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CLINICAL PrACTICE GUIDELINES

HAMSTRING STRAIN INJURY IN ATHLETES: CLINICAL PRACTICE GUIDELINES

Summary of Recommendations

REINJURY RISK AND RETURN TO PLAY

Clinicians should use the history of a hamstring strain in-
jury (HSI) in retumn-to-play (RTP) progression, as a previ-
ous H5l is a risk factor for a future reinjury.

Clinicians should use caution in RTP decisions for individ-

uals who did not complete an appropriately progressed,
comprehensive impairment-based functional exercise program
that specifically included eccentric training.

n Clinicians should use hamstring strength, pain level at the

time of injury, number of days from injury to pain-free
walking, and area of tenderness measured on initial evaluation to
estimate time to RTR.

DIAGNOSIS/CLASSIFICATION

“ Clinicians should make a diagnosis of H5l when an indi-

vidual presents with a sudden onset of posterior thigh
pain during activity, with pain reproduced when the hamstring is
stretched and/or activated, muscle tenderness with palpation,
and loss of function.

EXAMINATION: PHYSICAL IMPAIRMENT MEASURES

Clinicians should quantify knee flexor strength following
. H5I by using either a handheld or isokinetic dynamometer.

PRl Clinicians should assess hamstring length by measuring
the knee extension deficit with the hip flexed to 90°, using
an inclinometer.

Clinicians may use the length of muscle tendemess and
proximity to the ischial tuberosity to assist in predicting
timing of RTR.

Clinicians may assess for abnormal trunk and pelvic pos-
ture and control during functional movements.

EXAMINATION: ACTIVITY LIMITATION AND
PARTICIPATION RESTRICTION

Clinicians should include objective measures of an individ-
ual’s ability to walk, run, and sprint when documenting
changes in activity and participation over the course of treatment.

EXAMINATION: OUTCOME MEASURES

T Clinicians should use the Functional Assessment Scale for
Acute Hamstring Injuries before and after interventions,
intended to alleviate the impairments of body function and struc-
ture, activity imitations, and participation restrictions in those
diagnosed with an acute HSI.

INTERVENTIONS: INJURY PREVENTION

A Clinicians should include the Nordic hamstring exercise as
part of an HS| prevention program, along with other com-
ponents of warm-up, stretching, stability training, strengthening, and
functional movements (sport specific, agility, and high-speed running).

INTERVENTIONS: AFTER INJURY

Clinicians should use eccentric training to the patients

tolerance, added to stretching, strengthening, stabiliza-
tion, and progressive running programs, to improve RTP time af-
ter an individual sustains an HSI.

Clinicians should use progressive agility and trunk stabili-
zation, added to a comprehensive impairment-based

treatment program of stretching, strengthening, and functional ex-

ercises, to reduce reinjury rate after an individual sustains an HSI.

Clinicians may perform neural tissue mobilization after

injury to reduce adhesions to surrounding tissue and ther-
apeutic modalities to control pain and swelling early in the heal-
INg Process.

TABLE 2

(3RADES OF RECOMMENDATION

Strength of Evidence

A Strong evidence

evidence

A preponderance of level | andibr level  Mustar
Il studies support the recomemen- thould
dabion. This must include al least 1

level | study

A sngle high-qualty randormized Should
controlled trial or a preponderance
o bevel Il studies suppart the
recommendation

A smigle level || study or a prepan- My
derance of level [l and IV studies,
including staternents of corsensus
by confert experts, support the
recommendation
Highar-quality shudies conducted on
this tapic disagree with respact 1o
their canclusions. The recommen-
dabion is based on thesa conflicting
shudy resulls
A preponderance of evidence fram May
animal ar cadaver studies, from
conceptual rmodelsprnciples, or
from baskc scences/banch research
suppart this conclusion
Best practice based on the clinical Wlary
expenence of the guidelnes
development feam supports this
conclusian
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ACUTE LOWER MUSCLE STRAIN INJURY:
DIAGNOSIS, MANAGEMENT, AND PREVENTION

TABLE 2. MUSCLE STRAIN TREATMENT AND INTERVENTION OPTIONS

Intervention

Evidence And Safety

Oral Medications

N5AIDs
{including COX-2)

Mo Convincing Data to Support Use in Expediting Healing or Return to Play
Eelatively Safe for Symptom relief in Early (Days 1-53) to Mid (Weeks 1-3) Period
Potential Side Effects (Including G, Renal and Inhibition
of Muscle Repairj®nra

Losartan

Data for Expediting Healing in Animals in Early to Mid, Mo Published Human 3tudies to Support
Efficacyt® ™

Oral Corticosteroids

Limited Data to Support Use in Expediting Healing or Return to Play in Either Animals
or Humans Showing Benefit on Return to Play in Early Period®"=

Injectables
Appears Safe, Data to Support Use in Expediting Healing or Return to Play, for use in Early to Mid
PRP Period
that Return to Play is Expedited®! L 513,107,128, 108151, 124,120)
Mo Convincing Data to Support Use in Expediting Healing or REeturn to Play or Pain Relief
5 cell Potential Side Effects {Including increased risk of YTE) '™
tem Lells The MEA Team Physicians Society and the NEPA do not recommend the routine wse of orthobiologic
Stem Cell injections for acute muscle injuries at this time #3
. . Limited Data to Support Use in Expediting Healing or Eeturn to Play &
Corticosteroids Potential Side Effects (Including increased risk of tendon and fascial rupturg)™''”
Mo Conwvincing Data to Support in Expediting Healing or BEeturn to Play
Toradol Potential Side Effects {Including G, Fenal and Inhibition
of Muscle Repairj®t e
Modalities

Blood Flow Restriction

Limited Data to Support Use in Expediting Healing or Beturn to Play, for use in Early to Mid Period
Potential Side Effects (Including increased risk of rhabdomyolysis, WVTER s

Dry Meedling*

Limited Data to Support Use for Symptom Relief®
Proximal and Distal Strains in Early to Late (weeks 3-8,

Soft Tissue
Mobilization

Mo Convincing Data to Support Use for Expediting Healing or Return to Play
However Can be Used in Early to Late Period
Mo Safety Concerns (Athlete/ Clinician Preference)®

Ices Cryotherapy

Limited Data for Using Ice at Early Phases Data to Support Use in Expediting Healing or Return to Play
Mo Safety Concerns for lce with proper use (Athlete Preference)t™®

Exercise

Early Mobilization

Data is Supportive for Return to Play with use in Early Period®

Trunk Stability

Data is Supportive for Return to Play with Introduction Early, 721704
Progress Difficulty as Tolerated to Late Period

Isometric Exercise

Data is Supportive for Return to Play with lsometric Exercises beginning with Submaximal Effort in
Early Period with Progression to Maximum Level [sometrics in Late Perigd Me4resraniea

Concentric and

Data is Supportive for Beturn to Play with Concentrics and Eccentrics
iShort Range) Eccentrics Initially in Mid Period with Progression to Eccentrics at Longer Eange of

E:ﬁfgit;:: o _ I'-'Ic:ti::n_n in Late Eerind."f-'”_ _
Limited Data Support wse of High Intensity Eccentric Loading in Early Pericd for Beturn to Play.™
Data is Supportive for Beturn to Play with
Plyom etrics Introduction of Movements Initially in Mid Pericd with Progression to High Level Plyometrics in Late

Peripd™.*.

Other forms of
Exercise / Sport
Specific Drills

Limited Data Support use for Beturn to Play with Balance, Cardio, Sports Specific Drills.
Balance Exercises™ Cardio Exercises as Tolerated Initially in Mid Period with High Speed REunning
(1005 Efforty®= Sport-Specific Drills, Increase in Basketball Activity as Able in Late Periodr=m™

t*Based on Local/State Clinical Practice Act
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Platelet-Rich Plasma Shortens Return
to Play in National Football League
Players With Acute Hamstring Injuries Orthop J Sports Med 2020

James P. Bradley.*T MD, Tracye J. Lawyer,* MD, Sonia Ruef,5 MA,
Jeffrey D. Towers,! MD, and Justin W. Arner,* MD

Background: Hamstring injuries are prevalent in professional athletes and can lead to significant time loss, with recurrent injury
being common. The efficacy of platelet-rich plasma (PRP) for augmentation of nonoperative treatment of partial musculotendinous
hamstring injuries is not well established.

Hypothesis: The addition of PRP injections to nonoperative treatment for acute partial musculotendinous hamstring injuries will
lead to a shortened return to play in National Football League (NFL) players.

Study Design: Cohort study; Level of evidence, 3.

Methods: NFL players from a single team who sustained acute grade 2 hamstring injuries, as diagnosed on magnetic resonance
imaging (MRI) by a musculoskeletal radiologist from 2009 to 2018, were retrospectively reviewed. Average days, practices, and
games missed were recorded. Players who did and did not receive PRP (leukocyte-poor) injections were compared. Those who
received PRP did so within 24 to 48 hours after injury.

Results: A total of 108 MFL players had MRI evidence of a hamstring injury, and of those, 69 athletes sustained grade 2 injuries.
Thirty players received augmented treatment with PRP injections and 39 players underwent nonoperative treatment alone. Average
time missed in those treated with PRP injections was 22.5 days, 18.2 practices, and 1.3 games. In those who did not receive PRP
injections, ime missed was 25.7 days (- = .B1), 22.8 practices (P — .68), and 2.9 games (F < .09).

Conclusion: Augmentation with PRP injections for acute grade 2 hamstring injuries in NFL players showed no significant difference
in days missed or time to return to practice but did allow for faster return to play, with a 1 game overall difference. Owing to the
possible large financial impact of returning to play 1 game sooner, PRP injections for treatment of grade 2 hamstring injuries may be
advantageous in professional athletes.

Keywords: hamstring injury; platelet-rich plasma; autologous conditioned plasma; muscle injury; biclogic enhancement
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Effectiveness of Hematoma Aspiration and
Platelet-rich Plasma Muscle Injections for the
Treatment of Hamstring Strains in Athletes Am J Sports Med 2021

LUKAS M. TRUNZ', JEFFREY E. LANDY', CHRISTOPHER C. DODSON", STEVEN B. COHEN,
ADAM C. ZOGA', and JOHANNES B. ROEDL'!

TRUNZ L.M_ I E. LANDY, C.C. DODSON, 5. B, COHEN, A, C. Z00A, and 1. B. ROEDL. Effectiveness of Hematoma Aspiration and
Platelet-nch Plasma Muscle Injections for the Treatment of Hamsinng Sirans m Athbetes. Med Sci Spanis Evere, Vol 34, Noo 1, pp. 12-17, 2022
Introduction: The effect of platelet-nch plasma (PRP) treatment on recovery m acute hamsinng mjunes 15 comtroversial. Previous study re-
sults are meonsistent, and a standardized therapeutic approach has not been established yet. Parpose: To assess the treatment effect using a
combination of hematoma aspiration and muscle stramn PRP mjection i paral hamsinng muscle tears | grade 2 strans ) m athletes. Methods:
Mamnetic resonance imaging of athletes with grade 2 hamsinng stramns were reviewed from 2013 to 2018, From 2013 to 2015, athletes were
treated conservatively, and from 2016 o 2018, with a combmation of ulirasound-guided hematoma aspiration and PRP muscle sirain injec-
fion. The outcome, mcluding retum-to-play (in days) and recurrence rate, was compared retrospectively between both groups (conservative vs

aspiration/PRP) using ANOYA and Fisher's exact test. There was no significant difference m age, type of sport, and muscle invobvement {in-
cludmmg injury grade/locatson, hamsinng muscle type, and length/cross-sectional area of the stramm). Resulis: Fifty-five athletes (28 treated
conservatively, 27 with hematoma aspmaton/PRP mpection) were incleded. Average retum-to-play time {mean) '|:'r'-EI!"| i1 4 d in the conserva-
tive group and 23.5 d m the aspirationPREP group (7 < 00001 ). Recumrence mate of the hamstnng strain was 28 6% (8/28) in the conservative
treatment group and less than 4% { 1'27) in the aspimbonPRP group (F= 0025 Conclusions: Athleies with grade 2 hamstning stramns treated
with a combination of hematoma aspiration and PRP impection had a significantly shorter retum-to-play and a bower recumence rate companed
with athletes recerving conservative reaiment. Key Words: GRADE 2 STRAIN, ULTEASOUND, MAGNETIC RESONANCE IMAGING,
RETURN TO PLAY, RECURRENCE RATE

SPORTS MEDICINE
INSTITUTE

L JHealth

UNIVERSITY OF MIAMI HEALTH SYSTEM




Platelet-rich plasma does not enhance return to play
in hamstring injuries: a randomised controlled trial

Bruce Hamliltﬂn,;"? Johannes |_Tﬂ|,14 Emad ,ﬂtlmusl,.:"i,3 Sigine B_nukarmun_"lé‘? Br J Sports Med 2015
Cristiano Eirale,” Abdulaziz Faroog,” Rodney Whiteley,” Hakim Chalabi

-h.q
T

ABSTRACT o
Background To evaluate the efficacy of a single
platelet-rich plasma (PRP) injection in reducing the return
to sport duration in male athletes, following an acute —_
hamstring injury.

Methods A randomised. three-arm (double-blind for
the injection arms), parallel-group trial, in which 90
proTessional athietes wWith WRT POSItve Namsinng mnjuries
WEME randomised 10 INpection With FRP-INLenention,
platelet-poor plasma (PPP-control) or no injection.

All received an intensive standardised rehabilitation
programme. The primary outcome measure was time 1o 207
return to play, with secondary measures induding

reinjury rate after 2 and b months. ) 10+
Results The adjusted HR for the PRP group compared

with the PPP group was 2.29 (95% Cl 1.30 to 4.04)

p=0.004; for the PRP group compared with the no 0 PRP PP No
injection group 1.48 (95% Cl 0.869 to 2.520) p=0.15, injection
and for the PPP group compared with the no injection Group

group 1.57 (95% C1 0.88 to —2.80) p=0.13. The S
adjusted difference for time to return to sports between

the PRP and PPP groups was —5.7 days (95% CI —10.1

(=]
T

&
T

.
9

L
it

Days to return to play

o —1.4) p=0.01; between the PRP and no injection b itervention
groups —2.9 days (95% C1 —7.2 to 1.4) p=0.189 and Py
between the PPP and no injection groups 2.8 days (95% oA A Edheion

Cl =1.6 to 7.2) p=0.210. There was no significant
difference for the secondary outcome measures. No
adverse effects were reported.

Conclusions Our findings indicate that there is no
benefit of a single PRP injection over intensive
rehabilitation in athletes who have sustained acute, MRI
positive hamstring injuries. Intensive physiotherapy led
rehabilitation remains the primary means of ensuring an
optimal return to sport following musde injury.

Trial registration number ClinicalTrials.gov , , o
Identifier NCTO1812564. Figure 3 Kaplan—Meier curves showing the cumulative incidence of

return to play (PPP, platelet-poor plasma; PRP, platelet-rich plasma).

L BHealth | SPORTS MEDICINE
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Platelet-rich plasma does not enhance return to play
in hamstring injuries: a randomised controlled trial

Bruce Hamliltﬂn,;"? Johannes |_Tﬂ|,14 Emad ,ﬂtlmusl,.:"i,3 Sigine B_nukarmun_"lé‘? Br J Sports Med 2015
Cristiano Eirale,” Abdulaziz Faroog,” Rodney Whiteley,” Hakim Chalabi

Table 2 Cumulative reinjury at 2 and & months after return to sport

2 months & months
Platelet-rich plasma  Platelet-poor plasma Mo intervention  Platelet-rich plasma Platelet-poor plasma Mo intervention
(n=25) (n=30) (n=26) (n=26) (n=28) (n=29)

Reinjury number (%) 2 (B.0%) 2 (6.7%) 2 (7.7%) 2 (7.7%) 3 (10.7%) 3 (103%)

Table 5 Platelets, leucocytes and RBCs ::-:11:-‘3314 in whaole blood,

PRP or PPP (for groups injected)™
PRP PPP No injection What are the new findings?
n=30 n=30 n=30 p Value

Whole blood = Lo ; 1
Sl 29924507 2562a571  2079ed08 0338 » Our ﬁn:h!'ug5 indicate that T_J'ngre is no heqeﬁt n_f a single
leumcytes 59422 60415 57:15 0730t platelet-rich plasma (PRP) injection over intensive
RECcount 52404 5.2+04 53:04 0245 rehabilitation in professional athletes who have sustained

Injection o i fanda el
Platelets 76584236 3032230 NA 'E':“_te" MR pﬂSItI'I.I'E- hamﬂ““g I_n]utlﬁ“ e .
leoogytes  261+137 003003 NA » A single PRP injection in combination with intensive
RBCcount  1.0+¢09  0.001:0001  NA rehabilitation reduced the return to sport duration when
*Plus—miruis vales are mean:£5D. | compared with a single platelet-poor plasma injection and
tp Value calaulated based on a non-parametric test. —_— ;

WA, not applicable; PPP, platelet-poor plasma; PRP, platelet-fich plasma; RBC, red rehabilitation.
blood cell.
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Mesenchymal
Alternative fates

IMMUNO-
MODULATION

T cells: B cells: Dendritic

c‘ells; T Regs
Y
Immunotolerance

TROPHIC

Angiogenic; anti-scarring;
a‘nti-apoptotic; mitotic/support’

Y
Establish a regenerative

microenvironment

Stem Cells (MSCs)

Pericyte m Caplan & Correa; JOR 2011

%Released MSC
In \,./)iVO /\ In vitro

(Senses the
environment)

Osteogenesis

Wiy 2000
s

) 5

Medicinal Progenitor

Cell Stem Cell
Caplan & Correa; The MSC: An Injury Drugstore -
Cell Stem Cell 2011 | @+ wd ioso comes L JHealth | SPORTS MEDICINE
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Physiology of MSC;

Immunomodulatory Properties

Dendritic
cell

M1
Macrophage

wo @
Monocytes J

M2
Macrophage

/ NK cell
@

Anti-inflammatory

Pro-inﬂammatory\

Neutrophil

Environmental

- MSC polarization
spectrum: MSC, under
specific environmental
stimulation shift from anti-
(green) and pro- (red)
Inflammatory phenotypes,
reflected in their effects in
Immune cells. The main
discriminators of this

distinctive stimulation are:

1) the presence/absence of

IFNy/TNFa in the local
milieu; and 2) the type of

toll-like receptor (TLR)

stimulation
IFNy
Jagged- Ep PAMP TNFG
2 So G&‘g (e.g., dSRNA)
..
‘A
6,P%% oca“"‘“ MSCZ MSC1 Ce
A\ S\ L2
cv CL3 A
MIP-18, MIP-1 C“? I
B,
FASL, B7-H4, PD-L1, RANTHS, CXCLS9, '
HLA-G, IDO, TGF-B, cRcL1o I
PGE2, IL- IL10 HoO- 1
1, LIF, cell-cell contact
O @
GO/G1 FoxP3* M°"°°Ytes
B cell T cell T Reg Activated T cell

stimulated.

Correa, Kouroupis & Best, 2019



Review

The Effects of Nordic Hamstring Exercise on Performance
and Injury in the Lower Extremities: An Umbrella Review Healthcare 2024

Hugo Nunes 1,*, Luis Goncalves Fernandes 1, Pedro Nunes Martins 1and 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) | (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 Plos One 2024

Hugo Nunes 1,*, Luis Goncalves Fernandes 1, Pedro Nunes Martins 1and Ricardo Maia Ferreira 1,2;3,*

Injured and non-injured athletes or recreationally active or healthy individuals
Nordic hamstrings exercise
No intervention, placebo, or other interventions

Performance and injury

v~

5}-‘5tematit reviews

Figure 1. Description of the terms used to guide search strategy using the PICOS model: P—Patients;

l—Intervention; C—Comparison; O—QOutcomes; 5—Studies.

Table 1. Inclusion and exclusion criteria.

Inclusion Exclusion
The Studies Must The Studies Cannot

have at least one the keywords;

be books, case reports, expert opinions,
conference papers, academic thesis, literature
reviews or narrative reviews;

be systematic reviews (with or without
meta-analvsis), prior to January 2024;
be published in peer-review journals;

include injured and non-injured athletes or include experimental or control groups
recreationally active or healthy individuals; composed of any kind of animal;

* 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

e 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
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Efficacy of rehabilitation (lengthening) exercises,

platelet-rich plasma injections, and other

conservative interventions in acute hamstring

Injuries: an updated systematic review and Br J Sports Med 2015
meta-analysis

Haiko IMFL Pas, "¢ Gustaaf Reurink, '"** Johannes L Tol,'>® Adam Weir,*
Marinus Winters,’ Maarten H Moen '8

ABSTRACT

Background Our 2012 review on therapeutic
interventions for acute hamstring injuries found a lack
of high-quality studies. The publication of new studies
warranted an update.

Objectives To update and reanalyse the efficacy of ° 10 RCTs (526 participa ntS) 6 new
conservative treatments for hamstring injury. ,

Data sources PubMed, EMBASE, Web of Science, - 1
Cochrane Iil::lrar;,-._['.ZJlr'-.I.ﬂlHL and SPORTDiscus -..mel-re * 2 RCTS gOOd/exce”ent quallty'
searched tll mid-February 2015, - :

Study eligibility criteria Randomised controlled rest falr/poor

rials {(RCTs) an the effect of consernvative InLervenuons : : —_
-.-érsus. a controd group or other interme-lnti-::nln fn::r-lrllI * Rehab (Iengthenlng) EXErCISEs =
hamstring injuries [HI) were included. :

Data r..lzmallyj';isl The gear-r:h Ir-ESJ.IJJILf. were screened reduced time for RTP but no
independentl o authors. Risk of bias assessment : : I :

:.-'uas peﬁﬂrmgdbasing a I:nndiﬁedlli:u::wnsland Black scale difference in re-injury risk

with a maximum score of 28. Meta-analysis was ° 3 PRP StUdieS —no effECt

performed, where possible.

Main results 10 RCTs (526 participants), including

B new RCTs, were identified. Two RCTs were of good/ Compared to control

excellent quality, the rest were fair or poor {median . . . .
Downs and Black score 16 (IQR 9)). Meta-analysis of * lelted EVIdenCE fOI" prOgreSSIVG
oo studies on rehabilitation (lengthening) exercises ¥ It . -
showed a significantly reduced time to return o play aglllty and trunk Stablllty tralnlng

(HR 3.22 {(95% ClI 217 wo 4.77), p<<0.0001) but no
difference in risk of re-injury. Meta-analysis of three
studies investigating platelet-rich plasma (PRP) showed
no effect when compared to control (HR 1.03 (95% Cl
0.87 w 1.22), p=0.73). Limited evidence was found that
progressive agility and trunk stability training may reduce
re-injury rates.

Conclusions Meta-analysis showed superior efficacy
for rehabilitation exercises. PRP injection had no effect
on acute hamstring injury. Limited evidence was found
that agility and trunk stabilisation may reduce re-injury
rates. The limitations identified in the majority of RCTs
should improve the design of new hamstring RCTs.
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Efficacy of rehabilitation (lengthening) exercises,
platelet-rich plasma injections, and other
conservative interventions in acute hamstring
Injuries: an updated systematic review and

meta-analysis

Haiko IMFL Pas, "¢ Gustaaf Reurink, '"** Johannes L Tol,'>® Adam Weir,*
Marinus Winters,’ Maarten H Moen '8

Table 1 Article characteristics

Br J Sports Med 2015

Author H  Population Interventionis) Follow-up  Primary outcome Results
Sherry and Best'® 24  Athletes with acute hamstring strain, grades 1 and 2 11: rehabilitation programme consisting of PATS exercises 1 yaar Time to RTP N: 222 days (5D 83)
based on physical examination and iicing Re-injury [2: 37.4 days (5D 27.6)
12: rehahilitation programme consisting of static stretching, Nn: 13
isolated progressive resistance exercise and iding (5TST) 2: 7TH0
Silder et a/™ 29 Athletes with suspected HI within the past 10 days 11: rehahilitation programme consisting of PATS programme 1 year Time to RTP N: 252 days (D 63)
confirmed by physical examination and MRI 12: rehabilitation programme consisting of PETS Craniocavdal length of [2: 28.8 days{SD 11.4)
injury N: 7.9 em (95% C1 2.7 to 13.1)
[Z: 15.9 cm (95% Cl 8.4 0 23.4)
Reynolds et al'’ 44 Patients with sports-related tear of the hamstring, 11: two capsules 50 mg meclofenamate and two diclofenac 7 days Sum of pain score (MAS) in 11 7.9 (5D 6.5
<48 h after injury placebo capsules 3 timesiday for 7 days the last 24 h 2: 8.8 (5D 7.7)
1Z: two 25 mg didofenac and two meckfenamate placebo C 39 (5033
capsules 3 timesiday for 7 days
: meclofenamate and diclofenac placebo capsules
Malliaropoules et a'® 80 Athletes with a ultrasonographic grade 2 hamstring M+12: during first 48 h PRICE followed by rehabilitation RTP Time required for full N: 1327 days (5D 0.71)
strain programme rehabilitation 2 15.05 days (SD 0.81)
11: four stretching sessions daily Time to equalisation of 1: 5.57 days (SD 3.3)
12: one stretching session daily knee ROM [2: 7.23 days (SD 0.525)
Cibulka et al'® 20 Patients with a dinical diagnosis of hamstring muscle I: moist heat, passive stretching and manipulation of Mone Hamstring peak torque 1: 46.4 ft Ibs (SD 17.47
strain and sacroiliac joint dysfunction sacroiliac joint reparted Passive knee extension I2: 45.7 #t Ibs (SO 22.70)
C: moist haat, passive stretching ROM N: 155.0° {SD 14.2)
2: 1446 (5D 16.7)
Ackling et &' 75  Elite Swedish foothall players with MR (<5 days after 11: L-protocol simed at loading the hamstrings during extensive 1 year Time to RTP : 28 days (5D 15)
injury} confirmed HI lengthening, mainky during eccentric muscle actions Re-imjury I2: 51 days (5D 21)
[2: C-protocol consisting of conventional exerdses for the n: 037
hamstrings with less emphasis on lengthening - 138
Askling et a* 56 Swedich elite sprinters and jumpers with MRI (<Sdays  11: L-protocol aimed at loading the hamstrings during extensive 1 year Time to RTP : 49 days (SD 26)
after injuryl confirmed M lengthening, mainly during eccentric muscle actions Re-injury [2: 86 days (SD 34)
12: C-profocol consisting of conventional exerdses for the : V28
hamstrings with less emphasis on lengthening 2: 228
Reurink ef a™* B0 Athletes with acute hamstring injuries confirmed by I: two 3 mL platelet-rich plasma injections and a standard 1 year Time to RTP L 42 days (IQR 30-58)
physical examination and MR rehabilitation programme - 42 days [IQR 37-58)
- two 3 mlL saline placebo injections and a standard
rehabilitation programme
Hamid et af** 2B  Athletes diagnosed with an acute ultrasonographic I: one 3 mL platelet-rich plasma injection and a rehabilitation RTS Time to RTP L 26.7 days (5D 7.0)
grade 2 hamstring injury programme - 42.5 days (5D 20.8)
- rehabilitation programme only
Hamilton et af™ 90  Athletes with acute posterior thigh pain confirmed by 11: one 3 mL platelet-rich plasma injection and a rehakbilitation & months Time to RTP N: 21 days (95% C117.9 to 24.1)

MRl 2= grade 1 or 2 hamstring lesion

programme
1Z: one 3 ml platelet-poor plasma injection and a rehabilitation

programme
{: rehabilitation programme only

[2: 27 days (35% C1 20.6 to 33.4)
C 25 days (35% C1 215 to 28.5)

{, comtrol; C-protocol, comeentional rehabilitation protocal; |, intervertion; L-protocol, leading and lengthening rehabilitation protoool; PATS, progressive agility and trunk stabilisation; PETS, progressive rurming and eccentric strengthening; ROM, mnge of
motion; BTF, return o play; RTS, refum to sport; STST, stretching and strengthening: WAS, visual analogue scale.
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Efficacy of rehabilitation (lengthening) exercises,

platelet-rich plasma injections, and other

conservative interventions in acute hamstring

Injuries: an updated systematic review and Br J Sports Med 2015
meta-analysis

Haiko IMFL Pas,''* Gustaaf Reurink, '-** Johannes L Tol,"->® Adam Weir,*
Marinus Winters,” Maarten H Moen'-®

Table 4 Interventions and outcomes of RCTs

Intervention Outcome Effect Best evidence synthesis Quality ratings of studies
Progressive loading during Time to RTF' + Meata-analysis Fair’'
accentric lengthening Re-injury”’ ** = Meta-analysis
PATS ' Time to RTS'® 20 = Moderate Fair'® 20
e T . Limited " What are the new findings?
Craniocaudal length of injury at RTS*? + Limited
Physical examination at RTS*" = Limited . . ) e
MRI characteristics at RT52 _ Limiterd »  Meta-analysis of lengthening and loading rehabilitative
Stretching exercises Time to RTF'® 4 Limited Poar’® exercises in acute hamstring injuries show a positive effect
Time to equalisation of knee ROM™ + Limited on return to play.
Mlatelet-rich plasma Time to n!r;;”‘f“ = Meta-analysis Euni;“ 8 » Meta-analysis of platelet-rich plasma injections in acute
:E“"'l'"‘f e = Meta-analysis E::dm o™ hamstring injuries shows no effect.
m mm = e 5 i P Fl
Change in pain score™ ) usf’m“ﬁd'g » Prqg_resswe agility and trunk stabilisation may reduce
lsokinetic testing’” = Limited re-injury rates.
Changes in T2-weighted MRI after 3 weeks™ = Limited
Adherence to rehabilitation programme™ ** = Strong
Physical examination”® = Limited
Hamistring outcome score’ = Limited
Patient satisfaction™ = Limited
oedema on MRI*® = Limited
NSAIDs Pain score’’ = Limited Fair' 7
lsokinetic testing'” = Limited
Swwelling'’ = Limited
Adverse events'” - Limited
Sacroiliac manipulation Hamstring flexibility'® = Limited Fair'®
ksakinetic testing'© = Limited

=, Mo effect of intervenition compared to contral or no differences between imtenention and comtrol; +, fawours intenvention; —, fasours control; NSAID, non-steraidal anti-inflammatory
drwg; PATS, progeessive agility and trunk stabilisation; RCT, mrdomised controlled tial; ROM, mnge of motion; RTP, return fo play; BTS, retwm to sport.
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Mohammad Poursalehian, MD#*
Mohadeseh Lotfi, MD*
Sahar Zatarmandi, MD

HAMSTRING INJURY TREATMENTS AND |
Razrman Arabzadeh Bahri, MD

MANAGEMENT IN ATHLETES Farzin Halabchi, MD ,
JBJS Reviews 2023

A Systematic Review of the Current Literature - |
Investigation performed at foint

Reconseraction Rerearch Center,
Tehran Llniversicy .:gf'ﬁ*j" eedical Sciences,
Tehran, fran

Abstract

Background: The field of sports medicine presents a varied landscape of
research on hamstring injuries in athletes, characterized by inconclusive and
sometimes conflicting findings on effective treatment and rehabilitation
strategies. This discordance prompted the current systematic investigation.

Methods: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines were followed for conducting the systematic review.
Multiple international bibliometric databases (Scopus, PubMed, Web of Science,
and Embase) were searched to identify studies evaluating any treatment option
for the management of hamstring injuries in athletes. Eligible studies were
appraised for quality using Joanna Briggs Institute and Risk of Bias 2 tools.

Results: A total of 30 studies with 1,195 participants were included. Of the
reviewed studies, treatments varied from aggressive rehabilitation, platelet-rich
plasma (PRP) injections, manual techniques, various exercise protocols to
modalities like high-power laser and nonsteroidal antiHinflammatory drugs.
Evidence suggested benefits from treatments like extensive muscle lengthening
during eccentric actions, progressive agility, and trunk stabilization. PRP
injections produced mixed results regarding return to sport and reinjury rates.
Stretching exercises, sometimes combined with cryotherapy, showed benefits.

Conclusion: Treatments for hamstring injuries exhibit varied efficacy.
Although rest, ice, compression, and elevation remains essential for acute
management, rehabilitation focusing on muscle strengthening and
flexibility is crucial. The potential benefits of PRP injections, especially for
chronic cases, require more conclusive research. A comprehensive
approach, combining evidence-based practices and patient-centric
factors, is vital for effective management and recovery.

Level of Evidence: Level IV. See Instructions for Authors for a complete
description of levels of evidence.
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HAMSTRING INJURY TREATMENTS AND
MANAGEMENT IN ATHLETES

A Systematic Review of the Current Literature JBJS Reviews 2023
e

Tehran Llniversicy .:gf'."ld" eedical Sciences,
Tehran, fran

TABLE Il Return-to-Sport Outcomes of RCT Studies®

Intervention Group Control Group
Return to Sport Return to Sport

Study Intervention Group (M) Mean = 5D Control Group (N) Mean = 5D
Askling et al, 2013% L-protocal (37) 2B+ 15 C-protocal (38) 51 + 21
Askling et al, 2014 L-protocal (28) 49 + 26 C-protocol (28) 86 + 34
Guillodo et al., 2015*? PRP + rehabilitation (15) 509+ 10.7 Rehabilitation (19) 528 = 157
A Hamid et al, 2014* PRP + PATS (12) 267 + 7.0 PATS (12) 425+ 206
Hamilton et al, 201 534 PRP + rehabilitation (28) 210 £ 126 Rehabilitation (27) 250 =66
Hamilton-2, 2015 PRP + rehabilitation (28) 210 £ 126 PPP + rehabilitation (30) 270103
Hickey et al, 2020 Pain allowed during 167 = 65 Pain free rehabilitation (22) 156 =45

rehabilitation (21}
Malliaropoulos et al, 2004™ Intensive rehabilitation (40) 132 0.7 Mormal rehabilitation (40) 150 =08
Medeiros et al, 2020% Low-level laser (11) 23+9 Placebo (11) 24 +13
Reurink et al., 2015%° PRP [41) 420 £ 20.7 Placebo (39) 420140
Sherry et al, 2004” PATS (13) 222 +83 STST(11) 374+ 276
Silder et al, 2013% PATS (16) 252 =63 Running and eccentric 288+114
rehabilitation (13)
Vermeulen et al, 2022** Early lengthening (38) 27629 Delayed lengthening (33) 313925
*PATS = progressive agility and trunk stabilization, PPP = platelet-poor plasma, PRP = platelet-rich plasma, RCT = randomized controlled trial, and
STST = 5Tatic STretching, isolated progressive hamstring resistance exercise, and icing.
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TOPIC 2 - IMAGING

Location of
Injury

MRI Findings

Ultrasound Findings

Hamstring
Strain

Injury findings and prognostication for hamstring strains

are typically classified by British Athletics muscle injury
classification (BAMIC) 121,134

Grading further subclassified by location:
a: myofascial

b: myotendinous junction

c: tendinous

Grade O:
Normal MRI or Patchy signal change throughout
one or more muscle

Grade 1:
< 10% Cross section area involvement
< 5¢m of length

Grade 2:

>10%, <50% Cross section area involvement
a,b: =5cm fiber disruption 5-15¢m length

c: <5¢cm length, no discontinuity in tendon

Grade 3:

Extensive tearing with high signal along area of
injury

>50% Cross section area involvement

a,b : >15cm of length and fiber disruption =5cm
C: > 50% Cross section area involvement, <5cm
length

Grade 4:
Full-thickness tear with retraction

Ultrasound for acute
hamstring strains will display
typical findings of acute
myotendinous injury: hypo-
echogenicity in area of injury,
most typically at the
myotendinous junction.

Grade :1

Poorly defined subtle
intramuscular changes, may
be hypoechoic or
hyperechoic, may have
swelling at the aponeurosis
minimal fiber disruption

Grade 2:

Partial tearing of fibers,
gapping may be seen.
Hemorrhage may appear
hyperechoic acutely, later in
course will appear
hypoechoic

Grade 3:

complete tearing with
discontinuity of muscle
fibers, mixed echogenicity or
hypoechoic gapping and
tendon retraction of muscle
which is highlighted with
passive movement.
Hemorrhage appearing
hyperechoic initially, later on
will appear hypoechoic 2™
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Characterization of acute effects of football
competition on hamstring muscles by muscle
functional MRI techniques Plos One 2024

Sandra Mecho ?*, Alicia Palomar-Garcia®*, Manuel Wong?, Juan C. Gallego'*?,
Francesc Lopez'?, Xavier Valle?, Ferran Ruperez?, Ricard Pruna®, Juan R. Gonzalez*>°,
Gil Rodas»*"®

Muscle functional MRI identifies changes in metabolic activity in each muscle and provides
a quantitative index of muscle activation and damage. No previous studies have analyzed
the hamstrings activation over a football match. This study aimed at detecting different pat-
terns of hamstring muscles activation after a football game, and to examine inter- and intra-
muscular differences (proximal-middle-distal) in hamstring muscles activation using
transverse relaxation time (T2)—weighted magnetic resonance images. Eleven healthy foot-
ball players were recruited for this study. T2 relaxation time mapping-MRI was performed
before (2 hours) and immediately after a match (on average 13 min). The T2 values of each
hamstring muscle at the distal, middle, and proximal portions were measured. The primary
outcome measure was the increase in T2 relaxation time value after a match. Linear mixed
models were used to detect differences pre and postmatch. MRI examination showed that
there was no obvious abnormality in the shape and the conventional T2 weighted signal of
the hamstring muscles after a match. On the other hand, muscle functional MRI T2 analysis
revealed that T2 relaxation time significantly increased at distal and middle portions of the
semitendinosus muscle (p = 0.0003 in both cases). By employing T2 relaxation time map-
ping, we have identified alterations within the hamstring muscles being the semitendinosus
as the most engaged muscle, particularly within its middle and distal thirds. This investiga-
tion underscores the utility of T2 relaxation time mapping in evaluating muscle activation pat-
terns during football matches, facilitating the detection of anomalous activation patterns that
may warrant injury reduction interventions.
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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 HSls, 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
AJSM 2024

(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-

Grade 2a shown on an axial short tau inversion thickness tear in the intramuscular portion of
recovery image of player’s left distal thigh. Arrow the right proximal long head biceps femoris (LHBF)
indicates edema in the long head of the biceps. tendon.
Edema is seen in up to 50% of the cross section of
the belly.
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Hamstrings on focus: Are 72 hours sufficient for recovery after a football (soccer)
match? A multidisciplinary approach based on hamstring injury risk factors and

histology J Sports Sci 2024

Gerard Carmona(%?, Lia Moreno-5imonet®, Pedro Luis Cosio®, Andrea Astrella=?, Daniel Fernandez®,
Joan Aureli Cadefau®, Gil Rodas™®", Cristina Jou', José César Milisenda™™, Maria Dolores Cano', Raquel Aranega’,
Mario Marotta™, Josep Maria Grau™=, Josep Maria Padullés® and Jurdan Mendiguchia®

ABSTRACT

This study aimed to assess acute and residual changes in sprint-related hamstring injury (H5I) risk factors
after a football {(soccer) match, focusing on recovery within the commonly observed 72-h timeframe
between elite football matches. We used a multifactorial approach within a football context, incorporat-
ing optical and ultrastructural microscopic analysis of BFlh {biceps femoris Tong head) muscle fibres,
along with an examination of BFih fibre compesition. Changes in sprint performance-related factors and
HSI modifiable risk factors were examined until 3 days after the match (MD , 1) in 20 football players. BFIh
biopsy specimens were obtained before and at MD 5 in 10 players. The findings indicated that at MD 5,
sprint-related perfformance and H5I risk factors had not fully recovered, with notable increases in localized
BFlh fibre disruptions. Interestingly, match load (both external and internal) did not correlate with
changes in sprint performance or HSI risk factors nor with BFIh fibre disruption. Furthermore, our study
revealed a balanced distribution of ATPase-based fibre types in BFlh, with type-ll fibres associated with
sprint performance. Overall, the results suggest that a 72-h recovery period may not be adeguate for
hamstring muscles in terms of both H5I risk factors and BFlh fibre structure following a football match.

Proportion of fibres with
disruptions (% total)
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Relationships between quantitative magnetic resonance imaging measures
at the time of return to sport and clinical outcomes following acute

hamstring strain injury J Biomech 2024

Christa M. Wille *-"*, Samuel A. Hurley “, Mikel R. Joachim **, Kenneth Lee “,
Richard Kijowski ", Bryan C. Heiderscheit™

e 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

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

 Diffuse tensor imaging (DTIl) — 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
guantitative MRl measures at RTS following HIS with
between-limb eccentric hamstring strength and reinjury
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Relationships between quantitative magnetic resonance imaging measures
at the time of return to sport and clinical outcomes following acute

hamstring strain injury J Biomech 2024

Christa M. Wille ", Samuel A. Hurley ", Mikel R. Joachim ", Kenneth Lee d
Richard Kijowski ", Bryan C. Heiderscheit """

ABSTRACT

Hamstring strain injuries (HS[) are a common ceccurrence in athletics and complicated by high rates of reinjury.
Evidence of remaining injury observed on magnetic resonance imaging (MRI) at the time of return to sport (RTS)
may be associated with sirength deficits and prognostic for reinjury, however, conventional imaging has failed to
establish a relationship. Quantitative measure of muscle microstructure using diffusion tensor imaging (DTI) may
hold potential for m&gsﬁng a possible association between injury-related structural changes and clinical ouwt-
comes, [he purpose of this study was to determine the assoclation of K15 MAL-Dased quantitative Measures, such

as edema volume, muscle volume, and DTI metrics, with clinical outcomes (Le., strength and reinjury) following
H5L Spearman s correlations and FIFth I0RISHC Fegressions were Used [0 delermine relatonships in between-limb
imaging measures and between-limb eccentric strength and reinjury status, respectively. Twenty injuries were
observed, with four reinjuries. At the time of RTS, between-limb differences in eccentric hamstring strength were
significantly associated with principal effective diffusivity eigenvalue &) (r = -0.64, p = 0.003) and marginally
assoclated with mean diffusivity (r = -0.46, p = 0.056). significant relatlonships between other MEI-Dased
measures of morphology and ecceniric strength were not detected, as well as between any MRI-based mea-
sure and reinjury status. In conclusion, this preliminary evidence indicates DTI may track differences in
hamstring muscle microstructure, not captured by conventional imaging at the whaole muscle level, that relate to
eccentric strength.

Muscle Boundaries ; Injury ROI Identified at TOI é Registered Injury ROI at RTS
>

e W

" A by

E’r:f\h / \ ’
aFlh M
5T SM

Fig. 1. Mean quantitative diffusion metrics were calculated within manually outlined regions of injury (ROI) on the injured limb defined by the hyperintense region
of signal on T2-weighted imaging at the time of injury (TOI). Injury ROIs were registered to follow-up scans at return to sport (RTS) (peach arrow). For between-limb
comparisons, ROIs were mirrored and manually registered to the uninvolved limb (white arrow). Data shown are from one slice of a representative participant. Biceps
femoris short head (BFsh), biceps femoris long head (BFIh), semitendinosus (ST), semimembranosus (SM).
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TOPIC 3 — RETURN TO SPORT
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Prognosticating Return-To-Play Time Following
a Hamstring Strain Injury Using Early Flexibility
Asymmetry and Musculoskeletal Ultrasound

Imaging Outcomes: An Exploratory Study Among -
Canadian University Football Players Clin J Sport Med 2024

Patrick Gendron, PT, BSc,” Martin Lamontagne, MD,* {3+ Camille Fournier-Farley, MD, 15§ and Dany H. Gagnon, PT,
PhD1§

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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Prognosticating Return-To-Play Time Following
a Hamstring Strain Injury Using Early Flexibility Clin J Sport Med 2024
Asymmetry and Musculoskeletal Ultrasound :

Imaging Outcomes: An Exploratory Study Among

Canadian University Football Players

Patrick Gendron, PT, BSc,” Martin Lamontagne, MD, "1 Camille Foumnier-Farley, MD, 15 and Dany H. Gagnon, FT,
PhD1§&

Abstract

Objective: Identify key flexibility and point-of-care musculoskeletal ultrasound (POCUS) measures for prognosticating retum-D
play (RTP) following a first hamstring strain injury (HSI) and informing the clinical decision-making process. Design: Exploratory
prospective cohort study. Setting: Sport medicine and rehabilitation clinic of a Canadian university. Participants: One hundred
and sixty-seven elite Canadian university football athletes followed over 5 seasons. Interventions: Clinical and POCUS measuras
collected within 7 days after HSl and préeseason clinical measures. Main Outcome Measureas: Active knee extension (AKE) and
Straight Leg Raise (SLR) to quantify hamstring flexibility, POCUS-related outcomes to characterize tissue alteration, and HTP until
full sport resurmption were documented (categonzed as Early [1-40 days) or Late [=40 days] RTP). Results: A total of 19 and 14
athletes were included in the Early RTP (mean RTP = 28.84 * 8.62 days) and Late RTP groups (mean 51.93 * 10.54 days),
respectively, after having been diagnosed with a first H3l. For the clinical results, height and a greater flexibility asymmetry measure
with the AKE or SLR when compared with both ipsilateral preseason and acute contralateral values significantly increases the
chance of facing a long delay before retuming to play (e, RTP). For the POCUS-related results, the Peetrons severity score, extent of
the longitedinal fibrillary atteration, and novel score lead to similar results. Concluslons: Early hamstring flexibility asymmetry

following acute HSI, particularly the AKE, along with some POCUS-related measures are valuable in prognosticating late RTP
following among Canadian university football athletes.

Keay Words: musculoskeletal abnormalities, pain, rehabilitation, sports medicine, ultrasonograpkry
(Ciinn J Sport Med 2024;34:436—-443)
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Prognosticating Return-To-Play Time Following
a Hamstring Strain Injury Using Early Flexibility
Asymmetry and Musculoskeletal Ultrasound

Imaging Outcomes: An Exploratory Study Among :
Canadian University Football Players Clin J Sport Med 2024

Patrick Gendron, PT, BSc,” Martin Lamontagne, MD, "1 Camille Foumnier-Farley, MD, 15 and Dany H. Gagnon, FT,
PhD15§

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

- L JHealth
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Research Article

Biceps Femoris Fascicle Lengths Increase after Hamstring Injury

Rehabilitation to a Greater Extent in the Injured Leg Translational S po rts

Medicine 2022

Rod Whiteley (*," Jack T. Hickey ,”* Robin Vermeulen ©,"* Ryan Timmins ©,*"*
Thomas M. Best,° Ebonie Rio ),” and David Opar ™"

Objectives. Document changes in fascicle length during rehabilitation from hamstring injury of the injured and uninjured
legs and secondarily to describe any association between these changes and reinjury rate. Design. Multicentre case series.

Methods. Fiﬁjr'-twu prospectively included hamstring injurl:uli athletes had their biceps femoris long head fascicle ]-L"I'.IE_tI.'lS
measured at the start and end of rehabilitation using two-dimensional ultrasou nd. Absolute and relative changt& in fascicle

length were compared for each leg using linear mixed models. Participants were followed for six months after being cleared
to return to sport for any reinjury. Fascicle lengths and rehabilitation duration were compared for those who reinjured and
those who did not. Results. Injured leg fascicle length was shorter at the start of rehabilitation (9.1 cm compared to 9.8cm,
p<0.01) but underwent greater absolute and relative lengthening during rehabilitation to 11.1 cm (18% increase) compared
to 10.2 cm (8% increase, p < 0.01 ) for the uninjured leg. There were no significant differences in any fascicle length parameter
for the 5 participants who reinjured in the 6 months following their return to sport compared to those that did not reinjure.
Conclusions. While both injured and uninjured legs displayed increases in fascicle length during rehabilitation, the larger
fascicle length increases in the injured leg suggest that either a different training stimulus was applied during rehabilitation
to each leg or there was a different response to training and/or recovery from injury in the injured leg. Reinjury risk appears
to be independent of fascicle length changes in this cohort, but the small number of reinjuries makes any
conclusions speculative.
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Early introduction of high-intensity eccentric

loading into hamstring strain injury rehabilitation

Jack T Hickey ', Ebonie Rio %, Thomas M Best , Ryan G Timmins 4, Nirav Maniar #,
Peter F Hickey °, Morgan D Williams ©, Christian A Pitcher 7, David A Opar *

Abstract

J Sci Med Sports

2022

Objectives: This study aimed to investigate the number of days following hamstring strain injury (HSI)

taken to introduce high-intensity eccentric loading (HIEL) into rehabilitation based on exercise-

specific progression criteria, and whether pain resolution during isometric knee flexion strength

testing occurred before or after this milestone.

Design: Cohort study.

Methods: We included 42 men (mean + sd; age = 26 = 5 years; height = 181 £+ 8 cm; mass = 86 £ 12

kg) with HSIs, who performed fully supervised rehabilitation twice per week until they met return to

play clearance criteria. Isometric knee flexion strength testing was completed before every

rehabilitation session and HIEL was introduced via the Nordic hamstring exercise and unilateral slider

once participants could perform a bilateral slider through full eccentric knee flexion range of motion.

We reported the median (IQR) number of days following HSI taken to introduce HIEL, along with

participant's pain rating during isometric knee flexion strength testing before that rehabilitation

session. We also reported the median (IQR) number of days following HSI taken for participants to

achieve pain resolution during isometric knee flexion.

Results: HIEL was introduced 5 (2-8) days following HSI, despite 35/42 participants reporting pain

during isometric knee flexion strength testing immediately prior to that rehabilitation session, which

was rated as 3.5 (3-5) on a 0-10 numeric rating scale. Pain resclution during isometric knee flexion

strength testing was achieved 11 (9-13) days following HSI.

Conclusion: HIEL can be safely introduced into early HSI rehabilitation based on exercise-specific

progression criteria, without needing to wait for pain resolution during isometric knee flexion strength

testing before doing so.
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Topic 4 — INJURY PREVENTION

A Dynamic, Recursive Model of Sport Injury

Infrinsic
Risk

Factors P"GWOBS/

l

Exposure to

Exirinsic Risk Factors

Predisposed
Athlete

Susceptible
Athlste

Recovery

l No Recovery

Removed from Parficipation
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Hamstring Strain Injury Risk Factors in
Australian Football Change over the Course of

the Season
Med Sci Sports Exer 2023

AYLWIN SIM'Z, RYAN G. TIMMINSG™, JOSHUA D. RUDDY™, HAIFENG SHEN'Z, KEWEN LIAO'~,
NIRAV MANIAR*?, JACK T. HICKEY***, MORGAN D. WILLIAMS®, and DAVID A. OPAR>#

ABSTRACT

SIM, AL, B G. TIMMINS, J. D. RUDDY, H. SHEN, K. LTAO, N. MANIAR, 1. T. HICKEY, M. . WILLIAMS, and D. A. OPAR. Ham-
string Strain Inpury Rk Factors o Australian Football Change over the Course of the Season. Med Sci Sports Exerc.,
Wol. 36, No. 2, pp. 297306, 2024, Background/aim: This study amed to determane which factors were most predictive of hamsinng stram
ingury {H&[) duning different stages of the competition in professional Australian Football. Methods: Across tawo competitive scasons, eccen-
inc knee flexor strength and ceps femons long head architecture of 311 Australian Foothall plavers (435 player scasons ) were assessed at the
start and end of preseason and in the nmaddle of the competitive season. Detanls of any prospective HS1 were collated by medical staft of par-
ticipating teams. Multple lomstic regression models were bualt to identily important nsk factors for HSI at the different time points across the
season. Resulis: There were 16, 33, and 21 new HS1s reporied in preseason, carly in-scason, and late in-season, respechvely, across two com-
pefrive seasons. Multivanaie lomstic regression and recursive feature selechon revealed that nsk factors were different for prescason, eary

in-season, and late mn-season HS1s. A combinabion of preveous HS1, age, hewght, and muscle thickness were most associated with preseason
inurnes (madean area under the curve [AUC], (L83). Pennaton angle and fascicle length had the strongest association with early in-season
injunes (median AUC, 0U86). None of the nput vanables were associated with late in-season mpurees (median AUC, 0046 ) The identification
of carly in-scason HSI and late m-season HSI1 was not improved by the magnitusde of change of data across prescason (median AUC, 067,
Conclusions: Rk factors assoceied with prospective HS1 were different across the scason m Austraban Rules Football, with nonmodifable
factors (previous HSI, age, and hewrht) mostly associated wiith preseason myunes. Early in-season HS1 were associated with modifeable factors,
notably biceps femons kong head architectural measures. The prediction of in-season HS1 was not improved by assessing the magmiude of
change in data across prescason. Key Words: HAMSTRING, INJURY, AUSTRALIAN FOOTBALL SEASON
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Return-to-play (RTP) model for hamstring injuries in football. GPS, global positioning system.
RTP MODEL FOR HAMSTRING INJURIES IN FOOTBALL

RTP DECISION MAKERS
(multidisplinary decision)

FITNESS TRAINER PHYSICAL THERAPIST

SPORTS PHYSICIAN

Nick van der Horst Br J
Sports Med
doi:10.1136/bjsports-2017-
098630

DEFINITION OF RTP

The moment the player has received
criteria-based medical clearance and
is mentally ready for full availability for
match selection and/or full training

RTP CRITERIA RTP CRITERIA
TO INCLUDE POTENTIAL RTP CRITERION® TO EXCLUDE

Absence of pain on palpation Similar eccentric hamstring Similar concentric / isometric
strength? ¢ hamstring strength?

Absence of pain during Neuromuscular function
strength and flexibility testing

Absence of pain during

functional performance MRI

Absence of pain after Completion of a number of
functional testing full friendly matches

Similar hamstring flexibility? Completion of a number of
Both the passive and active straight full training sessions
leg raise test should be assessed

Psychological readiness /
athlete’s confidence

Performance on field testing:
* Repeated Sprint Ability test

* Deceleration drills

* Single leg bridge

* Position specific GPS

targeted match specific
rehabilitation

Medical staff clearance

2 0-10% difference compared to pre-injury data and/or uninjured side - depending on which data are available or are

most reliable for the individual player according to the medical staff.

b Expert panel remained divided on this criterion but agreed that both visions should be included as a potential criterion.

¢ There were two differing views in the Delphi group. 1: This item is important as the eccentric phase is the contraction mode in which
injury occurs and that strength asymmetries should be eliminated because they can increase injury risk; 2: strength measurements
are not functional, asymmetries are normal, and reliability of strength measurement is influenced by many factors.

©2017. UMC Utrecht.
All rights reserved.




The development of a HAMstring '

InjuRy (HAMIR) index to mitigate injury risk BMC Sports Science,
and data analytics: protocol for an observational
cohort study 2023

Bryan C. Heiderscheit'", Silvia S. Blemker?, David Opar®, Mikel R. stiffler-loachim’, Asheesh Bedi®, Joseph Hart®,
Brett Mortensen®, Stephanie A Kliethermes'” and The HAMIR Study Group

Abstract

Background: The etiology of hamstring strain injury (H31) in American football is multi-factorial and understanding
these risk factors is paramount to developing predictive models and guiding prevention and rehabilitation strategies.
Many player-games are lost due to the lack of a clear understanding of risk factors and the absence of effective meth-
ods to minimize re-injury. This paper describes the protocol that will be followed to develop the HAMSstring InjuRy
(HAMIR) index risk prediction models for H3l and re-injury based on morpholoqgical, architectural, biormechanical and
clinical factors in National Colleglate Athletic Assaciation Division | collegiate football players.

Methods: A 3-year, prospective study will be conducted involving collegiate football student-athletes at four institu-
tions. Enrolled participants will complete preseason assessments of eccentric hamstring strength, on-field sprinting
biomechanics and muscle-tendon volumes using magnetic-resonance imaging (MRI). Athletic trainers will monitor
injuries and exposure for the duration of the study. Participants who sustain an HSl will undergo a clinical assessment
at the time of injury along with MRI examinations. Following completion of structured rehabilitation and return to
unrestricted sport participation, clinical assessments, MRl examinations and sprinting biomechanics will be repeated.
Injury recurrence will be monitored through a 6-month follow-up period. HAMIR index prediction models for index
H5I injury and re-injury will be constructed.

Discussion: The most appropriate strategies for reducing risk of H3l are likely multi-factorial and depend on risk
factors unigue to each athlete. This study will be the largest-of-its-kind (1200 player-years) to gather detailed informa-
tion on index and recurrent HSI, and will be the first study to simultaneously investigate the effect of morphological,
biomechanical and clinical variables on risk of HS! in collegiate football athletes. The quantitative HAMIR index will

be formulated to identify an athlete's propensity for H5l, and more importantly, identify targets for injury mitigation,
thereby reducing the global burden of H5l in high-level American football players.
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STUDY PROTOCOL Open Access

The development of a HAMstring L

InjuRy (HAMIR) index to mitigate injury risk BMC Sports Science,

through innovative imaging, biomechanics, Medicine and Rehabilitation
and data analytics: protocol for an observational

cohort study 2022

Bryan C. Heiderscheit'", Silvia S. Blemker?, David Opar®, Mikel R. stiffler-loachim’, Asheesh Bedi®, Joseph Hart®,
Brett Mortensen®, Stephanie A Kliethermes'” and The HAMIR Study Group

([ Annual Baseline Testing B
* Demographics
Iy % * Injuryhistory
* HaOS
Prospective, Multi-site, Longitudinal Tracking of Hamstring Strain Injuries in « MR!
College Football Estimated Screening and Assessments Estimated W ovar 3-year study period * Hamstringstrength
#‘ 1,200 basedng scraanings 8 * Sprintingbiomechanics )
4 NCAA Division | 180 post-HE| assassmants
Siudy Sites 3 re-inpury assessments
L 4
Per site: 300 player-years; 54 fotal injuries Injury Surveillance
Alm 1: Davelop clinical prediction model for HS| based on morphalogical, architactural, bomechanical, & * DailyHSiandatherinjury | o -
cirical factors & establish e HAMIR index * Weekly athletic exposure -
(practice/competition) 1
i
Bageling HEFHI"I"‘IH I
(Estimatad N = 400/ yaar] e it fr H | e Eﬂ:‘f”rﬁ - :
Imaging, on-feld sprinting, eccantric slrengih ¥ i
1
1
| i
|
1
. = Return to Sport 1 I
Post-HE| assesaments Monitor for Posi-HEI assesaments Data Coordinating Center Time of Injury o NS :
Imaging, on-field sprinting,  fe—f re-injury [ maging, on-field springng, American Medical Socety for Sports Medicne o * Clinicalexam (pain, function) I
mml'":_ E-D'Er'll;ﬂ"l ‘H';':E'I.I"l: 51|'a|1m1'| E'JIIHJ:H:TH"UE RE‘!E'HI'U'I HE“‘!’DI'F. * Clinicalexam (pain, functnon) - « FASH [ ]
* Treatment records : I
. FASH * Hamstring strength 1
Cata endry | * Sprintingbiomechanics i 1
A 2: Develop elinical predicion model for HS1 re-njury & establiah the HAMIR re-injury index. Data collection overeight ? H No Re-injury
A 4
: ¥ Re-injury Surveillance :
k hag I PP Y P 2 LD 2 LI PRI 11 By PP PR | (6 months) I
Fig. 1 Overall design of the 3-pear HAMIR study. NCAA, National Collegiate Athletic Assaciation bme| Reinjury [memel - DailyHs! [
- 4 « Weekly athletic exposures
by (practice/competition)
v
Fig.2 Annual injury tracking and data collection process. HaOS, Hamstring Outcome Score; FASH, Functional Assessment Scale for Acute
Hamstring Injuries
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Multimodal Approach to Mitigating Hamstring Injuries in Di-
vision I College Football Athletes: A Project Report

Jetfrey T Ruiz*?, Ignacio A. Gaunaurd?, Thomas M. Best!, David Feeley!, Bryan Mann?!, and Luis A, Feigenbaum?-**

L DEPA.I‘hJ‘L-EI‘L‘t of Athletice, LTri'l.rersi:_'.' of beliami, Coral Gablas, FL 33146, 1TS54 MDPI 2 O 2 4

z ]:IeP;u.rh:'L-:n'I: D.I:'Fl':_f.'s:ic:ll TE'l.era.]:rF_. 'L.'rl;'vezsi.i'_l.-' of MMiami: Coral Gables, FL 33145 1TS54
! UHealth Sports headicne Institute, Uniwversity of Miami, Coral Gables, FL 35146, 1134

Definition: Hamsfring injuries (HSI} are common In sports requiring high-speed change of direc-
tion, kKicking, and sprinting. H5I are a significant reason for time-loss in fraining, practice, and com-
petiion and increased healthcare costs. The primary step in addressing F51 1= to prevent the initial
mjury. A mulfi-factorial approach implemented with a collegiate Division I varsity football program
that included serial administration of outcomes, data interpretation, and adopted a programmat-
cally fluid strength and condiioning program, resulted in no game time-loss due to H5I owver a three-
wvear period.
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Multimodal Approach to Mitigating Hamstring Injuries in Di-
vision I College Football Athletes: A Project Report

Jetfrey T Ruiz*?, Ignacio A. Gaunaurd?, Thomas M. Best!, David Feeley!, Bryan Mann?!, and Luis A, Feigenbaum?-**

! Dwpartment of Athlstics, Univarsity of Miamd, Coral Gables, FL 33146, TT5A MDPI 2024

2 D'-:Pm'hnﬂrl: :l.I:'Ph_f,rs-i::ll '1"|1.-=r.:.]:r_l;'_. U:I.'Li"i'ﬂsi‘l}l' of MMiami: Coral Gables, FL 33145 1TS54
3 UFl=alth Sports hMeadicine Institute, Undwersity of Mliami, Coral Gables, FL 35146, TT3A
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Multimodal Approach to Mitigating Hamstring Injuries in Di-
vision I College Football Athletes: A Project Report

Jeffrey T Ruiz**, Ignacio A. Gaunaurd?, Thomas M. Best:, David Feeley?, Bryan Mann, and Luis A, Feigenbaum®* MDPI 2024
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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 O-game time loss, resulting in @ 100% decrease
over two seasons.
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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
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Thank-you !

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