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Background
In clinical settings, much effort has been placed into finding ways of restoring and tracking the recovery of strength and voluntary movement after spinal cord injury. However, there is far less emphasis on doing the same for sensory function (the awareness of changes in the external environment or in the body). Because the production of movement can be highly influenced by sensory information, it may be beneficial to improve sensory function in order to maximize motor recovery. Precise clinical assessments of sensory function are also necessary to evaluate the effectiveness of treatments. 
Purpose
The purpose of this research project is to develop a method to precisely and reliably measure proprioceptive function (position sense and kinesthesia or movement sense) in the legs (the knee and hip joints). This knowledge can help to devise strategies to modify and improve walking and movement control after neurological injury.
Who can participate in this study?
You can participate in this study if you:
· had a spinal cord injury occurring at least 9 months ago
· are in stable medical condition
OR
· You have no neurological, cardiovascular, or musculoskeletal injuries interfering with your ability walk (control volunteers)
You must be 19 years of age or older to participate in this study.
We will recruit 55 participants with SCI and 55 able-bodied control participants.
Who should not participate in the study?
You should not participate in this study if any of the following applies to you:
· You have any musculoskeletal disease (e.g., muscle pain, broken or weak bones) 
· You have any cardiovascular condition for which exercise is contra-indicated
· You have a pacemaker
· Your weight is more than 300 lbs or your height is greater than 6’1” (due to capacity limits of the equipment)
Study Procedures
This study will take place on the 3rd floor of the ICORD Blusson Spinal Cord Injury Centre (818 West 10th Ave, Vancouver). This study will require you to make 2 visits to our laboratory, at least 1 week apart, lasting approximately 2-3 hours each day for control subjects and 3-4 hours each day for subjects with SCI. If you agree to take part in this study, you can expect the following:
Before You Begin the Study 
Before beginning the study, we will contact you by telephone to confirm your eligibility to participate in this study. If you have a spinal cord injury, we will also ask you when you had your spinal cord injury, what types of medication you are taking and about your general medical history to make sure that you will be able to safely participate in the tasks required of this study. 
Laboratory Visit
We will arrange a time that is convenient for you to come to the laboratory on two separate days. Please bring or wear a pair of comfortable shorts and walking shoes. Because we will need to tape various instruments to your shoes, it is preferable if you bring running shoes or an older pair of shoes.
Day 1
Proprioception assessment
We will have you stand on the treadmill within the Lokomat. The Lokomat is a computer-controlled gait rehabilitation system that consists of a pair of robotic legs to which your thighs and lower legs are strapped. The Lokomat will be adjusted according to the length and size of your legs. You will be secured to the Lokomat by leg cuffs around the mid-thigh, upper shank, and lower shank as well as a waist belt to provide trunk support. Each robotic leg is attached to a central horizontal frame that secures you around the hip. There are motors embedded within the robotic legs that can be programmed to control the Lokomat. While you are attached to the Lokomat, you will be suspended over the treadmill with an overhead suspension system so that your test leg will not be touching the ground, enabling your test leg to move freely. Your untested leg will be placed on to a block so that you will bear weight on it during testing. Every 3-15 minutes you will be given a rest break where we will remove the body weight support and you will stand and bear weight on both legs. You will also be asked to flex and extend your hips, knees and ankles during the break as you are able.
Static position sense: The Lokomat will move your hips and knees for you into different positions and we will ask you to memorize the position that your legs are in. You will be then asked to move your legs into the same positions either by using your leg muscles or by using a joystick to move the robotic legs. 
Movement sense: The Lokomat will move your leg at a very slow speed and you will be asked to push a button when you sense that your leg is moving and indicate the direction of movement. Another way we may measure movement sense is to have the Lokomat move your leg back and forth at a set target speed. You will be asked to memorize this speed. The movement speed will then change and you will be asked to match the original target speed by either speeding up or slowing down the movement using the joystick buttons.
Reaction time test: Small electrodes will be placed on the skin over nerves that go to skin areas or innervate muscles. Brief pulses of electrical stimulation will be delivered to these nerves via these electrodes. The sensation of stimulation will be brief (~2/100 of a second) and will feel like tingling. The stimulation should evoke a mild to moderate sensation but should not be painful. You may feel what the stimulation is like and decide if you wish to continue. We will stimulate the nerve about 20 times. As soon as you feel the stimulation, we will ask you to push a button. This will help us to determine your baseline reaction time.   
Physical Assessment (for people with incomplete spinal cord injury) 
A standard neurologic examination will be used to assess your ability to move your legs and sensation in your legs. You will be asked to perform different leg and foot movements while lying on your back, sitting, or standing. It is all right if you are unable to perform all the tasks we ask you to do. This test allows us to measure how much the spinal cord injury has affected your movement and sensory abilities.
We will also gently bend your knees and ankles back and forth in order to feel how much muscle tone you have around these joints. These assessments will occur on either the first or second day of testing.
Walking and Balance (for people with incomplete spinal cord injury)
We will ask you to wear a safety belt around your waist. The belt allows us to quickly support you in case you trip. This type of safety precaution is typically used in rehabilitation clinics to ensure safety and balance.
10-Meter Walk Test: We will ask you to walk back and forth along a 14-meter pathway while we time you with a stopwatch so that we can calculate your walking speed. Please walk at your usual comfortable speed.
Spinal Cord Injury-Functional Ambulation Profile: We will time how long it takes for you to perform various walking tasks, including walking on a regular hard surface, stepping over and around obstacles, walking up and down a ramp, and walking up and down a set of stairs. 
Berg Balance Scale: We will ask you to perform a variety of seated and standing balance tasks. The tasks range from sitting still on a chair to standing with your feet close together.
Modified Ashworth Scale: We will ask you to lie on your back, while we move your arms and legs into different positions. This will help us determine how your body reacts to movements initiated by someone else. 
Ambulatory Self-Confidence Questionnaire (ASCQ): We will ask you to answer  a series of questions, which assesses how confident you are in your ability to perform various walking tasks in different situations, such as stepping up onto a curb or using an escalator. 
The Activities-specific Balance Confidence Scale (ABC): We will ask you to complete a 16 item scale to assess how confident you are in maintaining your balance while performing various tasks, such as walking across a parking lot or getting into or out of a car. 
It is all right if you are unable to complete any of the tasks.
Day 2
Obstacle Crossing Task
You will be asked to wear spandex pants and small devices will be taped to your feet, legs and back that will measure your muscle activity and/or position in space. The spandex pants helps to ensure that we can measure your movements accurately. A screen and curtains will block off the recording area to ensure your privacy. All of the sensors will be connected through thin, lightweight wires to a computer system. All equipment attached to you is battery powered or electrically isolated. You will not feel any electrical sensations from the equipment attached to your body.
You will then be asked to walk along a walkway and step over an obstacle placed in a doorframe. The height of the obstacle will be adjustable to your motor abilities. There will be parallel bars situated along the walkway for you to use for support while walking, should you need them. In some trials, the lower part of your visual field may be blocked with goggles during this task. You will also be asked to wear an eye-tracking device so that we can track where you are looking while you are walking. The eye-tracking device is a very light frame that sits on your face like glasses. A small camera facing your eye records the movement of your pupil and while another one facing out records the environment; together, these signals will be used to monitor where you are looking while you complete the walking tasks.
Possible harms and side effects
Some people may feel uneasy within the Lokomat. However, we will provide ample time to allow you to become accustomed to the Lokomat. The manufacturer of the Lokomat has obtained Canadian approval of this device in compliance with the medical devices regulations (Medical Device License Numbers 35773). The Lokomat also has several safety features that will automatically shut it down should it experience excessive forces. There are also emergency stop switches on the treadmill that you can press if you feel uncomfortable at any time of the study. 
You may experience discomfort from the leg straps and harness straps while you are in the overhead suspension system and the Lokomat. We will minimize any discomfort by placing padding underneath straps and will give you rest breaks as needed, in addition to the breaks that are already in scheduled into the testing session.
You may feel dizzy or faint from being suspended in the overhead suspension system with the leg and harness straps. We will try to prevent this from happening by minimizing body weight support during testing and completely removing the body weight support intermittently (every 3-15 minutes) throughout the testing session. We will also ask you to bend and straighten your hips, knees and ankles during the break. 
It is possible that you may fall or injure yourself during the walking tests. We will make every possible attempt to minimize the chance of falling or injuring yourself by always having someone close by to guard you and having the safety belt around your waist at all times.
Because electrical equipment is used and connected to you there is risk of accidental shock. To minimize the risk of accidental shock the equipment is connected such that participants are electrically isolated. That is, there is no direct electrical contact between the wall socket into which the equipment is plugged and the electrodes placed on your body for recording muscle activity or stimulating nerves. Because of this, the risk of accidental shock is very low.
The risks are not greater than the risks in everyday life. We anticipate that anyone in good, general health should be able to tolerate the procedures used in this study.
Confidentiality
Your confidentiality will be respected. No information that discloses your identity will be released or published without your specific consent to the disclosure. However, research records and medical records identifying you may be inspected in the presence of the Investigator or his or her designate by representatives of Health Canada and the UBC Research Ethics Board for the purpose of monitoring the research. However, no records which identify you by name or initials will be allowed to leave the Investigators' offices.
The results of this study, once completed, can be provided to you at your request.
Remuneration/Reimbursement
There is no cost to you for participating in this study and you will not be paid for your participation. As a token of our appreciation, we will provide you with a small gift (e.g. a t-shirt or gift card) upon completion of your participation in this study.  
What are the benefits of participating in this study?
We do not expect any direct benefits to you from taking part in this study.  We hope that the information learned from this study can be used in the future to create better rehabilitation therapy for improving walking in people with neurological injury.
Contact for information about the study
If you have any questions or desire further information about this study before or during participation, you can contact Tania Lam at (604) 675-8807.
Contact for concerns about the rights of research subjects
If you have any concerns about your rights as a research subject and/or your experiences while participating in this study, contact the Research Subject Information Line in the University of British Columbia Office of Research Services at (604) 822-8598.
Consent

Your participation in this research is entirely voluntary. You may refuse to participate or withdraw from this study at any time without penalty or consequences. Signing this consent form in no way limits your legal rights against the sponsor, investigators, or anyone else.
SUBJECT CONSENT TO PARTICIPATE

Quantification of lower extremity proprioception in SCI and stroke.
My signature on this form means:
· I have read and understood the subject information and consent form.
· I have had sufficient time to consider the information provided and to ask for advice if necessary.
· I have had the opportunity to ask questions and have had satisfactory responses to my questions.
· I understand that all of the information collected will be kept confidential and that the result will only be used for scientific objectives.
· I understand that my participation in this study is voluntary and that I am completely free to refuse to participate or to withdraw from this study at any time without any consequences.
· I authorize access to my health record as described in this consent form.
· I understand that I am not waiving any of my legal rights as a result of signing this consent form. 
· I understand that there is no guarantee that this study will provide any benefits to me.
I will receive a signed copy of this consent form for my own records.
I consent to participate in this study.

Subject’s Signature					Printed Name				Date

If this consent process has been done in a language other than that on this written form, with the assistance of an interpreter/translator, indicate language: __________________
☐ The consent form was read to the subject, and the person signing below attests that the study was accurately explained to, and apparently understood by, the subject (please check if subject is unable to read). 
☐ The person signing below acted as an interpreter/translator for the subject, during the consent process (please check if an interpreter/translator assisted during the consent process).

Signature of Person Assisting			Printed Name				Date
In the Consent Discussion
please see over





Quantification of lower extremity proprioception in SCI and stroke.


FUTURE STUDIES
Please indicate whether or not we may contact you in the future to let you know about other research studies you may be interested in.

 Yes, I may be interested in other research studies. Please keep my contact information on file to let me know of other studies I may be eligible for.

________________________________ 	____________________
[bookmark: _GoBack]Subject Signature					Date
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