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Abstract. [Purpose] This case study describes an interesting therapeutic approach to an athlete’s muscle injury, 
which was erroneously diagnosed and treated for the first 48 hours. [Case] During a regular season match, a 17 year-
old male, soccer player was hit on his front thigh while he was kicking the ball. The first diagnosis was a contusion, 
and the player was treated with warm-packs for 48 hours. Ultrasound images revealed a massive muscle tear on the 
left vastus intermedius of the quadriceps muscle 60 hours after injury. The rehabilitation approach was based on 
three therapeutic principles: 1) to prevent inflammatory secondary damage, we performed a controlled re-injury to 
start with a new acute injury; 2) use of physical agents as acute control of the inflammation process; and 3) overlap-
ping rehabilitation phases, such as rest, pain control, healing process, muscle strengthening and aerobic training, 
to reduce total rehabilitation time. [Results] Weekly ultrasound images showed a total repair after 4 weeks of treat-
ment. Due to the effectiveness of the rehabilitation program the athlete was able to play competitively 35 days after 
the injury and no re-injury was observed over a 1 year follow-up. [Conclusion] The therapeutic approach used in 
this case study, which involved the prevention of secondary damage and the overlap of rehabilitation phases, was 
effective and time efficient.
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INTRODUCTION

Muscle injuries are considered the most common athlet-
ic injury reaching up to 67% of injuries, depending on the 
sport1, 2), and quadriceps strain accounts for one third of all 
injuries suffered by professional soccer players3). This kind 
of injury can be considered the most severe soft tissue in-
jury, because it affects not just a component of the locomo-
tor system, but the one that is the engine of movements4, 5). 
Current research has shown that the muscle is much more 
than a contractile/elastic combined system4, 6). In fact, mus-
cle is a complex mechanical system that has other functions 
in addition to the action of contraction. For instance, muscle 
is related to myofascial force transmission6, 7), through the 
extracellular collagen matrix8), which guarantees optimal 
biomechanical performance6). For this reason, when there is 
a muscle injury, there are three pathophysiologic events to 
be concerned about: the inflammatory process9), the repair 
of the contractile system10, 11), and the repair of the collagen 
system12, 13).

Depending on the extent of the muscle tear, the time to 
a complete healing of the injury is about 14 to 45 days14). 
Secondary damage, repair, and remodelling phases are com-
bined with an active inflammatory process that elicits cellu-
lar and proliferative reactions9, 13,  15–17). However, the com-

plete healing of the injury does not guarantee a functional 
muscle. Decreased muscle strength and cardiovascular and 
muscle de-training prevail over physiological performance 
within 1 to 3 weeks rest from regular training activities14). 
Therefore, participation in full sport activity may be delayed 
7 to 9 weeks from the original injury.

After an accurate diagnosis has been established, the usu-
al rehabilitation process is divided into 4 treatment phases: 
1) minimization of deleterious local effects of the acute in-
jury, 2) period for proper healing, 3) maintenance of other 
components of athletic fitness, and 4) return to normal ath-
letic function14). Traditionally, each of these phases has an 
individual approach, waiting for the end of each phase to 
start the next one. Moreover, the proper healing phase is nor-
mally treated with rest and drugs18, 19).

Although therapeutic ultrasound (US) is normally recom-
mended for muscle skeletal rehabilitation20, 21), the scientific 
evidence from animal studies is not promising20, 22, 23). How-
ever, these previous studies focused on myofibrillar chang-
es rather than fibroelastic components such as the muscle 
extracellular collagen matrix, which has an important role 
in muscle force production6, 7). From this viewpoint, there 
is evidence that mechanical stimuli like therapeutic ultra-
sound22, 24, 25) and early mobilization13, 16) may enhance the 
muscle injury recovery, stimulating fibroblast metabolism.
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Finally, to the best of our knowledge, there are no re-
ports of endurance training during the healing phase to pre-
vent a decrease in the overall aerobic capacity of patients. 
Moreover, there is no evidence that an endurance training 
protocol is deleterious to muscle healing. Therefore, muscle 
injury recovery and cardiovascular performance could be 
integrated to shorten the time to retrun to regular athletic 
function.

The purpose of this case report is to present a different ap-
proach to muscle injury rehabilitation. The use of US, com-
bined with stretching and strengthening exercises, and early 
aerobic conditioning allowed the full recovery of a soccer 
player within 5 weeks from the original injury, which was 
a 9 × 3 × 3 cm muscle tear on the left vastus intermedius of 
the quadriceps muscle.

CASE

History
A 17 year-old male professional soccer player received 

a high impact hit on his left thigh. Approximately half way 
through the second half of a midseason game, he received 
a kick on his front left thigh while he was kicking at the 
goal. The player retired from the game for three minutes for 
examination, then he continued to play, scoring two more 
times. He finished the game walking with difficulty and pain. 
He went to a hospital emergency room where the diagnosis 
was a thigh contusion. He was asked to place heat packs 
on his thigh and rest for one week. Forty-eight hours after 
the injury, he was examined by a sport specialist physical 
therapist.

Physical	Therapy	Evaluation
Inspection: the patient showed a haematoma about the 

size of the middle third of his front left thigh.
Palpation: a painful (visual analogue scale (VAS) = 7), 

organized and solid edema was evidenced.
Functional	Survey: painful passive mobilization (VAS = 

8) with 90° maximal knee flexion end, and painful active 
knee extension (VAS = 9).

The neurological survey was negative for paresthesias 
and large nerve compromise.

Tests	and	Results
After clinical evaluation, ultrasound imaging was per-

formed. The left front thigh longitudinal and cross-sectional 
views (Fig. 1 and Fig. 2, respectively) show a 9 × 3 × 3 cm 
transverse tear of the middle third of the vastus intermedius 
of the quadriceps muscle, an encapsulated haematoma, and 
liquid collection, likely indicating an active inflammatory 
process. No fracture or bony abnormalities were seen on the 
left thigh anterior-posterior and lateral X-rays. The first ul-
trasound imaging tests were performed 60 hours after the 
trauma, and they were performed every two weeks to ob-
serve the healing evolution.

After the physical exam and the image tests, the working 
diagnosis was a massive vastus intermedius transverse tear, 
with concomitant active inflammatory process and quadri-
ceps muscle contracture.

Physical	Therapy	Rehabilitation
The intervention was designed on a weekly improvement 

base. The clinical evolution of the patient was tested every 
Monday, when management of session time and exercise in-
tensity were performed. After 11 daily sessions, Tuesday of 
the first week through Friday of the second week, the session 
frequency was reduced to 5 days per week. Each treatment 
session lasted for 30 minutes during the first week, to 120 
minutes during the last week. Figure 3 shows the time/phase 
interaction of the overall treatment. Verbal informed consent 
to the intervention procedures and acknowledgement of the 
risks was given by the patient and his legal guardian.
First	Week: Due to the poor acute clinical management 

of the patient, it is likely that the active inflammatory pro-
cess was in the proliferative phase, in which muscle fibro-

Fig. 1.  Ultrasound image of the left front thigh (longitudinal 
view) 60 hours after injury. Bottom of the figure, mas-
sive vastus intermedius muscle tear with liquid collec-
tion and encapsulated haematoma. VASTO INT = vas-
tus medialis; C LONGIT = longitudinal view; 1/3 inf 
muslo izq = left thigh distal third; COLLECC LIQ = 
liquid collection; haces v interm = vastus intermedius 
muscle fibers.

Fig. 2.  Ultrasound image of the left front thigh (cross-sectional 
view) 60 hours after injury. Middle part of the figure, 
massive vastus intermedius muscle tear. VASTO INT 
SANO = healthy vastus medialis; DESGARRO ERX-
TENSO V INTERMEDIO = massive vastus interme-
dius muscle tear; FEMUR IZQDO = Left femur.
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sis would have begun. Therefore, it was decided to perform 
a controlled re-injury of the muscle using diathermy and 
stretching for two days. Immediately after the second ses-
sion, compressive cryotherapy for 15 minutes was used to 
minimize the deleterious local effects of the acute injury17, 

26), and the patient was asked to repeat it each hour, dur-
ing daylight, until the next session. From the third to the 6th 
day, the injury was treated as an acute muscle tear, using 
compressive cryotherapy and transcutaneous electric neuro-
stimulation (TENS) for 15 minutes, and US with a very low 
spatial average temporal average (SATA = 0.05 W/cm2, 10-
min), at the start of the proper healing phase.
Second	 Week: Pain and range of motion (ROM) were 

assessed at the beginning of each week. Pain during pas-
sive mobilization decreased (VAS = 6) with no change in 
passive ROM (90° maximal knee flexion). Sessions began 
with compressive cryotherapy and TENS for 15 minutes, 
then US (SATA = 0.10 W/cm2, 10-min). During this week 
therapeutic exercises were started, including stretching and 
quadriceps muscular strengthening at 50% maximal isomet-
ric voluntary contraction (MIVC) on an open kinetic chain 
exercise machine (isotonic unilateral leg extension). US 
and stretching were oriented to improve healing. Muscular 
strengthening of the involved limb was performed to prevent 
significant injury-related strength loss. Muscular strengthen-
ing of the non-involved limb was performed to maintain ath-
letic performance.
Third	Week: Pain during passive mobilization decreased 

(VAS = 4) with an increase in passive ROM (110° maxi-
mal knee flexion). Sessions began with 30 minutes of aero-
bic exercise on a static bicycle at 50 to 70% VO2max, esti-
mated from the theoretical maximal heart rate27), muscular 
strengthening at 75% MIVC using unilateral closed kinetic 
chain exercises, and stretching. US (SATA = 0.20 W/cm2, 
10-min), compressive cryotherapy, and TENS for 15 min-
utes were switched to the end of the session. Therapeutic 
exercise, aerobic and strengthening exercises, were oriented 
to the cardiovascular fitness maintenance phase and the be-
ginning of the return to normal athletic function phase, while 
US and stretching were still oriented to the injury healing 
phase.
Fourth	Week: Pain during passive mobilization decreased 

(VAS = 1) with an increase in passive ROM (135° maximal 
knee flexion). Sessions began with 60 minutes of aerobic ex-
ercise on a static bicycle, and intensities alternated between 
50–70% VO2max and 85–95% VO2max sessions. TENS 
was applied during muscular strengthening exercises (85% 
MIVC) combining unilateral open and closed kinetic chain 
exercises. In addition, assisted stretching and mobility and 
agility drills, with and without a soccer ball, were included 
in the protocol. US (SATA = 0.20 W/cm2, 10-min) was per-
formed at the end of the session. Injury healing, cardiovas-
cular fitness maintenance, and return to normal athletic func-
tion phases were present in this week. No pain and full ROM 
were observed at the end of the fourth week.
Fifth	Week: After a control ultrasound imaging, the patient 

was allowed to train with his team, using ice and stretching 
after each training session. At the end of the week he played 
in a regular season match, without pain or any impairment.

RESULTS

After the fourth week of treatment, a control ultrasonog-
raphy was performed. The longitudinal view (Fig. 4) showed 
an almost completely healed quadriceps vastus intermedius, 
without any liquid collection or calcification traces. The 
cross-sectional view (Fig. 5) showed the same longitudinal 
healing status, but some fibrotic or calcified fibres were pres-
ent. As the left knee extension force was 95% of the right one 
at this time, the patient was allowed to train with his team, 
under observation for complications during the first week of 
soccer practice. As no difficulties were observed, the patient 
was authorized to play half time in a regular season match. 
No pain or contracture followed the match, and the patient 
was stronger and fitter than many of his team-mates. He fin-
ished the season as the championship’s highest scorer.

At one-year follow-up, the patient did not show any sig-
nificant physical problem, no calcification or fibrosis were 
seen on ultrasound images (Fig. 6), and the injury was fully 
recovered.

DISCUSSION

Although muscle injuries are the most common athletic 
injury1, 2), little information is available to determine the best 
clinical approach for treating these injuries10, 11, 13, 14, 16, 24). 
Controversial results in animal models may not give useful 
information23, 24), neither on treatment protocols nor chance 
of re-injury28).

Using RICE (Rest, Ice, Compress and Elevation) after 
any acute muscle skeletal injury is a universal consensus13, 

14, 16, 17, 26). Unfortunately, this was not the first aid treatment 
received by the patient presented in this case, who was asked 
to apply heat during the first 48 hours after the trauma. This 
erroneous intervention placed the sport specialist physical 
therapist in a tough situation: 1) to begin a traditional sub-
acute treatment during the early inflammatory proliferative 
phase9, 15), or 2) to carefully perform a controlled de	novo 
injury and start all over with the RICE concept. In this case, 
the physical therapist did not choose the traditional thera-
peutic pathway, which probably would have taken longer for 

Fig. 3. Summary of the treatment approach, showing time/
phase interaction. Rehabilitation phases were over-
lapped according to the patient’s progress.
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full recovery. In contrast, using a less traditional approach 
the athlete was able to maximally perform within 5 weeks.

Another important decision taken was to start the exercise 
phase, only 10 days after injury, even though the patient was 
still in pain (VAS = 5) taking advantage of his athletic his-
tory. This decision helped to accelerate the healing phase13, 

16) and shorten the “sedentary” status of the athlete29), pre-
venting detraining and allowing a faster returning to a com-
petitive state.

Improvements in muscle force and viscoelastic proper-
ties have been shown to be beneficial for prevention of and 
recovery from muscle injuries19, 28, 30). In the present clini-
cal case, early muscle strengthening and stretching were 
performed early during the second treatment week. This 
decision, along with interaction of the therapeutic phases 
(Fig. 3), was taken not only in consideration of the muscle 
healing and early return to normal athletic state, but also as 
a secondary prevention strategy. The final outcome with no 
re-injury a year after the original injury demonstrated that 
the overall strategy was successful.

One common sequel of massive muscle injury is the 
production of myositis ossificans, which are calcifications 
of fibrous tissue after the inflammatory proliferative phase 
ends13, 16, 31). In the present case, myositis ossificans was ex-
pected in response to the massive muscle injury. Moreover, 
some fibrotic/calcified images were seen in the ultrasonogra-
phy at the end of the fourth week of treatment (Fig. 5); how-
ever, after one year of follow-up no calcified scar tissue was 
detected on the ultrasound images (Fig. 6) and no re-injury 
was reported. Myositis ossificans prevention in this case can 
be explained by the overlap of the treatment phases, includ-
ing early stretching and strengthening13, 16), active cycling, 
and use of therapeutic ultrasound (US)32, 33).

Although there is no promising animal or clinical evi-
dence that US can help repair muscle injuries20–23), there is 
plenty of evidence showing the effects of US in collagen 
repair and re-synthesis25, 33–41). The use of US in the pres-
ent clinical case was oriented at improving muscle collagen 
extracellular matrix (CEM) repair, based upon US effects on 
fibroblast proliferation and collagen synthesis25, 39). In fact, 
muscle CEM has an important role in muscle function, ac-
counting for up to 35% of the overall muscle force produc-
tion6, 7). It is hard to say that US was the only factor which 
improved the patient’s injury because of the multifactor 
therapeutic approach; however, it may have played an im-
portant role in preventing myositis ossificans and re-injury.

Considering that the time for a safe return to full athletic 
activity after a muscle injury is 9 to 14 weeks28) from the 
original trauma, the rehabilitation protocol presented in this 
clinical case may be considered successful. Furthermore, the 
controlled re-injury could be considered ‘therapeutic’. Only 
5 weeks after a massive muscle tear, the athlete was training 
with his team and playing in a regular season game. More-
over, one year after finishing the treatment, no re-injury was 
observed and the athlete continued to perform at his best 
physical strength.

Not all muscle injuries have the same evolution as the 
one presented in this study. One key factor for a controlled 
injury evolution is to tackle the inflammatory process when 

Fig. 4. Ultrasound image of the left front thigh (longitudinal 
view) 4.5 weeks after injury. There is no liquid col-
lection or calcification trace. FEMUR IZQDO = Left 
femur; 1/3 DISTAL MUSLO = thigh distal third; REG 
MEDIAL = medial zone; CORTE LONGITUDINAL 
= longitudinal view

Fig. 5. Ultrasound image of the left front thigh (cross-sec-
tional view) 4.5 weeks after injury. Middle part of the 
figure suggests fibrosis/calcification of muscle scar. 
calcific? = probable calcifications; FEMUR IZQDO 
= left femur; CORTE TRANSV 1/3 DISTAL = cross-
sectional view of the distal third.

Fig. 6. Ultrasound image of the left front thigh (cross-section-
al view) one year after injury. Middle part of the figure 
suggests full recovery. V INT = vastus medialis; V 
EXT = vastus lateralis; V INTERM = vastus interme-
dius; CORTE AXIAL = cross-sectional view; 1/3 DIS-
TAL MUSLO IZQ = left thigh, distal third; REPOSO 
= rest
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it starts17, 23, 26). Once inflammatory secondary injury is pre-
vented, the therapeutic aim should be to improve tissue heal-
ing and the patient’s function. In the present case, the thera-
peutic phases were overlapped to optimize recovery time. 
Furthermore, new knowledge integrating US’s collagen 
synthesis effects, early resistance exercise, and early aerobic 
exercise were used to improve the patient’s outcomes. This 
new integrated approach could be considered a first step in 
the design of muscle injury rehabilitation protocols. Thus, 
this new protocol can provide a new window of opportunity 
for further research and treatment in the prevention and care 
of muscle injuries.
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