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Abstract 

Background: Hamstring strain injury remains persistently high in sports, highlighting the need for additional investigation of its predisposing 
variables. Despite hamstring injury being well investigated, there’s a lack of studies on changes in echo intensity and shear wave elastography of 
hamstrings among athletes with a history of injury, which could be considered modifiable risk variables. Objectives: To examine echo intensity and 
shear wave elastography characteristics of previously injured hamstrings among athletes, assessing the differences between the injured leg and 
controls. Methods: This systematic review will focus on studies reporting echo intensity and shear wave elastography characteristics of athletes 
with a history of hamstring strain injury compared to a control group. The search strategy will locate studies written in English from 1990 to 2023 
using four electronic databases: PubMed, EBSCO (CINAHL and Medline), Science Direct, and Web of Science. Studies reporting measures using 
imaging other than ultrasound and where no diagnosis of hamstring strain has been made will be excluded. Two independent reviewers will screen 
and critically appraise the studies using the McMasters Critical Review Form. Two reviewers will independently extract relevant data and present 
a descriptive synthesis. A meta-analysis will be conducted when two or more studies provide data for the same outcome measure. Expected 
Results: This review can better understand hamstring maladaptation to injury. Utilizing echo-intensity and shear wave elastography as objective 
outcome measures can inform clinical practice toward developing an effective rehabilitation program for injury prevention. 
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INTRODUCTION

Hamstring strain injuries, defined as sudden 
posterior thigh pain that requires an instant 
cessation of practice or competition, are severe 
for athletes engaged in running-based sports.1–3 
It is the most frequent non-contact injury in 
professional sports, accounting for 37% of all 
muscle traumas.4,5 With a high recurrence rate of 
14% to 63% within two years of the first injury 
and 59% occurring within a month of returning 
to the sport, more playing time is lost, and 
greater recovery time is required for recurring 
injuries compared to the first episode.6,7 A prior 
history of strain injury is the most critical 
predictor of re-injury, so a greater 

understanding of the consequences of 
maladaptation after muscle damage is required.7 

Ultrasound has been the preferred imaging 
technique to visualize alterations in muscle 
tissue because it is safe, inexpensive, and widely 
available.8 Fascicle length, pennation angle, 
cross-sectional area, and muscle thickness are 
conventional sonographic features used in 
analyzing muscular changes after injury.   
However, newer techniques such as echo 
intensity and shear wave elastography are being 
investigated to determine muscle quality and 
stiffness changes, respectively.   Echo intensity is 
a quantitative parameter derived from 
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ultrasound that measures the amount of sound 
waves a tissue reflects. It is determined by 
calculating the average intensity of black and 
white pixels in an image expressed in arbitrary 
units from 0 to 255, respectively, using software 
programs such as ImageJ.9 Lower echo intensity 
values indicate better muscle quality since fat 
and connective tissue are more reflective than 
muscle, leading to higher values in areas with 
higher fat and connective tissue content. Echo 
intensity is a valuable tool for tracking the 
progress of rehabilitation and an indirect 
measure of muscle quality and damage since 
muscle damaged by exercise or injury is more 
echogenic than normal muscle.10 

Shear wave elastography is an ultrasound 
technique that measures the stiffness or 
elasticity of tissues in meters per second or 
Young’s modulus in pascals.11 It involves 
generating and tracking shear waves within the 
tissue to assess their mechanical properties, 
wherein stiffer tissue propagates the shear wave 
faster.12 Shear wave elastography is a novel 
technology that characterizes stiffness in muscle 
diseases such as Duchenne Muscular Dystrophy, 
cerebral palsy, and Parkinson's disease. In 
sports, understanding muscle elasticity is 
integral to injury prevention, enhancement of 
muscle performance, and overall athletic 
capabilities.8 

Strain injury causes sequential phases of the 
healing process, starting with myofiber necrosis 
and hematoma, inflammation, muscle 
regeneration, remodeling, fibrosis, and scar 
tissue formation.13 Most studies investigating the 
validity and clinical potential of ultrasound echo 
intensity and shear wave elastography to 
monitor changes after an injury were performed 
as experimental animal studies.12,13 These 
studies would induce injury in rats and rabbits 
and monitor changes in muscle quality and 
stiffness after injury. According to Peixinho et 
al.'s 2013 study, the average mean pixel 
intensity for the injured region of the rat’s leg 
was significantly lower immediately following 
the injury and significantly higher at day 28.13 
This increase in echogenicity is linked to the 
development of scar tissue, which gives the 
initial strength it needs to withstand contraction 
forces before the repair process is complete.13 
Similar findings at day 28 post-injury were seen 

in the study of Zhou et al. 2018 for the injured 
region of the rabbit's leg. Young's modulus value 
was significantly correlated with scar tissue 
formation and histopathological findings of 
increased collagen fibers.12 

Scar tissue among athletes has been identified 
adjacent to the injured area as early as six weeks 
and as late as 23 months after the initial injury.14 
A study comparing the effects of early versus 
delayed loading following muscle strain injuries 
reported that a delay in loading of damaged 
muscle tissue considerably prolongs return to 
sport.15 Hence, evaluation of echo intensity can 
provide better insight regarding muscle loading 
following strain injury. Scar tissue formation as 
part of the healing process in a strain injury may 
render the musculotendon unit stiffer, 
assessment of which might help estimate the 
amount of muscle damage.16 Elastography could 
aid in identifying stiffer muscles such that 
stretching interventions may target these 
muscles during rehabilitation.  

Despite hamstring injury being well investigated, 
there are continued controversial findings and a 
need for more consensus on its modifiable risk 
variables.17  A systematic review on the effect of 
previous injury on hamstring muscle 
architecture characteristics such as fascicle 
length, pennation angle, cross-sectional area, and 
muscle thickness using ultrasound and magnetic 
resonance imaging has been published recently, 
but it did not include elastography and echo 
intensity as part of the outcome measures.18 

To our knowledge, alterations in echo intensity 
and shear wave elastography of hamstring 
muscle after a previous injury have yet to be 
systematically reviewed. It is essential to 
determine whether the injury affects only the 
injured leg so that the function of the uninjured 
leg can be used as a reference for rehabilitation 
or if individuals with a history of strain exhibit 
differences in quality and stiffness compared to 
those without injury. If differences and 
associations are identified, screening athletes for 
these changes could provide better insight to 
clinicians and health-allied professionals 
involved in the care of athletes into designing an 
effective rehabilitation program and training to 
prevent injuries. Therefore, this study aims to 
examine echo intensity and shear wave 



PJAHS • Volume 7 Issue 2 2024 • (doi:10.36413/pjahs.0702.007) 

60 

 

elastography characteristics of previously 
injured hamstrings among athletes, looking at 
the differences between the injured and non-
injured and injured leg with controls. 

 

METHODS 

This systematic review protocol is based on the 
Preferred Reporting Items for Systematic Review 
and meta-analysis protocols (PRISMA-P).19 The 
review protocol was prospectively registered on 
the database for Open Science Framework 
https://osf.io/5ckdh.  

Database Sources and Search Criteria. The 
following databases will be searched from 1990 
until 2023: PubMed, EBSCO (CINAHL and 
Medline), Science Direct, and Web of Science. 
Searches will be limited to the English language. 
The search terms will be developed using the 
PICO (Population, Investigated condition, 
Comparison condition, Outcome) framework. 
This will include population: adult athletes; 
investigated condition: hamstring strain injury; 
comparison condition: athletes with hamstring 
strain injury to those without injury or athletes’ 
injured leg with their healthy contralateral leg; 
outcome: echo intensity and shear wave 
elastography characteristics of injured 
hamstring. The following search terms will be 
used for all databases: (Athletes [Mesh] OR 
athlete*) AND (Hamstring* OR semitendinosus 
OR semimembranosus OR “biceps femoris” OR 
“posterior thigh”) AND (Injur* OR strain) AND 
(“echo intensity” OR “shear wave elastography”), 
truncated as required. An example of the search 
terms used for PubMed is below (Table 1).  
 
Table 1. Sample search strategy from PubMed 

Search strategy Results 
1. (Athletes [Mesh] OR athlete*) 74,226 
2. Hamstring* OR semitendinosus OR 

semimembranosus OR “biceps 
femoris” OR “posterior thigh” 

18,761 

3. injur* OR strain 2,568,174 
4. “echo intensity” OR “shear wave 

elastography” 
4,495 

5. ((Athletes [Mesh] OR athlete*) 
AND (Hamstring* OR 
semitendinosus OR 
semimembranosus OR “biceps 
femoris” OR “posterior thigh”) 
AND (injur* OR strain) AND (“echo 
intensity” OR “shear wave 
elastography”)) 

 
 

6 

*Date last searched: December 9, 2023 
 

Inclusion and Exclusion Criteria. The following 
study designs will be included for review: 
randomized controlled trials, non-randomized 
controlled trials, analytical observational studies, 
case-control studies, and cross-sectional studies. 

Studies will be included if published in peer-
reviewed journals, and participants are athletes 
aged 18 years or older. Non-human studies, 
studies not diagnosing a hamstring strain, and 
studies using children will be excluded. Table 2 
displays full inclusion and exclusion criteria. 
(Table 2.) 
 
Table 2. Selection criteria 

Inclusion  Exclusion 

• Participants are adult 
athletes (aged 18 years 
or older) with 
hamstring strain injury 
compared to a control 
group (without injury 
or their contralateral 
uninjured leg) 

• Conducted any of the 
outcome measures 
using ultrasound: echo 
intensity, shear wave 
elastography 

• Peer-reviewed 
publication 

• Written in the English 
language 

• Measures other than 
diagnostic ultrasound 

• Studies where no 
diagnosis of 
hamstring strain has 
been made 

• Animal studies 

 

Study Screening. The electronic search will be 
performed independently by two authors (B.F. 
and C.R.) with citations exported to reference 
management software. After the removal of 
duplicates, relevant studies will be imported into 
Covidence software (Covidence systematic 
review software, Veritas Health Innovation, 
Melbourne, Australia), where the title and 
abstracts will be independently screened for 
eligibility by two authors (B.F. and C.R.) 
following the inclusion and exclusion criteria. 
Full texts that meet the inclusion criteria will be 
further assessed independently by two authors 
(B.F. and C.R.). The references of included studies 
will be reviewed to identify additional pertinent 
studies. Any disagreements between the 
included and eliminated studies will be settled 
by discussion and consensus with another 
reviewer (C.S.) if needed. 

https://osf.io/5ckdh
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Quality Assessment. The methodological 
quality of the included studies will be 
independently evaluated by two reviewers (B.F. 
and C.R.) using the McMasters Critical Review 
Form of Quantitative studies.16 An inter-rater 
reliability will be performed to assess the 
agreement of the two assessors. Standardized 
rules for each item's interpretation and scoring 
will be applied.16 Items will be scored 1 (fulfills 
the requirement entirely) or 0 (does not 
completely fulfill the criterion). Each reviewer 
will independently score the risk of bias, with 
differences in scoring to be settled by discussion 
or with another reviewer (C.S.) if needed. A total 
quality score will be calculated from the 16 
closed-ended questions. It will then arbitrarily 
be divided into five categories: poor (scoring 6–
8), fair (score 9–10), good (score 11–12), very 
good (score 13–14), and excellent (score 15–
16).17 A study with a poor score of 8 or less over 
16 will be excluded from the review. 

Data extraction. Two reviewers (B.F. and C.R.) 
will extract relevant data from the included 
studies using a purpose-built extraction tool. Any 
reviewer differences will be settled by discussion 
and consensus with another reviewer (C.S.) if 
needed. A pilot test will be performed for the 
data extraction form with five articles for data 
validation and reviewer validity. The following 
data will be collected from the included studies: 
authors and year publication; aims of the study; 
study design; characteristics of the participants 
in the study (age, gender, sports activity, height, 
weight, body mass index); ultrasound outcome 
measure assessed; injured muscle tested; 
description of the control group; results of echo 
intensity and shear wave elastography including 
values and primary outcomes (means and 
standard deviation, p-value) for the injured and 
control groups and conclusion. The secondary 
outcome to be collected is the imaging 
methodology (patient preparation, machine 
used, probe positioning, anatomic landmark, and 
state of muscle tested). The authors will be 
contacted for missing data and the need for 
additional information. 

Data Synthesis. Results will be reported using a 
narrative synthesis and tables to incorporate the 
included studies' methodological quality scores 
and general characteristics. A meta-analysis will 

be done when two or more studies provide data 
for the same outcome measure of the same 
muscle to compare the injured and uninjured 
limbs of athletes with a previous hamstring 
strain and between athletes with hamstring 
strain injury and controls. It will be conducted by 
applying the random-effects model to account 
for potential methodological heterogeneity. The 
standardized mean differences and 95% 
confidence intervals will be calculated. The 
heterogeneity of the included studies will be 
assessed using the I2 statistic. A best-evidence 
synthesis will be conducted if meta-analysis will 
not be possible. 

 

EXPECTED RESULTS 

This systematic review will provide evidence of 
significant differences in the quality and stiffness 
of the injured hamstring compared to the 
uninjured leg or healthy controls. Screening 
athletes for these changes could give clinicians 
and health-allied professionals involved in the 
care of athletes better insight into designing an 
effective rehabilitation program and training to 
prevent injuries.  

 

Supplementary Files 

Supplementary Material A: PRISMA-P Checklist 

Supplementary Material B: Data extraction 
instrument 
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