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Abstract
Background:Aspirin is a representative non-steroidal anti-inflammatory drug (NSAIDs) and has been commonly used for
the treatment of tendinopathy in clinical practice. In this study, we aimed to evaluate the biomechanical and histological
healing effects of aspirin on the healing of the tendon-to-bone interface after rotator cuff tear repair.Methods: A total of
20 male Sprague-Dawley rats were randomly divided into two groups of 10 rats each. Group-C performed repaironly, and
group-aspirin treated with aspirin after tendon repair. Group-aspirin rat were intraperitoneally injected with aspirin at
10 mg/kg every 24 h for 7 days. Eight weeks after surgery, the left shoulder of each rat was used for histological analysis and
the right shoulder for biomechanical analysis. Results: In the biomechanical analysis, there was no significant difference in
load-to-failure (group-C: 0.61 ± 0.32 N, group-aspirin: 0.74 ± 0.91 N; p = .697) and ultimate stress (group-C: 0.05 ±
0.01 MPa, group-aspirin: 0.29 ± 0.43 MPa; p = .095). For the elongation (group-C: 222.62 ± 57.98%, group-aspirin: 194.75 ±
75.16%; p = .028), group-aspirin confirmed a lower elongation level than group-C. In the histological evaluation, the Bonar
score confirmed significant differences in collagen fiber density (group-C: 1.60 ± 0.52, group-aspirin: 2.60 ± 0.52, p = .001)
and vascularity (group-C: 1.00 ± 0.47, group-aspirin: 2.20 ± 0.63, p = .001) between the groups. Conclusions: Aspirin
injection after rotator cuff tear repair may enhance the healing effect during the early remodeling phase of tendon healing.
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Introduction

Rotator cuff tears (RCT) are caused by extrinsic factors such
as age, trauma, and strain, and endogenous factors such as
tendon degeneration, poor blood supply, and subacromial
impingement.1–5 This results in a patient’s pain such as
shoulder pain, reduced muscle strength, and limited range of
motion, resulting in an extremely reduced quality of life for
the individual patient.3 In general, RCT are classified ac-
cording to the size of the tear: small (<1 cm), medium (1 to
3 cm), large (3 to 5 cm), and giant (>5 cm).6 Massive RCT
account for 40% of all rotator cuff tears and have a higher
rate of recurrent tears after surgical repair due to structural
failure and poor outcomes compared to small tears.7 Ef-
fective surgical treatments are being used for this RCT
healing, but the failure rate is still very high.8,9 Above all,
there is a lack of review of drugs that promote tendon
healing in the early remodeling stage after rotator cuff
tendon repair.10,11

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
commonly prescribed to treat musculoskeletal pain and
inflammation. NSAIDs act by inhibiting prostaglandin
production by inhibiting cyclooxygenase (COX), an en-
zyme that converts arachidonic acid into prostaglandins,
prostacyclin, and thromboxane.12,13 The inhibition of these
products causes a reduction of inflammation and also results
in antipyretic, antithrombotic, and analgesic effects.13,14

Aspirin, a representative (NSAIDs), has not only pain re-
lief and anti-inflammatory effects in joint diseases but also
enhanced cardiomyocyte differentiation of myeloid MSCs,
tendinopathy, or tendon damage.14–17 Clinical studies have
shown that celecoxib, an NSAID, may negatively impact
bone-tendon healing.18 Additionally, research using rabbit
models indicates that NSAIDs could delay tendon healing in
the initial stages after tendon reconstruction.19 These
findings are crucial for selecting NSAIDs for pain man-
agement following tendon repair, highlighting the need for
careful consideration of the potential effects on healing
processes.

In the previous study showed that GDF7 induced by
aspirin, a representative NSAID drug, played an im-
portant role in tenogenic healing and increased me-
chanical properties of micro damaged tendon.15 In the
same group, they reported that aspirin increased the
biomechanical properties of damaged achilles tendons
by inhibiting adipogenesis and fatty infiltration of
tendon-derived stem cells (TDSCs) mediated by the
regulation of PTEN/PI3K/AKT signaling pathway.14

However, to the best of our knowledge, no study has
yet examined the biomechanical and histological effects
of aspirin on the healing process of the rotator cuff
tendon-to-bone interface. In this paper, we evaluated the
biomechanical and histological tendon healing effects of

aspirin in early remodeling phage after rotator cuff
repair.

Materials and methods

Animal model

All animal procedures were approved by the institutional
animal commission at the author’s institution. We used 9-
week-old male Sprague–Dawley rats that were housed in a
specific pathogen-free facility. Prior to the experimental
process, the rats were acclimated to a 12 h/12 h light/dark
cycle at 22°C ± 2°C for 1 week, and they were allowed
unlimited access to food and water. The rat’s right shoulder
was used for the subsequent biomechanical evaluation,
including assessment of ultimate failure load at 8 weeks,
whereas the left shoulder was used for histological analysis.
A total of 10 rats were randomly allocated into two groups
(10 each): group-C, repair only, and group-aspirin, repair
and aspirin treatment.

Surgical procedure

All animals were anesthetized using zolazepam (0.05–
0.3 mL/kg, Zoletil®, Virbac S.A., Carros Cedex, France)
and xylazine hydrochloride (0.15 mL/kg, Rompun®, Bayer
HealthCare, Leverkusen, Germany).20 This provided pain
relief and muscle relaxation that helped these animals stay
asleep. The rat’s shoulders were shaved, sterilized, and
subjected to a rotator cuff incision. Briefly, palpate the
scapula and make a 3 cm longitudinal skin incision. The
exposed deltoid muscle was incised and the supraspinatus
tendon was identified. The supraspinatus tendon was cut
with a blade at the tendon-to-bone area with metzembaum.
The greater tubercle was widely exposed and two parallel
bone tunnels were created using a needle. The supraspinatus
tendon was repaired with the single-row technique through
the tunnel using Ethibond (Ethicon, Somerville, NJ, USA).
(Figure 1) The rats in the control group had no other in-
terventions after rotator cuff incision. In the experimental
group, aspirin (Bayer AG, Leverkusen, Germany) was in-
traperitoneally injected at a dose of 10 mg/kg/day for
1 week. No rats died after surgery until sacrifice, and no
complications were observed before sacrifice. Four weeks
after surgery, rats were euthanized to collect samples from
both shoulders. To minimize pain, the rats were anesthetized
with isoflurane and placed in a CO2 chamber until no
general movement was observed and death was confirmed.

Biomechanical analysis

For biomechanical measurements, the reattached tendon of
the rat’s right shoulder was appropriately excised
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(Figure 2(a)). A detailed procedure for biomechanical
measurements was presented in a previous study.20–22 To
summarize, the cross-sectional area and width of the middle
part of the harvested supraspinatus tendon were measured
using a Digimatic Micrometer (MDC-25SB; Mitutoyo Co.,
Kanagawa, Japan).21,23 The harvested samples were fixed in
a universal testing machine (OTT-03; Oriental TM, Si-
heung, South Korea) along the anatomical direction and
tested with a 20 kg load cell at a rate of 10 mm/min load to
failure, mode of failure (insertional tear or mid substance
tear) and ultimate stress parameters were measured
(Figure 2(b)). An insertional tear suggests relatively weak
tendon-bone healing, and a mid-substance tear suggests
strong tendon-bone healing.21

Histological analysis

All specimens from each group were histologically analyzed to
determine the extent of regeneration. First, the left shoulder of
each rat was harvested. Specimens were fixed in neutral
buffered 10% formalin (pH 7.4) and paraffin blocksweremade.
Those were cut into 4-lm thick sections and then deparaffinized
and rehydrated.24 Second, sample slides were randomly se-
lected and stained with hematoxylin and eosin (H&E), mas-
son’s trichrome, and picosirius red. The analyses were
performed by two investigators who were blinded to the dif-
ferent animal groups. The whole slide was used for the as-
sessment of areas of increased cellularity and vascularity,
proportion of collagen fibers, and level of maturation of the
tendon-to-bone structure. The scored items included (1)

continuity of collagen fiber, (2) orientation of collagen fiber, (3)
density of collagen fiber, (4) maturation of the tendon-to-bone
interface structure, (5) vascularity, and (6) cellularity. The
histological findings for each of these items were graded semi-
quantitatively into four stages (grade 0, 1, 2, and 3), wherein 0
indicated the poorest ruptured tendon appearance, one indicated
poorer appearance, two indicated better appearance, and three
indicated noticeably regenerated appearance, respectively.With
regard to the collagen fiber continuity and parallel collagen
fiber orientation items, we divided their stages using a per-
centage value: present at 1/4 proportion (grade 0), 1/4–1/2
proportion (grade 1), 1/2–3/4 proportion (grade 2), and 3/4
proportion (grade 3).20,25 Collagen fiber density was graded as
very loose (grade 0), loose (grade 1), dense (grade 2), or very
dense (grade 3).20,25 Each tissue slide was photographed under
a microscope (Leica DM IL LED; Leica Microsystems,
Wetzlar, Germany) using the LAS V4.8 software (Leica Mi-
crosystems) imaging system. Three observations were made at
the rotator cuff tissue at the same location and area at ×100
magnification.20 All images were obtained with the same il-
lumination and magnification parameters. After a photomi-
crograph was captured, 8-bit digitization was performed by the
ImageJ software.

Statistical analysis

All statistics were analyzed using SPSS 12.0 software
(SPSS Inc. Chicago, IL, USA), and statistical significance
was set to p-value \ 0.05. Chi-Square test, followed by t test,
was used to evaluate the biomechanical and histological

Figure 1. Surgical procedure for rotator cuff tear rat model. (A, B) The deltoid muscle was isolated to expose the SS tendon and (C) the
tendon was cut in the tendon-to-bone interface (yellow arrow). The tendon cut SS muscle was labeled using Ethibond (Ethicon,
Somerville, NJ, USA) thread, and (D) two holes were made with a needle in the deltoid for tendon reattachment. (E, F) The severed
tendon was sutured to the deltoid.
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differences between groups. Data are presented as the mean
and standard deviation.

Results

Biomechanical evaluation

Visual inspection of all samples confirmed that the supraspinatus
tendon-bone repair was not completely separated. (Figure 2(a))
In the biomechanical analysis, therewas no significant difference
in load-to-failure (group-C: 0.61 ± 0.32 N, group-aspirin: 0.74 ±
0.91N; p = .697) and ultimate stress (group-C: 0.05 ± 0.01MPa,
group-aspirin: 0.29 ± 0.43 MPa; p = .095). For the elongation
(group-C: 222.62 ± 57.98%, group-aspirin: 194.75 ± 75.16%;
p = .028), group-aspirin confirmed a lower elongation level than
group-C (Table 1).

Histological evaluation

Histologically, group-aspirin showed organized bone ten-
don interface structure with higher collagen fiber density

(group-C: 1.60 ± 0.52, group-aspirin: 2.60 ± 0.52, p = .001)
and vascularity (group-C: 1.00 ± 0.47, group-aspirin: 2.20 ±
0.63, p = .001) than the group-C (Table 2). However, there
were no significant differences in the collagen fiber con-
tinuity (group-C: 1.40 ± 0.70, group-aspirin: 2.10 ± 0.74,
p = .052), collagen fiber orientation (group-C: 1.40 ± 0.97,
group-aspirin: 2.10 ± 0.74, p = .089), maturation of the
tendon-to-bone interface structure (group-C: 1.60 ± 0.70,
group-aspirin: 2.10 ± 0.74, p = .165), and cellularity (group-
C: 1.08 ± 0.79, group-aspirin: 2.20 ± 0.63, p = .280) be-
tween the two groups (Table 2). In summary, there was no
biomechanical improvement effect by aspirin, but histo-
logical improvement effects such as collagen fiber density
and vascularity were confirmed (Figures 3 and 4).

Discussion

We evaluated the biomechanical and histological effects of
aspirin at the supraspinatus tendon-to-bone interface on the
repairing of RCT through biomechanical and histological
analyses in a rat model. After 8 weeks surgery, biome-
chanical evaluation did not show a significant difference
between the two groups. In the group-C, all types of failure
occurred at the tendon-bone interface.

We identified increased histological properties of aspirin
in a RCT rat models. Eight weeks postoperatively, the
group-aspirin showed significantly improved collagen fiber
density and vascularity compared with the control group.
The semiquantitative evaluation also showed higher scores
in the group-aspirin than in the control group. These results
indicates that aspirin can induce collagen formation and
promote vascularity. Previous studies have shown that the
use of aspirin in the early stages of tendon injury reduces the
expression of pro-inflammatory cytokines and promotes the
increase of anti-inflammatory cytokines through regulation
of the JNK/STAT-3 signaling pathway, producing an anti-
inflammatory effect.13 This reduction in inflammation can
promote the growth of fibroblasts, which can increase
collagen synthesis and promote angiogenesis in tendon
regeneration.13–15 The current results found that early use of
aspirin after tendon repair surgery increased collagen
density and improved vascularity at the tendon-bone in-
terface. In summary, we strongly advocate that the use of
aspirin early in tendon repair can be an effective treatment to
promote healing at the tendon-bone interface by improving
collagen biosynthesis and vascularity through inhibition of
the inflammatory response.

As a representative NSAID, aspirin is widely accepted as
a treatment for tendinopathy or ruptured tendon healing
because of its anti-inflammatory and pain relieving effects
in clinical practice.15 Previous studies have shown that
aspirin promotes tendon healing through anti-inflammation
and inhibition of scar formation in injured tendon healing.13

In addition, aspirin induces tenogenic differentiation of

Figure 2. Biomechanical evaluation. (A) Sample harvest of the
reattachment SS tendon. (B) Biomechanical test machine for
measurements of load to failure, ultimate stress, and elongation.
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Table 1. Comparison of the biomechanical characteristics.

Group-C Group-aspirin p-value

Cross-sectional area, mm2 12.57 ± 4.02 2.88 ± 1.20 0.000a

Load-to-failure, N 0.61 ± 0.32 0.74 ± 0.91 0.679
Ultimate stress, MPa 0.05 ± 0.01 0.29 ± 0.43 0.095
Elongation, % 222.62 ± 57.98 194.75 ± 75.16 0.028a

Group-C, supraspinatus repair only; Group-aspirin, SS tendon repair with aspirin injection.
aStatistically significant. Values expressed as mean ± standard deviation.

Table 2. Scoring of findings on histological analysis.

Group-C Group-aspirin p-value

Collagen fiber continuity 1.40 ± 0.70 2.10 ± 0.74 0.052
Collagen fiber orientation 1.40 ± 0.97 2.10 ± 0.74 0.089
Collagen fiber density 1.60 ± 0.52 2.60 ± 0.52 0.001a

Maturation of the tendon-to-bone interface structure 1.60 ± 0.70 2.10 ± 0.74 0.165
Vascularity 1.00 ± 0.47 2.20 ± 0.63 0.001a

Cellularity 1.08 ± 0.79 2.20 ± 0.63 0.280
Total score 8.80 ± 2.30 13.3 ± 2.36 0.001a

aStatistically significant. Values are expressed as mean ± standard deviation.

Figure 3. Histological evaluation of the SS tendon-to-bone interface. Group-aspirin: (A), (B), (C) and Group-C: (D), (E), (F) The group-
aspirinshows more organized tendon-to-bone interface structures (yellow arrows) with higher collagen fiber density and vascularity
than the group-C. All images by ×100 magnification.

Chung et al. 5



TSCs to promote tendinopathy healing, and it is known
that the process regulates the GDF7/Smad1/5 signaling
pathway.15 GDF is a member of the TGF-beta super-
family, and it is known from previous reports that a null
mutation of GDF6 causes a significantly lower level of
tail tendon collagen content.26 It is a report implying the
important role of GDF6 in tendon matrix modeling, and
it has also been reported that GDF7 can induce teno-
genesis of bone marrow mesenchymal stem cell.27 As-
pirin increased the expression of GDF7/11, and increased
GDF7 was found to play an important role in tenogenic
differentiation in TSCs.15 The increased collagen density
and vascularity in our results suggest an effect of aspirin
on promoting early tendon matrix healing. We conclude
that the application of aspirin after rotator cuff repair can
promote the tenogenic differentiation of TSCs in the
injured tendon and thereby increase collagen density and
vascularity. However, detailed mechanism studies of the
increase in collagen organization and vascularity are still
needed.

It’s widely accepted that tendon-to-bone healing
failures often result from the inability of disorganized
fibrous scar tissue to provide adequate tensile strength.28

However, appropriate fibrosis and scar formation are
crucial for wound healing, closure, and infection
prevention.29,30 The improper accumulation of extra-
cellular matrix (ECM) in scar tissue following tendon
injury can cause a poor and delayed healing process,
leading to inferior tissue quality.29 The ECM in fibrotic
scar tissue plays a vital role in tissue morphogenesis,
differentiation, and homeostasis.13 A previous study
showed that aspirin reduces the expression of ECM
degradation-related enzyme MMP-3 and lowers ECM
secretion by inhibiting TSCs, thus preventing excessive
ECM accumulation, excessive scar formation, and ulti-
mately improving tendon healing.13

Nevertheless, this study has some limitations. First, this
study is limited to non-clinical, animal studies. Because
of the apparent anatomical differences between humans
and mice and differences in wound and healing re-
sponses, sufficient studies are needed before aspirin can

be used in humans. This study showed that the improved
histological properties in tendon-to-bone healing with-
out any signs of toxicity in vitro and in vivo. Although it
is a suitable material candidate for application to rotator
cuff patients from a clinical point of view, the following
studies are needed for adverse reactions and efficacy in
humans, including ethical issues, before application to
humans. Second, it is difficult to sufficiently measure the
toxicity and other side effects of aspirin within an
evaluation period of 8 weeks. Therefore, it is necessary
to confirm by extending the study period. Third, this
study did not confirm that it promotes TSCs differenti-
ation by the previously confirmed GDF7-mediated
Smad1/5 signaling pathway. Therefore, in further
study, it is necessary to confirm the regulation of the
Smad1/5 signaling pathway by aspirin, and to confirm
that TSCs differentiation is promoted accordingly.

These limitations should be addressed in subsequent
studies. Despite these limitations, this aspirin has various
advantages and can function as an amplifying agent for the
mechanical and biological factors involved in the healing of
rotator cuff tears.

Conclusion

In this study, we report for the first time that there was no
biomechanical improvement effect of aspirin compared to
the control group in a rotator cuff tear rat model, however,
that it can improve collagen fiber density and vascularity in
histological evaluation. These results suggest that aspirin
can be an effective drug for improving tendon-to-bone
structure healing in rotator cuff tear.
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