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Tendon injury commonly occurs during sports activity, which may cause interruption
or rapid decline in athletic career. Tensile strength, as one aspect of tendon
biomechanical properties, is the main parameter of tendon function. Tendon injury will
induce an immune response and cause the loss of tensile strength. Regulation of
mechanical forces during tendon healing also changes immune response to improve
regeneration. Here, the effects of internal/external forces and immune response
on tendon regeneration are reviewed. The interaction between immune response
and internal/external forces during tendon regeneration is critically examined and
compared, in relation to other tissues. In conclusion, it is essential to maintain a fine
balance between internal/external forces and immune response, to optimize tendon
functional regeneration.
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INTRODUCTION

Tendon is a key component of the musculoskeletal system, which physically connects muscle
with bone and transmits mechanical forces from muscle to bone. The significant role of tendon
tissue in human locomotion is determined by its function and position. However, tendon is easily
injured due to unconscious overuse and has limited healing and regenerative capacity. This is
best illustrated by a study related to the National Basketball Association, whereby more than a
third of players ended their careers prematurely, or were unable to regain their top performance
after Achilles tendon rupture, due to deterioration of tendon mechanical properties (Lemme et al.,
2019). It was also shown that 38.4% of professional football players suffered subsequent re-injury
after their first Achilles tendon injury (Ekstrand et al., 2020). Clinically, biomechanical properties,
particularly tendon tensile strength, are often related to the extent of tendon repair (Frankewycz
et al., 2018; Feichtinger et al., 2019). It is well-known that tendon injury always induces an
immune response, which may further lead to further loss of tensile strength, making the repaired
tendon susceptible to repeated injuries. Inflammation is an important driver of tendon healing,
but persistent inflammation causes tendon fibrosis and other matrix changes (Dakin et al., 2014).
Therefore, delineating the relationship between immune response and tensile strength is crucial
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for optimizing tendon regeneration. Besides, external tensions
including physiotherapy (Evans and Thompson, 1993) and
biomaterials (Sawadkar et al., 2020) providing mechanical
support can regulate inflammation. In this review, we will
critically examine the effects of internal/external forces and
immune responses, particularly the interplay of internal/external
forces and the immune response on tendon regeneration.

CONTRIBUTION OF NORMAL TENDON
STRUCTURAL BASIS TO TENDON
BIOMECHANICS

The key of tendon biomechanics is tensile strength (Wu et al.,
2018). Tensile strength reflects the maximum tensile load that
tendon is capable of enduring, and it is closely related to elastic
modulus, which is an important index to evaluate tendon repair
effect. In clinical studies, the elastic modulus of human Achilles
tendon is over 300 kPa, which will decrease to 3–200 kPa after
Achilles tendon rupture (Chen et al., 2013). For tendons at
other sites, the average tensile strength of tendons with tendinitis
was significantly reduced by three times compared with healthy
tendons (Dirrichs et al., 2016). In the locomotor system, the
average elastic modulus of healthy muscle, which also belongs
to soft tissue, is only 20 kPa (Nordez and Hug, 2010), which
is 15-fold lower than that of tendon (Feng et al., 2018). The
average Young’s modulus of skin is between 4.5 and 8 kPa (Pailler-
Mattei et al., 2008), which is far less than the mean value of
tendon. In contrast, compared with the hard tissue, the average
modulus of elasticity of cartilage is 500 kPa (Wilusz et al., 2013),
which is higher than that of tendon. This is mainly related to
the different ways to undergo mechanical stress in soft and hard
tissue; that is, the soft tissues mainly undergo mechanical tension,
and the hard tissues mainly undergo mechanical compression.
Hence, in the case of the same way to undergo mechanical
stress, the tensile strength of tendon is much higher than that of
other soft tissues. Those are why tensile strength is considered
the key characteristic biomechanical parameter of tendon. The
excellent tensile strength of tendon depends on the normal
tendon structural basis.

Tendon is a type of sparsely vascularized soft tissue (Lehner
et al., 2016), with abundant extracellular matrix (ECM), but
sparsely populated with a few cell types (Figure 1). Tendon
ECM contains collagen, elastin, proteoglycan, glycoprotein, and
other macromolecules (Thorpe and Screen, 2016). Collagen is
the major component of tendon, which accounts for 60–85%
of tendon dry weight (Monti and Miyagi, 2015). On day 14
of chicken embryo development, tendon structure begins to be
established by pre-fibrils (Birk et al., 1989). In this stage, tendon
shows a weak capability to transmit force, which means the
beginning of limb movement (McBride et al., 1988). Collagen
fibrils are aggregated into collagen fibers after day 17 or 18 of
chicken embryo development (Birk and Zycband, 1994). In this
stage, it shows a mechanical characteristic of mature tendon
(McBride et al., 1988). The collagen fibers are the basis of the
excellent biomechanical properties of tendon by functioning as
tensile-resistant fibers (Screen et al., 2015). By spreading the

tension throughout the entire tendon rather than just a small part
of the tissue, tensile strength is enhanced (Kannus, 2000).

Elastin is one type of non-collagenous matrix molecule within
tendon that plays an essential role in tendon biomechanical
properties. In tendon, elastin forms a three-dimensional
crisscross network and links adjacent collagen fascicles. The
elastin network appears in developing tendons in the embryo
between days 7.5 and 8 (Hurle et al., 1994). It can help
collagen fibers transfer mechanical forces and protect them from
excessive shear (Hill et al., 2020) through close physical linkage
with adjacent collagen fibrils. Additionally, the elastin network
envelops and protects cells (Pang et al., 2017). Besides elastin,
various proteoglycans, glycoproteins, and other molecules also
play important roles in regulating collagen fibrillogenesis.
These provide non-covalent interactions by being integrated
within the collagen fibrils (Birk et al., 1989) and help resist
collagen fibril sliding, which enhances tendon viscoelasticity and
decreases failure loads (Redaelli et al., 2003; Robinson et al.,
2017), thus ensuring good tendon biomechanical properties.
Taken together, the orderly and complex structure of tendon
ECM is the basis of the excellent biomechanical properties
of tendon, and this relationship has been established during
embryonic development.

There are two main cell types in tendon, tenocytes, and tendon
stem cells. Tenocytes are active in synthesizing and secreting
collagen (Kannus, 2000). The tenocyte gap junctions are also
considered as essential mediators of mechanosensitive responses
(Maeda et al., 2012; Wu et al., 2018) that regulate tendon ECM
synthesis and degradation (Young et al., 2009). Tendon stem cells
are known as tendon stem/progenitor cells (TSPCs) or tendon-
derived stem cell (TDSCs), which are functionally similar to
mesenchymal stem cells (MSCs) (Docheva et al., 2015). TSPCs
possess the capacities of self-renewal, clonogenicity (Bi et al.,
2007), and differentiation (Magne and Bougault, 2015). These
cells also contribute to biomechanical properties of embryonic
tendon by their actin cytoskeleton network. Between days 8
and 11, actin cytoskeleton network related to high cell density
and contact shows a similar spatial structure as collagen fibers,
which is considered to provide tendon with biomechanical force
(Schiele et al., 2015). The actin cytoskeleton network of cells in
tendon can provide more than 20% elastic modulus (Schiele et al.,
2015). In contrast, the contribution of myocytes to the elastic
modulus of muscle tissue is 13–21% (Collinsworth et al., 2002),
and chondrocytes, together with their ECM, provides about 12%
of Young’s modulus of cartilage (Alexopoulos et al., 2003). These
findings suggest that although the tendon is mainly composed
of ECM, the cells in tendon also affect tendon mechanics to a
certain extent. Compared with other tissues in the locomotor
system, tendon cells have a greater impact on tissue mechanics,
which also suggests that we need to pay more attention to the
metabolic activities of cells in the tendon in the process of tendon
functional regeneration.

In adult injured tendon, histological results revealed that
collagen are often in a disorganized state. The population
of tenocytes is increased compared with normal tendon (Li
and Hua, 2016) and TSPCs trended toward chondrogenic and
osteogenic differentiation (Docheva et al., 2015). For this reason,
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FIGURE 1 | The biomechanics of different components of tendon matrix ensure tensile strength of the whole tendon. (A) The main component of tendon is collagen.
The base of tendon tissue is collagen fibers, which consist of collagen fibrils. (B) The tendon matrix components, collagen fibrils, elastin fibrils, proteoglycan,
glycoprotein, and other macromolecules, combine with each other to provide micromechanics. These micromechanics interact and give rise to the
macro-mechanics of tendon, which enable its biomechanical function.

more effective therapies should be developed in the future to
enable tendon to achieve better regenerative effects, as close
to the normal state as possible. At the cellular level, the
ultimate goal of tendon regeneration is the normalization of cell
number and ECM structure, as a basis for functional recovery of
injured tendons.

INFLAMMATION IN THE PROCESS OF
TENDON DISEASES REGULATES
TENDON BIOMECHANICS

The deterioration of tensile strength is mostly due to disordered
tendon matrix caused by a failed healing response in tendon
diseases (Maffulli et al., 2010). There are three different
pathogenesis of tendon diseases—genetic diseases, tendinopathy,
and tendon rupture (Gaut and Duprez, 2016). Tendinopathy and
tendon rupture are caused by external factors. Tendinopathy is
a typical tendon disease, mostly manifesting after minor injury
under long-term repeated overstress of tendon collagen fibers,
which leads to chronic inflammation (Longo et al., 2009). In this
process, inflammation does not subside and apoptotic cells fail
to be cleared. With the stimulation of inflammation, tenocytes
show high expression of stromal fibroblast activation markers
to develop fibrosis (Dakin et al., 2018). Tendon rupture results
from instantaneous overloading of external force or clinical
operation. Compared with chronic inflammation, inflammation
caused by rupture is more acute (Klatte-Schulz et al., 2018). Both
tendinopathy and rupture can induce heterotopic ossification in
tendon because of inflammation (Łęgosz et al., 2018). It has also
been shown that tendon heterotopic ossification developing after
rupture or tendinopathy will further decrease tensile strength,
with calcium deposition in the tendon matrix and disordered
collagen arrangement (Zhang et al., 2016). Furthermore, it
has been demonstrated that, without the participation of
the immune response, structural changes in tendon matrix
induced by other environmental cues such as high glucose

(Wu et al., 2017) contributes to the loss of tensile strength in
tendon (Guney et al., 2015).

During inflammation, fibroblasts are recruited by immune
cells to alter collagen arrangement, leading to negative changes
in tensile strength (Best et al., 2019). At some time, suppression
of macrophages can also cause increase of tensile strength
because of high TGF-β3/TGF-β1 ratio similar to that in
fetuses (De La Durantaye et al., 2014). This means that
inflammation is actually one of the key factors that influence
tendon functional regeneration by improving tensile strength.
Furthermore, mechanosensitive proteins are usually influenced
by the immune response, taking part in tendon regeneration.
Take, for example, cystic fibrosis transmembrane conductance
regulator (CFTR), one type of tension-mediated activation
channel, which has been identified to be mechanosensitive under
regenerative conditions in tendon (Liu et al., 2017). A further
study confirmed that the anti-inflammatory molecule annexin
A1 is a promising target of CFTR (Liu et al., 2018). This
means that immune response takes part in the healing pathway
involving some mechanosensitive genes or proteins that promote
tendon regeneration.

IMMUNE RESPONSE DRIVES TENDON
REPAIR

Inflammation is the main inducer of biomechanical decline in
the process of tendon diseases; however, it is also one part of
immune response that drives tendon repair. The tendon repair
process can be extrinsic or intrinsic (Ingraham et al., 2003). The
intrinsic repair process usually occurs during the fetal period in
mammals (al-Qattan et al., 1993) or non-mammalian vertebrates
(Andarawis-Puri et al., 2015) with minimal inflammatory cell
infiltration and fibrosis (Ehrlich et al., 2005; Menzies et al.,
2016). The extrinsic repair occurs in adult tendon, accompanied
by inflammation (Koob and Summers, 2002). During intrinsic
repair, the injury site has low ratio of TGF-β1/TGF-β3, which
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is opposite to extrinsic repair (Ferguson and O’Kane, 2004).
During extrinsic repair, excessive inflammatory response causes
disruption of tendon ECM homeostasis, resulting in fibrosis
and adhesive scar formation (Wu et al., 2019). Fibrosis and
adhesive scar formation cause loss of biomechanical properties,
which make these an extremely serious problem. During this
process, fibroblasts proliferate and migrate from the epitenon
and endotenon into the injured area, together with immune
cell infiltration.

In general, with extrinsic repair of tendon, there are three
stages involving wound healing, inflammation, proliferation, and
rebuilding (Hope and Saxby, 2007; Figure 2). The changes in cell
population and morphology and the compositions of matrices
and molecules in peritendinous and intratendinous tissues are
taken as the boundary standard of these three stages (Docheva
et al., 2015). Firstly, the inflammatory stage is the most responsive
stage after tendon injury. In this stage, there are significant
inflammatory infiltrations of mast cells (Alim et al., 2017)
and macrophages (Millar et al., 2010), with pro-inflammatory
cytokines being present (Millar et al., 2008), as a result of platelet
aggregation. Macrophages are the primary cells involved during
the inflammatory stage, leading the direction of tendon healing.
They release cytokines to trigger further inflammation (Hudgens
et al., 2016). Mast cells are related to angiogenesis (Jetten et al.,
2014) and pro-inflammatory response to tendon cells (Chisari
et al., 2020), which can not only promote wound healing but
also lead to decrease of the synthesis and degradation (Behzad
et al., 2013) of tendon matrix. In this process, tendon cells
will also respond to the inflammatory environment, regulate the
production of type I collagen, and affect macrophage polarization
through intercellular communication (Stolk et al., 2017). During
the second stage, stromal fibroblasts are recruited and proliferate,
in response to some cytokines such as interleukin (IL)-1β (Dakin
et al., 2018) produced by inflammatory cells. At the same time,
angiogenesis can also be observed (Oshiro et al., 2003). It is
worth mentioning that in the injured tendon, the ratio of type
I to type III collagen is lower than the native tendon (Williams
et al., 1980). The reason is that the production of type III collagen

increases because of the rapid proliferation of stromal fibroblasts.
The rebuilding stage begins at this time point. At this stage,
the synthesis of type I collagen is predominant, instead of type
III collagen, and the organized collagen fibrils is progressively
arranged into bundles. However, the ratio will not return to the
normal level as before. Finally, fibrosis and excessive angiogenesis
will result in further development into tendonitis. Apart from
that, a few studies have reported that adaptive immune responses
also exist after tendon injury. In the early inflammatory response,
macrophages and dendritic cells present antigens, and dendritic
cells allow rapid accumulation of T cells and B cells. Accordingly,
a peak in the number of dendritic cells and CD4+ T cells can be
observed after 2 weeks of injury, while the number of B cells and
CD8+ T cells increases with time (Blomgran et al., 2016; Noah
et al., 2020). During this process, CD4+ T lymphocytes lead to
an increase in fibronectin around tendon, providing a scaffold
for the subsequent formation of adhesions, thereby reducing the
mechanical properties of tendons (Wojciak and Crossan, 1993).
It has been shown that the use of corticosteroids during the
adaptive immune response of tendon healing reduces the number
of CD8a+ cytotoxic T cells, improving tendon healing (Blomgran
et al., 2017). Although studies of innate and adaptive immune
responses during tendon healing has been a lot, there is still
much that remains to be studied, especially the specific effects of
adaptive immunity on the tendon matrix structure.

Nevertheless, the immune response is more about playing
a positive role in promoting tendon regeneration, particularly
with the involvement of activated macrophages (Millar et al.,
2017) and related cytokines (Gelberman et al., 2017). There are
two main types of macrophages, M1 and M2. M1 macrophages
exert a pro-inflammatory role during the early repair phase,
yet M2 macrophages are able to exert anti-inflammatory effects
to improve regeneration (Mauro et al., 2016). As a result,
compared with M1 macrophages, more attention is paid to
M2 macrophages, due to their more significant role in tendon
regeneration. Recently, M2 macrophages are found to be
able to accelerate regenerative responses in tendon healing
(Chamberlain et al., 2019). Several recent therapeutic approaches

FIGURE 2 | Three phases of tendon healing and the matrix changes during the healing process. Tendon healing goes through three phases, including inflammation
(A), proliferation (B), and remodeling (C). In the inflammation phase, immune cells and fibroblasts from peritenon and epitenon migrate into injured position. In the
proliferation phase, fibroblasts proliferate and angiogenesis occurs in this time. In the remodeling phase, repaired tendon has disordered matrix. The injured tendon
finally forms tendon fibrosis and adhesion.
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targeting macrophages have also shown that increasing the
proportion of M2-type macrophages during tendon healing
improves tendon biomechanical performance (Sunwoo et al.,
2020). Moreover, inflammatory factors and cytokines are
considered to indirectly regulate immune cells like macrophages
during tendon scarless healing (Gelberman et al., 2017; Best et al.,
2019). For adaptive immunity, a specialized T cell population
is also present in tendons, which shows CD4 and CD8 double-
negative. This population secretes IL-22 and potentially mediates
tendon-to-bone healing (Sherlock et al., 2012; Abraham et al.,
2017).

Furthermore, biomaterials can be applied to regulate the
inflammatory response to promote tendon healing. In this
regard, the main consideration is given to the bacteriostatic
effect, biocompatibility, and modulation of immune cells of
biomaterials. The bacteriostatic effect and biocompatibility of
biomaterials are the most intensively considered aspects in
tissue engineering. A study of biomaterials commonly used
in tissue engineering has shown that hyaluronic acid has a
significantly higher bacteriostatic effect than type I collagen
and PLGA. Type I collagen has better biocompatibility in
tendons, but Staphylococcus aureus can still establish itself in
collagen scaffolds with high concentration. However, PLGA
is less biocompatible and generates an acidic environment at
the implantation site, which induces inflammatory reactions
(Carlson et al., 2004). In addition, the new silk scaffolds used
for tendon repair can enhance the maturation of dendritic cells
and induce the generation of early immunity (Musson et al.,
2015). Therefore, the selection of an appropriate biomaterial
is very important for tendon repair. The modulation of
immune cells by biomaterials has been extensively studied. The
effects of biomaterials on macrophage polarization in tendon
repair have been summarized; that is, biomaterials with ECM
coatings, hydrophilic surfaces, and nanometer sizes can induce
macrophage activation (Lin et al., 2018), whereas in recent
years, other properties of biomaterials have also been shown
to regulate macrophages. Magnetic materials, for example, have
been shown to induce macrophage to M2 transition (Vinhas
et al., 2020). The fiber arrangement of biomaterials also influences
the polarization of macrophages to promote tendon repair
(Schoenenberger et al., 2020).

INTERPLAY OF THE IMMUNE
RESPONSE AND FORCES IMPROVES
TENDON REGENERATION

In the regeneration of other tissues, such as cartilage and bone,
the relationship between forces and immune response after injury
has been characterized (Guilak et al., 2008; Raghunathan et al.,
2017) and their interaction influences the regenerative effect. It
has been demonstrated that external stimulation of cartilage are
associated with inflammation and exert a profound influence
on cartilage regeneration (Chen M. et al., 2018). Physical
stimulation also causes sensitive response of pro-inflammatory
mediators around injury areas (Fahy et al., 2019). These findings
directly validate the potential influence of external forces on

inflammation. Inflammation also facilitates the recovery of
mechanical properties as well. One type of transcriptional
regulator induced by immune cells is a mediator of the crosstalk
between IL-4 and mechanical-induced signaling pathways, which
suppresses the degradation of cartilage matrix (He et al., 2019).
As we can see from this study, the interplay of immune response
and forces improves cartilage healing. In view of its good prospect
for clinical applications in other tissue regeneration therapies, it
is worthwhile considering studying it in tendon.

The tune-up of the immune response and forces in tendon
could be described in two parts (Figure 3). Firstly, the influence
of immune response on tensile strength, and secondly, the
influence of external forces on immune response. On one
hand, immune response influences tensile strength, as mentioned
above. On the other hand, cyclic stretching or overloading
tends to trigger strong immune responses that will exacerbate
tendinopathy (Chen Q. et al., 2018; Schoenenberger et al.,
2018). Specifically, microinjuries of collagen fibrils resulting from
overloaded stretch that eventually deform to 10–15% (Chen Q.
et al., 2018) can also significantly reduce cell viability within
tendons, while microinjuries that accumulate within tendon
collagen fibrils ultimately activate immune responses (Stauber
et al., 2020), increase expression of inflammatory markers,
and lead to degradation of the tendon matrix (Thorpe et al.,
2015). Cyclic stretching on tendon fibroblasts also produces
a significant elevation in the expression of the inflammatory-
related factor leukotriene B4 (Li et al., 2004). In an in vivo
experiment, cyclic loading at low strength also caused an
increase in the number of inflammatory macrophages at the
tendon-to-bone healing after anterior cruciate ligament (ACL)
reconstruction (Brophy et al., 2011). This implies the influence
of mechanical loading on tendon-to-bone healing after clinical
ACL reconstruction surgery. It also supported the idea that
the use of anti-inflammatory drugs in the presence of cyclic
stretching also leads to the development of tendinopathy (Li
et al., 2004). This suggests that anti-inflammatory drugs are
not able to suppress the immune response caused by cyclic
stretching. Besides, there are currently no exact control and
preventive methods for the inflammatory response resulting
from such cyclic stretching or overloading. However, on the
positive side, appropriate external forces also play a role in
tendon regeneration. In one treatment modality, in order to
restore normal ECM structure, tendons have been shown to
respond to external tensile loading during healing (Freedman
et al., 2018). Recently, dynamic stretching and substrates with
mechanical property gradients have been reported to promote
the differentiation of stem cells into tenocytes (Liu et al., 2017)
and increase matrix production by differentiated tenocytes (Deng
et al., 2014). Additionally, a multi-scale computational model
for investigating the relationship between loading and tendon
healing has been built (Chen K. et al., 2018). This model shows
that the magnitude and application time of loading are crucial to
tendon healing and regulation of collagen synthesis (Packer et al.,
2014). Besides, the immune response is also regulated by stretch
similar to biomechanics or mechanical loading provided by
biomaterials or mechanical devices in tendon regeneration. In a
recent study, mechanical loading appears to regulate M1 phase of
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FIGURE 3 | Both mechanical signals and immune response can regulate tendon cells and further influence tendon regeneration. Inflammation and mechanical
signals can control the tenogenic differentiation by regulating the transcription of tendon markers in tendon cells. Some cytokines and mechanical signals have the
same targets, indicating a kind of potential co-regulation pathway. However, most mechanosensitive proteins are unknown, and the inflammation process still needs
a deeper understanding. In that, it is necessary to figure out the mechanism of the balance between biomechanics and immune response during tendon
regeneration.

inflammation, which improves tendon regeneration (Blomgran
et al., 2016). Mechanosensitive proteins or genes contribute
to immune responses during the tendon healing process as
well. One mechanosensitive transcription factor, known as early
growth response-1 (EGR1), plays a key role in the inflammatory
response (Soo et al., 2006), and overexpression of EGR1 has
been demonstrated to promote tendon healing (Gaut et al.,
2016). This indicates the potential value of mechanosensitive
protein in the regulation of immune response. As known, the
properties of biomaterials such as tension within the fibers can
modulate tendon healing capacity (Brammer et al., 2012; Zhang
et al., 2017). Furthermore, whether the effects of the immune
response on tendon healing can be modulated by biomaterials
is an intriguing topic. To investigate that, a study showed that
highly aligned fibers mitigate adverse tendon fibroblast response
to paracrine signals or secreted pro-inflammatory cytokines of
macrophages, by means of changing the matrix topography
(Schoenenberger et al., 2018), and in this case, macrophages
also showed a trend to M2-like polarization (Schoenenberger
et al., 2020). This means that biomimetic scaffolds will regulate
tendon resident cells’ response to inflammation and even affect
the development of inflammation through the force between
scaffold fibers.

The interplay between forces and immune response has
been widely observed in animal models and clinical trials.
Because forces are more easily controllable, most applications
are based on mechanical regulation. For example, biomechanics

provided by biomaterial scaffold fibers can regulate inflammatory
activation in rat tendons (Schoenenberger et al., 2020). In
clinical trials, strength training provides stretch forces that
mitigate the detrimental effects of inflammation (Lee et al.,
2012; Hoogvliet et al., 2013). The complex relationship
between forces and inflammation during the process of
tendon healing suggests a delicate balance that modulates
tendon functional regeneration. However, the mechanisms by
which tendon tissues maintain the fine balance between their
mechanosensitive components and the immune response are
still largely unknown. Generally speaking, we should analyze
the molecular mechanisms and interactions of such interplay
and fine balance to realize the future potential of tendon
functional regeneration.

CONCLUSION

Immune responses in tendon healing have been studied for
decades (Sharma and Maffulli, 2005). The participation of
immune components is already well-known, but we still lack a
systematic and widely accepted understanding of the mechanistic
pathway of the tendon healing process and its negative result—
tendon diseases. As a result, tendon diseases remain an
intractable clinical problem. The imbalanced anabolic–catabolic
responses during the development of inflammation results in
matrix degradation and disordered structure, which impairs
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tendon tensile strength. Moreover, the recovery of normal tendon
biomechanical properties and matrix is the basis of tendon
functional regeneration. However, the contribution of collagen,
elastin, and other macromolecular components to tendon
biomechanics remains a systematical extrapolation. The limited
knowledge and poor understanding of tendon biomechanical
properties and matrix leads to limitations on tendon healing.
On the other hand, the effects of mechanics is well-recognized
at the cellular level, as mentioned above, but it is not deep
enough to further improve tendon healing in vivo by way of
external forces because the suitable range of external forces
is still unclear. Even though a large number of studies on
its positive effects has been carried out in animal models
and clinical trials, there are few papers at the clinical level
that explore the mechanisms of moderate loading on tendon
healing. Currently, our knowledge of mechanosensitive proteins
and genes is still developing. In conclusion, the deficiency of
studies on the interplay between tendon immune response and
internal/external forces is one of the limiting factors that hinder
tendon functional regeneration.

Taken together, it is necessary to consider both the immune
response and internal/external forces to achieve a better
understanding of the mechanisms by which these contribute

to tendon functional regeneration. The level of immune
response is one of the key factors that determine the recovery
of tendon internal forces. Additionally, mechanical changes
caused by the exertion of internal or external forces on the
tendon also modulate the immune response during tendon
healing. It is hypothesized that tendon functional regeneration
may be achieved by tuning up the immune response and
internal/external forces.
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