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SUMMARY them, there are thin tenocytes, arranged longitudi-
nally, again parallel to the tendon long axis. Nor-
Insertion tissue biopsies of right arm commormally, tendon fibers are composed of collagen fib-
extensor tendons from 11 patients with chronic latrils embedded in a matrix of proteoglycans, gly-
eral epicondylitis were processed for light anccosaminoglycans and water (Reae al, 1981;
electron microscopy. The subjects were ageWoo et al, 1994; Teitzet al, 1997; Kraushaaet
between 38 and 54 years (only one was 25). Ttal., 1999).
specimens showed a variety of structural change With the ageing process, tendon tissue can under-
such as biochemical and spatial alteration of collego particular morphological changes, mostly rep-
gen, hyaline degeneration, loss of tenocytes, fibrcresented by an increase in intercellular matrix,
cartilage metaplasia, calcifying processes, neovalarger collagen fibre appearance, and a decrease in
cularization and vessel wall modifications. Tissueelastic fibre number. An increase of glycosamino-
alterations were evident in limited zones of theglycans (GAG) also occur (Ippolitet al, 1980;
tendon fibrocartilage in which the surgical resec.Chardet al, 1994; Tuiteet al 1997). Benazzet
tion was generally visible. The areas where thal. (1996) in a study on athletes undergoing surgi-
degenerative processes were localized, weical exploration of Achilles and patellar tendons,
restricted and in spatial contiguity with morpho-observed a return to full activity in 79% of the
logically normal ones. younger patients, where a minor degree of tendon
The observed cases presented histological ardegeneration was present.
electron microscopic findings that characterize lat Mechanical load is regarded as the most impor-
eral epicondylitis as a degenerative phenomenctant etiologic factor in disorders affecting human
involving all tendon components. tendons (Kharet al, 1999; Movin, 2000) and
important changes affect tendon tissue in patholo-
gies such as lateral epicondylitis (Organal,
INTRODUCTION 1997; Kraushaar and Nirschl, 1999).
Previous studies correlated the term “tendon
Normal tendons contain bundles of I-type collagetinflammation” to lateral epicondylitis; now “tendi-
oriented along the long axis of the tendon; amonnosis” is more correctly used, implying tendon
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degeneration in the absence of clinical or histologrespectively),Alcian blue at acid pH (to show
ical signs of an inflammation (Goldie 1964; Nirschl GAG) and toluidine blue (for metachromasia).
1988; Nirschl 1992; Jozsa and Kannus, 1997;-Mail For TEM examination, fragments were size-
fulli et al, 1998; Kraushaaet al, 1999). reduced, fixed with 2.5% phosphate feufglu
Recent reports underlined the presence of vasctaraldehyde, post-fixed with 1% OsgQGalcohol
lar proliferation and focal hyaline degeneration.dehydrated and embedded in aralditén sections,
These aspects, together with patient insensivity tstained with uranyl acetate and lead citrate, were
anti-inflammatory therapysupport the hypothesis observed with a Philips CM10 electron microscope
of a degeneration process, rather than an inflanat 80 kV
matory one (Coonraét al, 1973; Regaret al,
1992; Leadbetterl992; Mosiekt al, 1999).
Pre-sugical magnetic resonance imaging <on RESULTS
firmed histological patterns (Chaetdlal, 1994; Gal _
liani et al, 1997; Gallianiet al, 1998) in terms of ~Large area LM observations allowed the detec
tendon tissue degeneration and progressive micrtion of tissue lesions and changes, whileM
disruption of collagen fibreSo date, more powerful 9ave a more detailed insight of tendon component
technical approaches, such as ultrasonogragity modlflcatlonsT he characterl_stlc pathological pat
further information to tendon pathology understand € present in all the examined cases was hyaline
ing (Potteret al, 1995;Astromet al. 1996; Pfahler degeneration. It seemed tdeaf collagen fibres,
et al. 1998: Paavolat al. 1998 Kartuset al which revealed the classic “glassy” aspect, and
20003. ' ’ ’ " appeared size-increased and focally more homo
Evidence of tendon degeneration has beedeneous, frequently losing their periodicithis
referred to virtually all human tendorccording feature is commonly correlated to the decreasing

to Kainbeger etal.(1997), tendons show dfent cell number and collagen fiber stainability (Maf

i . . fulli et al, 2000) (Fig. 1a).
T e o 128 I pater, (251) Wi s of olagen-ree
i cell matrix and neoformed capillaries, as well as
secondary degeneration.

; . W . Y areas containing calcium concretions, were evident
Epicondylitis, also known as “tennis elbow” (later

; " . ) (Fig. 1b). These calcium deposits did not always
al epicondylitis) can not be exclusively associated tqiai el with the von Kossa method, and this may
mechanical, sport-dependent, insults (Guidotti .

. > A\ indicate that the mineralization stage was still in
1992), but a less serious form of tendinosis is ev progress (Charét al, 1994). Needle-like crystals

dent in subjects frequently carrying heavy loads. 5155 appeared in tenocytes, probably associated with
In this studytendon biopsies were analysed frommitochondria (Fig. 2a) as previously described
11 subjects involved in a variety of professiona\(Regamt al, 1992; Gallianet al, 1997).
jobs (i.e. truck drivers, typists and others) all’ progressive calcification, here described both with
undegoing sugery. Fragments, from hand cem | M andTEM, had been previously identified in this
mon extensor tendons were studied by light (LM case also by radiography (data not shown). It
and electron (TEM) microscopy appears in ageing tendons, and is commonly con
sidered a sign of degeneration (Ippoéital, 1980).
In another case (patient G., 42 yr), hyaline degen
MATERIALS AND METHODS eration involved wide areas of tendon tissue,-char
acterized by evident morphological and histo
Hand common extensor biopsies were withdrawichemical changes, which appeared as pale-blue
and fixed immediately after syery For LM, frag  regions with abnormal collagen and matrix 4pro
ments were fixed with 10% formaldehyde, alcoho duction. Close to the ggical resection site, cavi
dehydrated and embedded in pfnaf ties appeared among collagen fibres and within
Histological examination was performed by mean:fibrocartilage, filled with necrotic debris and small
of staining withAzan-Mallory (specific for collagen concretions undgoing calcification (Fig. 1c).
fibres), Weigert- picric acid (dferentially staining  In another patient (S., 41 yr), damaged chondro
elastic and collagen fibrils, in brown and yellow cytes, surrounded by strongly dilated niches,
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Fig. 1 - Hyaline degeneratiori]) and decreasing cell number (a). Calcium concretioparfd areas with increasing intercellular
matrix, with neoformed capillaries]() (b). Hyaline degeneratiof surrounding cavities with necrotic debris and micrecon
cretions 0) (c). Metaplastic cartilage (d). Damaged chondrocytesge laiches({l) (e). Collagen fibril size variability and frag
mentation (f). Bar: 5um (a, b, ¢, d, f). Bar: 28n (e)Azan-Mallory (a,c,d,e,f) and toluidine blue (b) stain.
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d;.__ i
Fig. 2 - TEM observation of tendon. Needle-like, electron-dense crystals in tenocyte cytoplasm (a). Mineral crystaibe
extracellular space, along collagen fibrils (Bhickened nuclear lamin&l() in epicondylitis tenocytes (c and d). Bar: Oj28.
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could be notedTherefore, metaplastic cartilage their possible quantitative variations is still in
was probably formed - as also revealed in otheprogress. Howevewhen the spatial ganization of
cases - characterized by cells enclosed igelar the collagen fibres is altered, the elastic fibres also
cavities, containing a homogeneous matrix (Figundego a deep spatial rearrangement (Fig. 4e).
1d,e). In this casd,EM evidentiated the presence When peritenonion septa, which, in physiotogi
of calcium crystals along collagen fibrils (Fig.)2b cal conditions, draw vessels into the inner tendon,
possibly representing an early stage of the calciulappear at LM, a number of vessel wall alterations
deposition phenomenon. can be seen, also generating their obliteration (Fig.

Tenocytes also occasionally showed thickene4 f,qg).
nuclear lamina (Fig. 2c), comparable to that obsen
able in other patients (Fig. 2d) and previously report
ed in phlogistic chronic diseases and tendon sheeDISCUSSION
tumour (Ghadiallyet al, 1980; Boghetti et al,

1995; Gallianiet al, 1998; Goldbey et al, 1999; In the present studglose to all observed speci
Hutchinsoret al, 2001). men areas, normal regions could be carefully

Sometimes, tenocyte nucleus displayed the typicianalysed, which represented a basis for compari
chromatin changes suggestive of apoptosis (Fig. 3zsson with normal tissue morpholagy

In caseV. (48 yr) hyaline degeneration occurred The degenerative process underlined by LM and
again and collagen fibres appeared size-variabl TEM affects all tendon components, i.e. teno
waved, separated and occasionally fragmentecytes, collagen fibres and extracelllar matrix.
(Fig. 1f). Characteristic collagen fibril scarcity and Most important structural changes lead to a gener
extracellular matrix abundance have been alsal alteration of tendon ganization, particularly
demonstrated byEM (Fig. 3b). concerning collagen and matrix.

In some casedcian blue specifically stained a Hyaline degeneration is present in numerous and
pericellular area in fibrocartilage (Fig. #adicat  wide biopsy areas. Collagen bundles reveal a deep
ing a marked proteoglycan reaction histochemical alteration which determines fibril

TEM observations (Fig. 3c) showed altered eollathickening and homogeneity as well as their
gen bundles which appeared focally resistant also ‘scarce stainability to LM antEM methods.
electron microscopy stains, thus suggesting the The fibrils do not form fascicles and often are
biochemical rearrangement (Petzal, 1995; Birch  visibly fragmented into short segmeni$e loss
et al, 1999). of collagen fibre gganization &ects the function

Case D. (47 yr) presented the strongest and mcof tendon , and, particularlits responsiveness to
diffuse signs of degeneration. Normal tendon tissutension stimuli, which is closely dependent or ten
was indeed replaced by compact altered collagedon collagen component.
fibres (Fig. 4b) ardifferently by anAlcian blue pos Further damage is caused by cartilage metaplasia;
itive collagen network, with a wide interposed cellin some cases, with the progressive tendon degener
matrix (Fig. 4c). Numerous small necrotic cavitiesation and concomitant loss of function, we have
were also observable and the fibrils appeared fraffound that the cartilage metaplasia results in fibro
mented into short segmenddso TEM analysis con  cartilagineous changes it was characterized by teno
firmed deep cell alterations (Fig. 3d). cyte rounding and pericellular expression of GAG.

The last cases (B9 yr; G.,49 yr; B., 47 yr) showed Cells appeared included in d&r niches, containing
patterns of hyaline degeneration, irregularly spaceeven more than four celldhen compared to
collagen fibrils, fibrocartilage niches containing degenerative mechanism related to collagen fibre
damaged chondrocytes and little cavities filled wittrearrangement, cartilage metaplasia can be consid
necrotic debris (Fig. 4d). ered as an intermediate stage, which reduces tendon

Elastic fibres, as identified by specififeigert mechanical resistance and increases its fragility
technique in parfih embedded sections aiddEM  (Wrenet al, 2000).
analysis (data not shown), are the only tendon-con Age-related changesfatting the collagen com
ponent which does not seem to uigderelevant ponent, have been described by Raéwl.(1994)
morphological changes, even if the evaluation oin rotator cuf adult tendon, where GAG compesi
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Fig. 3 -TEM features in epicondylitis tendon tissdlenocyte with apoptotic-like chromatin nuclear changes(g).Abundant
extracellular matrix within collagen fibril$1) (b). Focally unstained, modified collagen fibrilS)((c). Deeply altered tenocyte
(d). Bar: 0.50um.
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Fig. 4 - Fibrochondrocyte pericellular positivity to proteoglycains) (&). Very strong alterations of tendon morphology (b).
Diffuse proteoglycans reaction (c). Small necrotic cavities and damaged chondriddyte} Visible spatial rearrangement of
elastic fibres (), stained withWeigert-PicricAcid (e). Vessel obliteration and wall alterations (f,g). Bar@5 (a, d, e, f, g).
Bar: 50um (b, c).Alcian blue (a,c)Azan-Mallory (b,d,f,g) andVeigert-picric acid (e) stain .
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tion was studied, to score its change with ageintive tissue cells (Hashimotet al, 1998; Kouriet

and inflammatory processefhese authors also al., 2000), few reports are available about its role
analysed specimens from “supraspinatus” anin tendonApoptosis seems indeed to occur in this
“biceps” and the corresponding values of chontissue too, after injury (Kakest al, 1998) or in
droitin sulphate, keratan sulphate, dermatan sudevelopment (Sulilet al, 2001).We suggest that
phate and hyaluronic acid, but the results are n«this could be correlated to a tissue response to a
comparable to one another chronic pathological condition. In any event, mor
Complex interactions relate cell and matrix, ancphological features have to be confirmed by- bio

it could be hypothesised that repeated damacchemical or flow-cytometric analysis, giving {fur
leads to matrix synthesis alterations and alse prcther information, particularly concerning cell DNA
duces an irregular spatialgamisation, rich in cel ~ (Falcieriet al, 2000).

lagen fibres (Holmest al, 2001). To conclude, the observed cases present-histo
Alterations in fibrocartilage, which represents thelogical and electron microscopic findings that
terminal tendon portion close to bone insertioncharacterize lateral epicondylitis as a degenerative
have been detected by LM findings. NumerousPhenomenon, involving all tendon components. In
small cavities, filled with necrotic material, appearaddition, in people who do not practice sports, lat
indeed among tenocyte-chondrocyte rows. pan-€ral epicondylitis is ca_used by repetitive injuries
aged chondrocytes are also frequently observablthat arouse chronic microtraumatic events in the

In the present studyhe vascularity in tendinosis t€ndon tissue (Clemenés al, 2001).
was frequently abnormal. Blood vessels appeare
to be indeed deeply altered and were frequentl
obliterated.These patterns could justify them
selves, the tendon degeneration or disruptio
(Uhthoff et al, 1976;Wirth et al, 2000).

The thickening of the nuclear lamina, already
described by others (Ghadiaélyal, 1980; Boghet
ti et al, 1995) and ourselves (Galliagti al, 1998),
represents an unusual and interesting pattern. Perif
eral Igmlna is a compone_nt of the nuclegr matnx’,REFERENCES
proteic structure supporting and regulating nuclez
shape and functions (Berezney andf&pf1977; Astrom M., Gentz C.F Nilsson B RausingA., Sjobeg S.,

Falcieri et al., 1992). In particularit supports the andwestlin N.: Imaging in chronic achilles tendinopathy: a
nuclear envelope and, on the other hand, allowcomparison of ultrasonographyagnetic resonance imaging

chromatin attachment. Moreoveit mediates grlldl Su?iéald-ﬁ?;éngi5i22(2)7 1g§é0'09i0a”y verified cases.
nuclearcytoplasmic molecular tré€, being spatial eletal Radiol25, 615-620, 1996.
ly and functionally correlated to nuclear pore eom Beréazzo F,hSten_nardﬁlG., amﬂallri]M-: Achilles Sncg] patellar

H H ten |nopat les In athletes: pat ogenesis angi rtreat
plexes (Goldbey et al, 1999).The significance of o0 or e 0 L Disea, 236-240, 1996,
its peculiar alteration, here described in a number _ _
patients undeping epicondylitis, is still unclea®n Eféeégylg-% ?”d Cigly D.: Nuclear matrixJ. Cell Biol.73,
the other hand, the nuclear lamina represents a hig"~ "> " '
ly dynamic structure, possibly deeply modified byBirch H.L., Bailey J.V, BaileyA.J., and Goodshif.E.: Age-
chronic diseases (Hutchinset al, 2001), such as related changes to the molecular and cellular components of

. . . ? SN equine flexor tendons. Equitvet. J. 31, 391-396, 1999.

epicondylitis. Further studies are in progress t _ _
investigate, together with lamina ultrastructurat fea Borghetti P, Della Salda L., Déngelis E., Maltarello M.C.,

: : P : Petronini FG., Cabassi C., MarcatoS?, Maraldi N.M., and
tures, its possible qualitative changes, in terms (BorghettiA.:Adaptative cellular response to osmotic stress in

distribution of lamins (A, B, C), its main compo pig articular chondrocytedissue CelR7, 173-183, 1995.
nznts't tic feat in t t | h Chard M.D., Cawstorm.E., Riley G.R Gresham G.A., and
_Apoptotic Teatures In tenocytes also ShOW. alyazileman B.L.: Rotator cufdegeneration and lateral epi
Intriguing patterr}AIthough this phenomenon has condylitis: a comparative histological stuéyin. Rheum. Dis.
been described in chondrocytes and other cennes3, 30-34, 1994.
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