November 30, 2004

Little men and their discontinuities: 

There are little men inside my head that tell me what to do. 

No.

Really. 

Here's one of them:





The little man is a model according to a sketch of the human body on the surface of our brain.

* * *
The different parts are sized according to how much space the brain gives to processing information about that part of the body. This particular model - called the sensory homunuculus because it is constructed based on the sensory cortex - is where sensory signals from the body converge. The sensory cortex is a physical map of the body on the surface of the skin, also called the 'somatosensory' cortex (mean 'body sensing'). Each part of your body has a different position on the surface of the map, and mostly, but not always, bits of the body that are next to each other are processed next to each other in the cortex. 

There are similar maps in both sensory cortex and in motor cortex (where motor plans - and even the perception of other people's movements - convert before becoming actions). They are not completely identical - one of the applications discussed in the book lets you compare the differences between the two - but one similarity is that the major breaks in the continuity of the map are the same. The hand areas are next to the face areas, and the foot areas are next to the genitals area. 

You can mostly see this from this image of the motor cortex (which i took from PBS- thanks PBS!)




Rather that appearing on the map near the hip, the genitals appear below the toes, in the crevice at the top of the brain (rather prudishly the genitals are not shown on this image, which isn't uncommon). The fact that the genitals are next to feet are responsible for the 'whole leg orgasm' phenomenon in amputees (which the neuroscientist VS Ramachandran talks about here. Following injury to the body the brain's maps can reorganise - unused areas becoming canibalised to help with processing of areas which are still being using. VS reports of leg amputees whose somatosensory cortex had reorganised to devote the areas previously used to represent the leg to processing the sensory input from the genitals. When the patients had sex they had an orgasm - but with two or three times the amount of brain space devoted to representing the feeling!

Wow.

Anyway, this is a bit of distraction from the thing I wanted to talk about in this post: why are there breaks in the map of the body as it appears on the surface of the cortex?

Martha J. Farah of the University of Pennsylvania wrote a paper [1] which gives one suggestion: the maps are like that not because they are innately fixed that way, but because they self-organise that way as brain develops in the womb. We know that a lot of the structure of the brain isn't entirely pre-specified, but arises due to what activity happens during development. It's called activity dependent development, and similar processes are responsible for the re-wiring the happens during adult learning. Martha Farah suggest that, because of the way a baby is tucked up in the womb - with the hands curled up near the face and the feet tucked in by the genitals - these two pairs of locations are most likely to be co-activated by any movement experienced by the baby. And it is this activation - and co-activation - by random movements that is used to seed the structure of the sensory map.

Neat, eh?

This goes to explaining the organisation of the sensory map, and perhaps the motor map is based on the initial template of the sensory map and so develops that way - an initial bias towards the face-hands, feet-genitals discontinuity becoming locked in during the process of map self-organisation.

A couple of points Prof. Farah doesn't make are:

Firstly, the four areas mentioned in the title of the paper are the four with the largest representational resources dedicated to them. Surely it is not coincidence that the four areas where the map continuity is broken are the four most important areas? 

Secondly, the standard diagram shows the cortical map as being, effectively, 1 dimensional (ie an ordered scale of areas). Is there a reason for this (perhaps due to the four aforementioned regions requiring so much representation that they require the whole width of somatosensory cortex, preventing proper 2 dimensional representation of the body)? When mapping a 3D body to a 1D map discontinuities would have to occur, wouldn't they? So the existence of discontinuities itself isn't at all surprising, but the self-organisation of representational maps suggests why they are where they are.
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—tom.

From Ramachandran's Notebook
Case 3
Case 1 | Case 2 | Case 4 | Case 5 | Case 6 

After publishing his findings on Tom Sorenson, Ramachandran received a flood of phone calls and letters from amputees eager to know more. Some of these responses would help him answer an obvious question: Does the same sort of remapping in the brain take place when body parts other than arms and hands are lost?

One day I got a call from a young woman in Boston. "Dr. Ramachandran," she said, "I'm a graduate student at Beth Israel Hospital and for several years I've been studying Parkinson's disease. But recently I decided to switch to the study of phantom limbs."

"Wonderful," I said. "The subject has been ignored far too long. Tell me what you are studying."

"Last year I had a terrible accident on my uncle's farm. I lost my left leg below the knee and I've had a phantom limb ever since. But I'm calling to thank you because your article made me understand what is going on." She cleared her throat. "Something really strange happened to me after the amputation that didn't make sense. Every time I have sex I experience these strange sensations in my phantom foot. I didn't dare tell anybody because it's so weird. But when I saw your diagrams, that in the brain the foot is next to the genitals, it became instantly clear to me."

She had experienced and understood, as few of us ever will, the remapping phenomenon. Recall that in the Penfield map the foot is beside the genitals. Therefore, if a person loses a leg and is then stimulated in the genitals, she will experience sensations in the phantom leg. This is what you'd expect if input from the genital area were to invade the territory vacated by the foot.

The next day the phone rang again. This time it was an engineer from Arkansas.

"Is this Dr. Ramachandran?"

"Yes."

"You know, I read about your work in the newspaper, and it's really exciting. I lost my leg below the knee about two months ago but there's still something I don't understand. I'd like your advice."

"What's that?"

"Well, I feel a little embarrassed to tell you this."

I knew what he was going to say, but unlike the graduate student, he didn't know about the Penfield map.

"Doctor, every time I have sexual intercourse, I experience sensations in my phantom foot. How do you explain that? My doctor said it doesn't make sense."

"Look," I said. "One possibility is that the genitals are right next to the foot in the body's brain maps. Don't worry about it."

He laughed nervously. "All that's fine, doctor. But you still don't understand. You see, I actually experience my orgasm in my foot. And therefore it's much bigger than it used to be because it's no longer confined to my genitals."

Patients don't make up such stories. Ninety-nine percent of the time they're telling the truth, and if it seems incomprehensible, it's usually because we are not smart enough to figure out what's going on in their brains. This gentleman was telling me that he sometimes enjoyed sex more after his amputation. The curious implication is that it's not just the tactile sensation that transferred to his phantom but the erotic sensations of sexual pleasure as well.
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From Ramachandran's Notebook
Case 2
Case 1 | Case 3 | Case 4 | Case 5 | Case 6 

In the mid-20th century, Canadian neurosurgeon Wilder Penfield discovered that the entire surface of a person's body is mapped on the surface of his or her brain. When one touches a certain body part, say one's foot, neurons in the part of one's brain mapped for the foot respond. A decade ago, building on Penfield's work, Dr. Tim Pons of the National Institutes of Health and his colleagues found while working with monkeys that, over time, sensory information coming from, say, the face could invade cells of that part of the brain mapped for a dysfunctional body part, such as a paralyzed arm. That is, the brain began modifying the Penfield map when part of it was no longer receiving impulses. Ramachandran wondered if this phenomenon could explain phantom-limb syndrome. To get an answer, he needed a human being, who, unlike a monkey, could describe what he was feeling.

That is how I came to meet Tom [Sorenson, who lost his left arm above the elbow in a car accident]. I called him up right away and asked whether he would like to participate in a study. Although initially shy and reticent in his mannerisms, Tom soon became eager to participate in our experiment. I was careful not to tell him what we hoped to find, so as not to bias his responses. Even though he was distressed by "itching" and painful sensations in his phantom fingers, he was cheerful, apparently pleased that he had survived the accident.

With Tom seated comfortably in my basement laboratory, I placed a blindfold over his eyes because I didn't want him to see where I was touching him. Then I took an ordinary Q-tip and started stroking various parts of his body surface, asking him to tell me where he felt the sensations. (My graduate student, who was watching, thought I was crazy.)

I swabbed his cheek. "What do you feel?"

"You are touching my cheek."

"Anything else?"

"Hey, you know it's funny," said Tom. "You're touching my missing thumb, my phantom thumb."

I moved the Q-tip to his upper lip. "How about here?"

"You're touching my index finger. And my upper lip."

"Really? Are you sure?"

"Yes, I can feel it both places."

"How about here?" I stroked his lower jaw with the swab.

"That's my missing pinkie."

I soon found a complete map of Tom's phantom hand -- on his face! I realized that what I was seeing was perhaps a direct perceptual correlate of the remapping that Tim Pons had seen in his monkeys. For there is no other way of explaining why touching an area so far away from the stump -- namely, the face -- should generate sensations in the phantom hand; the secret lies in the peculiar mapping of body parts in the brain, with the face lying right beside the hand.

I continued this procedure until I had explored Tom's entire body surface. When I touched his chest, right shoulder, right leg, or lower back, he felt sensations in those places and not in the phantom. But I also found a second, beautifully laid out "map" of his missing hand -- tucked into his left upper arm a few inches above the line of amputation. Stroking the skin surface on this second map also evoked precisely localized sensations on the individual fingers: Touch here and he says, "Oh, that's my thumb," and so on.

From Ramachandran's Notebook
Case 4
Case 1 | Case 2 | Case 3 | Case 5 | Case 6 

If only all people with phantom-limb syndrome felt such pleasurable sensations. Unfortunately, amputees often experience excruciating phantom pain in their missing body parts. Even those who may not have chronic pain can sometimes "feel" pain when it's seemingly induced in the phantom limb, as Ramachandran discovered.

I didn't realize how compelling these felt movements could be until I met John McGrath, an arm amputee who telephoned me after he had seen a television news story on phantom limbs. An accomplished amateur athlete, John had lost his left arm just below the elbow three years earlier. "When I play tennis," he said, "my phantom will do what it's supposed to do. It'll want to throw the ball up when I serve or it will try to give me balance in a hard shot. It's always trying to grab the phone. It even waves for the check in restaurants," he said with a laugh.

John had what is known as a telescoped phantom hand. It felt as if it were attached directly to his stump with no arm in between. However, if an object such as a teacup were placed a foot or two away from the stump, he could try to reach for it. When he did this, his phantom no longer remained attached to his stump but felt as if it were zooming out to grab the cup.

On a whim I started thinking, What if I ask John to reach out and grab this cup but pull it away from him before he "touches" it with his phantom? Will the phantom stretch out, like a cartoon character's rubbery arm, or will it stop at a natural arm's length? How far can I move the cup away before John will say he can't reach it? Could he grab the moon? Or will the physical limitations that apply to a real arm also apply to the phantom?

I placed a coffee cup in front of John and asked him to grab it. Just as he said he was reaching out, I yanked away the cup.

"Ow!" he yelled. "Don't do that!"

"What's the matter?"

"Don't do that," he repeated. "I had just got my fingers around the cup handle when you pulled it. That really hurts!"

Hold on a minute. I wrench a real cup from phantom fingers and the person yells, ouch! The fingers were illusory, of course, but the pain was real -- indeed, so intense that I dared not repeat the experiment.

From Ramachandran's Notebook
Case 5
Case 1 | Case 2 | Case 3 | Case 4 | Case 6 

While the phantom limbs of some people can move, either voluntarily or involuntarily, those of others cannot; they are "paralyzed." This can be the result of what Ramachandran calls "learned paralysis." In such cases, the brain, having become used to receiving no signals from, say, an actual arm paralyzed after an accident, continues after amputation to register the new phantom arm as paralyzed. Ramachandran wondered: If the brain can learn paralysis, can it unlearn it? He answered this question with a mirror.

The first person to explore this new world was Philip Martinez. In 1984 Philip was hurled off his motorcycle, going at 45 miles an hour down the San Diego freeway. He skidded across the median, landed at the foot of a concrete bridge and, getting up in a daze, he had the presence of mind to check himself for injuries. A helmet and leather jacket prevented the worst, but Philip's left arm had been severely torn near his shoulder. Like Dr. Pons's monkeys, he had a brachial avulsion -- the nerves supplying his arm had been yanked off the spinal column. His left arm was completely paralyzed and lay lifeless in a sling for one year. Finally, doctors advised amputation. The arm was just getting in the way and would never regain function.

Ten years later, Philip walked into my office. Now in his mid-30s, he collects a disability benefit and has made a rather impressive reputation for himself as a pool player known among his friends as the "one-armed bandit."

Philip had heard about my experiments with phantom limbs in local press reports. He was desperate. "Dr. Ramachandran," he said, "I'm hoping you can help me." He glanced down at his missing arm. "I lost it ten years ago. But ever since I've had a terrible pain in my phantom elbow, wrist, and fingers." Interviewing him further, I discovered that during the decade, Philip had never been able to move his phantom arm. It was always fixed in an awkward position. Was Philip suffering from learned paralysis? If so, could we use our virtual reality box to resurrect the phantom visually and restore movements?

I asked Philip to place his right hand on the right side of the mirror in the box and imagine that his left hand (the phantom) was on the left side. "I want you to move your right and left arms simultaneously," I instructed.

"Oh, I can't do that," said Philip. "I can move my right arm but my left arm is frozen. Every morning when I get up, I try to move my phantom because it's in this funny position and I feel that moving it might help relieve the pain. But," he said, looking down at his invisible arm, "I have never been able to generate a flicker of movement in it."

"Okay, Philip, but try anyway."

Philip rotated his body, shifting his shoulder, to "insert" his lifeless phantom into the box. Then he put his right hand on the other side of the mirror and attempted to make synchronous movements. As he gazed into the mirror, he gasped and then cried out, "Oh, my God! Oh, my God, doctor! This is unbelievable. It's mind-boggling." He was jumping up and down like a kid. "My left arm is plugged in again. It's as if I'm in the past. All these memories from so many years ago are flooding back into my mind. I can move my arm again. I can feel my elbow moving, my wrist moving. It's all moving again.

After he calmed down a little I said, "Okay, Philip, now close your eyes."

"Oh, my," he said, clearly disappointed. "It's frozen again. I feel my right hand moving, but there's no movement in the phantom."

"Open your eyes."

"Oh, yes. Now it's moving again."

It was as though Philip had some temporary inhibition or block of the neural circuits that would ordinarily move the phantom and the visual feedback had overcome this block. More amazing still, these bodily sensations of the arm's movements were revived instantly, even though they had never been felt in the preceding ten years!

From Ramachandran's Notebook
Case 6
Case 1 | Case 2 | Case 3 | Case 4 | Case 5 

Just as Philip Martinez could fool his brain into thinking his missing left arm had magically reappeared, anyone -- even someone with all body parts intact -- can trick his or her brain into thinking phantom thoughts, Ramachandran discovered. Want to fool yourself into thinking your nose is three feet long or that a rubber hand is actually your own? Read on.

The experiments I've discussed so far have helped us understand what is going on in the brains of patients with phantoms and given us hints as to how we might alleviate their pain. But there is a deeper message here: Your own body is a phantom, one that your brain has temporarily constructed purely for convenience. I know this sounds astonishing, so I will demonstrate to you the malleability of your own body image and how you can alter it profoundly in just a few seconds. Two of these experiments you can do on yourself right now, but the third requires a visit to a Halloween supply shop.

To experience the first illusion, you'll need two helpers. (I will call them Julie and Mina.) Sit in a chair, blindfolded, and ask Julie to sit on another chair in front of you, facing the same direction as you are. Have Mina stand on your right side and give her the following instructions: "Take my right hand and guide my index finger to Julie's nose. Move my hand in a rhythmic manner so that my index finger repeatedly strokes and taps her nose in a random sequence like a Morse code. At the same time, use your left hand to stroke my nose with the same rhythm and timing. The stroking and tapping of my nose and Julie's nose should be in perfect synchrony."

After 30 or 40 seconds, if you're lucky, you will develop the uncanny illusion that you are touching your nose out there or that your nose has been dislocated and stretched out about three feet in front of your face. The more random and unpredictable the stroking sequence, the more striking the illusion will be. This is an extraordinary illusion; why does it happen? I suggest that your brain "notices" that the tapping and stroking sensations from your right index finger are perfectly synchronized with the strokes and taps felt on your nose. It then says, "The tapping on my nose is identical to the sensations on my right index finger; why are the two sequences identical? The likelihood that this is a coincidence is zero, and therefore the most probable explanation is that my finger must be tapping my nose. But I also know that my hand is two feet away from my face. So it follows that my nose must also be out there, two feet away."

I have tried this experiment on 20 people and it works on about half of them (I hope it will work on you). But to me, the astonishing thing is that it works at all -- that your certain knowledge that you have a normal nose, your image of your body and face constructed over a lifetime should be negated by just a few seconds of the right kind of sensory stimulation. This simple experiment not only shows how malleable your body image is but also illustrates the single most important principle underlying all of perception -- that the mechanisms of perception are mainly involved in extracting statistical correlations from the world to create a model that is temporarily useful.

The second illusion requires one helper and is even spookier. You'll need to go to a novelty or Halloween store to buy a dummy rubber hand. Then construct a two-foot by two-foot cardboard "wall" and place it on a table in front of you. Put your right hand behind the cardboard so that you cannot see it and put the dummy hand in front of the cardboard so you can see it clearly. Next have your friend stroke identical locations on both your hand and the dummy. Within seconds you will experience the stroking sensation as arising from the dummy hand. The experience is uncanny, for you know perfectly well that you're looking at a disembodied rubber hand, but this doesn't prevent your brain from assigning sensation to it. The illusion illustrates, once again, how ephemeral your body image is and how easily it can be manipulated.

Projecting your sensations on to a dummy hand is surprising enough, but, more remarkably, my student Rick Stoddard and I discovered that you can even experience touch sensations as arising from tables and chairs that bear no physical resemblance to human body parts. This experiment is especially easy to do since all you need is a single friend to assist you. Sit at your writing desk and hide your left hand under the table. Ask your friend to tap and stroke the surface of the table with his right hand (as you watch) and then use his hand simultaneously to stroke and tap your left hand, which is hidden from view. It is absolutely critical that you not see the movements of his left hand as this will ruin the effect (use a cardboard partition or a curtain if necessary). After a minute or so, you will start experiencing taps and strokes as emerging from the table surface even though your conscious mind knows perfectly well that this is logically absurd. Again, the sheer statistical improbability of the two sequences of taps and strokes -- one seen on the table surface and one felt on your hand -- lead the brain to conclude that the table is now part of your body. The illusion is so compelling that on a few occasions when I accidentally made a much longer stroke on the table surface than on the subject's hidden hand, the person exclaimed that his hand felt "lengthened" or "stretched" to absurd proportions.
