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Lower muscle regenerative potential in full-thickness supra-
spinatus tears compared to partial-thickness tears 
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Background and purpose   Rotator cuff tears are associated with 
secondary rotator cuff muscle pathology, which is definitive for 
the prognosis of rotator cuff repair. There is little information 
regarding the early histological and immunohistochemical nature 
of these muscle changes in humans. We analyzed muscle biopsies 
from patients with supraspinatus tendon tears.

Methods   Supraspinatus muscle biopsies were obtained from 
24 patients undergoing arthroscopic repair of partial- or full-
thickness supraspinatus tendon tears. Tissue was formalin-fixed 
and processed for histology (for assessment of fatty infiltration 
and other degenerative changes) or immunohistochemistry (to 
identify satellite cells (CD56+), proliferating cells (Ki67+), and 
myofibers containing predominantly type 1 or 2 myosin heavy 
chain (MHC)). Myofiber diameters and the relative content of 
MHC1 and MHC2 were determined morphometrically.

Results   Degenerative changes were present in both patient 
groups (partial and full-thickness tears). Patients with full-thick-
ness tears had a reduced density of satellite cells, fewer proliferat-
ing cells, atrophy of MHC1+ and MHC2+ myofibers, and reduced 
MHC1 content. 

Interpretation   Full-thickness tears show significantly reduced 
muscle proliferative capacity, myofiber atrophy, and loss of 
MHC1 content compared to partial-thickness supraspinatus 
tendon tears.  



Rotator cuff tendon tears are accompanied by secondary 
changes in the rotator cuff muscles, including muscle atrophy 
and fatty infiltration. These muscular changes are especially 
pronounced in patients with large and massive tears, and are 
associated with reduced healing potential following rota-
tor cuff repair and poor functional outcome. Whether rotator 
cuff muscle atrophy may partially or completely reverse after 
tendon repair is a matter of controversy, but fatty infiltration is 
undisputedly regarded as a later, irreversible change (Thom-
azeau et al. 1997, Goutallier et al. 2003, Gladstone et al. 2007). 

Atrophy and fatty infiltration (also termed fatty degenera-
tion) can be graded on CT-scans and MRI (Goutallier et al. 
1994, Thomazeau et al. 1997, Fuchs et al. 1999). Whether this 
grading accurately reflects the true muscular changes is not 
clear. There is little information regarding early histological 
and immunohistochemical muscular changes accompanying 
rotator cuff tears in humans. The data that are available are 
mainly from animal studies (Gerber et al. 2004, Rubino et al. 
2007, Liu et al. 2011, Kim et al. 2012) and a few cadaveric and 
biopsy studies (Nakagaki et al. 1996, Steinbacher et al. 2010). 

Satellite cells are known to play a key role in the adaptive 
response of muscle to exercise, and in the maintenance of the 
regenerative capacity of muscle. Several studies have shown 
that a loss of mechanical stimulus (i.e. unloading) reduces the 
number of satellite cells in muscle; this reduction is thought to 
result from an impairment of proliferation and/or an increase in 
the level of satellite cell apoptosis, leading to reduced muscle 
mass and protein content (Darr and Schultz 1989, Matsuba et 
al. 2009) The possible association of satellite cells with rotator 
cuff muscle atrophy has not been studied. 

The main objective of the present study was to compare the 
following histological and immunohistochemical features in 
the supraspinatus muscle of patients with partial-thickness 
rotator cuff tears (P) to those from patients with full-thickness 
tears (F): myofiber diameter, muscle protein content includ-
ing myosin heavy chains 1 and 2 (MHC1/MHC2), degenera-
tive changes including fatty infiltration, satellite cell number, 
proliferative activity, and apoptosis. We hypothesized that 
the group with full-thickness rotator cuff tears would have a 
reduced satellite cell number and a greater degree of myofiber 
atrophy.

Patients and methods

24 patients undergoing arthroscopic repair of partial-thick-
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ness (P) or full-thickness (F) supraspinatus tendon tears were 
included. The tears were classified by the operating surgeon 
intraoperatively. P tears were defined as articular- or bursal-
side tears depending on the location of the tendon defect. F 
tears were classified according to Post et al. (1983). 

9 patients presented with P tears: mean age was 54 (45–60) 
years and 5 were men. There were 5 bursal- and 4 articular-
side tears. The F group consisted of 15 patients: mean age was 
58 (49–69) years and 10 were men. 13 tears were medium-
sized and 2 were small. Median duration of symptoms in the 
P and F groups was similar (13 (6–24) months and 11 (1–72) 
months). In both groups, most of the tears were degenerative. 
In the F group, 4 of 9 patients reported a traumatic onset and 
2 of 9 reported an “acute on chronic” onset. In the P group, 2 
out of 7 patients reported a traumatic onset.

Preoperative MRIs were performed at different institu-
tions.  In the F group, 8 of 15 patients had atrophy of grade 
1 according to Thomazeau et al. (1997) and 1 of these 8 
showed concomitant fatty infiltration of grade 1 according to 
a 5-stage grading system originally introduced by Goutallier 
et al. (1994) for CT. Fuchs et al. (1999) showed that this grad-
ing system was also reproducible on MRI. 2 patients in the P 
group had atrophy of grade 1; none showed fatty infiltration 
on MRI.

Patients suffering from systemic inflammatory disorders or 
diabetes and patients using nicotine were excluded. The study 
was approved by the regional committee for research ethics 
(1.2007.728), and informed, written consent was obtained 
from all participants.

Muscle biopsies of the supraspinatus were harvested 
arthroscopically from the fascial side of the supraspinatus 
muscle belly with a 3-mm biopsy punch passing through the 
subacromial space after completion of the rotator cuff repair 
(single-row technique). The samples were fixed in fresh 10% 
buffered formalin for 16–24 h at 4ºC and then dehydrated, 
mounted with fibers oriented transversely, and paraffin-
embedded. The stained samples were scanned and evaluated 
using an Aperio Scancope XT (Aperio Technologies, Vista, 
CA). The examiners were blind as to the identity of samples.

Histological evaluation of muscle degeneration
5-µm tissue sections were stained with hematoxylin and 
eosin. Degeneration was evaluated as previously described by 
studying the density of centrally placed nuclei (nuclei/mm2), 
presence or absence of vacuoles within myofibers, and fatty 
infiltration (the presence of lipid within myofibers, or of adi-
pocytes surrounded by myofibers) (Scott et al. 2006).

Myofiber size analysis and myofiber grouping
Immunostaining for myosin heavy chain isoforms MHC1 
and MHC2 was carried out on serial sections using an auto-
mated immunohistochemistry unit (Discovery XT Ultramap 
DAB; Ventana Medical Systems, Oro Valley, AZ) according 
to the manufacturer’s instructions. We recognized that there 

is a range of muscle fiber type characteristics; we there-
fore selected 2 mouse monoclonal antibodies, MYSNO2 
and NOQ7.5.4D (Abcam catalogue numbers ab75370 and 
ab11083 respectively), which stain largely non-overlapping 
myofiber populations (Figure 1). We defined the distinct 
and non-overlapping groups of muscle fibers detected by 
these 2 antibodies as MHC1+ and MHC2+, respectively. For 
ab75370, the primary antibody was incubated for 2 h at room 
temperature, whereas for ab11083, antigen retrieval with pro-
tease 1 for 8 min was used followed by 1 h of incubation at 
room temperature. Examination of stained muscle tissue sec-
tions confirmed that the 2 antibodies stained essentially mutu-

Figure 1. Immunohistochemistry of supraspinatus muscle, showing 
MHC1+ (left panels) and MHC2+ fibers (right panels). A and B. Serial 
sections were stained with the 2 relevant antibodies (see Methods 
for details). C and D. The same pixel selection algorithm was used 
to select positive staining (orange/red) and negative staining (blue). E 
and F. Higher-magnification view of area shown in A and B. Note the 
generally non-overlapping pattern of MHC1 and MHC2 immunostain-
ing. The vast majority of myofibers have been stained with one of the 
antibodies, but not both, while a very small minority have not been 
stained with either.
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ally exclusive populations of muscle fibers. The smallest fiber 
diameter of MHC1+ and MHC2+ fibers in each sample were 
measured on a minimum of 100 fibers per sample. The inter-
observer reliability of fiber size measurements was tested (r2 = 
0.90). Grouping of ≥ 15 fiber bundles of the same type, sug-
gestive of denervation-reinnervation, was noted (Lexell and 
Downham 1991).

Quantification of MHC1 and MHC2
The amounts of MHC1 and 2 were expressed quantitatively 
using an automated method. Following a tuning protocol 
that was validated on a random selection of slides, positively 
stained pixels were digitally selected on all slides with the fol-
lowing parameters in ImageScope software (v 11.2, positive 
pixel count algorithm v 9.1): view width/height 1000, zoom 
1, hue value 0.1, hue width 0.5, and color saturation thresh-
old 0.04. The total positivity ratio of immunoreaction for the 
entire slide, i.e. the total number of positively stained pixels 
divided by the total number of pixels, resulted in a theoreti-
cal range from 0 (no staining) to 1.0 (every pixel stained), 
although in no case was every pixel stained (only myofibers 
were positively stained, while other aspects of the tissue were 
negative). Different intensities of staining were not analyzed 
separately. 

Satellite cells 
For CD56 (neural cell adhesion molecule (NCAM), which is 
used as a marker of satellite cells), a rabbit antibody (EPR2566) 
was used (Epitomics cat. 2690-1) at a dilution of 1:100 and at 
room temperature. The control tissue was human glioma. Sat-
ellite cells were defined as showing NCAM-positive staining 
around the border of the cell, containing a nucleus, and being 
located at the periphery of a myofiber. We did not conduct 
special staining for the sarcolemma or the basal lamina. Posi-
tive cells were counted and the total number was divided by 
the muscle-sample area (mm²) (as calculated using the tracing 
tool in Aperio Imagescope software). The cells were counted 
and recounted after 2 days by the same blinded investigator. 
The intra-observer reliability coefficient (r2) was 0.76.

Proliferation
Proliferating nuclei were identified by the use of monoclonal 
mouse antibody to the Ki67 antigen. Heat-mediated antigen 
retrieval in EDTA buffer was performed. The primary anti-
body was incubated for 2 h at a dilution of 1:50. Tonsil tissue 
served as positive control. The number of positive cells located 
within or at the periphery of muscle fibers (and not in the con-
nective tissue) was calculated and divided by the sample area 
(mm2) (as calculated using the tracing tool in Aperio Images-
cope software) to allow direct comparison between samples.

Apoptosis
For assessment of apoptosis, we identified the activation of 
caspase-3, which is the common final executioner caspase for 

the apoptotic pathways. Sections were pretreated with EDTA 
buffer and incubated with a primary rabbit monoclonal anti-
body targeting cleaved caspase 3, 1:50 dilution (Asp 175; Cell 
Signaling, Danvers, MA) for 2 h. Human tonsil tissue served 
as control. We counted positively stained cells within or at the 
periphery of muscle fibers and calculated the density of posi-
tive cells per mm2 of muscle sample to allow direct compari-
son between samples.

Statistics
To compare the histological and immunohistochemical data of 
muscle samples from the P and F groups (fiber size, fiber type 
area ratio, CD56 and Ki67 density), Student’s t-test or Mann-
Whitney U test were used, depending on whether the samples 
satisfied the condition of equal variances. Any p-value < 0.05 
was considered significant. To compare the presence of fatty 
infiltration in the P and F groups, Fisher’s exact test was used. 
Data were analyzed using online statistical software avail-
able through Vassar Stats (Vassar College, New York, NY). 
Reliability testing and correlation of variables in individual 
patients were conducted using Pearson’s correlation coeffi-
cient. Data are expressed as mean (SD).

Results
General histological observations
There were no statistically significant differences in the gen-
eral degenerative histological features of muscle from P tears 
and F tears. Fatty infiltration was present between fibers both 
in F tears (5 of 15 samples) and in P tears (1 of 9 samples) 
(Fisher’s exact test, p = 0.2) with a tendency to be more pro-
nounced in the F group. The density of centralized nuclei, a 
secondary indicator of histological degeneration, was not sig-
nificantly different between the 2 groups (3.1 (3.1) vs. 1.78 
(1.2); p = 0.4). The presence of vacuoles within myofibers was 
similar in both groups (5 of 15 vs. 3 of 8). 

Myofiber size and grouping
F tears showed a statistically significantly smaller average 
diameter of fibers that were immunopositive either for MHC1 
or MHC2, compared to P tears (Figure 2). The mean fiber 
diameters of MHC1 and MHC2 myofibers in F tears were 39 
(6.6) μm and 38 (8.8) μm, as compared to 48 (8.2) μm and 
44 (12) μm in P tears (p < 0.01 for both MHC types). Fiber 
grouping was present in 4 patients with P tears (only affecting 
MHC1+ fibers) and in 9 patients with F tears (affecting both 
MHC1+ and MHC2+ fibers).

Muscle protein content
The MHC type 1 content was lower in F patients than in to 
P patients (0.40 (0.19) vs. 0.50 (10); p<0.05). Conversely, 
MHC type 2 content between the 2 groups was similar (F: 
0.45 (0.13) vs. P: 0.47 (0.15)). 
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Satellite cells, proliferation (Figure 3)
The number of cells showing CD56 expression, indi-
cating the presence of satellite cells, was significantly 
less in F patients (3.1 (2.9) cells/mm2) than in P 
patients (8.1 (10.2) cells/mm2; p < 0.05). The number 
of proliferating cells (defined as Ki67+ nuclei) was 
0.35/mm2 in F patients and 1.0/mm2 in P patients (p 
< 0.05), indicating a reduced number of proliferating 
cells in F tears. 

Apoptosis
There was no detectable apoptosis involving the acti-
vation of caspase-3 in either sample group. In contrast, 
there was substantial apoptosis involving the activa-
tion of caspase-3 in control (human tonsil) tissue. 

was also associated with muscle atrophy, which affected both 
MHC1+ and MHC2+ fibers without gross signs of fiber degen-
eration, and a tendency to fatty infiltration. These changes may 
illustrate a transition evolving by a pathomechanical pathway 
when tendon continuity is lost, resulting in loss of force trans-
mission through the muscle (Meyer et al. 2004). 

Figure 2. Sample fiber size distribution of type 1 and type 2 myofibers in the supraspinatus muscle of patients with 
partial-thickness rotator cuff tears (PTRCT, top panels) or full-thickness rotator cuff tears (FTRCT, bottom panels). 
Note the smaller size (a leftward shift in myofiber histogram) of both myofiber types in the FTRCT patients.
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Figure 3. A. Satellite cells were defined as CD56+ cells at the periphery of the 
myofiber (marked with an asterisk). B. A Ki67+ cell (asterisk), which appears to 
lie outside the sarcolemma, in the expected location of a satellite cell.  

Discussion

We observed a statistically significant reduction in satellite 
cell number and reduced proliferative activity in the supra-
spinatus muscle of patients with a full-thickness rotator cuff 
tear, in comparison to those with a partial-thickness tear. This 
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The MHC1 content was reduced in patients with an F tear, 
perhaps involving a shift in myofiber phenotype in which 
endurance-type fiber characteristics are lost. This finding is 
in line with previous reports describing a similar phenomenon 
in muscle-disuse atrophy (Jozsa et al. 1990, Grossman et al. 
1998, Pette and Staron 2001), as opposed to the process of 
muscle ageing, which commonly involves a transition towards 
an increased type I fiber phenotype (Klitgaard et al. 1990, 
Korhonen et al. 2006, Lee et al. 2006). However, it must be 
acknowledged that we did not conduct a complete assessment 
of myofiber phenotypes but focused our attention on 2 of the 
predominant MHC types (1 and 2). Interestingly, our obser-
vations are in contrast to a study reporting that type 2 fibers 
are more prone to atrophy than type 1 fibers with progression 
of supraspinatus tendinopathy (Irlenbusch and Gansen 2003), 
whereas we report here that MHC1+ and MHC2+ fibers 
showed similar degrees of atrophy in F tears. 

We found that muscle atrophy appears independently of 
degenerative muscle changes, which is in line with previous 
publications (Einarsson et al. 2011, Gumucio et al. 2012). 

There were no signs of caspase-3-dependent apoptosis in the 
muscle samples examined, which may support the hypothesis 
that fiber atrophy is not caused by apoptosis or by other cas-
pase-dependent processes (Steinbacher et al. 2010). However, 
alternative explanations are (1) that apoptosis occurred, but 
followed a caspase-independent pathway, or (2) that the cross-
sectional nature of the present study missed a crucial time point 
when apoptosis of satellite cells or myofibers occurred (e.g 
directly following the loss of muscle tension after tendon rup-
ture). There is very little information regarding the most impor-
tant pathway in atrophy-induced apoptosis; there appears to be 
a selective activation of specific apoptosis pathways depending 
on age, muscle type, and the nature of the atrophying condition 
(Dupont-Versteegden 2005, Marzetti et al. 2010).

Despite the general absence of fatty infiltration on MRI, 
fat infiltration was in fact histologically confirmed in 5 of 15 
patients with F tears, and in 1 of 9 patients with P tears. If fat 
accumulation occurs before it can be detected radiologically, 
this may favor early operation—i.e. to prevent establishment 
of significant irreversible fat infiltration which is associated 
with reduced healing potential. 

Muscle biopsies from both P and F patients contained areas 
of fiber type grouping. Grouping of muscle fibers occurs in 
ageing human muscle and is thought to arise from a continu-
ous, progressive process of denervation and partial reinnerva-
tion. This may be due to a slow, progressive neurogenic ageing 
process involving loss of motor neurons in the spinal cord and/
or loss of functioning motor units in ageing human muscle 
(Tomonaga 1977, Lexell 1995). The age of patients with or 
without evidence of fiber type grouping was similar.

MRIs were performed at different institutions and this 
clearly is a limitation, allowing for variation in the quality of 
the examination and in the radiological evaluation of the extent 
of muscle changes. This precludes a conclusive evaluation of 

correlation between MRI findings and histological findings in 
our study. However, we found histological evidence of fatty 
infiltration despite the fact that this feature was not visible on 
the MRIs. This raises the question of whether there is a role 
for early fatty muscle infiltration in rotator cuff tendinopa-
thy preceding more pronounced changes that are detectable 
on MRI. A comparative study between histology and MRI to 
evaluate the sensitivity and specificity of MRI and CT to early 
muscle changes is yet to be published. 

Another limitation inherent in muscle biopsy studies is 
that changes may not be distributed uniformly in the muscle. 
According to a previous study, the main changes of atrophy 
occur primarily at the fascial side of the muscle, whereas fatty 
infiltration is more pronounced on the scapular side (Meyer 
et al. 2005). Our biopsies were harvested arthroscopically, 
reaching the muscle from the subacromial space presumably 
representing the fascial side of the muscle belly. 

With regard to the presence of fiber type, grouping electro-
myography—which was not performed—might have added 
valuable information. 

Our findings should be interpreted with caution, due to the 
small number of patients and the limited size of the biopsies. 
Muscle atrophy, fatty infiltration, and fiber grouping may also 
develop without a rotator cuff tear, as part of the ageing of 
muscle tissue—a possibility which could have been evaluated 
further with an age-matched reference group without any rota-
tor cuff pathology (Lexell 1995).

In summary, full-thickness rotator cuff tears are associ-
ated with a substantial reduction in satellite cell number and 
muscle proliferative capacity, general myofiber atrophy, and 
loss of MHC1 content compared to partial-thickness tears. 
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