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SUMMARY
It is becoming increasingly important to have a common terminology, as international 
and shared as possible, beginning with the classification of injuries. This can then aid 
in correct diagnosis, a focus prognosis, and appropriate therapy. The most adopted 
classification system within practice must thus be both accurate and complete but also 
clinically useful for those less familiar in injury management.
Muscle injuries are divided into two main categories according to the mechanism of 
onset: direct muscle injuries caused by the impact of a blunt body against the muscu-
lar belly and in indirect muscle injuries, caused by a phenomenon of overstretching or 
eccentric contraction causing internal disruption on the muscle-tendon unit.
For the clinician who faces these pathologies, it is essential to utilize a classification 
system which considers both the clinical findings and information from diagnostic 
investigations, such as ultrasound and MRI. The multi-modal approach to muscle inju-
ry assessment (clinical, ultrasound and possibly resonance imaging) seems essential 
for a correct clinical framework and the assessment of the severity of injury, to subse-
quently determine the most appropriate therapeutic pathway. In recent years, numer-
ous classifications have been published, to attempt to arrive at a standardized common 
language, but in most cases it has failed to make all the professional figures involved in 
the dialogue on rehabilitation. For an appropriate classification system, it is important 
to adopt correct terminology and avoid terms such as ‘elongation’ or ‘strain’.
The objective of this paper is not to deeply address the diagnostic and therapeutic 
approach of muscle injuries, but to renew the standard scientific language related to 
muscle injuries among the various professional figures involved in rehabilitation start-
ing from the already shared I.S.Mu.L.T. 2014 muscle injuries classification (1).
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INTRODUCTION
Muscle injuries are common, particularly during activi-
ties that involve high speed running, throwing and jump-
ing (1, 2). Despite a wide variability between the different 
sports, the literature data report for them an overall amount 
of 10-55% of all acute injuries in athletes (3). These inju-
ries frequently involve the lower limbs, particularly the 
hamstrings, quadriceps (rectus femoris) and gastrocnemius 
(medial head) muscle groups (4).
Recent scientific literature have demonstrated that the risk 
of a muscle injury is the result of complex interactions 
between different factors (5). Risk factors can be divided 
into intrinsic (related to athlete’s characteristics) and extrin-
sic ones (related to the external environment) and they can 
be distinguished as modifiable and unmodifiable factors. 
The aim of injury prevention programs is to reduce or elim-
inate modifiable risk factors and control or over-compen-
sate for non-modifiable risk factors (6). Age is an import-
ant predisposing factor for muscle injuries as a consequence 
of age related changes within the muscle, such as the re-ar-
rangement of motor units and the denervation processes (7). 
A positive anamnesis for previous muscle injuries is related 
to a higher risk for other muscle lesions, both in the same 
muscular group and in other districts, because of the devel-
opment of fibrotic tissues and/or acquired biomechanical 
alterations (8). Reduced muscle flexibility, joint range of 
motion and muscle strength are considered as modifiable 
risk factors, although the evidence is equivocal (9). Also, 
psycho-social factors (e.g. stressful events) appear to play a 
significant role for injuries (10). Higher levels of competi-
tion, lower recovery time between matches, higher inten-
sity and overall volume of training time are associated with 
increased risk for muscle lesions (11). Match play carriers a 
much higher risk for muscle injury than training, for both 
adult professional and young players (12).
The diagnosis of a muscle injury is usually based on anam-
nestic data and clinical examination, supported by diagnos-
tic imaging (13). The anamnesis focuses on the type of pain 
perceived, its localization and onset, the traumatic mech-
anism and the timing of the match or training. Further-
more, clinicians should investigate about history of previ-
ous muscle injuries of the same muscle group or adjacent 
joint muscles. Clinical examination is based on inspection, 
palpation, assessment of the range of motion, stretching and 
functional tests (14).
Diagnostic imaging is very important, not only for the early 
diagnosis and classification of the injury, but also to check 
the healing status, any complications during the treatment 
process, and to support prediction of return to play (RTP) 
times (15-16). Magnetic resonance imaging (MRI) is indicat-
ed when clinical tests and ultrasound information conflict 

(especially in professional athletes or in the case of muscles 
difficult to study in ultrasound such as psoas, obturators), 
as well as in the case of suspected subtotal or complete 
muscle injury, tendon involvement or bone-tendon unit 
avulsions (17).
Within the literature, there are a few classification systems 
which have been scientifically validated based on research 
demonstrating an association between the muscle inju-
ry grade classification and RTP times (18, 19). In order to 
promote an international terminology which could classify 
muscle injuries and aid in correct injury diagnosis, prognosis 
and rehabilitation treatment, the Italian Society of Muscles, 
Ligaments and Tendons (I.S.Mu.L.T.) proposed a new classi-
fication of muscle injuries in 2014 (1). According to the mech-
anism of injury, muscle injuries are distinguished in to two 
distinct categories: direct and indirect injuries. A direct injury 
is defined as involving an external force applied to the muscle 
and the injury therefore depends on the impact intensity, the 
state of contraction of the muscle, the traumatic moment and 
the injured muscle. For indirect injuries, typical of non-con-
tact sports, the main cause of injury is due to internal eccentric 
muscular force generation, with the main injury site being the 
muscle tendon junction (MTJ) (20). The structural damage to 
the muscle fibres may be caused by a singular contraction or 
by the cumulative effect of multiple contractions (21).
A correct therapeutic approach is crucial to avoid complica-
tions and to prevent re-injury. Early complications include 
compartment syndrome, phlebitis and deep vein thrombo-
sis. Late complications include fibrosis, intermuscular effu-
sion, intramuscular cyst, calcification, intramuscular ossifi-
cation and muscle hernia (22).
Most muscle injuries are managed conservatively with 
excellent results, with surgery advocated only for much 
larger tears. Conservative approaches include many differ-
ent treatment modalities including POLICE (Protection, 
Optimal Loading, Ice, Compression, Elevation) protocols, 
stretching, functional rehabilitation and physical therapies, 
although there is no consensus on gold-standard manage-
ment (23, 24). A pharmacological and nutritional approach 
is fundamental to control pain and to promote optimal 
healing by supporting and optimizing rehabilitation treat-
ments and physiotherapy (25, 26). Contrary to the evidence 
(27), injection treatments for muscle injuries (e.g. plate-
let-rich plasma) have recently become popular, particularly 
in professional athletes, with the view to accelerating RTP 
times. The main indications for surgery are complete lesions 
and subtotal lesions associated with persistent pain and loss 
of strength after conservative management (28). 
Whichever therapeutic approach is utilised, there should be 
a strong focus on incorporating re-injury prevention practic-
es, considering all injury risk factors and their interactions, 
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through the use of a holistic approach to reduce the risk 
of re-injury. This should be for both the injured muscle, as 
well for reducing the risk of other musculoskeletal injuries 
(29). Prevention programs should be based on multimodal 
exercise protocols including eccentric training, high speed 
running, core stability, endurance, flexibility, propriocep-
tion, agility and coordination (30, 31). Moreover, a specific 
warm-up before a training session or match can significant-
ly reduce the risk of injury (32). The study was conducted 
according to the journal’s standards (33).

Rationale for an update of the I.S.MU.L.T. 
classification of muscle injuries
The I.S.Mu.L.T. classification and guidelines for muscle 
injuries have provided the scientific world very useful indi-
cations and suggestions on epidemiology, diagnosis, clas-
sification and management of muscle injuries (1). Howev-
er, recent reviews of the literature has highlighted the need 
for an update of this classification system, with a particular 
focus on three key area.
Firstly, there is a need to focus more precisely on the inju-
ry location, distinguishing between proximal, middle and 
distal sites of the muscle. Indeed, research has highlighted 
that muscle injuries which occur in the proximal area of the 
hamstring or rectus femoris muscles are associated poorer 
prognosis, whilst injury of the triceps surae muscle to the 
distal regions is associated with longer recovery time (34).
Secondly, it is important to distinguish between the damage 
tissue type. In particular, ultrasound and MRI can aid in 
distinguishing between myofascial, muscle fibers, MTJ, and 
tendon involvement (35).
Thirdly, recent research reports that distinguishing between 
primary injury and a re-injury is crucial for prognosis and 
recovery time, and can therefore influence the therapeutic 
approach (36, 37). Muscle re-injury rates are between 12-43% 
across different sports. The recovery and RTP times after a 
re-injury are typically longer than for a primary injury (38). 
Non-modifiable risk factors for muscle re-injury are age (espe-
cially for triceps surae and hamstring) and number of previous 
injuries of the same or other muscles. Modifiable risk factors 
include muscle strength deficits, reduced flexibility and muscle 
fatigue (39). Such modifiable risk factors are directly related 
to the pathological modifications that usually occurs after an 
injury, such as stiffness, muscle atrophy, scar tissue formation, 
biomechanical alterations and neuromuscular control defi-
cits (40). They can also be due to an inadequate rehabilitation 
management, characterized by an overly aggressive rehabilita-
tion process, incomplete rehabilitation, an underestimation of 
the previous injury, an overly long immobilization process or 
an incorrect treatment approach (41).

Updated classification

Classification
As we know, muscle injuries are divided in two main cate-
gories according to injury mechanism: direct and indi-
rect injuries.

Direct injuries
Direct muscle injuries are divided into: lacerations and 
contusion. Lacerations are caused by blunt objects that 
cause cuts, whilst contusions are caused by direct impact 
not causing cuts.
Contusions are classified as minor, moderate and severe 
depending on identified functional deficits assessed by the 
capacity to engage the muscle and execute its specific action. 
It is important to re-assess the athlete 24 hours after the inju-
ry, as the blunt trauma can be initially overestimated due to 
the algic component, which limits early movement (1).

Indirect injuries
Indirect muscle injuries occur without any contact with 
other players or objects outside the field of play. The athlete 
essentially injures them self and these types of injury can be 
divided in two categories:
• non-structural injuries: no anatomic damage or tear, 

divided into 4 sub-categories;
• structural injuries: characterized by anatomical damage 

and classified into 3 sub-categories (13).

Non-structural muscle injuries
Non-structural muscle injuries are the most common inju-
ry type, but the diagnosis and treatment can be insidious. 
In football, they constitute 70% of all muscle injuries and 
although they do not involve structural muscle damage, 
they are still responsible for more than 50% of muscle inju-
ry burden from sports. If neglected they can lead to subse-
quent structural injuries.

Four non-structural muscle injury subcategories 
• Sub-group 1A is fatigue induced muscle disorder, typical 

of repetitive movements, inconstant playing surface or by 
excessive workload volumes.

• Subgroup 1B is caused by exercise induced muscle 
damage resulting in delayed onset of muscle sore-
ness (DOMS).

• Subgroup 2A is caused by spinal problems, often diffi-
cult to diagnose, such as minor intervertebral defects, 
which irritate the corresponding spinal nerve causing 
altered muscle tone of the respective muscle. In these 
cases, resolution of the muscle injury requires treating 
the spinal problem.
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• Subgroup 2B arises from an imbalance in neuromuscu-
lar control especially altered reciprocal muscle inhibi-
tion. Sensory information from the muscle is carried by 
ascending pathways to the brain. The afferent signals 
enter the spinal cord with the alpha motoneurons of 
the associated muscle, but also give branches capable of 
stimulating the interneurons in the spinal cord that act 
in an inhibitory way on the alpha motoneurons of the 
antagonist muscles. Thereby simultaneous inhibition of 
the alpha motor neurons to antagonistic muscles (recip-
rocal inhibition) occurs to support muscle contraction of 
agonistic muscle. A dysfunction of these neuromuscular 
control mechanisms can lead to significant impairment 
of normal muscle tone and can result in neuromuscular 
disorders, when the inhibition of antagonistic muscles is 
impaired (e.g. decreased) and the agonist must over-con-
tract to compensate (13).

Structural muscles injuries
Structural muscle injuries are divided into 3 sub-categories 
accordingly the severity of the anatomical damage: 
• 3A. Partial minor tear – a tear of the primary muscle 

fascicles inside a secondary muscle (1).
• 3B. Partial moderate tear – a tear of at least one second-

ary muscle fascicle with 50% structural damage of the 
investigated muscle cross sectional area. 

• 4. Sub-total tear or complete tear - a tear of at least 
50% structural damage of the investigated muscle 
cross sectional area. Otherwise complete tear of whole 
muscle or MTJ.

In addition, considering the I.S.Mu.L.T. classification of 
2014, it seems necessary to consider the location of the 
muscle injury according to its site: proximal, middle, distal.

The classification of muscle structural injuries including the 
injured location along the muscle: 
Proximal site (P); Middle site (M); Distal site (D).
Ultrasound and particularly MRI scans can help to identify 
involvement of different damaged tissues:
• MF: Myofascial (muscle fibers and fascia);
• MT: Muscle fibers or MTJ;
• T: Tendon.

Myofascial injuries have a more benign prognosis than MTJ 
and tendon injuries. This for several reasons including i) from 
the biomechanical point of view, myofascial injuries under-
go less traction and stress than the MTJ and tendons and ii) 
anatomically, the fascia is richly vascularized and therefore 
has the possibility of “restitutio ad integrum” (restoration to 
original condition) or better, after a muscle injury.

Anatomically, the MTJ is the muscle portion in which the 
tendon fibers intertwine until it merges with the muscle 
fibers. It is the “locus minor resistentiae” (location of least 
resistance) following specific and eccentric sports move-
ments, which subject the muscle to biomechanical stress. As 
such, the MTJ is a frequent site of muscle injuries. Physio-
logically, this is in part due to a histological feature of the 
myotendinous tissue, which is rich in fast type II fibers, 
which utilise predominantly anaerobic metabolism. This is 
important for injury diagnosis and relevant for prognosis, as 
injuries at the MTJ have longer recovery times than injuries 
within the muscle belly. Furthermore, injuries with tendon 
involvement typically have the worst prognosis and may 
require surgical repair (19). Therefore, it is useful to classify 
the site of injury, as it is an important prognostic factor.
As described previously, muscle injuries which occur in 
the proximal area of hamstrings muscle or rectus femoris 
muscle have longer prognosis compared with muscles inju-
ries at the middle of the muscle, despite similar structural 
damage. Furthermore, the triceps surae muscles has longer 
prognosis if the tear is located at the distal level. 
A further consideration for these developed guidelines, was 
the patient’s anamnestic history regarding previous injuries. 
It is important to understand if the injury is a primary injury 
or first, second or third re-injury (36).
A further innovation of the guidelines is the consideration 
of injury occurrences: 
• Primary injury (R0);
• First re-injury (R1);
• Second re-injury (R2);
• Third re-injury (R3). 

We believe recording of the injury as either primary or as a 
re-injury and the number of re-injuries is essential, as muscle 
re-injuries are associated with worse prognosis and possibly 
emphasis a previously failed functional recovery process.
A muscle re-injury is another new injury from non-contact 
mechanisms in the same location of the previous injury or in 
the same muscle, occurring within 2 months after RTP (37).
RTP times for muscle re-injuries are typically longer than 
for primary injuries, Recent epidemiological studies on elite 
football players report muscle re-injury rates of 13–16% 
for structural muscle injuries and 12% for non-structur-
al injuries. Muscle re-injury rates vary between 12-43% 
across different sports, including soccer, Australian football, 
athletics and rugby and result in delayed RTP times. Again, 
risk factors for muscle injuries can be categorised into modi-
fiable and non-modifiable factors (38).
A few authors reported that muscle re-injuries occur due to 
multiple co-existing injury risk factors. Deficits in muscle 
flexibility are considered to associated with muscle re-in-
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juries, but not primary muscle injury. Eccentric hamstring 
strength deficits are associated with higher risk of muscle 
re-injury. According to the literature, hamstring muscle 
re-injuries are commonly grade 3A and 4, thought due to 
miss-diagnosis and failure to identify the severity of the 
initial injury. Medial gastrocnemius, hamstring and rectus 
femoris muscles are most susceptible to re-injury (39). The 
symptoms and clinical signs of the re-injury are similar to 
the primary injury, so the same considerations of imaging 
and conservative treatment indications are needed. Muscle 
re-injury practices should consider the risk factors which 
may have predisposed the athlete to the initial muscle inju-
ry, correct diagnosis of the injury, reduced immobilization 
times, correct exercises selection, a full and complete func-
tional recovery process as well as management of the athlete 
after RTP (40). Rehabilitation and/or re-injury prevention 
programs should include eccentric strengthening at longer 
muscle lengths, as evidence suggests a protective effect for 
re-injury upon RTP. Half of muscle re-injured occur during 
the first month after RTP, thought due to incomplete func-
tional recovery (41).
This new proposed classification considers the magnitude of 
the tear, localisation of the tear, involved tissue and numbers 
of re-injury can be seen in table I. 

Clinical examples using this update classification system: 
• long head biceps femoris 3B, P, T, R2: second re-injury 

with partial moderate tear at proximal site with tendon 
tissue involvement;

• adductor longus 4, P, MT, R0: primary injury with subtotal 
or complete tear of the proximal myotendinous junction;

• recuts femoris 3A, M, MF, R1: first re-injury with partial 
minor tear at middle site with myofascial involvement.

CONCLUSIONS
To conclude, we believe the proposed classification system is 
complete, considering the anamnestic, clinical and localiza-
tion aspects of muscle injuries, which should support clini-
cians in determining muscle injury prognosis. Such an inte-
grated classification can support the scientific community to 
have consistent methods of reporting muscle injuries. This 
could aid in the development of more targeted and evidence-
based treatments to support athletes to RTP early and safely, 
as well as minimizing the risk for muscle re-injury.
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