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Abstract

Résumé

Muscle injuries are responsible for up to one third of the
musculoskeletal injuries occuring in professional football
and summer Olympic Games. Classifying injuries has the
objective to define the extent, to predict the time-loss, and
potentially to suggest a treatment plan to optimize the return
to sport and prevent from re-injury.
Most recent classification systems have integrated patient’s history, clinical examination, and diagnostic imaging,
to describe severity and therefore time-loss.
The different aspects and the most frequently used classification systems are discussed with special regard their validity to predict return to sport.

Les lésions musculaires représentent jusqu’à un tiers des lésions musculo-squelettiques chez les joueurs professionnels
de football et lors des jeux olympiques d’été. La classification
de ces lésions a pour but de définir l’étendu des dommages,
de prédire le temps de récupération et idéalement qui nous
permettrait de cibler le traitement afin d’optimiser le retour
à la pratique sportive et d’éviter la récidive de lésions musculaires, qui est l’une des principale complications.
Les classifications les plus récentes incluent les antécédents et comorbidités du patient, l’examen clinique ainsi que
le bilan radiologique. Ces dernières sont principalement limitées dans la description de la sévérité des lésions ainsi que
la prédiction du temps de récupération attendu.
Les systèmes de classifications les plus fréquemment utilisées ont été abordés, en particulier leur capacité à prédire
le retour à la pratique sportive.

Keywords:
muscle tear, classification, diagnostics, MRI, sonography,
severity, time-loss

Mots clés:
lésion musculaire, classification, diagnostique, temps de guérison, IRM, sonographie

8

Tscholl et al.

Introduction
Muscle injuries occur in up to 40% of all professional football players per season[16] and are responsible for up to one
third of all musculoskeletal injuries recorded during international football tournaments and Summer Olympic Games.
[19] Most frequently, muscle injuries occur due to a sudden
eccentric overload such as while sprinting, kicking, or due to
an abrupt and forceful slippage, causing the indirect muscle
injury. [1,25,33] Indirect muscle injuries are mainly found in
muscles that bridge two joints (such as the rectus femoris of
the quadriceps muscle, the medial gastrocnemius muscle or
the hamstring muscle group) containing mainly fast-twitch
type 2 fibers, which have greater contraction velocity and
greater capacity to change length, however less capacity to
withstand tension. [1,25,33] The location of injury usually is
close to or at the myotendinous junction. Direct muscle injuries are found in less than 15% of the cases and may occur
in any muscle undergoing contusion. [49]
Ideally, a classification system permits to make a precise
diagnosis and a prognosis for time-loss with the objective to
allow to tailor an adequate treatment plan and finally to reduce the rate of reoccurrence injuries that have been described in up to 13% of the cases. [49] Multiple classification
systems have been published in literature, which are highlighted in this article.

Classification
Until the 1980s, the diagnosis and grading of the severity of a
muscle lesion were solely based on patient’s history and physical exam. [34,40] With the development of imaging techniques such as ultrasound and MRI[45], knowledge of the muscular fascia and its connective tissue increased considerably in
the context of muscle injuries, and therefore structural properties of the muscle damage and its precise location have been
adopted to most of the muscle injury classification (see table 1). [10] Despite their classification being easily reproducible and objective, their reliability to predict return to sports has

Grade

Symptoms

Signs

been shown of limited use. [56,57] Therefore, patient’s history,
the clinical examination and the information on the morphological damage seen on MRI or US need to be included for the
best understanding of a muscle injury. [16,31,38,51]

Injury mechanism and patient’s history
The observation of the injury mechanism in indirect muscle
injuries, the immediate response by the athlete and its clinical
examination are essential, especially to initiate adequate
treatment strategies and to prevent further muscle damage.
[21,59] Whereas the initial clinical exam might not be very
contributive in terms of the extent of the muscle lesion and its
required time of healing (except in the case of total loss of
function and rapid swelling due to a hematoma for which
complete muscle tear or tendinous avulsion is suspected and
an imaging is absolutely required since surgical treatment
might need to be considered), repeated exam between 48 to
72 hours might elicit with high precision the localization and
the severity of the muscle injury. [31,56] A local hardening of
muscular tissue will yet not tell, whether a structural injury
has occurred or if there is only a functional (non-structural)
muscle injury, however, combined with a significant loss of
range of motion or a swelling, an injury to the aponeurotic
tissue becomes probable, and the time for healing and return
to sports will be increased. Athletes taking more than 1 day
to walk without pain, greater pain at the time of injury (> 6
on the visual analogue pain scale), a popping sound at the time
of injury, pain during every day activities for more than 3 days
and greater than 15° motion-range limitation are associated
with a loss of time more than 4 weeks. [21,59] The threshold
size of a palpable gap might vary in literature from 2–5mm,
however clearly indicates a structural muscle injury. [4,5,31,55]
Even though in most classification systems not considered, patient’s history as previous muscle injuries, underlying
joint injuries, anterior pelvic tilt, a limitation in range of motion, eccentric strength deficit, fatigue and age are important
to respect when tailoring a treatment plan and especially the
return to sport to minimize recurrence. [2,13,14,31,36]

Pathologic
correlation

Imaging
Ultrasound

MRI

mild

Sharp moderate pain,
increasing with activity.
Usually capable to continue, no loss of function
or strength

Mild pain on palpation,
mild spasm and subtile
swelling. No or minimal
loss of strength and
ROM (< 10°).

0–5% muscle
fiber disruption

No abnormalities or
diffuse bleeding
with/without focal
fiber rupture < 5% of
the muscle involved

MRI-negative, no
structural damage
Muscle edema with
or without hemorrhage

moderate

Unable to continue
activity (usually slows
down the sprint)

Clear loss of strength
and ROM (10–25°). Moderate swelling. Palpable
defect if > 10–20%

> 5–50% disruption with fascial
injury

Focal fiber rupture
> 5% of the muscle
involved with fascial
injury, edema and
hemorrhage

MRI-positive with
tearing < 50% of the
muscle fibers. Possible focal defect,
partial retraction of
muscle fibers

severe

Immediate sever pain,
nearly falls while sprinting

Complete loss of function. Loss of ROM > 25°.
Palpable defect.

50–100% disruption of muscle fibers

Complete muscle
ruptures with
retraction, fascial
injury

Muscle rupture
= 100% structural
damage. Complete
tearing with or without muscle retraction

Table 1: Clinical and imaging signs for grading the severity of a muscle lesion [9,17,22,40,43,45]
Diagnostics and classification of muscle injuries in sports
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Type

Classification Definition

Symptoms

1A

Fatigue inCircumscribed,
duced muscle longitudinal indisorder
crease of muscle
tone (muscle firmness), due to overexertion or change
of habits

1B

DOMS

Location

Imaging

Lay-off time

Aching muscle firm- Dull, diffuse,
ness, increasing
tolerable pain,
with activity, poten- muscle tightness
tial pain at rest

Focal up to
entire length
of muscle

Negative

1–3 days

Acute inflammatory
pain.

Edematous swelling, stiffness,
limited ROM, pain
on isometric contraction, stretching
relieves pain

Mostly entire Negative
muscle or
or edema
muscle group

2–5 days

2A

Spine-related Muscle firmness
neuro-musdue to functional or
cular disorder structural spinal/
lumbopelvical disorders

Aching muscle
firmness, increasing with activity.
No pain at rest

Discrete sub-fascial
edema, circumscribed longitudinal
muscle tone
increase. Defensive
reaction on muscle
stretching, pressure
pain

Muscle bunNegative
dle or larger
or edema
muscle group,
along its
entire length

3–5 days

2B

Muscle-related Spindle-shaped
neuro-musmuscle firmness,
cular disorder due to dysfunctional
neuromuscular
control

Aching, gradually
increasing muscle
firmness. Cramplike

Spindle-shaped
area of increased
muscle tone,
edematous swelling, stretching
relieves pain.
Pressure pain

Along the
entire length
of the muscle
belly

3A

Minor partial
muscle tear

Tear with maximum
diameter of loss
than muscle fascicle/bundle

Sharp, needle-like/
stabbing pain.
Snapping sensation
followed by sudden
onset of pain

Well-define pain.
Defect difficultly
palpable, firm muscle band surrounding it, stretch-induced pain

Mostly muscle- Intramuscular 10–14 days
tendon junction hematoma,
some fiber
disruption

3B

Moderate
partial
muscle tear

Tear with a diameter Stabbing/sharp pain,
of greater than a
noticeable tear and
fascicle/bundle
snap at injury. Possible fall of athlete

Well-defined, palpable defect, often
hematoma, fascial
injury, stretchinduced pain.

Mostly muscle- Significant
6 weeks
tendon junction fiber disruption, some
retraction, fascial injury and
intermuscular
hematoma

4

(Sub-)total
muscle tear
or tendinous
avulsion

Tear involving the
subtotal (complete
muscle diameter/
tendinous injury
involving the
bone-tendon junction

Large defect, hematoma, palpable gap,
muscle retraction,
pain with movement,
loss of function

Mostly muscle-tendon
junction or
bone-tendon
unit

Subtotal/
12–16 weeks
complete
discontinuity.
Large fascial
injury with
intermuscular hematoma

Dull/diffuse pain,
swelling, decreased
ROM, tenderness to
palpation, athlete
may continue activity

Any muscle,
mostly vastus
intermedius
and rectus
femoris

Diffuse or
2–3 weeks
circumscribed (highly
hematoma in variable)
varying dimensions,
potentially
more than one
muscle

Con- Direct injury
tusion

More generalized
muscle pain due
to eccentric deceleration overload,
neurogenic muscle
hardening.

Dull pain, noticeable
tearing, snap followed by sudden
onset of pain, often
fall.

Direct muscle trau- Dull pain, possibly
ma, by blunt external increasing due to
hematoma.
force, leading to
diffuse or circumscribed intramuscular hematoma leading to pain and loss
of motion

Clinical signs

Negative
or edema

DOMS: delayed onset of muscle soreness, NMD: neuromuscular disorder, ROM: range of motion

Table 2: Muscle classification of indirect muscle injuries according to the Munich consensus statement [31]
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Diagnostic imaging
Ultrasound was the first imaging modality used to diagnose,
grade and monitor the healing process of muscle injuries.
The major advantages are its easy, quick and rather cheap
access, enabling a dynamic view of the lesions, and proves
to be as sensitive as MRI detecting the presence of an injury.
[11] By means of ultrasound, puncture of the hematoma,
which might be difficult to distinguish from normal muscle
tissue within the first two days, is facilitated and is recommended by some authors, reducing pain and local inflammation. [32] MRI is known for being less observer-dependent
imaging modality for sizing the injury and its retraction, and
might show benefits for follow-up imaging to ultrasound. [11]
Both techniques show poor prognostic value for return to
sport. [11,37] The relevance of the size of the intramuscular
edema, the amount of hematoma, and the intramuscular tendon involvement have so far not been found to have any predictive value for the time requested to return to play in hamstring injuries. [12,18,39,53,54] Furthermore, it is important
to bear in mind, that only moderate muscle injuries can be
made visible, and functional muscle injuries which account
for 56% of the days missed in professional football due to
muscle lesions, will not be detected on imaging. [17]

Clinical implication of classifying muscle injuries
Functional muscle injuries (type 1 and 2)
Each skeletal muscle fiber (muscle cell) contains a multitude
of parallel aligned myofibrils that are attached to the sarcolemma (muscle cell membrane) by the desmin intermediate
filament network, which permits to transmit the contractile
force to the connective tissue and finally to the tendons (see
figure 1). The smallest functional muscular unit – the sarcomere – is connected in series and is delimited on each side
by z-discs, to which actin protein filaments are directly attached. The myosin protein filaments are attached to the
z-discs by the titin protein. Eccentric work of the muscle
fibers includes non-synchronized contraction of the myofilaments, which stretches the parallel aligned sarcomers and
will injure the passive structures at the z-discs such as the
titin filaments. Proteins such as filamine and BAG3 will be
released from the z-discs, which induce autophagia and increase at the same time protein synthesis to regenerate muscle tissue of up to 3% of the entire muscle mass per day. [50]
This is part of the normal muscle regeneration process with
a)

Integrative classification systems
Currently, the most widely used and accepted classification
published is the “Munich consensus statement” published by
Mueller-Wohlfahrt et al.[31] which includes the injury mechanism (direct or indirect), early symptoms, signs on clinical
exam, functional disorders with neuromuscular origin, and
structural muscle lesions depending on their size and location
(see table 2). They emphasize on the importance of functional muscle injuries and its different etiologies, which may be
subtle and difficult to diagnose [23, 46], but most probably
the underlying cause of recurrence or other overuse injuries.
[15] They also distinguish between several etiologies of the
muscle disorder and therefore highlight the multidisciplinary
approach in treating muscle injuries. This classification system has been validated for thigh injuries in professional football players, and showed some predictive value in time-loss
for non-structural and structural injuries however with a wide
heterogeneity. [15] The classification systems by the British
Athletics Medical team [38] and the Italian Society of Muscle, Ligament and Tendons (ISMuLT)[29] including anatomic
localization of the injury (proximal, middle third or distal)
are not currently used in scientific literature. The injury localization however is crucial. More proximal aponeurotic
injuries to the rectus femoris were found to have greater lesion to the muscle fibers surrounding connective tissue and
were associated with longer time-loss[6] and therefore might
have to be classified as a higher grade. [31,51]
More recently, the MLG-R (faceted) classification system
by Valle et al. [51] has been introduced for hamstring injuries,
including not only the mechanism of injury (direct, indirect
and MRI negative injuries) and the grading on MRI, but also
its location of the muscle (proximal, middle third and distal)
and the number of its re-occurrence. It represents the most
complete and elaborated classification in literature especially in terms of its scientific value, however there is a lack of
evidence that this approach will increase patient management
and is practicable in clinical use. [23]
Diagnostics and classification of muscle injuries in sports
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c)

Figure 1: a) macroarchitecture of a skeletal muscle, b) the
muscle fiber and c) the myofibril.
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a not clearly defined transition to type 1b lesions (DOMS).
In these situations, vaso-active substances will be excreted
which will increase vascular permeability, activate nociceptors and alter homeostasis of the muscle fiber, which can be
seen on MRI as increased interstitial fluid (see figure 2). The
intracellular process takes place mainly without cell disruption, whereby some inflammation by macrophages and neutrophil granulocytes may occur. [28] Clinically, an increase
in muscle tone may be observed as in type 1a lesions and lead
to dysfunction of the intramuscular coordination, and as a
consequence increase considerably the risk for structural
muscle damage. [35]
Muscle sprains corresponding to type 2a and 2b injuries,
according to Müller-Wohlfahrt et al.[31], show a deregulation
of the muscle tone, and appear typically suddenly and cramplike. Athletes might feel to stretch or “to shake away their
pain” which usually does not work, and might lead to worsening muscle pain. Continued exercise might lead to structural muscle injury. [35]

a

Minor to moderate muscle injuries (type 3)
The key component in structural muscle lesions is the connective tissue with its complex structure of the epi-, peri- and
endomysium containing the neurovascular supply. It limits
muscular bleeding and may partially prevent the muscle bundles from major retraction. Therefore, especially if the perimysium and the aponeurosis are injured, the time for healing
is significantly increased. [31] Extracellular matrix will be
degraded by proteases excreted by the tissue damage. Within the first 12–24 hours neutrophils will mobilize and stimulate macrophage cells for phagocytosis, which will be stimulating the satellite cells from day 1. [26] The maximum
satellite cell activity (muscular precursor cells surrounding
each muscle fiber) is found at the third day after the injury.
These cells will fuse to myotubes or will fuse with preexisting muscle fibers. Ideally, muscle fibers will be restored
14 days after the injury, however the size and also structural
protein have not yet reached maturation. Interference with

a

Figure 2: Delayed onset of muscle soreness (DOMS, type 1b),
Axial STIR MR image (a) shows edema in the vastus intermedius, vastus lateralis, semitendinosus, biceps femoris and
semimembranosus muscle in both thighs.

a
Minor to moderate muscle injuries (type 3)

b

The key component in structural muscle lesions is the connective tissue with its complex structure of the epi-, peri- and
endomysium containing the neurovascular supply. It limits
muscular bleeding and may partially prevent the muscle bundles from major retraction. Therefore, especially if the perimysium and the aponeurosis are injured, the time for healing
is significantly increased. [31] Extracellular matrix will be
degraded by proteases excreted by the tissue damage. Within the first 12–24 hours neutrophils will mobilize and stimulate macrophage cells for phagocytosis, which will be stimulating the satellite cells from day 1. [26] The maximum
satellite cell activity (muscular precursor cells surrounding
each muscle fiber) is found at the third day after the injury.
These cells will fuse to myotubes or will fuse with preexisting muscle fibers. Ideally, muscle fibers will be restored
Figure 3: A) Minor, structural muscle injury (type 3a) –
Axial STIR MR image (a) shows injury to several muscle
bundles of gastrocnemius (medial head), without retraction
or visible gap, no interfascicular hematoma, small intermuscular hematoma (white arrows), and therefore torn aponeurosis (black arrow).
12

Figure 3: B) Moderate, structural muscle injury (type 3b) –
Coronal T1 with fat suppression after gadolinium contrast (a)
and axial STIR (b) MR image show moderate intermuscular
hematoma of the medial head of the triceps muscle (left arm),
with disrupted and partially retracted muscle bundles / fascicles, and a visible gap formation (white arrow).
Tscholl et al.

this macrophage induced process will lead to increased connective scar tissue formation and inclusion of fat. [44] It is
key to minimize the destruction of the extracellular matrix
by applying the PRICE protocol or even puncture the hematoma, ideally within 36hours after trauma. The use NSAIDs
might be beneficial within the first 48–96 hours reducing the
initial tissue damage, however should thereafter be limited
due to interference with the satellite cell activity. [30, 47]
Injection of Actovegin, Traumeel or PRP are suggested by
some authors, such as different enzymes (Bromelain, Trypsin
and Aescin), although current evidence is scarce. [8]
Type 3a injuries are of less than 5mm size, hence include
1–5 primary muscle bundles (being 1mm2 each). The injury
to the perimysium is only minor, whereas the aponeurosis
might be still intact. Type 3a injuries usually heal without
defect (see figure 3a). However, injury to the perimysium and
the aponeurosis is found in type 3b injuries (> 5 mm), which
is the cause for intermuscular hematoma formation (see figure
3b). Treatment and lay-off time is very heterogeneous and
might last from 10 to 40 days depending on especially the
injury to the connective tissue and even more the aponeurosis
(for type 3a injuries). Clinical examination 48 to 72 hours
after injury is very helpful to early differentiate between a
type 3a or type 3b injury, since early active mobilization must
be initiated with minor injuries to improve the muscle regeneration process, and not before day 7 in type 3b injuries. [42]
Massage of the injured site should be avoided, since it might
favor the formation of myositis ossificans. Too early return to
sport might lead especially in higher grade muscle injuries to
over stimulation of the extracellular matrix and therefore
stiffening of the muscle tissue at the site of injury.

a

b

Complete muscle disruption and tendon avulsions (type 4)
Complete muscle disruption is rare, and mostly implies tendon avulsion injuries, especially of the ischiocrural muscles
or the rectus femoris muscle (see figure 4). Hematoma formation will be important (except in chronic tendinopathies)
and will require early PRICE treatment. Proximal tendon
avulsion at the sciatic tubercle can be treated conservatively
in most of the cases, although surgical treatment is recommended for a two-tendon injury in professional athletes or
high demand patients. [27]

c

Direct muscle injuries (type 5)
The grade and size of direct muscle injuries depend on the
intensity, the velocity and the state of contraction at the time
of contact, and can occur at almost any localization of the
muscle. It is most found intra-muscularly, and only rarely at
the myotendinus junction, contrary to the indirect muscle
lesions. An increase of the intracompartimental pressure may
occur and lead to an acute compartment syndrome which
should never be missed. In general, direct muscle injuries are
of lesser degree than indirect muscle injuries, since there is
no loss of continuity of the muscle fibers, and therefore the
mean lay-off time is expected between 2–3 weeks.[49] Protecting further muscle damage by applying the PRICE protocol, immediate immobilizing the quadriceps muscle for
example in 120° of knee flexion has shown favorable results.
[3] Myositis ossificans can develop especially from a contusion to the vastus intermedius muscle. The risk can be diminDiagnostics and classification of muscle injuries in sports

Figure 4: Tendinous avulsion of the rectus femoris tendon
(type 4) – Coronal (a) and axial (b) STIR and T2 sagittal (c)
MR images show complete osteotendinous avulsion with visible gap (black arrow), epifascial hematoma, wavey muscle
fascicles (white arrows) as a sign of complete loss of tension.
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ished by avoiding too early return to sport and deep friction
massages. [7]
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