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The rat reaching task is one of the best paradigms from behavioral
study of upper limb movements. Rats are trained to reach and grab a
pellet by extending their hand through a vertical slit. A few conven-
tional imaging systems specific for the rat reaching task are commer-
cially available with a high installation cost. Based on image analysis
of video recordings obtained during the reaching task, we, herewith,
developed a new, low-cost laboratory system that can be used for the
quantitative analysis of ten basic forearm movements, in contrast to
subjective assessments used in previous studies. We quantified im-
ages of the pronated and supinated palm and the accuracy and speed
of reaching the target. Applying this newly developed method, we
compared the forearm movements during the reaching task before
and after a massive anatomical lesion of the sensorimotor cortex per-
formed by tissue aspiration. We also wanted to investigate the re-
covery of upper limb function possibly induced by repeating the task
for a relatively short term of a few weeks. In the experiment, 7 in-
jured groups and 3 control groups were used. We found characteristic
abnormalities of the forearm movements and a significant recovery
in the success rate of grasping the target pellet. The present results
demonstrate that our method is straightforward for the quantitative
evaluation of forearm movements during the reaching task primarily
controlled by the sensorimotor cortex.
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1. Introduction
Stroke sequelae lead to reduced quality of life [1]. A

majority (80%) of patients with stroke exhibit some diffi-
culty in forearm movements [2], and 60% chronically suf-
fer from movement disabilities that affect their daily life [3].
It is also known that muscular strength and delicacy are im-
paired when the motor cortex is impaired in addition to mo-
tor paralysis [4, 5]. Upper limb and forearm motility form
the basis of movements involved in daily activities, such as
touching, grabbing, and moving objects. These upper limb
motions include a complex finger, palm, wrist, elbow, and
shoulder movements. After a stroke, it is often difficult to re-

gain the ability to perform complex upper limb movements
[6–8]. On the other hand, it has been reported that active use
of the injured upper limb by rehabilitation activates the activ-
ity of the motor cortex and recovers the movement disorder
[9, 10].

The rat reaching task (RT) has been used to study upper
limb function because the underpinning anatomy is similar
between rats, primates, and humans [11–13]. Rats perform-
ing the RT extend their preferred hands through a narrow
slit toward the target of a single pellet placed on a shelf in a
reaching box. The rat can eat the pellet after withdrawing the
hand with it through the slit. Some training is necessary to
accomplish this skilled reaching. The ten elements of move-
ments for the RT are described in detail in section 2.2 in the
materials and methods [14–16].

In previous studies, videos of the RT were recorded, and
the elements of hand reaching were subjectively analyzed by
individually reviewing the pertinent images [17–20]. The
analysis was mainly based on the success rate of the task un-
der various scoring schemes. In the present study, we de-
veloped new software for analyzing video images of the ten
RT elements that involve the simultaneous identification of
different pre-colored fingers in action. Our method enables
the quantitative evaluation of all aspects of hand movements
in the RT and makes a straightforward comparison between
groups of animals. It requires no expensive equipment. To
demonstrate the applicability of our method for longitudinal
observations, we examined the effects of large cortical abla-
tion and rehabilitation, including the sensorimotor cortex, on
the RT through repeated measurements obtained before and
at several time points after the experimental lesion.

2. Materials andmethods
2.1 Animals

The present study used ten adult Long-Evans rats of both
sexes (body weight: 300–400 g). They were separately
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housed in standard cages and kept in the experiment room
in 12/12 h light/dark conditions. Seven of the ten rats were
included in the cortical lesion group, and the remaining three
were included in the sham-operated control group. During
the experiments, food deprivation was performed to main-
tain a bodyweight of 90–95% of the initial body weight. Wa-
ter was available ad libitum.

A 5-mm thick, custom-made acrylic plastic box was used
for the RT. Its size was 450× 250× 300mm (length×width
× height). A vertical slit of 10× 150 mm was carved 30 mm
from the floor at one end of the box. A 40-mm-wide shelf was
attached at the bottom of the slit outside the box. In front of
the slit, there was a hollow designed to hold a single pellet (45
mg, #F0021, Bioserve Inc., NJ, USA).

2.2 Motor elements of the RT
For the RT, the rat’s nose is placed into the slit, and both

its forearms are placed on the floor (Fig. 1A). After noticing
a pellet on the shelf, the rat raises its dominant hand toward
the midline (Element 1, Fig. 1A). The hand is partially closed
while passing through the slit toward the pellet (Element 2,
Fig. 1B). The elbowmoves to the midline with partial prona-
tion (Element 3, Fig. 1B), and the forearm extends toward
the target through the slit (Element 4, Fig. 1C). Opening the
handwidely (Element 5, Fig. 1D), the rat touches the pellet af-
ter further pronating the forearm (Element 6, Fig. 1E). After
grabbing the pellet (Element 7, Fig. 1F), a supination of ap-
proximately 90◦ is performed (Element 8, Fig. 1G) in prepa-
ration for withdrawing the forearm through the slit. The rat
shows further supination of approximately 45◦ (Element 9,
Fig. 1H) to carry the pellet toward the mouth. Finally, the
hand is opened to release the pellet into the oral cavity (Ele-
ment 10, Fig. 1I). Accordingly, we could evaluate all ten ele-
ments of forearm movement during RT.

2.3 RT training
The rat was first acclimated to the test box with pellets

scattered on the box floor. The training began with a few
pellets placed on the shelf close to the slit so that the trainee
could reach them with the tongue. Subsequently, the pellets
were placed at a gradually increasing distance from the slit to
stimulate the rat to retrieve the pellet by hand. The RT train-
ing started after determining the dominant hand and contin-
ued until the rats consistently obtained the pellet with a suc-
cess rate of 70% or more in 20 consecutive trials. There is
no difference between the success rate before painting and
the success rate immediately after painting in all individuals,
and it has been confirmed that painting on the finger does
not affect RT. The criterion for success was that the forelimb
passed through the slit in the anterior wall, grasped the pel-
let, and passed through the slit again to bring the pellet to the
mouth.

2.4 Finger painting
Under anesthesia with 1–2% isoflurane in a gas mixture of

N2O:O2 = 2:1, the first and fifth fingers of well-trained rats
were coated with paints of different colors (blue and green or

yellow; car paint, Musashi Holt Corp., Tokyo, Japan). The
paint was dried, the rat emerged from anesthesia, and after
at least an hour, the rat was placed in an RT box for con-
tinuous recordings of their upper limb movements from two
different view angles using two digital cameras (EX-ZR400,
and ZR200 CASIO COMPUTER Co., Ltd, Tokyo, Japan) in
high-speedmode (240 frames/sec, 512× 384 pixels) with the
settings described in section 2.5.
2.5 High-speed photography and image analysis

The forearmmovements of the rats were recorded in two
orthogonal directions, the frontal and bottom views. A small
light-emitting diode that switched on and off at a rate of 1 Hz
was placed in the field of view of both cameras to synchronize
them. The two image series weremanually synchronized in a
frame-by-framemanner using the light-emitting diode light-
ing as a reference.

First, the blue and green (or yellow) regions painted on
the fingertips were automatically extracted from the images
and labeled. After fitting ellipses on the color-extracted areas,
the outline of each finger was determined. Subsequently, the
ellipse’s long (blue) and short (green) axes were determined,
and the endpoint of the long axis was considered the finger-
tip. The value of the angle between the line connecting the
first and fifth fingertips and the horizontal line of the food
shelf was calculated (Fig. 2).

We measured the following parameters from the frontal-
view images, (1) the distance between the first and fifth fin-
gertips, and (2) the angle between the line connecting the two
fingertips and the horizontal line of the shelf (these twomea-
sures were automatically extracted using custom-made soft-
ware (Microsoft Visual C++ 2010, Microsoft Inc., Washing-
ton, DC,USA), including theOpenCV library (Intel 2.4, Intel
Inc., CA, USA)); we visually confirmed that the custom-made
program automatically captured the various aspects of the RT
from high-speed videos. Fig. 2 shows images of pronation
(A) and supination (B) to demonstrate the appropriateness of
the current scheme for measuring them.

From the bottom-view images, we measured (3) the dis-
tance fromeach of the five fingertips to the center of the pellet
when the dominant hand touched it, and (4) the hand-closing
velocity when the pellet was grabbed. The images analyzed
were trimmed and converted to binary images (Fig. 3A). Af-
ter noise reduction, their labels were processed to linearize
the border of the hand. Next, by placing small dots on this
borderline, the fingertips were determined (Fig. 3B). More
precisely, when the angle between three successive dots on
the line was below 115◦, the center point was determined to
be the fingertip (Fig. 3C).

An ellipse was fitted on the post-pellet-retrieval image,
with the center placed at the center of the pellet. Subse-
quently, we determined the distance between each fingertip
and the center of the pellet.

To analyze all motor elements of the RT, themotion anal-
ysis targets were only the trials that succeeded by 20 RT trials.
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Fig. 1. Motor elements of the reaching task (RT). (A) Fingers to midline (Element 1). (B) Fingers semiflexed (Element 2) and Elbow to midline (Element
3). (C) Advance (Element 4). (D) Fingers extend (Element 5). (E) Pronation (Element 6). (F) Grab (Element 7). (G) Supination 1 (Element 8). (H) Supination
2 (Element 9). (I) Release (Element 10).

2.6 Ablation of the sensorimotor cortex

In the three sham-operated rats, a small piece of the skull
was removed from the frontal area of the head, leaving al-
most no trace of damage to the cortex; in the seven rats of
the experimental group, a large amount of cortical tissue was
removed. In these rats, a large area of the frontal cortex, in-
cluding the sensorimotor region (the rostral forelimb motor
area and caudal forelimb motor area), was removed by tissue

aspiration under general anesthesia (ketamine 75mg/kg, Xy-
lazine 7.5 mg/kg, intraperitoneally) in the hemisphere con-
tralateral to the rat’s dominant hand (Fig. 4).

Coagulation was performed for blood stanching during
aspiration. The empty space thus created was filled with an
absorbable gelatin sponge (Spongel, LTLpharmaCo., Tokyo,
Japan), and the scalp was sutured with nylon thread. The su-
ture site was disinfected with benzalkonium chloride (1.0%
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Fig. 2. Frontal-view image analysis. The tip of the first and fifth fingers (red dots) is determined by fitting an ellipse onto each finger’s extracted color
(blue) images. Images of pronation (A) and supination (B) measure the distance between the first and fifth fingertips as indicated by the green lines. The angle
between the fingertip line and the frontal shelf horizontal line is also analyzed (angles depicted between yellow and green lines). These values are automatically
displayed at the bottom corner of each image.

Fig. 3. Bottom-view image analysis. The bottom-view images obtained at the time of contact between the hand and the pellet are used to identify the tip
of each finger. A binarized image of the hand (white area in A) is obtained against the background (black) using a background-differencing technique. After
removing the noise and applying the labeling process, the hand outline is extracted (red line in B). Dots are placed on the contour lines (green dots on B and
red diamonds in C), and the tip of each finger is considered as the point at which a sharp angle (<115◦) is made by three successive points (blue angles in C).

solution of benzalkonium chloride, ®Osban, Nihon Pharma-
ceutical Co. Ltd., Tokyo, Japan) twice a day and intramus-
cular antibiotic injections were administered daily for seven
days (ampicillin sodium, Viccillin®, Meiji Holdings Co., Ltd,
Tokyo, Japan).

In some cases, after the end of all experiments, we per-
formed intra-cardiac perfusion of 4% paraformaldehyde so-

lution under deep anesthesia. The brain was removed for the
following histological examination with the Nissl-staining.

2.7 RT resumption

After a recovery period of three days, the rats performed
20 RT trials every day from the 4th to the 17th day after
the ablation. The rate of successful pellet retrieval was mea-
sured every day during the recovery period of twoweeks. We
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Fig. 4. Schematic diagram of the damaged area and the state of the damage. (A) It is a rat brain from above. The red dotted line in the figure indicates
the position of the bregma. The blue dotted line in the figure was damaged area. The scale bars indicate 5 mm. (B) It is an enlarged view of the square part
of the blue dotted line in the figure of (A). The vertical axis is 0 for bregma (B) and positive for the anterior, and the horizontal axis is 0 for the median and
positive for the outer (Lateral). The forelimb motor cortex of rats has Rostral Forelimb Area (RFA) and Caudal Forelimb Area (CFA). The damage this time
was set to the yellow area in the figure surrounding these two areas. (C) A Nissl stained section shows the lesion induced by the cortical aspiration. A part
with a red rectangle was enlarged to the right. The scale bars indicate 2 mm and 500 µm, respectively.

Fig. 5. Changes in the reaching task (RT) success rate. The RT success
rate (%) following the cortical lesion is shown. The red line represents the
lesioned rats (N = 7), while the blue line the sham-operated rats (N = 3).
Before the ablation, both groups of rats performed the test with a success
rate of >70%. ***p < 0.001, **p < 0.01, *p < 0.05 (Student’s t-test). Data
are represented as mean± SEM.

have compared RT performance at the 6th and 15th days af-
ter the cortical lesion. Previously, there were various reports
on the recovery period [18, 21, 22]. Shorter ones were re-
ported to have no reduction to RT performance after the 8th

post-lesion [23]. For that reason, we have set the first mea-
surements on the 6th day with an additional practical reason
for the surgical aftereffects. The second focusing point was
set on the 15th day. This is based on the previous studies,
most of which had measured for two weeks after the lesion
[18, 22, 24]. And the rate of successful pellet retrieval in RTs
(i.e., percentage of successful trials in 20 challenges) was ex-
amined at different time points after the cortical ablation and
compared with the average rate from five successive daily tri-
als performed before the ablation.

2.8 Histological examination

The lesion extent was histologically evaluated after the
termination of the behavioral studies to ensure the presence
of similar cortical lesions in the sensorimotor areas of all ex-
perimental rats.

Upon termination of all experiments, the rats were deeply
anesthetized and sacrificed with sodium pentobarbital (100
mg/kg, intraperitoneal), immediately followed by transcar-
dial perfusion of saline, followed by 4% paraformaldehyde
administration. After cryoprotection of the removed brain
tissue, 50-µm-thick coronal sections were cut using a freez-
ing microtome. The thin sections were mounted on glass
slides and stained with thionine. Finally, the damaged cor-
tical area was histologically evaluated with direct vision and
microscopy.
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2.9 Statistical analysis
Measurements are presented as means and standard er-

rors of the means (mean ± SEM). Student’s t-test and two-
way analysis of variance (ANOVA) were used to evaluate the
RT success rate. The student’s t-test andTukey-Kramer’s test
were used to evaluate the other variables (fingertip distance,
fingertip angle, hand-closing velocity) at two time points.
Tukey-Kramer’s test were used to evaluate the distance from
each of the five fingertips to the pellet. SPSS for Windows
(ver. 17.0, IBM, New York, USA) was used for all statistical
analyses, and the significance level was set at 5%.

3. Results
3.1 Decrease in the RT success rate following cortical ablation

The change after the ablation success rate was not signif-
icantly changed in sham-operated rats (ANOVA, F (13, 28)
= 0.1, p > 0.05), but was significantly increased in lesioned
rats (ANOVA, F (13, 84) = 15.1, p < 0.001). The lowest
rate of successful food retrieval in the RT was observed on
the 4th day after the ablation (Fig. 5, red line; blue lines for
sham-operated rats). The lowest success rate was observed
on the 4th day after the ablation (the first post-ablation mea-
surement). Subsequently, the rate steadily increased until the
8th day. Although the pace decreased, further recovery was
obtained until the 17th day, when the success rate was similar
to or slightly more than the pre-ablation rate. A significant
difference was also noted between cortex-ablated rats and
sham-operated rats (two-way ANOVA, F (1, 112) = 125.3,
p < 0.001). A significant difference was observed between
the two groups on the 4th, 5th, 6th, 7th, 9th, 10th, and 13th
days after the operation (Student t-test, p< 0.05).
3.2 Changes in the two-fingertip distance and pronation angles

The distance between the first and fifth fingertips and
the angle between the line connecting the two fingertips and
the horizontal line of the food shelf was measured at three-
time points: before, 6th days after, and 15th days after the
cortical ablation (Fig. 6). Before the ablation, the hand was
raised from the floor 0.6 s before grabbing the pellet. The
fingertip separation was found to increase shortly (approx-
imately 0.3 s) before grabbing the pellet (Fig. 6, time zero),
with a maximal separation of 20 mm (Fig. 6, green line). We
noted no significant difference among the three-time points
in the maximal separation between the first and fifth fin-
gertips (Fig. 7A), indicating that the cortical lesion did not
significantly affect the maximal extent of the separation be-
tween the first and fifth fingertip in the RT behavior. On
the other hand, a comparison between the lesioned rats and
sham-operated rats (Fig. 7C) showed that sham-operated rats
were significantly smaller 15th days after (Student’s t-test, p
< 0.05).

On the other hand, the pronation angle was strongly af-
fected by the pre-lesion. In the pre-lesion, the pronation an-
gle decreased shortly before grabbing the pellet and increased
to 160◦ after that (Fig. 6A, orange line). 6th day after the cor-
tical ablation, the hand left the floor 0.7 s before grabbing the

pellet, and the angle increased 0.4 s before grabbing the pel-
let. The angle decreased immediately before the hand gripped
the pellet. Moreover, the pronation angle changed slowly,
with an angle of less than 50% of the angle of the pre-lesion
(Fig. 6B). After 15th days, the hand was raised from the floor
0.6 s before grabbing the pellet, and the angle decreased 0.3 s
before grabbing the pellet. Subsequently, a gradual increase
in the angle was observed, which was smaller than in pre-
lesion; however, it was greater than the angle on the 6th day
after the ablation.

The maximum pronation angle was found to be signifi-
cantly reduced both 6th and 15th days after the lesion (Tukey-
Kramer’s test, p < 0.01), with a trend toward recovery by
the 15th day (Fig. 8A). However, despite the trend toward
recovery in the maximum angle, the pronation movement
was notably slower on the 6th (Fig. 6B, orange line) and 15th
(Fig. 6C, orange line) days after the lesion. In addition, a com-
parison between the lesioned rats and sham-operated rats
(Fig. 8C) revealed that the sham-operated rats exhibited sig-
nificantly larger values at the post-lesion days 6th (Student’s
t-test, p< 0.01) and 15th (Student’s t-test, p< 0.05).

3.3 Changes in the grabbing speed

We also examined the speed of hand movement from the
moment ofmaximumhand opening to themoment the pellet
was grabbed at the three-time points (pre-lesion, 6th days af-
ter, and 15th days after). We divided the time spent for hand-
closing into three equally long phases: the initial, middle, and
final phases (purple, initial; orange middle; and green, final).
In the three phases, the time required to grip the pellet from
the time when the distance between the first and fifth fingers
shows the maximum value is divided into 3 (33.3%). Then,
the time spent in the three phases at each point was compared
(Fig. 9).

In pre-lesion, we found that the hand-closing speed
steadily increased once the action was set in motion (Tukey-
Kramer’s test, p < 0.05). The cortical lesion significantly in-
terfered with the acceleration process. After 15th days, there
was a trend of increasing speed, suggesting partial recovery.
Therewas no significant difference between lesioned rats and
sham-operated rats at each time and phase.

3.4 Spatial errors in targeting

We measured the accuracy of the hand placement when
the rat touched the pellet. The results were grouped by sex
due to the innate difference in body size between male and
female rats. The separation between each fingertip and the
center of the pellet is shown for the male rats in Fig. 10A. 6th
days after the lesion, the hand position differed from baseline:
all five fingertips moved 5 mm forward from the respective
loci in the pre-lesion. Compared to the pre-lesion and 15th
days after ablation, the lateral hand shift was most visible for
the third and fourth fingertips; the deviation was significant
(Tukey-Kramer’s test, p< 0.05). The female rats had smaller
hands, and there was no significant shift in the location of
each fingertip upon touching the pellet (Fig. 10B).
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Fig. 6. Changes in the two-fingertip distance and pronation angle from a representative subject. The distance between the first and fifth fingertips
(green) and the angles between the two-fingertip line and the horizontal line in pronation and supination are plotted before (A), 6th days after (B), and 15th
days after (C) the cortical lesion. Representative pictures for pronation and supination are shown in Fig. 2A,B, respectively. Representative data are shown in
this graph. The time zero on the x-axis indicates the instant when the rat grabbed the pellet. The left and right halves of the orange curves indicate pronation
and supination, respectively. The green triangles on the x-axis indicate the instants when the dominant hand left the floor.

Fig. 7. Comparison of maximum distance. The lesion-induced changes are shown as percentages of the value before the lesion (blue bar). The maximum
distance between the first and fifth fingertips in the lesioned rats (A) is compared before (blue column), 6th days after (red column), and 15th days after (yellow
column) the cortical lesion. The data from sham-operated rats are shown in B. The maximum distance of each exhibits a small decrease with no statistical
significance. A comparison between the lesioned rats and sham-operated rats (C) showed that sham-operated rats were significantly smaller 15th days after
(Student’s t-test, # p< 0.05). Data are represented as mean± SEM.

We found no significant difference in the average distance
between the center of the pellet and the tips of each of the five
fingers after the cortical lesion.

4. Discussion
Using the customized software we developed for image

analysis, we meticulously studied the rats’ hand movements
during the RTs. Currently, the three-dimensional limb

movements of rodents can be measured without using mark-
erswithDeepLabCut (EPFL Inc., VD, Suisse) [25]. However,
to use DeepLabCut, a high-performance personal computer
was needed. In contrast, ourmethod enables precise RT anal-
ysis without requiring an expensive video-analysis system.

Since RT reported that the size of the injury affects the
movement of the initial forelimbs, the injured area was set as
large as possible in this study [26]. Extensive lesions involv-
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Fig. 8. Comparison of maximum pronation angle. The lesion-induced changes are shown as percentages of the value before the lesion (blue bar). The
maximum pronation angle in the lesioned rats (A) is compared before (blue column), 6th days after (red column), and 15th days after (yellow column) the
cortical lesion. The data from the sham-operated rats is shown in B. The lesioned rats significantly decreased in the 6th day after and 15th days after the
cortical lesion (Tukey-Kramer’s test, # p < 0.05, ## p < 0.01). A comparison between lesioned and sham-operated rats is shown in (C). The sham-operated
rats exhibited significantly bigger values 6th and 15th days after (Student’s t-test, # p< 0.05, ## p< 0.01). Data are represented as mean± SEM.

Fig. 9. Changes in hand movement speed. The time from maximal fin-
ger opening to pellet grabbing is divided into three equally long phases: the
initial, middle, and final phase of the handmovement (purple, initial; orange
middle; and green, final). The hand-closing velocity significantly increases
from the initial to the final phase before the lesion (Tukey-Kramer’s test, #
p < 0.05). However, this acceleration is almost completely suppressed after
the cortical lesion. Data are represented as mean± SEM.

ing the sensorimotor cortexwere found to reduce theRT suc-
cess rate, which is consistent with previous reports [17, 18].
However, the success rate reduction was found to be tran-
sient, occurring at four days after the ablation (the first day of
postoperative tests) and rapidly recovering between the 4th
and 8th day after the lesion, followed by a gradual increase
to the control level on the 17th day (Fig. 5). It has been re-

ported that the recovery of forelimb function in rats is rel-
atively early and spontaneous recovery [27, 28]. It has also
been reported that alternative exercise strategies are used as
a factor as a reason [18, 24, 29].

On the other hand, there is a report that the success rate
of RT 14 days after motor cortex injury was 25% [23]. Also,
some studies reported an extraordinarily high level of brain
plasticity following experimental perturbation [30, 31]. The
effect of more active exercise has been reported to activate
and compensate for the cerebral cortex [9, 10] and brain func-
tion on the non-impaired side [32]. Therefore, this may be
due to the promotion of compensatory processes, including
motor cortical plasticity, through repeated performance of
the RT during the recovery period.

However, we also noted a semi-permanent loss of motor
function. In the pronation angle analysis shown in Fig. 6 (the
red curves in the negative area), we found the lesioned rats
showed sustained difficulty in pronation. Additionally, they
could not produce a supination movement after grabbing the
pellet. The latter finding confirms what has been reported
in previous studies [33, 34]. These results suggest that the
lesion produced in the present study was extensive enough
to induce the retardation of neural mechanisms involved in
multiple bodily movements. However, pronation recovered
15th days after the cortical lesion (Fig. 8A), although supina-
tion remained greatly affected.

We found that hand opening speed and acceleration for
grabbing the pellet decreased during the transition from the
initial to the middle and from the middle to the final phase
(Fig. 9). A motor cortical lesion has been reported to slow
flexion movements and thus reduce grasping power [35].
Consistently with this report, our findings suggest that the
speed reduction in the middle and final phases results from
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Fig. 10. The separation between each fingertip and the center of the pellet. Variation is seen in the position of each fingertip when the rats touch the
pellet during the RT (A: males, B: females). The fingertips of each digit are shown in different colors. The + mark at the center (0, 0) indicates the center of
the pellet (the point of origin). The animal is left-handed. The positive numbers in the x-axis show the right direction and, in the y-axis, the distal direction.
Diamonds (♦) indicate the pre-lesion values, and squares (■) and crosses (⊗) indicate the values at the 6th and 15th days after the cortical lesion, respectively.
Data are represented as mean± SEM.

the loss of cortical neurons involved in hand opening. This
element of hand movement was not regained during the 15-
day recovery period.

In this study, the deviation of each fingertip from the
target center was minimal in control conditions (i.e., less
than 1.0 mm). The cortical lesion significantly increased this
placement error; the deviation involved all fingers (Fig. 10A).
This may be due to errors in forearm and shoulder move-
ments. The deterioration was not fully ameliorated follow-
ing repeated RT performance during the recovery period,
consistent with clinical observations [36]. The present study
demonstrates that the quantitative analysis method we have
developed may play a critical role in evaluating the efficiency
and dependability of new treatments for handmovement dis-
orders. We found a cortical lesion significantly reduced the
RT success rate; however, a significant recovery was visible
throughout the post-lesion rehabilitation period.

Moreover, using our new image processing method, we
observed a significant deviation in the position of each of the
five fingers relative to the target pellet in lesioned rats. Dif-
ficulties in forearm and shoulder movement probably caused
these alterations. Our new method could be extremely ben-
eficial for quantitative evaluations of RTs; it is also applica-
ble to other types of brain-damaged rats. In the future, the
current method should be compared with a more sophisti-
cated evaluation system with a 3D analysis of forearm move-
ments. The software used in the present study could be pro-
vided upon readers’ requests.

5. Conclusions
The present study shows that the quantitative analysis

method we have developed may play a critical role in eval-
uating the efficiency and dependability of new remedies for
hand movement disorders. We found that the cortical le-
sion significantly reduced the RT success rate. however, a
significant recovery was visible throughout the post-lesion
rehabilitation period. Moreover, a significant deviation in
the position of each of the five fingers, relative to the tar-
get food, was found in lesioned rats, using our new image
processing method. These alterations are probably caused by
the difficulties of the forearm and shoulder movements. Our
new method could be extremely beneficial for RT quantita-
tive evaluations; it is also applicable to other types of brain-
damaged rats.
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