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The organization of the whisker representation within the 
neocortex of the rat is dependent on an intact periphery 
during development. To further investigate how alterations 
in this cortical map arise we examined the organization of 
thalamocortical afferents to the whisker representation in 
adult animals in which the infraorbital branch of the trigem- 
inal nerve was cut on the day of birth. The disrupted pattern 
of thalamocortical projections to the vibrissae representa- 
tion was apparent in the abnormal pattern of the anterograde 
transport of horseradish peroxidase from the thalamus, as 
well as in the abnormal pattern of succinate dehydrogenase 
activity. To determine the morphology of individual thala- 
mocortical axons associated with this disrupted pattern, ter- 
minal arbors were “bulk-labeled” by injections of horserad- 
ish peroxidase into the white matter beneath the 
somatosensory cortex. Terminal arbors were identified by 
their laminar distribution of boutons corresponding to the 
specific thalamocortical afferent. The medial to lateral extent 
of these terminal arbors varied dramatically, from 350 to 
1500 pm. In addition, terminal arbors innervating the same 
local area of cortex appeared to have varying degrees of 
overlap. Thus, the disruption of the neocortical vibrissae 
representation appears to involve the abnormal arborization 
of individual thalamocortical afferents. This finding supports 
the hypothesis that the fine-grain organization of the so- 
matotopic map is dependent on the morphology and orga- 
nization of individual thalamocortical arbors, which, in turn, 
are dependent on the periphery during development. 

Representation of the sensory periphery is a fundamental char- 
acteristic of the neocortex. The role of the periphery in estab- 
lishing a neocortical map is a central issue in neocortical or- 
ganization (Van der Loos and Woolsey, 1973). The discrete 
organization of the vibrissae representation lends itself to the 
investigation of mechanisms by which the periphery influences 
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neocortical organization. In particular, the organization of thal- 
amocortical projections to the rodent somatosensory cortex is 
dependent on the integrity of the innervation of the facial whis- 
kers during early neonatal development (Killackey and Belford, 
1979). When peripheral damage is selective, the altered pattern 
of thalamocortical projections closely parallels the damage to 
the peripheral pattern of innervation (Killackey et al., 1976; 
Killackey and Belford, 1980; Durham and Woolsey, 1984). 

However, the question remains, To what extent does the al- 
tered pattern of thalamocortical projections result from changes 
in individual terminal arbors? In the previous paper, we dem- 
onstrated that the size of an individual thalamacortical terminal 
arbor corresponds to the size of the neocortical representation 
of a single vibrissa (Jensen and Killackey, 1987). In the present 
study, we examined individual thalamocortical terminal arbors 
in rats in which the infraorbital nerve, which innervates the 
vibrissae follicles, was cut at birth. We focused on the mor- 
phology of these terminal arbors to evaluate how neonatal pe- 
ripheral alterations affect the arborization patterns of individual 
thalamocortical axons. 

Abstracts of this work were presented at the Society of Neu- 
roscience Meetings in in 1983, 1984, and 1985. 

Materials and Methods 

The results ofthis study were based on observations in 52 adult Sprague- 
Dawley rats. In 46 of these rats, the infraorbital branch of the right 
trigeminal nerve was cut at birth. The organization of thalamocortical 
projections was analyzed in 3 ways. First, to demonstrate the vibrissae- 
related pattern, 60 pm sections of flattened neocortical hemispheres were 
stained for the activity of succinate dehydronenase. Second. to dem- 
onstrate the overall pattern of thalamoco-rticai projections, large injec- 
tions of WGA-HRP (0.25-0.50 ul. 20% in water) were made into the , 
ventral posterior region of the thalamus from a horizontal posterior 
approach through the cerebellum. The injections were made along a 
single anteroposterior trajectory sufficient to anterogradely label the 
posteromedial aspects of the primary somatosensory cortex (SmI). Fol- 
lowing a survival time of 24 hr, the rats were perfused according to the 
method of Rosene and Mesulam (1978). The 100 pm sections of flat- 
tened cortex were processed with tetramethylbenzidine. Third, to dem- 
onstrate the morphology of individual terminal arbors, axons were “bulk- 
labeled” from injections of WGA-HRP into the internal capsule below 
the somatosensory cortex. Individual terminal arbors were reconstruct- 
ed from serial sections. “Specific” thalamocortical terminal arbors were 
identified as having the majority of their branches and boutons in layer 
IV. The size and branching density of the layer IV plexus of the recon- 
structed terminal arbors was also estimated. Since the overall mediolat- 
era1 extent of the terminal arbors was, in some cases, much greater than 
the mediolateral extent in any given section, the mediolateral dimension 
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was averaged across all sections to avoid overestimating the projection 
area. The approximate location and size of the reconstructed terminal 
fields were also plotted on a surface view ofthe somatosensory neocortex 
for comparison with the distribution of succinate dehydrogenase clus- 
ters. The above procedures are described in detail in the previous paper 
(Jensen and Killackey, 1987). 

Results 
Alterations in the pattern of thalamocortical projections 
The adult pattern of thalamocortical projections to the somato- 
sensory cortex was characterized in 2 ways. First, the pattern 
of succinate dehydrogenase activity in tangential sections of 
flattened neocortex, which has been previously shown to cor- 
respond to the pattern of thalamocortical afferents (Killackey 
and Belford, 1979), was examined in normal animals and in 
animals in which the infraorbital nerve was cut at birth. Second, 
the pattern of anterograde label following large injections of 
WGA-HRP into the thalamus was also examined in tangential 
sections of flattened neocortex from normal animals and from 
animals in which the infraorbital nerve was cut at birth. 

The pattern of succinate dehydrogenase activity in tangential 
sections from adult animals in which the infraorbital nerve was 
sectioned at birth was significantly altered from the normal 
pattern (Fig. 1). In normal animals, discretely organized patches 
of succinate dehydrogenase activity replicate the arrangement 
of vibrissae on the face. Five rows of 4-6 patches each exhibit 
an anterolateral to posteromedial orientation, In addition, a 
posterior row of 4 large patches exhibits an anteromedial to 
posterolateral orientation. 

In animals in which the infraorbital nerve was cut at birth, 
the most striking alteration is in the region of the vibrissae 
representation. Alterations in vibrissae-related clustering are ap- 
parent in flattened sections of neocortex stained for succinate 
dehydrogenase activity. Patches of stain, variable in size and 
shape, appear in the posteromedial region normally occupied 
by the 5 rows of vibrissae-related clusters. In the more antero- 
lateral region of the vibrissae representation, these abnormal 
patches are oriented longitudinally in the anteroposterior di- 
rection and separated by lighter-staining areas. In the most pos- 
teromedial region of the vibrissae representation, the patches 
appear denser and more tightly packed than in the anterolateral 
region. In addition to alterations in the region of the mystacial 
vibrissae representation, the organization of patches in the re- 
gion of the anterior sinus hair representation is also altered. 
Patches of irregular size and shape are apparent in this region. 

The pattern of anterograde label following large injections of 
the WGA-HRP in the ventral posterior region of the thalamus 
largely coincide with the above-described pattern of succinate 
dehydrogenase activity (Fig. 2). In normal animals, clusters of 
anterograde label are arranged in a pattern that replicates the 
appearance of the body surface. Within the region of the vi- 
brissae representation there are 5 rows of 4-6 dense clusters 
each, arranged in an anterolateral to posteromedial orientation. 
In addition, there is a posterior row of 4 large clusters arranged 
in an anteromedial to posterolateral orientation. The arrange- 
ment of these clusters corresponds to the arrangement of mys- 
tacial vibrissae. The dense clusters of the vibrissae representa- 
tion contrast with the more homogeneous appearance of the 
region corresponding to the trunk representation (Fig. 2C). 

In sections of the neocortex from adult animals in which the 
infraorbital nerve was cut at birth (Fig. 2, A, B), there are ir- 
regularly shaped, dense clusters of label that are tightly packed 

Table 1. Dimensions of the layer IV plexuses of individual terminal 
arbors 

Medio- Antero- 
Branch (b) lateral posterior Projection 
density extent extent area 

Figure (b/mm’) (mm) (mm) (mm? 

3 9 1.50 1.45 0.78 
4 113 0.75 0.30 0.09 
5 299 0.35 0.25 0.06 
6a 29 0.85 0.70 0.20 
6b 235 0.50 0.30 0.08 
7 190 0.43 0.45 0.10 
8 41 0.70 1.25 0.31 
9 33 0.90 0.75 0.18 

10 51 0.65 0.40 0.07 
Mean * SE 111 +- 33 0.74 + 0.11 0.65 f 0.14 0.21 * 0.08 

within the posteromedial aspect of the face representation. In 
the anterolateral aspect of the face region, where 5 rows of 
clusters normally occur, there are elongated, irregular stripes 
oriented in the anterolateral direction. Associated with these 
stripes are dense, amorphous patches of variable size. 

Thus, the pattern of anterograde label in the region of so- 
matosensory cortex corresponding to the mystacial vibrissae 
representation is dramatically altered in adult animals in which 
the infraorbital nerve was cut at birth. This abnormal pattern 
appears to have 2 significant features: densely packed clusters 
in the posteromedial region and elongated stripes of varying 
density in the anterolateral region. 

Morphology of aferent terminal arbors 
WGA-HRP was injected into the white matter beneath the 
somatosensory cortex in animals in which the infraorbital nerve 
was cut at birth in order to examine the morphology of the 
terminal arbors associated with the abnormal pattern of thal- 
amocortical projections. Terminal arbors that had the majority 
of their boutons in layer IV were labeled. When the parent fiber 
of these terminal arbors was seen arising from the white matter, 
it followed a tortuous course through the deeper cortical layers 
(Figs. 3-6). Parent fibers could be seen to have both small- and 
large-caliber collaterals in layer VI (Figs. 3,4,6,7). Large-caliber 
collaterals could be seen giving rise to a few fine branches in 
layer V. Some of the small-caliber fibers arborized slightly after 
branching from the parent fiber in the deeper layers. In a number 
of cases, large-caliber collaterals could be seen to traverse a 
significant distance in the medial to lateral direction. Obser- 
vations of serial sections indicated that these large-caliber 
branches could traverse over 1 mm in the anteroposterior di- 
rection (Figs. 3, 8, Table 1). Large-caliber collaterals tend to 
branch in the upper part of layer V, giving rise to a plexus in 
layer IV. Some collaterals of the layer IV plexus extend into 
layer III, and a smaller number extend into layer II. 

Boutons were observed on most of the fine-caliber collaterals. 
The greatest density of boutons occurs in layer IV. The collat- 
erals extending from this plexus have boutons in layers III and 
II. The fine collaterals in layer VI and, to a lesser extent, those 
in V, also display a number of boutons. 

There is significant variability in the dimensions of the layer 
IV plexus. The arbors having a dense layer IV plexus (Table 1, 
Figs. 4-7, 1 lb) extend 350-750 pm in the mediolateral dimen- 
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Figure 1. A, Photomontage of sections of flattened cortex stained for succinate dehydrogenase activity from a normal adult animal. PM, Pos- 
teromedial aspect of mystacial vibrissae representation. AL, Anterolateral aspect of the anterior sinus representation. F, Forepaw representation. 
H, Hindpaw representation. T, Trunk representation. Scale bar, 100 pm. B, Photomontage of sections of flattened cortex stained for succinate 
dehydrogenase activity from an adult animal in which the infraorbital nerve was cut at birth. Labels and scale as in A. 
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sion and 250-450 pm in the anteroposterior dimension. Ter- 
minal arbors having a sparser layer IV plexus (Table 1; Figs. 3, 
8-10, 11A) extend 650-l 500 pm in the mediolateral dimension 
and 400-l 450 pm in the anteroposterior dimension. This mixed 
arrangement of terminal arbors occurs along with varying de- 
grees of overlap between arbors. Even arbors with a layer IV 
plexus that was relatively restricted in the horizontal dimension 
could have adjacent terminal fields with little or no overlap 
(Fig. 6). 

Relationship between projection area and branch density 
In animals in which the infraorbital nerve was cut, the projection 
area of the layer IV plexus ranges from 0.06 to 0.78 mm2 (Table 
1). Thus, the sizes of the layer IV plexuses of terminal arbors 
from the vibrissae region were larger, and individual values 
varied to a much greater extent than was observed in normal 
animals (0.02-0.21 mm*; Jensen and Killackey, 1987). Fur- 
thermore, terminal arbors from animals in which the infraor- 
bital nerve was cut have, on the average, only 25.5% of the 
density of branches of terminal arbors from the vibrissae region 
of normal animals (normal: 436 -t 62 branches/mm$ nerve- 
cut: 111 ? 33 branches/mm3). In a manner similar to that re- 
ported for normal animals, the relationship between branch 
density and projection area of the layer IV plexus of the recon- 
structed terminal arbors can be described by the hyperbolic 
function: 

Branch density = 6.76 * (projection area)-1-L8. 

A log-log transformation yields a linear model (p < 0.01): 

log(branch density) = - 1.18 * log(projection area) + 0.83. 

The higher-order quadratic and cubic models are not significant 
@ > 0.8). Furthermore, the log of the branch density is nega- 
tively carrelated with the log of the projection area (r = -0.86, 
p < 0.01; Fig. 12). A comparison on the regression plot for 
normal layer IV plexuses (Fig. 12, solid line; replotted from 
Jensen and Killackey, 1987) with the plot for those from animals 
with neonatal infraorbital nerve cut (Fig. 12, dotted line) indi- 
cates that for layer IV plexuses of the same size, those in the 
animals in which the infraorbital nerve was cut at birth have a 
lower density of branches than those in normal animals. 

Discussion 
The present results demonstrate that neonatal infraorbital nerve 
cut alters the organization of afferent projections to the soma- 
tosensory neocortex. We have examined 2 characteristics of the 
altered thalamocortical projection: the overall vibrissae-related 
pattern and the morphology of individual terminal arbors. Our 
observations indicate that the changes in the overall pattern of 
thalamocortical projections involves alterations in morphology 
of individual terminal arbors. 

Relationship between the morphology of individual terminal 
arbors and the overall pattern of thalamocortical projections 
The overall pattern of thalamocortical projections to the so- 
matosensory neocortex in rats in which the infraorbital nerve 
was cut at birth indicates that the orientation and relative po- 
sition of the representation of the major body regions are, to a 
large extent, normal. This is in line with physiological maps of 
the neocortex obtained from adult animals in which the infraor- 
bital nerve was cut at birth (Waite and Cragg, 1982; Waite, 
1984). The preservation of the gross topography of the somato- 

Figure 2. A and B, Photomicrographs of sections of flattened cortex 
demonstrating anterogradely transported HRP from injections of the 
ventral posterior thalamus in adult animals in which the infraorbital 
nerve was cut at birth. Scale bar, 100 pm. V, Mystacial vibrissae rep- 
resentation. F, Forepaw representation. H, Hindpaw representation. r, 
Trunk representation. Scale bar, 100 pm. C, Photomicrograph of a 
section of flattened cortex demonstrating anterogradely transported HRP 
from an injection in the ventral posterior thalamus in a normal adult 
animal. Tetramethylbenzidine reaction. Labels and scale as in A. 
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Figure 3. Terminal arbor from the an- 
terolateral region of the mystacial vi- 
brissae representation. The medial to 
lateral extent of the layer IV plexus is 
1500 Wm. The view is reconstructed 
from coronal sections. The top line rep- 
resents the pia. The bottom line repre- 
sents the white matter of the internal 
capsule. Triangles indicate the border 
of layers III and IV. Circles indicate the 
border of layers IV and V. Squares in- 
dicate the border of layers V and VI. 
Diaminobenzidine reaction. Scale bar, 
100 fim. 

. 

. 

sensory region is consistent with the observation that thala- 
mocortical projections are organized in a topographic manner 
at birth, at the time when the infraorbital nerve was cut (Dawson 
and Killackey, 1985). 

While the gross topographic organization of the thalamo- 
cortical projection is preserved, the somatotopic organization 
within the face representation is disrupted. In contrast to the 
normal clustered pattern of thalamocortical projections in the 
vibrissae region, the altered pattern is composed of elongated 
stripes and amorphous patches. Several alterations in the mor- 
phology ofthe terminal arbors appear to contribute to the altered 
pattern. First, terminal arbors are larger and of more varied size 
than normal. Second, the arbors tend to be elongated in an 
orientation corresponding to the orientation of the stripes. Third, 
the extent of overlap between adjacent arbors is highly variable, 
in sharp contrast to the coextensive terminal fields of normal 
vibrissae-related terminal arbors. These altered characteristics 
of thalamocortical afferent morphology are consistent with rel- 
atively large numbers of neurons responsive to more than one 
vibrissa in adult animals in which the infraorbital nerve was 
cut at birth (Waite and Cragg, 1982; Waite, 1984). Thus, we 
conclude that the disruption of the neocortical vibrissae map 
involves a disruption of the normal clustering of thalamocortical 
afferents. 

Effect of nerve cut on the projection area of the layer IV plexus 
The larger than normal projection areas of the layer IV plexuses 
following neonatal infraorbital nerve cut may occur in either of 
2 ways. First, in normal animals, axons may initially branch 
over an extensive area, and their restricted arbors result from 
a subsequent retraction of more distant processes. Neonatal 
damage to the afferent pathways may interfere with the retrac- 
tion process, resulting in elongated arbors. This possibility has 
been suggested to account for the disruption of the segregation 
of ocular dominance columns in the visual cortex following 

visual deprivation during postnatal development (Levay et al., 
1980). Alternatively, normal axons may initially form extensive 
branches in a restricted field. Neonatal damage to the afferent 
pathways then reduces the number of branches formed and the 
axons grow beyond their normally restricted field. This possi- 
bility has been proposed to account for enlarged arbors of ret- 
inogeniculate axons following neonatal enucleation (Robson et 
al., 1978). The present observations do not provide conclusive 
evidence that distinguishes between these 2 possibilities. Several 
lines of evidence, however, suggest that neonatal infraorbital 
nerve cut alters the initial growth of thalamic axons into the 
neocortex rather than a later remodeling process. First, the larg- 
er, abnormal terminal arbors in rats with neonatal nerve cut 
have a lower than normal density of branches. It is therefore 
unlikely that the abnormal arbors retained branches that are 
normally lost. Second, the pattern of afferent clusters within the 
cortex does not appear to arise from a previously diffuse pattern 
(Killackey and Belford, 1979). Third, thalamocortical axons do 
not appear to have extensive penetration into the cortical gray 
matter at birth, but appear to subsequently invade layer IV on 
postnatal days 2 and 3 (Wise and Jones, 1978). This time period 
of afferent growth corresponds to the time at which the vibrissae- 
related pattern first becomes visible (Killackey and Belford, 
1979). 

The hypothesis that the clustering of terminal fields of vi- 
brissae-related afferents occurs during the initial growth of tha- 
lamic axons contrasts with the hypothesis that the segregation 
of eye-specific afferents in the visual system results from the 
remodeling of afferent arbors after initial ingrowth (Levay et al., 
1978,198O). The different mechanisms that predominate during 
the patterning of afferent axonal arbors in these 2 systems may 
be related to differences both in organization and development. 
The neocortical visual map requires the alignment of afferents 
from both the ipsilateral and contralateral eyes to form a con- 
tinuous map of the visual field. Such alignment could result 
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Figure 4. Terminal arbor from the posteromedial region of the mys- 
tacial vibrissae representation. The medial to lateral extent of the layer 
IV plexus is 750 pm. Details as in Figure 3. 

from the loss of collaterals during the formation of interdigitated 
tufts of eye-specific afferents. In contrast, the vibrissa map is 
characterized by the discrete representation of contralateral re- 
ceptors and does not appear to involve the interdigitated arbors 
characteristic of eye-specific afferents. Thus, the dominance of 
contralateral input to this map may minimize the importance 
of the loss of long collaterals during pattern formation. Fur- 
thermore, in the lateral geniculate nucleus, where eye-specific 
terminal arbors are discretely organized into different layers, the 
development of the segregated pattern does not appear to in- 
volve the loss of long collaterals (Sretavan and Shatz, 1984). 
Moreover, enucleation during development appears to alter the 
elaboration of retinogeniculate terminal arbors rather than re- 
duce the retraction of long collaterals (Robson et al., 1978; Sre- 
tavan and Shatz, 1986). Thus, when sensory maps involve the 
segregation of terminal arbors, the progressive elaboration of 
axons may dominate the formation of peripherally dependent 
patterns of afferent innervation. 

Relationship between the projection area and branching 
density of the layer IV plexus 
In animals in which the infraorbital nerve was cut at birth, 
terminal arbors with smaller projection areas have a greater 

. . 
- ;9 

Figure 5. Terminal arbor from the posteromedial region of the mys- 
tacial vibrissae representation. The medial to lateral extent of the layer 
IV plexus is 350 Frn. Details as in Figure 3. 

density of branches than those with larger projection areas. The 
same basic relationship is also true of thalamocortical arbors 
from normal animals (Jensen and Killackey, 1987). This ob- 
servation supports the hypothesis that the relationship between 
branch density and projection area is, to at least some degree, 
intrinsically regulated by thalamic neurons. However, the actual 
size and density of the layer IV plexus is dramatically altered 
by neonatal damage to the infraorbital nerve. Neonatal nerve 
cut results in larger projection areas and lower branching den- 
sity. This result indicates that peripheral influences play a sig- 
nificant role in determining the branching density and size of 
the layer IV plexus of thalamocortical axons. 

How does neonatal damage to the peripheral innervation of 
the vibrissae reduce the branching density and increase the size 
of the layer IV plexus of thalamocortical axons? Several pos- 
sibilities are suggested by the distribution of clusters of different 
sizes in the region of the neocortical mystacial vibrissae rep- 
resentation. Small, tightly packed clusters predominate in the 
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Figure 6. Two terminal arbors that innervate the same localized area of layer IV in the anterolateral region of the mystacial vibrissae representation 
(Fiber 6a is to the left, fiber 6b is to the right.) Their terminal fields within layer IV do not have an extensive degree of overlap. Details as in 

Figure 3. 

. . 

. 
. Y 

Figure 7. Terminal arbor from the region of somatosensory cortex 
corresponding to the anterolateral portion of the face representation in 
an adult animal in which the infraorbital nerve was cut at birth. The 
medial to lateral extent of the layer IV plexus of this arbor is 430 pm. 
Details as in Figure 3. 

Figure 8. Terminal arbor from the anterolateral region of the mys- 
tacial vibrissae representation. The medial to lateral extent of the layer 
IV plexus is 700 pm. Details as in Figure 3. 
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Figure 9. Terminal arbor from the anterolateral region of the mys- 
tacial vibrissae representation. The medial to lateral extent of the layer 
IV plexus is 900 pm. Details as in Figure 3. 

posteromedial region, while elongated stripes are present in the 
anterolateral region. These regional characteristics could reflect 
the state of development of the trigeminal pathway at the time 
the infraorbital nerve was cut. In the brain stem trigeminal 
complex, the clustered pattern of primary afferents in the ven- 
trolateral principal sensory nucleus is apparent at birth, while 
the clustered afferents in the dorsomedial principal sensory nu- 
cleus is not apparent until several days later (Erzurumlu and 
Killackey, 1983). Neonatal damage to the vibrissae innervation 
destroys the associated primary trigeminal afferents (Bates and 
Killackey, 1985; Jacquin and Rhoades, 1985) and prevents the 
normal clustering of their postsynaptic neurons in the brain stem 
trigeminal. complex (Bates et al., 1982). Thus, sectioning the 
entire inlraorbital nerve at birth would be expected to have a 
more profound effect on the representation of the anterior than 
on the posterior mystacial vibrissae. Densely branched, restrict- 
ed arbors may reflect the more mature state of innervation of 
the ventrolateral region of the trigeminal principal sensory nu- 
cleus at birth. Conversely, sparsely branched, elongated arbors 
may reflect the less mature state of the innervation of the dor- 
somedial region of the principal sensory nucleus at birth. 

A second possibility is that, in the absence of normally clus- 

Figure 10. Terminal arbor from the posteromedial region of the vi- 
brissae representation. The medial to lateral extent of the layer IV plexus 
is 650 pm. Details as in Figure 3. 

tered trigeminothalamic projections, abnormal thalamocortical 
terminal arbors result from the influence of other sources of 
afferents to the ventroposterior nucleus. We consider this pos- 
sibility unlikely, however, since neonatal infraorbital nerve cut 
results in a uniform pattern in the thalamus, rather than an 
aberrant one, at a time when normal vibrissae-related clustering 
is obvious (Killackey and Shinder, 198 1). We cannot, however, 
rule out the possibility that competitive interactions from other 
neocortical afferents may contribute to the altered pattern. Af- 
ferents from the medial aspect of the posterior thalamic nuclear 
group (Koralek et al., 1985) may compete with those from the 
ventroposterior nucleus for postsynaptic sites. Damage to the 
trigeminal pathway may selectively impair the competitive abil- 
ity of afferents from the ventroposterior nucleus. Such an in- 
teraction is likely to be analogous to competitive interactions 
between X and Y retinogeniculate projections. The relative al- 
terations in the X- and Y-terminal arbors occur significantly 
later in development than the ingrowth of retinal afferents or 
their segregation (Sur et al., 1984). Thus, such competitive in- 
teractions are unlikely to contribute to the early formation of a 
peripherally dependent pattern. 

A third possibility is suggested by the report of Hamori et al. 
(1986) that the number of thalamic projection neurons in the 
vibrissae-related region of the ventroposterior nucleus is in- 
creased after neonatal damage to the vibrissae follicles. The 
possibility that a uniform increase in the number of thalamo- 
cortical projection neurons causes the lower density and in- 
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Figure II. A, Diagrammatic representation of the approximate size 
and location of the layer IV plexuses of terminal arbors represented in 
the previous figures. a, Field corresponding to the terminal arbor in 
Figure 7; b. to that in Figure 9; c, Figure 3; d, Figure 8; e, Figure 4;J; 
Figure 10; g, Figure 5, h and i, Fields corresponding to adjacent arbors 
in Figure 6. B, Diagrammatic representation of the pattern of thala- 
mocortical projections from the ventroposterior nucleus, for compari- 
son with A. The horizontal scale indicates millimeters from bregma; the 
vertical scale indicates millimeters lateral from the midline. 

creased size of individual terminal arbors is unlikely, however, 
since an early uniform reduction in the number of vibrissae 
follicle afferents does not alter the size of vibrissae-related clus- 
ters in the cortex (Sikich et al., 1986). 
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Figure 12. Log-log plots of the density of branches (density) versus 
the area of projection onto layer IV (projection area) of the layer IV 
plexuses of reconstructed terminal arbors. Solid line and circles, Regres- 
sion plot and data from normal adult animals replotted from Jensen 
and Killackey (1987). Pearson’s r equals -0.90 (p < 0.0001). The prob- 
ability that the linear relationship occurred by chance is less than 0.000 1. 
The intercept equals 1.83 + 0.10, and the slope equals -0.65 + 0.08 
(p c 0.0001). Dashed line and squares, Regression plot and data from 
adult animals in which the infraorbital nerve was cut at birth. All re- 
constructed terminal arbors are included in this analysis (see Table 1). 
Pearson’s r equals -0.86 tp < 0.005). The probability that the linear 
relationship occurred by chance is less than 0.005. The intercept equals 
0.83 + 0.24 01 < 0.05). The slope equals - 1.18 + 0.26 (p < 0.01). 

A fourth possibility is that the abnormal thalamocortical ter- 
minal arbors result from the influence of regenerated vibtissae 
follicle afferents, since a small proportion of these afferents re- 
generate after nerve cut (Waite and Cragg, 1982). This possibility 
is unlikely, however, since this regeneration takes several days 
(Waite and Cragg, 1982), and damage to the infraorbital nerve 
after postnatal day 4 does not dramatically alter the vibtissa- 
related clusters within the neocortex (Belford and Killackey, 
1980; Bates and Killackey, 1985). 

In summary, neonatal damage to the infraorbital nerve alters 
the somatotopic organization of thalamocortical projections to 
the somatosensoty neocortex. A number of characteristics of 
the altered pattern can be attributed to changes in the mor- 
phology of individual terminal arbors. The size, complexity, 
and degree of overlap of individual terminal arbors appear to 
determine the overall pattern of the altered neocortical vibris- 
sae-related map. We interpret these results as indicating that 
the influence of the periphery on the fine-grain organization of 
the neocortex is expressed in the morphology of individual thal- 
amocortical axons. 
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