
differences between the two sets of 
measurements. These include the dif- 
ferences between the detectors used, 
detector shielding, and differences in 

processing conditions. It is probable 
that the greatest difference was pro- 
duced by the differences in shielding. 
The similarity in the shielding condi- 
tions experienced by our detectors and 
the averaging carried out in the model- 
ing procedure help eliminate variability 
due to differences in shielding. The use 
of a single batch of Lexan on all mis- 
sions, with a single processing cycle 
which included detectors from all nine 
missions, combined with a data acqui- 
sition carried out by the same observ- 
ers, gives us a high level of confidence 
in the results reported here. 
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Self-Produced Locomotion 

Restores Visual Capacity after Striate Lesions 

Abstract. Rats permitted unrestrained movement in a patterned visual environ- 
ment during the interval between two-stage bilateral lesions of the visual cortex 

reacquire a preoperatively learned pattern discrimination. Rats passively trans- 
ported through the identical visual environment do not. This is the first demon- 
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Abstract. Rats permitted unrestrained movement in a patterned visual environ- 
ment during the interval between two-stage bilateral lesions of the visual cortex 

reacquire a preoperatively learned pattern discrimination. Rats passively trans- 
ported through the identical visual environment do not. This is the first demon- 
stration that interoperative self-produced 
function in the visual system. 

Recovery of preoperatively learned 
tasks occurs in mammals when the brain 
areas relevant to the task are removed 
serially (1). Identical ablations or 
lesions made in a single operation may 
retard recovery of the task or prevent 
its reacquisition. Recovery is dependent 
upon the length of the interoperative 
interval (2), the size of the lesion (3), 
and the type of sensory stimulation ex- 
perienced during the interoperative peri- 
od (4). If animals subjected to two- 
stage lesions of the visual cortex are 
kept in the dark between surgeries, loss 
of visual function occurs just as though 
the ablation were performed in one 
stage. On the other hand, animals re- 
ceiving various types of visual stimula- 
tion during the interoperative period 
recover visual capacity to varying de- 
grees. 

The nature of the interoperative ex- 
perience is the subject of this research. 
Exactly what types of interoperative 
stimulation are required for complete 
recovery of visual function remained in 
question, but some clues were provided 
from a parallel area of research: neo- 
natal visual deprivation. 

In young animals, visual deprivation 
early in life precludes normal develop- 
ment of visual function (5). Further- 
more, self-produced movement must 
accompany exposure to the visual en- 
vironment for development of pattern 
vision. In view of this literature, we 
decided to investigate the effects of vari- 
ous kinds of sensory-motor deprivation 
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Fig. 1. Maximal (rat No. b) and minimal 
(rat No. 23) cortical damage. Mean de- 
struction was 14.6 percent of neocortex 
for all groups. 
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(rat No. 23) cortical damage. Mean de- 
struction was 14.6 percent of neocortex 
for all groups. 

locomotion is essential for recovery of 

upon the restoration of pattern vision 
after serial lesions of the striate cortex 
in rats. The data presented here demon- 
strate that self-produced movement is 
requisite for the recovery of pattern 
vision. 

Fifty-two adult male Long-Evans rats 
were tested for ability to discriminate 
horizontal-vertical patterns, were given 
two-stage ablations of the striate cortex, 
and were retested for ability to discrimi- 
nate visual patterns. During the 11 days 
between two-stage surgeries, the sub- 
jects were exposed differentially to 
visual stimulation 4 hours daily. The 
remaining 20 hours were spent in total 
darkness. 

Rats were trained in a modified 
Thompson-Bryant Box (6). Prior to 
surgery, the animals underwent 5 days 
of pretraining consisting of ten trials 
per day. During days 1 and 2, the rats 
were taught to run to the goal box to 
escape or avoid shock. Over days 3, 
4, and 5, two white translucent doors 
were gradually lowered over the goal 
box openings, and the rats were trained 
to push through the doors to enter the 
goal box. 

The animals were then taught to dis- 
criminate between a vertical black-white 
striped door which led to the goal box 
and a horizontal black-white striped 
door which was always locked. The 
position of the correct door was varied 
randomly, Upon the lifting of the start 
gate, the animal was required to run 
through the vertically striped door into 
the goal box within 10 seconds to avoid 
or escape a constant-current, 1-ma 
shock of 2-msec duration, three times 
per second. A response to the negative 
stimulus was always shocked. Such a 
response involved the animal entering 
the wrong alley by two or more inches 
(5 cm). Preoperatively, animals were 
discarded if they failed to reach the 
criterion of nine out of ten correct dis- 
criminations within 12 days. Post- 
operatively, animals were run to an 
upper limit of 20 days to the same 
criterion. Recordings were made of the 
number of discrimination trials to cri- 
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Table 1. Median learning and retention scores. 

Preoperative Postoperative 
Group N learning retention (%) 

Trials Errors Trials Errors 

Dark 10 85 37 -154 -202 
Diffuse 12 80 37 --171 --170 
Restrained 11 70 30 -171 -213 
Unrestrained 11 90 35 + 130 + 20 

terion and the number of discrimina- 
tion errors committed before learning 
the task. 

Surgery was performed under Nem- 
butal anesthesia. Area 17 was aspirated 
with special care to leave subcortical 
tissue untouched. Lesions were per- 
formed in two stages with half the ani- 
mals receiving left first-stage lesions 
and half receiving right first-stage le- 
sions. Eleven interoperative days inter- 
vened between surgeries. Figure 1 
shows the minimal and maximal ex- 
tents of cortical damage. 

After the first ablation, each rat was 

placed into one of four groups differ- 

entially exposed to visual stimuli. Group 
1 remained in total darkness for the 
entire 11 days. Group 2 spent 4 hours 

daily in a light-diffusing plastic cylinder 
15 cm in diameter and 60 cm in length. 
The cylinder was closed at both ends 
with the same material. The remaining 
20 hours were spent in total darkness, 
Group 3 was transported through a pat- 
terned visual environment 4 hours daily 
while restrained in a holder fashioned 
from metal cans and grating. One end 
of the holder had a circular opening 
through which only the animal's head 
could protrude. The animal was held in 

position by a hairpin loop of wire 

passed through the grating at the other 
end of the holder. The environment 
was a circular alley 20 cm wide and 
120 cm in diameter. Visual stimuli 
were painted on the alleys with black 

paint and included 1.25-cm-wide stria- 
tions placed in various horizontal- 
vertical configurations. The holders were 

attached to a rotating apparatus turned 

by a variable-speed motor which trans- 

ported the rats through the environ- 
ment at speeds ranging from one revo- 

lution every 1 minute to one revolution 

every 5 minutes. The remaining 20 

hours were spent in total darkness. 

Group 4 was allowed free movement, 
4 hours daily, in patterned visual alleys 
identical to those through which ani- 
mals in group 3 were transported. The 

remaining 20 hours were spent in total 
darkness. 

Four days after the second ablation, 
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animals were tested for sparing of the 
pattern discrimination habit. Postopera- 
tive discrimination ability was compared 
to preoperative ability by means of sav- 
ings scores for both trials to criterion 
and number of discrimination errors 
committed in reaching criterion. 

For trials to criterion, we used the 
following formula for percent savings, 
trials: 

(OL- 10) - (RL- 10) x 100 
OL- 10 

where OL refers to original learning and 
RL to relearning. Discrimination errors 
were computed according to the follow- 

ing formula for percent savings, errors: 

OL-RL x 100 
OL 

Data for pre- and postoperative per- 
formance of all groups are summarized 
in Table 1. A Kruskal-Wallis analysis 
of variance revealed no differences 
among groups in preoperative learning 
in terms of trials or errors to criterion. 
A comparison of the postoperative re- 
tention scores indicates that only those 
animals allowed unrestrained movement 
during interoperative exposure to visual 
stimuli retained the pattern discrimina- 
tion habit (P < .001). In addition, 7 of 
the 11 animals in this group demon- 
strated sparing, that is, postoperative 
performance was superior to preopera- 
tive performance. Virtually all animals 
in the dark, diffuse, and restrained 

groups failed to reach criterion on the 
visual task within the 20-day testing 
session. 

Thus, visual deprivation during the 

interoperative period precludes two- 

stage recovery of visual function. Fur- 

thermore, self-produced locomotion 
must accompany exposure to a pat- 
terned visual environment for recovery 
to occur. These observations have im- 

plications for the treatment of patients 
after stroke or other trauma affecting 
the visual system. The findings are in 
accord with data from two parallel 
areas of research: neonatal visual- 

deprivation studies and visual-motor re- 

arrangenient experiments. Self-produced 

movement must accompany exposure to 
the visual environment for the normal 
development of pattern vision (5). 
Similarly, self-produced movement is 
essential in producing visual-motor 
adaptation to a prismatically rearranged 
visual environment (7). The similarity 
in findings suggests that related pro- 
cesses underlie visual-motor develop- 
ment, visual-motor adaptation, and 
visual-motor recovery. 

Recovery of pattern vision after se- 
quential removal of visual cortex is 
probably a consequence of functional 
reorganization of brain areas not pri- 
marily responsible for visual capacity. 
If synaptic geometry is important to 
restoration of function (8), then self- 
produced locomotion accompanying 
visual stimulation may enhance func- 
tional reorganization of synaptic termi- 
nals within the extravisual system. 
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