
1 
LEON ID: 6330 

 

 

 

School of Sport, Exercise and Health Sciences 

Characterisation of long-term knee-joint neuromuscular dysfunction 

and morphological deficits after ACL reconstruction 

 PARTICIPANT INFORMATION SHEET 

Investigators Details: 

Main Investigator 

Miss Tamara Valencic, T.Valencic2@lboro.ac.uk 

Other Investigators 

Prof Jonathan Folland, J.P.Folland@lboro.ac.uk, +44 (0)1509 226334 

Dr Jakob Skarabot, J.Skarabot@lboro.ac.uk, +44 (0)1509 225438 

Dr Stefan Kluzek, Stefan.Kluzek@nottingham.ac.uk 

Miss Siyue Kong, S.Kong-21@student.lboro.ac.uk  

Mr Dawid Kowalczyk, D.Kowalczyk-21@student.lboro.ac.uk  

Miss Georgia Bradford, G.E.Bradford-18@student.lboro.ac.uk  

Miss Poppy Felgate, P.Felgate-18@student.lboro.ac.uk  

Contact Address 

School of Sport, Exercise and Health Sciences, National Centre for Sport and Exercise Medicine, 

Loughborough University, Loughborough, Leicestershire, UK, LE11 3TU 

 

We would like to invite you to take part in our study. Before you decide we would like you to 

understand why the research is being done and what it would involve for you. One of our team will 

go through the information sheet with you and answer any questions you have. Talk to others about 

the study before making a decision if you wish. 

What is the purpose of the study? 

More than 20,000 anterior cruciate ligament (ACL) ruptures occur in the UK annually, with the highest 

occurrence in young and active individuals. The rupture is typically treated surgically by 

reconstructing the ligament using a piece of tendon(s) taken from muscles around the injured knee. 

Although normal rehabilitation involves ~6 months of care and monitored exercise before patients 

are discharged, individuals who have undergone ACL reconstruction often experience on-going 
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weakness and reduced size of the muscles surrounding the injured knee many months/years after 

surgery, which ultimately increases the risk of reinjury and knee osteoarthritis.  

Weakness of the knee muscles is partly due to individuals’ reduced ability to activate/switch on these 

muscles, which is known as muscle inhibition. Neural mechanisms causing this inhibition, and how 

the inhibition contributes to the reduced muscle size and function are, however, poorly understood.  

Furthermore, whilst it is known that in healthy uninjured individuals, the ability to activate the muscles 

and generate muscle force varies with joint angle and contraction characteristics (e.g., contraction 

speed), the effect of these variables on muscle inhibition and function in individuals post ACL 

reconstruction is still unclear. 

Therefore, we will investigate muscle function and inhibition at different knee-joint angles and during 

different types of contractions, and the differences in muscle inhibition, size, and function between 

young and healthy individuals 1-6 years post ACL reconstruction who have been fully discharged 

from rehabilitation for >6 months and returned to normal life/activity in comparison to healthy controls 

who have had no major knee injuries. 

*Please note, this study is not conducted for the purpose of rehabilitation or evaluation of how well 

you have recovered after ACL reconstruction. 

Who is doing this research and why? 

This study is being conducted by Miss Tamara Valencic, a PhD Student at the School of Sport, 

Exercise and Health Sciences at Loughborough University. Miss Valencic has been trained in the 

methods and procedures used in this study and is supervised by Prof Jonathan Folland and Dr Jakob 

Skarabot, both with extensive experience in neuromuscular physiology and performance research. 

The study is also being conducted by Miss Georgia Bradford and Miss Poppy Felgate, both final-

year undergraduate students, and Miss Siyue Kong and Mr Dawid Kowalczyk, both postgraduate 

taught students at the School of Sport, Exercise and Health Sciences at Loughborough University. 

All four students have been trained and are supervised by Prof Folland.  

The study is being conducted as part of a PhD research project supported by Loughborough 

University and the National Rehabilitation Centre. 

With this study we want to better understand the long-term effect of previous ACL reconstruction 

more than 1 year ago on current neuromuscular function (activation, strength, and muscle 

morphology) in different joint and task configurations, particularly we are interested in the neural 

underpinnings of muscle inhibition. 

The study is performed on a public task basis. 

Are there any inclusion or exclusion criteria? 

To be eligible for participation, you must fit the criteria of one of the following groups: 
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ACL Reconstruction Group CONTROL Group 

• 1-6 years post-ACL rupture and 

reconstruction surgery 

- primary, unilateral injury 

- hamstring tendon graft used for 

reconstruction 

- injury sustained at the age ≥ 16 years 

- discharged from any clinical 

care/rehabilitation after the ACL 

reconstruction for > 6 months 

• recreationally active (engaged in physical 

activity at least twice a week for a minimum 

of 30 minutes on average) 

• 18-40 years of age 

• male or female 

• no history of major trauma to the lower 

limb, particularly that in the knee 

• recreationally active (engaged in physical 

activity at least twice a week for a minimum 

of 30 minutes on average) 

• 18-40 years of age 

• male or female 

 

If you are a potential participant within the ACL Reconstruction group, you cannot take part 

if you have had:  

• any major ligamentous and/or cartilage injury associated with the ACL rupture/reconstruction 

(e.g., posterior cruciate ligament (PCL) tear, total meniscectomy, etc.), 

• More than one ACL rupture (and reconstruction) in total for both legs, 

• current severe symptoms associated with ACL rupture and subsequent reconstruction (e.g., 

pain, inflammation, swelling, knee effusion). 

Additionally, regardless of the group, you cannot take part if you have: 

- medication for mental/psychiatric/psychological conditions,  

- psoriasis, 

- inflammatory arthritis, 

- knee-joint hypermobility (passive hyperextension of the knee beyond 10°), 

- any current injury to the back (including recurrent sciatica (low back pain)), spine or head,  

- a history of other major trauma, injury, or surgery to the lower limbs (in addition to the ACL 

rupture) 

- musculoskeletal or neuromuscular disease affecting function of the major joints of the lower 

limb (ankle, knee, hip),  

- any medical conditions, injuries and medication which exclude participation in exercise, 

- cardiovascular disease, unstable angina, uncontrolled hypertension, a history of heart failure, 

- body mass index ≥ 27 kg·m2, 

- Tegner Activity Score < 4/10, 

- continuous (i.e., back-to-back) contraceptive pill consumption (females only), 

- amenorrhea and secondary amenorrhea (females only), 

- pregnancy (females only). 

 

You will not be able to take part in the MRI if you have: 

- claustrophobia, 
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- permanent pacemaker (PPM) in situ, 

- implantable cardioverter-defibrillator (ICD) in situ, 

- metal aneurysm clip, 

- any metal in or near your head, spinal cord, eyes, or in your chest, 

- any internal electrical devices (e.g., cochlear implant, spinal cord stimulator). 

 

To assess eligibility, you will be required to fill out a health screen questionnaire and an MRI 

questionnaire prior to the familiarisation session.  

If you are female, we will also schedule your experimental visit to coincide with your first week of the 

menstrual cycle or, if you are using contraceptive methods (i.e., pill), on days when you are taking a 

contraceptive pill. 

What will I be asked to do? 

After an initial eligibility check via email or a phone call, you will be invited to the laboratory for 1 

screening and familiarisation session, 1 MRI session, and 3 identical muscle function testing 

sessions, which will be scheduled 2 to 7 days apart at a similar time of day Muscle function sessions 

will involve performing different types of single-leg static knee extension and flexion contractions 

(maximal, submaximal, slow, and rapid) with both legs, at 3 different angles. In addition to muscle 

force measurements, during all muscle contractions, the natural electrical activity within your 

muscles will be recorded by electromyography (EMG) sensors placed on your skin over the thigh 

muscles and your ability to activate and switch on the knee extensor muscles will be measured by 

stimulating your muscles from outside the body. 

The sessions will be conducted as follows: 

1) Screening and familiarisation session (~2 hours) 

In this session we will first evaluate your suitability to participate. You will complete a series of 

questionnaires assessing your physical activity and health status, including your history of knee 

injuries. 

Then, you will practice different types of single-leg static muscle contractions (maximal, submaximal, 

slow, and rapid) with your knee extensor and flexor muscles at three different knee joint angles (25°, 

55°, and 85° of flexion), whilst seated in a custom-built testing chair.  

Your knee-joint angle will be measured from side-on video recordings of your leg. 

In this session, you will also be habituated to percutaneous electrical stimulation of the femoral nerve, 

which is connected to your knee extensor muscles.  

2) MRI session (~1 hour 15 minutes) 

In this session you will undergo an MRI scan of the lower body (~50 minutes). 

3) Muscle function testing session (~3.5 hours) 

You will attend three muscle function testing sessions, which will involve identical, single-leg exercise 

tasks performed with both legs. In each session, the tasks will be performed at a different knee-joint 

angle, including 25°, 55°, and 85° of knee flexion.  
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Preparation 

1. EMG sensor placement (for muscle activity recordings): EMG sensors will be placed on 

your skin at the back and front of your thighs (above your knee flexor and extensor muscles), 

which will first be prepared by shaving, light abrasion with an abrasive paste or tape, and 

cleansing with alcohol wipes. 

2. Electrode placement for percutaneous nerve stimulation: A stimulating electrode will be 

placed in the femoral triangle (upper thigh) and a non-stimulating electrode on the thigh bone 

(just below the hip). 

Single-leg static knee extension and flexion contractions 

Preparation 

You will be seated in a knee-extensor exercise machine and strapped across the chest and 

pelvis to hips to hold you in place during the contractions. A strain gauge will be fastened 

above your ankle to measure muscle force. 

Testing protocol will involve: 

1. Stimulation intensity identification: Stimulation intensity will be determined by gradually 

increasing the intensity from low, undetectable levels, until a maximal muscle twitch force 

response is reached (~30% of the maximum force you can generate yourself voluntarily). 

This intensity will then be used during testing. 

2. Warm-up knee extension contractions: A series of brief (3-second) contractions: 3 at 

50%, 2 at 75%, and 1 at 90% of what you think is maximal effort. Electrical stimuli will be 

delivered during some of these contractions. 

3. Maximal effort contractions: 5 maximal contractions pushing ‘as hard as possible’ for 3-4 

seconds. During the final 3 maximal contractions, electrical stimuli will be delivered during 

and immediately after each contraction. 

4. Explosive contractions: 12 very brief rapid contractions ‘pushing as fast and as hard as 

possible’ for 0.5-1 second (like kicking a ball, but without moving your leg). The last 6 

contractions will involve a brief hold phase after the initial impulse. 

5. Triangular-shape contractions: 6 submaximal contractions by tracking a target shape 

displayed on a computer screen in front of you - slowly increasing the force to the target level 

and slowly decreasing the force until relaxation; 2 contractions at 15, 30, and 50% of your 

maximal force.  

6. Trapezoidal-shape contractions: 10 submaximal contractions by tracking a target shape 

displayed on a computer screen in front of you - slowly increasing the force to the target 

level, holding that force for 5-10 seconds, and slowly decreasing the force until relaxation; 2 

contractions at 10, 20, 30, 50, and 70% of your maximal force. 

7. Warm-up knee flexion contractions (see point 2) 

8. Maximal knee-flexion contractions: 3 maximal contractions pulling ‘as hard as possible’ for 

3-4 seconds. *No electrical stimulation 

There will be 15-120 seconds of rest between the contractions to minimise muscle fatigue. 
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After a 10-15-minute break, the protocol will be repeated with the other leg at the same 

knee-joint angle. 

During all muscle contractions, a trace of the force you are producing will be displayed on a computer 

screen in front of you for an immediate performance feedback. 

*Please note, that if you feel uncomfortable at any point during testing, please let us know 

and we will respond accordingly. 

Once I take part, can I change my mind? 

Yes. After you have read this information sheet and asked any questions you may have, if you are 

happy to participate, we will ask you to complete an Informed Consent Form. However, if at any time, 

before, during or after the sessions you wish to withdraw from the study, please just contact the main 

investigator. You can withdraw at any time, for any reason and you will not be asked to explain your 

reasons for withdrawing. You can also withdraw your data at any time up to one month after 

completing the study. 

Will I be asked to attend any sessions and where will these be? 

You will be asked to attend five sessions on separate occasions 2 to 7 days apart. For one screening 

and familiarisation session and three muscle function testing sessions you will visit the 

Neuromuscular Physiology Laboratory in the Mathew Arnold Building, and for one MRI session you 

will visit the National Centre for Sport and Exercise Medicine, both located at Loughborough 

University. 

How long will it take? 

The screening and familiarisation session will last ~2 hours, the MRI session will last ~1 hour and 

the three identical muscle function testing sessions will last ~3.5 hours each. Therefore, the total 

time commitment will be ~14 hours.  

Are there any disadvantages or risks in participating? 

There are certain risks associated with the testing procedure used in this study, however, several 

measures have been employed to minimise these risks. 

Single-leg static knee extension/flexion contractions  

Muscle strain or joint injury: maximal effort contractions pose a minimal risk of muscle strain and 

joint injury. Both are, however, very unlikely to occur during static contractions. To minimise this risk, 

you will complete a sufficient and task-specific warm-up in all sessions before performing any 

maximal efforts. Furthermore, adequate rest will be given in-between efforts to minimise fatigue. 

Muscle cramp: the likelihood of muscle cramping during static contractions is very low. In the case 

of a muscle cramp, you will be immediately released from the restraints of the testing machine and 
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be advised to stretch the affected muscle until the cramp is relieved. Testing will proceed upon your 

approval.  

Fainting: although minor, there is a risk of fainting during maximal efforts, usually due to 

inappropriate breathing patterns. To minimise this risk, you will be instructed to exhale before each 

effort and breath normally during rest periods. 

Momentary blood pressure increase:  during forceful muscle contractions blood pressure 

momentarily increases. This is a normal, healthy response to exercise, including resistance exercise 

(as are the contractions in this study), and is in fact considered beneficial for your cardiovascular 

function. If you are deemed eligible to participate in this study, you are young and healthy, with no 

history of cardiovascular events, meaning any risks associated with acute hypertension are minor. 

Percutaneous nerve stimulation 

Discomfort and fainting: the testing-level intensity of percutaneous nerve stimulation often involves 

some discomfort and poses a very low risk of fainting. To minimise these risks, you will be gradually 

habituated with the procedure in both sessions involving stimulations. On both occasions, stimulation 

intensity will be increased gradually, from a very low, undetectable level to that required during 

testing. This is a well-established research method, used across many different populations, 

including elderly and diseased patients, with adverse effects very rarely reported.  

MRI  

Presence of metallic devices or objects in/on the body: to eliminate the risk of any adverse 

events due to metallic devices or objects in/on the body, as well as certain health conditions and 

pregnancy, your suitability to undertake MRI will be thoroughly assessed using a standard 

specialised questionnaire. Please note that the scanner will only be operated by a trained 

radiographer, and only you and the operator will be allowed to enter and exit the scanner. 

Noise: as the MRI scanner produces an inherent audible noise, you will be provided with noise-

cancelling headphones to protect your hearing.  

Fall from the scanner bed: to ensure you do not lose balance when standing up after having been 

laid down for a prolonged time (due to a momentarily decreased blood pressure), you will be advised 

to slowly get up from the scanner bed and the operator will escort you from the scanner. 

Trapping body parts during movement of scanner bed: to minimise this risk, the operator will 

ensure sufficient support and cushioning under your body.   

ACL participants only: please note that due to your injury history you are at a higher injury risk 

when performing muscle strength and function exercises compared to participants without a previous 

ACL injury. However, due to the controlled nature of the activities in this study and the rigorous 

screening and eligibility criteria, the risks appear relatively low.  Specifically, we will ensure you are 

generally healthy and fully rehabilitated (> 6 months post-rehabilitation and > 12 months post-injury), 

reporting a satisfactory knee function without any severe acute symptoms (e.g., pain, swelling, knee 

instability, locking/catching sensation, etc.). Furthermore, please note that research involving similar 

measurements with ACL reconstructed individuals discharged to normal life/activity is common, with 

no adverse effects being reported in those studies.  

In case of injury, your study involvement will be discontinued immediately, your GP informed, and 

advice on rest and recovery strategies provided. If necessary, consultation with Sports Medicine 

personnel (e.g., physiotherapist) will be arranged and paid for. 
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Finally, two investigators will always be present during all testing sessions involving physical activity. 

Please note that you have a right to request a chaperone to be present in the sessions if you wish 

to. 

Is there anything I need to do before the sessions? 

To each session you should arrive well hydrated and well rested, with adequate sleep the night 

before.  

Please refrain from strenuous physical activity involving lower limbs the day prior to attending any of 

the sessions. Also, please refrain from alcohol consumption 48 hours before and caffeine 

consumption on the day you are attending any of the sessions. 

Is there anything I need to bring with me? 

It is advised that you bring your own water and possibly a snack (e.g., an energy bar). 

What type of clothing should I wear? 

To all sessions, please bring a pair of shorts. This will allow access to the skin on your legs, where 

electrodes and sensors will be placed to measure muscle activity. 

What are the possible benefits of participating? 

You will receive £45 as a reimbursement for your time and effort involved in study participation. You 

will also receive information about your muscle performance and muscle size. Additionally, you will 

have a unique opportunity to experience sports science research at one of the world’s leading 

universities in this field. Above all, you will help us gain a better understanding of the mechanisms 

contributing to the persistent neuromuscular inhibition after ACL reconstruction, with the study results 

providing an important step towards improving the standard rehabilitation protocol and ultimately 

enhance long-term health of people who have had an ACL rupture. 

Data Protection Privacy Notice 

Loughborough University will be using information/data from you in order to undertake this study and 

will act as the data controller for this study. This means that the University is responsible for looking 

after your information and using it properly. 

What personal information will be collected from me and how will it be used? 

Name and contact details (email address and phone number) will be collected to schedule the 

laboratory visits. Your health information (including information on ACL injury history – ACL 

participants only) will be collected using a Health Screen Questionnaire for eligibility screening and 

ensuring safe participation in the study. Date of birth, sex, body mass, and body hight will be collected 

for demographic characterisation of the two participant groups. Side-plane video images of your leg 
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will be recorded to measure your knee joint angle during static single-leg contractions. If you are a 

female, information on menstrual cycle and contraceptive methods used (if relevant) will be collected 

using a Health Screen Questionnaire to assess participation eligibility and schedule the laboratory 

visits at an appropriate time during the menstrual cycle. 

What is the legal basis for processing my personal information? 

Personal data will be processed on the public task basis. Under the General Data Protection 

Regulation, some of the personal data which will be collected from you is categorised as “sensitive 

data”. The processing of this data is necessary for scientific research in accordance with safeguards. 

This means that study has gone through an ethical committee to ensure that the appropriate 

safeguards are put in place with respect to the use of your personal data. 

How long will my personal information be retained? 

This sensitive, identifiable information will be retained until study closure (30 September 2024), upon 

which it will be destroyed, and the data anonymised in accordance with the General Data Protection 

Regulation (GDPR). The study documentation and data will be stored in either a locked storage 

cabinet in the responsible investigator's office (paper copies) or in a password-protected folder 

stored on university’s cloud-based drive OneDrive on the responsible investigator's password-

protected computer. The OneDrive password-protected folder will be shared exclusively amongst 

the investigators involved in the study (including external).  

Will my personal information be shared with others? 

Your personal data will be shared exclusively with investigators involved in the study.  

Will my taking part in this study be kept confidential? 

Yes. To ensure confidentiality, the data collected during your participation will be classified and 

processed by a unique participant identification (ID) number/code, not by your name. Results of this 

study will be presented anonymously (as group means and variability) in a PhD dissertation and any 

scientific publications and/or conference presentations that may arise from this study. 

The data collected during the study, including the document linking your personal information to the 

participant ID number, will be stored in a password-protected University OneDrive data file shared 

only between the investigators involved in the study. Any hard copies (i.e., data collection sheets, 

including Health Screen Questionnaire) will be stored in a secure, limited-access university 

workspace.  

You can withdraw your data up to one month after completion of the study (30 September 2024). 

After that, the data will be anonymised and stored at institutional repository, after which withdrawal 

is no longer possible. 

 



10 
LEON ID: 6330 

How will the anonymised data/results collected from me be used? 

Your anonymised data/results will be used in a PhD dissertation, journal publications and conference 

presentations. 

How long will the anonymised data/results be retained? 

All data/results collected during the study, including all video recordings, will be stored in a password-

protected folder on the responsible investigator's university cloud-based drive (OneDrive). The folder 

will only be shared amongst the investigators involved in this study (including external). The 

anonymised data/results will be stored indefinitely in the Institutional Repository (in confidential 

mode). Anonymised data will also be retained by the responsible investigator on their password-

protected university cloud-based drive on a password-protected computer and in a password-

protected folder 10 years after publishing the study results. Video recordings will be retained in their 

original form for 10 years upon the study closure, after which they will be destroyed. 

I have some more questions; who should I contact? 

Miss Tamara Valencic, T.Valencic2@lboro.ac.uk. 

What if I am not happy with how the research was conducted? 

If you are not happy with how the research was conducted, please contact the Secretary of the Ethics 

Review Sub-Committee, Research & Enterprise Office, Hazlerigg Building, Loughborough 

University, Epinal Way, Loughborough, LE11 3TU.  Tel: 01509 222423.  Email: 

researchpolicy@lboro.ac.uk 

The University also has policies relating to Research Misconduct and Whistle Blowing which are 

available online at https://www.lboro.ac.uk/internal/research-ethics-integrity/research-integrity/.    

If you require any further information regarding the General Data Protection Regulations, please see: 

https://www.lboro.ac.uk/privacy/research-privacy/. 
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