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Critical analysis of MRI-based
classification systems for
sport muscle injuries

Critical review

A critical review of eight identified cases of muscle injuries in professional FCB players from
the club’s annual muscle injury database in 2017.

Abstract

In cases of suspected muscle injury, sports medicine
professionals use imaging methods such as ultra-
sound (US) and Magnetic Resonance Imaging (MRI)
to confirm the diagnosis.

Various classification systems are available for
determining the degree of severity of muscle in-
juries. The staging of muscle injuries depends on
the qualitative and quantitative characterisation of
several radiological findings by MRI. However, not all
classifications use the same criteria to determine
the severity of the injuries.

During the 2017-2018 seasons, the medical de-
partment of Futbol Club Barcelona (FCB) has used
these classifications to evaluate the prognosis and
time to return to sport (RTS) for professional athletes
following injury. However, the histological complexity
and particularity of each muscle belly mean that
image classifications are not infallible.

Introduction
Muscle injuries account for more than 30% of sports
injuries (Ekstrand et al. 2011) and have severe im-
plications for professional teams (Elliott et al. 2011).
The most common mechanism of muscle injury in
football players is muscle strain (indirect muscle in-
jury) in the lower limbs, during eccentric contraction.
In the professional setting, player availability is
paramount. When players become injured, it is im-
portant to accurately determine the severity of their
injury, ie the time until they return to sport, as well as
the risk of re-injury (Orchard et al. 2005; Waterworth
et al. 2017). This requires an accurate diagnosis of
the injury, which is particularly important for muscle
injuries.
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Currently, the most widely used techniques for
confirming and assessing the extent of sports-related
muscle injuries are ultrasound (US) and Magnetic
Resonance Imaging (MRI), and the information ob-
tained using these techniques helps to guide man-
agement, which directly affects prognosis (Blanken-
baker and De Smet 2004: Fleckenstein et al. 1989).

MRI can be used to characterise the muscle injury
in detail, and with high sensitivity, which allows the
radiologist to categorise its severity according to var-
ious classifications. Therefore, these classifications
guide the sports physician’s therapeutic approach.

“ THE HISTOLOGICAL
COMPLEXITY AND PARTICULARITY OF
EACH MUSCLE BELLY MEAN THAT
IMAGE CLASSIFICATIONS ARE

NOT INFALLIBLE ,,

Various injury classifications have been proposed
with the aim of connecting the imaging findings to
the results of the clinical examination, and thereby
to improve the grading of muscle injury severity and
reduce the risk of re-injury. Recently, three new clas-
sifications have been proposed: the Munich Con-
sensus Classification (Mueller-Wohlfahrt et al. 2013),
the British Classification System (Pollock et al. 2014),
and the FCB Barcelona and Aspetar Classification
(Valle et al. 2017). These classifications focus on
various factors that are key for good diagnosis and
prognosis: mechanism of injury, location of the in-
jury, presence of fibre retraction, extent of oedema
(cross-sectional area), and previous injuries (re-injury).

Despite the utility of these classification systems,
injury classification remains challenging due to dif-
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ferences in muscle architecture, injury extension,
activities when the lesion occurred, the mechanism
of injury, and even the player’s personality. Since each
of these classifications uses different parameters to
categorise muscle injuries, this can lead to conflicting
treatment decisions.

The aim of this paper is to update current knowl-
edge in sports medicine imaging by evaluating the
use of these classifications, and the discrepancies
that arise between them. Specifically, we demon-
strate the use of these classifications for catego-
rising muscle injuries in 8 specific cases of muscle
injury in football players seen at the FCB Medical
Center.

Materials and Methods

We identified eight cases of muscle injuries in pro-

fessional FCB players from the club’s annual muscle

injury database in 2017. We selected these cases

based on several criteria:

i) The player was affiliated with the FCB profes-
sional football team at the time of the injury;

ii)  The injury was located at the myoconnective
junction of an important muscle for football
(hamstring, rectus femoris, adductor or calf
muscles);

iii) According to diagnosis, the treatment criteria
were conservative (injuries requiring surgery,
such as pure tendon tears, were excluded).

All'injuries were evaluated during physical examina-
tion by a sports medicine physician (one of the two
team doctors), after which MRI was performed in our
own medical centre. All injured players underwent the
same initial physiotherapy plan and re-adaptation pro-
tocol, which were managed by the same sports physi-
otherapist. Finally, the decision to return to sport was
taken according to the criteria of FCB medical staff.

MRI studies were generally acquired within 24
hours post-injury, at the FCB Medical Center using
a CANON MRI 3T VANTAGE TITAN, and were reported
by an MSK radiologist sports specialist. We used a
multi-purpose coil with speeder technology, which
allowed us to acquire 5 sequences according to the
standardised protocol for evaluating muscle injuries
in the lower extremities (described in Table 1). The
patients were positioned in supine decubitus, and the
examination was performed on the injured limb only,
and focused on an area marked with a cutaneous
vitamin marker.

The MRI findings allow the follow-up US examina-
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tions to be targeted to the most relevant areas, as-
sessed by using linear transducers (centre frequency
greater than 10-17 MHz) (Allen 2007).

The MRI studies of each case were reviewed by
two MSK radiologists (SM, with 10 years of experi-
ence; and JI, with 4 years of experience), who were
blinded to the clinical information apart from the
location of the injury. In case of discrepancies, the
case was reviewed by XA, who has >25 years of ex-
perience. In parallel, a doctor of sports medicine (XY,
RP or GR) reviewed the clinical history in terms of
injury mechanism, and also the clinical exploration
and US findings.

The radiological findings evaluated were: tendon
rupture, peritendon oedema, loss of tendon tension,
pennation angle, interstitial oedema of the myoten-
dinous junction, blurring (rupture of fibres), intermus-
cular oedema and haematoma.

We used the magnetic resonance imaging results
to categorise each case according to the classifica-
tions selected in our study. Table 2 lists the different
categories according to each classification. After
categorising each case, we performed an exhaus-
tive analysis of the concordances and discrepancies.

Results

In this section, we present eight cases of muscular
injury and describe our clinical approach, radiological
features, therapeutic behaviour, time to return to
sport, and final outcome. While the injuries studied
involved different muscle groups (five long head of
the biceps femoral, one semitendinosus, one rectus
femoris, one soleous), all except one (myoaponeu-
rotic junction, Case 7) are treated as lesions of the
myotendinous junction (MTJ). Six lesions of the MTJ
affected thick connective tissue, and one affected

Table 1. 3T MRI Protocol

TR TE SECTION GAP FOV* MATRIX RESOLUTION
THICK-
NESS
COR 5000 44 2.5 0.6 26X29 288X320 0.9x0.9
T2W
FS
AX 5200 44 3.5 (0] 25X25 256X256 0.97X0.97
T2W
ES
SAG 3700 60 238 0 27X24 192X272 1.4X0.88
T2W
ES
COR 980 11 25 0.6 26X29 288X320 0.9X0.9
TiW
AX 900 11 35 (0] 25X25 352X352 0.71X0.71
TiW

* For calf MRI, we used smaller FOVs, but all other imaging parameters remained
the same.
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Table 2. Summary of the muscle classification systems used in this study.

Munich Consensus

Statement
Grade 1A Negative MR
(Fatigue- imaging/US
induced findings.
muscle
disorder)
Grade 1B Negative MR
(Delayed- imaging/
onset US findings
muscle or oedema
soreness: only
DOMS)
Grade 2A Negative MR
(Spine- imaging/
related US findings
neuromus-  or oedema
cular muscle only
disorder)
Grade 2B Negative MR
(Muscle- imaging/
related US findings
neuromus-  or oedema
cular muscle only
disorder)
Grade 3A Fibre
(Minor disrup-
partial tionon 1.5
muscle tear) or 3-T MR
images;
intramus-
cular
haematoma.
Grade 3B Signifi-
(Moderate cant fibre
partial disruption,
muscle tear) probably
including
some
retrac-
tion, with
fascial injury
and inter-
muscular
haematoma.
Grade 4 Subtotal/
(Subtotal/ complete
total muscle discontinuity
tear or of muscle/
tendinous tendon;
avulsion) possible
wavy tendon
morphology
and retrac-
tion, with
fascial injury
and inter-
muscular
haematoma.
182

British Athletics Muscle
Injury Classification

Oa/b

la

(Small
myofascial
tear)

1b
(Small
muscle-
tendon
junction
tear).

2a
(Moderate
myofascial
tear).

2b
(Moderate-
muscle-
tendon
junction
tear).

2c

(Moderate
intratendi-
nous tear)

3a
(Extensive
myofascial
tear).

3b
(Extensive
muscle-
tendon
junction
tear).

3c
(Extensive
intratendi-
nous tear)

4 (Full thick-
ness tear of
muscle)

| HealthManagement.org

FCB Barcelona
and Aspetar

Classification

Mechanism
of injury (M)

MR imaging normal/
MR imaging normal or
patchy oedema.

Oedema at the fascial
border, <10% exten-
sion into muscle belly;
<5 cm CC length.

injury (L)

<10% of CSO of
muscle the MTJ; <5
cm CC length; may
note fibre disruption of
<lcm.

Oedema evident at
fascial border with
extension into the
muscle or oedema
evident at the MTJ;
Oedema of CSA
between 10%-50%
at maximal site; CC
length 5-15 cm;
architectural

fibre disruption <5 cm.

Grading of
severity (G)

Oedema extends into
the tendon with
longitudinal length of
tendon involvement
(<5 cm); < 50% of
maximal tendon CSA.
No loss of tension or
discontinuity within the
tendon.

Oedema at the fascial
border with extension
into the muscle or at
the muscle-tendon-
junction; > 50 % CSA
at the muscle-tendon-
junction; >15 cm CC
distance; architectural
fibre disruption > 5 cm.

Oedema extends into Tendinous
the tendon with longi-  lesion (r)
tudinal length of

tendon involvement >5

cm; >50% of maximal

tendon CSA; probably

loss of tendon tension,

no discontinuity.

Complete discontinuity No. of

of the muscle with muscle
retraction. re-injuries

(R)

| (indirect).
T (direct).

Locations of P (proximal).

M (middle).
D (distal).

0 (Negative
MRI).

1 (Oedema
without
intramus-
cular haem-
orrhage or
architectural
distortion).

2 (Oedema
with minor
muscle fiber
architec-
tural distor-
tion + minor
intermus-
cular haem-
orrhage,
but no gap
between
fibers).

3 (Any
quantifi-
able gap
between
fibers with
partial
retraction +
intermus-
cular haem-
orrhage).

r (pres-
ence or not
depends of
tendinous
involve-
ment).

0: 1st
episode
1: 1st
re- injury
2: 2nd
re- injury.

fine connective tissue (raphe). We observed a broad
range of RTS for these injuries, varying from 9 to 40
days. Table 3 details the muscle affected, location of
the injury, injury type, the thickness of the connective
tissue involved, and the final categorisation of the injury
in each classification system. Below, we describe each
case in detail.

Case #1 (Figure 1)

Subject and circumstances of injury. A twenty-five-
year-old professional football player who stopped
playing after being referred for sudden pain in the pos-
terior proximal third of the right thigh while sprinting
and fighting for a ball during an official match. He was
unable to continue playing and needed to be substi-
tuted. Palpation and stretching were painful and he
was unable to do an isometric contraction.

Imaging: Diagnostic 3T MRI performed within 24 hours
showed musculotendinous junction (MTJ) strain of the
central tendon between the long head of the biceps
femoris muscle and the semitendinosus muscle. Fat-
saturated T2 weighted images demonstrated hyper-
signal of the central tendon with longitudinal intra-
tendinous disruption (5.5 cm long, and 3.3 mm thick),
and minimal intermuscular fluid/haemorrhage. There
was surrounding oedema (CSA: 10-25% with biceps
predominance). Only isolated defects in the distal fine
connective tissue were seen. There was very slight
loss of biceps tendon tension. As an incidental finding,
cicatricial changes seemed to correspond to an old but
unknown injury.

Diagnosis: Munich Consensus Classification (MCC): 3b
British Classification System (BC): 3c, FCB Barcelona
and Aspetar Classification (FCB-A): IPpG3rRX
Management/outcome: Conservative treatment was
proposed. MRI after fourteen days demonstrated
healing with signs of partial recovery of the tendon
and decreased oedema of the muscle. The player re-
turned to play at 29 days without evidence of re-injury.

Case #2 (Figure 2)

Subject and circumstances of injury. Twenty-four-year-
old professional player referred for muscle cramp in the
proximal third of the right hamstring during the last 15
minutes of a football match, although he was able to
finish the game. After the match, walking was limited
by the pain, and stretch and palpation were also painful.
Imaging: Diagnostic 3T MRI was performed within
24 hours, and showed cicatricial changes in the free
tendon of the biceps, and a variant of normality in the
central tendon (thick connective tissue is found in long
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head of the biceps and also in semitendinosus muscle).
MRI shows proximal MTJ strain of both muscles. Fat-
saturated T2W images demonstrated hypersignal of the
central tendon with partial and peripheral disruption,
surrounding oedema (CSA: 16-31% with predominance
of semitendinosus) and intermuscular fluid/haemor-
rhage. Only isolated defects in the distal fine connec-
tive tissue are seen. Very slight loss of semitendinosus
muscle tension is observed.

Diagnosis: MCC: 3b, BC: 3c, FCB-A: IPpG3rRO
Management/outcome: Conservative treatment
was proposed. MRI after fourteen days demonstrated
healing with signs of partial recovery of the tendon and
decreased oedema of the muscle. Return to sport at
34 days without evidence of re-injury.

Case #3 (Figure 3)

Subject and circumstances of injury. Thirty-three-year-
old football player referred with symptoms of fatigue
in the posterior proximal third of the right thigh after
playing two consecutive international matches with his
National team. After returning to the Club, the physical
exam showed painful palpation and the player had dif-
ficulty in stretching his hamstring.

Imaging: Diagnostic 3T MRI was performed more
than 7 days later. MRI shows MTJ strain in the central
tendon of the long head of the biceps femoris muscle.
Fat-saturated T2W images demonstrated longitudinal
strain of the tendon with transversal extension (3.3 mm
transversal gap) and minimal intermuscular fluid/haem-
orrhage. There was no significant surrounding oedema
(subacute lesion). We observed a very slight loss of
tension in the biceps tendon. The free tendon was very
thick, probably because it was a progressive injury over
time (subacute), which leads to extra scar changes.
Diagnosis: MCC: 3b, BC: 3c, FCB-A: IPpG3rR1
Management/outcome: Conservative treatment was
proposed. MRI after 20 days demonstrated healing with
signal recovery of the tendon and closure of the tendon
gap. Return to sport at 22 days without evidence of
re-injury.

Case #4 (Figure 4)

Subject and circumstances of injury. Twenty-four-year-
old football player who presented sudden acute pain in
the proximal third of the right hamstring during a very
high speed running action during a match, running a
distance of around 20 metres. He needed to be substi-
tuted immediately. Physical exam showed considerable
pain during palpation; walking was impossible, and he
needed to use crutches.

WINNING PRACTICES @

Figure 1 (Case #1). MTJ strain of the central tendon between the long head of
the biceps femoris muscle and the semitendinosus muscle. As MRI signs we find
paratendinous oedema, tendinous longitudinal disruption and a very slight loss
of biceps tendon tension.

Figure 2 (Case #2). MTJ of the central tendon of the long head of the biceps
and in semitendinosus muscle. MRI signs include peritendinous oedema, periph-
eral and partial disruption of the tendon, intermuscular fluid and intramuscular
haemorrhage, and a very slight loss of tension in the semitendinous tendon.

Figure 3 (Case #3). MTJ strain of the central tendon of the long head of the
biceps femoris muscle. As MRI signs, we find cicatricial changes in the central
tendon, with peritendinous oedema, tendinous mixed disruption, minimal inter-
muscular fluid/haemorrhage, and a very slight loss of tension in the biceps
tendon.

Imaging: Diagnostic 3T MRI was performed within 24
hours. MRI shows a long free tendon (11 cm, tendon
length from the ischial tuberosity to the origin of the
central tendon of the biceps), and an early intramus-
cular division of the central tendon, as variants of
the normality. Imaging also showed MTJ strain of
the central tendon of the long head of the biceps
femoris muscle. Fat-saturated T2W images demon-
strated hypersignal of the tendon with multiple partial
disruptions (consecutive rupture in the distal part),
surrounding oedema (CSA: 36%), and significant in-
termuscular fluid/haemorrhage, including vascular
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Figure 4 (Case #4). MTJ strain of the central tendon of the long head of the
biceps femoris muscle. As MRI signs, we find interstitial oedema, tendinous con-
secutive disruptions, significant intermuscular fluid/haemorrhage, and loss of
tension in the biceps tendon.

Figure 6 (Case #6). MTJ strain of the central septum of anterior rectus femoris
muscle. MRI signs include peritendinous oedema, tendinous mixed disruption,
minimal intermuscular fluid/haemorrhage, and mild loss of septum tension.

Figure 8 (Case #8). MTJ strain of medial aponeurotic fascicle of the soleus
muscle. MRI signs included oedema, aponeurotic disruption, minimal intermus-
cular fluid/haemorrhage, and mild loss of the aponeurosis tension.

structures. Loss of tension in the biceps tendon.
Diagnosis: MCC: 4, BC: 3¢, FCB-A: IPMpG3rRO
Management/outcome: Conservative treatment was
proposed. MRI after 17 days demonstrated healing
with partial signal recovery of the tendon and closure
of the tendon gap. Return to sport at 22 days without
evidence of re-injury.

Case #5 (Figure 5)

Subject and circumstances of injury. Twenty-one-
year-old player who suffered a cramp in the posterior
middle third of his right thigh at the end of a football
match. During physical examination palpation was

| HealthManagement.org

Figure 5 (Case #5). MTJ strain of the semitendinosus raphe. As MRI signs
we find periraphe oedema and very slight amount of intermuscular fluid/
haemorrhage.

Figure 7 (Case #7).: Myoaponeurotic strain in the deep zipper of the long head
of the femoral biceps muscle. MRI signs included interstitial oedema and minimal
intermuscular fluid/haemorrhage.

tender, not painful, walking was possible, the range of
motion was complete, stretching was only minimally
painful, and isometric contraction was possible with
only minimal pain.

Imaging: Diagnostic 3T MRI was performed after 7
days. MRI showed MTJ strain of the semitendinosus
raphe. Fat-saturated T2W images demonstrated trace
raphe (connective tissue of average thickness equiva-
lent to aponeurosis) irregularity with surrounding
oedema (CSA: 7.5%), and very slight intermuscular
fluid/haemorrhage. No loss of tension was observed.
Diagnosis: MCC: 3b, BC: 1b, FCB-A: IMG2RO
Management/outcome: Conservative treatment was
proposed. MRI after 21 days demonstrated healing
with partial signs of recovery of the MTJ. Return to
sport at 27 days without evidence of re-injury.

Case #6 (Figure 6)

Subject and circumstances of injury. Twenty-four-
year-old professional player referred for acute mod-
erate pain in middle third of his right quadriceps
during a change of direction in a match. He chose to
leave the game to avoid a more severe injury. Local
palpation was clearly painful and stretching of the
quadriceps was also painful.

Imaging: Diagnostic 3T MRI was performed within 24
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hours, and showed MTJ strain of the central septum
of the anterior rectus femoris muscle. Fat-saturated
T2W images demonstrated hypersignal of the tendon
with partial disruption in two areas (the proximal one
showing a 2.5 mm transversal gap, and the distal
one showing a 2.2 mm longitudinal gap), surrounding
oedema (CSA: 19.4%) and very slight intermuscular
fluid/haemorrhage. Mild loss of tendon tension. Note
that the central septum showed varying thickness,
suggesting cicatricial changes.

Diagnosis; MCC: 4, BC: 3c, FCB-A: IMpG3rRX
Management/outcome: Conservative treatment
was proposed. Return to sport at 40 days without
evidence of re-injury.

Case #7 (Figure 7)

Subject and circumstances of injury. Thirty-two-year-
old professional player who suffered a cramp in the
distal third of his hamstring during a side-cutting
manoeuvre while running. He initially felt that he had
suffered a minor injury. Palpation was slightly painful,
the range of motion was complete, and concentric
and eccentric muscle contraction was possible
without loss of strength.

Imaging: Diagnostic 3T MRI was performed within
24 hours. MRI shows myoaponeurotic strain in the
deep zipper of the long head of the femoral biceps
muscle. Fat-saturated T2W images showed hyper-
signal at the aponeurotic border without significant
fibre disruption (CSA: 10%), and very slight intermus-
cular fluid/haemorrhage. No loss of tendon tension
was observed.

Diagnosis: MCC: 3a, BC: 1a, FCB-A: IDdG1RO
Management/outcome: Conservative treatment was
proposed. MRI after 20 days demonstrated healing
with signs of partial recovery of the tendon and clo-
sure of the tendon gap. Return to sport at 28 days
without evidence of re-injury.

Case #8 (Figure 8)

Subject and circumstances of injury. 33-year-old
player who reported feeling discomfort at the end
of a football match. He had a history of muscle injury
in the same leg.

Imaging: Diagnostic 3T MRI was performed two days
later, and showed MTJ strain of the medial aponeu-
rotic fascicle of the soleus muscle. Fat-saturated T2W
images demonstrated hypersignal of the muscle fi-
bres consistent with oedema (CSA: 4.9%) associated
with a gap in the medial aponeurotic fascicle (about 4
mm) and moderate intermuscular fluid/haemorrhage.

Mild loss of the aponeurosis tension was observed.
Diagnosis: MCC: 3b, BC: 3c, FCB-A: IDpG3rRO
Management/outcome: Conservative treatment was
proposed. Return to sport at 9 days without evidence
of re-injury.

Discussion
In this paper, we have categorised sports injuries using
three different classification systems, and have found
discrepancies in terms of the severity of the injury.
In turn, we find that injuries with similar radiological
characteristics result in RTS of different durations.

US offers a fast, inexpensive and dynamic muscle
assessment for detection and severity assessment
of muscle injuries. However, it has low sensitivity in
the diagnosis of some type of lesions (deep muscle
compartments, proper connective tissue evaluation)
(Balius et al. 2014).

3-Tesla MRI technology allows us to obtain better
images of muscle architecture and muscle injuries,
especially the level and quantity of connective tissue
injured. MRl is usually performed unilaterally (affected
limb only) by using a dedicated surface coil to ensure
higher resolution images with thinner sections and
smaller field of view. A skin marker should be placed
over the area presenting symptoms, according to the
clinical orientation. It is helpful to perform fluid-sensi-
tive sequences (T2 weighted in our case) with a mod-
erate echo time (TE) (less than 50 ms) to obtain proper
resolution of the connective tissue (Siriwanarangsun et
al. 2016). These sequences allow for i) the detection of
oedematous changes around the myotendinous and
myofascial junctions, ii) an accurate assessment of the
connective tissue, and iii) the delineation of intramus-
cular or perifascial fluid collections or haematomas.
T1-weighted spin-echo sequences are useful for as-
sessing subacute haemorrhage or haematomas, and
also for detecting atrophy and fatty infiltration and scar
tissue in chronic injuries. To accurately evaluate the
morphology and extent of muscle injuries, multi-planar
acquisitions (axial, coronal, and sagittal) are required.

In our experience, early acquisition of magnetic res-
onance imaging is important for adequate diagnosis
of acute muscular injuries. However, a recent study
reported that there were no significant day-to-day
changes in the extent of the oedema during the first
week following acute hamstring injury (Wangensteen
et al. 2017).

Striated muscle tissue stands out for its great con-
tractile function, which depends largely on the con-
nective tissue associated with it and the essential role
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of this connective tissue for maintaining the integrity
and proper function of the muscle (Fuller et al. 2006,
Balius et al. 2013). The skeletal muscle architecture
contains connective tissue at different locations and
with different thicknesses. Its predominant role is to
transmit the contractile forces, although in case of
fasciae, raphes or extracellular matrix, it also acts
as a structural unit (Gillies and Lieber 2011; Brukner
et al. 2018). In addition, in case of pure contractile
connective tissue, we can observe differences be-
tween free tendons and intramuscular tendons or
connective tissue (Brukner et al. 2018). While this
differentiation is clinically very important for deter-
mining the severity and prognosis of muscle injuries,
in the literature these structures have generally been
referred to indistinctly (Balius et al. 2013).

Also, currently classifications only partly distinguish
between these structures. We propose that currently
classifications include the type of the functionally
or structurally compromised tissue, as well as its
thickness (mild, medium or significant). We consider
fascias and raphes as having mild thickness; aponeu-
rosis, septa and distal portion of the intramuscular
tendon as having medium thickness; and the proximal
portion of the intramuscular tendon and free tendon
as having significant thickness (Table 3).

In addition to the complex histoarchitectural con-
figuration of the muscle, the distribution of the con-
nective tissue within it is unique and unrepeatable
for each muscle belly (Balius et al. 2013; Lieber and
Friden 2000). Given the great variety of muscle groups
and the multiple factors that influence injuries, the
recovery time of these injuries is very variable, even
for injuries that occur in the same muscle or muscle
group (Lieber, Friden 2000). Current muscle injury
classifications encompass all muscles indiscrimi-
nately, which is a limitation for objectively determining
the degree of severity. Based on our analysis of the
players in this study, we believe that many injuries
with different severities are included in the same
category based on the MRI results. Despite this, the
time to RTS differs markedly between cases, mainly
because it also depends on other non-imaging fac-
tors. Of all of these cases, Case 6 shows the most
consistent categorisation according to the three clas-
sification systems, in terms of the degree of severity
and prognosis. In this case, we consider that there
has been a significant compromise of the "functional
thick connective tissue, which was associated with a
long RTS (Prakash et al. 2018).

These classifications do not take into account con-
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genital or adaptive anatomical variants (underlying
scar), which are fundamental in the analysis, as we
have shown in Cases 2 and 4. On the other hand,
the appearance of incidental cicatricial lesions in the
absence of a clinical history of a previous injury could
cause problems in classifying the injury (Case 1 and
6). Similarly, we have observed progressive clinical
presentation over time, or "subacute", (Case 3), with
late acquisition of MRI in which cicatricial lesions were
associated, and where it was difficult to assign the
category "R".

Each injury has anatomical particularities that
could result in an over-evaluation of its severity, and
therefore prolong the RTS. For example, in Case 4
the lesion involved vascular venous structures that
caused abundant interstitial and intermuscular fluid.
The RTS was the same as in Case 2, although Case
2 was classified as a 3b injury according to Munich
Consensus Classification. In contrast, the Munich
classification does not consider isolated interstitial
oedema to be an indirect lesion (Case 7).

According to the FCB-Aspetar classification, from
a radiological point of view, we consider that for some
injuries we overestimated the degree of severity
(Cases 1, 2, 3, 6 and 8). This issue is based on
whether the "G2-3" consideration depends a quan-
tifiable gap between muscle fibres. That said, we
note that this classification has the advantage that
it allows one to directly categorise connective tissue
injuries using the letter "r". In the FCB-Aspetar clas-
sification, in some cases it can be difficult to deter-
mine the location of the lesion between proximal and
distal, depending on the tissue involved. This is true
in Case 5, in which the raphe was involved, and in
which it has been difficult to reach a consensus to
determine if it is proximal or distal.

Another important factor in determining RTS is the
physical condition of the player. For example, while
Case 3 involved an injury with poor prognosis and
involvement of thick functional connective tissue, this
did not result in a higher RTS than other less severe
cases. In this same case, the mixed morphology of
the connective tissue involvement could have con-
ditioned a longer RTS. Thus, it would be interesting
for future classification to include the type of rupture
of the connective tissue (longitudinal, transversal,
mixed, etc.); currently classifications only distinguish
between partial and complete ruptures.

Finally, we believe that while several radiological
signs are used in existing classifications, not all of
allow consistent grading of injury. In our opinion,
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Table 3. Summary of the cases included in this study.

Case 1 2 3 4 5 6 7 8
Muscle injuried The long head of the The long head of Semi- Anterior Deep Soleus
biceps femoris and the biceps femoris tendi- rectus Zipper
the semitendinosus muscle nosus femoris of the
muscles muscle femoral
biceps
muscle
Location of lesion Central tendon Raphe Central Myoapo- Medial
septum neurosis fascicle
Connective tissue thickness (CTT)  +++ 4+ +4+ 4 + /e ++ ++
affected
Munich Consensus Classification 3b 3b 3b 4 3b 4 3a 3b
British Classification System 3c 3c 3c 3c 1b 3c la 3c
FCB Barcelona and Aspetar IPpG3rRX  IPpG3rRO  IPpG3r IPMpG IMG2RO IMpG3r IDdG1RO IDpG3
Classification R1 3rRO RX rRO
Return to sport (days) 29 34 22 34 22 40 28 9

oedema (CSA) and intermuscular fluid are not very
influential factors in the severity of the injuries. In
contrast, compromised connective tissue has a highly
relevant role but is currently only poorly specified in
current classifications.

Standardised classifications for defining the severity
and prognosis of muscle injuries help sports medicine
professionals to determine the most appropriate thera-
peutic approach and RTS. However, the histological
complexity and peculiarity of each muscle belly means
that current image classifications are not infallible. In
addition, not all of the many radiological signs available
are equally relevant in terms of prognosis. Perhaps de-
veloping a severity classification for each muscle group,
and taking into account each factor in a particular way,
would bring us closer to a more consistent and effec-
tive evaluation system for muscle injury.
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Abbreviations and acronyms

Futbol Club Barcelona (FCB), Return to Sport (RTS), Myo-
tendinous Junction (MTJ), Munich Consensus Classi-
fication (MCC), British Classification System (BC), FCB
Barcelona and Aspetar Classification (FCB-A). &

KEY POINTS

US and MRI are currently the most widely
used techniques for confirming sports-
related muscle injuries.

MRI is the most sensitive technique for
properly characterising muscle injuries.

Recently, three new classifications have
been proposed: the Munich Consensus
Classification, the British Classification
System, and the FC Barcelona and Aspetar
Classification.

Standardised Classifications help profes-
sionals in sports medicine to define the
most appropriate therapeutic strategy and
RTS following muscle injuries.
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