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ACUTE LOWER MUSCLE STRAIN INJURY:

DIAGNOSIS, MANAGEMENT, AND PREVENTION  



TOPIC 1 - TREATMENT
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Review

The Effects of Nordic Hamstring Exercise on Performance 
and Injury in the Lower Extremities: An Umbrella Review
Hugo Nunes 1,*, Luís Goncalves Fernandes 1 , Pedro Nunes Martins 1 and Ricardo Maia Ferreira 1,2,3,*

Abstract: Due to their potential positive outcomes, hamstring eccentric exercises are becoming
increasingly popular in training regimens. Among the various exercises, the Nordic Hamstring
Exercise (NHE) is the most common. Despite its popularity, there are still some doubts about its
benefits and risks. So, the aim of this umbrella review was to summarize the effects of NHE on
performance and injury prevention. Following the PRISMA guidelines, a comprehensive literature
search was conducted across multiple e-databases, according to the P (injured and non-injured
athletes or recreationally active or healthy individuals) I (NHE) C (no intervention, placebo, or other
interventions) O (performance or injury) S (systematic reviews) model. The quality of the studies was
accessed with the AMSTAR-2. From the 916 systematic reviews found, only 10 could be included.
They encompassed 125 studies, enrolling 17,260 subjects. The results from the studies indicate that
NHE interventions demonstrated positive effects on sprint performance, muscle activation, eccentric
strength, and muscle architecture (fascicle length, muscle thickness, and pennation angle). Furthermore,
NHE is effective in preventing hamstring injuries (up to 51%). In conclusion, NHE should be
integrated in training (especially, in the warm-up phase) for both enhancing athletic performance
and preventing hamstring injuries. For achieving more positive results, it is recommended that
high-volume is followed by low-volume maintenance, targeting 48 reps/week.
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Review

The Effects of Nordic Hamstring Exercise on Performance 
and Injury in the Lower Extremities: An Umbrella Review
Hugo Nunes 1,*, Luís Goncalves Fernandes 1 , Pedro Nunes Martins 1 and Ricardo Maia Ferreira 1,2,3,*

• Most common protocol was 2-3 sets of 6-12 repetitions, 30s to 3min rest between 
sets

• Often conducted in isolation or incorporated into strength training, FIFA 11 program, 
or warm-up routines

• Most common sport - soccer
• Methodological quality – fair to good
• Most common finding – increase in knee flexor strength
• Implementation of high-volume pre-season followed by lower volumes in season 

produced yielded best results
• No studies on runners



Br J Sports Med 2015

• 10 RCTs (526 participants), 6 new
• 2 RCTs – good/excellent quality, 

rest – fair/poor
• Rehab (lengthening) exercises = 

reduced time for RTP but no 
difference in re-injury risk

• 3 PRP studies – no effect 
compared to control

• Limited evidence for progressive 
agility and trunk stability training
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TOPIC 2 - IMAGING
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Correlation of Player and Imaging Characteristics With Severity and
Missed Time in National Football League Professional Athletes With
Hamstring Strain Injury A Retrospective Review
Molly A. Day MD , Lee H. Karlsson PT, DPT, MScPH, Mackenzie M. Herzog PhD, MPH, Leigh J. Weiss, PT, DPT, MS, ATC, Shane J. McGonegle, MD, 
Harry G. Greditzer IV, MD, Vivek Kalia, MD, MPH, MS, Asheesh Bedi, MD, and Scott A. Rodeo, MD AJSM 2024
Purpose: To describe player, football activity, clinical, and imaging characteristics of NFL players with HSIs, as well as 
determine player characteristics, clinical examination results, and magnetic resonance imaging (MRI) findings 
associated with injury occurrence, severity, and missed time.
Study Design: Cross-sectional study; Level of evidence, 3.
Methods: A retrospective cohort of NFL players with acute HSI (n = 180) during the 2018-2019 season was identified. 
Injury data were collected prospectively through a league-wide electronic health record system. Three musculoskeletal 
radiologists graded MRI muscle injury parameters using the British Athletics Muscle Injury Classification (BAMIC) 
system. Player, football, clinical, and imaging characteristics were correlated with HSI incidence and severity and with 
missed time from sport.
Results: Of the 1098 HSIs identified during the 2018-2019 season, 416 (37.9%) were randomly sampled, and 180 
(43.3%) had diagnostic imaging available. Game activity, preseason period, and wide receiver and defensive secondary 
positions disproportionately contributed to HSI. The biceps femoris was the most commonly injured muscle (n = 132, 
73.3%), followed by the semimembranosus (n = 24, 13.3%) and semitendinosus (n = 17, 9.4%) muscles. The most 
common injury site was the distal third of the biceps femoris and semitendinosus muscles (n = 60, 45.5% and n = 10, 
58.8%, respectively) and central part of the semimembranosus
muscle (n = 17, 70.8%). Nearly half of the injuries (n = 83, 46.1%) were BAMIC grade 2; 25.6% (n = 46), grade
3; and 17.8% (n = 32), grade 4. MRI showed sciatic nerve abnormality in 30.6% (n = 55) of all HSIs and 81.3% (n = 26) of 
complete tendon injuries. BAMIC grade correlated with both median days and games missed. Combined biceps femoris 
and semitendinosus injuries resulted in the highest median days missed (27 days).
Conclusion: Among NFL players with acute HSIs, the most common injury was a moderate-severity injury of the distal 
biceps femoris. BAMIC grade was associated with missed time.
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Correlation of Player and Imaging Characteristics With Severity and
Missed Time in National Football League Professional Athletes With
Hamstring Strain Injury A Retrospective Review
Molly A. Day MD , Lee H. Karlsson PT, DPT, MScPH, Mackenzie M. Herzog PhD, MPH, Leigh J. Weiss, PT, DPT, MS, ATC, Shane J. McGonegle, MD, 
Harry G. Greditzer IV, MD, Vivek Kalia, MD, MPH, MS, Asheesh Bedi, MD, and Scott A. Rodeo, MD

Grade 2a shown on an axial short tau inversion 
recovery image of player’s left distal thigh. Arrow 
indicates edema in the long head of the biceps. 
Edema is seen in up to 50% of the cross section of 
the belly.

(BAMIC) grade 3c shown on a coronal short tau 
inversion recovery image of a player’s right proximal 
thigh. The image shows a high-grade partial-
thickness tear in the intramuscular portion of
the right proximal long head biceps femoris (LHBF) 
tendon.
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• At time of return to sport (RTS), injured limb can show strength deficits relative to 
uninjured limb and uninjured athletes (Maniar et al. 2016, Ribeiro-Alvares et al. 2021)

• Reduced biceps femoris fascicle length (Timmins et al. 2016) and atrophy (Sanfilippo 
et al. 2013) often persist

• Strength deficits at RTS thought to be linked to MRI changes on T2 sequences at the 
gross anatomical level

• Diffuse tensor imaging (DTI) – generates contrast from water diffusion to inform about 
tissue microstructure

• Preliminary evidence – relationship between DTI metrics
      and calf strength (Scheel et al. 2013)
      Purpose – determine association of between-limb 
      quantitative MRI measures at RTS following HIS with 
      between-limb eccentric hamstring strength and reinjury
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TOPIC 3 – RETURN TO SPORT
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• Frequency of hamstring strain injury (HSI) recurrence is high (up to 35% in 
same season depending on sport; Elliott et al 2011; Ekstrand et al 2012)

• Determining return-to-play (RTP) remains challenging

• Traditional approach has shortcomings as the risk for reinjury has not 
changed in decades

•  Shared decision-making weighing risks and benefits now favored (for all 
RTP issues)

• Recent recommendations take into account combining clinical assessment 
with imaging (MRI or point-of-care US (POCUS))
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• Hypothesis 1 – extent of hamstring flexibility asymmetry and greater HSI 
severity (based on POCUS) would be associated with late sport RTP

• Point 1 – within first 7 days post-injury, greater flexibility asymmetry 
(compared with ipsilateral preseason or contralateral measures) correlated 
with later RTP

• Contrasts with studies on dancers (Askling et al 2006) and elite sprinters 
(Wangensteen et al 2015)

• Hypothesis 2 – POCUS severity (Peetrons severity score, extent of fiber 
disruption, and composite score) will correlate with time for RTP

• Montreal composite POCUS score better predicted delayed RTP than 
Peetrons severity score

• Longitudinal fiber alteration main difference between the 2 measures
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Topic 4 – INJURY PREVENTION
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Return-to-play (RTP) model for hamstring injuries in football. GPS, global positioning system.

Nick van der Horst Br J 

Sports Med 
doi:10.1136/bjsports-2017-

098630
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Our approach has yielded striking results. Prior to its implementation, in the previous two seasons, 10 football 

players had HSI which resulted in a total loss of time of 14 games. Following its implementation, there have 

been a combined 11 football players who have had HSI with 0-game time loss, resulting in a 100% decrease 

over two seasons.



Summary

• Emerging evidence for progressive eccentric strengthening and Nordic 
hamstring training programs for faster RTP and decreased risk for re-injury

• Optimal role of PRP yet to be defined, hematoma aspiration appears 
beneficial

• Progressive agility and core stabilization offer benefit

• Imaging (MRI (DTI) and/or US) may have role in predicting time loss and RTP

• Earlier introduction of tissue loading during rehab appears safe and leads to 
quicker RTP with no increased risk of injury



Thank-you !

“Three things cannot be long hidden, the 
sun, the moon and the truth” Buddha
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