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Muscle injury in elite athletes 

• Account for 1/3 of all sports related injuries in 
elite athletes 

• Can be from direct trauma or from excessive 
eccentric contraction along muscle-tendon-
bone axis 

• Hamstring most common injury in soccer, 
rugby, football 
– Incidence 1/1000 hours of exposure 

– Professional Australian rules football team of 25 
players can expect 7 hamstring injuries per season 

 



Muscle injury in elite athletes 

• Imaging modalities 

– MRI 

• Fat suppressed fluid 
sensitive sequences key 
for detection 

• T1 non fat suppressed for 
anatomy and blood 
products 

• Diffusion has been 
studied, but not routinely 
used 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury in elite athletes 

• Imaging modalities 

– US 

• Advantages 
– Dynamic imaging 

– Improved spatial resolution 

– Portability 

– Low cost 

• Disadvantages 
– Operator dependent 

– Limited FOV 

– Reduced conspicuity of injury 

– Deep muscles in large athletes 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 

Grade 1 rectus femoris strain with hematoma 



Muscle injury in elite athletes 

• Imaging modalities 

– Not routinely used (aside 
from myositis ossificans) 

• Plain film 

• CT 

• Nuclear medicine  

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury mechanisms 

• Direct muscle injury: Most common is 
kneecap to anterior thigh 

– Mild contusion = less than 1/3 motion loss 

• 6 day average loss of activity 

– Moderate contusion = 1/3 to 2/3 motion loss 

• 56 day average loss of activity 

– Severe contusion = more than 2/3 motion loss 

• Greater than 60 day loss of activity 

– Grading system of indirect muscle injury does not 
apply 

 Jackson DW, Feagin JA. Quadriceps contusions in young 
athletes. Relation of severity of injury with treatment and 
prognosis. J Bone Joint Surg (Am) 1973;55:95–105 

 



Muscle injury mechanisms 

• Direct muscle injury: 

– Return to play difficult to predict, player can 
often play with severe imaging appearance  

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 

Large hematoma deep to 
vastus intermedius with 
muscle laceration.  Player 
continued to play with 
injury  



Muscle injury mechanisms 

• Direct muscle injury: 

– MRI 

• Initial contusion causes 
edema and interstitial 
hemorrhage leading to 
feather-like high signal on 
fluid sensitive sequences 

• Faint high T1 signal if blood 
products acutely 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury mechanisms 

• Direct muscle injury: 

– MRI 

• Initial contusion causes 
edema and interstitial 
hemorrhage leading to 
feather-like high signal on 
fluid sensitive sequences 

• Faint high T1 signal if blood 
products acutely 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury mechanisms 

• Direct muscle injury: 
– 2 muscles injured along single 

vector more common with 
contusion  

– atypical for eccentric load 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury mechanisms 

• Direct muscle injury: 

– MRI 

• Blood signal will change 
over time 

• Fibrosis of hematoma 
margins will contract 
over time 

• Possible development 
of myositis ossificans 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury mechanisms 

• Direct muscle injury: 

– US  

• Contusion usually ill-
defined area of 
hyperechogenicity 

• Muscle may appear 
swollen but otherwise 
isoechoic to surrounding 
muscle 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 

A 27-year-old male elite boxer presenting with 
pectoralis muscle contusion following punch injury to the 
chest. Note the generalised reflectivity within the clavicular 
(CH) and sternocostal (SCH) heads of the pectoralis major 
muscle. 



Muscle injury mechanisms 

• Direct muscle injury:  

– First 24–48  hours 

• hematoma will appear as an 
irregularly outlined muscle 
laceration separated by 
hypoechoic fluid 

• marked increased reflectivity 
in the surrounding muscle 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 

2 days 2 weeks 



Muscle injury mechanisms 

• Direct muscle injury:  

– After 48–72 hours 

• hematoma develops into a 
clearly defined hypoechoic 
fluid collection with an 
echogenic margin 

• Echogenic margin gradually 
enlarges and “fills in” the 
hematoma in a centripetal 
fashion 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 

2 days 2 weeks 



Muscle injury mechanisms 

• Eccentric contraction 

– Tearing of muscle fibers, usually at myotendinous 
junction or myofascial interface (weakest points) 

– Sudden onset pain localized to single muscle 

– Most commonly during sprint 

 

 



Muscle injury mechanisms 

• Eccentric contraction 

– Athlete related risk factors 

• Age 

• Male sex 

• Improper warm-up  

• Fatigue 

 

 



Muscle injury mechanisms 

• Eccentric contraction 

– Muscle related risk factors 

• Previous injury to same muscle 
– Re-injury risk high, especially within first 8 weeks.  

– Recurrent strains tend to be larger than initial injury 

• Muscles with high proportion of fast twitch type II 
fibers 

• Muscles crossing multiple joints 

• Muscles with complex anatomy 

• Most common = biceps femoris, rectus femoris, medial 
gastrocnemius 

 

 



Risk factors for eccentric contraction injury 
– 114 Australian rules football players studied for 1 season 

– 26 players with hamstring muscle injury 

 

 

 

 

 

 

Verrall GM, Slavotinek JP, Barnes PG, Fon GT, Spriggins AJ. Clinical risk factors for hamstring muscle strain: a 
prospective study with correlation of injury by magnetic resonance imaging. Br J Sports Med 2001;35:435–9 

Muscle injury mechanisms 



Increased risk: 
• Increasing age 

• Aboriginal descent (higher % type 2 muscle fibers) 

• Past history of posterior thigh injury 

• Past history of knee injury 

• Past history of osteitis pubis 

 

 

 

 

 

 Verrall GM, Slavotinek JP, Barnes PG, Fon GT, Spriggins AJ. Clinical risk factors for hamstring muscle strain: a 
prospective study with correlation of injury by magnetic resonance imaging. Br J Sports Med 2001;35:435–9 

Muscle injury mechanisms 



Muscle injury grading 

 



Muscle injury grading 

• Eccentric contraction 

– Traditional Clinical Grading System 

• Grade 1 (stretch) = small tear, less than 5% loss of 
function 

• Grade 2 (partial tear) = 5-50% loss of function 

• Grade 3 (near complete/complete tear) = >50% loss of 
function 

 



Muscle injury grading 

• Eccentric contraction 

– Imaging Based Grading system 

– US Grade 1: 

– Normal or Focal areas of increased echogenicity 
occupying less than 5% of muscle 

 

 

Grade 1 rectus femoris injury 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury grading 

• Eccentric contraction 

– Imaging Based Grading system 

– MRI Grade 1: 

– Feathery high signal within 
muscle, often at MTJ 

– Less than 5% cross sectional area 

 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury grading 

• Eccentric contraction 

– Imaging Based Grading 
system 

– US Grade 2:  

– greater than 5% of muscle 
, less than 100% 

– Discontinuity of muscle 
striations, +/- 
intramusclar fluid 
collections 

 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 

Rectus femoris 

Biceps femoris 



Muscle injury grading 

• Eccentric contraction 

– Imaging Based Grading 
system 

– MRI Grade 2:  

– Discontinuity of muscle 
striations, +/- 
intramusclar fluid 
collections 

– Often laxity in central 
tendon 

 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle injury grading 

• Eccentric contraction 

– Imaging Based Grading system 

– US Grade 3: 

– Complete discontinuity at 
myotendinous junction, often 
with intermuscular, 
perifascial, and subcutaneous 
collections 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 

Hamstring avulsion 



Muscle injury grading 

• Eccentric contraction 

– Imaging Based Grading 
system 

– MRI Grade 3: 

– Complete discontinuity 
at myotendinous 
junction, often with 
intermuscular, perifascial, 
and subcutaneous 
collections 

 
Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 

Hamstring avulsion 



Muscle injury grading 
• Munich consensus 

 

 
 

– 30 English speaking scientists and team doctors of 
national and first division professional sports 
teams completed questionnaire on currently used 
terminology 

– Word “strain” with most significant variability 

– New comprehensive classification system 
developed with this data by group of 15 “experts” 

 
Mueller-Wohlfahrt H-W, Haensel L, Mithoefer K, et al. Terminology and classification of 
muscle injuries in sport: the Munich consensus statement. Br J Sports Med 2013;47:342–50 

 



Muscle injury grading 

• Munich consensus 

– Terms not recommended 

• Strain:  biomechanical term which is not defined and is 
used indiscriminately for anatomic and functionally 
different injuries 

• Pulled-muscle 

• Hardening 

• Hypertonus 

 

 



Muscle injury grading 
• Munich consensus 

– Functional muscle disorders (no macroscopic 
evidence of fiber tearing) 

• Type 1: overexertion related 

• Type 2: neuromuscular disorders 

– Structural muscle disorders 

• Type 3: partial tear 

• Type 4: (sub) total tears/tendon avulsion 

 

 



Muscle injury 
• Delayed onset muscle soreness (DOMS) 

– 12-24 hours after strenuous exercise 

– Often non elite athletes or with increase in training 

– Soreness peaks 24-72 hours, subsides by 5-7 days (grade 1 
strain usually about 2 weeks) 

– Similar to grade 1 muscle strain, but more than 1 muscle, and 
often more than 1 compartment 

– US normal or hyperechogenicity in more than 1 compartment 

 

www.radiologyassistant.nl 



Muscle injury grading 

• Munich Consensus: location of injuries 

 

Mueller-Wohlfahrt H-W, Haensel L, Mithoefer K, et al. 
Terminology and classification of muscle injuries in sport: the 
Munich consensus statement. Br J Sports Med 2013;47:342–50 

 



Muscle injury grading 

• Type 3A vs 3B 

– Moderate = greater than diameter of muscle 
fascicle or bundle 

 

Mueller-Wohlfahrt H-W, Haensel L, Mithoefer K, et al. 
Terminology and classification of muscle injuries in sport: the 
Munich consensus statement. Br J Sports Med 2013;47:342–50 

 



Muscle injury grading 

 

 



Muscle injury grading 

• Type 3A vs 3B 

– Moderate = greater than diameter of muscle 
fascicle or bundle 

– “clinically challenging to differentiate” 

– Type 3A usually no scar formation 

– Type 3B often with scar formation 

 

Mueller-Wohlfahrt H-W, Haensel L, Mithoefer K, et al. 
Terminology and classification of muscle injuries in sport: the 
Munich consensus statement. Br J Sports Med 2013;47:342–50 

 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

 

 

 

– Problems with Munich 

• Functional injuries most likely structural 

• Only the structural part of the grading system had 
prognostic value 

• Neglects recent evidence about site, length, tendon 
involvement, and MRI negative presentations 

 

 

 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

• Grade 0 = normal MRI or DOMS 

• Grade 1 = small tear 

• Grade 2 = moderate tear 

• Grade 3 = extensive tear 

• Grade 4 = complete tear 

• Some groups subdivided into 3 categories (a, 
b, or c) 

 

 

 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

 

 

Figure 1 Letter classification dependent on anatomical site of muscle 
injury. (a) Myofascial, (b) musculo-tendinous, (c) intratendinous. 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

• Grade 0 = normal MRI or DOMS 

– 0a = focal neuromuscular injury with normal MRI 

– 0b = generalized muscle soreness with normal 
MRI or DOMS 

  

 

 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

• Grade 1 = small tear 

– Athlete will present with pain during or after 
activity 

– Range of motion normal 

  

 

 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

• Grade 1 = small tear 

– 1a:   

• extends from fascia 

• high signal within periphery of muscle 

• no greater than 10% into muscle and length less than 5 
cm 

• frank muscle fiber disruption not usually seen 

  

 

 



Muscle injury grading 

• Pollock et al. Br J Sports 
Med 2014 

• Grade 1 = small tear 

– 1b: 

• within muscle or 
myotendonous junction 

• less than 5 cm length 

• less than 10% cross 
sectional area 

  

 

 
Grade 1b injury to long head of biceps femoris 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

• Grade 2 = moderate tear 

– Pain causing athlete to stop activity 

– Decreased range of motion at 24 hours 

– Weakness 

  

 

 



Muscle injury grading 

• Pollock et al. Br J Sports 
Med 2014 

• Grade 2 = moderate tear 
– 2a: 

• Extend from peripheral 
fascia into the muscle 

• Clinical experience 
suggests from pain during 
change of direction 

• Less reduction in strength 
compared to other grade 2 
injuries 

  
 

 
Grade 2a injury to lateral aspect of 
long head of biceps femoris. 



Muscle injury grading 

• Pollock et al. Br J Sports 
Med 2014 

• Grade 2 = moderate tear 

– 2a: 

• Signal abnormality 
– between 10-50% cross 

sectional area 

– extends between 5-15 cm 

• Fiber distortion <5 cm 

  

 

 
Grade 2a injury to lateral aspect of 
long head of biceps femoris. 



Muscle injury grading 

• Pollock et al. Br J Sports 
Med 2014 

• Grade 2 = moderate tear 

– 2b: 

• Within muscle or more 
commonly, MTJ 

• Signal abnormality 
– 10-50% cross sectional area 

– Length of abnormal signal 5-15 
cm 

• Fiber distortion less than 5 cm 

 

 

Grade 2b injury to long 
head of biceps femoris 



Muscle injury grading 

• Pollock et al. Br J Sports 
Med 2014 

• Grade 2 = moderate tear 
– 2c: 

• Injury extends into tendon 

• Injury of tendon less than 
5 cm and less than 50% 
tendon thickness 

• 2c rather than 3c based on 
these measurements, even 
if loss of normal tendon 
tension 

 

 Grade 2c injury to long head of biceps femoris 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

• Grade 3 = extensive tear 

– Sudden onset pain and athlete falls to ground 

– Significantly reduced range of motion at 24 hours 

– Obvious weakness with contraction 

– Pain with walking 

 

 

 

 

 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

• Grade 3 = extensive tear 

• Grade 3a (myofascial) and 3b (myotendinous) 

– Signal abnormality 

• Greater than 50% cross sectional area 

• Or greater than 15 cm length 

– Fiber distortion  

• greater than 5 cm 

 

 

 

 

 



































































































































































Muscle injury grading 

• Pollock et al. Br J Sports 
Med 2014 

• Grade 3 = extensive tear 
– 3c: 

• Intratendinous injury 

• Greater than 5 cm length 
of tendon involved 

• Greater than 50% tendon 
thickness 

• No complete defect, but 
loss of normal straight 
margins of tendon 

 

 

 

 

 

 

Grade 3c injury to long head of biceps femoris 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

• Grade 4 = complete tear 

– Sudden onset pain, athlete will fall to ground 

– Palpable gap felt on exam 

– Often less pain on contraction than with grade 3 

 

 

 

 

 

 

 



Muscle injury grading 

• Pollock et al. Br J Sports 
Med 2014 

• Grade 4 = complete tear 

– Grade 4 = complete 
muscle tear 

– Grade 4c = complete 
tendon tear 

 

 

 

 

 

 

 

 

Grade 4 injury to proximal biceps femoris. 



Muscle injury grading 

• Pollock et al. Br J Sports Med 2014 

– Currently in use with elite track and field in UK 

– Still needs validation of utility 

 

 

 

 

 

 

 

 



Return to Play 
 

 
• Orchard and Best Clinical J Sports Medicine 2002 

– Injuries over 7 year period in Australian Football 
League 

• 858 hamstring  

• 251 quad 

• 217 calf 

• 123 thigh contusion 

 

Orchard JW, Best TM. The management of muscle strain 
injuries: an early return versus the risk of recurrence. Clin J 
Sports Med 2002;12:3–5 



Return to Play 
 

 
• Cumulative risk highest in hamstring, at 

over 30% for the season 

• Strain in one muscle increases risk in other 
muscles (altered biomechanics?) 

 
 



Return to Play 
 

 
• Risk levels off after 1 week with contusion 

• Risk decreases, but persists for many weeks 
with strain 

 

 



Return to Play 
• Connell et al AJR 2004 

 

 

 

 

• Australian rules football players 

• 60 athletes 

• US and MRI at initial injury, 2 weeks, 6 weeks 

• 2 MSK radiologists interpreted images, blinded to 
findings of other modality 

• Biceps femoris > semitendinosis > semimebranosis 



Return to Play 
• Connell et al AJR 2004 

• Parameters evaluated 

– Injured muscle 

– Site within muscle unit 

– Injured cross sectional area 

– Length of injury 

– Presence of intermuscular hematoma 

– Presence of intramuscluar hematoma 

 

Connell DA, Schneider-Kolsky ME, Hoving JL, Malara F, Buchbinder R, Koulouris G, 
et al. Longitudinal study comparing sonographic and MRI assessments of healing 
hamstring injuries. AJR Am J Roentgenol 2004;183:975–84 

 



Return to Play 
• Connell et al AJR 2004 
• Initial (0-3 days) 

– MRI abnormal in 70%, US 
abnormal in 75% 

• 2 weeks 

– MRI abnormal in 59%, US 
abnormal in 51% 

• 6 weeks 

– MRI abnormal in 35%, US 
abnormal in 22% 

Connell DA, Schneider-Kolsky ME, Hoving JL, Malara F, Buchbinder R, Koulouris G, 
et al. Longitudinal study comparing sonographic and MRI assessments of healing 
hamstring injuries. AJR Am J Roentgenol 2004;183:975–84 

 

Epimysial strain of biceps femoris 



Return to Play 
• Connell et al AJR 2004 
• Larger area of abnormality on 

MRI in all groups  

• MRI findings persist longer than 
US 

• All but 1 player had returned to 
play at 6 weeks 

Connell DA, Schneider-Kolsky ME, Hoving JL, Malara F, Buchbinder R, Koulouris G, 
et al. Longitudinal study comparing sonographic and MRI assessments of healing 
hamstring injuries. AJR Am J Roentgenol 2004;183:975–84 

 



Return to Play 
• Connell et al AJR 2004 

– Moderate Grade injury time course 

initial 2 weeks 6 weeks 



Return to Play 
• Connell et al AJR 2004 

– Best predictor = length  

• P<0.001 

– Others with predictive 
value (p<0.05) 

• Biceps injury 

• Cross sectional area 

• US and MRI with similar 
results 

 

Connell DA, Schneider-Kolsky ME, Hoving JL, Malara F, Buchbinder R, Koulouris G, 
et al. Longitudinal study comparing sonographic and MRI assessments of healing 
hamstring injuries. AJR Am J Roentgenol 2004;183:975–84 

 



Return to Play 
• Connell et al AJR 2004 

– Intramuscular 
myotendinous junction 

• 62% on MRI, 52% on US 

– Epimysial  

• 37% MR, 31% US 

– No significant difference in 
return to play between 
myotendinous or epimysial 
injury (25.9 days vs. 27.1 
days) 

 

 

 

Disruption central tendon of biceps femoris 



Return to Play 
• Connell et al AJR 2004 

– Average return to play for entire group = 21 
days (range 4-56 days) 

• 38% return to play before 2 weeks 

• 58% between 2 and 6 weeks 

• 4% longer than 6 weeks 

 

– Normal MRI average return to play = 7 days 

 



Return to Play 
• Connell et al AJR 2004 

– Potential problems 

• player's ability to return to full competition depends on 
many factors not assessed in this study 
– Player management within the club (importance to team, 

timing during season) 

– Player characteristics (pain threshold) 

– Medical history 

– Concurrent injuries 

 

Connell DA, Schneider-Kolsky ME, Hoving JL, Malara F, Buchbinder R, Koulouris G, 
et al. Longitudinal study comparing sonographic and MRI assessments of healing 
hamstring injuries. AJR Am J Roentgenol 2004;183:975–84 

 



Return to Play 
• Connell et al AJR 2004 

– Potential problems 

• some players showed larger injuries 2 weeks after their 
acute assessment.  
– These injuries were evident on both MRI and US, possibly due 

to insufficient rehabilitation and premature return to training 

• Grade 3 tears requiring surgical intervention not 
included 

 

Connell DA, Schneider-Kolsky ME, Hoving JL, Malara F, Buchbinder R, Koulouris G, 
et al. Longitudinal study comparing sonographic and MRI assessments of healing 
hamstring injuries. AJR Am J Roentgenol 2004;183:975–84 

 



Return to Play 

• Reurink et al Br J Sports Med 2014 

 

 

 

– Evaluated 53 athletes with hamstring injuries 

– MRI #1 within 5 days of injury 

– MRI #2 within 3 days of return to play (RTP) 

• RTP based on clinical assessment (asymptomatic full 
ROM, strength, etc) 

 



Return to Play 

• Reurink et al Br J Sports Med 2014 

– Return to play based on MRI findings 

 



Return to Play 

• Reurink et al Br J Sports Med 2014 

– Assessed 

• Muscle injured 

• Muscle grade  
– 27 Grade 1 (51%) 

– 26 Grade 2 (49%) 

• Extent muscle signal abnormality 

• Re-injury within 2 months RTP 

 



Return to Play 

• Reurink et al Br J Sports Med 2014 

– Average time to 1st MRI 2 days after injury (1-5 
range) 

– Average time to 2nd MRI 2 days after RTP (range 3 
days before to 3 days after) 

– Average return to play 28 days (14-76 range) 

 



Return to Play 

• Reurink et al Br J Sports Med 2014 
– Intramuscular high T2 signal present in 89% of athletes at RTP MRI 

 

Initial MRI RTP MRI 



Return to Play 

• Reurink et al Br J Sports Med 2014 
– Intramuscular low signal (scar) present in 42% of athletes 

at RTP MRI (present on initial MRI in 4) 

 



Return to Play 

• Reurink et al Br J Sports Med 2014 

– What does decreased T1 signal represent? 

• Likely scar 

• No path correlation 

– What does increased T2 signal represent? 

• Unclear 

• Does not seem to fit with temporal course of 
inflammation and edema 

 

 



Return to Play 

• Reurink et al Br J Sports Med 2014 

– 5 re-injuries within 2 months (9%) 

– 4 had increased T2 signal on RTP MRI (80%) 

– 4 had decreased T1 signal on RTP MRI (80%) 

– Insufficient power to make any conclusions 

 



Return to Play 
• Reurink et al Br J Sports Med 2014 

– Problems 
• Part of study evaluating PRP vs control (saline) 

• Unlikely to affect MRI in authors opinion 

• 2 cohorts without the same RTP criteria 

• 2 cohorts slightly different MR protocols 

– Conclusions 
• Normalization T2 signal not required for RTP, and of 

unlikely prognostic value 

• Low signal on T1 might be relevant for assessing future 
injury risk, but uncertain clinical relevance 

 

 



Return to Play 

– Other Studies: 

• Pomeranz et al: 14 athletes with hamstring injuries 
– Prolonged return to play with >50% cross sectional area 

involvement, intramuscular hemorrhage, distal MTJ tears, 
ganglion fluid collections in muscle 

• Slavotinek et al: 37 athletes with hamstring injuries 
– Linear relationship with cross sectional area and return to play 

– No correlation with location in muscle 

• Verral et al: 83 athletes with hamstring injuries 
– Normal MRI good predictor of early return 

– Normal MRI = 16 day average 

– Abnormal MRI = 27 day average 

 

 



Return to Play 
• Kerkhoffs et al. Knee Surg Sports Traum Arthros 2013 

– Comprehensive lit search 1950-2011 

– 140 European Society of Sports Traumatology, 
Knee Surgery (ESSKA) members survey response 



Return to Play 
• Kerkhoffs et al. Knee Surg Sports Traum Arthros 2013 

– Clinical 



Return to Play 
• Kerkhoffs et al. Knee Surg Sports Traum Arthros 2013 

– Imaging  

• Consensus within 3 days for initial imaging 

• MRI more sensitive than US 

• No generalizable follow-up guidelines 
– 66% used if poor rehab 

– 61% used to assess rehab progression 

– 91% overall used some sort of imaging follow-up 



Return to Play 
• Kerkhoffs et al. Knee Surg Sports Traum Arthros 2013 



Return to Play 
• Kerkhoffs et al. Knee Surg Sports Traum Arthros 2013 

 



Muscle Injury Complications 
• Myositis Ossificans 

– Usually associated with blunt trauma and 
hematoma 

• 1: acute or pseudoinflammatory phase 

• 2: subacute or pseudotumoral phase 

• 3: chronic healing phase 

 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle Injury Complications 
• Myositis Ossificans 

– Stage 1 and 2 with 
nonspecific inflammation 
on MR and US 

– Stage 3 with osteoid matrix 

– Peripheral calcifcation by 6 
weeks on CT and plain film 

– Ossification by 6 months 

 

Lee JC, Mitchell AW, Healy JC. Imaging of muscle injury in the 
elite athlete. Br J Radiol. 2012 Aug; 85(1016): 1173–1185. 



Muscle Injury Complications 

– 14 athletes with grade 1/2 injury 5-23 months 
previously 

– 11 of 14 with increase in low signal at 
myotendinous junction (scar) 

 



Muscle Injury Complications 

– Scar tissue 

• Alters in vivo contraction 
mechanics 

• Less well organized and 
increased stiffness 

• Require functioning 
myotendinous fibers to 
lengthen more than 
previously 

 

 



Muscle Injury Complications 

- 13 of 14 with decrease in biceps femoris long 
head volume (often with increase in short head 
volume) 

 

 

 

 

 

 

 

 



Muscle Injury Complications 
 

- 2 of 14 with fatty atrophy  

 

 



Conclusion 
• Muscle injury common in elite athletes, particularly 

hamstring 
• Two major mechanisms are direct trauma (contusion) and 

eccentric contraction 
• Many variations of “1-2-3” grading schemes, still requiring 

validation of utility 
• Return to play currently based mostly on clinical factors, as 

imaging resolution appears to lag behind clinical 
improvement 

• Imaging has a role as adjunct to clinical assessment for 
prognosis and return to play 

• Complications of muscle injury include scar formation, 
muscle atrophy, myositis ossificans, and increased risk of 
re-injury 
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