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Aims
The aim of this study was to analyse human muscle tissue before and after rotator cuff 
repair to look for evidence of regeneration, and to characterise the changes seen in the type 
of muscle fibre.

Patients and Methods
Patients were assessed pre-operatively and one year post-operatively using the Oxford 
Shoulder Score (OSS) and MRI. The cross-sectional area and distribution of the type of 
muscle fibre were assessed on biopsies, which were taken at surgery and one year post-
operatively. Paired samples from eight patients were analysed. There were three men and 
five women with a mean age of 63 years (50 to 73).

Results
All but one patient showed improvement in OSS (p = 0.004). The mean increase in the cross-
sectional area of the muscle was 1220 μm2 (-801 to 3712; p = 0.03). There was a reduction of 
type 2a fibres (p = 0.02). A clear relationship could not be seen between the MRI findings 
and the histological appearances.

Conclusion
This is the first study to provide evidence that atrophy of the supraspinatus muscle is 
reversible. Changes in the types of fibre are discussed. MRI assessment of muscle atrophy 
may not be fully representative of myofibre atrophy.

Cite this article: Bone Joint J 2016;98-B:1389–94.

The clinical results after rotator cuff repair are
better than both the natural history of the con-
dition and those achieved in symptomatic
patients treated non-operatively.1-3 Rates of re-
rupture of between 7% and 31% have been
reported after repair of small to intermediate
tears and up to 94% for massive tears.2,4-10

Although the outcome is better than the pre-
operative state after a re-rupture,11,12 the
degenerative process continues and function is
poorer than that with a completely healed
repair.12

Traditionally, rotator cuff tears have been
characterised by their size and the number of
tendons involved, and suitability for surgery
has been determined on this basis. The size of
the tear has a significant effect on the outcome
of surgery.9 Large and chronic tears tend to be
associated with more severe muscle degenera-
tion or atrophy and with fatty deposition or
infiltration.13,14

Thomazeau et al15 originally described the
occupation ratio as the ratio of the cross-
sectional area of the supraspinatus to that of

the supraspinatus fossa on an oblique-sagittal
MRI image (the “Y” view), as a method of
determining the degree of muscle atrophy in
the rotator cuff. Zanetti, Gerber and Hodler16

described the “tangent sign” whereby an
atrophic supraspinatus is identified as one
which does not cross a line drawn from the
superior border of the coracoid process to the
superior border of the scapular spine as seen
on the “Y” view. Warner et al17 proposed a
similar scale for assessing atrophy. A line is
drawn from the tip of the coracoid to the scap-
ular spine and also to the inferior tip of the
scapula. Both supraspinatus and subscapularis
can be assessed by relating the muscle bulk to
these lines.

Only a few authors have described the his-
tology of cuff tears.18-21 In a study of 13 biop-
sies of supraspinatus in patients with a chronic
tear, Mendias et al21 showed disruption of the
myofibril architecture, the presence of multi-
nuclear complexes of macrophages, and the
accumulation of lipid droplets in and around
muscle fibres. Similarly, Steinbacher et al18
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showed that fat accumulates not only in the interstitium,
but also intracellularly with a corresponding reduction in
contractile apparatus and volume of the muscle fibres. They
also confirmed previous findings that the atrophy is caused
by shrinkage (not death) of the muscle fibres. In a study of
37 biopsies of supraspinatus muscle, Irlenbusch and
Gansen19 showed that with a torn supraspinatus tendon,
there is a disturbance in the distribution of the muscle
fibres, especially the fast twitch fibres (type 2 fibres). With
increasing severity from a partial to a complete tear, there is
a reduction in the diameter of the muscle fibres particularly
again the fast twitch fibres. A greater variation in the diam-
eter of the fibres was also seen.19 There have been no
human studies investigating the effect of rotator cuff repair
on the size of the muscle fibres or the distribution of differ-
ent types of fibre.

We aimed to investigate whether the muscle atrophy
associated with rotator cuff tears is reversible. The distribu-
tion of the types of muscle fibre and the relative cross-
sectional areas were also studied.

Patients and Methods
Patients placed on the waiting list for repair of the rotator
cuff were approached for enrolment. Final inclusion was
decided at the time of surgery based on whether the tear
was amenable to repair or not. The tears were repaired

using a mini-open technique with either a single or double
row repair. The operations were undertaken by or under
the supervision of one of two senior surgeons (IAT, JH). An
independent physiotherapist (AB) assessed the patients and
an Oxford Shoulder Score (OSS)22 was documented pre-
operatively and one year post-operatively.

The intra-operative muscle biopsies were taken from the
bursal side of the muscle belly (the most atrophic portion)
under direct vision using a Tru-Cut biopsy needle (CareFu-
sion UK 306 Ltd., Basingstoke, United Kingdom). A further
biopsy was taken one year post-operatively by the senior
author (IAT) using a Tru-Cut needle under ultrasound guid-
ance performed by a senior musculoskeletal radiologist
(DT) again from the bursal side of the muscle belly of
supraspinatus. Biopsies were fixed in paraffin wax and cut
at 5 μm using a microtome. The sections were dewaxed in
xylene and rehydrated through ethanol. Staining was per-
formed using haematoxylin and eosin (H&E). Double-
labelled immunohistochemical staining was also performed
using a validated technique to differentiate the types of
muscle fibre.23

Samples were photographed at 10× magnification under
light microscopy and analysed using Leica QWin software
(Leica Microsystems, Bensheim, Germany). Only biopsies
with a minimum yield of 60 muscle fibres, with a form fac-
tor of > 0.75, were included for analysis (Figs 1a and 1b).
This applied to both the pre- and post-operative biopsies.
The immune staining enabled further analysis of the type of
muscle fibre (Fig. 2) and relative cross-sectional areas of
type 1 and type 2 fibres.

MRI was undertaken pre-operatively and one year post-
operatively. Scans were analysed by an independent senior
musculoskeletal radiologist (DT). Atrophy was evaluated
on the oblique sagittal images using the occupation ratio.15

Post-operative scans were also assessed for the integrity of
the repair as identified by a discontinuity of the tendon or
its insertion. The study had ethical approval and all patients
gave informed consent.
Statistical analysis. This was performed using Microsoft
Excel (Microsoft, Redmond, Washington) for Mac 2011
and SPSS version 21 (IBM, Armonk, New York). Paired

Fig. 1a

Images depicting how myofibre cross-sectional areas were measured. The values were then calculated to give a form
factor and included if this was greater than 0.75.

Fig. 1b

Fig. 2

Image showing the immune stained
sample to detect type 1 fibres - dark
grey/ black; type 2a fibres - pink/red;
and type 2b fibres – pale grey.
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sample t-tests were used to compare the pre- and post-oper-
ative cross-sectional areas of the muscle fibres and the clin-
ical outcome scores. Wilcoxon Signed rank test for related
samples was used for comparison of the proportions of the
different types of fibre. The alpha value was set at 0.05.

Results
In all, eight patients with adequate tissue samples were
studied. There were three men and five women with a mean
age at the time of repair of 63 years (50 to 73). All but one
had an improvement in OSS at a mean follow-up of 1.5
years (1.3 to 2.3; p = 0.004).
Histological analysis. There was an increase in the mean
cross-sectional area of the fibres in all but one sample of
1220 μm2 (-801 to 3712; p = 0.03), at a mean of 1.5 years
(1.3 to 1.7) post-operatively. The mean cross-sectional
areas for each paired sample can be seen in Table I and
Figure 3. The cross-sectional areas of all the fibres are fur-
ther represented histographically for both pre- and post-
operative samples in Figures 4a and b. A right shift towards
a larger area can be seen post-operatively. On differential

assessment of the types of fibre, there was an increase in
mean cross-sectional area in both type 1 (1262μm2, -1176 to
5977; p = 0.07) and type 2 fibres (963μm2, -1148 to 3060;
p = 0.05).

The proportions of type 1, 2a and 2b fibres were assessed
in seven samples. There was a statistically significant trend
in the reduction of type 2a fibres (p = 0.02). No pattern
could be discerned for type 2b fibres. There was a trend
towards the preservation of type 1 fibres though this was
not statistically significant (p = 0.2).
Radiological analysis. There were four re-tears on the MRI
scans one year post-operatively. One was at the footprint;
the other three were medial failures. The radiological
parameters of the cuffs can be seen in Table I. The grade of
fatty infiltration had progressed in two patients (one of
whom had a re-tear) and remained static in the others. The
occupation ratio was seen to improve one grade in two
patients (one of whom had a re-tear) and remained static in
the others. The mean change in cross-sectional area of those
without a re-tear was 1290 μm2 (-801 to 3712) and
1150 μm2 (672 to 1872) in those with a re-tear (p = 0.4).

Table I. Showing the radiological, histological and clinical findings of patients before and after cuff repair

n

Age at 
surgery 
(yrs)

Tendon 
involved

Pre-operative 
tear size on 

MRI (cm2) Re-tear 
Goutallier 
grade

Occupation 
ratio

Occupation 
ratio grade

Mean myofibrecross-sectional 
area (μm2)

Oxford Shoulder 
score

Pre Post Pre Post Pre Post Pre Post Change Pre Post 
1 62 SS 4.1 1 1 1 0.46 0.52 2 2 3649 4600 951 15 45
2 69 SS NA* No NA* 3 NA 0.22 NA 3 1947 3005 1058 17 48
3 73 SS 5.5 2 2 2 0.33 0.35 3 3 1098 1769 672 12 37
4 65 SS/SB 2.2 No 1 1 0.51 0.42 2 2 1556 5268 3712 28 47
5 50 SS/SB 6.6 No 0 1 0.5 0.46 2 2 2609 3241 632 31 41
6 67 SS NA† No 1 1 0.57 0.69 2 1 4378 3577 -801 29 44
7 65 SS 2.2 2 1 3 0.38 0.38 3 3 2588 4253 1665 36 46
8 61 SS/IS 6.8 2 1 1 0.48 0.6 2 1 2854 4726 1872 43 44

* Pre-operative MRI scan undertaken by 3rd party with images unavailable for review
† Tear reported as partial tear found to be full thickness at surgery
SS, supraspinatus; SB, subscapularis; IS, Infraspinatus; Pre, prior to cuff repair; Post, following cuff repair
Re-tear: 1 – Footprint tear, 2 – Medial Failure
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Fig. 3

Chart showing the mean myofibre cross-sectional area in pre- and post-cuff repair samples.
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All re-tears occurred in those who underwent a single-row
rather than a double-row repair. The change in occupation
ratio from before to after surgery showed a non-linear, non-
monotomic relationship when compared with the changes
in mean cross-sectional area.

Discussion
This study, which involved histological analysis of human
muscle tissue before and after repair of the rotator cuff, is
the first of its kind. Our findings, that the mean cross-
sectional area of the muscle fibres of supraspinatus
increases after repair, provides evidence that atrophy is
reversible following this procedure. Even with re-tears,
improvements were seen, which are most likely to be the
result of muscle loading and hypertrophy that occur prior
to subsequent failure. Tears of repaired rotator cuffs are
frequently smaller than the original tears and tend not to
increase in size over time as untreated tears frequently do.12

Some re-ruptures may heal also spontaneously.12

Firm conclusions have been difficult to draw from previous
human studies investigating the effect of rotator cuff repair
on muscle atrophy, given that they have been image-based
with disparate results. Some have reported that pre-opera-
tive atrophy of supraspinatus is irreversible and that pro-
gressive atrophy is halted or slowed by successful repair,
and advances significantly after a failed repair.2,24,25 Others
have suggested that atrophy is reversible after repair.4,5,8,26

Our MRI findings show that the occupation ratio grade can
improve in keeping with these findings. When we compared

the variables of change in mean cross-sectional area of the
muscle fibres before and after repair with the change in
occupation ratio, a non-linear, non-monotomal relation-
ship was observed where one might have expected some
correlation or indeed a linear relationship. It is difficult to
be certain regarding the effect of a re-tear which has been
confirmed on MRI, on the measured parameters given the
small numbers, although there was no clear difference in
histologically measured cross-sectional areas between those
without (1290 μm2) and those with a re-tear (1150 μm2).

It is clearly easier to measure muscle changes associated
with repair of the rotator cuff using radiological methods.
However, one of the key drawbacks to this was highlighted
in an important study that compared pre- and immediate
post-operative MRI.27 This showed an immediate improve-
ment in both fatty infiltration and muscle atrophy after sur-
gery, most probably representing a mechanical effect of re-
tensioning the muscle rather than muscle regeneration. This
raises a significant question mark over the applicability of
imaging to characterise and determine the true reversibility
of structural muscle changes and may partly explain why
we did not see a linear relationship between the imaging
and histological findings.

There are no human studies available in the literature
which compare the size of muscle fibres before and after
repair of the cuff. Animal studies with histological analysis
which compare the findings before and after experimental
simulation of cuff tears are available. In two similar studies
which assessed the degree of muscle atrophy in rabbits after

0

0.2

0.4

0.6

0.8

1

0 
to

 5
00

50
0 

to
 1

00
0

10
00

 t
o

 1
50

0

15
00

 t
o

 2
00

0

20
00

 t
o

 2
50

0

25
00

 t
o

 3
00

0

30
00

 t
o

 3
50

0

35
00

 t
o

 4
00

0

40
00

 t
o

 4
50

0

45
00

 t
o

 5
00

0

50
00

 t
o

 5
50

0

55
00

 t
o

 6
00

0

60
00

 t
o

 6
50

0

65
00

 t
o

 7
00

0

70
00

 t
o

 7
50

0

75
00

 t
o

 8
00

0

80
00

 t
o

 8
50

0

85
00

 t
o

 9
00

0

90
00

 t
o

 9
50

0

95
00

 t
o

 1
00

0

10
00

 +

Pre-repair myofibre area µm2

Post-repair myofibre area µm2

R
el

at
iv

e 
fr

eq
u

en
cy

Fig. 4

Histogram showing a right shift towards a larger cross-sectional area of the muscle fibres comparing the pre- and
post-operative samples.
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early and delayed cuff repair, the same authors found no
reversal although they sacrificed the animals for analysis at
only 12 and 24 weeks, respectively, after repair.26,28 In an
experimental study involving sheep, Gerber et al29 found
muscle atrophy to be partially reversible at 35 weeks fol-
lowing repair. The results of these studies are hard to trans-
late to humans given the variability in animal models used
and the inherent differences between humans and animals
which bear weight on their shoulders. Furthermore, the
rotator cuffs in animals are often analysed a few weeks
after repair rather than at one-year post-operatively as in
our study.

On analysis of the relative cross-sectional areas of type 1
(slow twitch) and type 2 (fast twitch) fibres, we did not find
any statistically significant differences in the relative atro-
phy of the two types. Irlenbusch and Gansen19 reported
that atrophy preferentially affected the fast twitch fibres,
interpreting this finding as a disturbance of muscular coor-
dination and proposing that these fibres are most responsi-
ble for fine control.19 It is not possible to quantify this
finding on review of the histograms presented in that paper.
In a more recent study involving muscle biopsies of rotator
cuff tears, Lundgreen et al20 found that the atrophy did not
preferentially involve any particular type of fibre, in keep-
ing with our findings.

With regards to the analysis of the types of fibre, the
most notable finding was the statistically significant
reduction in the proportion of type 2a fibres and a trend
towards a slight increase or preservation in the propor-
tion of type 1 fibres, albeit not statistically significant.
Lundgreen et al20 reported that the number of type 1
fibres was reduced in patients with a full thickness tear,
suggesting the possibility of a shift in fibre phenotype in
which endurance-type fibre characteristics are lost. The
finding that, following repair of the cuff, this shift may
be halted or reversed to some degree, may therefore be
important. It would be interesting to know whether the
number of type 1 fibres would decline and the type 2a
fibres would gradually increase in number in an
untreated cuff tear. Certainly there are no human data
specifically looking at this, but there is experimental evi-
dence of a decline in type 1 fibres and preservation of
type 2a fibres in other diseased states of muscle such as
that reported by Kawada and Ishii30 in their assessment
of muscle biopsies of rat hindlimbs which have been sub-
jected to chronic venous occlusion. Indeed, changes in
the type of muscle fibres have been studied widely in the
animal population under varying conditions including
loading, stretch, neuromuscular activity, hormonal influ-
ences and aging. Specifically, stretch and mechanical
loading have been shown to induce a transition from fast
to slow types.31,32

Similarly, neural activity has a profound effect. Denerva-
tion results in a transition from slow to fast types. Models
of re-innervation can result in specific and orchestrated
changes of myofibre phenotype depending on the pattern of

neural impulse applied.31,32 Cross re-innervation studies
have shown that fast muscles become slow when re-inner-
vated by a slow nerve, and slow muscles become fast when
re-innervated by a fast nerve. Chronic low-frequency stim-
ulation mimics the tonic low-frequency impulse pattern
normally delivered to a slow-twitch muscle and can induce
major changes in myosin with a replacement of fast by slow
isoforms allowing for inter- and intra-species differ-
ences.31,33 The possibility that cuff repair may result in less
tension on the suprascapular nerve at the base of the scap-
ular spine has previously been discussed.34,35 The suggested
point at which tension in the nerve is released would indi-
cate that innervation to the infraspinatus would be predom-
inantly affected. Nevertheless, Costouros et al36 found
improvements in electromyography and scores in both
infraspinatus and supraspinatus after cuff repair. The impli-
cations, as applied to our study, are that repair of the rota-
tor cuff may stimulate a transition of fast to slow types of
fibre and lead to a return of more normal patterns through
a combination of mechanical loading and also possibly
through improvements in innervation.

This study has limitations. The sample size is small.
However, we feel that the size is in keeping with other
biopsy-based studies, which commonly involve animal
rather than human tissue. A limitation and source of error
inherent to all studies in this area, is that the radiological
grading systems for muscle atrophy are based on a single
cross-sectional image, which may be subject to variation
between scans. Meyer et al37 also showed that atrophy of
the supraspinatus does not occur homogeneously following
a tear of the tendon. In their MRI study, they found that the
superficial (fascia-sided) portion of the muscle undergoes
more atrophy than the deep (bone-sided) portion, and it is
the deep portion of the muscle that tends to undergo fatty
infiltration preferentially. It is clear that the location of
biopsy samples may also be affected by the heterogeneity of
atrophy. Our biopsies were taken from the bursal side of
the surface of the muscle, which, as suggested, tends to rep-
resent its more atrophic area.

The potential reversibility of muscle atrophy has been
extensively investigated in the literature with image-based
studies which give disparate results and from which firm
conclusions are difficult to draw. Our study provides evi-
dence that atrophy of the supraspinatus after rotator cuff
tear is reversible. The analysis of the types of muscle fibre
suggests a reduction in type 2a fast twitch fibres and pres-
ervation of slow twitch fibres. This is most likely to reflect
an effect of loading and possibly improved innervation that
may result from repair of the rotator cuff. Together, these
are important findings that may be a focus for future
research into the biological augmentation of cuff repairs to
further enhance the regeneration of muscle.

We would advise caution in the use of MRI assessment of
muscle atrophy in guiding surgical decisions, as it may not
fully indicate the atrophy or its reversibility following cuff
repair.
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Take home message: 
Muscle regeneration is possible following the repair of a torn

rotator cuff tendon.

Supplementary material
Figures showing how the occupation ratio was
calculated can be fiound alongside the paper at

http://www.bjj.boneandjoint.org.uk/

Author contributions:
U. Butt: Data collection/analysis, Writing the paper.
M. S. Rashid: Data collection/analysis.
D. Temperley: Radiology review/data collection, Performed scans/biopsies.
S. Crank: Tissue collection and preparation.
A. Birch: Data collection, Patient review.
A. J. Freemont: Tissue preparation/analysis, Data collection and supervision,
Paper editing.
I. A. Trail: Performed surgery and biopsies, Data collection, Paper editing.

The authors would like to acknowledge J. Haines who supervised and per-
formed some of the surgery, and P. Baird for her help with handling and prepar-
ing the tissue samples.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by J Scott and first proof edited by A. C. Ross.

References
1. Rees JL. The pathogenesis and surgical treatment of tears of the rotator cuff. J Bone

Joint Surg [Br] 2008;90-B:827–832.

2. Fuchs B, Gilbart MK, Hodler J, Gerber C. Clinical and structural results of open
repair of an isolated one-tendon tear of the rotator cuff. J Bone Joint Surg [Am]
2006;88-A:309–316.

3. Bokor DJ, Hawkins RJ, Huckell GH, Angelo RL, Schickendantz MS. Results of
nonoperative management of full-thickness tears of the rotator cuff. Clin Orthop Relat
Res 1993;294:103–110.

4. Nich C, Mütschler C, Vandenbussche E, Augereau B. Long-term clinical and
MRI results of open repair of the supraspinatus tendon. Clin Orthop Relat Res
2009;467:2613–2622.

5. Gerber C, Fuchs B, Hodler J. The Results of Repair of Massive Tears of the Rotator
Cuff. J Bone Joint Surg [Am] 2000;82-A:505–515.

6. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty muscle degen-
eration in cuff ruptures: pre-and postoperative evaluation by CT scan. Clin Orthop
Relat Res 1994;304:78–83.

7. Zilber S, Carillon Y, Lapner PC, Walch G, Nové-Josserand L. Infraspinatus
delamination does not affect supraspinatus tear repair. Clin Orthop Relat Res
2007;458:63–69.

8. Thomazeau H, Boukobza E, Morcet N, Chaperon J, Langlais F. Prediction of
rotator cuff repair results by magnetic resonance imaging. Clin Orthop Relat Res
1997;344:275–283.

9. Galatz LM, Ball CM, Teefey SA, Middleton WD, Yamaguchi K. The outcome and
repair integrity of completely arthroscopically repaired large and massive rotator cuff
tears. J Bone Joint Surg [Am] 2004;86-A:219–224.

10. Zumstein MA, Jost B, Hempel J, Hodler J, Gerber C. The clinical and structural
long-term results of open repair of massive tears of the rotator cuff. J Bone Joint Surg
[Am] 2008;90-A:2423–2431.

11. Jost B, Pfirrmann CW, Gerber C, Switzerland Z. Clinical Outcome After Struc-
tural Failure of Rotator Cuff Repairs. J Bone Joint Surg [Am] 2000;82-A:304–314.

12. Jost B, Zumstein M, Pfirrmann CW, Gerber C. Long-term outcome after structural
failure of rotator cuff repairs. J Bone Joint Surg [Am] 2006;88-A:472–479.

13. Nové-Josserand L, Edwards TB, O’Connor DP, Walch G. The acromiohumeral
and coracohumeral intervals are abnormal in rotator cuff tears with muscular fatty
degeneration. Clin Orthop Relat Res 2005;433:90–96.

14. Shen PH, Lien SB, Shen HC, et al. Long-term functional outcomes after repair of
rotator cuff tears correlated with atrophy of the supraspinatus muscles on magnetic
resonance images. J Shoulder Elbow Surg 2008;17:1S–7S.

15. Thomazeau H, Rolland Y, Lucas C, Duval JM, Langlais F. Atrophy of the
supraspinatus belly. Assessment by MRI in 55 patients with rotator cuff pathology.
Acta Orthop Scand 1996;67:264–268.

16. Zanetti M, Gerber C, Hodler J. Quantitative assessment of the muscles of the rota-
tor cuff with magnetic resonance imaging. Invest Radiol 1998;33:163–170.

17. Warner JJ, Higgins L, Parsons IM IV, Dowdy P. Diagnosis and treatment of
anterosuperior rotator cuff tears. J Shoulder Elbow Surg 2001;10:37–46.

18. Steinbacher P, Tauber M, Kogler S, et al. Effects of rotator cuff ruptures on the
cellular and intracellular composition of the human supraspinatus muscle. Tissue Cell
2010;42:37–41.

19. Irlenbusch U, Gansen HK. Muscle biopsy investigations on neuromuscular insuffi-
ciency of the rotator cuff: a contribution to the functional impingement of the shoulder
joint. J Shoulder Elbow Surg 2003;12:422–426.

20. Lundgreen K, Lian OB, Engebretsen L, Scott A. Lower muscle regenerative poten-
tial in full-thickness supraspinatus tears compared to partial-thickness tears. Acta
Orthop 2013;84:565–570.

21. Mendias CL, Roche SM, Harning JA, et al. Reduced muscle fiber force production
and disrupted myofibril architecture in patients with chronic rotator cuff tears. J
Shoulder Elbow Surg 2015;24:111–119.

22. Dawson J, Rogers K, Fitzpatrick R, Carr A. The Oxford shoulder score revisited.
Arch Orthop Trauma Surg 2009;129:119–123.

23. Behan WM, Cossar DW, Madden HA, McKay IC. Validation of a simple, rapid,
and economical technique for distinguishing type 1 and 2 fibres in fixed and frozen
skeletal muscle. J Clin Pathol 2002;55:375–380.

24. Schaefer O, Winterer J, Lohrmann C, et al. Magnetic resonance imaging for
supraspinatus muscle atrophy after cuff repair. Clin Orthop Relat Res 2002;403:93–
99.

25. Doro LC, Ladd B, Hughes RE, Chenevert TL. Validation of an adapted MRI pulse
sequence for quantification of fatty infiltration in muscle. Magn Reson Imaging
2009;27:823–827.

26. Matsumoto F, Uhthoff HK, Trudel G, Loehr JF. Delayed tendon reattachment does
not reverse atrophy and fat accumulation of the supraspinatus--an experimental study
in rabbits. J Orthop Res 2002;20:357–363.

27. Jo CH, Shin JS. Changes in appearance of fatty infiltration and muscle atrophy of
rotator cuff muscles on magnetic resonance imaging after rotator cuff repair: estab-
lishing new time-zero traits. Arthroscopy 2013;29:449–458.

28. Uhthoff HK, Matsumoto F, Trudel G, Himori K. Early reattachment does not
reverse atrophy and fat accumulation of the supraspinatus--an experimental study in
rabbits. J Orthop Res 2003;21:386–392.

29. Gerber C, Meyer DC, Schneeberger AG, Hoppeler H, von Rechenberg B. Effect
of tendon release and delayed repair on the structure of the muscles of the rotator
cuff: an experimental study in sheep. J Bone Joint Surg [Am] 2004;86-A:1973–1982.

30. Kawada S, Ishii N. Changes in skeletal muscle size, fibre-type composition and cap-
illary supply after chronic venous occlusion in rats. Acta Physiol (Oxf) 2008;192:541–
549.

31. Pette D, Staron RS. Transitions of muscle fiber phenotypic profiles. Histochem Cell
Biol 2001;115:359–372.

32. Matsakas A, Patel K. Skeletal muscle fibre plasticity in response to selected envi-
ronmental and physiological stimuli. Histol Histopathol 2009;24:611–629.

33. Salmons S, Vrbová G. The influence of activity on some contractile characteristics
of mammalian fast and slow muscles. J Physiol 1969;201:535–549.

34. Kang JR, Gupta R. Mechanisms of fatty degeneration in massive rotator cuff tears.
J Shoulder Elbow Surg 2012;21:175–180.

35. Rowshan K, Hadley S, Pham K, et al. Development of fatty atrophy after neuro-
logic and rotator cuff injuries in an animal model of rotator cuff pathology. J Bone
Joint Surg [Am] 2010;92-A:2270–2278.

36. Costouros JG, Porramatikul M, Lie DT, Warner JJ. Reversal of suprascapular
neuropathy following arthroscopic repair of massive supraspinatus and infraspinatus
rotator cuff tears. Arthroscopy 2007;23:1152–1161.

37. Meyer DC, Hoppeler H, von Rechenberg B, Gerber C. A pathomechanical con-
cept explains muscle loss and fatty muscular changes following surgical tendon
release. J Orthop Res 2004;22:1004–1007.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


