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ABSTRACT: Due to their unique hierarchical structure and com-
position, tendons possess characteristic biomechanical properties,
including high mechanical strength and viscoelasticity, which en-
able them to carry and transmit mechanical loads (muscular forces)
effectively. Tendons are also mechanoresponsive by adaptively
changing their structure and function in response to altered me-
chanical loading conditions. In general, mechanical loading at
physiological levels is beneficial to tendons, but excessive loading
or disuse of tendons is detrimental. This mechanoadaptability is
due to the cells present in tendons. Tendon fibroblasts (tenocytes)
are the dominant tendon cells responsible for tendon homeostasis
and repair. Tendon stem cells (TSCs), which were recently discov-
ered, also play a vital role in tendonmaintenance and repair by vir-
tue of their ability to self-renew and differentiate into tenocytes.
TSCs may also be responsible for chronic tendon injury, or tendin-
opathy, by undergoing aberrant differentiation into nontenocytes
in response to excessive mechanical loading. Thus, it is necessary
to devise optimal rehabilitation protocols to enhance tendon heal-
ing while reducing scar tissue formation and tendon adhesions.
Moreover, along with scaffolds that can mimic tendon matrix envi-
ronments and platelet-rich plasma, which serves as a source of
growth factors, TSCs may be the optimal cell type for enhancing
repair of injured tendons.
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Tendons are soft connective tissues that are
composed of closely packed parallel collagen fiber
bundles. Tendons play an essential role in the mus-
culoskeletal system by transferring tensile loads from
muscle to bone so as to enable joint motions and
stabilize joints. Two types of tendons can be catego-
rized, including tendons that mainly function to
transmit loads (e.g., patellar and Achilles’ tendons)
and those that mainly transmit motions (e.g., flexor
tendons).

Tendons in vivo are subjected to large mechanical
loads, and, as a result, tendons are frequently injured.
Each year in the United States alone, there are 16.4
million tendon and ligament injuries, at least 100,000
ofwhich involve Achilles’ tendons.1 Examples of com-
monly injured tendons include the rotator cuff, finger
flexor tendons, patellar tendons, and Achilles’ ten-
dons. Tendon injurymaynot only result in thedepriva-
tion of mobility or abnormal joint kinematics but also
cause damage to tissues adjacent to the joint, such as
cartilage, which may eventually lead to morbidity,
pain, and osteoarthritis. For example, injury-related
swelling and increased local pressure in a tendon
may prevent blood flow in its adjacent area.

Tendon injuries are generally divided into two
types, acute and chronic injury. Lacerations and rup-
tures are two common acute tendon injuries, and both
often occur in athletic settings. Chronic tendon injury
is often referred to as tendinopathy. Tendinopathy is
manifested by pain and inflammation, and at ad-
vanced stages, it is also associated with the formation
of damaging lipids, proteoglycans, and calcified tis-
sues in tendon lesions.2 In the United States alone,
tendinopathy affects millions of people in both occu-
pational and athletic settings.3 Despite its prevalence,
the precise pathogenic mechanisms of tendinopathy
remain unclear, and, as a result, current treatments
of tendinopathy are largely empirical and less
effective.4
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Once injured, tendon undergoes a slow spo-
ntaneous healing process, and surgical intervention
is sometimes required to facilitate this process.
However, tendon healing often results in the forma-
tion of scar tissue or disorganizedmatrixmade largely
of dense collagenous fibers and hence have inferior
mechanical properties compared with intact tendons.
Consequently, repaired tendons risk reinjuries at the
repair site.5 Another problem with tendon healing is
the formation of adhesions, caused by tissue scarring
around the tendon sheath in injured flexor tendons,
resulting in limited finger functions. Tendon adhe-
sions are a common problem in healing tendons.6

Thus, restoration of normal structure and function to
injured tendons is one of the most challenging areas
in orthopedic or sports medicine.7

As mechanical load-bearing tissues, tendons have
unique biomechanical characteristics. Moreover, as
live biological tissues, tendons are mechanorespon-
sive, meaning they alter their structure and biological
behaviors in response to the various mechanical
loading conditions placed on them.8 In this minire-
view, we will introduce the basic concepts of tendon
biomechanics and mechanobiology. Readers who are
interested in a more in-depth discussion of this topic
should consult many excellent reviews.8e10 We will
also discuss tendon mechanobiology with a focus
on recent advancements in the subject.
FIGURE 1. Human tendon stem cells (hTSCs). As seen,
hTSCs in culture exhibit a cobblestone shape, whereas teno-
cytes have a highly elongated shape (not shown). For de-
tailed analysis of the differential properties of TSCs and
tenocytes, refer to the study by Zhang andWang.18 Because
TSCs are tendon-specific stem cells, they may be the opti-
mal cell source in restoring normal structure and function
to injured tendons (bar: 50 mm). TSCs¼ tendon stem cells.
TENDON STRUCTURE,
COMPOSITION, AND MECHANICAL
PROPERTIES

At the insertion point, that is, the junction between
tendon and bone, a tendon merges with the perios-
teum, the thin membrane covering the bone. At the
other end, the tendon merges with fascia, the thin
membrane covering the muscle. Ultrastructurally,
tendons have a hierarchy of fibrillar arrangement
that is sequentially composed of collagen molecules,
fibrils, fibers, fascicles (or fiber bundles), and the
tendon unit.8 The tendon units are surrounded by
epitenon, which functions to reduce friction with ad-
jacent tissues. Such a hierarchical structure aligns all
structural levels parallel to the long axis of the ten-
don, making it ideal for carrying and transmitting
large tensile mechanical loads.

The key to the tendons’ tensile strength is colla-
gen.11 Type I collagen accounts for about 70e80% of
the dry weight of normal tendons. In addition to
type I collagen, many other types of collagen, includ-
ing III, V, IX, X, XI, andXII, are also present in tendons,
albeit in minor amounts. However, these collagen
types have important functions. For example, type
V collagen together with type I collagen serves as a
regulator of collagen fibril diameter12; type III colla-
gen is beneficial in the healing of tendons due to its
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ability to form rapid cross-links so as to stabilize the
repair site13; type XII collagen, on the other hand, pro-
vides lubrication between collagen fibers.14 In addi-
tion to collagen, many proteoglycans (e.g., aggrecan
and decorin) and glycoproteins (e.g., tenascin-C, fi-
bronectin, and elastin) also have important functions
in tendons.15,16 Aggrecan holds water and resists
compression, and decorin facilitates fibrillar slippage.
On the other hand, tenascin-C, fibronectin, and elas-
tin function to enhance mechanical stability, facilitate
tendon healing, and allow tendons to return to their
prestretched lengths after physiological loading (the
collagen configuration recovery), respectively.

In addition to the structural components above,
there are many types of cells in tendons, including
tenocytes, chondrocytes, synovial cells, and vascular
cells. However, the vast majority of cells in tendon
tissues are tenocytes. These cells are fibroblastlike and
are interspersed between collagen fiber bundles and
aligned along the long axis of a tendon. Tenocytes
produce extracellularmatrix (ECM), such as collagen,
fibronectin, and proteoglycans, to maintain tendon
homeostasis and repair injured tendons. Recently, a
new type of tendon cells, termed tendon stem cells
(TSCs), has been identified in humans, rabbits, mice,
and rats (Figure 1).17e20 By virtue of their ability to
self-renew (or produce new identical TSCs) and
differentiate into tenocytes, TSCs play a crucial role
in tendon maintenance and repair. Moreover,
recent studies suggest that TSCs may also be respon-
sible for the development of tendinopathy by un-
dergoing aberrant differentiation (or nontenocyte



differentiation) due to excessive mechanical loading
conditions.21,22

The unique structure and composition of tendons
afford them the characteristic mechanical behavior,
which is reflected by a typical stressestrain curve
consisting of four regions.8 The first region is the toe
region in the stressestrain curve when the strain of
the tendon is below 2%. This region represents the
‘‘stretching out’’ of crimped tendon fibrils due to me-
chanical loading on the tendon. Depending on the
type and location of the tendon, this wavy fibril pat-
tern results in different initial mechanical properties
due to the varying angle and length of ‘‘crimping.’’
Following the toe region, there is a linear region in
which the strain is less than 4%, that is, the physiolog-
ical upper limit of strain in tendons. In this region, the
collagen fibrils orient themselves in the direction of
tensile mechanical load. The slope of this region is
the Young’s modulus of the tendon, which represents
tendon stiffness. When the strain is greater than 4%,
microscopic tearing of tendon fibers occurs, resulting
inmicrotear failure of the tendon.When the strain fur-
ther increases beyond 8e10%, macroscopic tearing of
tendon fibers ensues, eventually leading to tendon
rupture.

As expected from their different functions, differ-
ent types of tendons differ greatly in their mechanical
properties. For example, the Young’s modulus of the
human patellar tendon is 6606 266 MPa (mean6
standard deviation)23; in contrast, the human tibialis
anterior tendon has a Young’s modulus of about
1200 MPa.24 Moreover, aging significantly affects
the mechanical properties of tendons: the Young’s
modulus of human patellar tendons from young
donors (aged 29e50 yr) was 6606 266 MPa, whereas
that of the same tendons from old donors (aged
64e93 yr) was 5046 222 MPa.23

In addition to their high stiffness, tendons are
also viscoelastic, meaning that their mechanical be-
havior depends on the rate of mechanical strain.
Viscoelasticity makes tendons more deformable at
low strain rates but less deformable at high strain
rates. Therefore, tendons at low strain rates tend to
absorb more mechanical energy but are less effective
in carrying mechanical loads. At high strain rates, on
the other hand, tendons become stiffer and more
effective in transmitting large muscular loads to
bone.8 The viscoelasticity of tendons likely results
from collagenous proteins, water, and the interactions
between collagens and proteoglycans.25,26
MECHANORESPONSES OF TENDONS

Physiological Mechanoresponses

Tendons are constantly subjected to mechanical
loads in vivo. Appropriate mechanical loads at
physiological levels are usually beneficial to tendons
in terms of enhancing themechanical properties of the
tendon. For example, fourweeks of exercisemarkedly
improved the tensile strength of the peroneus brevis
tendon in rabbits.27 Furthermore, compared with
sedentary controls, the digital extensors of exercised
swines became stronger after 12 months of training.28

However, depending on the tendon type and load
level, the effects of exercise vary. In a study of digital
flexor tendons of miniature swines subjected to
12 months of running, it was found that training im-
proved only the strength of the tendon insertion site
but not much the tendon substance.29 Finally, ade-
quate mechanical loading may help reverse the dete-
riorating mechanical properties (e.g., decreased
Young’s modulus) of aging tendons.30

Mechanical loads also induce biochemical changes
in tendons. In a human subject study, microdialysis
was used to analyze the interstitial concentrations of
both procollagen type I C-terminal propeptide (PICP)
and type I collagen degradation product (ICTP), the
measures of collagen synthesis and degradation,
respectively.31 It was found that PICP concentration
in the peritendinous region of Achilles’ tendons in-
creased about seven times in response to a four-
week physical training period and remained elevated
throughout the 11 weeks of total training period. In
contrast, ICTP level was elevated only transiently in
the tissue with training. In the plasma, however,
PICP remained unchanged, whereas the concentra-
tion of ICTP declined by 17% in response to training.
Therefore, exercise increased the turnover of type I
collagen in the Achilles’ tendons. Although at early
stages of training both collagen synthesis and degra-
dation increased, at later stages the anabolic pro-
cesses dominated and resulted in net increase of
collagen in tendons.

In a more recent study, the effects of mechanical
loads on tendon cells have been investigated on a
mouse treadmill running model.32 In mice subjected
to intensive treadmill running, a large number of my-
ofibroblasts were present in the patellar tendons
compared with control mice with cage activities.
Myofibroblasts are known to be activated fibroblasts
and are involved in repair and remodeling of injured
tissues33,34; therefore, the presence of myofibroblasts
in the tendon after treadmill running indicates that
they actively repair and remodel tendon tissue that
may have been microinjured due to demanding me-
chanical loads on the tendon.

Mechanical loads also may improve the healing of
acutely injured tendons. In healing flexor tendons, for
instance, early mobilization increases their tensile
strength and stimulates restoration of the gliding
surface while reducing intrasynovial adhesions.35e38

Furthermore, during repair of canine flexor digito-
rum profundus tendons, passive motion rehabilita-
tion, which produces moderate excursion (2 mm) of
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the tendon at low force levels, inhibits adhesion for-
mation and promotes healing.39,40 Based on the ben-
eficial mechanoeffects on tendons, a series of eight
therapeutic exercises of progressive intensities and
ranges of motion have been suggested as a postoper-
ative rehabilitation protocol to facilitate tendon heal-
ing and to allow more complete recovery of the
digital range of motion.35

Pathological Mechanoresponses

Although appropriate mechanical loads have ana-
bolic effects on tendons, strengthening the tendons,
and improving healing quality of injured tendons,
excessive mechanical loads result in tendon injuries.
Such nontraumatic tendon injuries, due to either
‘‘overloading’’ or ‘‘overuse,’’ are commonly referred
to as tendinopathy.41 In a study using a rat treadmill
running model, overuse of tendons was induced by
an intensive running regimen for 4, 8, or 16 weeks.42

Compared with the control group, which had only
cage activities, the supraspinatus tendons of the run-
ning group showed increased cellularity and loss of
normal collagen fiber organization, characteristics of-
ten seen in human tendinopathy. In addition, the me-
chanical properties of the tendons, including elastic
modulus and maximum stress at failure, markedly
declined in response to tendon overuse.

In addition to altering structural and mechanical
properties of tendons, excessive mechanical loading
on tendons also causes the production of high levels
of prostaglandin E2 (PGE2),

43 a known inflammatory
mediator present in injured tissues.44,45 Intensive
mouse treadmill running has resulted in high levels
of PGE2 production, which may be detrimental to
tendons because they caused differentiation of TSCs
into nontenocytes, potentially leading to the for-
mation of nontendinous tissues in the tendon.22

Overproduction of leukotrienes, including leukotri-
ene B4 (LTB4), after repetitive mechanical load has
also been found in anesthetized rats subjected to me-
chanical trauma.46 Presence of abundant leukotrienes
subsequently induces neutrophil infiltration and acti-
vation, resulting in tissue edema as seen in tendons
with tendinopathy.47

On the other hand, insufficient mechanical loads
also have adverse effects on tendons. Disuse- or
immobilization-caused stress deprivation within ten-
don tissues led to dramatic changes in tendon cell
shape, cell number, and collagen fiber alignment and
eventually caused tendon degeneration.48 Without a
certain amount of mechanical load placed on them,
tendons became atrophied and lost total weight, stiff-
ness, as well as tensile strength.49e52 In adult canines,
for example, the expression of collagen types I and
III in flexor tendons significantly decreased after their
forepaws were suspended for six weeks.52 Expression
of othermatrix components including collagen type II,
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aggrecan, decorin, and fibronectinwas also reduced in
the flexor tendons of suspended limbs after six weeks.
The effect of mechanical stress deprivation through
limb suspension was also seen in the expression of
various matrix metalloproteinases (MMPs) and tissue
inhibitors of metalloproteinases.52 In general, tendon
disuse leads to decrease in anabolic activities but in-
crease in catabolic activities of the tendon matrix.
Such stress deprivation-initiatedmetabolic alterations
are likely responsible for certain degenerative changes
in tendons.53

Mechanoresponses of Tendon Fibroblasts

It is clear that the mechanoresponses of tendons,
both anabolic and catabolic, are due to the activities of
tendon cells in response to various mechanical load-
ing conditions. As a dominant cell type in tendons,
tendon fibroblasts (or tenocytes) are certainly respon-
sible for changes in tendons by altering ECM gene
and protein expression.8,54 With the development of
many in vitro cell-loading systems, a spectrum ofme-
chanoresponses of tenocytes and their molecular
mechanisms have been extensively investigated in
the past two decades.8,55e57 Considering the uniaxial
loading conditions on patellar and Achilles’ tendons,
our group designed an in vitro system that canmimic
the cell alignment and shape and the repetitive uni-
axial stretching conditions of tendon fibroblasts
in vivo.45 Using this system, human tendon fibro-
blasts were found to increase in proliferation as well
as gene expression and protein production of type I
collagen in a stretching magnitude-dependent man-
ner. In addition, depending on stretching magnitude,
cyclic stretching increased gene expression and pro-
duction of type I collagen.58 Finally, cyclic stretching
increased expression of cyclooxygenase-2 (COX-2)
and the production of PGE2 and LTB4 in human
tendon fibroblasts in a stretching magnitude-
dependent manner.45,59 Similar results in terms of
PGE2 production were also seen in human finger
flexor tenocytes under cyclic stretching.44,60 Because
PGE2 is a known inflammatory mediator in tendons
and can decrease proliferation and collagen produc-
tion in human tendon fibroblasts, PGE2 production
at high levels in vivo may contribute to the develop-
ment of tendinopathy.61

Besides the direct effects on tendon fibroblasts
through mechanical loading, there are also interac-
tions betweenmechanical loading and cytokines, and
the outcome of such interactions is stretching magni-
tude dependent. For example, a 4% cyclic uniaxial
stretching of human tendon fibroblasts decreased the
COX-2 and MMP-1 gene expression and the PGE2

production that were stimulated by interleukin-
1b (IL-1b). However, an 8% stretching further
increased expression of these genes and PGE2 pro-
duction to boost the effects of IL-1b treatment. This



TABLE 1. The Differential Effects of Mechanical Loading
on Tendons

Mechanical
Load Level Effects on Tendon

Low � Y Tensile strength
� Y Size
� Y Collagen production
� Y Anabolic activities
� [ Catabolic activities

Moderate � [ Tensile strength
� [ Collagen synthesis
� Y Collagen degradation
� Y Adhesions
� Y Inflammatory mediator (e.g., PGE2)
� [ TSCs differentiating into tenocytes

Excessive � Y Tensile strength
� Y Collagen organization
� [ Myofibroblasts
� [ Inflammatory mediators
� [ TSCs differentiating into nontenocytes

(adipocytes, osteocytes, chondrocytes)
� [ Leukotrienes ([ edema)

PGE2¼ prostaglandin E2; TSCs¼ tendon stem cells.
implies that repetitive mechanical stretching has two
opposite effects—it is anti-inflammatory at small
magnitudes, whereas it becomes proinflammatory
at large magnitudes. It is likely that such anti- or
proinflammatory effects on tendon fibroblasts also in-
volve the nuclear factor-kB pathway.62 Therefore, this
pathway may be manipulated pharmaceutically in
combination with appropriate rehabilitation regi-
mens to manage tissue inflammation in clinical
settings.

Mechanoresponses of TSCs

Although fibroblasts represent most resident cells
in tendons, recently a number of studies have iden-
tified TSCs in human and animal tendon tissues.17e20

TSCs have common characteristics of adult stem cells,
including self-renewal, clonogenicity, and multipo-
tency. Once transplanted in vivo, TSCs can generate
tendonlike tissues.17 By default, TSCs differentiate
into tenocytes under normal conditions.18 By virtue
of their ability to self-renew and differentiate into te-
nocytes, TSCs play a critical role in tendon mainte-
nance and repair.

Like tendon fibroblasts, TSCs are subjected to me-
chanical loading in vivo. Therefore, effects of me-
chanical loading on TSCs have been investigated on
both in vivo and in vitro models. Using treadmill
running as a means to apply mechanical loads to
mouse tendons, it was found that mechanical loading
increased the number of TSCs in both patellar and
Achilles’ tendons, although the level of increase dif-
fered by tendon type.63 In addition, the production
of collagen in TSCs derived from the tendons of the
running group was significantly higher compared
with that of TSCs from the control groupwith cage ac-
tivities. Findings from this study suggest that the an-
abolic effect of running on tendons may at least
partially come from its stimulating capability on
TSC proliferation as well as TSC-related cellular pro-
duction of collagen. In an in vitro study, mechanical
loading promoted cellular proliferation in TSC cul-
tures; moreover, mechanically loaded cells under-
went loading magnitude-dependent differentiation;
at small mechanical stretching (4%), TSCs differenti-
ated into tenocytes, whereas at large mechanical
stretching (8%), TSCsdifferentiated into nontenocytes
(adipocytes, chondrocytes, and osteocytes) in addi-
tion to tenocytes.21 Such nontenocyte differentiation
may explain the histopathological features of tendin-
opathy at later stages, including lipid deposition, pro-
teoglycan accumulation, and calcification. Thus, it
seems likely that TSCs play a major role in the devel-
opment of tendinopathy byundergoing aberrant non-
tenocyte differentiation under excessive mechanical
loading conditions.

Also using mouse treadmill running as an exper-
imental model, a further study found that when
tendons were subjected to repetitive strenuous me-
chanical loading in vivo, high levels of PGE2 were
produced.22 This finding confirmed the results of
previous in vitro studies, which showed that me-
chanical loading on tendon fibroblasts increased their
PGE2 production.44,45 Moreover, this study further
showed that high levels of PGE2 decreased prolifera-
tion of TSCs and induced TSCs to differentiate into
adipocytes and osteocytes.22 Taken together, these
findings suggest that intensive mechanical loading
placed on tendons may cause tendinopathy by two
parallel PGE2-mediated mechanisms: 1) reducing
the number of TSCs and 2) inducing TSCs to differen-
tiate into nontenocytes.
CONCLUDING REMARKS

Because of their unique structure and composition,
tendons possess characteristic biomechanical prop-
erties: they are mechanically strong and viscoelastic,
enabling them to store mechanical energy and trans-
mit large muscular forces to bone effectively.

Moreover, tendons are live tissues that are mecha-
noresponsive. This means that they have the capacity
to adapt themselves to altered mechanical loading
conditions (Table 1). Previous studies have shown that
appropriate mechanical loads are beneficial to ten-
dons by enhancing their anabolic processes, including
synthesis of matrix proteins (e.g., collagen). Excessive
mechanical loads, on the other hand, are detrimental
to tendons by promoting catabolic processes such
as matrix degradation. Disuse or immobilization of
jej 2011 5



FIGURE 2. Mechanoresponse of TSCs depends on me-
chanical loading conditions. Application of small mechan-
ical loading to TSCs induces the cells to differentiate into
tenocytes only, as marked by significant upregulation of
the collagen type I gene but no changes in those nonteno-
cyte related genes (PPARg, SOX-9, and Runx2). However,
application of large mechanical loading leads to nonteno-
cyte differentiation in addition to tenocyte differentiation,
as evidenced by upregulation of the genes PPARg (a marker
for adipocytes), SOX-9 (a marker for chondrocytes), and
Runx2 (a marker for osteocytes). This mechanoadaptive re-
sponse to different mechanical loading conditions by TSCs
could explain why appropriate exercise is beneficial to ten-
dons in terms of their homeostasis and repair, whereas ex-
cessive mechanical loading is detrimental in terms of
causing chronic tendon injury or tendinopathy. The gray
bars represent baseline expression levels of the genes, that
is, without mechanical loading. The color bars represent
relative levels of gene expression in cells subjected to me-
chanical loads compared with those in unloaded cells.
Note that relative gene expression levels are presented for
illustration only (Adapted with permission from Figure 3
in Wang JH-C. Tendon stem cells and platelet-rich plasma.
Chin J Sports Med. 2011; 30:70e78). TSCs¼ tendon stem
cells.
tendons also causes catabolic effects on tendons.
Additionally, appropriate mechanical loading is re-
quired for improving repair of injured tendons such
as reducing adhesions in flexor tendon injuries.
Thus, an appropriate range of mechanical loads on
tendons is necessary to promote tendon homeostasis
and repair.

Mechanoresponses of tendons are due to the cells
present in tendons. Tendon fibroblasts, being relatively
abundant, are surely responsible for the maintenance
and repair of tendons.Another recently identified type
of tendon cells is TSCs. Although relatively low in
number, TSCs play a critical role in tendon physiology
because of their ability to self-renew and differentiate
into tenocytes to replenish lost tenocytes due to regular
turnover and injury to tendons. Moreover, recent
studies suggest that TSCs may also be responsible for
the development of tendinopathy, or degenerative
changes in tendons, by undergoing nontenocyte dif-
ferentiation in response to excessive mechanical load-
ing (Figure 2).21,64
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Therefore, mechanical loading and TSCs may be
two important factors in the maintenance of function-
ally normal tendons and in the repair or regeneration
of injured tendons. Functional tissue engineering
approaches, which combine these two factors, may
prove promising in improving the repair of injured
tendons. In addition, it is known that adult stem cells
such as TSCs need appropriate ‘‘niches’’ for normal
function.17 Therefore, scaffoldingmaterials thatmimic
tendon structure and composition may also be of par-
amount importance for improving tendon healing.
Additionally, growth factors are known to play a vital
role in tissue healing. In this regard, platelet-rich
plasma (PRP), which contains nearly all growth fac-
tors needed for tissue healing, may offer hope in that
the major tendon healing problems, namely, scar tis-
sue formation and tendon adhesionsmay bemitigated
by using PRP as an ideal growth factor source.64e66

A case in point is that by combining use of collagen
scaffolds, PRP can promote healing of injured anterior
cruciate ligaments,67,68 which are known not to heal
spontaneously.
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