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Abstract: Muscle lesions are among the most common injuries 

encountered in performance sports. Despite their high incidence, their 
diagnosis, classification and treatment are constantly being debated. Most 
of the time, the severity of the injury indicates the recovery strategy 
(conservative, physical therapy, surgical etc). Currently, due to advances in 
medical, pharmacological, and physical therapy, the treatment of muscle 
injuries can be greatly improved. Incomplete or incorrect recovery from a 
muscle injury can have a series of negative effects (financial or sport 
performance), which can affect the long-term career of athletes. Considering 
the incidence and costs that an injury can generate, in this paper, we set out 
to identify and present the latest approaches, used by specialists in the field, 
to facilitate the fastest recovery of athletes. 
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1. Introduction 
 
The human body has three types of 

muscle tissue: smooth, cardiac and 
skeletal. Visceral muscle and cardiac 
muscle fall into the category of 
involuntary muscles, while striated muscle 
is part of the category of voluntary 
muscles. This paper discusses lesions of 
striated muscle tissue. 

Due to the very large number of striated 
muscles (approximately 430, whose 
weight represents 30% of the body 
weight) as well as the variations in shape 
and structure, the chances of muscle 
damage are very high [21]. 

The main role of striated muscles is the 

biomechanical one. By their insertion on 
the bones, the striated muscles produce 
movement. Considering this aspect, and 
knowing the activity of performance 
athletes, characterized by fast 
movements, strong contractions, frequent 
changes in the type of muscle contraction, 
we can easily understand the causes that 
lead to muscle injuries. 

By definition, muscle injuries represent a 
heterogeneous group of traumas 
(ruptures, strains and contractures), which 
can occur directly or indirectly and are 
characterized by a total or partial loss of 
muscle function [18].   

Epidemiological research in 
performance sport reports between 10 
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and 55% of injuries as muscle lesions [12]. 
The likelihood of developing a muscle 
injury is 7 times higher during playing than 
during training [13], with a major 
predisposition to injury in the 
musculoskeletal junction [3]. These values 
vary according to the sport played, as 
follows: football 30%, rugby 11%, track 
and field 16%, and basketball 18%. In the 
sports mentioned, the most affected 
muscle groups are: hamstrings (29%) [6], 
quadriceps and adductors [5]. In addition, 
the chances of reinjured are between 12 
and 33% for hamstrings [7] and between 7 
and 22% for quadriceps [8], in the first 30 
days after resuming sports activity. 
 
2. Material and methods 
 

The research methods used during the 
research were as follows: the theoretical 
documentation method and the method 
of data processing and graphic 
representation. 

To identify the articles and books that 
we studied to make this paper, we used 
the following databases: Google 
Academic, ResearchGate and PubMed.  

 Within the databases, in the search 
section, we entered the following 
keywords: muscle, injury, lesion, sports 
and rehabilitation. Both experimental 
articles and reviews of specialized 
literature were selected and cited. Articles 
that were published earlier than 2010 
were excluded from the research.  
 
 
3. Discussions  
 
3.1. Etiology of muscle lesions 
 

Understanding the mechanism of 
muscle lesions is very important for the 
clinician, as it is the basis for formulating 
the first hypotheses about the severity of 
the injury, but also for the coach and 
teacher, as they can perform the training 
and avoid the possibility of injury. 

According to the mechanism of 
production, muscle lesions are classified 
into: 

• extrinsic, caused by a direct trauma and 
these can be in the form of:  

– contusions [10], which can be: 

– small with minor functional 
impairment; 

– medium with medium functional 
impairment; 

– large with major functional 
impairment. 

– lacerations caused by a direct 
trauma, such as a blunt object. They 
occur rarely, in about 8% of cases 
[10]. 

• intrinsic, not involving a direct trauma, 
but a strong contraction of the muscle 
(eccentric) or a stretch that exceeds the 
limits of muscle elasticity. Research has 
shown that excessive stretching of 
sarcomeres leads to muscle lesions [20]. 

  
3.2. Classification of muscle lesions 
  

In recent years, the literature has 
proposed several classifications of muscle 
lesions. In Table 1 we present the latest 
approaches to muscle lesion classification.  
 
 
 
 

Table 1 
Muscle lesion classification [5], [6], [16]  
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Classification Definition and causes Clinical signs   

D
ir

e
ct

 

Contusion - 

▪ Direct muscle trauma 
caused by an external force.  

▪ Symptoms: pain and 
inflammation. 

▪ No major structural changes 
reported. 

▪ Pain at the time of and 
after the injury. 

▪ Limitations of joint 
mobility and partial 
limitation of muscle 
function. 

Laceration - 

▪ It is caused by an external 
blunt force, which causes 
lesions to the tegument and 
the muscle level 

▪ If the laceration is very 
large, surgery is needed to 
suture the lesion. 

▪ The signs are visible to the 
naked eye.  

▪ Pain and major or total 
functional impotence. 

In
d

ir
e

ct
 

Fu
n

ct
io

n
a

l 

Type 1 
muscle 

disorders 
caused by 
overstrain 

1A 
 Functional 
disorders 

induced by 
muscle 
fatigue 

▪ Increased muscle tone and 
muscle shortening 

▪ Diffuse tolerable pain.  
▪ Continued physical activity 

may cause pain.  
▪ Stretching relieves 

symptoms 

1B  
Delayed-

onset 
muscle 

soreness 

▪ Generalized muscle pain 
caused by strong muscle 
contractions, especially 
eccentric ones, which 
produce microscopic lesions 
to the muscular system. 

▪ The muscle gets inflamed 
and becomes painful, both 
at rest and in movement. 

▪ The muscle is stiff and joint 
range of motion is partially 
limited. 

Type 2 
muscle 

disorders of 
neuromusc
ular origin 

2A 
Spinal 
muscle 

disorders 

▪ Increased muscle tone due 
to functional/structural 
disorders in the spine. 

▪ Muscle stiffness, which is 
intensified during exercise. 

▪ Rest relieves symptoms. 

2B 
 Eye 

disorders 
caused by 
the central 

nervous 
system 

▪ Increased muscle tone due 
to altered neuromotor 
control (e.g. mutual 
inhibition or functional 
changes in the 
neuromuscular spindle) 

▪ Areas of increased tone 
can be identified in the 
muscular system.  

▪ The muscle is sore on 
palpation.  

▪ Stretching relieves the 
symptoms. 

St
ru

ct
u

ra
l Type 3 

partial 
muscle 
lesions 

3A  
Minor 
muscle 
injury 

▪ Involves a small number of 
muscle fibres (one fascicle 
or less than 5% of the entire 
muscle). 

▪ Acute pain, accompanied 
by increased muscle tone 
and local contractures. 

▪ Functional limitations are 
minor. 
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Classification Definition and causes Clinical signs   

3B 
Moderate 

muscle 
injury 

▪ Involves several muscle 
fascicles. During trauma, a 
sound may be heard. 

▪ The pain is very strong and 
well localized.      

▪ Muscle strength is low and 
functional impairment is 
major. 

▪ Stretching enhances the 
pain. 

Type 4  
complete 

muscle 
lesions 

Full muscle 
injury or 
tendon 
avulsion 

▪ Muscle end pullback occurs. 

▪ The pain is very strong and 
well localized.      

▪ There are palpable 
discontinuities in the 
muscular system. 

▪ We can palpate a 
considerable hematoma. 

▪ Functional impairment is 
total. 

 
3.3. Treatment of muscle injuries 

  
Recovery from muscle lesions follows 

the three stages of tissue repair [15]. 
- degeneration or inflammatory phase is 

characterized by rupture and necrosis of 
myofibrils, hematoma formation and 
inflammation of the muscle. It lasts 
between 24 and 72 hours; 

- regeneration phase is characterized by 
phagocytosis of the injured tissue and 
regeneration of myofibrils. It lasts 
between 4 and 21 days; 

- remodelling phase is characterized by 
the formation of scar tissue. Myocytes 
mature and the functional capacities of 
the muscle are restored. This phase begins 
21 days after the injury and can last up to 
a year, depending on the severity of the 
injury. 

  The recovery process of muscle lesions 
can be improved by the use of 
orthobiological treatments. It involves the 
use of prolotherapy, platelet rich plasma 
(PRP), platelet rich fibrin-matrix (PRFM), 
mesenchymal stromal cells (MSCs) and 
amniotic-based products [19]. All these 
treatment methods have proven their 

efficiency by their potential to accelerate 
tissue regeneration [22].   
 
3.3.1. Possible complications during 

recovery 
 
During the recovery of a muscle, a series 

of complications may occur. The most 
common are as follows: deep vein 
thrombosis, ossifying myositis, post-
traumatic fibrosis, infection, 
rhabdomyolysis, and acute compartment 
syndrome, muscle herniation, etc [2]. 
 
3.3.2. Literature recommendations for the 

treatment of muscle lesions 
 
In the literature, specialists recommend 

treatments for muscle lesions according to 
the three stages of recovery mentioned in 
subchapter 3.3. Treatment 
recommendations are given in Table 2. 
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Table 2  
Literature recommendations for muscle lesion recovery according to the stage of 

recovery [4], [9], [11], [17], [25] 
 

Recovery 
phase 

Recommendations Instruments 

In
fl

am
m

at
o

ry
 

▪ It is recommended to use the acronym POLICE (P = 
protection, OL = optimal loading, I = ice, C = 
compression and E = elevation), which unlike 
standard protocols for reducing inflammation, also 
includes the optimal loading term. The application 
of mechanical loading during the inflammatory 
phase represents a shift in the recovery paradigm, 
as early tissue mobilization limits the appearance 
of scar adhesions and facilitates faster tissue 
recovery. 

▪ The use of NSAIDs in the first 48 hours after injury 
is not recommended as they may have a negative 
effect on healing time and muscle fibre strength 
after recovery. 

▪ Cryotherapy; 
▪ Kinesiotaping; 
▪ NSAIDs (if absolutely 

necessary); 
▪ Elements of physiotherapy 

(electrotherapy, magnetic 
therapy, ultrasound, etc.); 

▪ Postural therapy; 
▪ Partial immobilisation; 
▪ Passive mobilisation; 
▪ Compression bandages. 

D
eg

en
er

at
iv

e/
 p

ro
lif

er
at

iv
e

 

▪ Orthobiological injections (PRP, PRFM) are 
recommended at this stage, starting on day three 
after the trauma. Orthobiological treatment can 
also be applied 7 or 14 days after the injury, 
depending on the specifics of the condition. 

▪ Another important objective is to obtain an elastic 
(structurally) and strong (functionally - 
transmission of contraction forces) scar. We 
increase the mechanical load on the muscle and 
partially prepare for readaptation to stress. 

▪ During muscle contractions and stretching, it is 
recommended that the intensity of pain does not 
exceed 3 on a scale of 1 to 10. 

▪ Therapeutic massage; 
▪ Stretching; 
▪ Static and dynamic exercises 

that require contraction of 
the affected muscle in the 
form of synergistic muscle; 

▪ Progressive isometric and 
isotonic muscle contractions 
performed with the affected 
muscle, depending on the 
subject's functional 
capabilities; 

▪ Eccentric muscle 
contractions, performed 14 
days after the trauma. 

R
em

o
d

e
lli

n
g 

(2
8

 +
d

ay
s)

 

   Gradual return at sport activities 

   All the means mentioned 
above, at a progressively 
increasing intensity, adapted 
to the stage of recovery and 
the severity of the lesion  

 
3.3.4. Interdisciplinary team and returning 

at sports activity 
 
Today, in performance sport, 

interdisciplinary has become the quality 
standard for achieving the best results. 

The interdisciplinary team includes the 
coach, physical therapist, physiotherapist, 
sports and nutrition physician, 
psychologist, etc. Sports activity can only 
be resumed when the athlete has received 
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the consent of the interdisciplinary team 
in charge of his/her recovery [24]. 
   The Iowa State University protocol [15] 
proposes the following steps to be 
followed before resuming sports activities: 
▪ initial ultrasound evaluation and 

classification of the injury, preferably 
within the first 24-48h; 

▪ if there is a hematoma greater than 3-
5 ml, it is recommended to have it 
aspirated; 

▪ start the physiotherapy recovery 
programme as soon as possible; 

▪ after reaching a functional level of 
80% of initial functional capacity, 
reassess the lesion 
ultrasonographically to determine the 
degree of recovery;  

▪ if the results are positive, the athlete 
can gradually increase the level of 
effort to a functional level of 90%; 

▪ before resuming sports activity, the 
subject must complete all functional 
and field tests specific to the sport 
practiced in order to receive a 
favourable opinion from the 
rehabilitation team.  

  
4. Conclusions 
      
Although they are among the most 
common conditions in performance sport, 
muscle lesions still challenge the 
rehabilitation specialists.  
     Taking into account the difficulties 
faced by the interdisciplinary team in the 
recovery of these conditions, we hope 
that the information presented in this 
paper will provide a system of guidelines 
for recovery, according to muscle lesion 
classification, stages of recovery and the 
most important means with which to 
intervene. 
 

5. Proposals 
  

Following the ideas presented, we 
suggest a series of recommendations, 
which can be applied immediately in the 
practice of specialists and whose results 
would be visible in a very short time: 

– use of the proposed muscle injury 
classification system, as it provides 
objectivity in diagnosis, both 
anatomically and functionally; 

– following the physiological steps of 
muscle tissue healing, without 
skipping any stage, as there is a high 
chance of recurrence; 

– avoiding the use of NSAIDs in the first 
stage of the injury, as this can delay 
muscle regeneration; 

– introducing early mobilization into the 
recovery programme, which has a 
beneficial effect on scar tissue and the 
functional capacities of the muscle; 

– use of eccentric muscle contractions 
14 days after injury to treat and 
prevent a new lesion. 
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