
Stone et al., 1992; Narayananet al., 1997!. Studying the
tongue-palate contact by means of palatography in conjunc-
tion with the midsagittal MR images provided further impor-
tant information. @l# was apical, characterized by medial
tongue-tip closure at and behind the central incisors and lat-

eral contact in the postpalatal/velar region~starting near the
first molar!. Although these patterns suggest lateral airflow
paths in the anterior region, prediction of actual cross-
sectional tongue shapes and area functions is not straightfor-
ward; midsagittal and tongue contact information alone is
insufficient.

The anterior tongue body for@M# @Fig. 1~b!# was drawn
upward and well inside the oral cavity, with the medial
tongue occlusion appearing in the palatal region. The ante-
rior tongue body was flat and raised upward while the pos-
terior tongue body was convex.@M# was subapical with con-
tact made along the edge of the underside of the tongue in
the palatal region. It should be noted that@M# in syllable-initial
cases is realized as a flap, and often may not involve com-
plete ~subapical! palatal contact in fluent speech. In cases
where there was complete linguapalatal closure for@M#, such
as in syllable final position, the anterior contact pattern was
more extensive~laterally! when compared to@l#.

2. Rhotics

For the rhotics, the overall midsagittal tongues shapes
for @r# and @rI# were very similar~Fig. 2!. The tongue-tip
constriction for@r# was in the prealveolar region. The tongue
surface contour was slightly concave or flat and had lateral
bracing in the palatal region. Lingua-palatal contact showed
no medial closure. The post alveolar@rI# had a midsagittal
tongue shape similar to@r#, but the narrowest tongue-tip con-
striction was more posterior. The posterior tongue body for
@rI# was somewhat lower than for@r#. The tongue-palate con-

FIG. 1. ~a! Midsagittal MR image for@l# ~b! Midsagittal MR image for@M#.
~c! 3-D tongue shape for@l#. The 3-D tongue is viewed from the side@refer
to the view orientation arrow shown in the midsagittal image of panel~a!#
and tilted toward the front for better display. The tongue tip appears toward
the lower right of the panel.~d! 3-D tongue shape for@M#. The 3-D tongue is
viewed from the posterior pharyngeal wall@refer to the view orientation
arrow shown in the midsagittal image of panel~b!# and given a forward tilt
of 35° for a better view. The tongue tip is toward the top of the panel.~e!
Linguapalatal contact for@l#, dark region is area of contact, front of mouth is
toward the left.~f! Linguapalatal contact for@M# ~dark region is area of
contact, front of mouth is toward the left!.

FIG. 2. ~a! Midsagittal MR image for@r#. ~b! Midsagittal MR image for@rI#.
~c! 3-D tongue shape for@r# ~tongue tip toward the left of panel!. ~d! 3-D
tongue shape for@rI# ~tongue tip toward the left of panel!.

FIG. 3. ~a! Midsagittal MR image for@Ð#. ~b! Linguapalatal contact for@Ð#
~dark region is area of contact along the sides of the middle tongue, front of
mouth is toward the left!. ~c! 3-D tongue shape for@Ð#. The 3-D tongue is
viewed from behind, looking in from the posterior pharyngeal wall toward
the direction of the lips@refer to the view orientation arrow shown in panel
~a!#. The tongue tip is toward the upper middle of panel.~d! Same as in~c!,
but with a 45° front-to-back tilt of the tongue body to enable a better view
of the mid-tongue pit.
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