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Meniscus lesions are quite frequent and when they are
accompanied by prominent symptoms surgery is indi-
cated, consisting of arthrotomy or arthroscopic menis-
cectomy. The lesions are caused by major trauma or de-
generative changes. Until recently trauma was consid-
ered to be the main cause of meniscus lesions especial-
ly in the young. Degenerative processes were thought to
be an essential factor in the development of the lesion,
especially of the so-called degenerative type of meniscus
lesion.??

The aim of this study was to demonstrate similarities and
differences in menisci surgically removed either because
of trauma or because of pain caused by degeneration.

MATERIAL AND METHOD

A control group consisted of 12 individuals aged 18-20 years
with no history or evidence of knee injury or disease who died
accidentally from whom the menisci were removed postmortem.
The patients with complaints of pain were aged between 15 and
55 years, the majority between 20 and 40 years. From these
patients were surgically removed 60 menisci, which were all an-
alyzed histologically and histochemically. Of the removed menis-
ci 46 were medial (35 of the right and 11 of the left knee) and
14 lateral (10 of the right and 4 of the left knee). The duration
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of the disease in 40 cases was from one month to 5-6 years, of
which 30 patients had the disease for less than one year. Of the
total of 60 patients only 15 had a history of knee trauma, while
45 had complaints which were not related to trauma, with the
pain in the knee joint, and positive McMurray and Apley signs
in 85% of cases. The knees of all patients were first visualized
by arthroscopy, and five underwent magnetic resonance imag-
ing (MRI).

A performed arthroscopy was under general or spinal anesth-
esia, with turniquet. The anterolateral portal to place telescope
(Karl Storz, 30 degrees tubes) was used with standard equip-
ment (digital camera, monitor, light source) to obtain the best
view of the interior of the knees.

All material for light microscopy was fixed in 10 neutral
buffered formalin and paraffin embedded. Sections (5-7 pym
thick) were stained by the following methods: Hematoxylin-
eosin, periodic acid Schiff (PAS) with diastase digestion, Alcian
blue (pH 4.5 and 0.5), hyaluronidase procedure, Paff-Halmi,
Masson trichrome, Malory collagen, toluidine blue and Giemsa.
Following Paff-Halmi staining collagen fibers become yellow and
green and elastic fibers violet.

RESULTS

Controls

On arthroscopy all the control menisci from individuals
who died accidentally were white and firmly attached to
the capsule. Histological sections of these menisci showed
parallel, compact wavelike and longitudinally twisted col-
lagen fibers (fig. 1). Between the collagen fibers there were
rare elastic fibers, fibroblasts and fibrocytes. Alcian blue
staining revealed hardly visible acid mucopolysaccha-
rides, and PAS staining induced a negative reaction. Nu-
merous blood vessels were found only at the periphery of
the meniscus while the central part was avascular.
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Patients with a symptomatic knee

Interstitial lesions were found in all 5 menisci examined
by MRI. Arthroscopy in the majority of the patients show-
ed menisci of normal surface, and in 15 patients (25%)
obvious meniscal lesions of the bucket-handle type. In
some cases there were degenerative type lesions, some of
the horizontal cleavage type.

Histological and histochemical analysis of all of the 60
menisci showed larger or smaller degenerative lesions, 10
of which included cysts. Prominent mucoid degeneration
of the meniscus with abundant accumulation of mu-
copolysaccharides and positive Alcian blue reaction was
observed in 45 cases. Collagen fibers were broken and ir-
regularly distributed or they were absent in parts of the
focus mucoid degeneration (fig. 2). Islets of mucoid de-
generation with collagen fibers and multiple tiny elastic
fibers usually occupied the central part of the meniscus
extending towards the periphery (fig. 3).

In advanced lesions, newly formed elastic fibers were
rough and hyalinized. The morphological changes in var-
ious regions of one meniscus were different depending on
when they occurred. In some sites of mucoid degener-
ation the remains of decomposed collagen fibers could be
seen, while in others they had completely disappeared
with only islets of mucoid degeneration remaining. In
these sites the formation of delicate elastic connections
was observed with portions of mature connective tissue,
rough and hyalinized. These findings indicated that the
lesion does not affect the whole meniscus at once, but dif-
ferent parts at different time periods, resulting in mor-
phological variety. Regions with mucoid degeneration had
large numbers of chondrocytes and fibroblasts, distributed
either in clusters or individually. Lacunae with chondro-

Figure 1. Normal meniscus: Parallel, compactly distributed collagen fibers
(Paff-Halmi staining; magnification 10x).

Figure 2. Removed meniscus: Irregularly distributed collagen fibers with
mucoid degeneration (Paff-Halmi staining; magnification 10x).
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Figure 3. Degenerative meniscus lesion: Islets of mucoid degeneration
with collagen fibers and tender elastic fibers (Alcian blue; magnification
10x%).

cytes contained material which reacted strongly positive
to Alcian blue (pH 0.5 and 4.5) or negative on the PAS
method. The hyaluronidase procedure revealed no
changes. Alcian blue positive material was still present af-
ter chondroitin-6-sulphatase action, which excluded the
presence of mucopolysaccharide chondroitin-6-sulfate.
Application of chondroitin-4-sulphatase decreased the Al-
cian positive material, indicating the presence of chon-
droitin-4-sulphate mucopolysaccharides. The Paff-Halmi
staining showed multiple delicate violet elastic fibers in fo-
ci of mucoid degeneration. In the larger foci of mucoid
degeneration there were no remains of broken collagen
fibers, and the surrounding elastic fibers were rough and
irregularly distributed. In some places, the newly produced
elastic fibers were hyalinized. Signs of tissue degeneration
were found in the majority (45) of analyzed menisci (fig.
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4). In 5 cases the menisci had blood vessels with thick-
ened walls, a narrowed lumen and intimal hyperplasia.
Some blood vessels were completely obliterated and re-
sembled fibrous nodules (fig. 5).

COMMENT

Menisci are semilunar cartilaginous joint bodies which
originate from mesenchymal tissues. During the fetal pe-
riod menisci are made up of densely distributed fibrob-
lasts, and they are vascularized throughout their complete
width. After birth the blood vessels gradually retreat to the
periphery and the initial vascularization of meniscus is
maintained until the age of 9 years.? In adults blood vessels
are found only in the outer 1/5 of the menisci, the inner
4/5 being non-vascularized and supplied via the synovial
fluid by diffusion.? Transformation of mesenchymal cells
to fibroblasts and then to chondrocytes takes place in the
postnatal period. The development of chondromucoids
occurs at the age of about 8 years, which is proof of fi-
broblast metaplasia into chondrocytes.®

The inner 2/3 of menisci contains cells which correspond
to either chondroid or cartilaginous cell types. Chondro-
cytes are round or oval, with foamy cytoplasm, they are
encapsulated and they produce acid mucopolysaccha-
rides. In contrast to chondrocytes, chondroid cells are in-
capable of producing chondroitin sulfate, otherwise typi-
cal for cartilage tissue.®

Microscopically, the structure of healthy menisci is char-
acterized by wavy, parallel and longitudinally twisted col-
lagen fibers. Between the collagen fibers as well as chon-
drocytes there is a small quantity of elastic connective tis-
sue.” The amount of elastic connective tissue increases in
childhood and also during healing process after trauma.

Figure 4. Meniscus tissue degeneration with destruction in meniscus le-
sion (Hematoxylin-eosin; magnification 10x).

Figure 5. Degenerative meniscus lesion: Blood vessels with completely
obliterated lumen (Alcian blue; magnification 10%).
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Defects in menisci may result from trauma or disease
(most often degenerative), each process giving complete-
ly different lesions. Meniscus lesions are diagnosed clini-
cally, arthroscopically and by MRI, which is the most re-
liable method, especially in cases of intrasubstantial le-
sions.?? Arthroscopy and MRI may both offer significant
information about the condition of the meniscus when the
lesion is small and superficially visible, e.g. the horizontal
degenerative type of rupture, but if the lesion is within the
meniscus, the findings are positive only on MRI.?° The M-
RI was found to be in agreement with arthroscopy in 81%
of cases, showing more signs of degeneration but less tears
of the menisci than arthroscopy,’? and it can be used as
a first-line diagnostic examination in patients with suspe-
cted injuries of the meniscus or cruciate ligament.*?

Noble et al’® found that 34% of 100 menisci investiga-
ted on autopsy had degenerative lesions. The affected
menisci appeared normal on macroscopic observation
and arthroscopy, but showed severe degenerative lesions
on MRI and on histology.®? Degenerative tissue changes
were found in 45% of a series of surgically removed
menisci’®* and histologically severe degenerative changes
were found in up to 90% of these cases, causing menis-

cus fissure.’

Longitudinal fissure (bucket-handle type) occurs in
purely traumatic lesions and is more easily to observe
macroscopically, in contrast to horizontal fissure which oc-
curs as a consequence of degenerative lesions and is
visualized during arthroscopy.’>¢ Cases with traumatic
meniscus fissure lacked the change in acid polysaccha-
ride level which are characteristic of degenerative menis-
cus lesions (Lithonen et al cited by Noble).?* At least 90%
of all meniscus injuries were to a certain degree the con-
sequence of the degenerative meniscus lesions,?® and 35
of 68 removed menisci had a history of trauma.” Histo-
logical analysis revealed mucoid degeneration of menis-
cal tissue with higher levels of mucopolysaccharides in the
meniscal stroma.?” In menisci with mucoid degeneration
horizontal fissure was more frequent, while meniscal
breakage was more frequent in those with hyalinization
and acellularity. The finding of an increase in elastic fibers
replacing absent collagen fibers? corresponds to the data
of the present study. It is believed today that the increase
in elastic fibers in place of collagen fibers is the process
responsible for meniscal rupture.?®

Of the 60 cases with pain in the knee analyzed in the
present study only 15 had a history of meniscal trauma.
In the trauma cases, no mucoid degeneration was demon-
strated in meniscal tissue by applied methods, and acid
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mucopolysaccharide presence was minimal, as shown by
Alcian blue. Neither multiplication of elastic tissue nor in-
creased numbers of fibroblasts and chondrocytes were ob-
served.

The remaining 45 patients had defects which had de-
veloped while walking manifested by long-lasting pain in
the knee. The majority were in their middle age but some
were between 15 and 30 years, indicating that physical-
ly active young people were also affected. Their symp-
toms lasted 1-2 years and consisted of joint pain, an in-
dication of chronic meniscal disease. The findings of the
present study agree with statements that 45% of patients
over 40 years had moderate to severe changes on MRI
and only 22% of those under 30 years.!! Correlation of
meniscus degeneration with the age of patients showed
an increase of grade 3 and 4 lesions with advancing age.
In asymptomatic subjects, MRI shows an increasing preva-
lence of meniscus alterations which correlates with age.
Especially in subjects over 50 years, a significant number
of meniscus tears must be expected. This shows the poten-
tial danger of the use of MRI alone as a basis for the de-
termination of surgical intervention.’

In the cases in the present study, the medial menisci
were more often affected than lateral, and the right me-
dial more frequently than the left. In 10 medial menisci
cases with spontaneously developed defects, meniscal
cysts were found especially in the lateral meniscus.

In cases without a trauma history, severe degenerative
changes were found with decomposition and disappear-
ance of collagen fibers, multiplication of elastic fibers and
an abundant presence of islets of acid mucopolysaccha-
rides (strong positive reaction to Alcian blue pH 0.5 and
4.5). In the opinion of the authors acid mucopolysaccha-
rides cause meniscal interstitial lesion or rupture. When
this happens, the meniscal function changes and tension
at the meniscocapsular joint increases, resulting in pain.’
In sites with increased acid mucopolysaccharides, higher
numbers of chondrocytes and fibroblasts were found sup-
porting the theory that theses cells excrete acid mu-
copolysaccharides.

Hyalinization and acellularity of newly formed elastic
fibers indicates a long-lasting process, while in other foci
of mucoid degeneration gentle, weblike elastic fibers were
observed. Therefore, it was concluded that the process
does not affect concurrently the whole meniscus at once
and that the changes vary in relation to time of occur-
rence of the degeneration. In several cases there were
signs of meniscal tissue regeneration.
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The presence of blood vessels in the medial part of the
meniscus where they are not normally found suggests a
meniscal inflammatory process as a response to disease
or trauma.

Morphological studies indicate that the destruction of
collagen fibers with replacement by increased numbers of
elastic fibers and severe mucoid degeneration of menis-
cal tissue are the main causes of interstitial lesions or of
meniscal rupture. Symptoms may occur without menis-
cal rupture in the case of second and third degree menis-
cal degenerative changes which are also an indication for
surgery. This was the case in the majority of the patients
without clear trauma history in the present study. Histo-
logic analysis confirmed that negative macroscopicarthro-
scopic findings do not necessarily mean that there is no
meniscal defect. Lesions within the inner substance were
often found which were symptomatic and where the histo-
logic findings corresponded to the MRI findings.
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O1 unviokol, nov €aipébnkav xeipovpyikd and 60 a-
oBeveig, nhikiag 15-60 etddv, pe névo oro yévaro, ov-
yKpiBnkav pe ekeivoug nov £€aipébnkav and 12 pdp-
topeg 18-25 stddv. And tovg acBeveig, pévo o1 15/60 &i-
Xav 10TOPIKS Tpavpatiopoyl. Zuxvdtepa npooBeBAnpE-
vog itav o pgoog pnviokog tov 8sf108 yévarog ortoug
péong nAikiag aocBeveig. Iévie and tovg acbeveig nov
e€etdonkav pe MRI, Bpébnke 6u eixav Siduecesg an-
No1doeI§ Twv unviokwv. H KAVIKA ka1 pop@onoyiki (1-
oronaBoNoyIKNA Kal avocoioToXNMIKA) avdnvon £8gi8e
411 n kUp1a artia ing pri§ng twv punviokwv ritav n coBa-
poU Babpov BAsvv@dENG ek@UBAION KAl N KATACTPOPH TOYV
W@V ToL Kondaydvou pe av€non tov ap1Bpov twv ena-
OTIK®V IVAV.
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