Degenerative disease in rotator cuff tears: what are
the biochemical and histological changes?
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Abstract

The histopathological changes associated with rotator
cuff tears include thinning and disorganization of col-
lagen fibers, the presence of granulation tissue, increa-
sed levels of glycosaminoglycans, fibrocartilaginous
metaplasia, calcification, fatty infiltration, and necro-
sis of the tendon margin with cell apoptosis. The bio-
chemical changes include an increase in the expression
of matrix metalloproteinases (MMDPs) and a decrease
in tissue inhibitor of metalloproteinases (TIMP) mes-
senger ribonucleic acid expression. Histological evi-
dence of tendinopathy has been found in patients with
rotator cuff tear. Biochemical changes include signifi-
cant increases in MMP1, MMP2, MMP3, and in
TIMP1 and TIMP2 levels, not only at the lateral
supraspinatus edge, but also in the macroscopically
intact portion of the supraspinatus tendon and in the
intact subscapularis.

The tissue in the ruptured area of the supraspinatus
tendon undergoes marked rearrangement at molecular
levels. This involves the activity of MMP1, 2, and 3
and supports a critical role of MMPs in tendon
physiology. Intact parts of the torn supraspinatus ten-
don can present the histopathological changes associa-
ted with rotator cuff tears. These findings suggest that
biochemical changes can already occur in a macrosco-
pically intact tendon and seem to point to a global
degenerative process in the shoulder.
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Rotator cuff tears are a frequent cause of shoulder pain
and disability. The pathogenesis and the biochemical
changes associated with rotator cuff tears are unclear,
but they may arise from a combination of extrinsic
impingement and intrinsic alterations within the ten-
don tissue itself (1). The etiology of rotator cuff disea-
se is likely multifactorial, including age-related dege-
neration and microtrauma. Smoking, hypercholestero-
lemia and genetics have all been shown to influence
the development of rotator cuff tearing (2).

Tendons have a water content of 70%, while type I
collagen accounts for 85% of their dry weight. Cells
are scarce and those present are mostly (90-95%)
fibroblasts. The histopathological changes associated
with rotator cuff tears include thinning and disorgani-
zation of collagen fibers, the presence of granulation
tissue, infiltration of glycosaminoglycans, fibrocartila-
ginous metaplasia, calcification, fatty degeneration,
and necrosis of the tendon margin with cell apoptosis
(3-5). These changes are also present in macroscopi-
cally intact tendons in the early stage of the degenera-
tive process (3, 6). The degenerative changes at the
tendon margin can also explain the high rate of recur-
rence after surgery, even in cases with less than grade 2
fatty infilcration (4). Chronic rotator cuff tears in
elderly patients have limited healing potential and a
high risk of recurrence, even if surgically treated. In
these cases, the weak healing process seems to be pro-
duced more from the bursal side than from the tendi-
nous one. Conversely, the healing potential of small
and acute rotator cuff tears, in young people, has been
seen to be better, thanks to low rates of apoptosis and
fibrocartilaginous metaplasia and high levels of neoan-
giogenesis (3).
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Necrotic tendon tissue, fibrin and fibronectin appear
to be signs of tendon degeneration, while fibrosis and
thinning of fascicles have also been found in controls
without rotator cuff tears (7).

The biochemical changes in rotator cuff tears are yet
not perfectly known. Matrix metalloproteinases
(MMDPs), which are a family of 24 zinc-dependent
endopeptidases, play an important role in tissue remo-
deling after injury, but an excess of their activity can
lead to progressive weakening of the extracellular
matrix (ECM) of tendons. The collagenases (MMP1,
MMP8, and MMP13) are able to degrade the collagen
fibrils that confer mechanical strength on the tissue.
The gelatinases (MMP2 and MMP9) degrade smaller
collagen fragments released during the activity of the
collagenases. The activity of endogenous MMPs is
inhibited by endogenous tissue inhibitors of MMPs
(TIMPs) and the relative balance between MMPs and
TIMPs plays an essential role in tendon development,
morphogenesis and normal remodeling (8). Studies in
pathologic tendons have demonstrated an increase in
the expression of MMPs and a decrease in TIMP
mRNA expression in tenocytes (9-11).

Castagna et al. (12), in a study of 13 patients, found
that levels of MMPs 1, 2, and 3 were altered not only
at the edge of the torn supraspinatus tendon, but also
in areas far from the lesion and in the arthroscopically
and histologically healthy subscapularis tendon. This
suggests that biochemical changes, such as an increase
in MMDPs, can already occur in macroscopically intact
tendon. There were no significant differences in MMP
and TIMP values between the supraspinatus tendon
tear area, the medial macroscopically healthy area of
the supraspinatus tendon and the subscapularis ten-
don used as a control. The levels of MMPs 1, 2, and 3
and TIMPs 1 and 2 were significantly greater at the
lateral edge of the torn supraspinatus tendon, as well
as in its intact medial portion and in the healthy sub-
scapularis tendons, compared with the levels of MMPs
8, 9, 10, and 13. No significant differences in the
levels of TIMPs 1 and 2 were found between the spe-
cimens assessed. These findings seem to point to a glo-
bal degenerative process in the joint. These changes
could be the pathogenic precursor of a subsequent tear
or a tendinopathic process occurring in the rupture
area and extending to the portion of the tendon

medial to the site of rupture. Lakemeier et al. (13) sho-
wed that MMPs 1, 3, and 9 were also increased in
degenerated long head of the biceps tendon in the pre-
sence of rotator cuff tears.

TIMPs 1, 2, and 4 are present in the tissue matrix and
in the blood, while TIMP3 is present only in the ECM.
TIMPs have several functions. They can inhibit MMPs
and regulate angiogenesis and cellular growth (14). The
balance between MMPs and TIMPs plays a crucial role
in tendon development, morphogenesis and remode-
ling (15). In tendinopathy with chronic rotator cuff
tear, MMPs are increased and TIMPs are decreased
(16), while in small rotator cuff tears and in young peo-
ple both MMPs and TIMPs are increased. Tajana et al.
(17) demonstrated a correlation between MMP2 and
MMP?9 in the synovial fluid and the severity of rotator
cuff disease. TIMP1 may be upregulated in acute tears
as an early marker of ECM remodeling (18).

It has been shown that tendon tissue can actively secre-
te pro-collagenase, an enzyme that, once activated, is
capable of remodeling collagen, the major connective
tissue component of tendon. Collagenase was produced
even in unstimulated cultures, although the concentra-
tions of TIMPs were usually greater than those of colla-
genase in most samples. Some activation of collagenase
appeared to have occurred. These results indicate that
tendon tissue cells are capable of producing a remode-
ling response even in end-stage tendon disease (9).
Recent studies suggest that MMPs could play a role in
the inflammatory process through cytokines such as IL
1,4,6, and 10, TNE and GF which can increase the
synthesis and release of neoepitopes from the ECM
(19). Inflammatory cytokines are involved in pain and
tendon healing. Pain in tendinopathy could be media-
ted by substance P (SP), a neurotransmitter, which can
modulate the genic expression of MMPs and TIMPs
in fibroblasts. SP is implicated in the healing process
and, when administered exogenously, appears to
increase fibroblastic proliferation and tendon healing.
Patients who develop a frozen shoulder after a rotator
cuff repair have higher plasma levels of SP than
patients with a good postoperative outcome (20).
High levels of inflammatory cytokines, metalloprotea-
ses (MMP1 and MMP9), and cyclooxygenases, known
to produce a catabolic environment, are present in the
subacromial bursa of patients with rotator cuff tear,
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emphasizing the importance of subacromial bursec-
tomy to reduce inflammation in cuff tears (21, 22).
Some experimental studies have shown that the
mechanical properties of tendons can be altered by the
use of MMP inhibitors, such as certain antibiotics
(e.g. doxycycline) and some bisphosphonates. MMP
inhibitors, additionally, could help to increase the
strength of the tendon repair. Indeed, sutures coated
in doxycycline model have been successfully tested in
a rat model (23).

After acromioplasty, higher levels of growth factors
(GFs), such as PDGF, TGF-bl, and EGFE have been
found in the subacromial bursa than in the peripheral
blood. These molecules may have a role in the tendon
healing process. Specifically, platelet-derived GFs have
been shown to improve rotator cuff healing (24), even
though more clinical trials are necessary to show the
real efficacy of these platelet concentrates in tendon
healing. Promising future clinical therapeutic applica-
tions could also derive from the presence of stem cells
in rotator cuff and long head biceps tendons (25).

In conclusion, better knowledge of MMPs and TIMPs
and more informed use of platelet concentrates and
stem cells could open the way for a better strategy to
optimize outcomes in rotator cuff tear therapy.
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