The effects of growth factors on skeletal muscle lesions
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Abstract

Skeletal muscle injuries are common causes of severe
long-term pain and physical disability, accounting for
up to 55% of all sports injuries. The phases of the hea-
ling process after direct or indirect muscle injury are
complex but clearly defined processes comprising well-
coordinated steps: degeneration, inflammation, rege-
neration, and fibrosis.

Despite this frequent occurrence and the presence of a
body of data on the pathophysiology of muscle inju-
ries, none of the treatment strategies adopted to date
have been shown to be really effective in strictly con-
trolled trials. Most current muscle injury treatments
are based on limited experimental and clinical data
and/or were only empirically tested.

Platelet-rich plasma (PRP) is a promising alternative
approach based on the ability of autologous growth fac-
tors (GFs) to accelerate tissue healing, improve muscu-
lar regeneration, increase neovascularization and reduce
fibrosis, allowing rapid recovery after muscle lesions.
Thus, further experimental studies that include the
quantification of specific GFs released by PRD, as well
as additional data on angiogenesis, myogenesis and
functional recovery are needed to ultimately validate
the hypothesis of PRP efficacy in the treatment of
muscle lesions and open the way for its wide clinical
application.
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Introduction

Skeletal muscle injuries are common causes of severe
long-term pain and physical disability, accounting for
up to 55% of all sports injuries. Contusions and
strains are the most frequent muscle lesions.

Skeletal muscle injuries account for 31% of all injuries
in élite football (soccer), and their high prevalence in
both football and other sports is well documented in
the international literature. 92% of lesions occurring in
football (soccer) affect the four major muscle groups of
the lower limbs: hamstrings 37%, adductors 23%, qua-
driceps 19% and calf muscles 13%. As many as 96% of
all muscle injuries in football (soccer) occur in non-
contact situations, whereas contusions are more fre-
quently encountered in contact sports, such as rugby,
American football and ice hockey (1, 2) (Fig. 1). 16%

of muscle injuries in élite football (soccer) are re-inju-

Fig. 1. Male, 22 years old. An example of direct muscle injury caused
by a sharp knife trauma (complete laceration of the muscle fibers of
the right quadriceps).
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ries and they are associated with a longer absence from
competition than was necessary following the original
injury.

Thigh muscle injuries often occur in track and field
athletes (16%), but have also been documented in
team sports like rugby (10.4%), basketball (17.7%)
and American football (46%/22% practice/games) (3).
In sport, the aim of muscle lesion treatment is to allow
the athlete to resume training and competing as soon as
possible, without any complications. Prognostic infor-
mation is crucial to medical staff required (by coaches,
managers, media, agents and players themselves) to
indicate the length of an athlete’s expected lay off (4).
Muscle injury is a challenging problem in traumato-
logy, as injured muscles heal very slowly and often
with incomplete functional recovery; hence the critical
importance of correct evaluation, diagnosis and the-
rapy of these disorders.

Muscle injuries

The variety of criteria that can be taken into conside-
ration makes it difficult to develop a single classifica-

Table 1. Overview of muscle injury classification systems.

tion of muscle injuries. The severity of muscle injury
is defined by the amount of muscle tissue involved and
by the extent and the location of the effusion.
Different classification systems are published in the
literature (5-12) (Tab. 1), but there is little consistency
between studies and in daily practice (13).

In imaging, the radiological classification system of
muscle injuries introduced by Peetrons (11) is fre-
quently used; Ekstrand et al. (4) recently showed that
MRI can be helpful in verifying the diagnosis of ham-
string injuries and that radiological grading is associa-
ted with lay-off times after injury.

Recently, the “Munich muscle injury classification
system” was introduced providing terminology and a
new classification system of muscle injuries (3). This
clinical classification (Tab. 2) classifies muscle injuries
into functional and structural types. Functional disor-
ders are fatigue-induced or neurogenic injuries causing
muscle dysfunction, while structural injuries consist of
muscle fiber tears (3).

Jarvinen et al. (14) and Askling et al. (15) recommen-
ded that treatment strategy should start with a preci-
se history of the injury, investigating the circumstan-
ces of its occurrence, the symptoms, and any previous

Grade 1 Grade 2 Grade 3 Grade 4
No appreciable tissue tearing Tissue damage
. 5 : Complete tear of musculotendinous unit
0 ’Dgnoghue 1962 (5 ) No loss of function or strength Strength of the musculotendinous unit reduced =
Complete loss of function
Only a low-grade inflammatory response Some residual function
Ryan 1969 (6) Tear of a few muscle fibers Tear of a moderate number of fibers Tear of many fibers Complete tear of the muscle and fascia of the
(initially for quadriceps) Fascia remaining intact Fascia remaining intact Partial tearing of the fascia musculotendinous unit
Tissue damage _ . Complete tear of musculotendinous unit
Craig 1973 (7) ‘ . No complete tear of musculotendinous unit . -
Strength of the musculotendinous unit Complete loss of function
Breakdown or tearing: grade I-IV
Kouvalchouk 1992 (8) Contracture Elongation From strength of the musculotendinous unit to -
complete tear of the musculotendinous unit
Minimal structural damage . Complete tear of musculotendinous unit
Tissue damage .
Reid 1992 (9) Small hemorrhage Complete loss of function. -
Some residual function
Rapid recovery Hematoma aspiration helpful

Takebayashi 1995 (10)

No abnormalities or diffuse bleeding with/without focal

MRI-negative=0% structural damage.

Hyperintense edema with or without

MRI-positive with tearing up to 50% of the

Peetrons 2002 (11) .

fiber rupture of less than 5% of the muscle involved
(Ultrasound-based) hemorrhage
Stoller 2007 (12) Partial rupture: focal fiber rupture of more than 5% of ~ muscle fibers
(MRI-based) the muscle involved with/without fascial injury

Possible hyperintense focal defect and partial

retraction of muscle fibers

Complete muscle rupture with retraction

Fascial injury

Muscle rupture=100% structural damage
Complete tearing with/without muscle

retraction
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Table 2. Classification of acute muscle disorders and injuries according to Mueller-Wohlfahrt et al. (3).

Type 1A: Fatigue-induced muscle

Type 1: ;
ypet: disorder
Overexertion-related muscle
. Type 1B: Delayed-onset muscle
. disorder
A. Indirect muscle ; . soreness (DOMS)
X - Functional muscle disorder -
disorder/injury Type 2A: Spine-related
Type 2: neuromuscular Muscle disorder

Neuromuscular muscle disorder

Type 2B: Muscle-related
neuromuscular Muscle disorder

Type 3:
Partial muscle tear

Type 3A: Minor partial muscle tear
Type 3B: Moderate partial muscle
tear

B. Direct muscle injury  Structural muscle injury

Type 4:
(Sub)total tear

Subtotal or complete muscle tear
Tendinous avulsion

Contusion
Laceration

problems, followed by a careful clinical examination
with inspection, palpation of the injured area, com-
parison with the contralateral side and muscle func-
tion testing. Palpation serves to detect (more superfi-
cial and larger) tears, perimuscular edema and increa-
sed muscle tone. An early post-injury ultrasound
(US) between 2 and 48 hours after the muscle trauma
can provide helpful information about any existing
muscle structure problem, particularly in the presen-
ce of hematoma or when the clinical examination
indicates a functional disorder without evidence of
structural damage (11). MRI is recommended for
every situation in which structural muscle injury is
suspected. MRI is helpful in determining the possible
presence and pattern of edema and also in detecting a
structural lesion and estimating its size. Furthermore,
MRI is helpful in confirming the site of injury and
the presence of any tendon involvement (15).
However, it must be pointed out that MRI alone is
not sensitive enough to measure the extent of muscle
tissue damage accurately. For example, it is not possi-
ble to identify on MRI scans areas where edema/
hemorrhage (seen as a high signal) is obscuring struc-
turally intact muscle tissue (3).

Despite the frequent occurrence of skeletal muscle
injuries and the availability of a body of data on their
pathophysiology, none of the treatment strategies
adopted to date have been shown to be really effective
in strictly controlled trials. One possible explanation
for this apparently paradoxical situation is the broad
heterogeneity of injuries of this type and their widely

varying severity. In addition, most current muscle
injury treatments are based on limited experimental
data and/or were only empirically tested.

The aims of correct treatment of muscle injuries are:
1) to limit the consequences of the damage on the tis-
sues involved in the trauma, 2) to prevent future
damage, and 3) to ensure the athlete’s prompt return
to competitive activity while nevertheless respecting
the necessary biological healing times.

These three points are closely related to each other and
dependent on the treatment carried out in the initial
phase (24-48 hours).

For less severe muscle injuries, non-surgical treatment
usually results in good functional outcomes. As a rule,
the treatment protocol comprises simply RICE (i.e.
Rest, Ice, Compression and Elevation), non-steroidal
anti-inflammatory drugs (NSAIDs), early mobiliza-
tion, and physical therapy (active and passive modali-
ties). An alternative to non-surgical treatment of
muscle injury is surgical re-approximation of muscle
tears. However, in other circumstances, especially in
the presence of extensive muscle lesions and in athle-
tes with a high functional demand, these therapeutic
approaches are often all unsatisfactory. The phases of
the healing process after direct or indirect muscle
injury are well defined. The initial degeneration/
necrosis phase is principally characterized by the for-
mation of hematoma. The subsequent inflamma-
tory/cell response phase and the repair/fibrosis phase
are interrelated and time-dependent. Local swelling
and hematoma formation occur rapidly after injury

JoinTs 2013;1(4):180-186



Growth factors and muscle lesions

with clot formation and associated platelet degranula-
tion. The latter leads to local release of growth factors
(GFs) and cytokines that determine the chemotactic
migration of neutrophils and macrophages.
Subsequently, myogenic precursor cells (also known as
satellite cells) undergo activation and proliferation,
also facilitated by GFs (16).

These satellite cells, which are located between the
basal lamina and the plasma membrane of each indivi-
dual myofiber, are quiescent in the uninjured state;
once activated, however, they proliferate and differen-
tiate into multinucleated myotubes and, eventually,
myofibers. Many of these cells are able to fuse with exi-
sting necrotic myofibers and may prevent the muscle
fibers from completely degenerating. Regenerating cells
are centrally nucleated and are easily identifiable histo-
logically. In the majority of cases, this healing process
results in the formation of regenerated muscle charac-
terized by an area of fibrotic scar tissue (differing in size
depending on the size of the primary lesion) and by
incomplete restoration of functional capacity.

Thus, the reparative capacity of muscle lesions varies
widely and depends on the severity of the trauma (17).
The chance of a complete restitutio ad integrum following
a muscle injury is proportional to the extent of the lesion
and dependent on the pathophysiological processes that
characterize the early post-injury phase (0-72 hours).

Growth factors, platelet-rich plasma

and muscle injuries

It is important to emphasize the critical role played by
GFs in the process of muscle regeneration and satelli-
te cell activation. Scarring and fibrosis are both obsta-
cles to complete muscle recovery following injury. For
this reason, regulation of fibrosis is one of the goals of
the use of GFs in the management of muscle lesions.

Platelet-rich plasma (PRP) is an autologous concentra-
tion of human platelets to supra-physiologic levels
(18). At baseline levels, platelets function as a natural
reservoir for GFs including platelet-derived growth
factor (PDGF), epidermal growth factor (EGF), trans-
forming growth factor-beta 1 (TGEF-f1), vascular
endothelial growth factor (VEGEF), basic fibroblast
growth factor (bFGF), hepatocyte growth factor

(HGF), and insulin-like growth factor type 1 (IGF-1).
PRP is commonly used in orthopaedic practice to
enhance healing in sports-related skeletal muscle, ten-
don, and ligament injuries (14, 19).

However, the use of PRP in the treatment of skeletal
muscle lesions is based on limited experimental data
and no meta-analysis studies or randomized controlled
trials have been conducted to allow the safe and effec-
tive use of these therapies (19, 20).

Only a few 7z vivo studies have shown that GFs are
able to improve muscle regeneration and increase mus-
cle strength after a trauma. In experimental studies of
animal models, it has been shown that IGF-1, bFGF
and nerve growth factor (NGF) are potent stimulators
of myoblast proliferation and fusion. However, injured
muscles need to be treated with high concentrations of
GFs, due to the rapid clearance of these molecules and
their short half-life.

Hammond et al. (21), in an experimental study inve-
stigating the biomechanical and biochemical effects of
PRP in muscle injury in rats, showed that PRP can
promote and accelerate myogenesis.

In 2012, some of the present authors conducted an
experimental study of muscle injury in a rat model,
analyzing histologically and immunohistochemically
the effects of platelet-rich fibrin matrix (PRFM) in the
regeneration of damaged muscle tissue (22). Bilateral
lesions were created on the longissimus dorsi muscle of
Wistar rats (Fig. 2). In each rat, one lesion was filled

Fig. 2. Male Wister rat: dorsal incision in the paravertebral region (3
cm in length) and muscle lesion on the longissimus dorsi.
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with a PREM while the contralateral lesion was left
untreated, as control. Animals were sacrificed at five,
10, 40 and 60 days from surgery. Histological, immu-
nohistochemical and histomorphometric analyses were
performed to evaluate muscle regeneration, neovascula-
rization, fibrosis and inflammation (Fig. 3). We also
assessed the presence of metaplasia zones, calcifications
and heterotopic ossification. The PRFM-treated
muscles showed better muscle regeneration and more
neovascularization. Immunohistochemical data further
strengthened our hypothesis of PRP efficacy in the
treatment of muscle lesions: both MyoD and myogenin
play a key role during embryonic and neonatal myoge-
nesis and have a crucial regulatory function in the pro-
cesses of plasticity, adaptation and regeneration in adult
muscle. MyoD- and myogenin-positive cells were loca-
ted both inside the basal lamina of the fiber and in the
interstitial spaces in the muscle sacrificed at five days.
No staining was detected in 10 day-sacrificed animals,
nor in those sacrificed at 40 and 60 days. These findings
are therefore consistent with a significant enhancement
of early myogenesis and subsequent neovascularization
in the presence of PRFM compared to the untreated
control condition. The levels of fibrosis and inflamma-
tion were similar to those found in the controls; meta-
plasia, heterotopic calcification and ossification were
absent both in PRFM-treated and control lesions, sug-
gesting that there are no side effects related to the use of
PREM in the treatment of muscle injury (22).

This morphological experimental study showed that the
use of PREM could improve muscle regeneration and

long-term vascularization. Since autologous blood pro-
ducts are safe, PREM may be a useful and convenient
product in the clinical treatment of muscle injuries.
With reference to fibrosis, Visser et al. (23) demon-
strated that PREM, in vitro, contains significantly
higher concentrations of TGF-B1, which has the
capacity to significantly increase connective cell prolif-
eration over time compared with whole blood concen-
trate of similar volume. However in our iz vive study,
we did not observe an increase in fibrotic tissue for-
mation during PREM treatment in comparison with
controls; therefore, we hypothesize that the amount of
TGEF-p released by PRFM in vive is not sufficient for
this to occur (22).

In 2013, Huard et al. (24) performed an experimental
study of PRP and losartan combinatorial therapy,
which was found to improve overall skeletal muscle
healing after muscle contusion injury by enhancing
angiogenesis and follistatin expression and by reducing
the expression of phosphorylated Smad 2/3 and the
development of fibrosis. These results suggested that
blocking the expression of TGF-f1 with losartan
improves the effect of PRP therapy on muscle healing
after a contusion injury (24).

In an experimental Wistar rat model (data currently
unpublished), we used different concentrations of
PRP and studied their different effects after a skeletal
muscle injury. Unilateral muscle lesions were created
on the longissimus dorsi muscle of Wistar rats. The
lesion was filled with PRP (injected intramuscularly at
different concentrations) 24 hours after the surgical trau-

Fig. 3. Histological sections of a longissimus dorsi muscle lesion treated with PRFM (a) and of an untreated muscle lesion (b) at 10 days after
injury. The presence of fibers with central nuclei is suggestive of muscle regeneration in the PRFM-treated lesion (a); these features are less evi-
dent in the control lesion (b).
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ma. A group of rats was left untreated (controls).
Animals were sacrificed at 3, 15 and 60 days from sur-
gery. Histological, immunohistochemical (M-caderin,
CD-34, V-CAM-1, Myo-D and myogenin) and histo-
morphometric analyses were performed to evaluate mus-
cle regeneration, neovascularization, fibrosis and inflam-
mation. We also assessed the presence of metaplasia, cal-
cifications and heterotopic ossification.

The PRP-treated muscles showed better muscle regener-
ation, more neovascularization and a slight reduction of
fibrosis compared with the control muscles. The prelim-
inary results of this study suggest that myogenesis
induced by PRP could be a dose-dependent process.
These experimental results on muscle healing after PRP
administration are, however, an incomplete representa-
tion of the clinical situation; data on pain and function-
al recovery are lacking.

In fact, there exist few clinical data on the use of PRP
in the treatment of muscle injuries. However, some
clinical pilot studies on the use of PRP under US
guidance after muscle injury demonstrated the effica-
cy of this treatment, showing it to be associated with
a higher level of pain relief, better physical recovery,
less fibrosis and faster regeneration compared with
conventional conservative treatment of acute muscle
trauma.

Musculoskeletal US and ultrasonic elastography (USE,
sonoelastography) are able to provide clinicians with
adequate data about muscle injuries. Also, US and USE
are the most effective methods for guiding the puncture
of soft tissues for hematoma aspiration or local drug
administration (Fig. 4). USE measures tissue deforma-
tion as a response to the application of an external force,
the assumption being that the deformation will be lower
in rigid tissues, compared with elastic, soft tissues.
Evaluation of musculoskeletal pathology 77 vive is one of
the main applications of USE, which provides infor-
mation about soft tissue quality and evolution of mus-
cle injury over time, by measuring the stiffness/ elas-
ticity of muscle. This method is based on comparison
of the radiofrequency of ultrasonic waves obtained
before and after compression, which is easily applied
with a conventional transducer, using a frechand tech-
nique (25). A transducer can be used to obtain specif-
ic information in USE imaging: by exerting low pres-
sure with the transducer in the region of interest

Fig. 4. Male, 41 years old. Post-trauma hematoma of the left gastrocne-
mius. A: Ultrasonic elastography of the muscle injury. B: Hematoma
aspiration under ultrasound guidance, longitudinal scan. C:
Sonoelastography of PRP administration in the region of interest. D:
Sonoelastography after PRP administration in the region of interest.
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(ROI) it is possible to determine a proportional corre-
lation between pressure and deformation. The size of
the ROI determined by the examiner must exceed 5
mm all around the explored lesion. In this way, lesions
detected on two-dimensional image and also invisible
damage can by analyzed by gray scale examination
(Fig. 4 A,B,D). Tissue elasticity is represented by color
coding. Every pixel in the ROI is assigned one of 256
specific colors depending on the amplitude of defor-
mation. The color scale ranges from red (soft compo-
nents - areas with significant deformation) to blue
(rigid elements - areas with low distortion). Green
indicates the average deformation of the ROI. This use
of these three basic colors is known as RGB encoding
(red-green-blue) (25).

Further multicenter studies are needed in order to
establish the clinical utility of USE in the development
of muscle injury treatment strategies.

Conclusions

A number of questions related to PRP remain unan-
swered, such as the optimal concentration of platelets
in PRP, the ideal PRP formulations, the types of cell
that should be present, the ideal frequency of applica-
tion, and the rehabilitation regime setting best able to
optimize tissue repair and return to full function.
Thus, further experimental studies that include the
quantification of specific GFs released by PRD addi-
tional details on angiogenesis and myogenesis as well as
functional recovery are required to ultimately validate
our hypothesis and before PRP can be used in a wide
clinical application. It will also be important to improve
the accuracy of instrumental investigations, to improve
the identification of types and extents of injury and to
define new and specific rehabilitation protocols.
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