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these exercises, the exact reason why this is the case is unknown. This is then one of the 

limitations of this study.   

Nordic exercises in literature have shown to be highly effective in the rehabilitation of hamstring 

injuries and are used at the highest level of sport that involve sprinting (Cuthbert, Ripley, 

McMahon, Evans, Haff & Comfort, 2020). However, it has not changed the high incidence of 

recurrent hamstring injuries.  

These aspects of lumbo-pelvic neuromuscular rehabilitation are highly recommended in 

literature to prevent recurrent hamstring injuries (Sherry & Best, 2004). However, it may be that 

participants might have assumed these exercises fell under the group of exercises in lateral 

displacement and controlled landing and deceleration, direction changing tasks and pivoting. If 

this is the case, then this may have altered how the participants in the Delphi study answered this 

question.  

 
In the third round of the Delphi study, the exercises that consensus was reached on were put into 

the phase of tissue healing that was most appropriate in the rehabilitation process. These phases 

are the destruction phase, repair phase and the remodelling phase. 

 

The exercises in the destruction phase were: 

The diver and glider (Aspetar - Aspetar Hamstring Protocol, n.d.):  They are both hamstring 

gliders that introduce load to the hamstring during triple extension. Triple extension in sprinting 

is when the hamstring undergoes the greatest eccentric force. These don’t work on eccentric 

loading of the hamstring but require good lumbo-pelvic control due to the position and 

transitions of the rehabilitation tasks. 
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The single leg bridge with heel dig allows for isometric loading of the hamstring, while using the 

hamstring and the gluteus muscle to extend the hips forward, simultaneously controlling the 

pelvis to avoid it to drop (Aspetar - Aspetar Hamstring Protocol, n.d.). 

The band or cable hip extension works on both the concentric and eccentric loading of the 

hamstring while having to maintain lumbo-pelvic control. 

These four exercises are a good start for the hamstring rehabilitation process as they are able to 

control the amount of load placed on the hamstring and address lumbo-pelvic neuromuscular 

control. The ability to control the load is important so as not to overload and re-injure the healing 

tissue. 

 
The exercises in the repair phase, start to progress the loads endured by the hamstring, with a 

greater challenge on the system to control eccentric loads and lumbo-pelvic neuromuscular 

control. The three rehabilitation tasks that focus on these aspects are the single leg squat, lateral 

displacement and controlled landing drills. and deceleration, direction changing tasks and 

pivoting (Jiménez-Rubio et al., 2019). The fourth rehabilitation task in this phase is drills 

involving actions similar to injury mechanisms without external force. In this case it would be 

the act of sprinting. Assuming that the hamstring and supporting components were not working 

optimally or overloaded, which in turn resulted in the injury, we know that these components 

will need to be addressed in the rehabilitation process. As mentioned, the most vulnerable period 

is during triple extension in the sprinting gait. So, activities during this task could be to control 

the triple extension motion and then increasing the speed and force of deceleration. So, this may 

be done by breaking down the running gait and rehabilitating different phases of the running gait. 

This would be done while maintaining good lumbo-pelvic control. 

 

http://etd.uwc.ac.za



 52 

The exercises in the remodelling phase would start to place larger loads in terms of resistance 

and speed to try to replicate what the athletes' hamstrings will have to endure during their sports 

and more specifically sprinting and acceleration. Nordic hamstring exercises have shown to be 

very effective during the hamstring rehabilitation process and puts the hamstring through large 

eccentric and concentric loads while being able to maintain good lumbo-pelvic control (Aspetar - 

Aspetar Hamstring Protocol, n.d.).  Single leg deadlifts place the hamstring through the same 

respective loads but place larger emphasis on lumbo-pelvic neuromuscular control as most of the 

task requires transitions with a single leg stance. Then getting the athlete to perform running and 

sprinting tasks is an important part of the return to play criteria. Hence, the one exercise that 

consensus was reached is intermittent, adapted high-speed drills (Jiménez-Rubio et al., 2019). 

These drills will start the athlete at a speed that they are comfortable with and then slowly 

increase as they improve. During this type of drilling ongoing subjective monitoring should be 

done between the physiotherapist and athlete to monitor if the athlete can push, maintain, or 

lower the intensity of the run.  

 
Consensus was reached on the timing of these exercises for hamstring rehabilitation in the stages 

of tissue healing, but 3 participants felt that certain crucial rehabilitation tasks were missing from 

the chosen rehabilitation tasks and that the timing of the exercises was not appropriate for the 

stage of tissue healing. The two participants that felt that crucial rehabilitation tasks were 

missing from the chosen rehabilitation tasks, highlighted the results from the study by Sherry & 

Best 2004 as well as the omission of the A and B drill. The third participant felt that certain 

rehabilitation task was started to early which may cause the disruption of soft tissue healing 

(Crockett, 2011). 
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These findings have showed there is a significance in the inclusion of lumbo-pelvic 

neuromuscular control rehabilitation in the rehabilitation of Hamstring injuries. They show that 

there is lower incidence of recurrent hamstring injuries and less time away from sport (Askling et 

al., 2013) when of lumbo-pelvic neuromuscular control rehabilitation is included. 

 

Nordic Hamstring curls and standing cable or band pendulums I feel are definitely lumbo-pelvic 

neuromuscular exercises. If the athlete is unable to control the spine over the pelvis during these 

exercises the exercise will not be done efficiently or have the desired outcome for load put on the 

Hamstring. 

 
 
The studies indicated for me to review by examinator 2 were both reviewed for use in this study 

information in the study by  

Green, B., Bourne, M. N., van Dyk, N., & Pizzari, T. (2020) was then used in this study. 
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CHAPTER SIX: CONCLUSION 

6.1 SUMMARY OF FINDINGS 

There were five articles in the final selection in the Scoping review. It showed that there was not 

much current evidence on the importance of lumbo-pelvic neuromuscular control rehabilitation 

in the rehabilitation of hamstring injuries to prevent recurrent injuries in sprinting athletes. What 

these articles did show is that the inclusion of the lumbo-pelvic neuromuscular control 

rehabilitation shortened the time it took to return athletes to play and improved the athletes’ 

sprinting gait which in turn reduced the chance of sustaining a recurrent hamstring injury. 

In the Delphi Study all participants reached consensus on the inclusion of lumbo-pelvic 

neuromuscular control rehabilitation in the rehabilitation of hamstring injuries. In rounds 1 and 2 

consensus was reached on 13 of the lumbo-pelvic neuromuscular control exercises, 12 were 

regarded to be important and 1 was regarded as not important. In round 3 these 12 exercises were 

organised according to the stage of healing they should be prescribed in, and 83.3% of the 

participants agreed with the exercise placements. Seeing that the majority of the experts agreeing 

with the placement of these exercises in the specific stages of healing, this gives physiotherapist 

in future a loose framework on how to include lumbo-pelvic neuromuscular control tasks into the 

rehabilitation of Hamstrings. This may prove to be the missing link in the rehabilitation of 

Hamstring injuries. 

 
6.2 LIMITATIONS OF STUDY 

Using the Delphi study survey format in this study did not always allow for participants to 

explain why they felt an exercise was important or not. Having this option might have given us 

more information on the thought process of the participants in the rehabilitation of hamstring 
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injuries. Also knowing the participants' general protocol of rehabilitation of hamstring injuries 

may have given us more insight into their process. 

 

6.3 RECOMMENDATIONS 

Lumbo-pelvic neuromuscular rehabilitation should be included in the rehabilitation of hamstring 

injuries to prevent recurrent hamstring injury. To improve the rehabilitation progress accurate re-

assessment is imperative to monitor actual changes in hamstring force loads and biomechanical 

changes to the lumbo-pelvic complex. The use of force decks to assess this may be a very 

valuable asset. The limitation of experts not being able to explain the reasoning for responses to 

questions such as exercise selection and when they are appropriate to use, showed that including 

the option to include focus groups or interviews to explore their reasons in future studies will be 

valuable.  

 
6.4 CLINICAL RECOMMENDATIONS 

As shown in the literature review, as well as the consensus reached by participants in the Delphi 

study on the importance of the inclusion of lumbo-pelvic neuromuscular rehabilitation in the 

rehabilitation in hamstring rehabilitation, this could reduce the high recurrence rate of hamstring 

injuries. Single leg lumbo-pelvic rehabilitation tasks such as the single leg bridge, single leg 

squat, lateral displacement, deceleration, direction changing tasks and pivoting as shown in the 

study are effective and will prepare the athlete better for the return to play.  It was also shown to 

reduce the time an athlete is out of play and the cost rehabilitation. However, as stage 3 of the 

Delphi study has shown it is imperative to know the appropriate stage to use these exercises as 

excessive loads at the wrong time could reinjure the hamstring. 
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6.5 RECOMMENDATIONS FOR FUTURE RESEARCH 

Applying the findings of this study to actual athletes with hamstring injuries involved in 

sprinting sports, by using the exercises that consensus was reached on in the allocated stages of 

healing. The clinical effectiveness of adding lumbo-pelvic neuromuscular rehabilitation into the 

rehabilitation of hamstring injuries to prevent recurrent injuries can then be assessed for its 

effectiveness. Taking the athlete through initial assessment and acute rehabilitation all the way to 

return to play, we can then also measure the time from injury to return to play. Another 

important component to address is how clinically effective the inclusion of the exercises that 

consensus was reached on are to these athletes, by measuring the effects they have on their 

lumbo-pelvic complex and the strain placed on their hamstring muscles. This can be measured 

with the use of force decks. 

 

6.6 CONCLUSION 

There is minimal evidence that lumbo-pelvic neuromuscular rehabilitation is currently clinically 

being included in the rehabilitation in the prevention of recurring hamstring injuries in athletes 

involved in sprinting sports. There is also not much evidence in the relevant literature of its use. 

In the Delphi study consensus was reached by the experts on the importance and specific 

exercises that should be included as part of the lumbo-pelvic neuromuscular training for the 

rehabilitation and prevention of recurring hamstring injuries in athletes involved in sprinting 

sports. The study also showed when the specific exercises should be performed according to the 

stage of healing of the hamstring muscle to prevent recurrent injury. 
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DELPHI STUDY INFORMATION SHEET  
FOR PARTICIPANTS  

 
You have been invited to be a part of this study because of your experSse and experience in the field of sports 
physiotherapy and neuromusculoskeletal domain. Please read this informaSon sheet before deciding to take 
part. It will explain why the research is being done and what taking part will involve for you. 
 
 
- What is the study about? 
We are carrying out this study to determine the importance of the inclusion of lumbo-pelvic neuromuscular 
control in rehabilitaSon for the prevenSon of recurring hamstring injuries. The study will be led by Wade Kerspuy 
in collaboraSon with the University of the Western Cape. We have reviewed the literature on this topic and 
consensus has not been met yet. In this study we want you to give your views and ideas on this topic. 

 
- What is involved in taking part? 
A Delphi study is a way of combining views of mulSple experts to reach an agreement on a subject. Taking part 
will involve compleSng 3 rounds of online quesSonnaires. QuesSonnaires will take approximately 30 minutes to 
complete. Answers can be saved and completed later. Each round will last for 2 weeks. Aier each round you will 
receive a summary of the feedback of that specific round. There will be no face-to-face communicaSon between 
parScipants and your idenSSes will not be disclosed to other parScipants. 
 
- Are there any risks? 
It is very unlikely that taking part in the study will cause you any harm or emoSonal stress. You can stop taking 
part whenever you want. However, any responses up unSl that point will be withdrawn from the study. 
 
- How conferenSal are my answers and personal informaSon in this study? 
All responses to the quesSonnaire will be anonymous to the other parScipants. All data will be stored on a 
password protected folder on the researcher’s computer. The study was approved by University of the Western 
Cape’s HumaniSes and Social Science research ethics commiFee. Your personal informaSon will be protected 
by the ProtecSon of Personal InformaSon act (POPI) and all its protocol will be followed. 
 
- What will be done with the results? 
We will produce a report summarizing the study, which will be sent to you via email. InformaSon will be used as 
part of the researchers MSc thesis. The informaSon will also be used to start the conversaSon between 
physiotherapists and athletes on the importance of lumbo- pelvic neuromuscular control on hamstrings. 
 
 
 
- Who do I contact if I want more informaSon about this study? 
We will send you an email with a link to the Delphi study consent form and the POPI consent form on Google 
Forms as well as the link to the Delphi quesSonnaire. You can take part by following the link on the email. We 
will send you one reminder and then if we have not heard from you we will assume that you do not wish to take 
part and remove you from the list of parScipants (for each of the 2nd and 3rd quesSonnaires we will also send 
you a reminder aier one week). If you would prefer not to receive any further communicaSons from us, please 
let us know via the contact details below. 
 
Wade Kerspuy 
2863404@uwc.ac.za 
 

Thank you for taking the Sme to read this informaSon sheet and for considering taking part in this study. 
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DELPHI STUDY CONSENT FORM 
 

Please read this consent document carefully before you decide to parScipate in this study. The researcher will 
answer any quesSons before you sign. 
 
Study Title: 
Lumbo-pelvic neuromuscular control for the prevention of recurrent hamstring injuries in sprinting. 
 
Purpose of the study: 
We are carrying out this study to determine the importance of the inclusion of lumbo-pelvic neuromuscular 
control in rehabilitaSon for the prevenSon of recurring hamstring injuries. 
 
PotenSal risks to parScipant: 
It is very unlikely that you will be harmed or experience any emoSonal stress from this study. 
 
ConfidenSality: 
Only the parScipant and the researcher will know the idenSty of parScipant in this study. None of the of the 
parScipants will interact with each other or know each other’s idenSty. The parScipants name will not be 
menSoned in the study. The study will also act in accordance with the ProtecSon of Personal InformaSon act 
(POPI). 
 
Voluntary parScipaSon: 
At any Sme, the parScipant may withdraw from the study, however any responses up unSl that point will be 
withdrawn from the study.  
 
Whom to contact if you have any quesSons: 
The researcher Wade Kerspuy can be contacted 
2863404@myuwc.ac.za 
 
Agreement: 
I have read the procedure described above. I voluntarily agree to parScipate in the procedure, and I have 
received a copy of the informaSon sheet. 
The privacy and security of personal informaSon of parScipants are important to us. We will only process 
personal informaSon, which includes collect, use, store and share such informaSon in accordance with the POPI 
act and if processing is permiFed by law, for legiSmate interest or if the parScipant has provided consent. 
  
 
 
ParScipant : ______________________________________ 
 
Date  : _______________ 
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1. DEMOGRAPHIC INFORMATION 
All information will be protected and adhere to the Protection of Personal Information act (POPI) 

 

1.1 Sex * 
 

Mark only one oval. 
 

Male 

Female 

Other:     

1.2 Age 
 

Mark only one oval. 
 

21-29 

30-39 

40-59 

60 or older 

 
1.3 Qualifications 
 
 

         1.4 Working experience including Sme period (include pracSces and/or teams) * 
 
       1.5 Time spent in clinical practice with athletes in sprinting sport * 
 

Mark only one oval. 
 

<20% 

21-40% 

41-60% 

61-80% 

81-100% 
 

  1.6 Highest level of athlete you work with * 
 

Mark only one oval. 
 

Weekend warrior (only exercises once a week and play on weekend) 

School level (provincial or national level) 
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Competitive amateur (Club/varsity level) Professional and Elite 

(Provincial/National) 

 
1.8  In which country are you currently living and working?  

 
DELPHI SURVEY: QUESTION 1 
 
2. Scoping review findings 
The studies included in the Scoping review found that there is limited evidence in the importance of 
lumbo-pelvic neuromuscular control in the prevention of recurrent hamstring injuries. The studies did 
show that sustaining a hamstring injury will alter the control of an athlete’s trunk and pelvis. This 
influenced the athletes sprinting gait in position and firing sequences of muscles. 

 
 
2.1 How important is lumbo-pelvic neuromuscular control in the rehabilitation of hamstrings to prevent 
recurrent injuries? Please rate your answer out of 5 (0 being no importance and being very important). 
 

 
2.2 Do you include lumbo-pelvic neuromuscular control in the rehabilitation of hamstrings to prevent 
recurrent injuries? 
 

Yes 
No
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2.3 When conducting the scoping review, rehabilitation exercises included were as below. Are they 
important for lumbo-pelvic neuromuscular control rehabilitation? Please rate each exercise out of 5 on 
its importance. 

1 - Not important at all 2 - Slightly important 3 - Important 4 - Fairly important 5 - Very important 
 

Mark only one oval per row. 
 

1 2 3 4 5 

The extender (hamstring glider) 

The diver (hamstring glider) 

The glider (hamstring glider) 
 

Single leg pelvic bridge with heel dig. 
 

Contract-relax for hamstring with hip in 90° 
flexion 

 

Cable machine or resistance band 
extension to flexion pendulum 

Lateral displacement and controlled 
landing drills 

 

Single leg dead lifts 
 

Discontinuous aerobic running drills 
 

Intermittent, adapted high-speed running 
drills 

 

Deceleration, direction changing tasks and 
pivoting 

Drills involving actions like injury 
mechanism, without external contact. 

 

Sports specific drills 
 

http://etd.uwc.ac.za



 69 

2.4 If you have any exercise or task that you feel is important to add to the 
above list of lumbopelvic neuromuscular control exercises identifies in the 
literature, please name and  describe it below. 

DELPHI STUDY SUMMARY OF 
ROUND 1 
 
12 Participating experts in study 

 
- 8 Males and 4 females 

 
- 9 participants in the 30-39 age category and 3 participants in the 40-59 age 

category 
 

- 5 participants have their masters in physiotherapy and 7 has their BSc in 
physiotherapy 

 
- The mean value of working experience in years was 13.17 and the standard 
deviation for this   was 5.13 

 
- Time spent with 

sprinting 
athletes: 4 
participants 
21%-40% 
3 participants 41%- 60% 
2 participants 61% - 80% 
3 participants 81%- 100% 

 
- All participants work with elite and professional athletes 

 
- Participants work in South Africa (n = 9; 75%), UAE (n =1; 8.3%), Germany 
(n=1; 8.3%), Canada (n=1; 8.3%) 

 
Question 2.2: 

 
100% of participants include lumbo-pelvic neuromuscular control in their rehabilitation 
of hamstring injuries. 

 
The importance of lumbo-pelvic neuromuscular control in their rehabilitation of 
hamstring to prevent recurrent hamstring strains were rated from 0 – 5 in its importance 
(11/12; 92%) of participants rated 4 or 5 / 5 importance. Consensus reached. 
 
Question 2.3: 
Importance rated by participants of exercises found in studies found in scoping 
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review: 
 

The extender: 
(n = 6; 50% not as important, n = 6; 50% important) 

 
The Diver: 
(n = 2; 17% not as important, n = 10; 83% important) 

 
The Glider: 
(n =3; 25% not as important, n= 9; 75% important) 
 
Single leg pelvic bridge with heel dig: 
(n = 7; 58% not as important, n= 5; 42% important) 

 
Contract relax for hamstring hip at 90° ^extension 
(n= 10; 83% not as important, n= 2; 17% important) 

 
Cable machine or resistance band extension 
to flexion pendulum (n=6; 50% not as 
important, n= 6; 50% important) 

 
Lateral displacement and 
controlled landing drills (n=3; 
25% not as important, n=9; 
75% important) 

 
Single leg deadlift 
(n=3; 25% not as important, n=9; 75% important) 

 
Discontinuous aerobic drills 
(n= 4; 33% not as important, n= 8; 67% important) 

 
Intermittent, adapted high-
speed running drills (n= 2; 17% 
not as important, n= 10; 83% 
important 

 
Deceleration, direction changing 
tasks and pivoting (n=3; 25% not 
as important, n= 9; 75% 
important) 

 
Drills involving actions similar to injury mechanism, 
without external force (n= 3; 25% not as important, n= 
9; 75% important) 
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Sport specific drills 3:2 4:1 5:9 
(n = 2; 17% not as important, n = 10; 83% important) 

 
 
DELPHI STUDY ROUND 2 

 
1.1 Exercises found in Scoping review in Round 1, that consensus was not met on. Are the 
important for lumbo-pelvic neuromuscular control rehabilitation? Please rate each exercise 
out of 5 on its importance. 
1 - Not important at all 2 - Slightly important 3 - Important 4 - Fairly important 5 - Very 
important 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EXERCISE 1 2 3 4 5 

The Extender      

Single leg pelvic bridge with heel dig      

Contract relax for hamstring at 90° flexion      

Cable machine or resistance band extension to flexion 
pendulum  

     

Discontinuous aerobic drills      
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1.2 Additional exercises submitted by participating experts: Are they important for lumbo- 
pelvic neuromuscular control in the rehabilitation prevent recurrent hamstring injuries? 
Plea rate each exercise out of 5 on its importance. 
1 - Not important at all 2 - Slightly important 3 - Important 4 - Fairly important 5 - Very 
important 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

EXERCISE 1 2 3 4 5 

Nordic Hamstring exercises      

Single leg squat      

Explosive Hamstring task with lumbo-
pelvic control i.e., Crook lying on stable 
surface then unstable surface 

     

Progressive agility and trunk stabilization 
plan 

     

A kicks and B kicks tasks      

Hamstring tantrums either in a prone 
position with a physio ball, or supine with 
heavy large loop resistance bands 

     

Single leg proprioception on foam pad in 
final phase 

     

Copenhagen adduction exercise      
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ROUND 2 SUMMARY AND ROUND 
3 

 
ROUND 2 SUMMARY 
 
Question 1.1 
Consensus was not reached on 8 of the exercises that was listed in the 2nd round of the Delphi 
study. These exercises included: 

1. The extender 
2. Contract relax for hamstring hip at 90 degrees 
3. Discontinuous aerobic drills 
4. Progressive Agility and Trunk stabilization Plan 
5. A Kicks and B Kicks 
6. Hamstring tantrums either in a prone position with a physio ball, or supine with large 

loop resistance bands 
7. Single leg proprioception on foam pad in final phase rehab 
8. Copenhagen adduction exercise 

 
ROUND 3 
In the table below, the 12 exercises that consensus was reached on, were grouped 
according to the stage of  healing that the exercises should be carried out, and ranked in 
order of importance, based on the previous two rounds of the study. 
Please indicate whether you agree with this table of exercises as a reasonable 
programme to                improve lumbopelvic stability and prevent recurring hamstring injuries in 
sprinting athletes or not. 
 

DESTRUCTION/ACUTE 
PHASE (Week 1-2) 

REPAIR PHASE  
(Week 2-3) 

REMODELING PHASE  
(Week>3) 

The Diver: 
(83% importance) 

Single leg Squat 
(75% importance) 

Nordic hamstring exercises 
(92% Importance) 

Single leg pelvic bridge with 
heel dig 
(83% importance) 

Lateral displacement and 
controlled landing drills  
(75% importance) 

Intermittent adapted high-
speed running drills 
(83% importance) 

Cable machine or band 
extension to flexion pendulum 
(75% importance) 

Deceleration, direction 
changing tasks and pivoting 
(75% importance) 

Sport specific drills 
(83% importance) 

The Glider 
(75% importance) 

Drills involving actions like 
injury mechanism without 
external force 
(75% importance) 

Single leg deadlifts 
(75% importance) 

Agree:                               Disagree: 
2. If you did not agree with the table, please provide a reason 
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Preferred Reporting Items for Systematic reviews and Meta-Analyses 
extension for Scoping Reviews (PRISMA-ScR) Checklist 

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

TITLE 

Title 1 
Lumbo-pelvic neuromuscular control for the 
prevention of recurrent hamstring injuries in 
sprinting 
 

N/A 

ABSTRACT 
Structured 
summary 2  Click here to 

enter text. 
INTRODUCTION 

Rationale 3 

Hamstring injuries are the most prevalent injuries 
that occur in sport that require sprinting and 
acceleration (Small et al., 2009). A bigger concern 
is the high rate of recurrent hamstring strains 
(Comfort, 2009). The concern is that conventional 
hamstring rehabilitation may be inadequate, to 
reduce the prevalence of a recurrent hamstring 
injury.  

3 

Objectives 4 

This study will explore if lumbo-pelvic 
neuromuscular rehabilitation is currently included in 
the rehabilitation programmes aimed at the 
prevention of recurring hamstring injuries in 
athletes involved in sprinting sports,  

6 

METHODS 

Protocol and 
registration 5 

Indicate whether a review protocol exists; state if 
and where it can be accessed (e.g., a Web 
address); and if available, provide registration 
information, including the registration number. 

Click here to 
enter text. 

Eligibility criteria 6 

Only English, full-text articles, published between 
2010 - 2021 were included in the search.. The 
following search terms/words were used in different 
combinations: hamstrings, sprinting, prevention and 
neuromuscular. Any other reviews were excluded 
from the study. 
 

22 

Information 
sources* 7 The following databases were used: Ebsco-host, 

Pubmed, Pedro, CINAHL and Science direct 22 

Search 8 

The research questions that guided the scoping 
review were; 1) “Is lumbo-pelvic neuromuscular 
rehabilitation currently being included as part of the 
rehabilitation in the prevention of recurring 
hamstring injuries in athletes involved in sprinting 
sports?”. 2) If so, which lumbo-pelvic 
neuromuscular exercises are currently being used in 
the prevention of recurrent hamstring injuries?” 
. 

22 

Selection of 
sources of 
evidence† 

9 

Relevant study titles were recorded and documented 
on the PRISMA diagram 
Scoring of the titles was done independently by two 
reviewers, to avoid bias. 

25 
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SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

In the next screening phase only the abstracts of the 
studies were read and scored. 
 

Data charting 
process‡ 10 

Describe the methods of charting data from the 
included sources of evidence (e.g., calibrated forms 
or forms that have been tested by the team before 
their use, and whether data charting was done 
independently or in duplicate) and any processes 
for obtaining and confirming data from investigators. 

Click here to 
enter text. 

Data items 11 
List and define all variables for which data were 
sought and any assumptions and simplifications 
made. 

Click here to 
enter text. 

Critical appraisal 
of individual 
sources of 
evidence§ 

12 N/A N/A 

Synthesis of 
results 13 

The full study was read and then scored to 
determine if the study was related to the relevant 
questions and if they would be included in the 
scoping review 

Click here to 
enter text. 

RESULTS 

Selection of 
sources of 
evidence 

14 

14 studies were reviewed in this study, after 
reviewing the title, then abstract and then readining 
the full article. 5 studies were selected for the 
scoping review. 
Egibility was determine by scoring out of 3 on the 
relevance of the study. 

23 

Characteristics of 
sources of 
evidence 

15 
For each source of evidence, present 
characteristics for which data were charted and 
provide the citations. 

Click here to 
enter text. 

Critical appraisal 
within sources of 
evidence 

16 N/A N/A 

Results of 
individual sources 
of evidence 

17 

J. Scheurmans, L. Danneels, D. Van Tiggelen T. 
Palmans, & E. Witvrouw 2017a : Players who did 
not experience a hamstring injury during follow-up 
had significantly higher amounts of gluteal muscle 
activity during the front swing phase. 

The players that did not have a hamstring injury, 
had higher trunk muscle activity during the 
backswing phase. The risk of these players 
sustaining a hamstring injury during follow-up 
lowered by 20% and 6% with a 10% increment in 
normalised muscle activity of the gluteus maximus 
during front swing and the trunk muscles during 
backswing respectively. 
 
S. Jimenez-Rubio, A.Navanda, J. Rivilla-Garcia & 
V. Paredes- Hernandez 2019: The programme 
selected by the experts proved to be effective in its 
practical application in the study, in returning 
athletes to play. 
 

33 
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SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

Experts rated 13 items highly. The soccer players 
had 24 days to successfully complete all 13 drills to 
be cleared to return to play. 
The return to play protocol was aimed at re-
educating on-field purposeful movement and 
progressive loading that would be conducted on the 
field of play. The lack of this may result in 
weakness and poor neuromuscular control resulting 
in adaptive changes in biomechanics and motor 
patterns of sporting movements. 
The return to play was 22.42 days. 
 
 
R. Kalema, S. Duhig, M. Williams, A. Donaldson & 
A, Shield 2022: Neuromuscular and tendon 
properties were the second highest risk factors for 
hamstring injuries out of the five clusters decided on 
by the experts panel. The other four clusters were: 
Training prescription, kinematics 
parameter/technical skills, kinetic parameters, 
and hip mechanics.  
Maximal sprinting exposure is the biggest risk 
factor for hamstring injuries 
(training prescription).  
 
C. Askling, M. Tengvar & A. Thorstensson 2013:  
Time to return was shorter in L-protocol (mean 28 
days) than in C- protocol (51 days) . Stretching-type 
protocol took significantly longer to return than 
sprinting. Both protocols included trunk and pelvis 
stabilisation exercises however L-protocol aimed at 
loading hamstring during eccentric phases where C-
protocol was based on more conventional exercise 
with less emphasis on length. 
 
L-protocol mean 43 vs 23 days 
C-protocol 74 vs 41 days 
L- type protocol. The L - protocol was significantly 
more effective than the C- protocol in both injury 
types and one reinjury registered in C – protocol  
 
J. Mendiguchia, E. Martinez- Ruiz. J Morin, P. 
Samozino, P. Edouard, P. Alcatraz, F. Esparza-Ros 
& A. Mendez-Villanueva 2015: The addition of two 
weekly sessions of neuromuscular training induced 
substantial improvements in eccentric and 
concentric hamstring strength. This improved peak 
torque ratio of hamstring to quadricep, which 
reduced the likelihood of sustaining a hamstring 
strain.  
Players that may have sustained a hamstring strain 
were not reported on. 
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SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

 

Synthesis of 
results 18 

Schuermans, Danneels, et al., (2017a) researched 
muscle activation in association with hamstring 
injury. They found that players that presented with a 
hamstring injury, had reduced activity of gluteal 
muscles and trunk muscles during the swing phases 
of gait or sprinting. The reduced activity of gluteal 
and trunk muscles impacted on the biomechanics 
and movement patterns of athletes during sprinting. 
The reduced activity of gluteal and trunk muscles 
would increase the risk of sustaining a hamstring 
injury. 
  
The study by Kalema et.al (2022) considered the 
risk factors for hamstring injury from experts’ 
perspectives. Experts considered the neuromuscular 
and tendon properties as the second highest risk 
factors for hamstring injuries out of the five clusters 
decided on by the expert panel. These five clusters 
were:  Training prescription, neuromuscular and 
tendon properties, kinematics parameter/technical 
skills, kinetic parameters and hip mechanics.  
 
It also stated that maximal sprinting exposure is the 
biggest risk factor for hamstring injuries.  Excessive 
anterior tilt of the pelvis and improper eccentric 
control of swing phase during sprinting increased 
the risk of hamstring injuries. All these components 
show that lumbo-pelvic neuromuscular control is an 
imperative part in the rehabilitation of hamstrings to 
prevent recurrent hamstring injuries. 
  
The most important finding in the study by Askling 
(2013) was that soccer players with hamstring 
injuries were given different rehabilitation 
protocols. The L-protocol hamstring injury 
rehabilitation showed that there was a shorter period 
of days away from training and returning to 
play.  There was a mean of 28 days compared to the 
C-protocol mean of 51 days. It also showed fewer 
recurrent injuries during the rehabilitation process. 
The C-protocol consisted mostly of a stretching type 
protocol while the L-protocol was aimed at loading 
the hamstring especially during the eccentric phase. 
Both protocols included a pelvic and trunk 
stabilisation exercise but when paired with the 
eccentric lengthening protocol (of the L-protocol), it 
proved to be superior. 
  
The study by Mendiguchia, et al. (2015) showed 
that the addition of 2 weekly sessions of 
neuromuscular training, induced substantial 
improvement in eccentric and concentric hamstring 

37 
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SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

strength. This reduced the likelihood of sustaining a 
hamstring strain. This is an important finding as 
football training alone showed that eccentric muscle 
strength was unchanged, and that sprinting 
performance induced a small negative change and 
horizontal mechanical properties were unchanged. 
This would result in a higher risk of hamstring 
injury. 
 

DISCUSSION 

Summary of 
evidence 19 

The 5 selected studies showed that there was a 
shorter period of injury and reduced incidence of 
recurrent hamstring injuries when lumbo-pelvic 
neuromuscular tasks were in cluded in Hamstring 
rehabilitation. 

54 

Limitations 20 
Some of the studies only include minimal 
information that was relevant to the questions of this 
scoping review. 

33 

Conclusions 21 

The studies of Erickson & Sherry (2017) and 
Comfort et al. (2009) showed that there is increased 
susceptibility for recurrent hamstring injuries after 
the initial injury. They also found that there is an 
increased time loss for the athlete to return to play. 
Hamstring injuries are known to keep the athlete out 
of training and play for a lengthy period (Askling 
et.al., 2013). The study also showed that this period 
was significantly longer (51 days) in protocols 
based on conventional exercises with less emphasis 
on the lengthening of the hamstring (Askling et.al, 
2013). However, the behaviour of both athlete and 
physiotherapist clinically has not altered in terms of 
their rehabilitation approach, especially after a 
recurrent injury. This has also been recorded in the 
study by Erickson & Sherry (2017), when they 
stated that recurrent hamstring injuries are due to 
inadequate rehabilitation and clearing the athlete to 
return to sport before the necessary criteria was met. 
This is confirmed by Jimenez-Rubio, Navanda, 
Rivilla-Garcia & Paredes-Hernandez (2019) when 
they stated that return to play protocol should be 
aimed at field purposeful movements and 
progressive loading. The lack of this results in poor 
neuromuscular control. 
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FUNDING 
Funding 22 N/A N/A 

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews. 
* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social 
media platforms, and Web sites. 
† A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., 
quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping 
review as opposed to only studies. This is not to be confused with information sources (see first footnote). 
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‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to 
the process of data extraction in a scoping review as data charting. 
§ The process of systematically examining research evidence to assess its validity, results, and relevance before 
using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more 
applicable to systematic reviews of interventions) to include and acknowledge the various sources of evidence 
that may be used in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy 
document). 
 
 

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMAScR): Checklist 
and ExplanaNon. Ann Intern Med. 2018;169:467–473. doi: 10.7326/M18-0850. 
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