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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.
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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.

56



REFERENCE LIST

Ageberg, E., Link, A., & Roos, E. M. (2010). Feasibility of neuromuscular training in patients with
severe hip or knee OA: The individualized goal-based NEMEX-TJR training program. In BMC
Musculoskeletal Disorders (Vol. 11). http://www.biomedcentral.com/1471-2474/11/126

Akins, R. B., Tolson, H., & Cole, B. R. (2005). Stability of response characteristics of a Delphi panel:
application of bootstrap data expansion. BMC Medical Research Methodology, 5(1).
https://doi.org/10.1186/1471-2288-5-37

Anuar, H., Shah, S. A., Gafor, H., Mahmood, M. 1., & Ghazi, H. F. (2020). Usage of Health Belief
Model (HBM) in health behavior: A systematic review. In Malaysian Journal of Medicine and Health
Sciences (Vol. 16).

Arksey, H., & O’Malley, L. (2005). Scoping studies: Towards a methodological framework.
International Journal of Social Research Methodology: Theory and Practice, 8(1).
https://doi.org/10.1080/1364557032000119616

Askling, C. M., Tengvar, M., & Thorstensson, A. (2013). Acute hamstring injuries in Swedish elite
football: A prospective randomised controlled clinical trial comparing two rehabilitation
protocols. British Journal of Sports Medicine, 47(15), 953-959. https://doi.org/10.1136/bjsports-
2013-092165

Barrett, D., & Heale, R. (2020). What are Delphi studies? Evidence Based Nursing, 23(3), ebnurs-
2020-103303. https://doi.org/10.1136/ebnurs-2020-103303

Brukner, P. (2015). Hamstring injuries: Prevention and treatment - An update. British Journal of
Sports Medicine, 49(19). https://doi.org/10.1136/bjsports-2014-094427

Clausen, B., Holsgaard-Larsen, A., & Roos, E. M. (2017). An 8-week neuromuscular exercise
program for patients with mild to moderate knee osteoarthritis: A case series drawn from a
registered clinical trial. Journal of Athletic Training, 52(6), 592—605.
https://doi.org/10.4085/1062-6050-52.5.06

Comfort, P., Green, C. M., & Matthews, M. (2009). Training considerations after hamstring injury in
athletes. Strength and Conditioning Journal, 31(1).
https://doi.org/10.1519/SSC.0b013e318195d225

Crockett B. (2011). Rehabilitation of the athlete. Missouri medicine, 108(3), 173—175.

Cuthbert, M., Ripley, N., McMahon, J. J., Evans, M., Haff, G. G., & Comfort, P. (2020). The Effect of
Nordic Hamstring Exercise Intervention Volume on Eccentric Strength and Muscle Architecture
Adaptations: A Systematic Review and Meta-analyses. In Sports Medicine (Vol. 50, Issue 1).
https://doi.org/10.1007/540279-019-01178-7

57


http://www.biomedcentral.com/1471-2474/11/126
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1136/bjsports-2013-092165
https://doi.org/10.1136/bjsports-2013-092165
https://doi.org/10.1136/bjsports-2014-094427
https://doi.org/10.4085/1062-6050-52.5.06
https://doi.org/10.1519/SSC.0b013e318195d225
https://doi.org/10.1007/s40279-019-01178-7

Dubois, B., & Esculier, J. F. (2019, August 3). Soft-tissue injuries simply need PEACE and LOVE.
British Journal of Sports Medicine; BMJ. https://doi.org/10.1136/bjsports-2019-101253

Emami, M., Arab, A. M., & Ghamkhar, L. (2014). The activity pattern of the lumbo-pelvic muscles
during prone hip extension in athletes with and without hamstring strain injury. International
Journal of Sports Physical Therapy, 9(3).

Erickson, L. N., & Sherry, M. A. (2017). Rehabilitation and return to sport after hamstring strain
injury. In Journal of Sport and Health Science (Vol. 6, Issue 3).
https://doi.org/10.1016/j.jshs.2017.04.001

Faude, O., Rossler, R., Petushek, E. J., Roth, R., Zahner, L., & Donath, L. (2017). Neuromuscular
adaptations to multimodal injury prevention programs in youth sports: A systematic review with
meta-analysis of randomized controlled trials. In Frontiers in Physiology (Vol. 8, Issue OCT).
https://doi.org/10.3389/fphys.2017.00791

Fyfe, J. J., Opar, D. A., Williams, M. D., & Shield, A. J. (2013). The role of neuromuscular inhibition
in hamstring strain injury recurrence. In Journal of Electromyography and Kinesiology (Vol. 23,
Issue 3, pp. 523-530). https://doi.org/10.1016/].jelekin.2012.12.006

Green, B., Bourne, M. N., Van Dyk, N., & Pizzari, T. (2020). Recalibrating the risk of hamstring
strain injury (HSI): A 2020 systematic review and meta-Analysis of risk factors for index and

recurrent hamstring strain injury in sport. In British Journal of Sports Medicine (Vol. 54, Issue
18, pp. 1081-1088). BMJ Publishing Group. https://doi.org/10.1136/bjsports-2019-100983

Guerrero-Tapia, H., Martin-Baeza, R., & Cuesta-Barriuso, R. (2021). Effectiveness of abdominal and
gluteus medius training in lumbo-pelvic stability and adductor strength in female soccer players.

A randomized controlled study. International Journal of Environmental Research and Public
Health, 18(4). https://doi.org/10.3390/ijerph 18041528

Habibur Rahman, M. (2017). Sport Injury Rehabilitation and Role of Sports Physiotherapist.
International Physical Medicine & Rehabilitation Journal, 1(3).
https://doi.org/10.15406/ipmrj.2017.01.00012

Hasson, F. (2000). Research guidelines for the Delphi survey technique. Journal of Advanced
Nursing, 32(4). https://doi.org/10.1046/j.1365-2648.2000.01567.x

Hickey, J. T., Opar, D. A., Weiss, L. J., & Heiderscheit, B. C. (2022). Hamstring Strain Injury
Rehabilitation. Journal of Athletic Training, 57(2), 125—135. https://doi.org/10.4085/1062-6050-
0707.20

Jiménez-Rubio, S., Navandar, A., Rivilla-Garcia, J., & Paredes-Herndndez, V. (2019). Validity of an
on-field readaptation program following a hamstring injury in professional soccer. Journal of
Sport Rehabilitation, 28(6), 1-7. https://doi.org/10.1123/js1.2018-0203

58


https://doi.org/10.3389/fphys.2017.00791
https://doi.org/10.1016/j.jelekin.2012.12.006
https://doi.org/10.1136/bjsports-2019-100983
https://doi.org/10.3390/ijerph18041528
https://doi.org/10.15406/ipmrj.2017.01.00012
https://doi.org/10.1046/j.1365-2648.2000.01567.x
https://doi.org/10.4085/1062-6050-0707.20
https://doi.org/10.4085/1062-6050-0707.20
https://doi.org/10.1123/jsr.2018-0203

Kalema, R. N., Duhig, S. J., Williams, M. D., Donaldson, A., & Shield, A. J. (2022). Sprinting
technique and hamstring strain injuries: A concept mapping study. Journal of Science and
Medicine in Sport, 25(3), 209-215. https://doi.org/10.1016/j.jsams.2021.09.007

Kalema, R. N., Schache, A. G., Williams, M. D., Heiderscheit, B., Siqueira Trajano, G., & Shield, A.
J. (2021). Sprinting Biomechanics and Hamstring Injuries: Is There a Link? A Literature Review.
Sports (Basel, Switzerland), 9(10), 141. https://doi.org/10.3390/sports9100141

Kaya, D., Guney-Deniz, H., Sayaca, C., Calik, M., & Doral, M. N. (2019). Effects on Lower
Extremity Neuromuscular Control Exercises on Knee Proprioception, Muscle Strength, and

Functional Level in Patients with ACL Reconstruction. BioMed Research International, 2019.
https://doi.org/10.1155/2019/1694695

Macdonald, B. (2017). An investigation into the immediate effects of pelvic taping on hamstring
eccentric force in an elite male sprinter — A case report. Physical Therapy in Sport, 28.
https://doi.org/10.1016/j.ptsp.2017.08.001

Mason, D. L., Dickens, V., & Vail, A. (2007). Rehabilitation for hamstring injuries. In Cochrane
Database of Systematic Reviews (Issue 1). John Wiley and Sons Ltd.
https://doi.org/10.1002/14651858.CD004575.pub2

Mendiguchia, J., Martinez-Ruiz, E., Morin, J. B., Samozino, P., Edouard, P., Alcaraz, P. E., Esparza-
Ros, F., & Mendez-Villanueva, A. (2015). Effects of hamstring-emphasized neuromuscular
training on strength and sprinting mechanics in football players. Scandinavian Journal of
Medicine and Science in Sports, 25(6), €621-e629. https://doi.org/10.1111/sms.12388

Mueller-Wohlfahrt, H. W., Haensel, L., Mithoefer, K., Ekstrand, J., English, B., McNally, S., Orchard,
J., Van Dijk, N., Kerkhoffs, G. M., Schamasch, P., Blottner, D., Swaerd, L., Goedhart, E., &
Ueblacker, P. (2013). Terminology and classification of muscle injuries in sport: The Munich
consensus statement. British Journal of Sports Medicine, 47(6). https://doi.org/10.1136/bjsports-
2012-091448

Munn, Z., Peters, M. D. J., Stern, C., Tufanaru, C., McArthur, A., & Aromataris, E. (2018).
Systematic review or scoping review? Guidance for authors when choosing between a systematic
or scoping review approach. BMC Medical Research Methodology, 18(1).
https://doi.org/10.1186/s12874-018-0611-x

Olivier, B., Taljaard, T., Burger, E., Brukner, P., Orchard, J., Gray, J., Botha, N., Stewart, A., &
Mckinon, W. (2016). Which Extrinsic and Intrinsic Factors are Associated with Non-Contact
Injuries in Adult Cricket Fast Bowlers? In Sports Medicine (Vol. 46, Issue 1).
https://doi.org/10.1007/s40279-015-0383-y

Perrott, M. A., Pizzari, T., Opar, M., & Cook, J. (2012). Development of Clinical Rating Criteria for
Tests of Lumbopelvic Stability. Rehabilitation Research and Practice, 2012, 1-7.
https://doi.org/10.1155/2012/803637

59


https://doi.org/10.1016/j.jsams.2021.09.007
https://doi.org/10.3390/sports9100141
https://doi.org/10.1016/j.ptsp.2017.08.001
https://doi.org/10.1002/14651858.CD004575.pub2
https://doi.org/10.1111/sms.12388
https://doi.org/10.1136/bjsports-2012-091448
https://doi.org/10.1136/bjsports-2012-091448
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1007/s40279-015-0383-y
https://doi.org/10.1155/2012/803637

Ramos, G. A., Arliani, G. G., Astur, D. C., Pochini, A. de C., Ejnisman, B., & Cohen, M. (2017).
Rehabilitation of hamstring muscle injuries: a literature review. Revista Brasileira de Ortopedia
(English Edition), 52(1), 11-16. https://doi.org/10.1016/j.rboe.2016.12.002

Reis, F. J. J., & Macedo, A. R. (2015). Influence of hamstring tightness in pelvic, lumbar and trunk
range of motion in low back pain and asymptomatic volunteers during forward bending. Asian
Spine Journal, 9(4). https://doi.org/10.4184/as).2015.9.4.535

Schuermans, J., Danneels, L., Van Tiggelen, D., Palmans, T., & Witvrouw, E. (2017a). Proximal
Neuromuscular Control Protects Against Hamstring Injuries in Male Soccer Players: A
Prospective Study with Electromyography Time-Series Analysis during Maximal Sprinting.
American Journal of Sports Medicine, 45(6), 1315-1325.
https://doi.org/10.1177/0363546516687750

Schuermans, J., Van Tiggelen, D., Palmans, T., Danneels, L., & Witvrouw, E. (2017b). Deviating
running kinematics and hamstring injury susceptibility in male soccer players: Cause or
consequence?. Gait & posture, 57, 270-277. https://doi.org/10.1016/j.gaitpost.2017.06.268

Schuermans, J., Van Tiggelen, D., & Witvrouw, E. (2017c). Prone Hip Extension Muscle Recruitment
is Associated with Hamstring Injury Risk in Amateur Soccer. International Journal of Sports
Medicine, 38(9), 696-706. https://doi.org/10.1055/s-0043-103016

Sherry, M. A., & Best, T. M. (2004). A Comparison of 2 Rehabilitation Programs in the Treatment of
Acute Hamstring Strains. In J Orthop Sports Phys Ther (Vol. 34). www.jospt.org

Shield, A. J., & Bourne, M. N. (2018). Hamstring Injury Prevention Practices in Elite Sport: Evidence
for Eccentric Strength vs. Lumbo-Pelvic Training. In Sports Medicine (Vol. 48, Issue 3, pp. 513—
524). Springer International Publishing. https://doi.org/10.1007/s40279-017-0819-7

Silvers-Granelli, H. J., Cohen, M., Espregueira-Mendes, J., & Mandelbaum, B. (2021). Hamstring
muscle injury in the athlete: State of the art. In Journal of ISAKOS (Vol. 6, Issue 3).
https://doi.org/10.1136/jisakos-2017-000145

Small, K., McNaughton, L. R., Greig, M., Lohkamp, M., & Lovell, R. (2009). Soccer fatigue,
sprinting and hamstring injury risk. International Journal of Sports Medicine, 30(8), 573-578.
https://doi.org/10.1055/s-0029-1202822

Subbiah, D.S. (2019) An impact of progressive agility trunk stabilization (PATS) exercises and
manual intervention therapy on rehabilitation of acute hamstrings. Adalya journal, 8(7), 47-55.

Van Dyk, N., Bahr, R., Whiteley, R., Tol, J. L., Kumar, B. D., Hamilton, B., Farooq, A., & Witvrouw,
E. (2016). Hamstring and Quadriceps Isokinetic Strength Deficits Are Weak Risk Factors for
Hamstring Strain Injuries. American Journal of Sports Medicine, 44(7), 1789—-1795.
https://doi.org/10.1177/0363546516632526

60


https://doi.org/10.1016/j.rboe.2016.12.002
https://doi.org/10.4184/asj.2015.9.4.535
https://doi.org/10.1177/0363546516687750
https://doi.org/10.1016/j.gaitpost.2017.06.268
https://doi.org/10.1055/s-0043-103016
http://www.jospt.org/
https://doi.org/10.1007/s40279-017-0819-7
https://doi.org/10.1136/jisakos-2017-000145
https://doi.org/10.1055/s-0029-1202822

Zemkova, E., & Hamar, D. (2018). Sport-specific assessment of the effectiveness of neuromuscular
training in young athletes. In Frontiers in Physiology (Vol. 9, Issue APR). Frontiers Media S.A.
https://doi.org/10.3389/fphys.2018.00264

61


https://doi.org/10.3389/fphys.2018.00264

Appendices

UNIVERSITY of the
WESTERN CAPE

62
http://etd.uwc.ac.za



UNIVERSITY of the

WESTERN CAPE F _—
of hope, action
& knowledge
30 September 2022
Mr W Kerspuy
Department of Physiotherapy
Faculty of Community and Health Science
BMREC Reference Number: BM21/10/51
Project Title: Lumbo-pelvic neuromuscular control for theprevention of recurrent

hamstring injuries in sprinting.

Approval Period: 26 September 2022 - 25 September 2025

I hereby certify that the Biomedical Science Research Ethics Committee of the University of the Western Cape approved
the scientific methodology and ethics of the above-mentionedresearch project and the requested amendment to the
project.

Any further amendments, extension or other modifications to the protocol must be submittedto the Ethics Committee for
approval.

Please remember to submit a progress report annually by 30 November for theduration of the project.

For permission to conduct research using student and/or staff data or to distribute research surveys/questionnaires please apply via:
https://sites.google.com/uwc.ac.za/permissionresearch/home

The permission letter must then be submitted to BMIREC for record keeping purposes.

The Committee must be informed of any serious adverse event and/or termination of the study.

Ms Patricia Josias
Research Eghigs jttee Officer
University ofthe Western Cape pirector:
Research DevelopmentUniversity of the Western Cape Private Bag X 17Bellville 7535

Republic of South AfricaTel: +27 21 959 4111
Email: research-ethics@uwc.ac.za

FROM HOPE TO ACTION THROUGH KNOWLEDGE.
63


https://sites.google.com/uwc.ac.za/permissionresearch/home
mailto:research-ethics@uwc.ac.za

DELPHI STUDY INFORMATION SHEET
FOR PARTICIPANTS

You have been invited to be a part of this study because of your expertise and experience in the field of sports
physiotherapy and neuromusculoskeletal domain. Please read this information 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 rehabilitation for the prevention of recurring hamstring injuries. The study will be led by Wade Kerspuy
in collaboration 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 multiple experts to reach an agreement on a subject. Taking part
will involve completing 3 rounds of online questionnaires. Questionnaires will take approximately 30 minutes to
complete. Answers can be saved and completed later. Each round will last for 2 weeks. After each round you will
receive a summary of the feedback of that specific round. There will be no face-to-face communication between
participants and your identities will not be disclosed to other participants.

- Are there any risks?
It is very unlikely that taking part in the study will cause you any harm or emotional stress. You can stop taking
part whenever you want. However, any responses up until that point will be withdrawn from the study.

- How conferential are my answers and personal information in this study?

All responses to the questionnaire will be anonymous to the other participants. 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 Humanities and Social Science research ethics committee. Your personal information will be protected
by the Protection of Personal Information 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. Information will be used as
part of the researchers MSc thesis. The information will also be used to start the conversation between
physiotherapists and athletes on the importance of lumbo- pelvic neuromuscular control on hamstrings.

- Who do | contact if | want more information 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 questionnaire. 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 participants (for each of the 2nd and 3rd questionnaires we will also send
you a reminder after one week). If you would prefer not to receive any further communications from us, please
let us know via the contact details below.

Wade Kerspuy
2863404@uwc.ac.za

Thank you for taking the time to read this information 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 participate in this study. The researcher will
answer any questions 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 rehabilitation for the prevention of recurring hamstring injuries.

Potential risks to participant:
It is very unlikely that you will be harmed or experience any emotional stress from this study.

Confidentiality:

Only the participant and the researcher will know the identity of participant in this study. None of the of the
participants will interact with each other or know each other’s identity. The participants name will not be
mentioned in the study. The study will also act in accordance with the Protection of Personal Information act
(POPI).

Voluntary participation:
At any time, the participant may withdraw from the study, however any responses up until that point will be
withdrawn from the study.

Whom to contact if you have any questions:
The researcher Wade Kerspuy can be contacted
2863404@myuwc.ac.za

Agreement:

| have read the procedure described above. | voluntarily agree to participate in the procedure, and | have
received a copy of the information sheet.

The privacy and security of personal information of participants are important to us. We will only process

personal information, which includes collect, use, store and share such information in accordance with the POPI

act and if processing is permitted by law, for legitimate interest or if the participant has provided consent.

Participant

Date

65



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 time period (include practices 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 hamstringsto 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 hamstringsto 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.

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

010101010}

Cable machine or resistance band
extension to flexion pendulum

Lateral displacement and controlled
landing drills

0

N

Single leg dead lifts

4008 WU/ O (0100 10]-

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. —

0
OO0 01O 0|00 10 1010]0]0]0]=

01010 101]0j0]0 [0 |0 10/0]0]0]=
01010 101]0j0]0 [0 |0 10|0]0]|0]

0| 00 dlie
U3

Sports specific drills D
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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 thiswas 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 hamstringinjuries.

The importance of lumbo-pelvic neuromuscular control in their rehabilitation of
hamstring to prevent mmthamstring 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 900 Iflexion

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?
Plearate 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

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:

The extender

SQuobrwd =

Contract relax for hamstring hip at 90 degrees
Discontinuous aerobic drills

Progressive Agility and Trunk stabilization Plan
A Kicks and B Kicks

Hamstring tantrums either in a prone position with a physio ball, or supine with large
loopresistance 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 o 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 REPAIR PHASE REMODELING PHASE
PHASE (Week 1-2) (Week 2-3) (Week>3)

The Diver: Single leg Squat Nordic hamstring exercises
(83% importance) (75% importance) (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 Iltems for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) Checklist

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

reviewers, to avoid bias.

TITLE
Lumbo-pelvic neuromuscular control for the
Title prevention of recurrent hamstring injuries in N/A
sprinting
ABSTRACT
Structured Click here to
summary enter text.
INTRODUCTION
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
Rationale . . 3
(Comfort, 2009). The concern is that conventional
hamstring rehabilitation may be inadequate, to
reduce the prevalence of a recurrent hamstring
injury. -~ ~
- This study will explore if lumbo-pelvic
| neuromuscular rehabilitation is currently included in
Objectives the rehabilitation programmes aimed at the 6
| prevention of recurring hamstring injuries in
athletes involved in sprinting sports,
METHODS an ] T TS _
Indicate whether a review protocol exists; state if
Protocol and and where it can be accessed (e.g., a Web Click here to
registration address); and if available, provide registration enter text.
information, including the registration number.
Only English, full-text articles, published between
2010 - 2021 were included in the search.. The
- following search terms/words were used in different
Eligibility criteria combinations: hamstrings, sprinting, prevention and | 22
neuromuscular. Any other reviews were excluded
from the study.
Information The following databases were used: Ebsco-host, 29
sources* Pubmed, Pedro, CINAHL and Science direct
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
Search hamstring injuries in athletes involved in sprinting 22
sports?”. 2) If so, which lumbo-pelvic
neuromuscular exercises are currently being used in
the prevention of recurrent hamstring injuries?”
_ Relevant study titles were recorded and documented
Selection of on the PRISMA diagram
so_urcesof Scori £ the titl done ind dently by t 25
evidencet coring ot the titles was done independently by two
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Data charting
processt

Data items 1M

Critical appraisal
of individual
sources of
evidence§

Synthesis of 13
results
RESULTS

Selection of !
sources of 14
evidence

Characteristics of |
sources of 15
evidence

Critical appraisal

within sources of 16
evidence

Results of
individual sources 17
of evidence

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

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.

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

N/A

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

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.

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

N/A

' 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.

Click here to
enter text.

Click here to
enter text.

N/A

Click here to
enter text.

23

Click here to
enter text.

N/A

33
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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.

77



REPORTED
SECTION ITEM | PRISMA-ScR CHECKLIST ITEM 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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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
The 5 selected studies showed that there was a
Summary of shorter period of injury and reduced incidence of
evidenCtray 19 | recurrent hamstring injuries when lumbo-pelvic 54

neuromuscular tasks were in cluded in Hamstring
rehabilitation.
Some of the studies only include minimal
Limitations 20 | information that was relevant to the questions of this = 33
scoping review.
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
i 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
Conclusions 21 their rehabilitation approach, especially after a 548
| 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.

FUNDING
Funding 22  N/A N/A

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting ltems 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.
T 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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I 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 Explanation. Ann Intern Med. 2018;169:467—473. doi: 10.7326/M18-0850.
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