought to 

reflect redistribution of the load (Fairbank 1948). 

Other definitions of degenerative arthritis following meniscectomy 

have been employed (Ahlbäck 1968) but that of Fairbank has been most widely 

used though is suffers from the shortcoming of including merely three 

radiographic signs and not defining joint line narrowing. This makes 

comparison between different studies difficult although a correlation between 

the radiographic changes and the clinical results in both sexes has been 

established (Tapper and Hoover 1969, Johnson et al. 1974). 
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Own investigations 
Patients and methods 

To eliminate bias in the selection of patients and clinical evaluation, we 

randomly allocated 200 consecutive patients to either partial or total open 

meniscectomy (Hede et al. 1986).  

Patients with symptomatic chondromalacia of the patella, 

osteochondritis, ligament laxity, sequelae to patellar dislocation, and patients 

who previously had undergone an operation on the respective knee were 

excluded. All operations were performed openly. No patient had a diagnostic 

arthroscopy performed. 

If a tear in the central three-quarters of a meniscus was disclosed 

peroperatively and there was no other disorder of the knee, the patient was 

allocated to either partial or total meniscectomy. Two hundred sealed 

envelopes in random order had been prepared, each containing information on 

which procedure to be performed, half of the envelopes indicating either 

procedure. Randomization was performed by peroperatively opening an 

envelope. 

Partial meniscectomy was carried out by removing only the injured 

part of the meniscus, while the remainder was trimmed to make a smoothly 

rounded edge. Immediately after each operation the surgeon made a careful 

drawing of the lesion indicating the location of the fibrocartilage removed. 

Each lesion was classified as either bucket-handle lesion, anterior or posterior 

horn lesion: all longitudinal lesions were classified as bucket-handle lesions 

while the others were rated as either anterior or posterior horn lesions. Lesions 

- other than bucket-handle lesions - involving both horns were classified 

according to the horn more severely involved. This simple classification was 

chosen since it directly reflects the site of meniscal tissue removed during 

partial meniscectomy. Planimetric determination of the area excised from each 
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meniscus was made from the drawing. From this value and that of the area of 

the whole meniscus the percentage of meniscus surface removed was 

calculated. 

Patients reoperated on were excluded. The remaining patients were 

reviewed at two months, at one year and at 7.8 years (median, range 6.3-9.8). 

The outcome of the operation in each patient was graded as “excellent”, 

“good”, “fair”, and ”poor" according to Tapper and Hoover (1969). The results 

from the first of these reviews disclosed no differences between the treatment 

groups (Hede et al. 1986) and will not be considered further. 192 patients (96 

percent) accepted the invitation for a follow-up visit at one year after surgery, 

while 189 patients (95 percent) attended the long term follow up. 

At the last interview the clinical examination was invariably performed 

by one investigator (AH) who had no knowledge of which operation had been 

performed. The Lysholm point-scoring scale (Lysholm and Gillquist 1982) 

adapted for meniscal lesions (Lysholm and Gillquist 1981, Hamberg et al. 1984) 

with a maximum score of 95 points was used for additional evaluation of knee 

function. This analysis comprises eight criteria: limp (5 points), support (5), 

giving way (20), pain (25), catching (15), swelling (10), and the ability to climb 

stairs (10) and to squat (5). Patients with scores above 90 points had no 

significant symptoms and the results were graded as excellent. Patients with 

scores from 77 to 90 had mild symptoms on vigorous physical activity and were 

graded as good. Below 77 points functional results were considered to be fair or 

poor. This score system was chosen since its reliability has been demonstrated 

(Lysholm and Gillquist 1982). The coefficient of variation has been estimated to 

2.8 percent (Hamberg et al. 1984). It is suitable for computer analysis.  

Patients after partial meniscectomy were stratified according to the 

percentage of meniscus removed into two approximately equally sized groups. 

Standing anterior - posterior radiographs of both knees and unloaded 

lateral projections were obtained and assessed as described by Fairbank (1948). 
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Joint line narrowing was considered present if the difference between the knees 

was ≥1 mm. Patients who had been operated on in the other knee were 

excluded from radiographic assessment. 

 
Statistical methods 

Non-parametric methods were used: contingency table analysis, rank 

sum tests and Spearman’s rank correlation test. The level of significance chosen 

was 0.05.  

 
Short-term postoperative course 

The time off work after partial meniscectomy was 6-84 days (median 

23) and after total meniscectomy 7-70 days (median 27) (0.05<P<0.1) suggesting 

that the arthrotomy rather than excision of fibrocartilage is the most important 

operative trauma (Hede et al. 1986). This sick-leave was considerably shorter 

than reported earlier after open surgery (Wynn-Parry 1958, Saugmann-Jensen 

1963). Patients treated with meniscectomy using closed technique have a 

considerably shorter period of sick leave/rehabilitation than patients treated 

openly (Northmore-Ball et al. 1983, Bergström et al. 1984, Hamberg et al. 1984, 

Simpson et al. 1986). This is due to faster recovery of muscle function 

(Hamberg 1983). Oretorp and Gillquist (1978) studied 18 consecutive cases of 

arthroscopic meniscectomy. The mean duration of sick leave was five days 

(median, range 0-28) after arthroscopic excision and 30 days (median, range 21-

112) in controls operated on openly. Furthermore arthroscopic surgery has few 

complications (Sherman et al. 1986) and dysesthesia due to lesion of the 

prepatellar branch of the saphenous nerve is avoided (Swanson 1983). Today 

diagnostic arthroscopy is a minimum prerequisite for treatment of the injured 

knee and open meniscectomy should no longer be a treatment option. 

However, it has never been demonstrated that arthroscopic surgery leads to 
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superior long term results (Goodfellow 1983, Hamberg et al. 1984, Simpson et 

al. 1986). 

 
Reoperations 

Six of the patients who had a partial meniscectomy and four with a 

total meniscectomy were reoperated on within one year (5 percent). At the late 

review these figures were eight and five respectively (7 percent) - similar or 

lower compared to other studies on open surgery (Fox et al. 1979, Blazina et al. 

1982). Most reoperations were performed within the first year, emphasizing the 

importance of obtaining a stable meniscal remnant after partial meniscectomy 

able to withstand the altered load (Grana et al. 1982, Baratz et al. 1986). The 

number of reoperations after arthroscopic surgery (Lysholm and Gillquist 1981) 

obviously also depend on the period of observation and has been estimated to 

8 percent after three years and similar to that following open procedures 

(Whipple 1984). 

The commonest finding in patients with persistent symptoms after 

meniscectomy is cartilage degeneration at the femoral condyles (30-40 percent) 

(Dandy and Jackson 1975c, Fox et al. 1979). Further meniscal pathology 

included retained fragments of the posterior horn (10-37 percent) and lesions of 

the other meniscus (2-5 percent) (Dandy and Jackson 1975c, Laasonen and 

Wilppula 1976, Broukhim et al. 1978, Fox et al. 1979). 

 
Outcome from partial and total meniscectomy  

Following partial meniscectomy 84 of the 92 patients (91 percent) were 

free of symptoms at one year (Hede et al. 1986). This is significantly more than 

72 out of the 90 subjects following total meniscectomy (80 percent) (P= 0.029). 

At the late review 55 of the 89 (62 percent) with partial meniscectomy and 45 of 

the 87 patients (52 percent) with total meniscectomy had excellent results 

(P=0.18). However, patients with a partial meniscectomy had higher Lysholm 
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scores (P=0.03) (Figure 3-1) (Hede et al. 1992a). Hence, the frequency of late 

symptoms was not determined by the type of operation but partial 

meniscectomy reduced the degree of disability. 

It is not clear why at one year after partial resection more patients had 

an excellent result than after total meniscectomy while there was no difference 

later. It might be speculated whether the symptoms at one year reflected the 

different biomechanics of the joint. Later, some knees - independently of which 

operation had been performed - developed degeneration sufficient to cause 

symptoms. The severity of symptoms being determined by the amount of 

fibrocartilage removed would explain the above results. 

Knee joint deterioration advanced after both partial and total 

meniscectomy in the 175 patients attending both reviews (Table 3-1). The 

progressive decline in the clinical outcome is in accordance with a longitudinal 

study on total meniscectomy (Jørgensen et al. 1987). In that study the frequency 

of symptoms increased from 53 percent at 4.5 years to 67 percent at 14.5 years. 

The same tendency has been suggested from cross-sectional studies at different 

intervals after surgery (Jackson 1968, Allen et al. 1984). Our findings disagree 

with Gillquist et al. (1982) who described “a final level of knee joint function” 

after meniscectomy. 

Factors related to subsequent joint impairment (Table 3-2) were: 

1) Age, 2) Sex and 3) Lateral meniscus lesion (Hede et al. 1992a). 

1) Lesions in younger patients are probably caused by more violent 

traumas with cartilage damage and minor capsular tears (Tapper and Hoover 

1969). These patients expect a high level of knee joint performance and only 

reluctantly accept a decrease in their activity. 

2) At the late examination women had worse knee joint function than 

men, however, only after total meniscectomy - developing between the two 

reviews. There is a known discrepancy in the response to meniscectomy 
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between men and women, men having more satisfactory results (Franke 1966, 

Tapper and Hoover 1969, Johnson et al. 1974). 

3) Inferior functional outcome after lateral meniscectomy was observed 

only after total meniscectomy. Poor results following lateral meniscectomy 

have been described irrespective of the type of operation (Franke 1966, Johnson 

et al. 1974, Allen et al. 1984, Simpson et al. 1986), though not in all studies 

(Fischer et al. 1974). 

Although the major part of the body weight is carried by the medial 

joint chamber at 30 degrees of knee joint flexion (Seedhom and Hargreaves 

1979), the response to loss of the lateral meniscus is probably related to the fact 

that the lateral meniscus carries 70 percent and the medial meniscus 50 percent 

of the load in the respective joint chamber (Seedhom et al. 1974). 

 
Duration of symptoms 

Knee joint function did not vary with the duration of symptoms 

preoperatively (Hede et al. 1992a) as also reported by Jackson (1968) and 

Tapper and Hoover (1969). The length of history before operation has been 

considered one of the factors responsible for inferior results after meniscectomy 

(Franke 1966, Gear 1967, Johnson et al. 1974, Yocum et al. 1979) necessitating 

early diagnosis and removal of torn menisci (Dandy and Jackson 1975a). 

Ferkel et al. (1985) investigated the correlation between duration of 

symptoms and clinical outcome from arthroscopic partial resection. When the 

degree of chondromalacia was taken into consideration there was no difference 

between the groups. Patients operated on within 2 months after the onset of 

symptoms had better results than those operated on later: this was due to a 

high proportion of bucket-handle lesions operated on early due to their 

tendency to cause knee joint locking. They have a favorable prognosis after 

partial meniscectomy (Tapper and Hoover 1969, Hede et al. 1992b). Thus, 
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presence of a tear, even for a longer period of time, does not necessarily lead to 

a poor functional result (Fahmy et al. 1983). 

 
Lesion type and area of fibrocartilage removed 

At partial meniscectomy 47 patients had 30 percent or less of the 

meniscal surface excised, while 42 had more than 30 percent removed (Hede et 

al. 1992b). Bucket-handle lesions had larger areas of meniscus excised than 

anterior and posterior horn lesions (Table 3-3). During this procedure, the 

wedge shape of menisci implies that successively larger portions of tissue are 

removed per surface unit as the capsular insertion is approached from the 

central edge (Figure 3-2). 

Patients with posterior horn lesions had lower Lysholm scores after 

partial meniscectomy than patients with anterior or bucket-handle injuries 

(Table 3-3). Treatment of posterior horn lesions has reportedly been less 

successful compared to lesions in other locations (Cargill and Jackson 1976, 

Broukhim et al. 1978, Ferkel et al. 1985). This is due to loss of the biomechanical 

wedge function of the posterior horn of the medial meniscus (Levy et al. 1982, 

1989) maintaining anterior - posterior and rotational stability by limiting 

posterior movement of the medial femoral condyle. 

Our favorable results after partial meniscectomy of bucket-handle 

lesions (Table 3-3) are in accordance with other studies both after open and 

arthroscopic surgery (Lysholm and Gillquist 1981). The intra-meniscal 

arrangement of collagen bundles (Beaupré et al. 1986) (Figure 2-2) allows the 

peripheral part of the meniscus to withstand the impact of the femoral condyle 

(Hargreaves and Seedhom 1979). This quality is maintained in treatment of 

bucket-handle lesions after removal of the central part if the capsular 

anchorages of the anterior and posterior horns are intact (Seedhom and 

Hargreaves 1979, Beaupré et al. 1986). 
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Anterior horn tears also yielded better results than posterior horn 

lesions after partial meniscectomy. However, the two patients with anterior 

horn lesions who had more than 30 percent of the meniscal surface removed 

had poor functional results (Table 3-4). When the medial meniscus has large 

portions of its surface removed from the anterior horn, the defect is prone to 

involve the peripheral part of the meniscus due to the narrow configuration of 

the anterior horn (Burr and Radin 1982) (Figure 2-2). For the same reason, the 

defect will extend relatively far backwards and the situation will resemble that 

of leaving a posterior horn behind - a procedure that is viewed as detrimental 

(Johnson et al. 1974, Laasonen and Wilppula 1976). 

Irrespective of the site of the tear all patients had similar scores after 

total meniscectomy (Table 3-4) emphasizing the uniform status of the joint after 

total meniscal removal. This also questions the notion that the final clinical 

outcome of this procedure is related to the type of lesion (Helfet 1959). 

Only anterior horn tears benefited significantly from partial 

meniscectomy compared to total resection (Table 3-5). This again emphasizes 

the importance of the posterior horn since similar areas were removed in 

treatment of the two lesions. There was no significant difference between 

results following partial and total meniscectomy after bucket-handle lesions. 

However, a trend exists as the P value was 0.13. 

Considering both partial and total meniscectomy there was a negative 

correlation between the portion of meniscal surface removed and knee joint 

function (R= -0.15, P=0.04). This is the first clinical confirmation of the 

experimental observations of Cox et al. (1975) - in our experience, however, this 

is not true for bucket-handle lesions (Hede et al. 1992b). 

In patients with 30 percent or less of the meniscus surface removed the 

location of fibrocartilage excised did not influence the clinical outcome. In 

contrast, patients with 31-99 percent excised had higher scores after treatment 
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of bucket-handle lesions - with the peripheral rim preserved - than after 

anterior or posterior horn lesions (Table 3-4). 

 
Laxity following meniscectomy 

At the late review 47 percent of the patients had a slight lateral laxity - 

more frequently after total meniscectomy (P=0.007) and after treatment of 

lateral lesions (P=0.02). Stable knees had significantly higher Lysholm scores 

(P=0.0003). Furthermore, slight anterior - posterior instability at 90 degrees of 

knee flexion was seen in 28 percent of the patients - with no difference between 

the two treatment groups. Several retrospective reports conclude that 

meniscectomy may result in lateral and anterior - posterior instability (Huckell 

1965, Tapper and Hoover 1969, Johnson et al. 1974). 

In cadaver specimens the menisci interfere with the stability of the 

joint, especially when unloaded and in 10-20° of flexion (Walker and Erkman 

1975, Markolf et al. 1981) and in anterior crucial ligament deficient knees (Hsieh 

and Walker 1976, Levy et al. 1982, Shoemaker and Markolf 1986). However, 

when post-meniscectomy knees were examined with a meter, Bargar et al. 

(1980) found that meniscectomy alone did not cause instability exceeding the 

normal right - left variation (Markolf et al. 1976, 1978).  

Idiopathic hypermobility has been claimed to play a role for sustaining 

a meniscal lesion and for the results of its treatment (Stürup et al. 1987, Ferkel 

et al. 1985). The difference in lateral laxity between knees with partial and total 

meniscectomy in the present study settles the issue that the late instability is 

due to absence of fibrocartilage and not to initial ligamental or capsular injury. 

 
Radiology 

One year after surgery 26 percent of the patients had joint line 

narrowing (Table 3-6) versus 33 percent at the late review (Hede et al. 1992a). 

At this time 13 percent had additional ridge formation or flattening of the 
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femoral condyle as a sign of early knee joint degeneration. Joint space 

narrowing was more often seen after lateral than after medial lesions (P=0.003) 

in accordance with the observations of Allen et al. (1984). It was related to a 

high Body Mass Index, BMI = W/H2 (patients’ height (H) in meters and body 

weight (W) in kilograms). This suggests a high BMI as a risk factor for later 

joint deterioration. At both reviews there was no radiological difference 

between patients with partial and total meniscectomy. No association was 

found between radiological signs of knee joint degeneration and the location of 

lesion or the portion of meniscus removed. 

Post meniscectomy radiology is in agreement with other reports 

(Saugman-Jensen 1963, Jackson 1968, Appel 1970, Johnson et al. 1974) but not 

with that of Veth (1985). Allen et al. (1984) found arthrosis after medial 

meniscectomy directly related to the degree of varus deformity in the 

contralateral knee. 

 
B) Meniscal repair 

Meniscal repair is limited to the area supplied from a perimeniscal 

capillary plexus - its blood supply originating from the capsular tissue. Fifty 

percent or more of the meniscus in the newborn is vascularized but has 

decreased to roughly 30 percent at the age of 40 (Arnoczky and Warren 1982, 

Clark and Ogden 1983, Day et al. 1985, Bird and Sweet 1988) with the highest 

blood flows at the periphery and in the anterior and posterior horns 

(Swiontkowski et al. 1988, Danzig et al. 1983). 

For many years meniscal repair was considered a procedure of historic 

interest only (Aarstrand 1954), but is now a procedure of practical significance. 

Meniscus suture was reintroduced by Stone (1979). Both new and old vertical 

lesions can heal after this procedure (DeHaven 1981, 1985, Hamberg et al. 

1983b). The open surgical technique includes direct exposure of the tear 

through a postero-medial or postero-lateral approach, suturing the meniscus to 
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the peripheral vascular bed and joint capsule followed by 4-6 weeks of post-

operative immobilization. 

Arthroscopic repair of vertical peripheral meniscal lesions was 

performed as early as 1980 (Scott et al. 1986). Various instrumentations (Barber 

and Stone 1985) have been employed. The suturing can be performed as an 

“outside - inside” or “inside - outside” technique depending on the course of 

the suture. Serious complications include injury to the peroneal nerve and 

popliteal artery. A narrow peripheral rim will improve meniscal repair (Scott et 

al. 1986). As with the open procedure, the arthroscopic repair must be followed 

by 4-6 weeks of immobilization. 

The proportion of successfully repaired meniscal lesions apparently 

does not vary between open and arthroscopic procedures (Table 3-7). The open 

technique reduces the number of structures sutured by mistake. At the other 

hand the closed procedure reduces the surgical trauma. 

In fresh human cadaver knees the immediate biomechanical 

consequences of open versus closed arthroscopic repair were investigated - 

with no difference demonstrated between the procedures (Baratz et al. 1988). It 

has been suggested that an open procedure be used within 3 mm from the 

meniscosynovial junction and arthroscopic techniques when repairing 3 to 5 

mm from the meniscosynovial junction (DeHaven et al. 1989). 
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C) Non-operative treatment 
In some patients with a history, symptoms and clinical findings 

suggesting a meniscal lesion (Hede and Hejgaard 1981, Anderson and 

Lipscomb 1986) symptoms disappear with no treatment. This can be explained 

in three different ways: 

1) Spontaneous healing of the lesion. This is conceivable in undisplaced 

lesions in the periphery of the fibrocartilage (Arnoczky and Warren 1983). Its 

occurrence has been documented clinically (Wirth 1981). 

2) The presumptive diagnosis is erroneous. 

3) Amelioration of symptoms in spite of a persisting lesion. This is 

likely to occur in patients who have limited their physical performance. 

Spontaneous variations in the anatomy of the tear may also influence the 

symptoms (Shakespeare and Rigby 1983). Finally, lesions may be “silent” 

(Noble and Hamblen 1975). 

The spontaneous course may be modified during conservative 

treatment - e. g. exercise programs or cast application. Non-operative treatment 

has been reported successful in 55 to 85 percent of patients after six weeks to 

five years of observation (Cravener and MacElroy 1941, Scheidegger et al. 

1975). 

 
Own investigations 
Patients and methods 

The study included 36 patients referred to a department of orthopedic 

surgery from general practitioners with symptoms and clinical findings 

suggesting isolated meniscal disease (Hede et al. 1990a). Thirty-two of the 

patients had pain in the knee, 16 suffered from intermittent swelling of the joint 

brought on by physical activity. Eight reported on one or two episodes of 

locking while three had repeated giving-way of the knee. 
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All knees had joint line tenderness without pain on femoral - patellar 

compression. They were stable with normal radiology. Thus, no patients with 

signs suggestive of chondromalacia of the patella, ligament insufficiency, or 

arthrosis were included. Orthopedic specialists recorded the history, performed 

the clinical examination, made the preliminary diagnosis of isolated meniscal 

disease and the indication for arthroscopy. The patients were given no 

instructions to follow a particular regimen. 

Patients who waited for less than six months and those who had 

previous symptoms in the knee were not included. Patients with persistent 

swelling, a locked knee, or more than two episodes of locking had preference 

on the waiting list and had arthroscopy performed within six months.  

We chose not to enroll patients prospectively as this would have biased 

the surgeons when diagnosing a meniscal lesion. The patients answered a 

questionnaire on the duration of symptoms after they were placed on the 

waiting list, as well as on changes in sports activity and ability to work. They 

were asked to describe their present symptoms as worse, same, partially 

relieved, or not present any longer with regard to changes from when they 

were put on the waiting list. Those who had total relief of symptoms were 

asked when the symptoms resolved. Finally, the patients were asked if they still 

wanted to undergo arthroscopy. 

 
Course of symptoms 

Thirty-two (89 percent) of the patients stated that they had experienced 

partial or complete relief of symptoms (Table 3-8). Four of them indicated no 

changes in symptoms while no one had worsening of symptoms. Among the 27 

patients who had initially participated in sports, 23 with partial relief of 

symptoms or no symptoms ascribed this improvement to the reduction or 

abandonment of sports activities. Only two were able to continue at the same 

level of performance. Four patients were unable to work due to pain in the knee 
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although three of them described their symptoms as ameliorated by the time of 

arthroscopy. 

 
Arthroscopic findings 

Seven patients resigned from the waiting list while another seven 

canceled the arthroscopy. Of these fourteen patients, six had no symptoms, and 

three ascribed the improvement to having stopped sports activity. The 

remaining eight reported partial relief of their symptoms. Only one could 

participate in sports without restrictions (Table 3-8). 

Arthroscopy was finally performed in 22 patients of which ten had a 

torn meniscus. In two patients, a healed meniscal tear was found. Four other 

patients had patellar chondromalacia and one patient had degeneration of the 

tibial cartilage not detectable radiographically. Five patients had a normal 

arthroscopy.  

 
General considerations 

Lesions of the medial collateral ligament - with no clinical laxity - 

occasionally mimic meniscal lesions as both often present with medial joint line 

tenderness and lack of extension (Brantigan and Voshell 1943, Oretorp et al. 

1978, Price and Allen 1978). If no haemarthrosis develops, fracture, major 

capsular injury and damage to the anterior crucial ligament are unlikely. 

Arthroscopic establishment of meniscal lesions are not urgent if knee joint 

function is normalized as a torn meniscus will not be detrimental to the 

articular cartilage (Casscells 1981). 

Arthroscopy at a later time would prevent excision of tears that would 

otherwise heal spontaneously (Noble and Erat 1980). Some patients are better 

off without arthroscopy: those without meniscal disease or other lesion that 

need operative treatment, and those who accept their symptoms and reduced 

function of the knee. 
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Physical therapy restore the muscular power of the knee joint and has 

also been recommended prior to surgery (Nicholas 1973). Healing of 

undisplaced peripheral lesions is facilitated if the joint is kept extended (Krause 

et al. 1976). In this position the contact area between femoral joint cartilage and 

menisci is increased with subsequent radial stabilization of the fibrocartilage 

during load bearing (Shrive et al. 1978) (Figure 3-2). Hence, muscular exercises 

should be performed isometrically. 

Conservative treatment is reserved for selected cases without 

manifestations of impaction (Pelzl and Rueff 1969) where symptoms may 

improve with time - frequently caused by reduction in physical activity 

including sports (Hede et al. 1990a). The fact that some patients remained unfit 

for work emphasizes that rigidly avoiding surgery is unacceptable 

(Scheidegger et al. 1975). The optimum time for arthroscopy is dependent on 

each patient’s symptoms and requirements. Waiting lists should continually be 

adjusted.  

 
Conclusions 

Partial meniscectomy yielded better long term functional results than 

did total meniscectomy, but knee joint function deteriorated after both 

procedures. Following partial meniscectomy posterior horn lesions had the 

poorest functional outcome but difference between lesion types was seen only 

if more than one third of the meniscal surface had been removed. The amount 

of meniscal tissue excised was inversely correlated to the level of knee joint 

function except in bucket-handle lesions treated with partial meniscectomy. 

Lateral laxity following meniscectomy was caused by removal of meniscal 

tissue and not by initial capsular or ligamental injury. 

Symptoms of meniscal tears (excluding knees that have persistent 

swelling or frequent locking) may improve with time, but frequently the 

patient remains unfit for physical performance such as that needed for sports. 
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4. Experimental meniscal surgery 
It is experimental and clinical experience that lesions in the peripheral 

meniscus have the ability to heal (Arnoczky and Warren 1982, Danzig et al. 

1983, Hamberg et al. 1983b). In contrast, tears central to the peripheral 

vasculature fail to heal - even after being sutured (Heatley 1980, Cabaud et al. 

1981, Veth et al. 1983a, Veth et al. 1983b, Ghadially et al. 1986).  

King (1936a) stated that a torn meniscus heals with connective tissue 

scarring if the tear communicates with the synovial membrane. Hence, when 

treating new lesions the principle has been to facilitate vascular access from the 

periphery (Cabaud et al. 1981, Arnoczky and Warren 1983). This has been 

accomplished by 1) extending the lesion to the capsule (Arnoczky and Warren 

1983, Veth et al. 1983a, Ghadially et al. 1986), 2) transposing a synovial flap 

(Veth et al. 1983b, Ghadially et al. 1986), 3) suture after excising avascular 

fibrocartilage between the lesion and the capsule (Heatley 1980) or 4) an 

implant (Tayonaga 1983, Leenslag et al. 1986, Veth et al. 1986).  

Repair of old lesions has never been attempted. 

Peripheral, sutured meniscal lesions have a maximum tensile strength 

of 80 percent of that of the opposite side (Kawai et al. 1989). Reproducing the 

injury causing the tears seems almost impossible. In this context experimental 

research will have little advantage over clinical studies. Teflon-net meniscal 

prosthesis caused less deterioration than did regenerate or excised menisci 

(Toyonaga et al. 1983) while carbon implants resulted in fiber dislocation (Veth 

et al. 1983b). To eliminate this problem a graft made of carbon fiber and organic 

polymer was used (Veth et al. 1986). The procedure was further developed by 

replacing the carbon with an organic polymer. Repair was evident, but no 

evaluation of joint cartilage was undertaken. Experimental meniscal 

reimplantation (Krackow and Vetter 1980, Canham and Stanish 1986) and fat 

pad autografts (Kohn and Wirth 1989) have reportedly been successful. 
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King (1936b) showed cartilage degeneration after meniscectomy to be 

roughly proportional to the size of the segment removed. Similar observations 

have been made by others but only after excision of normal fibrocartilage 

(Dann et al. 1969, Moskowitz et al. 1973, Cox et al. 1975, Lufti 1975, Korkala et 

al. 1984). 

It remains unclear whether menisci can regenerate after excision 

(Arnoczky 1984) - possibly because of confusion as to whether partial or total 

meniscectomy was actually performed. Furthermore, investigations have been 

performed chiefly in animals. In rabbits a structure similar in shape and texture 

to the removed meniscus will develop after total meniscectomy (Cox et al. 1975, 

Kim and Moon 1979). Fibroblasts are thought to migrate into the joint from the 

synovium and capsule, forming a fibrous connective replacement (King 1936c, 

Ghosh et al. 1983). In time joint motion and load provide a proper environment 

for further transformation into fibrocartilage (Lufti 1975, Moon et al. 1984) 

whereas restrictions of knee joint activity in dogs retard the development of a 

regenerate (Ghosh et al. 1983). After two to four years the regenerates were 

similar to normal fibrocartilage (Burr and Radin 1982) and protected against 

joint cartilage degeneration (Elmer et al. 1977). For meniscal regeneration to 

occur, the excision must extend into the periphery of the meniscus where the 

synovium plays an important role (Elmer 1977): synovectomy at the time of 

meniscectomy in rabbits will prevent regrowth (Kim and Moon 1979). 

Displaced meniscal lesions are known to interfere with knee joint 

cartilage (Shapiro and Glimcher 1980) and to increase local uptake of bone 

seeking radionuclides (Nicholas and Holder 1980, Mooar et al. 1987). The 

influence of undisplaced tears is unknown. 

Preservation of normal joint cartilage is the ultimate goal in meniscal 

surgery but little has been published on joint cartilage reaction to meniscal 

repair: in dogs Kawai et al. (1989) found no macroscopic signs of cartilage 

degeneration three months after suture of new peripheral lesions. 



 19/08/17 37 

 
Own investigations 
Material and Methods 

The right knees of rabbits were used for the experiments while left 

knees served as controls. An arthrotomy was made on the right knee joint 

which was approached by an anteromedial skin incision and a medial incision 

in the fibrous and synovial capsule. After retraction of tissues, including the 

extensor mechanism, a smooth-edged spatula of stainless steel was gently 

placed under the medial meniscus protecting the underlying cartilage. With a 

scalpel a 3- to 4-mm long vertical penetrating incision was made in the central 

avascular part of the medial meniscus at the junction of the anterior and middle 

third of the meniscus (Fig. 4-1). The spatula and retractors were removed, and 

the capsule, aponeurosis and skin incisions closed in layers with absorbable 

Dexon (Cyanamid of Great Britain Ltd., Hampshire) 3-0 continuous sutures 

(Hede et al. 1991a). 

The left knee joints underwent a sham procedure i. e. arthrotomy with 

insertion of the spatula but without incising the meniscus. No immobilization 

of the joints were used. The animals were allowed to move without restriction. 

Scintigraphic investigation was made 8-10 weeks after the lesion giving 

each rabbit an i. v. dose of 185 MBq of 99mTC-methylene diphosphonate. 

Between 2 and 3 h after the injection, the rabbits were anesthetized, and 

examined with a gamma camera (Maxi Camera, General Electric). Activity was 

measured over the knees. Background counting was performed over adjacent 

soft tissues. At least 10,000 counts were sampled in each region giving a 

counting error of <1 percent (Hede et al. 1989).  

Further surgery was performed three months after the lesion: either 

medial total meniscectomy or repair of the lesion in the right knee with left 

sided sham operations. Meniscectomy was performed by separating the 

meniscus from its capsular insertion through a peripheral vertical cut with the 
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spatula inserted to protect the joint cartilage. Repair was performed through a 

full thickness radial cut with the spatula inserted. The cut extended from the 

lesion to the capsular insertion (Figure 4-1) cutting through the synovia. After 

all surgical procedures the capsule, aponeurosis and skin incisions were closed 

in layers with Dexon. 

Three, six or nine months after the lesion the animals were killed with 

sodium pentobarbital. Experiment- and control knees were removed. The 

medial meniscus in animals that had not been meniscectomized and a piece of 

synovia covering the fat pad were excised for examination. 

Menisci were examined with a stereo-microscope. For light microscopy, 

menisci and synovial tissue were fixated in 10 percent formaldehyde and 

processed routinely. Menisci were embedded in paraffin blocks with the plane 

of section approximately at a right angle to the meniscal lesion and thus 

parallel to the repair incision. Seven microns thick sections were stained with 

hematoxyline and eosine. Serial sections from the repair zone were additionally 

stained with toluidine-blue at pH 4 to obtain optimal metachromatic staining. 

Van Gieson's picrofuchsin stain was used for demonstration of collagen. 

Lesions were classified as healed when closure or overgrowth was seen in the 

stereo-microscope, and tissue transversing the defect was observed in the light-

microscope. 

The medial and lateral femoral and tibial condyles were examined 

under a stereo microscope and classified according to Shapiro and Glimcher 

(1980) as either normal (score = 0), with loss of glistening appearance (score = 1) 

or as having irregularities at the articular surface (score = 2). The condyles were 

placed in 10 percent neutral buffered formaldehyde, decalcified in 22 percent 

formic acid with 10 percent sodium citrate, and double embedded in celloidin-

paraffin. Ten transverse 6µ thick sections were taken from each of the femoral 

and tibial condyles cutting through the area of joint cartilage where maximal 

stereo-microscopic abnormalities were seen. In knees with normal macroscopic 
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appearance specimens were obtained by cutting through the center of the 

cartilage at each condyle. Five specimens were stained with hematoxyline and 

eosine while the other five were stained with safranin O, fast green and iron 

hematoxyline for semiquantitative histologic-histochemical grading according 

to Mankin et al. (1971) (Table 4-1). The most pronounced changes as assessed 

microscopically in each joint cartilage were reported and the four cartilage 

surfaces covering the medial and lateral femoral and tibial condyles in all knees 

scored blindly.  

The Mann-Whitney rank sum test applied on these scores were used for 

comparison between the treatment groups (Hede et al. 1991b). 
 
Untreated lesions 

After three and six months the lesions had not healed and there was no 

cellular activity near the defects (Hede et al. 1991a) in accordance with other 

observations (Arnoczky and Warren 1983, Veth et al. 1983a). At nine months 

the length of the lesion had approximately doubled, destabilizing the central 

part (Hede et al. 1991b). This additional splitting occurred parallel to the 

collagen bundles (Fig 2-2), in accordance with the theory on development of 

bucket-handle lesions (Shakespeare and Rigby 1983, Wirth et al. 1988). 
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Experimental repair 

Ten three-month old avascular lesions causing proliferation of synovial 

cells and joint effusion were repaired and examined after three months (Hede 

et al. 1991a). At this time synovitis persisted while the lesions stereo-

microscopically were filled with whitish, translucent material. Repair failed in 

one animal since the fibrocartilage central to the lesion had been detached. In 

another, healing was incomplete as it was only seen in the repair cut, but not in 

the primary lesion. 

Microscopically the lesions had healed with repair tissue varying from 

heterogeneous cartilage to fibrous tissue. Cartilaginous areas contained 

intercellular substance staining heavily with toluidine-blue. The cells had 

rounded nuclei and were located in lacunae of varying size. The cells were 

densely arranged and nowhere similar to the normal surrounding meniscal 

tissue (Fig. 4-2). 

In areas of fibrous repair with fibroblasts being the predominant cell 

the extracellular matrix appeared fibrillar and loosely packed, staining 

positively for collagen. Adjacent to normal fibrocartilage, fibroblasts were 

metaplastic with more rounded and chondroid appearing nuclei. In these areas, 

the surrounding matrix was more homogeneous, as in fibrocartilage, than in 

areas with spindle shaped fibroblasts but many cellular transitional forms were 

seen.  

The area of repair was locally overgrown by a brim of vascular and 

synovia coated fibrotic tissue, extending from the periphery. In eight of the nine 

healed menisci this pannus reached the central edge of the meniscus where 

vessels were found. In these areas the nuclei were densely arranged. Synovitis 

persisted in all repaired knees. 

The cartilaginous repair tissue in the present study is different from the 

fibrous tissue observed after immediate repair (Arnoczky and Warren 1983, 
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Kawai et al. 1989, Veth et al. 1983a) although scattered cartilage transformation 

has been reported (Ghadially et al. 1986, Heatley 1980). Cartilaginous healing 

found in the present study is most likely related to a marked synovial response 

noted at the time of repair. The significance of synovial vascular tissue for 

meniscal healing and regeneration has been documented (Elmer et al. 1977, 

Kim and Moon 1979, Moon et al. 1984, Arnoczky et al. 1988). 

At the cellular level of the repair three mechanisms are of interest: 

1) Synovial cells may include pluripotential cells. Transformation of 

synovia derived fibroblasts to fibrochondrocytes has been suggested (Ghadially 

et al. 1986, Heatley 1980) and would explain the variety in the cellular 

morphology found in the present study. The case of partial healing strongly 

indicates a peripheral origin of the repair tissue.  

2) Proliferation of fibrochondrocytes near the lesion. Webber et al. 

(1985, 1989) demonstrated, that rabbit fibrochondrocytes in vitro were capable 

of proliferation, matrix synthesis and migration. Depending on the culture 

medium two different morphological types of chondrocytes appeared 

(Ghadially et al. 1980): polygonal or round cells appearing as typical cultured 

chondrocytes and more fusiform or elongated cells growing in whorled 

patterns. Local application of a fibrin clot has initiated fibrocartilaginous repair 

in avascular meniscal defects (Arnoczky et al. 1988). Still, the origin of the 

reparative cells was obscure. In the present study, invading synovial cells along 

the repair cut might produce a locally acting stimulus for proliferation of 

fibrochondrocytes. If this stimulus is present in insufficient amount, the healing 

may be mainly fibrous. This theory would explain the activity of the 

fibrochondrocytes overgrown by the synovial coated pannus at the inner 

border of the meniscus in the present study. 

3) Peripheral blood elements and serum are potential sources of cells 

and growth factors required for fibrochondrocyte proliferation (Webber et al. 

1985). If such a mechanism was present, some cellular activity near the 
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unrepaired lesions should be expected to react to the inevitable postoperative 

hemarthron. 

 
Scintigraphy 

In the eight rabbits examined increased isotope uptake was found in 

knees with meniscal lesions (Hede et al. 1989). This study has demonstrated, 

that even indisplaceable lesions in the avascular part of the meniscus affect the 

isotope uptake and hemodynamics of the joint. The method used in this study 

does not clarify the site of the enhanced isotope uptake. Autoradiography was 

attempted but was inconclusive (unpublished). 

 
Joint cartilage after 
1) meniscal injury 

Joint cartilage reaction to an untreated lesion in the central avascular 

part of the medial meniscus (Figure 4-1) was studied in 12 rabbits (treatment 

groups U3, U6 and U9 in Table 4-2) (Hede et al. 1991b). 

Three (U3) and six (U6) months after the lesion, loss of the normal 

glistering appearance was observed stereo-microscopically in the medial tibial 

cartilage while the femoral cartilage was unaffected. At nine months - when the 

lesions had lost their mechanical stability - these changes were now seen at the 

femoral condyle as well while irregularities were found at the tibial plateau. 

Knees with three and six month-old lesions had pathological Mankin-

scores but without significant difference. As early as three months after the 

lesion clefts to the transitional zone of the cartilage at the medial tibial condyle 

were seen demonstrating that even undisplaced meniscal lesions affect the 

articular cartilage to such an extent that it must be questioned whether the 

changes are reversible (Reimann et al. 1982). Parallel to meniscal damage after 

nine months the scores had increased as compared to three and six months 

after the lesions (P<0.001). Enhanced involvement of the medial femoral 
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condyles was seen with roughly a third of the scores being derived from the 

lateral chamber. The finding of more conspicuous changes at the tibial than at 

the femoral condyles agrees with the results of Cox and Cordell (1977), though 

not with their observation that a torn meniscus not interfering with normal 

knee joint movement does not cause degenerative changes. 

 
2) meniscectomy 

Total meniscectomy was performed in six three-month old lesions and 

the joints studied after another three months (Hede et al. 1991b). A meniscus 

regenerate was observed in five of the knees. Severe macroscopic and 

microscopic alterations were seen at both medial condyles demonstrating no 

function of the meniscus (treatment group E6 in Table 4-2). The knees were 

significantly more affected than when leaving the lesions untreated for three 

months. 

Joint cartilage degeneration has been reported after resection of normal 

menisci (Cox and Cordell 1977) but seems to be dependent on the amount and 

localization of the fibrocartilage removed (Bruce and Walmsley 1937, 

Moskowitz et al. 1973). For this reason partial meniscectomy was not 

considered. The present study has allowed comparison with repaired and non-

treated lesions.  

 
3) meniscal repair 

Three months old lesions resulting in moderate synovitis and cartilage 

deterioration were repaired. The outcome was compared to that after non-

treatment and meniscectomy (Hede et al. 1991b). 

Six months after the lesions there was no difference in Mankin scores 

between repaired and untreated lesions (Table 4-2). Meniscectomized joints 

showed further joint damage. 
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Nine months after the meniscal lesion, repaired knees (treatment group 

R9) had lower scores than untreated joints (treatment group U9). There was no 

difference between scores from knees with repaired lesions at six (treatment 

group R6) and nine months (treatment group R9). Knees in these treatment 

groups had similar condylar contribution to the Mankin score. In R6 the 

contribution of the medial femoral condyle apparently exceeded that observed 

in U6 where normal function of the medial meniscus should be expected. Such 

difference would be explained either from 1) An abnormal mechanical contact 

between the condyle and the edge of the surrounding meniscal tissue, or 2) 

Interference with cartilage nutrition due to changes in pressure on the cartilage 

at the site of repair (Moskowitz et al. 1973). 

The Mann-Whitney test was applied to the scores from each of the four 

condyles in the experiment knees (Hede et al. 1991b). Using aggregated scores 

of each animal in the analysis generated similar results. 

Meniscal repair of avascular lesions in the present study benefited 

knees in which further meniscal injury would otherwise develop but the 

procedure did not reverse the cartilage changes noted at the time of treatment. 

Synovitis observed after repair demonstrates that this procedure does not 

represent the ideal therapeutic solution: the repair cut interferes with the load 

bearing capacity of the meniscus by interrupting the continuity of the 

peripheral part (Seedhom and Hargreaves 1979). Shrive et al. (1978) have 

reported that the hoop tension (Krause et al. 1976, Fithian et al. 1989) is lost 

when a single radial cut is made to the capsular margin and that it is equivalent 

to meniscectomy as far as load bearing is concerned. In accordance, repaired 

peripheral radial lesions do not function normally in terms of load-bearing 

(Krause et al. 1989) in contrast to longitudinal lesions (Newman et al. 1989).  
 

Conclusions 
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Three-month old stable meniscal lesions affected joint cartilage both 

macro- and microscopically and caused abnormal scintigraphy. 

A method for repair of three-month old meniscal lesions was presented. 

The lesions healed mainly with cartilaginous tissue although the repaired areas 

were different from the normal fibrocartilage. 

Joint cartilage changes after meniscectomy were more pronounced than 

after meniscal repair or in untreated lesions. However, meniscal repair did not 

reverse the cartilage alterations. Meniscal repair benefited knees in which 

further meniscal injury would otherwise develop. 
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Summary 
The epidemiology of meniscal lesions was analyzed in a suburban area 

of Copenhagen with approximately 620,000 inhabitants. The overall incidence 

of meniscal lesions per 10,000 inhabitants per year was 9.0 in men and 4.2 in 

women. The highest incidences were seen in the 3rd, 4th and 5th decade of age. 

In men onset of symptoms was more often related to trauma than in women (77 

vs. 64 percent). Bucket-handle lesion was the most frequent type of meniscal 

lesion in men (35 percent) whereas most peripheral detachments (41 percent) 

occurred in women. The sex-associated occurrence of knee trauma did not 

explain the difference between men and women as to type of meniscal lesions.  

To compare the clinical, functional and radiological outcome after 

partial and total meniscectomy 200 patients participated in a prospective and 

randomized study. They were peroperatively allocated to one of the two open 

procedures. The results were compared at one year and at 6.3-9.8 years (median 

7.8). 
After one year more patients with partial meniscectomy (91 percent) 

than with total meniscectomy (80 percent) had no complaints. At the late 

review this difference was not observed, but patients with partial 

meniscectomy had the highest functional scores. In 5 percent knee joint 

function had improved and in 35 percent deteriorated, in the latter group with 

no difference between partial and total meniscectomy. 

The incidence of lateral laxity rose from 8 to 47 percent and occurred 

more frequently after total meniscectomy. During the observation period 

radiological signs of knee joint degeneration changed from solely joint line 

narrowing into additional ridge formation and flattening of the femoral 

condyle, but unrelated to whether partial or total meniscectomy had been 

performed. 
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Following partial meniscectomy posterior horn lesions had the poorest 

functional outcome but difference in scores between lesions types was seen 

only if more than one third of the meniscal surface had been removed. The 

amount of meniscal tissue excised was inversely correlated to knee joint 

function except in bucket handle lesions treated with partial meniscectomy. 

These lesions had the largest areas of meniscal tissue removed but higher 

functional scores than posterior horn lesions. Preservation of the peripheral rim 

of the meniscus following partial meniscectomy was essential for the functional 

outcome after surgery. 

The course of symptoms and sports performance was investigated in 36 

patients. They were waiting for an arthroscopy of the knee joint due to 

symptoms suggesting an isolated meniscal lesion. Six to 24 months after being 

placed on the waiting list, none of the patients noted worsening of symptoms, 

four had no change and nine had no symptoms. Twenty-three others had 

improved but 17 had stopped sports or reduced sports activity while only two 

of the 27 who did sports before they had knee joint symptoms had resumed 

their normal activity. By the time of admission, 14 patients refused arthroscopy; 

eight had decided to give up sports indefinitely. Of the 22 patients who 

underwent arthroscopy, meniscal pathology was demonstrated in 12 cases. In 

two of these a healed meniscal lesion was found. It was concluded that 

symptoms of meniscal tears of knees may improve with time, but frequently 

the patient remains unfit for physical performance such as that needed for 

sports.  

An experimental model for repair of three months old longitudinal and 

stable lesions in the central avascular portion of the rabbits meniscus was 

presented: three months after a longitudinal incision in the avascular portion 

no healing was observed. At that time repair was performed by a full thickness 

radial cut from the lesion to the joint capsule. Three months later, 9 of 10 

menisci had healed mainly with cartilaginous tissue although the repaired 
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areas both at gross inspection and histologically were different from the normal 

fibrocartilage. It is suggested that synovitis with hyperplasia of the lining cells - 

present in all cases at the time of repair - plays an important role in the healing 

process. 

The articular cartilage of the rabbits’ knees was studied at three-month 

intervals after the lesion. Joint cartilage was affected both macro- and 

microscopically after three months. Scintigraphy was abnormal in all. Meniscal 

repair did not reverse the cartilage alterations seen at the time of repair, but 

benefited knees in which further meniscal damage would otherwise develop. 

Joint cartilage changes after meniscectomy were more pronounced than after 

meniscal repair or in untreated lesions.  
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Summary in Danish 
Meniskoperationer hører til de hyppigst udførte ortopædkirurgiske 

indgreb, men meget lidt vides om forekomsten af menisklæsioner i en 

population. I afhandlingens epidemiologiske del blev 1.215 meniskoperationer 

gennemgået. Incidencen af kirurgisk behandlet menisklæsion per 10.000 

indbyggere var 9.0 for mænd og 4.2 for kvinder. Læsionstyperne var forskellige 

hos mænd og kvinder, men dette forklaredes ikke af kønsvariationen af 

traumatisk betingede læsioner. 38 percent af læsionerne opstod under 

sportsudøvelse. 

Antagelsen om, at partiel excision giver bedre langtidsresultater end 

total meniskektomi, hviler på efterundersøgelser, hvor det udførte indgreb ofte 

har været bestemt af læsionstypen. Derfor deltog 200 patienter med 

menisklæsion i et prospektivt studie og blev peroperativt randomiseret til 

partiel eller total meniskektomi. Et år efter operationen var flest partielt 

opererede symptomfri. Efter 7.8 år kunne denne forskel ikke påvises, men de 

partielt opererede havde bedst knæfunktion. Yngre patienter, kvinder og 

patienter med laterale menisklæsioner havde særlig risiko for et dårligt 

funktionelt resultat. Endvidere påvistes, at læsionstypen påvirker resultatet af 

partiel meniskektomi, men kun hvis mere end 30 percent af menisken fjernes.  

For at belyse spontanforløbet hos patienter med symptomer på 

menisklæsion fulgtes patienter, som ventede på artroskopi for menisklæsion. 

Efter 6 - 24 måneder var 89 percent helt eller delvist symptomfri, mens kun 7 

percent kunne genoptage sport. 

I afhandlingens dyreeksperimentelle del præsenteres en metode til 

reparation af mekanisk stabile læsioner i den avaskulære meniskdel med øget 

isotopoptagelse ved 99mTC-methylene-diphosphonat skintigrafi. Efter 

reparation helede læsionerne hovedsageligt med fibrocartilago, som dog aldrig 

var mikroskopisk identisk med normalt meniskvæv. Ledbrusken i knæled hos 
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kaniner med tre måneder gamle menisklæsioner blev undersøgt makro- og 

mikroskopisk med tre-måneders intervaller efter reparation, meniskektomi 

samt efter undladelse af behandling. Reparation normaliserede ikke 

forandringerne i ledbrusken på reparationstidspunktet men forhindrede 

yderligere ødelæggelse af menisken. De mest udtalte ledbruskforandringer 

fandtes efter meniskektomi. 
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Tables 
 
 
Age groups 0-19 20-29 30-39 40-49 ≥50 All ages 

Males 83 83 80 71 64 77 
Females 71 81 61 61 51 64 

All 77 83 75 68 57 73 
 
Table 2-1: Traumatic origin (percentages) of meniscal lesions in 1,215 patients 
according to sex and age groups. 
 
 
Types of lesion Bucket-handle Peripheral Horizontal Parrot-beak Contusion Others Total 
Males 35$ 31# 2.5 14 4.0 14 100 
Females 21$ 41# 3.0 12 7.0 16 100 
Traumatic 35$ 34 2.2 12 3.5 13 100 
Non-traumatic 18$ 35 3.7 15 8.8 20 100 
All  30 34 2.6 13 4.9 15 100 
 
Table 2-2: Classification (percentages) of 1,215 meniscal lesions according to sex 
and trauma. Meniscal cysts, discoid tears, and meniscal lesions that could not 
be classed are grouped as “Others” ($: P<0.001, #: P<0.01). 
 
 
Functional Group Poor Fair Good Excellent 
Short term 
1 year 

1 1 26 147 

Long term 
median 7.8 years 

3 20 53 99 

 
Table 3-1: Functional grouping in 175 non-reoperated patients after partial or 
total meniscectomy. 
 
 
Levels 
changed -3 -2 -1 0 +1 +2 +3 

Patients 2 14 45 105 8 1 0 
 
Table 3-2: Changes in functional levels “excellent”, “good”, “fair” and “poor” 
from short to long term review in 175 patients after partial or total 
meniscectomy. “-” indicates changes to a lower functional group. “+” indicates 
changes to a higher functional group. 
 
 
Type of lesion Anterior horn Bucket-handle Posterior horn 
Number 22 42 25 
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Percentage of meniscus surface removed 
Median 21 38.5 * 22 
Range 12-34 15-71 10-65 

Scores 
Median 95 95 90 § 
Range 58-95 76-95 62-95 
 
Table 3-3: Percentage of removed meniscus surface and Lysholm scores in 89 
patients treated with partial meniscectomy. (*: P<0.001, §: P=0.016). 
 
 
Type of lesion Anterior horn Bucket-handle Posterior horn 

Partial meniscectomy (1-30 percent of meniscus surface removed) 
Number 20 11 16 
Median score 95 95 90 
Range of score 58-95 88-95 62-95 

Partial meniscectomy (31-99 percent of meniscus surface removed) 
Number 2 31 9 
Median score 78 95 * 89 
Range of score 75, 81 76-95 62-95 

Total meniscectomy (100 percent of meniscus surface removed) 
Number 24 33 30 
Median score 90 90 90 
Range of score 58-95 64-95 55-95 
 
Table 3-4: Lysholm scores in 176 patients treated with partial or total 
meniscectomy for meniscal lesions of different locations in relation to portion of 
meniscus surface removed. (*: P=0.003). 
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Functional group Poor-Fair Good Excellent Total 
Anterior horn P=0.02     

partial meniscectomy 3 (13.6) 6 (27.3) 13 (59.1) 22 (100) 
total meniscectomy 6 (25.0) 12 (50.0) 6 (25.0) 24 (100) 

Bucket-handle P=0.13     
partial meniscectomy 1 (2.4) 15 (35.7) 26 (61.9) 42 (100) 
total meniscectomy 5 (15.2) 12 (36.4) 16 (48.5) 33 (100) 

Posterior horn P=0.94     
partial meniscectomy 3 (12.0) 15 (60.0) 7 (28.0) 25 (100) 
total meniscectomy 6 (20.0) 14 (46.7) 10 (33.3) 30 (100) 

Total 24 (13.6) 74 (42.1) 78 (44.3) 176 (100) 
 
Table 3-5: Functional grouping according to Lysholm in 176 patients at 7.8 
years (median) after partial or total meniscectomy in treatment of different 
types of meniscal lesions. Figures in parenthesis indicate percentages. 
 
 
 Short term review 

one year 
Long term review 

median 7.8 years 
Operation 
performed 
 

Partial 
meniscectomy 

(92 patients) 

Total 
meniscectomy 

(90 patients) 

Partial 
meniscectomy 

(73 patients) 

Total 
meniscectomy 

(70 patients) 

Condyle Ridge 0 0 7 10 
Joint line 
narrowing 

25 22 21 26 

Condyle 
Flattening 

0 0 1 1 

 
Table 3-6: Number of patients showing radiographic changes according to 
Fairbank at one year and at median 7.8 years after partial or total 
meniscectomy. 
 



 19/08/17 54 

 
Author A/O Knees 

+/- ACL 
Follow-up 
(months) 

Healed 
(percent) 

P. O. P. I. 
(weeks) 

Stone 1979 O 22 + 0-48 91 4 

Wirth 1981 O 10 - 24 100 6  

Cassidy and Shaffer 1981 O 29 - 6-17 93 6 

Hamberg et al. 1983b O 50 + 18 84 5 

Hendler 1984 A 8 + >6 100 6 

Muri et al. 1986 O 22 - 5-42 73 6  

Scott et al. 1986 A 178 + 28-231 79 8 

Keene et al. 1987 A 48 + 13-30 98 6 

Jakob et al. 1988 A 54 - 25 78 5-6 

Miller 1988 A 79 + 12-66 91 6 

DeHaven et al. 1989 O 80 + 24-108 89 4-6 

Morgan et al. 1989 A 74 + 2-24 84 ? 

Sommerlath and Hamberg 1989 O 28 + 72-96 89 5 

Hanks et al. 1990 A/O 23 + 56 87 4-6 
 
Table 3-7: Benchmarks of 14 reports on meniscal repair: “A” indicates 
arthroscopic repair and “O” indicates open repair while + or - after the number 
of treated knees indicates whether or not the material includes patients with 
lesions of the anterior cruciate ligament (ACL). P. O. P. I.: Post Operative Period 
of Immobilization. 
 
 
 Same symptoms Partial relief No symptoms Total 

Never sports 2 (2) 4 (4) 2 8 (6) 

Normal activity 0 2 (1) 0 2 (1) 

Reduced activity 1 (1) 5 (3) 0 6 (4) 

Stopped 1 (1) 12 (7) 6 (3) 19 (11) 

Started 0 0 1 1 

Total 4 (4) 23 (15) 9 (3) 36 (22) 

 
Table 3-8: Sports activity in relation to altered knee joint symptoms in 36 
patients who had a diagnosis of a suspected meniscal lesion. (): Patients who 
eventually had an arthroscopy. 
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 Grade  Grade 
I. Structure  III. Safranin-O staining  
a. Normal 0 a. Normal 0 
b. Surface irregularities 1 b. Slight reduction 1 
c. Pannus and surface irregularities 2 c. Moderate reduction 2 
d. Clefts to transitional zone 3 d. Severe reduction 3 
e. Clefts to radial zone 4 e. No dye noted 4 
f. Clefts to calcified zone 5   
g. Complete disorganization 6   
II. Cells    
a. Normal 0   
b. Diffuse hypercellularity 1 IV. Tidemark integrity  
c. Cloning 2 a. Intact 0 
d. Hypocellularity 3 b. Crossed by blood vessels 1 

 
Table 4-1: Histological-histochemical grading of joint cartilage from serial 
sections stained with hematoxyline and eosine and safranin-O-fast green-iron 
hematoxyline. From Mankin et al. (1971). 
 
 
TREATMENT GROUPS U3 R6 E6 U6 R9 U9 Total  

Examined knees 3 (3) 6 (2) 6 (1) 6 (2) 6 (4) 3 (3) 30 (15) 
MACROSCOPIC SCORES 
Medial tibial cartilage 
Medial femoral cartilage 

 
1 (0) 
0 (0) 

 
1 (0) 
0 (0) 

 
2 (0) 
1 (0) 

 
1 (0) 
0 (0) 

 
1.5 (0) 
0 (0) 

 
2 (0) 
1 (0) 

 

MICROSCOPIC SCORES 
Cumulated score for each 
knee  

 
6 (2) 
6 (2) 
8 (2) 

* 
8 
8 (1) 
5 
8 
9 (1) 
6 

*/** 
19 
15 
20 
30 
37 (1) 
21 

** 
8 
9 
7 (1) 
7 (1) 
6 
10 

*** 
12 (0) 
10 (2) 
8 (1) 
8 
10 
6 (0) 

*** 
18 (2) 
14 (1) 
18 (3) 

 

Percentual contribution to 
cumulated score 
Medial tibial cartilage 
Lateral tibial cartilage 
Medial femoral cartilage 
Lateral femoral cartilage 

 
 

80 
10 
10 
0 

 
 

68 
21 
11 
0 

 
 

44 
12 
34 
10 

 
 

73 
21 
6 
0 

 
 

67 
20 
11 
2 

 
 

40 
20 
26 
14 

 

Total number of knees 6 8 7 8 10 6 45 
 
Table 4-2: Macroscopic and microscopic morphological cartilage scores in 30 
experiment knees and 15 control knees (in parentheses) from 30 rabbits treated 
for an experimental meniscal lesion in the right medial meniscus. 
Knees examined: 3 months after a meniscal lesion (U3), 6 months after a 
meniscal lesion repaired after 3 months (R6), 6 months after a meniscal lesion 
treated with total meniscectomy after 3 months (E6), 6 months after a meniscal 
lesion (U6), 9 months after a meniscal lesion repaired after 3 months (R9), 9 
months after a meniscal lesion (U9). For further details see text. (* and **: 
P<0.001, ***: P=0.001). 
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Figures with legends 
(The printed figures exist as glossy photographs) 
 
 

 
 
Figure 2-1: Classification of meniscal lesions.  
 
 
 

 
 
Figure 2-2: Collagen fiber orientation in the right medial and the lateral 
meniscus viewed from above. 
 
 
 
 
 

parrot-beak
radial
peripheral detachment
bucket-handle
horizontal

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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Figure 2-3: Incidences per year per 10,000 inhabitants of surgically treated 
meniscal lesions in Copenhagen County during the period 1982-1984. 
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Figure 3-1: Lysholm Score in 89 patients with partial meniscectomy (P. M.) and 
87 patients with total meniscectomy (T. M.) at a median of 7.8 years after 
surgery. 
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Figure 3-2: Forces acting on the meniscus during load bearing with ensuing 
radial stabilization and resulting force acting towards the periphery. (tf: force 
from the femoral condyle, tt: force from the tibial condyle, tr: resultant force 
acting on the meniscus). The size of the arrows is imaginary. Redrawn from 
Wirth et al. (1988).  
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Figure 4-1: a) Position of lesion in the right medial meniscus. b) Position of 
lesion and repair cut in the right medial meniscus. 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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Figure 4-2: Wedge section of repair zone with cartilaginous tissue and normal 
adjoining meniscus (Stain, toluidine blue; original magnification, x 250). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-3: Surface irregularities, cleft formation and slight reduction of 
safranin-O staining in joint cartilage from the medial tibial condyle in a knee 
with a repaired three-month old lesion inspected 6 months after the lesion 
(Group R6). (Stain, safranin O, fast green and iron hematoxyline; original 
magnification, x 100). 
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