Rat model of human skilled reaching
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Short Abstract: 

Movements made during skilled reaching are compared between humans and rodents. The similarities of the movements, particularly those of the wrist and digits, provide further evidence for homology between the two species.

Long Abstract: 

Many animal species use their forelimbs to grasp food for eating. This behavior was thought to originate in primates, but one line of evidence suggests that the behavior of reaching for and grasping a food item to eat may be homologous in species as different as the human and rat.  The video describes a test situation in which arm, wrist and digit movements are compared for both humans and rodents during skilled reaching. The human and rodent perform the skilled reaching task, in which the hand/paw is transported towards a food item to grasp and is withdrawn for placement of the food item in the mouth for eating. Each reach is divided into seven (7) components for the human and eight (8) components for the rodent, with each component being comprised of several sub-components. Each movement is described and examples of the movements are given from a frontal and lateral perspective. The reach of both humans and rodents can be quantified by rating each component/sub-component on a three-point scale. The EWMN rating scale can also be used to measure changes to skilled reaching following stroke, neurological disorders, such as Parkinson’s disease, as well as damage to other cortical and subcortical brain areas. Thus, the rating scale is useful for measuring deficits and recovery of function following CNS damage. 

Text: 

The experiment involves comparing humans and rats on performance of a skilled reaching task using a modified version of Eshkol Wachmann Movement Notation (EWMN) (1958).
Reaching protocol in humans

Participants performed a seated reach-to-eat task in which they reach for, grasp, and transport a food item to the mouth for eating (Whishaw, Suchowersky, Davis, Sarna, Metz, & Pellis, 2002). Participants are seated in a comfortable upright position, with their feet flat on the floor. A self-standing height adjustable pedestal is placed directly in front of the participant at a horizontal reach amplitude normalized to the participants’ arm length (100% of length from shoulder to tip of index finger with elbow at 180° flexion) and a vertical amplitude normalized to the participants’ trunk height (100% of height from floor to outstretched arm while seated and with shoulder at 90° flexion).

Once participants are seated, they are asked to place their hands palm down on their thighs, and this instruction is not repeated. The experimenter stands to the left of the participant (i.e. in peripheral visual space) and places a food item (Cheerio™) on the pedestal for each trial. The participants are instructed to reach for food with their dominant hand. Each testing trial is initiated with a verbal “ready” signal, immediately followed by a verbal “go” signal as a permissive cue to start the trial at their leisure. Each trial concludes following successful placement of the food item in the mouth and return of the reaching hand to its start position on the lap. 

Humans do not require extended training on skilled reaching.  Practice trials are completed prior to the testing session to allow familiarity with the reaching task. 
Reaching protocol in rats

Long Evans laboratory rats perform a reach-to-eat task in which they reach for, grasp, and transport a food item to the mouth for eating (Whishaw & Pellis, 1990). Rats are mildly deprived of food for 10 days; then adapted to a box containing a slot through which they can reach for food pellets. After about 10 days of training the rats reach consistently and display a preference of one paw.. 
For a complete description of how to train the rat on skilled reaching, see http://www.jove.com/index/details.stp?id=816
Video-recording
Humans and rodents were filmed from a frontal and lateral perspective using a Photron high-speed camera (Fastcam-ultima APX, Rev. 1.08; High Speed Imaging, http://www.hsi.ca) that filmed at 1000 frames per second. Video was analyzed by frame-by-frame playback at 1000 frames per second. 
Reach-to-eat scoring criteria

Each subcomponent is scored on a three-point scale (0, 0.5, 1). 

0 = Normal movement is present. 
0.5 = Normal movement is present but is not executed completely or correctly. 
1 = Movement is absent of the normal actions required.

Human Movement Components
Component
Sub-Component

Description

1. Orient
A. Head


Head is moving freely then fixes on target at beginning of trial
B. Eye


Eyes locate target prior to movement of head/reach

2. Lift
A. Flex elbow

Initial hand lift is due to flexion of the elbow
B. Digits semi-flex
Digits semi-flex

C. Wrist supination
Wrist supinates approximately 30O

D. Digits to midline
Tips of digits are brought towards the midline of the body

3. Advance
A. Limb advance

Hand takes shortest path to target
B. Hand ends at target
Hand stops directly above target
C. Trunk 

Trunk leans to the side opposite reach as hand approaches the target

4. Pronation
A. Digits open/extend
Digits open and extend over the food target
B. Full hand turn

Knuckle on reaching hand forms horizontal line
C. Elbow extend

Elbow opens to full arm length as subject reaches

5. Grasp
A. Pincer grasp

Thumb and index finger grasp food item
B. Digits 3-5 independent
Digits 3-5 remain still as grasp is executed
C. Wrist extension
Wrist extends to lift food item from platform

6. Supination
A. Supination I

Reaching hand supinates 45O immediately after vertical lift
B. Supination II

Hand supinates another 45O when in close proximity to mouth

7. Release
A. Hand contacts mouth
Fingertips contact lips for placement of food item in mouth
B. Digits open

Digits open to release food item into mouth
C. Hand on lap

Hand is placed on lap with fingers extended and palm down
D. Trunk 

Trunk leans back towards midline



Rat Movement Components
Component
Sub-Component

Description

1. Orient
A. Head


Head is raised until snout is poking through the slot
B. Nose


Nose locates the food target via sniffing

2. Lift
A. Flex elbow

Initial paw lift due to flexion of elbow
B. Digits semi-flex
Digits semi-flex
C. Wrist supination
Wrist supinates so palm is aligned almost vertically
D. Digits to midline
Tips of digits are aligned to the midline of the body

3. Aim
A. Elbow adduction
Elbow adducts to perfect 90O at midline; digits remain at midline

4. Advance
A. Limb advance

Limb is advanced directly through the slot; digits partially open
B. Snout


Snout is raised to allow forearm passage through slot

5. Pronation
A. Digits open/extend
Digits open and extend directly over food target
B. Full paw turn

Digits perform arpeggio movement as digits 5 through digit 2 touches 



the surface in succession
C. Elbow extend

Elbow open to full arm length as rat reaches

6. Grasp
A. Power grasp

Digits flex over food item and close around it
B. Wrist extension
Paw remains in place and wrist extends slightly to lift the food

7. Supination
A. Supination I

As paw is withdrawn, it supinates by almost 90O
B. Supination II

Once clear of slot, paw supinates another 45O to bring food to mouth

8. Release
A. Paw contacts mouth
Mouth contacts the paw
B. Digits open

Digits open to release the food item into mouth
C. Paw to floor

Paw is placed on floor with fingers extended OR onto wall of box
Discussion

Skilled reaching in humans and rodents has previously been compared for rotarty movements of the wrist (Whishaw, Pellis, & Gorny, 1992), as well as for changes to the movement following Parkinson’s disease in humans and the rodent model of the disorder (Whishaw et al., 2002). The present experiment extends the analysis of the reaching movement and adds to the evidence that skilled reaching is homologous for humans and rats. 
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