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In our ongoing attempt to determine the anatomic substrates
that could support a cerebellar contribution to cognitive pro-
cessing, we investigated the prefrontal cortical projections to
the basilar pons. A detailed understanding of these pathways is
needed, because the prefrontal cortex is critical for a number of
complex cognitive operations, and the corticopontine projec-
tion is the obligatory first step in the corticopontocerebellar
circuit. Prefrontopontine connections were studied using the
autoradiographic technique in rhesus monkey. The pontine
projections were most prominent and occupied the greatest
rostrocaudal extent of the pons when derived from the dorso-
lateral prefrontal convexity, including areas 8Ad, 9/46d, and 10.
Lesser pontine projections were observed from the medial
prefrontal convexity and area 45B in the inferior limb of the

arcuate sulcus. In contrast, ventral prefrontal and orbitofrontal
cortices did not demonstrate pontine projections. The prefron-
topontine terminations were located preferentially in the para-
median nucleus and in the medial parts of the peripeduncular
nucleus, but each cortical area appeared to have a unique
complement of pontine nuclei with which it is connected. The
existence of these corticopontine pathways from prefrontal
areas concerned with multiple domains of higher-order pro-
cessing is consistent with the hypothesis that the cerebellum is
an essential node in the distributed corticosubcortical neural
circuits subserving cognitive operations.
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The corticopontine projection is the obligatory first step in the
feedforward limb of the cerebrocerebellar circuit. Several inves-
tigators have described pontine projections from cerebral associ-
ation areas (Nyby and Jansen, 1951; Brodal, 1978; Wiesendanger
et al., 1979; Glickstein et al., 1985; May and Andersen, 1986;
Fries, 1990). Our recent investigations have revealed that there
are projections to the pons from unimodal as well as multimodal
association areas in the posterior parietal, superior temporal, and
occipitotemporal cortices as well as from the parahippocampal
gyrus (Schmahmann and Pandya, 1989, 1991, 1993). Vilensky and
Van Hoesen (1981) have demonstrated pontine connections from
the limbic system arising in the cingulate gyrus.
Recent functional neuroimaging data in human subjects (Petersen

et al., 1989; Dolan et al., 1992; Ryding et al., 1993; Jenkins et al.,
1994; Kim et al., 1994; Parsons et al., 1995) and clinical evidence
derived from patients with cerebellar lesions (Bauman and Kemper,
1994; Silveri et al., 1994; Sherman and Schmahmann, 1995) have
provided supportive evidence for earlier physiological (Reis et al.,
1973; Cooper et al., 1974) and behavioral investigations (Berman et
al., 1978), suggesting a role for the cerebellum in cognitive operations
and affective processes (Dow and Moruzzi, 1958; Dow, 1974; Snider
and Maiti, 1976; Heath, 1977; Watson, 1978; Schmahmann, 1991,

1996). Cerebellar patients have difficulties with executive function
(Grafman et al., 1992) and verbal fluency (Fiez et al., 1992), prob-
lems generally seen in the setting of frontal lobe dysfunction (Fuster,
1980). This has been interpreted as representing a disruption of
cerebellar modulation of functions subserved by the frontal lobe.
Implicit in this hypothesis is that the cerebellum is part of a distrib-
uted neural system (Mesulam, 1981; Goldman-Rakic, 1988; Posner
et al., 1988) that incorporates the higher-order areas including the
prefrontal cortices (Leiner et al., 1986, 1993; Schmahmann and
Pandya, 1987, 1989, 1991, 1993; Botez et al., 1989; Schmahmann,
1991, 1996; Grafman et al., 1992; Ito, 1993; Middleton and
Strick, 1994).
There is evidence from earlier indirect observations (Kievit and

Kuypers, 1977; Sasaki et al., 1979; Stanton, 1980) and from more
recent direct transsynaptic experiments (Middleton and Strick, 1994)
that the cerebellar dentate nucleus has a feedback projection to the
prefrontal cortex (PFC). There is a paucity, however, of anatomic
evidence demonstrating a feedforward contribution to the cerebel-
lum from prefrontal cortices concerned with complex cognitive op-
erations. There is a substantial body of literature that has evolved
since the last century that deals with the frontopontine projection in
the nonhuman primate. The principal findings of these earlier inves-
tigations are summarized in Table 1. For the most part, however, this
work has not focused on the PFC specifically and, consequently, a
number of essential details are still unavailable.
Our interest in the pontine projections from the PFC is part of

a larger investigation of the input to the feedforward limb of the
cerebrocerebellar system from nonmotor cerebral regions con-
cerned with higher-order behavior. Using the same techniques
and methodology as in our previous investigations, we conducted
a systematic study in the rhesus monkey of the prefrontopontine

Received July 12, 1996; revised Oct. 10, 1996; accepted Oct. 16, 1996.
This work was supported in part by the Veterans Administration, Edith Nourse

Rogers Memorial Veterans Hospital (Bedford, MA), National Institutes of Health
Grant 16841, and the Milton Fund of Harvard University. We thank Mr. Andrew
Doolittle and Ms. Amy Hurwitz for technical assistance, and we thank Ms.
Marygrace Neal for secretarial assistance.
Correspondence should addressed to Dr. Jeremy D. Schmahmann, Department of

Neurology, Burnham 823, Massachusetts General Hospital, Fruit Street, Boston, MA
02114.
Copyright q 1996 Society for Neuroscience 0270-6474/96/160438-21$05.00/0

The Journal of Neuroscience, January 1, 1997, 17(1):438–458



pathways. We sought to determine the precise origins of the
pontine projections within the PFC, as well as the detailed pattern
of terminations within the nuclei of the basilar pons. The PFC is
segregated into functionally distinct regions that are matched by a
connectional heterogeneity, such that each of the prefrontal sub-
divisions has a different set of connections with cortical as well as

subcortical structures (Pandya and Yeterian, 1991). We wished to
determine whether the differential organization of the prefronto-
pontine projection reflects this cortical anatomic and functional
heterogeneity. Preliminary results of these investigations have
been presented elsewhere, but the precise arrangement within the
basilar pons of the prefrontopontine terminations have not been

Table 1. Summary of previous principal findings
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previously published. The pons is the intermediate step in the
feedforward limb of the cerebrocerebellar circuit and, therefore,
this detailed topographic map is essential for determining the
anatomic relationship between nonmotor areas of the cerebral
hemispheres and the cerebellum. Furthermore, we were inter-
ested in establishing how the projections from the prefrontal
association cortices differ from those derived from the posteriorly
situated association areas. Therefore, in the present report, we
have investigated the corticopontine projections from functionally
and architectonically distinct prefrontal areas using the antero-
grade tracer technique.
Preliminary results of our investigations have been presented

previously. (Schmahmann and Pandya, 1995).

MATERIALS AND METHODS
In 18 adult rhesus monkeys, the prefrontopontine projections were stud-
ied using radiolabeled anterograde tracers. Two closely adjacent injec-
tions of 0.5 ml of tritiated leucine and proline (volume range, 0.4–1.2 ml,
specific activity range, 40–80 mCu, aqueous solution) were made in each
case. Animals were anesthetized with ketamine hydrochloride (10 mg/kg)
and sodium pentobarbital (30 mg/kg), and the cerebral cortex was ex-
posed by craniotomy and reflection of the dura. Regions of the PFC
defined previously by cytoarchitectonic criteria (Petrides and Pandya,

1994) (Fig. 1D) were identified by inspection of the sulcal pattern, and
injections were made under direct visual guidance with a 1 ml Hamilton
syringe and a microdrive attachment. Cortical injections were made at a
depth of 2 mm, and sulcal injections were made at a depth of 4–6 mm.
After a survival period of 7 d, the animals were killed under deep
Nembutal anesthesia by transcardial perfusion of saline. The animals
were then perfused with 10% formalin and the brains removed. The
brainstem was separated from the cerebral hemispheres rostral to
the level of the inferior colliculus at 908 to the long axis of the pons. The
brainstem and cerebellum were embedded in paraffin and cut in trans-
verse section at a thickness of 10 mm and mounted on glass slides. The
slides were immersed in Kodak NTB-2 nuclear track emulsion, exposed
for 4–6 months, developed in Kodak D-19, fixed in Kodak Rapid-Fix,
then counterstained with thionin, and coverslipped (Cowan et al., 1972).
Transverse sections through the rostrocaudal extent of the pons were
drawn with the aid of a magnifier, the distribution of terminal label
studied with dark-field microscopy, and axon termination fields were
plotted on these drawings using a side-arm viewer. Nine levels of the pons
at approximately equal intervals were selected in each case to depict the
findings. These levels, I to IX from rostral to caudal pons, and the
cytoarchitectonic characteristics and boundaries of the pontine nuclei
correspond to those described by Nyby and Jansen (1951) and Schmah-
mann and Pandya (1989, 1991) (Fig. 2). The nomenclature used for
describing the location of the PFC injection sites in this study follows the
architectonic parcellation of Petrides and Pandya (1994) (Fig. 1D). Many
of the cases used in this study have been analyzed in other investigations

Table 1. Summary of previous principal findings
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Figure 1. Diagrams of the cerebral hemispheres of rhesus monkey illustrating the architectonic areas of the prefrontal cortices according to the
designations of Brodmann (1909) (A), Walker (1940) (B), von Bonin and Bailey (1947) (C), and Petrides and Pandya (1994) (D). This figure illustrates
the extent of the PFC, and the earlier nomenclature is presented to assist in the interpretation of the results of the studies that are cited in Table 1.

Schmahmann and Pandya • Prefrontopontine Projections J. Neurosci., January 1, 1997, 17(1):438–458 441



of cortical and subcortical projections of the prefrontal region (Barbas
and Pandya, 1989; Yeterian and Pandya, 1991).

RESULTS
Injections that resulted in pontine terminations
Medial prefrontal cases
The isotope injections in cases 1 and 2 (Figs. 3C,D, 4) were placed
in the medial PFC and involved area 32. The resulting label was

present in the rostral third of the ipsilateral pons and was distrib-
uted primarily in the medial portion of the peduncular and peripe-
duncular nuclei and in the paramedian nucleus.
In case 3, the injection was placed above the cingulate sulcus in

the rostral part of the superior frontal gyrus and involved the
rostral and medial part of area 9 (Fig. 5). The terminal label was
distributed in the rostral two-thirds of the ipsilateral pons. This
was the only case in the series in which label was observed in the

Figure 2. Diagram showing the subdivisions
of the pontine nuclei in the transverse plane
(perpendicular to the long axis of the pons)
according to Nyby and Jansen (1951), with
modifications according to our observations
(Schmahmann and Pandya, 1989, 1991). I–IX
represent the rostrocaudal levels at equal in-
tervals through the pons.
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Figure 3. Light-field photographs of coronal sections through isotope injections in three representative cases (left), and dark-field photomicrographs of
the resulting anterogradely transported terminal label in the nuclei of the ipsilateral basis pontis (right). A, Area 10 injection in case 5, with terminal label
seen in B in level III of the pons in the paramedian (PM ) and peripeduncular (P) nuclei. C, Isotope injection in case 2 in area 9 at the medial convexity,
with terminal label seen in D in level II of the pons in the median (M ) and paramedian nuclei. E, Injection site in case 9, in area 9/46d, with terminal
label in level II of the pons (F ) in the paramedian nucleus. Injection sites (A, C, E): scale bar (shown in E), 20 mm; pontine terminations (B, D, F ): scale
bar (shown in F ), 2 mm.
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median nucleus. Additionally, grains were detected in the para-
median nucleus, as well as in the nucleus reticularis tegmenti
pontis (NRTP). The contralateral NRTP also had a small projec-
tion located between pontine levels IV and V.
In case 4, the injection was placed in the medial surface of the

hemisphere above the cingulate sulcus at a level corresponding to
the rostral tip of the corpus callosum and involved area 8B (Fig.

6). Terminations were noted in the rostral half of the ipsilateral
pons in the paramedian nucleus, the medial part of the peripe-
duncular nucleus, and the NRTP.
In case 5, the injection was placed in the rostral part of the PFC

and involved the medial and dorsal sectors of area 10 (Figs. 3A,B,
7). The terminal label in this case was observed throughout the
rostro-caudal extent of the ipsilateral pons and involved the para-

Figure 4. Diagram illustrating the medial surface of the cerebral hemisphere of case 1, in which the isotope injection (shown in black) was placed in the
medial PFC and involved area 32. The resulting fibers (small black dots) were present in the rostral third of the ipsilateral pons. The terminal label (large
black dots) was distributed primarily in the medial portion of the peduncular and peripeduncular nuclei and in the paramedian nucleus. Abbreviations
for cerebral hemispheres (Figs. 4–17): AS, arcuate sulcus; CING S, cingulate sulcus; CC, corpus callosum; CF, calcarine fissure; CS, central sulcus; IOS,
inferior occipital sulcus; IPS, intraparietal sulcus; LF, lateral (Sylvian) fissure; LS, lunate sulcus; Orb S, orbital sulcus; OTS, occipitotemporal sulcus;
POMS, parieto-occipital medial sulcus; PS, principalis sulcus; Rh F, rhinal fissure; STS, superior temporal sulcus. Abbreviations for brainstem sections
(Figs. 4–17): Br Conj, brachium conjunctivum; D, dorsal pontine nucleus; DL, dorsolateral pontine nucleus; DM, dorsomedial pontine nucleus; EDL,
extreme dorsolateral pontine nucleus; IPN, interpeduncular nucleus; L, lateral pontine nucleus;M, median pontine nucleus;ML, medial lemniscus;NRTP,
nucleus reticularis tegmenti pontis; P, peduncular nucleus (peripeduncular vs intrapeduncular not differentiated in the diagrams); PM, paramedian
pontine nucleus; R, nucleus reticularis tegmenti pontis; RN, red nucleus; SN, substantia nigra; V, ventral pontine nucleus.
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median, peripeduncular, and dorsomedial nuclei and the NRTP.
Caudally, some label was also noted in the ventral and lateral
pontine nuclei as well.
Dorsolateral prefrontal cases
The injection in cases 6 (Fig. 8) and 7 (data not shown) were placed
in the PFC above the midportion of the principal sulcus and involved
lateral area 9. The resulting label was essentially identical in both
cases and was noted throughout the rostrocaudal extent of the
ipsilateral pons occupying a thin dorsal–ventral lamella adjacent to

the midline. The lamella spanned the paramedian nucleus and the
medial part of the peripeduncular nucleus, as well as the dorsomedial
and ventral nuclei and the NRTP.
In case 8, the injection was placed in the rostral part of the

dorsolateral PFC and included the rostral part of area 9 and
dorsal area 10 (Fig. 9). Label was restricted to the rostral half of
the ipsilateral pons and was located primarily in the paramedian
and peripeduncular nuclei. Some label was also noted in
the NRTP.

Figure 5. Diagram illustrating the medial surface of the cerebral hemisphere of case 3, in which the isotope was placed above the cingulate sulcus in the
rostral part of the superior frontal gyrus and involved the rostral and medial part of area 9. Terminal label was distributed in the rostral two-thirds of the
ipsilateral pons and was present in the median nucleus, the paramedian and dorsomedial nuclei, and the NRTP. The contralateral NRTP also had a small
projection in between pontine levels IV and V.
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The injection in case 9 was placed in the caudal part of the
upper bank of the principal sulcus and the adjacent gyral cortex
and involved area 9/46d (Figs. 3E,F, 10). The label was distrib-
uted throughout the rostrocaudal extent of the ipsilateral pons
and was observed somewhat more laterally when compared with
previous cases. Label was seen predominantly in the peripedun-
cular, paramedian, and dorsomedial nuclei, as well as in the
NRTP and the medial part of the ventral nucleus.
In case 10, the isotope injection was placed in the cortex lying

in the rostral bank of the upper limb of the arcuate sulcus and
adjacent gyral cortex and involved area 8Ad (Fig. 11). The result-
ing label was distributed throughout the rostrocaudal extent of the
ipsilateral pons. Terminations were present primarily in the para-
median and dorsomedial nuclei and in the medial and ventral
parts of the peripeduncular nucleus. Additionally, in the caudal
pons, grains were noted in the ventral and lateral nuclei, and some
were also observed in the NRTP.
The injection in case 11 was placed within the caudal part of the

ventral bank of the principal sulcus and the adjacent gyral cortex
and involved area 9/46v (Fig. 12). Terminal label occupied the
rostral half of the ipsilateral pons and was detected primarily in
the paramedian nucleus, with some label seen in the dorsomedial
nucleus and in the medial part of the peripeduncular nucleus.
In cases 12 and 13, the isotope injections were placed in the

cortex lying in the rostral bank of the lower limb of the arcuate
sulcus and involved area 45B. The injection in case 12 (Fig. 13)
was slightly dorsal to that in case 13 (Fig. 14). The label in both
these cases was restricted to the rostral third of the ipsilateral
pons and was localized in the paramedian nucleus and in the
medial and ventral parts of the peripeduncular nucleus.

Injections that did not result in pontine terminations
Orbitofrontal and adjacent ventral lateral prefrontal cases
In the next four cases (Fig. 15), the isotope injection involved area
46 below the principal sulcus (case 14); the caudal part of the
orbital cortex, area 47/12 (case 15); the midlateral portion of the
orbital cortex, area 47/12 (case 16); the rostral part of the orbital
cortex, area 11 (case 17); and the ventral region of the medial
PFC, area 14 (case 18). In each case, labeled fibers were seen to
leave the injection site and travel toward different cortical desti-
nations within the same and opposite hemispheres. Some subcor-
tically directed fibers entered the anterior limb of the internal
capsule and terminated in the thalamus. None of these cases,
however, demonstrated labeled fibers conforming to the expected
trajectory of the prefrontopontine fiber system (Schmahmann and
Pandya, 1994), traversing the anterior limb of the internal capsule
and descending into the cerebral peduncle. None of these cases
resulted in the distribution of terminal label in the pontine nuclei.

Summary of anatomic results
The results of our investigations confirm many of the earlier
reports and extend these observations by defining both the origins
and the differential terminations of the prefrontopontine projec-
tion. Cortical areas that contribute most heavily to the pons
include area 9/46d located above the principal sulcus, area 8Ad in
the arcuate concavity, area 9 at the dorsolateral convexity, and
area 10 at the rostral parts of the dorsolateral and medial con-
vexities. Area 8B and area 32 at the medial surface of the hemi-
sphere, area 9 at the medial convexity, and area 9/46v contribute
a distinct but somewhat less intense pontine projection. A minor
pontine projection also arises from area 45B in the rostral bank of
the inferior limb of the arcuate sulcus. Pontine projections are not

Figure 6. Diagram illustrating the medial surface of the cerebral hemisphere of case 4, in which isotope was injected in the medial surface of the
hemisphere above the cingulate sulcus at a level corresponding to the rostral tip of the corpus callosum and involved area 8B. The terminal label was
distributed in the rostral half of the ipsilateral pons and in the paramedian nucleus, the medial part of the peripeduncular nucleus, and the NRTP.
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Figure 7. Diagram illustrating the medial and lateral surfaces of the cerebral hemisphere of case 5, in which the isotope was placed in the rostral part
of the PFC and involved the medial and dorsal sectors of area 10. Terminal label was observed in levels I–IX of the ipsilateral pons and involved the
paramedian, peripeduncular, and dorsomedial nuclei and the NRTP. A small amount of label was noted in the ventral and lateral nuclei at caudal levels
of the pons.
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observed after isotope injection in area 46 below the principal
sulcus or the orbitofrontal cortices including areas 11, 47/12, and
14 (see Fig. 16).

The general organization of the prefrontopontine projections is
in agreement with the pattern observed in previous corticopontine
studies (Levin, 1936; Sunderland, 1940; Nyby and Jansen, 1951;

Figure 8. Diagram illustrating the lateral surface of the cerebral hemisphere of case 6, in which the isotope was injected into the PFC above the
midportion of the principal sulcus and involved lateral area 9. The resulting label throughout the rostrocaudal extent of the ipsilateral pons occupied a
thin dorsal–ventral lamella adjacent to the midline, spanning the paramedian nucleus and the medial part of the peripeduncular nucleus as well as the
dorsomedial and ventral nuclei and the NRTP.
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Brodal, 1978, 1980; Künzle, 1978; Wiesendanger et al., 1979;
Glickstein et al., 1980; Hartmann-von Monakow et al., 1981; May
and Andersen, 1986; Tusa and Ungerleider, 1988; Schmahmann
and Pandya, 1989, 1991, 1993). Each cortical region has termina-
tion fields scattered through the pons in patches that may be
discontinuous at a given transverse pontine level or that may form
part of a curvilinear patch resembling the layer of an onion. Many
of these apparently discontinuous patches can be traced from one
level to the next. The pontine terminations were strictly ipsilateral
in this study, with the exception of terminations in the median
nucleus, which borders each side of the basilar pons, and the
NRTP, which has a small contralateral termination in some in-
stances (for example, in case 3).
All areas within the PFC project to the paramedian nucleus and

the adjacent medial part of the peripeduncular nucleus. The
termination patterns vary, however, according to the exact site of
origin both with respect to the rostrocaudal extent of the projec-

tion as well as to the distribution within a given pontine level.
Details of these pontine terminations are presented in Figure 16.
When the terminations in each case are plotted on to a standard
view of the pons (Fig. 17), it is apparent that there is little or no
overlap. Whereas the same pontine nucleus may receive input
from multiple cortical sites, the precise location of the projections
is different for each cortical injection.
Therefore, it would appear from our observations that the PFC

pontine projections have certain central defining features as fol-
lows: (1) The prefrontal projections are derived from the dorso-
lateral, dorsomedial, and frontopolar PFC regions, but not from
the orbitofrontal and adjacent ventrolateral cortices. (2) There is
a consistent projection on the paramedian pontine nucleus and
the medial part of the peripeduncular nucleus. (3) There is a
variable degree of projection on the dorsomedial, median, ventral,
and lateral nuclei and the NRTP. (4) There are no prefrontal
projections to the dorsal, dorsolateral, and extreme dorsolateral

Figure 9. Diagram illustrating the lateral surface of the cerebral hemisphere of case 8, in which isotope was placed in the rostral part of the dorsolateral
PFC and involved the rostral part of area 9 and dorsal area 10. Label was restricted to the rostral half of the ipsilateral pons and was located primarily
in the paramedian and peripeduncular nuclei, with some grain also in the NRTP.
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pontine nuclei, and there is relative sparing of the intrapeduncular
pontine nucleus. It should be noted, however, that projections to
a region within the dorsolateral pons have been reported to arise

from the frontal eye field located more caudally within the arcuate
concavity (Astruc, 1971; Künzle and Akert, 1977; Stanton et al.,
1988; Shook et al., 1990). In our study, only the rostral, sulcal part

Figure 10. Diagram illustrating the lateral surface of the cerebral hemisphere of case 9, in which isotope was placed in the caudal part of the upper bank of
the principal sulcus and the adjacent gyral cortex and involved area 9/46d (Fig. 9). The label was distributed throughout the rostrocaudal extent of the ipsilateral
pons and was present in the peripeduncular, paramedian, and dorsomedial nuclei as well as in the NRTP and the medial part of the ventral nucleus.
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of area 8 was studied, because the pontine projections from these
other areas have already been established. (5) It appears that the
prefrontopontine pathways are further refined for each architec-

tonic area by the differential rostro-caudal extent of each projec-
tion and by variations in pontine nuclear connectivity at each
transverse level.

Figure 11. Diagram illustrating the lateral surface of the cerebral hemisphere of case 10, in which the isotope injection was placed in the cortex lying
in the rostral bank of the upper limb of the arcuate sulcus and adjacent gyral cortex and involved area 8Ad. Terminal label was present throughout the
rostrocaudal extent of the ipsilateral pons, involving primarily the paramedian and dorsomedial nuclei and the medial and ventral parts of the
peripeduncular nucleus. In the caudal pons, grains were noted in the ventral and lateral nuclei, with some in the NRTP.
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DISCUSSION
The PFC has repeatedly been shown in both humans and nonhu-
man primates to be an essential component of the normal inte-
gration of higher-order behavior including attention, motivation,
planning, and judgment. On the basis of behavioral studies, dif-
ferent functional attributes have been ascribed to orbital, medial,
periprincipalis, and periarcuate prefrontal regions. This multiplic-
ity of functional processes is matched by a connectional hetero-
geneity such that each of the prefrontal subdivisions has a differ-
ent set of connections with cortical as well as with subcortical
structures (Milner, 1964; Fuster, 1980; Barbas and Mesulam,
1985; Pandya and Yeterian, 1991; Cavada and Goldman-Rakic,
1989; Boussaoud et al., 1991; Eblen and Graybiel, 1995). The
present study demonstrates that this connectional heterogeneity

of the PFC exists also in the corticopontine pathway. Pontine
projections are derived from the dorsolateral and medial prefron-
tal convexities; that is, from areas 8Ad, 8B, 9 (lateral and medial),
10, 9/46d, 9/46v, and 32. These areas are important for the spatial
attributes of memory, as well as executive functions such as
initiative, planning, execution, and verification of willed actions
and thoughts (Luria, 1966; Eslinger and Damasio, 1985;
Goldman-Rakic and Friedman, 1991; Shallice and Burgess, 1991;
Petrides, 1995). In addition, projections are derived from area
45B, which is thought to be homologous with the language area of
humans (Petrides and Pandya, 1994).
In contrast, there is a lack of pontine input from the ventrolat-

eral and orbitofrontal cortices including areas 11, 47/12, 14, and
9/46v. Our study did not specifically examine the pontine projec-

Figure 12. Diagram illustrating the lateral surface of the cerebral hemisphere of case 11, in which isotope was injected into the caudal part of the ventral
bank of the principal sulcus and the adjacent gyral cortex, and involved area 9/46v. Terminal label was present in the rostral half of the ipsilateral pons
in the paramedian nucleus, with some label in the dorsomedial nucleus and the medial part of the peripeduncular nucleus.
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Figure 13. Diagram illustrating the lateral surface of the cerebral hemisphere of case 12, in which the isotope injection was placed in the cortex lying
in the rostral bank of the lower limb of the arcuate sulcus and involved area 45B. Label was restricted to the rostral third of the ipsilateral pons and was
localized in the paramedian nucleus and in the medial and ventral parts of the peripeduncular nucleus.

Figure 14. Diagram illustrating the lateral surface of the cerebral hemisphere of case 13, in which the injection in area 45B was slightly ventral to that
in the previous case. The pattern of terminations in this case was similar to case 12 and involved the paramedian nucleus and the medial and ventral parts
of the peripeduncular nucleus.
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tions from all subdivisions of the ventral PFC, but this conclusion
is supported further by reference to earlier findings (Nyby and
Jansen, 1951; Brodal, 1978; Glickstein et al., 1985). These pre-
frontal regions have been shown to subserve object memory and
recognition and aspects of autonomic and emotional response
inhibition (Iversen and Mishkin, 1970; Rosvold, 1972; Bachevalier
and Mishkin, 1986). This lack of pontine input from the ventro-
lateral and orbitofrontal cortices may at first glance be seen as
problematic for the hypothesis that the cerebellum contributes to
the modulation of affect and emotional states (Snider, 1950;
Heath, 1977; Berman et al., 1978; Watson, 1978; Schmahmann,
1991, 1996). There is, however, a pontine projection from rostral
cingulate area 32 as described here and also reported by Vilensky
and Van Hoesen (1981). In addition, pontine projections are
derived from the intermediate and caudal sectors of the cingulate
cortex (Vilensky and Van Hoesen, 1981) and from the hypothal-
amus (Aas and Brodal, 1988), posterior parahippocampal gyrus
(Schmahmann and Pandya, 1993), and medial mammillary bodies
(Aas and Brodal, 1988). Taken together with previous demonstra-
tions of connections between the cerebellum and the septal nuclei,
hippocampus, and amygdala (Anand et al., 1959; Harper and
Heath, 1973; Snider and Maiti, 1976), it is therefore apparent that

the pontocerebellar system indeed receives a sizable input from
limbic-related cortices.
The dichotomy in the PFC projections to the pons is reminis-

cent of the spatial (where) versus object (what) dichotomy (Un-
gerleider and Mishkin, 1982; Desimone and Ungerleider, 1989)
apparent in the corticopontine projections from other association
areas. Projections to pons arise from cortical areas that constitute
the dorsal visual stream and that are concerned with events in the
periphery of the visual field. This includes the dorsal prelunate,
posterior parietal, superior temporal, and posterior parahip-
pocampal regions, which are interconnected with the dorsolateral
and dorsomedial prefrontal cortices. On the other hand, cerebral
areas that form part of the ventral stream have no, or very few,
pontine efferents. This includes the inferotemporal and ventral
prelunate regions that have connections with the ventrolateral
prefrontal region and with the orbitofrontal convexity (Brodal,
1978; Wiesendanger et al., 1979; Glickstein et al., 1980, 1985;
Galletti et al., 1982; May and Anderson, 1986; Tusa and Unger-
leider, 1988; Schmahmann and Pandya, 1989, 1991, 1993; Fries,
1990; Pandya and Yeterian, 1991). These anatomic connections of
the feedforward limb of the cerebrocerebellar circuit were the
basis of our earlier hypothesis (Schmahmann and Pandya, 1993)
that the cerebellum is concerned with the visual–spatial attributes
of an object including its location and direction of motion, and it
is involved in the memory of those attributes. This hypothesis
holds, conversely, that the cerebellum does not appear to partic-
ipate in discriminative object analysis to any appreciable degree.
The pattern of projections to the pons from the PFC are consis-
tent with this hypothesis, although behavioral and physiological
studies will be necessary to verify these anatomically derived
conclusions.
The finding that the PFC projects to the pons conforms to

the general organizing principle that interconnected cortical
areas share common subcortical projections (Yeterian and Van
Hoesen, 1978). These prefrontal areas are interconnected with
posterior parietal, superior temporal, and parahippocampal
regions (Cavada and Goldman-Rakic, 1989; Pandya and Yete-
rian, 1991) that themselves have pontine efferents (Nyby and
Jansen, 1951; Brodal, 1978; Wiesendanger et al., 1979; Glick-
stein et al., 1985; May and Andersen, 1986; Tusa and Unger-
leider, 1988; Schmahmann and Pandya, 1989, 1991, 1993). The
converse is also true. The absence of pontine efferents from the
orbitofrontal and adjacent ventrolateral cortices in this study is
harmonious with findings from other studies showing that the
orbitofrontal cortex is interconnected with the rostral temporal
cortex, the rostral lower bank of the superior temporal sulcus,
and the inferior temporal gyrus (Pandya and Yeterian, 1991),
none of which have projections to the pons (Nyby and Jansen,
1951; Brodal, 1978; Glickstein et al., 1985; Schmahmann and
Pandya, 1991, 1993).
The results of our investigation confirm and extend earlier

reports that the paramedian and medial parts of the peripedun-
cular pontine nuclei seem to be the essential components in the
prefrontopontine connection. This stands in contrast to the find-
ing that posterior parietal, superior temporal, parahippocampal,
and parastriate cortices have more laterally placed pontine pro-
jections, as shown previously using similar experimental method-
ology (Glickstein et al., 1980; Galletti et al., 1982; May and
Andersen, 1986; Schmahmann and Pandya, 1989, 1991, 1993;
Fries, 1990). In addition, it appears that each prefrontal cortical
area has a unique complement of pontine nuclei with which it is
connected. This is evident when the cases are compared with each

Figure 15. Diagrams illustrating the lateral, ventral, and medial surfaces
of the cerebral hemispheres of a rhesus monkey, demonstrating the sites
of injection that did not result in the transport of terminal label into the
basilar pons. In case 14, the isotope was placed in the rostral aspect of
ventral area 46; case 15, in the caudal part of the orbital cortex in area
47/12; case 16, in the midlateral part of the orbital cortex in area 47/12;
case 17, in the rostral part of the orbital cortex in area 11; and case 18, in
the ventral region of the medial PFC in area 14.
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other (Figs. 3–15) and as summarized in Figures 16 and 17. This
finding of topographic organization within the basilar pons is
reminiscent of the conclusion derived from a study of thalamic
projections to the parietal lobe; namely, that each cortical area is
matched by a unique constellation of neuronal groups distributed
throughout a characteristic set of thalamic nuclei (Schmahmann
and Pandya, 1990).
In summary, there are sizable and highly ordered inputs to

the basilar pons from the prefrontal cortices. These afferents,

which are then relayed to the cerebellum, are consistent with
the notion that the cerebellum is an integral node in the
distributed cortical–subcortical neural circuitry subserving cog-
nitive operations. It remains to be determined, however, pre-
cisely how these prefrontopontine terminations are translated
into the pontocerebellar projection. The precise topographic
mapping of the associative corticopontine projections derived
from the present study and from our earlier observations
facilitate such future investigations.

Figure 16. Diagrams and table illustrating the medial (A), lateral (B), and orbital (C) surfaces of the frontal lobe of a rhesus monkey to show the sites of
injection of the isotope-labeled amino acid tracer in 18 animals and the resulting distribution pattern of terminations within the nuclei of the ipsilateral basilar
pons. The numbers in the injection sites correspond to the individual cases. Injections that resulted in terminations in the basilar pons are shaded in black. Those
that did not result in label in the pons are unshaded. Terminations were present in different rostro-caudal levels of the pons (I–IX), as well as in characteristic
sets of pontine nuclei. The strength of projection in each pontine nucleus is graded absent (2), mild (1), moderate (11), or strong (111). The injections in
cases 1 and 2 were placed in area 32; case 3, in area 9 medially; case 4, in area 8B medially; case 5, in area 10 at both the medial and dorsolateral convexities;
cases 6 and 7, in area 9 at the lateral convexity; case 8, in the rostral part of area 9 (lateral) and dorsal area 10; case 9, in area 9/46d; case 10, in area 8Ad; case
11, in area 9/46v; and cases 12 and 13, respectively, in the dorsal and ventral parts of area 45B. In case 14, the isotope was injected in area 46 below the principal
sulcus; case 15, in area 47/12 (caudal part of the orbital cortex); case 16, in area 47/12 (midlateral portion of the orbital cortex); case 17, in area 11; and case
18, in area 14. Cortex within the walls of the cingulate sulcus, principal sulcus, and arcuate sulcus is represented by the dotted lines. 9(med), area 9 at the medial
convexity; 9(lat), area 9 at the dorsolateral convexity; 46(vent), area 46 below the principal sulcus.
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Figure 17. Composite color-coded summary diagram illustrating the distribution within the basilar pons of the rhesus monkey of projections derived from
the prefrontal associative cortices. Injections in the medial (A) and lateral (B) surfaces of the cerebral hemisphere are shown at top left. The plane of
section through the basilar pons is at bottom left. On the right, the prefrontopontine terminations for each case are shown in the rostrocaudal levels of
the pons I–IX. The dashed lines in the hemisphere diagrams represent the sulcal cortices. In the pons diagrams, the dashed lines (Figure legend continues)
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