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The effect of autologous Achilles bursal tissue
implants in tendon-to-bone healing of rotator
cuff tears in rats
Andreas Ficklscherer, MD1, Anja Z. Zhang, MD*,1, Thomas Beer, MD,
Mehmet F. G€ulecy€uz, MD, Roland M. Klar, PhD, Elem Safi, MD,
Matthias Woiczinski, MD, Volkmar Jansson, MD, Peter E. M€uller, MD
Department of Orthopaedic Surgery, Physical Medicine and Rehabilitation, University Hospital of Munich, Munich,
Germany

Background: The aim of this study was to investigate the influence of autologous bursal tissue derived from the Achilles bursa on tendon-
to-bone healing after rotator cuff tear repair in a rat model.
Methods: A total of 136 Sprague-Dawley rats were randomly assigned to either an untreated or a bursal tissue application group or
biomechanical testing and histologic testing after rotator cuff repair. After separating the supraspinatus tendon close to the greater tuber-
osity, the tendon was reattached either unaltered or with a bursal tissue interposition sewn onto the interface. Immunohistologic analysis
was performed 1 and 7 weeks after supraspinatus tendon reinsertion. Biomechanical testing of the tendon occurred 6 and 7 weeks after
reinsertion.
Results: Immunohistologic results demonstrated a significantly higher percentage of Type II collagen (P ¼ .04) after 1 and 7 weeks in the
tendon-to-bone interface using autologous bursal tissue in comparison to control specimens. The bursa group showed a significantly
higher collagen I to III quotient (P ¼ .03) at 1 week after surgery in comparison to the 7-week postsurgery bursa groups and controls.
Biomechanical assessment showed that overall tendon stiffness (P ¼ .002) and the tendon viscoelasticity in the bursa group (P ¼
.003) was significantly improved after 6 and 7 weeks. There was no significant difference (P ¼ .55) in force to failure between the
bursa group and the control group after 6 and 7 weeks.
Conclusion: Autologous bursal tissue derived from the Achilles bursa and implanted to the tendon-to-bone interface after rotator cuff
repair facilitates a faster healing response to re-establish the biologic and biomechanical integrity of the rotator cuff in rats.
Level of evidence: Basic Science Study; In Vivo Animal Model; Histology and Biomechanics
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The risk of rotator cuff tears and of rerupture after ro-
tator cuff repair increases with age.2,3 In recent years, many
new arthroscopic methods for a robust reconstruction of
rotator cuff tears using bone anchors and specific suture
techniques have been introduced and established. These
include double-row and transosseous sutures. Over a longer
period of time, research has focused mainly on the
biomechanical aspects of tendon-to-bone refixation,3,9 and
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good short-term outcomes regarding pain reduction and
functionality have been demonstrated.2,24 However, me-
dium- and long-term outcomes have shown a high per-
centage of recurrent defects. The main complications after
arthroscopic repair are reruptures with occurrence of up to
50%,12,16 although the load to failure in modern refixation
techniques (500-600 N) has been shown to be significantly
higher than the physiological load to failure of the native
supraspinatus tendon (300 N).4,26,38 Increased maximum
failure loads with stronger anchoring techniques did not
reduce the long-term rerupture rate.11,22 Recent research
has been increasingly focused on the biologic aspects of
tendon-to-bone healing, improvement of the tendon quality,
and rotator cuff muscle regeneration.13,27,29-31 Mesen-
chymal proliferator cells, stem cells,21 various growth
factors, and translational molecules such as mitogen-
activated protein kinase have been identified in the
human subacromial bursa. These cells may positively in-
fluence the healing of repaired rotator cuff lesions and
reduce the rerupture rate.35 A previous study using the
same conditions showed migration of mesenchymal stem
cells (MSCs) originating in the Achilles bursa (also
described as retrocalcaneal) into tendon-to-bone interface
at 1, 3, and 6 weeks after attaching a bursa interposition
onto the tendon-to-bone interface in rats.28 This method
relies on the influence of regeneration stimulation by
growth factors as well as pluripotent stem cells and their
ability to differentiate concerning the biologic aspects of
tendon-to-bone healing.
Study purpose

The purpose of this study was to histologically and
biomechanically investigate the positive healing effect of
an autologous bursa patch at the tendon-to-bone interface
after supraspinatus repair in an in vivo rat model. We hy-
pothesized that the use of a bursa patch on the tendon-to-
bone interface would lead to a facilitated healing and
biomechanically more stable reconstruction. We aimed to
investigate the immunohistologic difference of tendon-to-
bone healing in specimens at 1 and 7 weeks after surgery
and the biomechanical difference between a more sensitive
6-week-postsurgery model compared with the previously
used 7-week postsurgery model.7,8 The null hypothesis was
that there was no significantly measurable difference be-
tween the control group and the bursal group at different
stages of healing. Biomechanical testing was performed to
detect if a 6-week healing period was sufficient in terms of
load to failure in comparison to a healing period of 7
weeks. The primary objective of the biomechanical analysis
was to determine the load needed for failure of the tendon
or the tendon-to-bone area. Additionally, biomechanical
parameters such as tendon stiffness and quantitative
viscoelasticity were calculated. Because the subacromial
bursa in the rat could not be detected macroscopically, we
opted to use the Achilles bursa. The presence of MSCs and
growth factors in bursal tissue have been confirmed by
previous analyses as a preparative study to our study pur-
pose.28 Histologically, we wanted to investigate whether
MSCs derived from the Achilles bursa can be used in an
interposition form to improve rotator cuff healing at the
tendon-to-bone interface in a rat model.
Material and methods

Study design

This is an experimental study comparing the positive healing ef-
fect of an autologous bursa patch at the tendon-to-bone interface
after supraspinatus repair histologically and biomechanically in an
in vivo rat model. A total of 136 female Sprague-Dawley rats
(Charles River Laboratories, Sulzfeld, Germany) were used, as
female rats are less aggressive when held in shared cages
compared with males. The number of animals needed for this
study was determined through a power analysis estimation by the
Institute for Medical Information Processing, Biometry, and
Epidemiology of our University.

Animal husbandry was conducted according to specific hy-
giene conditions (expanded FELASA criteria,23 in type IV R
cages). Food and water access was ad libitum. Tests were con-
ducted at least 7 days after arrival of the animals to allow for
regeneration from transportation and accommodation to the new
environment. The rats were sacrificed for biomechanical analysis
of the tendon-to-bone interface after 6 and 7 weeks of healing time
to compare a shorter healing time of 6 weeks to the previously
analyzed 7-week healing period.7,8 Histologic analysis was per-
formed on samples collected after 1 and 7 weeks (Fig. 1).

Surgical procedure

Animals were anesthetized with ketamine hydrochloride (5-15
mg/kg) (Pfizer Inc., Berlin, Germany) and general anesthesia
maintained by isoflurane (1 mL/mL) (CP Pharma, Burgdorf,
Germany). All surgical procedures were performed under sterile
conditions and in a lateral position. The lower right paw of the
animals receiving the autologous Achilles bursa tissue was shaved
and a 0.5-cm-long incision of the skin and subdermal tissue was
carried out. The right Achilles tendon was exposed and the
Achilles bursa dissected. The wound was then sutured closed. A 1-
cm-long skin incision was made cranially to the glenohumeral
joint in both the bursa and control groups, and the deltoid muscle
was split along the fiber lines. The clavicle was divided in the
proximity of the acromioclavicular joint for better access to the
supraspinatus tendon. Once the tendon had been exposed, the
distal end was detached from the greater tuberosity using a
scalpel. A Mason-Allen suture was prepared (Ethicon Prolene,
Norderstedt, Germany). For transosseous refixation, 2 channels of
0.5 mm width were drilled into the greater tuberosity (Micromot
50/E; Proxxon, Wecker, Luxembourg). In the bursa group, the
extracted bursal tissue was strung onto the suture attached to the
supraspinatus tendon and both suture legs were pulled through the
drill channels. By tying both ends of the suture, the bursal inter-
position glided between the end of the supraspinatus tendon and



Figure 1 (A) Histologic and (B) biomechanical experimental setup. Animals were assigned to groups by randomized pattern. For
histologic assessment (A), the control group consisted of an SSP suture without a bursal interposition (K) with a 1-week healing period (K1)
or a 7-week healing period (K7), and the bursa group consisted of an SSP suture with a bursal interposition (B) with a 1-week healing
period (B1) or a 7-week healing period (B7). For the biomechanical setup (B), the control group 1 consisted of an SSP suture without a
bursal interposition (K) with a 6-week healing period (K6) and a 7-week healing period (K7), and the bursa group consisted of an SSP
suture with a bursal interposition (B) with a 6-week healing period (B6) and a 7-week healing period (B7). SSP, supraspinatus.
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the prepared anatomic footprint on the greater tuberosity. The
suture legs were then tightly bound. The deltoid muscle and the
skin were then closed, using muscle and skin single-stitch sutures.
In the control group, surgery was performed in an identical
manner except that bursal tissue was not interpositioned at the
tendon-to-bone interface. After surgery, the animals were sepa-
rated from those who had not undergone surgery to receive
postoperative care and to allow for a proper recovery. They were
placed in a heated box until they achieved full consciousness and
mobility. The animals received a single shot of 0.5 mg/kg enro-
floxacin (Baytril; Bayer AG, Leverkusen, Germany) as a pro-
phylactic antibiosis.

Histology and immunohistomorphometry

The 16 animals allocated to undergo histologic and
immunohistomorphometric analysis (Fig. 1) were euthanized by a
lethal overdose of isoflurane at weeks 1 and 7. The right shoulder
joints were harvested and fixed in 4% neutral-buffered formalin
(Merck, Darmstadt, Germany) for 48 hours. Afterward, the
shoulders were decalcified in ethylenediaminetetraacetic acid
tetrasodium (EDTA-4Na) 20% citric acid (Merck) for 14 days.
Then the specimens were processed in multiple ascending grades
of ethanol in an automatic tissue processor into paraffin (Hyper-
center XP, Thermo Scientific Fisher). From each specimen, 20
slices were cut sequentially at 3 mm, in the coronal plane. The
10th section of each specimen was stained with hematoxylin-
eosin, with the adjacent sections being immunohistomorpho-
metrically assessed for collagen type I (Novus Biologicals,
Nordenstadt, Germany), collagen type II (CIIC2, Development
Studies Hybrid), and collagen type III (Novus Biologicals) using
image processing and analysis (Image J Java 1.8.0_172; National
Institute of Health, Bethesda, MD, USA). Images of histologic
and immunohistochemically stained sections were captured and
digitized using a light microscope (Axioskop 40; Zeiss, Jena,
Germany) interfaced to a video camera (Axio Cam MRc5; Zeiss).
Images and/or slides of each of the histologic specimens were
evaluated by the authors (A.Z., A.F., R.K.) using the Bonar score
for histopathology of tendinopathy. The Bonar score describes 4
stages of degeneration in tendinopathy by the parameters of
increasing collagen disorganization, mucoid ground substance,
prominence of vascular spaces with or without neo-
vascularization, and focal necrosis or calcification.17 Each inves-
tigator was blinded with respect to specimen groups. The
vascularity of the tendon-to-bone interface, fibrocartilage at the
tendon-to-bone interface, organization of collagen tissue,
inflammation, and collagen fiber continuity between tendon and
bone tissue were also evaluated.

Biomechanical testing

The aim of the biomechanical testing was to analyze parameters
such as the viscoelasticity, tendon stiffness, and load to failure.
The following experimental setting was based on the setup pro-
tocols described by Galatz et al10 and Ficklscherer et al.7,8 To
avoid drying out, the samples remained wrapped in damp gauzes
with 0.9% saline solution. All measurements were done using a
tensile testing machine (Z010/TN2A; Zwick/Roell, Ulm, Ger-
many). For detection of the strength applied, a transducer (Z6FD1;
Zwick/Roell) within a measuring range of 0.4 and 100 N was used
as a sensor. The samples were embedded in aluminum cylinders
that were sealed at the bottom and filled with a combination of
RenCast (OBO Werke GmbH, Stadthagen, Germany) FC 52/53
isocyanate and RenCast FC 53 polyol, which produces poly-
urethane with a mass ratio of 1:1. The humerus bone of each
sample shoulder was put vertically into the polyurethane up to the
surgical column. After hardening of the polyurethane, the muscle
belly of the supraspinatus muscle was stripped from the tendon.
The tendon was fixed near the insertion site into the clamps of the
transducer. The cylinder and transducer were attached at a
perpendicular angle. Traction to the tendon was simulated to
physiological conditions as closely as possible, in a 90� angle to
the vertical axis of the humerus bone. Management of the tensile
testing machine was logged according to the testing requirements
into the software testXpert V12.1 (Zwick/ Roell). To define the
same initial tension value for all samples, a preload of 0.2 N with



Figure 2 Hematoxylin-eosin staining of rat shoulders shows less cellularity and vascularization and more interface organization tissue
bursa groups after 1 and 7 weeks. The areas of interest in the interface tissue regions are marked with . T, tendon; I, tendon-to bone
interface; B, bone.
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0.1 mm/s was applied for every measurement. Tendon viscoelas-
ticity (Nmm) was calculated with the area of the increasing and
decreasing value points of the hysteresis loop using integral cal-
culus. The calculated value of viscoelasticity is contrary to the
value of elasticity. To determine load-to-failure (N), it was pre-
loaded with 0.2 N and with speed at 0.1 mm/s. Subsequently, the
sample was strained with an incrementally increasing speed of 0.1
mm/s until failure of the tendon suture or the tendon-to-bone
interface.

Statistical analysis

Statistical analysis for biomechanical testing was done using
Mann-Whitney U test (Graph Pad Prism 7.03 for Windows; Graph
Pad Software, San Diego, CA, USA). Statistical analysis for his-
tomorphometry was performed using 1-way analysis of variance
with univariate General Linear Model (Graph Pad Prism 7.03).
The confidence interval was defined at 95% and the significance
level at P < .05.
Results

A total of 136 animals were used in the study. Of these, 120
specimens were allocated for biomechanical testing, and 16
specimens were used for histologic analysis using the
Bonar score for assessing histopathology of tendinopathy.
The immunohistomorphometric analysis of the Bonar score
rates the specimens by the parameters tenocytes, ground
substance, collagen, and vascularity.

All 136 animals survived the surgical implantations,
with no deaths occurring postoperatively. An average body
mass gain of 15% was observed across all experimental and
control groups. HE staining showed less cellularity and
vascularization and more interface organization tissue in
bursa groups using the Bonar score for histopathology of
tendinopathy (Fig. 2).
Immunohistomorphometry

Collagen II expression
The mean area of collagen II expression in the interface
region was significantly higher (P ¼ .04) using the bursa
interposition (0.3 � 0.1 mm2) after 1 week in comparison
to the control group (0.2 mm2) (Fig. 3). Similarly, signifi-
cant results (P ¼ .04) could be found in the bursa inter-
position group (0.3 � 0.1 mm2) after 7 weeks compared
with the control group (0.2 � 0.1 mm2).



Figure 3 Collagen II immunohistologic staining of rat shoulders shows less cellularity and vascularization and more interface organi-
zation tissue bursa groups after 1 and 7 weeks. The mean area of collagen II expression in the interface region was significantly higher (P ¼
.04) in the bursa interposition group after 1 week in comparison to the control group. Similarly, significant results (P ¼ .04) could be found
in the bursa interposition group after 7 weeks compared with the control group. T, tendon; I, tendon-to bone interface; B, bone.
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Collagen I and III quotient
Overall, collagen I and III staining showed significantly
higher presence of collagen I to III quotient (P ¼ .03) in the
bursa interposition group at 1 week after surgery (5.1 �
1.4), (Fig. 4). There was a higher presence of collagen I in
the first week after surgery, whereas collagen III was pre-
sent in significantly greater proportion 7 weeks after
inserting the bursa interposition in all groups.

Biomechanical testing

Viscoelasticity
The evaluation of viscoelasticity (Nmm) demonstrated
significant differences in the investigated groups. Lower
values of viscoelasticity were shown in the bursa group
than in the control group after 6 weeks. Therefore, greater
elastic properties (P ¼ .002) could be demonstrated in the
bursa group. The difference was highly significant
comparing the 7-week measurements of the bursa group vs.
those of the control group. In analogy to the previous paired
comparisons, significantly higher elasticity was demon-
strated in the bursa groups (P ¼ .003) (Fig. 5).
Tendon stiffness
A comparison of the bursa group 6 weeks after surgery to
the control group detected a significantly increased stiffness
in the bursa group (P ¼ .02). No significant difference was
detected in the comparison of the 7-week bursa group vs.
the 7-week control group. Within the bursa group, the
stiffness was almost identical after 6 and 7 weeks (Fig. 6).

Force at failure
Ninety specimens were used for biomechanical testing.
Eleven specimens failed as a result of humeral head frac-
tures during testing, and in 79 cases, the specimens failed at
the tendon at the tendon-to bone interface. When evaluating
the tensile strength, comparable yield values were found in
all groups. We found no significant differences in
maximum failure load (N) between the experimental
groups (Fig. 7).
Discussion

In recent years, the biomechanical quality of modern
anchorage and suture techniques for the surgical care of rotator



Figure 4 Immunohistomorphometric assessment of collagen type I and III formation. (A) 1-week control and bursa groups; (B) 7-week
control and bursa groups. The x-axis shows the surgery groups whereas the y-axis demonstrates the collagen I to III quotient. The bursa
interposition group 1 week after surgery showed a significantly higher presence of collagen I to III quotient (P ¼ .03, green bar with *) in
comparison to 1 week (blue bar). The bursa interposition group 7 weeks after surgery (brown bar) showed a significantly higher presence of
collagen I to III quotient compared with postoperative controls and 7 weeks postsurgery (purple bar).
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cuff tears has been increasingly improved and optimized.
However, the problem of high rerupture rate after surgical
tendon refixation is still unresolved, and the biology of tendon
healing is increasingly becoming the focus of research.37 In
previous studies, it could be shown that the restoration of the
complex visual tendon-to-bone insertion (enthesis) is not
successful and that the biomechanical properties of the scar
tissue are insufficient in comparison to the original tendon to
bone complex.1 Many studies have investigated the influence
of growth factors, cytokines, platelet concentrates, and phar-
maceutical therapeutics on the modulation and support of
tendon-to-bone healing.1,14 The investigation of platelet con-
centrates (platelet-rich plasma) and the growth factors con-
tained therein (including transforming growth factor beta 1-3,
vascular endothelial growth factor, platelet-derived growth
factor, insulinlike growth factor 1c, immunoglobulin A 1a,
bone morphogenetic protein 12, epidermal growth factor) has
been in particular focus with regard to clinical application.
Significantly positive results have been achieved in vitro in
terms of biomechanical and histologic tendon quality. How-
ever, as of this writing, no reliable proof of efficacy could be
provided for clinical application.18 Additionally, there is
considerable uncertainty concerning the application process,
the timing, and the correct dosage of the more than 1500 cy-
tokines involved in the healing process.37

We therefore developed the main hypothesis that the
stem cells and growth factors of bursa tissue used as an
interposition can lead to a higher quality of biomechanical
healing of the tendon compared with the suturing alone.
We confirmed that a reduced healing time of 6 weeks is
biomechanically sufficient for tendon healing at the
tendon-to-bone interface when a bursal interposition is
used. We were also able to demonstrate that bursal tissue
containing MSCs might improve rotator cuff healing.
MSCs from an autologous Achilles bursa interposition in-
creases connective tissue, that is, collagen II production
and a higher collagen I to III quotient, at the tendon-to-
bone interface in a rat model. Only a few studies currently
have shown the presence of MSCs in bursal
tissue.14,19,32 No study has yet demonstrated signs of better
histologic tissue healing in rotator cuff tears in an animal
model with the use of this tissue. Even though the presence
of bursal stem cells was investigated by Utsunomiya in
2013,36 the clinically relevant question remains of whether
a partial and sparing bursectomy can be recommended
rather than subtotal bursectomy during arthroscopic sur-
geries. In their in vivo study on the differentiation potential
of MSCs from the subacromial bursa, Song et al32 were
able to demonstrate that the growth factor bone morpho-
genetic protein–12 can support MSCs in their differentia-
tion into tenocytes and thus the formation of tendon tissue.
It is possible that one of the induced mediators in combi-
nation with a longer healing time is responsible for our
results; it must be considered whether there is a role of
inflammatory factors in healing of tendon-to-bone. Further
immunohistologic analysis in the context of follow-up
studies could contribute to a better understanding.
Currently, there is no study that has investigated the in-
fluence of MSCs on the viscoelasticity that could be used
for comparison. In the bursa and control groups, we could
not find any tendency or significant difference between a 6-
and 7-week healing period.



Figure 5 Biomechanical viscoelasticity measured in newton-
millimeters in controls after 6 (K6) and 7 (K7) weeks vs. the bursa
group after 6 (B6) and 7 (B7) weeks postsurgery. Significant re-
sults were noted at P < .05 (shown with *) in the bursa groups
after 6 and 7 weeks (B6 and B7).
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In biomechanical aspects, based on the experiments of
Galatz et al,10,11 we have developed a standardized test
procedure for measuring the tensile strength and visco-
elastic behavior of the supraspinatus tendon in a rat model.
Figure 6 Tendon stiffness measured in newton-millimeters in controls
7 (B7) weeks postsurgery. Significant results were noted at P < .05 (sh
The control groups after 6 and 7 weeks’ healing time vs. the
experimental groups after 6 and 7 weeks demonstrated a
significantly better elasticity. From a different angle, the
loss of potential energy may help protect the tendon-bone
suture. This would be a desirable condition in the imme-
diate postoperative setting but is disadvantageous in the
medium and long term. The comparison of viscoelasticity
between the sixth and seventh postoperative week showed
inconsistent values in this respect.

In terms of stiffness, we were able to confirm our hy-
potheses. The bursa group showed significantly higher re-
sults compared with the control group. We interpret higher
tendon stiffness as a positive result, albeit with limitations.
Stiff tendons provide tensile forces with greater resistance
to deformation and transfer muscle strength to the bone
with little energy loss. However, the tendon is less exten-
sible, and the possibility of length variation is limited.
Muscle force impulses are thus transmitted to the bone with
less attenuation, and high strain of the tendon suture is
possible after surgical treatment of a rotator cuff tear.
Degen et al5 investigated the effect of MSCs from bone
marrow on rotator cuff tendon healing in their work. In 26
animals of their experimental group, the supraspinatus
tendon was released and refixed. MSCs dissolved in fibrin
glue were then applied to the tendon-bone interface. In the
control group, the fibrin glue was applied without MSCs.
Biomechanical measurements were taken 4 weeks after
surgery. In contrast to our results, Degen et al found no
significant difference between their experimental and con-
trol groups. Only the comparison with intact tendons
showed significantly lower results in the experimental
group. This was also noted by Ficklscherer et al,7,8 who in
their rat models showed 10 times higher stiffness values in
shoulders without surgery in comparison to shoulders after
rotator cuff repair. Notwithstanding limitations of visco-
elasticity inconsistency, we were able to demonstrate that
the interposition of bursa tissue showed a higher quality of
biomechanical healing as well as histologic tissue stability
in a rotator cuff tear rather than suturing alone.
after 6 (K6) and 7 (K7) weeks vs. the bursa group after 6 (B6) and
own with *) in the bursa groups after 6 weeks (B6).



Figure 7 Overview of force at failure results (N) of all groups.
The bursa group 6 weeks (B6) and 7 (B7) weeks postsurgery and
the control groups 6 (K6) and 7 (K7) weeks postsurgery are shown
in a tabular overview.
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Limitations

Among the small animals, the rat is most similar to human
anatomy and biomechanics (including the anatomy of the
acromial arch and the compression of the supraspinatus
tendon during arm elevation and overhead activities).33 The
cost-effectiveness of the rat model is better in comparison
to a large animal model. The tendon defects created by us
correspond more to the pathologic mechanism of an acute
rupture and not to the degenerative lesions usually found in
humans. The refixation was carried out in a single opera-
tion. Tendon retraction and degeneration as well as muscle
belly fattening, which are treatment-limiting factors in
humans, were therefore excluded. This restriction may have
been compensated for by Thangarajah et al,34 who used a 2-
stage surgical procedure. In a first operation, the supra-
spinatus tendon was detached from the bone and marked
with a Prolene thread. In a second surgery after 3 weeks,
the tendon was refixed to the footprint of the bone.
Furthermore, the self-healing power of rats are far superior
to those of humans, so tendon tears heal much faster. Thus,
reruptures do not occur that often.6 The rat tendons were
stored at –20�C between collection and biomechanical
testing. Studies in 2017 by Oswald et al25 and Lee et al20

conclude that freezing at –20�C has no effect on the
biomechanical and structural properties of tendons, and this
is therefore currently recommended as a method of storage
choice. Hirpara et al15 investigated the effects of cryo-
preservation of varying duration (24 hours, 3 months, and 6
months) on the stability of tendon sutures and found no
significant differences. We also found no significant
differences between our groups. Despite these limitations,
the rat is seen as an adequate model for the study of repair
mechanisms and new treatment approaches in rotator cuff
pathologies.6,18
Conclusion
This study demonstrates the influence of bursal tissue
interposition during rotator cuff surgery to the tendon-
to-bone interface and histologically and biomechani-
cally better tendon-to-bone healing. Stem cells and
growth factors from bursal tissue might aid in faster
healing processes of tendon-cartilage-bone interfaces in
rat models and may be an indication for applying bursal
tissue or bursal cells by injection in clinical use. Future
recommendations may include using the already present
bursa as an interposition into the tendon-to bone inter-
face during arthroscopic or minimal-open surgeries and
development of intraoperative bursal MSC extraction
kits with processing and application of bursal stem cells
as in autologous conditioned or platelet-rich plasma kits.
Disclaimer
The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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