JRRD At A Glance Podcast Episode 7 – Stabilization and Control of Upper-Limb Prosthesis

[Dore Mobley] This is episode seven of the JRRD At a Glance podcast produced by the Journal of Rehabilitation Research and Development, or JRRD, and the U.S. Department of Veterans Affairs. Hello, I’m Dore Mobley. With me today is T. Walley Williams, director of product development at Liberating Technologies in Boston, Massachusetts. Today we’re talking about volume 48, issue 6, a single-topic issue on the stabilization and control of upper-limb prostheses. Welcome T. Walley.
 [T. Walley Williams] Thank you. 
[Dore Mobley] So, T. Walley, tell me about this issue. 
[T. Walley Williams] Well, this issue of JRRD started out to be simply an issue completely on upper-limb prosthetics. However, when I went out to recruit articles for the issue, I found that some people were working in areas that I was very interested in and some people were not working in areas that I thought were important, but what happens is you have to rely on the folks that are actually doing work today that will be of interest to people who want to know what’s going on in upper-limb prosthetics. So the issue turned out to be more about the control of powered prostheses than it might, and has a little less to say about body-powered prosthesis than it might, so one of the issues that is being discussed here is pattern recognition within surface myoelectric signals. So later I will give you some real information on that, but that’s a major subject of this issue. We also discuss in this issue the stabilization of upper-limb sockets, because if you try to move your limb and the bone moves inside your socket, that isn’t really very efficient. You lose a lot of efficiency, so this is a major article by myself and several other authors on a new design for sockets. In addition, we are looking at protocols for how to develop new devices, particularly in prosthetics, and finally we had to have the usual emphasis that this journal has on making sure that the articles report quantitative information. These articles are good solid articles that report on real data and will be of interest to research-level people as well as the general public. 

[Dore Mobley] Earlier you mentioned that the majority of articles dealt with the use of myoelectric signals to control a prosthesis. What is a myoelectrically controlled prosthesis?
[T. Walley Williams] Moyelectric simply means “muscle electric” using the Greek word myo,  which is what medical people love to do to confuse the public. The state of the art in myoelectric control today really is opening and closing an artificial hand using two wrong muscles because the surface muscles on the forearm are wrist extensors and wrist flexors, and we use them to open and close the hand. So we have a long way to go from there to what I call intuitive control, which will mean that the correct muscles are asking the devices to do what they would have done before the amputation. So, simple myoelectric control right now is sequential. You can do one thing with a pair of muscles, and if you want to do something else, you have to co-contract those muscles, change modes, and then do the something else, and then come back to your original. So what about myoelectric-controlled prostheses? There are good points. You get rid of a harness, you’ve got good cosmesis or appearance of the hand-like device, and strong grip, but you pay for that. These prostheses weigh more than the body-powered prostheses. You still have sequential control, but you have that in body-powered, too. They cost more and we will talk later about the fact that they have no feedback, so that if you’re in a dark room, you don’t know what your prosthesis is doing. 
[Dore Mobley] Based on the published research, what do you see as the primary challenge or roadblock to achieving intuitive control through the use of myoelectric signals? 
[T. Walley Williams] Ah, intuitive. My gold standard is intuitive control, and what that would mean, for instance, would be that if I want to raise an artificial elbow that has an electric motor, I contract the biceps muscle, which is involved in the normal human being in elbow flexion. Triceps muscle extension: that is not the way we’re controlling things today, and it has most to do with the fact that we’re losing a great deal of the information that we need to do our controlling. The higher we amputate, the more information we lose, the more ability to control things. So one of the ways that we’ve approached this problem is to use TMR, which means targeted muscle reinnervation, and there is at least one article in this issue that talks about how this is used to control. We have more than that—people are working on pattern recognition. What this would mean, when it is applied to the forearm for instance, would be that as a person tries to open and close their hand, those muscles would sometimes also contract. In flexing and extending the wrist would be recognized for what they’re supposed to do through a series of mathematical tricks that allow us to tell what the intent of the user is. And the final gold standard, and we’re not nearly there yet, would be not just sequential control of what you want to do using the appropriate muscles, but simultaneous control, and some of the folks that are working in this field are beginning to get results in that direction. We don’t report them in this issue, because those are ongoing research projects. 
[Dore Mobley] With the many advances in electrically powered prostheses in the last decade, why are body-powered or cable-operated devices still in use?

[T. Walley Williams] Well it’s a good question, and I have friends that have come back from the recent wars who have been offered any device they would like to use. They’ve been allowed to try all the different devices, and they’ve ended up with simple cable-operated split hook prostheses. Why? Well the answer is that they operate very quickly, and even in the dark you know how open the gripping device is, so there’s a point to those cable-operated devices. And one of our questions to the control folks is, okay, can you get that kind of feedback when you start to work with powered prosthetics? Two articles in the issue actually address that. Both of these articles look at the motion of the shoulder. Most people can move their shoulder forward and back and they can move it up and down. These are independent motions—they can be used to control two different devices. So these two articles have done simple studies of actual users controlling devices. So what’s new? What’s new here is two things: end point control, which means that they’ve used the devices to move to a location rather than for the amputee to think about the actual movement of his joints; the second thing that these articles bring out is that in a controlled study environment, they have shown that individuals can control their devices better because of the feedback involved with this kind of motion control than they can with the myoeletric control.
[Dore Mobley] In your opening response, you mentioned that your goal with this issue was to identify promising topics for future research. What are some of the research topics for the future that we haven’t talked about yet?
[T. Walley Williams] I look at what’s happening in computers today. I note that people in the military, for instance, are using eye-tracking to control various things, and I notice that people would like to be able to change what they’re doing what I call “on the fly.” So for instance, if you’re going to be eating, you would like to use your prosthetic devices differently than if you’re going to be working in a woodshop. So let’s talk about eating for a moment. Just think about the simple fact of picking up a cup and bringing it up to your mouth. That cup needs to stay vertical until it gets to your lips, otherwise you will be slopping water all over your lap. So to avoid that, we need a drinking mode built in to our prosthetic control system. Well how would you be able to change the way that the system works if you can’t communicate to the system? So I’m looking at people who are using audio cues to do various control activities, and I look particularly at the software that has been developed for recording my voice, and I have worked with people there who are able to put cues into their voice that do control things that you aren’t even aware of, but they’re accomplishing while they’re talking to you. So there’s a lot of good stuff that’s going to be going on there. When it comes to feedback, we’ve overlooked the ears as a way of generating feedback. The ears are able to differentiate between left and right, so we could use a very low-level sound that moves first to the right ear and then to the left ear to record position. Those are just sort of “for instances.” So there’s a lot of stuff that’s going on out there, and I’m looking forward to working on another issue sometime along, which will report on these new developments. In the meantime, if you want to find out more about this issue, you want to look up “Progress on stabilizing and controlling powered upper-limb prostheses,” which is the title of this issue of JRRD. 
[Dore Mobley] Thank you, T. Walley. We’ve been talking today about JRRD volume 48, issue 6, a single-topic issue on upper-limb prostheses. You can view the entire issue, which prompted this discussion, online at www.rehab.research.va.gov/JRRD  or you can submit your comments on this podcast to vhajrrdinfo@va.gov. For JRRD, thanks for listening. 
