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Abstract

The aim of this study was to investigate the involvement of apoptosis (programmed cell death) in the pathogenesis of rotator cuff
disorders. The edges of torn supraspinatus rotator cuff tendons were collected from patients with rotator cuff tear (n = 25). Samples
of the intra-articular portion of subscapularis tendons were collected from patients without rotator cuff tear as control (n = 6). To
minimize individual variance, we also collected six pairs of supraspinatus tendon and subscapularis tendon from six patients with
rotator cuff tears. Apoptosis was detected by in situ DNA end labelling assay and DNA laddering assay. Immunohistochemical
staining was performed to identify cells undergoing apoptosis. Control subscapularis tendon had normal morphology. Tendon from
torn supraspinatus rotator cuff showed significant mucoid degeneration. Within the areas of degeneration, there were large numbers
of apoptotic cells. The percentage of apoptotic cells in the degenerative rotator cuff (34%) was significantly higher than that in
controls (13%) (p < 0.001). The excessive apoptosis detected in degenerative rotator cuff tissue was confirmed by DNA laddering
assays. This is the first report of excessive apoptosis in degenerating rotator cuff tendon. Cells undergoing apoptosis in rotator cuff
were mainly fibroblast-like cells. These finding indicate that apoptosis may play an important role in the pathogenesis of rotator cuff

degeneration. © 2002 Orthopaedic Research Society. Published by Elsevier Science Ltd. All rights reserved.

Introduction

The rotator cuff is the primary dynamic stabilizer of
the shoulder joint and is placed under significant stress
during overhead sport and contact sport [7]. Rupture of
the rotator cuff results in significant pain and difficulty
with overhead activities. In clinical practice, a ruptured
rotator cuff tendon rarely heals without surgical repo-
sition [23]. The causes of failure of rotator cuff tendon
are undetermined. Degenerative changes have been
found in the tendon matrix of ruptured rotator cuff
[6,28,41,43]. Mucoid degeneration and loss of mechan-
ical strength are early changes in a rat rotator cuff
overuse model [12]. Despite the clinical significance of
tendon degeneration, the degenerative processes are
poorly understood from a cellular and molecular per-
spective [26].

Apoptosis, or programmed cell death, is an impor-
tant component of embryogenesis, organogenesis, and
tissue morphogenesis as well as in the maintenance of
homeostasis in many adult tissues [17,51]. It is a physi-

*Corresponding author. Tel.: +61-2-93502827; fax: +61-2-
93503967.

E-mail address: murrell.g@ori.org.au (G.A.C. Murrell).

ological process contributing to the control of cell
population [34]. Apoptosis removes damaged or virus-
infected cells and is essential for the regulation of nor-
mal development. For example, millions of autoreactive
T and B lymphocytes produced by the immune system
are eliminated by apoptosis every day. However, un-
controlled apoptosis may be pathogenic. Excessive
apoptosis is associated with neurodegeneration [25],
osteoarthritis [2,14,33] and rheumatoid arthritis [4].
Impaired apoptosis is also characteristic of cancer [10].
The involvement of apoptosis in tendon degeneration
has not been evaluated. The aim of this study was to
examine the involvement of apoptosis in rotator cuff
tendonopathy.

Materials and methods
Reagents

Potassium acetate, phenol:chloroform:isoamyl alcohol (25:24:1,
v:v:v), chloroform:isoamyl alcohol (24:1, v:v), 3 M sodium acetate,
Tris—-HCI and EDTA were purchased from Sigma Chemical Co. (St
Louris, Missouri, USA). DNase-free RNase, RNase-free DNase, ter-
minal transferase enzyme (TdT), cobalt chloride, proteinase K and
biotinylated-11-dUTP were obtained from Roche Molecular Bio-
chemicals (Mannheim, Germany). Streptavidin-HRP, streptavidin
peroxidase, diaminobenzidine tetrahydrochloride (DAB) solution,

0736-0266/02/$ - see front matter © 2002 Orthopaedic Research Society. Published by Elsevier Science Ltd. All rights reserved.

PII: S0736-0266(02)00075-X

40
41
4
43
44
45
46
47
48
49
50
51
52
53


mail to: murrell.g@ori.org.au

Pt e o o ek ek
DO = = e e ek
SOOI NPR W

ORTRES 365 ARTICLE

22 May 2002 Disk used

IN PRESS No. of Pages 8, DTD=4.3.1

SPS, Chennai

2 J. Yuan et al. | Journal of Orthopaedic Research xxx (2002) xxx—xxx

Target Retrieval Solution, LINK solution, anti-human macrophage
antibody (CD68), and anti-human fibroblast antibody were obtained
from DAKO Corporation (Carpinteria, CA, USA). [0*?P]-ddATP was
purchased from GeneWorks Pty Ltd. (Adelaide, SA, Australia), and
30% (v/v) H,O,, sucrose, and ammonium acetate from Merck Pty Ltd.
(Whitehouse station, NJ, USA).

Patients and tissue collection

Human tissue collection was approved by the South Eastern Syd-
ney Area Health Service Ethics Committee, Australia. As illustrated in
Table 1, 25 supraspinatus rotator cuff tendon samples were collected
from patients with rotator cuff tear undergoing shoulder surgery. The
mean age of the rotator cuff ruptured patients was 61 years (age range
32-86 years). The samples consisted of the edges of torn supraspinatus
tendon excised prior to surgical reattachment. The rotator cuff repair
surgery was performed via a deltoid splitting approach. The size of the
tear was recorded at the time of the operation. As a control, six
samples of subscapularis tendon were collected from patients under-
going arthroscopic shoulder surgery for shoulder stablization without
rotator cuff tear. The absence of a rotator cuff tear in these patients was
confirmed by arthoscopic examination. The mean age of the rotator
cuff normal patients was 24 years (age range 17-57 years). Six pairs of
subscapularis tendon tissue and degenerating supraspinatus tendon
tissue were also collected from six supraspinatus rotator cuff ruptured
patients (age range 35-86 years, mean age 66 years).

The subscapularis tendons were harvested arthroscopically from
the superior border of the tendon 1 cm lateral to the glenoid labrum.
The supraspinatus tendons were harvested from the torn edge of su-
praspinatus during the open portion of the surgery prior to surgical
repair. The tendon tissues were snap frozen and stored at —70 °C until
DNA extraction was performed. For immunohistochemical staining
and in situ DNA end labelling assays, the tissue samples were imme-
diately fixed in 10% (v/v) formalin for 4-6 h and then embedded in
paraffin.

In situ end labelling of fragmented DNA

One of the early features of apoptosis is DNA cleavage in cell
nuclei [52]. In our study, DNA cleavage was assessed by the terminal
deoxynucleotidyl transferase (TdT) mediated dUTP-biotin nick label-
ling reaction, using a modified method described by Gavrieli et al. [20].
In brief, paraffin sections of tendon tissue (3 um thick) were carefully
dewaxed with xylene and graded ethanol, and dehydrated in TBS
buffer (20 mM Tris—-HCI pH 7.6, 140 mM NacCl) for 15 min. The tissue
was digested with 20 pg/ml proteinase K for 10 min at room temper-
ature, incubated with 3% (v/v) H,O, to inactivate endogenous per-
oxidase, and equilibrated with TdT buffer (30 mM Tris-HCI pH 7.2,
140 mM sodium cacodylate, | mM cobalt chloride). Fragmented nu-
cleic DNA on each section was end labelled with biotinylated-11-
dUTP using TdT for 90 min at 37 °C. After incubation with strepto-
avidin-HRP for 30 min at room temperature, the colour was developed
with DAB solution for 5 min at room temperature. Cells were
counterstained with Harris haematoxylin. Negative controls consisted
of slides incubated with reaction mixture lacking TdT enzyme. Positive
control slides were included in each assay. These were generated by
DNase (0.5 p/pl) digestion of tendon tissue for 20 min at room tem-
perature. Positive nuclei stained brown and negative nuclei stained
blue. The percentages of apoptotic cells in tissue sections were assessed
by two researchers blinded to the source of tissue. In each section,
counts were made of 500 cells distributed in each of three areas with

distinct morphological appearances. The degenerative tendon tissue
mainly contained collagen fibers [16,29] (<100 fibroblast-like cells per
0.04 mm?), granular material (proteoglycans and glycosaminoglycans),
proliferative fibroblast-like cells [29] (>100 fibroblast-like cells per 0.04
mm?) and vascular tissue [16,29].

Analysis of DNA fragmentation by agarose gel electrophoresis

The DNA laddering assay was performed to determine if there
were DNA laddering patterns characteristic for apoptosis [49]. To
extract sample DNA, the tissue was milled to a fine power in liquid
nitrogen using a mortar and pestle and lysed in a lysis buffer containing
300 mM Tris—HCI (pH 8.0), 100 mM sodium chloride, 20 mM EDTA,
200 mM sucrose and 0.5% (v/v) sodium dodecyl sulfate (SDS) at 65 °C
for 30 min. 8 M potassium acetate was then added to the reaction mix
and incubated on ice for 60 min. Samples were centrifuged at 5000 x g
for 10 min at 4 °C. The supernatant was extracted with an equal
volume of phenol:chloroform:isoamyl alcohol (25:24:1, v:v:v) and
chloroform:isoamyl alcohol (24:1, v:v). The upper aqueous phase was
collected and precipitated by addition of 2.5 x volume ice-cold 100%
(v/v) ethanol. The precipitated nucleic acids were collected by cen-
trifugation at 14,000 x g for 30 min at 4 °C. RNA was removed by
incubation of the extract with DNase-free RNase. The DNA sample
was reprecipitated, resuspended in purified water and quantitated by a
spectrophotometer at 260 nm. To label the extracted sample DNA, 500
ng DNA was incubated with a reaction mixture containing 1 pl (25 U)
TdT, 5 x TdT buffer, 1 mM cobalt chloride, and 5 pl [o*>P]-ddATP (17
pmoles; 50 uCi) for 60 min at 37 °C. The reaction was terminated by
0.25 M EDTA (pH 8.0). Unlabelled radioisotopes were removed by 2
cycles of ammonium acetate precipitation. Labelled DNA was frac-
tionated on a 2% (w/v) agarose gel at 50 V for 3 h. The gel was dried in
a slab-gel drier (SGD 2000, Savant, Farmingdale, NY) for 2 h and
subsequently exposed to an X-ray film.

Immunohistochemical identification of tendon cells

CD68 and anti-human fibroblast antibody were used as makers for
macrophages and fibroblasts respectively. Paraffin sections were de-
waxed with xylene and graded ethanol. Antigen retrieval was achieved
using DAKO Target Retrieval Solution as per the manufacturer’s in-
structions. Endogenous peroxidase activity was scavenged with 3% (v/
v) H,0,, and non-specific antibody binding blocked with 10% (w/v)
milk in TBS buffer for 15 min. Tissue slides were incubated with pri-
mary antibody (CD68 or anti-human fibroblast antibody) diluted 1:50
in 1% (w/v) BSA/TBS at room temperature for 60 min. After two
washes, slides were incubated with DAKO LINK solution consisting
of biotinylated anti-mouse and anti-rabbit Ig. The slides were washed
and incubated with streptavidin-peroxidase, followed by extensive
washing and exposure to DAKO liquid DAB for 5 min. Finally, the
sections were counterstained with haematoxylin. An irrelevant mouse
monoclonal antibody was included in each assay as negative control.

Statistical analysis

All values in the test and figures are expressed as mean + SEM of n
observations. Statistical analysis among the different areas in degen-
erative rotator cuff group was performed using analysis of variance
(ANOVA). Statistical comparison between normal subscapularis ten-
don and degenerative supraspinatus tendon from the different patients

Table 1
Clinical characteristics of the patients
Tendon samples Condition of Number of Age Sex History of trauma Duration of symptoms
group patients (M/F) +/-) (months)
Subscapularis tendon Control 6 25+8 4/2 4/2 10£3
Supraspinatus tendon Rotator cuff tear 25 61 +3 16/9 18/7 18+4
Paired supraspinatus and Rotator cuff tear 6 63 +£8 3/3 3/3 20£2
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was performed using unpaired two-tailed Student’s z-tests. Statistical
analysis of subscapularis tendon and supraspinatus tendon from the
same rotator cuff ruptured patients was performed using paired two-
tailed Student’s t-tests. The confidence limit was predetermined at an
alpha level of 0.05.

Results
Apoptosis in ruptured rotator cuff tendon

With the in situ DNA end labelling method, apop-
totic cells stain dark brown, the negative cells stain blue.
Sections of rotator cuff tendon prepared with the omit-
ted TdT enzyme showed a blue colour (Fig. 1a), con-
firming that there was no non-specific binding.

Subscapularis tendon had a normal appearance with
a dense collagenous matrix interspersed with normal
fibroblast-like cells. Only a few of the cells stained
brown (Fig. 1b). Tendon from torn supraspinatus ten-
don had mucoid degeneration. There were changes in
the cellular components, collagen fibers and blood ves-
sels that were visible by hematoxylin and eosin (H&E)
staining on light microscopy. This histological appear-
ance was similar to that described by Kannus and Clark
[16,29]. In our study, a large number of dark brown cells
was found in section of degenerative supraspinatus
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tendon (Fig. 1c and d). The apoptotic cells were evenly
distributed in tendinous, cellular and peri-vascular areas
in the degenerative supraspinatus tendon.

There were no significant differences in the propor-
tions of apoptotic cells among the tendinous, cellular
and vascular areas of the degenerative supraspinatus
rotator cuff tendon group (30% vs 37% vs 34%,
p = 0.27). Therefore, we combined data from these three
areas to provide a single mean value for the percentage
of apoptotic cells in each supraspinatus tendon sample.
As shown in Fig. 2, there was more than a twofold in-
crease in the percentage of apoptotic cells in supra-
spinatus tendon (34%) compared with subscapularis
tendon (13%). To evaluate the apoptosis in normal and
degenerative tendon from the same host, paired tissue
samples from the edges of degenerative torn supraspin-
atus tendon and normal subscapularis tendon were
collected from rotator cuff ruptured patients. The per-
centage of apoptotic cells in the degenerative tissue
(36%) was significantly higher than that in the normal
tissue (21%) (p < 0.001) (Fig. 3). To evaluate the
amount of apoptosis in normal tendon tissue under
different shoulder conditions, normal subscapularis
tendon tissue was collected from rotator cuff normal
patients and rotator cuff ruptured patients. There was a
significantly higher percentage of apoptotic cells in

Fig. 1. Apoptosis in rotator cuff tendon was assessed by in situ DNA end labelling assay. (a) Negative control section of degenerative supraspinatus
tendon tissue from a ruptured rotator cuff patient generated by omitting TdT from reaction. (b) Subscapularis tendon from a rotator cuff normal
patient showing only a few apoptotic cells. (c) A large number of apoptotic cells were identified in degenerative supraspinatus rotator cuff tissue

(arrows). (d) High-power view of boxed area in (c).
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Fig. 2. Comparison of proportion (%) of apoptotic cells in supra-
spinatus rotator cuff tendon (RCT) from rotator cuff ruptured patients
and subscapularis tendon (control) from rotator cuff normal patients.
All tissues were stained by DNA end labelling assay. Blinded assess-
ment of percentage of apoptotic cells was performed. In each section,
500 cells were counted in tendinous, cellular and vascular areas.
Mean + SEM, n =25 for RCT group, n =6 for control group.
**p < 0.001 when compared with control group using unpaired two-
tailed Student’s 7-tests.
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Fig. 3. Comparison of proportion (%) of apoptotic cells in supra-
spinatus rotator cuff tendon (RCT) and normal subscapularis tendon
(RCN) from the same patients. Paired RCT and RCN were collected
from the same rotator cuff ruptured patients. All tissue was stained by
DNA end labelling assay, and the percentages of apoptotic cells were
calculated. Mean + SEM, n =6 for each group. **p < 0.001 when
compared with RCN group using paired two-tailed Student’s #-tests.

subscapularis tendon tissue (21%) taken from rotator
cuff ruptured patients than from rotator cuff normal
patients (13%) (p < 0.05) (Fig. 4).

Excessive apoptosis detected in degenerative rotator
cuff tissue were confirmed by the DNA laddering assay.
Degenerative supraspinatus tendon samples from rota-
tor cuff ruptured patients not only showed excessive
apoptosis by DNA end labelling assay but also showed a
characteristic DNA ladder pattern on agarose gel. DNA
extracted from subscapularis tendon did not show this
pattern (Fig. 5a). To minimize variance caused by in-
dividual differences, the same methods were used to

mal patients. Subscapularis tendon tissues collected from the patients
with (+RCT) or without (—RCT) rotator cuff tear were stained by
DNA end labelling assay. The percentage of apoptotic cells was cal-
culated. Mean + SEM, n = 6 for +RCT group, n = 6 for RCT group.
***p < 0.05 when compared with RCT group using unpaired two-tailed
Student’s ¢-tests.

88—

(@) (b)

Fig. 5. DNA laddering assay. (a) Laddering bands (arrows) unique for
apoptosis were detected in degenerative supraspinatus tendon tissues
from rotator cuff ruptured patients (lane 2-3). Subscapularis tendon
(control) from a rotator cuff normal patient did not show the laddering
patterns (lane 1). (b) Paired subscapularis tendon and supraspinatus
tendon from three rotator cuff ruptured patients were analyzed. Lad-
dering bands (arrows) were detected in degenerative supraspinatus
tendon tissue of patient (lane 2), but not in normal subscapularis
tendon tissue of the same patient (lane 1).

evaluate apoptosis in normal and degenerative tendon
tissue collected from the same patients. As shown in Fig.
5b, DNA from degenerative supraspinatus tendon tissue
had much more intensive laddering bands than that
from subscapularis tendon tissue, indicating the differ-
ence of apoptosis detected in both samples was reliable.
Tissue from degenerative supraspinatus tendon with a
higher proportion of apoptotic cells also showed more
intensive laddering bands.
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Fig. 6. Immunohistochemical identification of fibroblast-like cells. In degenerative supraspinatus tendon from a rotator cuff ruptured patient, fi-
broblast-like cell cytoplasm (arrows) stained positive with the anti-human fibroblast antibody (panel a). On a serial section, fibroblast-like cell nucleic

stains positive with in situ DNA end labelling assay (panel b).
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Fig. 7. Immunohistochemical identification of macrophages. CD-68 stained a few macrophages (arrows) in degenerative supraspinatus tendon from a
rotator cuff ruptured patient (panel a). The same antibody stained macrophages in a human tonsil section as positive control (panel b).

244  Excessive apoptotic cells in ruptured rotator cuff are
245 fibroblast-like cells

246 Immunohistochemical staining was performed to
247 identify cell types undergoing apoptosis using CD-68
248 and anti-human fibroblast antibody. As shown in Fig. 6,
249 the majority of apoptotic cells stained with anti-human
250 fibroblast antibody, i.e. were fibroblast-like cells. Only a
251 few cells were CD-68 positive (Fig. 7).

252 Apoptosis and its clinical association

253 There was no correlation between the proportion of
254 apoptotic cells, subject age, the size of rotator cuff tear
255 and duration of symptoms in degenerative tissue from
256 supraspinatus rotator cuff ruptured patients. However,
257 there was a 1.5-fold increase in the percentage of
258 apoptotic cells in subscapularis tendons in the group
259 with rotator cuff tears, compared with the younger
260 group with no tears, indicating that age may be a factor
261 contributing to apoptosis and degeneration.

Discussion

A significant finding in this study was that there were
twice as many apoptotic cells in ruptured supraspinatus
tendon than normal subscapularis tendon. The apop-
totic cells were distributed evenly throughout the torn
edges of the supraspinatus tendon. This is the first evi-
dence of excessive apoptosis in rotator cuff tendon dis-
orders. To confirm this phenomenon, we collected
degenerative supraspinatus tendon and normal sub-
scapularis tendon from the same patients and performed
a paired experiment. Degenerative tendon had a much
higher proportion of apoptotic cells than normal tendon
which had relatively normal histology. This observation
was also confirmed by the DNA laddering assay.

Although there are no reports of apoptosis in de-
generative tendon, increased apoptosis has been found
in the several neurodegenerative diseases including
Alzheimer’s disease, Huntington’s disease, Parkinson’s
disease, amyotrophic lateral sclerosis, ataxia telangiec-
tasia, and retinitis pigmentosa [9,18,24,39,47]. The en-
suing slower and more widespread degeneration that is
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responsible for much of the damage in these conditions
has apoptotic characteristics [31,32]. In the musculo-
skeletal system, excessive apoptosis has been found in
osteoarthritis [2,33,35].

Using specific cell markers, we were able to identify
that the apoptotic cells in the rotator cuff were fibro-
blasts or fibroblast-like cells. The role of apoptotic cells
in rotator cuff tear is not clear. It is well known that
fibroblasts are the predominant cell type within tendon.
They are responsible for the production and mainte-
nance of tendon collagen and non-collagenous constit-
uents [8]. Tendon fibroblast-like cells express the genes
for the matrix molecules present. Both the mRNA and
protein for collagen have been detected in tendon tissue
[44]. Loss of cellular activity and decreased extracellular
matrix synthesis are thought to be intrinsic causes of
tendon degeneration [42]. The DNA degradation de-
tected in degenerative tissue from the rotator cuff rup-
tured patients indicates that the fibroblast/fibrocyte
function may be affected by apoptosis. The reduced
number of functional fibroblasts/fibrocytes may con-
tribute to impaired collagen metabolism culminating in
rotator cuff degeneration.

In our study, we investigated the apoptosis in de-
generative supraspinatus tendons. The subscapularis
tendons from non-rotator cuff ruptured and rotator cuff
ruptured patients were served as control based on their
H&E appearance. Many investigators have shown that
there is a difference between the subscapularis and su-
praspinatus tendons in terms of their anatomy and
function. Clark et al. [16] further demonstrated that
both tendons fused into one structure at or near their
insertion into the humerus. They formed a cuff and
shared a similar environment.

Murrell and Watson [37] have showed that the
prevalence of rotator cuff tears increases with age. In our
study, there was no correlation between the proportion
of apoptotic cells, subject age and duration of symp-
toms. This is probably due to the relatively small num-
ber of patients studied, and/or the age of most patients
being limited in the range of 50-70 years old. However,
we did find a significant difference of apoptotic per-
centage in normal subscapularis tendon tissue between
the rotator cuff normal patients (mean age 25 years) and
the rotator cuff ruptured patients (mean age 66 years),
indicating that age may be a factor contributing to
apoptosis and degeneration.

Apoptosis is a physiological process which can be
identified in healthy adult tissue [13,38]. We have found
a surprisingly high figure of apoptotic cells (13%) in
subscapularis tendon from the control group. Two
possibilities could explain these finding: (1) All of our
control patients had other shoulder problems, therefore
they are not really normal. (2) Certain types of cells may
undergo apoptosis much more slowly than other cell
types. Therefore, more apoptotic cells can be identified
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in these cell populations [30]. The degree of apoptosis in
normal tissue has varied considerably in recent investi-
gations. Adams and Horton identified 3-10% of cells
undergoing apoptosis in the articular cartilage of adult
animals [1]. While, Gruber and Hanley found that 73%
of the cells were apoptotic in normal human inter-ver-
tebral disc [22]. There was no laddering pattern detected
in subscapularis tendon (control) by DNA laddering
assay, although a high percentage of apoptotic cells was
identified by in situ DNA end labelling assay. DNA
laddering pattern is a hall-marker of apoptosis. This
method is more specific but less sentitive for apoptotic
detection comparing with in situ DNA end labelling
assay. The undetected apoptosis in the subscapularis
tendons by the DNA laddering assay is consistant with
similar findings that no laddering patterns were detected
in the normal tissue of brain, muscle and cartilage
[19,40].

With regard to the high percentage of apoptosis
(34%) in degenerative tendon, false positive stain needs
to be elucidated, as DNA end labelling assay also stains
necrotic cells [36]. Results from our DNA laddering
assay clearly showed the unique DNA laddering pattern
in degenerative tendon, suggesting apoptosis is a true
phenomenon in situ. The increased apoptosis in degen-
erative tendon could be the result of some risk factors,
such as, ischaemia [15,27,50], hypoxia [5], free radical
generation [21,45] and nutritional imbalances [11] in-
volved in other types of tissue degeneration. The
mechanism that initiates apoptosis also be a combina-
tion of factors.

At present, we do not know what induces apoptosis
in tendon degeneration. In a rat rotator cuff injury
model, it has been shown that repetitive stress (overuse)
causes tendonitis and degenerative changes [46]. Inves-
tigations from another group have demonstrated that
stress-activated protein kinases (SAPK), an upstream
regulator of apoptosis, were upregulated in tendon cells
under cyclic strain [3,48]. It is possible that repetitive
stress (overuse) may activate tendon cells to undergo
apoptosis and contribute to tendon degeneration.
Apoptosis has been found to contribute to tissue de-
generation in other degenerative conditions, such as,
neurodegeneration [25] and osteoarthritis [2,14,33].
Whether the apoptosis observed in this study is a cause
of degeneration or a sequella of the degenerative process
requires further investigation.

In summary, the present study is the first to reveal
that excessive apoptosis is present in rotator cuff tendon
disorders. The increased number of apoptotic tendon
cells in degenerative tendon tissue could affect the rate of
collagen synthesis and repair. Impaired or dysfunctional
protein synthesis may lead to weaker tendon tissue and
eventually increase the risk for tendon rupture. Further
research is necessary to see if this work will lead to a
better understanding of the cellular and molecular
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