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ABSTRACT
Quadriceps injuries secondary to either direct or indirect mech-
anisms are very common in sports activities, and both their 
classification and treatment have evolved significantly in recent 
years. Since it is a biarticular muscle, the rectus femoris is the 
quadriceps component most often affected by injury and which 
has a greater variety of treatment options - including surgical 
repair. In addition, the rectus femoris is innervated by two sep-
arate motor branches that penetrate the proximal and distal 
zones of the muscle - this resulting in differentiated neural reg-
ulation with specific functional roles for each anatomical region 
upon which they act (the hip or knee). Given their frequency 
and serious functional repercussions, it is important for trau-
matologists to know the particular anatomical characteristics 
and current classification, diagnosis and treatment protocols of 
quadriceps injuries.
Level of evidence: 4 (expert opinions).

Key words: Muscle injuries. Quadriceps injuries. Rectus femoris 
injuries. Muscle injury classification.

RESUMEN
Actualización en el diagnóstico y el tratamiento de las lesiones 
musculares del cuádriceps

Las lesiones del cuádriceps, tanto las que se producen por me-
canismos directos como las que se producen por mecanismos 
indirectos, son muy frecuentes en la práctica deportiva y tanto su 
modelo de clasificación como su tratamiento han evolucionado 
significativamente en los últimos años. Al tratarse de un músculo 
biarticular, el recto femoral es el componente del cuádriceps que 
se lesiona con más frecuencia y el que da lugar a mayor variedad 
de opciones terapéuticas, incluyendo las reparaciones quirúrgicas. 
Además, el recto femoral está inervado por dos ramas nerviosas 
motoras separadas que penetran por las zonas proximal y distal 
del músculo, lo que implicaría una regulación neural diferenciada 
con papeles funcionales específicos para cada región anatómica 
sobre la que actúan (cadera o rodilla). Dada su frecuencia y la 
marcada repercusión funcional que producen, es importante para 
los traumatólogos conocer las características anatómicas parti-
culares y los modelos de clasificación, diagnóstico y tratamiento 
actuales de las lesiones del cuádriceps.
Nivel de evidencia: 4 (opiniones de expertos).

Palabras clave: Lesiones musculares. Lesiones de cuádriceps. 
Lesiones de recto femoral. Clasificación lesiones musculares.
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Introduction

Quadriceps muscle injuries are a common problem in ath-
letes of all levels. Clear consensus has been established(1) 
for differentiating between direct and indirect muscle in-
juries. Because of its structure (with three single-joint 
muscle bellies and a biarticular muscle belly with a very 
well defined central tendon or raphe), location and the im-
portant demands to which it is subjected in many sports 
- particularly football - the quadriceps is often affected by 
both types of injuries, which at present are diagnosed fun-
damentally on the basis of the ultrasound findings(2). The 
quadriceps is located on the anterior aspect of the thigh, 
and its three vastus elements (vastus medialis, vastus lat-
eralis and vastus intermedius) originate on the medial, 
lateral and anterior surfaces of the femur, respectively. Its 
biarticular belly, the rectus femoris, originates from three 
tendons in the proximal anterior region of the coxofemo-
ral joint: the direct tendon, which originates in the anterior 
inferior iliac spine; the indirect tendon, which originates at 
the superolateral margin of the acetabulum; and a small 
reflected portion that inserts in the anterior part of the hip 
joint. The direct and indirect tendons continue within re-
spective aponeurotic laminas that extend to the lower third 
of the muscle. The direct tendon continues as the more su-
perficial lamina, while the indirect tendon does so as an 
intramuscular central lamina(3).

Indirect injuries of the rectus femoris are frequent, in 
the same way as direct injuries of the vastus medialis and 
vastus lateralis. Direct injuries are frequent in team sports 
such as football, rugby or American football, and also in 
combat sports such as kick-boxing, and usually produce 
important pain. The ultrasound and magnetic resonance 
imaging (MRI) studies evidence great destructuring of the 
muscle tissue, though there is often a surprising dissoci-
ation with respect to the clinical manifestations - athletes 
often being able to continue their sports activities with only 
minimal limitation despite the lesion(4). Sometimes, and 
particularly in the occupation setting, we can encounter se-
rious injuries, with muscle sectioning secondary to direct 
traumatisms, that may require surgical treatment (Figure 1).

However, indirect injuries are usually characterized by 
a long recovery process, and a study carried out among 
the top teams of the Union of European Football Associa-
tions (UEFA) from 2001 to 2013 confirmed that the recovery 
time is about 20 times longer than in the case of direct 
injuries(5). We therefore will fundamentally focus on these 
latter injuries.

On the other hand, in top level football, quadriceps 
injuries account for 19% of all muscle lesions, and are 
associated with longer times in returning to sports than 
injuries of the knee flexor muscles and adductors(6).

The present study offers a descriptive review of 
quadriceps muscle lesions as an update for traumatolo-
gists interested in the field of sports injuries.

Anatomy

The femoral quadriceps is traditionally considered to be 
composed of four muscles: the rectus femoris (RF), vas-
tus medialis (VM), vastus lateralis or externus (VE) and the 
vastus intermedius. However, a number of recent anatom-
ical studies have described different variants of normal, 
with individuals presenting from 5 to 8 muscle heads(7). 
Of these, the RF is the only biarticular muscle; thus, in 
addition to conforming the primary flexor muscle group 
of the hip, it also extends the knee joint and is exposed 
to a risk of elevated elongation if movements of both are 
combined. Due to this characteristic, its length, tendency 
to perform eccentric-type contractions, and its high per-
centage of type II fast-twitch fibres, the RF is the quadri-
ceps component most often affected by injuries. Mention 
also must be made of its complex proximal origin(8), with 
a direct tendon originating in the anterior inferior iliac 
spine and a second indirect (or reflected) tendon that 
originates in the supra-acetabular groove (Figure  2). At 
approximately 2 cm below their origin, both tendons form 

Figure 1. Right thigh. The head is to the left of the image. Com-
plete sectioning of the vastus medialis, rectus femoris and vastus 
intermedius caused by the fall of a blunt and very heavy object 
(the edge of a metal door, from a height), with the knee flexed. 
Surgical approach for suturing the different muscle bellies.
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a combined tendon structure. 
The direct portion mainly con-
tributes to the superficial com-
ponent of the combined tendon 
and merges with the anterior 
aponeurosis or fascia of the 
muscle. In contrast, the indi-
rect portion contributes to the 
fibres of the deep intramuscu-
lar component of the combined 
tendon and forms a deep mus-
culotendinous junction that 
extends distally, approximately 
encompassing the two proximal 
thirds of the length of the mus-
cle belly of the RF. This deep 
intramuscular tendon is initially 
located medially and is "com-
ma" shaped (Figure  3). Distal-
ly, the tendon flattens out and 
becomes linear in shape with 
a sagittal long axis, and is located more laterally with-
in the muscle(9). This central tendon (also called central 
aponeurosis or intramuscular septum) in turn gives rise 
to the muscle fibres that confer the bipennate appearance 
of this muscle. In turn, the direct tendon gives rise to a 

superficial expansion that anteriorly covers the proximal 
part of the muscle, from which muscle fibres also emerge. 
All the muscle fibres insert in the posterior aponeurotic 
expansion (posterior fascia) located on the dorsal surface 
of the muscle, which distally forms the anterior layer of 
the quadriceps tendon. In this way we have a bipennate 
structure originating from the central tendon, which dif-
fers from another surrounding structure originating from 
the superficial expansion and which is unipennate. This 
type of configuration has been referred to as a "muscle 
within a muscle"(10).

In addition, the RF is innervated by two separate motor 
branches that penetrate the proximal and distal zones of 
the muscle - this resulting in differentiated neural regu-
lation with specific functional roles for each anatomical 
region upon which they act (the hip or knee). In this way 
the proximal region of the RF exhibits greater amplitude 
in the surface electromyography (EMG) recordings than 
the distal and central zones during hip flexion exercises(11), 
which could possibly explain the tendency towards more 
frequent injuries in the proximal zone of the RF than in 
the distal portion.

In this way, muscle injuries may occur in the muscle 
belly in a myotendinous or myoaponeurotic junction zone. 
Accordingly, if we accept that the intramuscular tendon 
acts as a central support for insertion of the muscle fibres, 
we can understand why muscle damage surrounding it oc-
curs in a "zipper-like" manner and we will see bleeding 
and edema following the ruptured fibres yielding a char-
acteristic "feather-like" MRI image.

In other cases the lesion may include partial or total 
rupture of the intramuscular tendon. In such situations it 
has been seen that the injuries take longer in healing and 
are moreover more susceptible to relapse(10).

Figure 2. Endoscopic view of the tendon of origin of the left rectus 
femoris. The optics are located anterior to the joint capsule of the 
hip (which occupies the floor of the image). Note the direct ten-
don (black arrow) originating in the anterior inferior iliac spine, 
the reflected tendon (white arrow) originating in the supra-ace-
tabular region, and the combined tendon formed by the joining 
of the previous tendons (asterisk).

*

Figure 3. Axial (T1) view of the thighs, showing the typical "comma" image of the rectus femoris 
of both quadriceps.
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Epidemiology and mechanism of injury

Although injuries of the lower extremity are frequent in 
different sports, few studies have analysed the frequen-
cy and pattern of quadriceps lesions, and most of the 
available articles are moreover referred to professional 
football players (6,12). Nevertheless, a recent study has ex-
amined their frequency among secondary education ath-
letes and in 25 different sports in the United States (13); 
the authors concluded that the frequency of quadriceps 
injuries is approximately one-third that of injuries of the 
knee flexor muscles, with an incidence (in competition 
sports of both genders) that is higher in females than 
in males. Furthermore, the appearance of such injuries 
is more common in the pre-season period than in the 
competition season.

In football, the different studies that have analysed 
the incidence during the season have yielded contradic-
tory results, possibly because of differences in the game 
surface or in the frequency of matches and training ses-
sions, or in their intensity. In the pre-season of the British 
Premier League(14) and the Australian Football League(15), 
RF injuries were more frequent than biceps femoris in-
juries, while in European football the Ekstrand et al study 
recorded no significant differences in frequency during 
the season(6). As seems logical in view of the functional 
demands upon the muscle, RF injuries are more common 
on the dominant side in football players, though no direct 
correlation has been found with the age of the player - in 
contrast to injuries in other body locations(15). Curiously, in 
the same study, Orchard and Seward recorded an inverse 
relationship between RF injuries and the humidity of the 
terrain, as well as between the distance/speed of the pre-
paratory run and injuries, more than with the ball strik-
ing distance. However, the mentioned study focused on 
Australian football, which has some characteristics that 
differ from those of European football. The analysis of the 
injuries, when affecting the supporting extremity while 
running, allowed the authors to relate them to deceler-
ation prior to kicking the ball if the stride shortened and 
the player balanced his trunk backwards, elongating the 
RF due to its relation to the hip while performing eccen-
tric contraction of the quadriceps in order to slow down. 
However, experience tells us (Arriaza A., personal commu-
nication, June 2019) that RF injuries of the kicking extrem-
ity in football players often occur as a result of relative-
ly low-energy actions (e.g., kicking a penalty or in short 
passing of the ball), in which the player tries to rectify the 
kick while performing it. We therefore may need to take 
into account a possible discoordination mechanism that 
would be favoured by the differential innervation com-
mented above, as a triggering factor - in the same way as 
may occur in the biceps femoris, where the short portion 
is innervated from the peroneal nerve and the long por-
tion from the tibial nerve(16).

Due to the mechanism of the injury and its location 
- exposed to collision with opponents or objects - direct 
injuries are more frequent in the vastus lateralis and the 
distal portion of the vastus medialis.

Diagnosis

Ultrasound is an excellent option for studying the mus-
cles that conform the quadriceps and its tendons, provid-
ed the operator is sufficiently experienced. Furthermore, 
ultrasound is the only technique that allows us to eval-
uate the muscle on a dynamic basis, while MRI provides 
detailed information on the muscle damage. Despite the 
advances in imaging diagnosis, it is important to take into 
account that distinguishing between a direct injury and an 
indirect injury may prove difficult if based only on the ra-
diological findings. This underscores the usefulness also 
of the case history in injuries of this kind(17).

Due to the particular characteristics of the quadriceps, 
with its three single-joint muscle bellies and the biar-
ticular behaviour of the RF - which moreover possesses 
a central tendon - the traditional muscle injury classifica-
tions offer little relevant information for the clinician. The 
classification of muscle injuries proposed by the Munich 
consensus(1) does not contemplate the peculiar charac-
teristics of muscles like the RF and the greater tendency 
towards relapse and longer healing periods and times to 
return to sports activity in the case of injuries that affect 
the central tendon.

Other classifications, such as that of the British Ath-
letics Association(18), include consideration of both the 
anatomical location (myofascial, musculotendinous and 
intratendinous) and the extent of the lesion in the MRI 
scan - taking into account not only its longitudinal extent 
but also its cross-sectional area. However, these classifi-
cations do not contemplate either the mechanism pro-
ducing the injury or whether the injury is of a primary 
or recurrent nature. Consequently, a new classification 
has recently been proposed that includes all these pa-
rameters and which may be applied to the quadriceps in 
view of its characteristics, despite the fact that the clas-
sification was initially validated for knee flexor muscle 
injuries(19). This classification (Table 1) includes four main 
categories that are related to factors that can be of clinical 
and prognostic importance: the mechanism of the injury 
(M), the location of the lesion (L), the severity grade (G), 
and the number of relapses (R). In turn, within category M, 
we can find direct and indirect injuries and subtypes (S) 
for lesions caused by stretching and for those produced 
by speed actions (P). In relation to the location of the inju-
ry, three regions are contemplated: proximal, central and 
distal zone of the muscle belly. In addition, the relation 
of the injury to the musculotendinous junction zone is 
taken into account (including the central tendon). Grad-
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ing of the lesion is based on the MRI images obtained in 
T2-weighted sequences, where the presence of edema is 
rated as positive and scored from 1-3 according to its size, 
while the absence of edema is rated as negative. In addi-

tion, if the MRI study evidences 
an intratendinous lesion, injury 
affecting the musculotendinous 
junction, or a lesion showing re-
traction or loss of tension of the 
tendon, the classification adds 
(r) as a superscript. Recurrences 
(R) correspond to lesions of the 
same type and which appear in 
the same location as the ini-
tial lesion, during the first two 
months after returning to com-
petition.

In the case of injuries affect-
ing the intramuscular tendon of 
the RF, the MRI study often evi-
dences the so-called bull's eye 
sign, corresponding to an in-
crease in signal intensity around 
the intramuscular tendon of the 
RF (Figure 4), that can evolve as 
the lesion matures from initial 
edema and bleeding to healing 
with increased vascularisation 
around the tendon. A bull's eye 
sign with atrophy and fat infil-
tration around the tendon cor-
responds to an old injury, and 
we occasionally may observe a 
pseudocyst due to serohematic 
fluid accumulation in the rup-
ture zone(20), though this finding 
is more common in children 
than in adults.

It is also important to identi-
fy another type of injury particu-
lar to the RF, namely degloving 
injury, characterized by an ap-
parent dissociation of the deep 
component (bipennate) from the 
surrounding component (uni-
pennate). This dissociation may 
extend 4-18 cm and occur with 
or without significant retraction 
(Figure  5). Since these lesions 
appear to manifest more often 
at the periphery of the bipen-
nate internal muscle belly than 
at the myotendinous junction, 
they could be defined as injuries 
of that muscle belly(21).

If the pain is located very proximal, it is important to 
remember that tearing of the tendon may occur at its or-
igin in the anterior inferior iliac spine (AIIS), with or with-
out associated bone avulsion (Figure 6).

Table 1. Consensus classification of muscle injuries adapted to the quadriceps. 
 Modified from Valle(16)

Mechanism of injury (M) Location of the injury (L) Grade of injury (G) Number of relapses (R)

Direct (traumatic) 
quadriceps injuries (T)

(P) Injuries of the 
proximal third of the 
muscle
(M) Injuries of the 
middle third of the 
muscle
(D) Injuries of the distal 
third of the muscle

0
1
2
3

0: first episode
1: first relapse
2: second relapse

Indirect quadriceps 
injuries (I)
With subscript s for 
those due to stretching 
and p for those due to 
impact

(P) Injuries of the 
proximal third of the 
muscle
(M) Injuries of the 
middle third of the 
muscle
(D) Injuries of the distal 
third of the muscle
With subscript p or d to 
describe the injury in 
relation to the proximal 
or distal myotendinous 
junction

0
1
2
3

0: first episode
1: first relapse
2: second relapse

Injuries with negative 
magnetic resonance 
imaging (MRI) scan 
(localization is made 
according to the 
painful zone)

(Np) Injury of proximal 
third
(Nm) Injury of middle 
third
(Nd) Injury of distal 
third

0: first episode
1: first relapse
2: second relapse

Grade of injury

0
On coding indirect injuries with clinical suspicion but negative MRI, these are considered 
to be grade 0; in such cases the second letter describes the location of the pain in the 
muscle belly

1

Hyperintense edema in the muscle fibres, but without intramuscular bleeding or 
distortion of muscle architecture (pennation and angulation of the fibres are preserved). 
The pattern corresponding to edema comprises an enhanced intensity interstitial signal 
with a "feather-like" distribution in FSPD or T2 FSE STIR sequencing of the MRI study

2

Hyperintense edema in the muscle fibres and/or peritendinous zone, with mild 
alteration of fibre architecture (blurred fibres and/or alteration of the pennation angle) 
+ minor intramuscular bleeding, but with no quantifiable defect between the fibres. 
Edema pattern similar to that of grade 1

3

There is a quantifiable defect between the fibres in the craniocaudad or axial planes. 
Hyperintense focal defect with partial retraction of muscle fibres + intramuscular 
bleeding. The defect between the fibres in the broadest zone of the lesion in the axial 
plane of the damaged muscle belly should be documented. The percentage cross-
sectional area should be documented as grade subscript

r
On coding an intratendinous lesion or injury affecting the musculotendinous junction, 
or a lesion showing retraction or loss of tension of the intramuscular tendon, the 
superscript (r) is added to the grade

FSE: fast spin echo; FSPD: fat saturated proton density; STIR: short tau inversion recovery
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Treatment

In general, and as is common in almost all muscle injuries, 
conservative management is usually prescribed - though 
there is no specific rehabilitation protocol for RF injuries. 
It is therefore crucial to take into account the different 
types of injuries we can find in this muscle in order to 
adjust the timelines and the functional demands to which 
it can be exposed, with a view to minimizing the risk of re-

lapse while also avoiding need-
less delays.

The recovery time until the 
patient can return to sports 
activity is shorter in the case 
of injuries caused by a direct 
mechanism. In the study of the 
UEFA(6), indirect lesions required 
an average of 18.5  ±  19.5  days, 
while direct injuries allowed 
the players to return to normal 
performance after 7.0 ± 9.1 days. 
However, in some cases, if con-
tusion of the vastus lateralis is 
very extensive, the recovery pe-
riod may be very long, particu-
larly because of the difficulty 
of achieving full flexion of the 
knee without pain. This has led 

some authors to recommend immediate initial immobi-
lization with the knee flexed approximately 120º during 
the first 24 hours after the injury, prescribing crutches for 
walking without weight bearing until the patient achieves 
good quadriceps control and can walk without significant 
pain(22). With this protocol, the authors recorded a mean 
time to return to sports activity of 6.5 days in the case of 
mild contusions, 56 days for moderate contusions and 72 
days in the case of severe contusions.

Figure 4. Magnetic resonance imaging scan of the left thigh in axial and sagittal view (T2). 
Bull's eye sign in a lesion of the left rectus femoris, causing edema around the central tendon 
and edema of the surrounding muscle tissue (yellow arrow).

Figure 5. Right thigh. The head of the patient lies at the upper 
part of the image. "Degloving" lesion of the rectus femoris, with 
characteristic retraction of the proximal stump (asterisk).

*
Figure 6. Alar radiographic view of the right hip of an adolescent. 
Apophysiolysis of the anterior inferior iliac spine secondary to 
traction of the tendon of the rectus femoris of the quadriceps. 
The arrow indicates the avulsed bone fragment.
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It is important to take into account that injuries which 
affect the central tendon are at a greater risk of relapse 
and are associated to a longer time to return to sports ac-
tivity, since repair of the tendon follows a pattern different 
from that of the muscle lesion. Muscle lesions induce a 
response on the part of the satellite cells, together with 
a collagen scaffold on which muscle regeneration takes 
place, thus allowing faster functional recovery(23). Tendon 
lesions induce an inflammatory response characterized by 
the production of extracellular matrix and the appearance 
of a scar that initially has little resistance to tension and 
requires the further accumulation of collagen and remod-
elling - replacing the initial disorganized type III collagen 
with longitudinally oriented type I collagen - in order to 
reach a level of resistance sufficient to tolerate activity(24).

Conservative management

Quadriceps injuries secondary to either direct or indirect 
mechanisms produce bleeding, and a defined hematoma 
possibly may form among the damaged fibres, followed 
by an inflammatory reaction. A muscle injury is usually 
first treated with the protection, rest, ice, compression and 
elevation (P-RICE) protocol, together with analgesics, and 
limiting the use of nonsteroidal antiinflammatory drugs 
(NSAIDs) as far as possible. Evacuation of the hematoma 
is indicated if it is of significant volume(25). Allowing mus-
cle rest seeks to avoid worsening of the lesion, while the 
application of ice aims to reduce muscle temperature and 
lessen blood flow to the injured zone, in order to facili-
tate faster repair and an earlier return to sports activity 
- though no supporting evidence is found in the litera-
ture(26). In any case, the application of cold has a signifi-
cant analgesic effect.

Interventional techniques

It should be noted that there are a number of therapeutic 
procedures, such as the intralesional injection of plasma 
rich in growth factors or autologous conditioned serum, 
that could improve or accelerate repair of the RF(27,28), 
though there is still not enough evidence to recommend 
their routine use. Nevertheless, the experience gained in 
many studies centred on the effect of injected plasma rich 
in growth factors upon the time to return to sports activity 
in athletes with muscle injuries - including quadriceps le-
sions - has evidenced time reductions of up to 20% versus 
control groups(29).

In general, after one week we can start a recovery pro-
gram consisting of four steps - starting with gentle running 
and ending with full-power kicking of the ball and running 
with bursts of acceleration and stopping. The exercises 
will evolve from very analytical and simple activities to 

the integration of muscle chains in more complex actions 
that bring the patient closer to sports performance. In this 
regard we can adapt the model proposed for injuries of 
the knee flexor muscles(30). In order to move on to the next 
level, the athlete must first complete the previous step 
without discomfort(31). In addition, in our experience and 
following the methodology also used in biceps femoris 
lesions, we consider that the subjective feeling of confi-
dence on the part of the athlete is important in deciding 
to move on to the next level.

The use of MRI for predicting the duration of patient 
disability is subject to debate. No studies have examined 
the correlation on a blind basis. As a result, in most cas-
es, visualization of the image of the lesion might have a 
strong predetermining influence upon the adopted clini-
cal approach and the timelines considered for patient dis-
charge. In fact, the double-blind trial conducted by Moen 
et al.(32), although focused on hamstring muscle injuries, 
found that MRI did not contribute additional prognostic 
information regarding the return to sports activity of the 
patient. The criteria we use are therefore based on evalua-
tion of the presence or absence of discomfort in response 
to palpation or isometric contraction of the injured zone; 
the absence of discomfort on stretching the quadriceps; 
capacity for speed running, directional changes and - in 
the case of football players - kicking of the ball; the com-
pletion of a progressive sports re-adaptation program in-
cluding specific actions of the sport at speeds increasingly 
in line with the real-life demands; and the completion of 
at least three full trainings with the equipment, in the ab-
sence of symptoms.

Surgical treatment

In certain cases, especially those affecting the central ten-
don of the RF or its tendon of origin, surgical repair of the 
injury may be needed to resolve the problem. If suturing of 
the damaged muscle is carried out, subsequent immobi-
lization with the knee extended is important, followed by 
gradual passive mobilization after three weeks and active 
mobilization after 6 weeks(33). In the event of tearing of the 
tendon of origin of the RF, conservative management may 
be decided, though the time to return to sports activity is 
long and the relapse rate is in the range of 18%(34). Most au-
thors therefore prefer to reserve conservative management 
for patients with a low functional demand or non-profes-
sional athletes. The series of 10 professional football play-
ers operated upon by Vaquerizo et al.(35) comprised 7 acute 
cases and three patients that underwent surgery between 
5-7 months after the initial injury, due to the persistence 
of symptoms that impeded sports performance at the re-
quired level. Surgery was carried out using three different 
techniques: trans-osseous reinsertion in the acute cases 
of proximal avulsion; end-to-end suturing in those cases 
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in which rupture occurred at less than 3 cm from the or-
igin; or dissection and mobilization of the distal stump in 
those cases characterized by great retraction, followed by 
suturing to the remaining tendon. In addition, repair was 
supplemented by the application of plasma rich in growth 
factors. Likewise, Lempainen et al.(36) performed surgical re-
insertion through bone anchorings in a series of 19 proxi-
mal avulsions of the RF (10 involving both tendons and 9 a 
single tendon), with good outcomes. The authors therefore 
recommend this approach in cases of avulsion of both ten-
dons of origin of the RF in patients with high functional 
demands, or in those subjects in which conservative man-
agement has not afforded good results after three months 
- though they recognize that surgery is technically more 
simple if performed in the acute phase.

Conclusions

Knowledge of quadriceps muscle injuries has improved in 
recent years thanks to advances in imaging diagnosis and in 
our understanding of the anatomy and biomechanical role 
of the central tendon of the RF. The new classifications of 
its injuries, while more complex than the classical and sim-
plistic classifications, allow us to advance in the definition 
of prognostic factors and in the optimization of treatment. 
The evidence on the role of the new therapies in shorten-
ing the healing process and reducing the risk of relapse is 
still too weak to allow their recommendation on a routine 
basis, though they have become a common resource in the 
treatment of athletes - particularly top athletes - where the 
recovery timelines may be very important.
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