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Abstract
Aim—To investigate the eVect of gestation,
postmenstrual age, and orotracheal intu-
bation on palate morphology.
Methods—A prospective study was made
of 76 newborn infants of 25 to 41 weeks’
gestation. Palate dimensions were meas-
ured on plaster models produced from
serial palatal impressions. Palate size
relative to that of the mouth was assessed
using a ratio of palate depth to palate
width (Palatal Index).
Results—Palate depth and width were
related to postmenstrual age and gesta-
tion. Palatal Index ranged from 0.15 to
0.57, indicating a wide variation in palate
shape, but gestation and postmenstrual
age had no eVect. Prolonged intubation
had a small eVect, equivalent to an
increase in palatal depth of less than 2 mm
at 32 weeks’ postmenstrual age. The eVect
was transient.
Conclusion—Prolonged orotracheal intu-
bation (>10 days) leads to a small and
temporary increase in palatal depth.How-
ever, this is unlikely to account for palatal
grooving, which is probably caused by an
overgrowth of the lateral palatine ridges.
(Arch Dis Child Fetal Neonatal Ed 1998;78:F29–F32)
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Deformations occur as a result of an imbalance
in mechanical forces acting on malleable
tissues. Uterine constraint in the fetus may lead
to congenital dislocation of the hip, and in
more extreme situations, severe and chronic
oligohydramnios may precipitate deformation.
In newborn infants gravity is the most obvious
deforming force. Side to side flattening of the
head occurs in many preterm infants if they lie
with it to one side, because the skull bones are
thin and soft and the infant relatively
immobile.1 Similarly, postnatal moulding of the
lower limb with external rotation of the hip and
torsion of the rest of the leg and ankle occurs
due to prolonged lying in a frog leg position.2 3

Specific interventions such as changes in
posture or the use of a soft mattress can reduce
postnatal moulding, and deformations also
improve in early childhood with the passage of
time.4 5

Palatal grooving has been described in 17%
to 87% of preterm infants.6 7 The association
with extreme prematurity has led to the
suggestion that it is an oral manifestation of the
head flattening commonly seen in very prema-
ture infants.8 An alternative hypothesis, sup-
ported by the association with prolonged
orotracheal intubation, is that the deformation
results from the continuous pressure of the

endotracheal tube against the median palatine
suture.9 10 If these explanations are correct,
then the depth of the palate should be greatest
in extremely preterm infants, and after pro-
longed intubation. In this study we measured
the palate in full term and preterm infants to
determine the eVect of gestation, postmen-
strual age, and intubation on palate morphol-
ogy.

Methods
Seventy six neonates were included in the
study. Their gestational age ranged from 25 to
41 weeks (median 33 weeks), and birthweight
715 to 4730 g (median 1880 g). They were
divided into three groups according to their
gestation; 27 infants were less than 32 weeks of
gestation, 29 were 32 to 35 weeks’ gestation,
and 20 were 36 weeks’ gestation or more.
Measurements were made on each infant dur-
ing the first five days of life, and where possible
at 28, 32, 36, 40, 53, 66, and 92 weeks of post-
menstrual age. Twenty three infants were ven-
tilated for between 1 and 32 days, using an oral
endotracheal tube (Portex Blue Line). Twenty
one of these infants had a gestational age of less
than 32 weeks; 19 were intubated for less than
10 days, and four for 10 days or more. Two
infants with a gestational age of 32 to 35 weeks
were intubated, both for less than 10 days; no
infants in the most mature group were
intubated. Infants requiring intensive care were
usually nursed prone, and at other times they
were mostly supine. Nasogastric tubes were
used for delivering lavage feeds.
A mould of the palate and maxillary alveolar

ridges (gum pads) was obtained from a maxil-
lary impression using vinylpolysiloxone im-
pression material (Elite Fast) loaded on to a
specially designed dental tray. The mould was
then cast in a stone hard plaster to provide a
model of the palate and alveolar ridges from
which measurements were made. Each palate
model had key landmarks identified (fig 1) to
allow the accurate and comparable measure-
ment of palate depth (distance B–E) and palate
width (distance C–D). The deepest point in the
midline of the palate (point B) relative to the
crest of the alveolar gum pads, and the midline
point on the anterior crest of the alveolar gum
pad ridge (point A) were identified by visual
inspection. Points C and D on the lateral alveo-
lar ridges were perpendicular to line A–B in the
coronal plane at the level of the deepest point
(point B). Accurate identification of points C
and D required that the model be held in a spe-
cially constructed spring loaded deck (fig 2).
The upper plate of the deck was transparent
perspex and rested on the alveolar crestal mar-
gins. It had 0.5 mm holes drilled at 3 mm inter-
vals along the sagittal and coronal planes. The
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hole at the intersection of the planes was aligned
perpendicular to the deepest point (point B)
using a 0.5 mm pencil lead (Pentel Super Hi
Polymer) inserted through the hole vertically on
to point B. By aligning the holes in the sagittal
plane of the deck with the midpoint of the
alveolar ridge (point A), the coronal plane on
the palate model was marked and the points C
and D on the lateral alveolar margins identified.
The dimensions of the palate model were
measured using a high precision reflex micro-
scope which identified the x, y, and z coordi-
nates of a given point with a resolution of 0.2 m.
The coordinates of the deepest point (point B),
and the midpoint of line C–D (coordinate E),
were used to measure the palate depth (distance
B–E). The palate width was the distance
between points C and D.
As has been found elsewhere,11 12 tooth

eruption was delayed in our sample of prema-
ture infants. The presence of teeth on models
from the 66 and 92 week records was not a
problem in most cases. Where teeth had
erupted, a point on the gingival margin
between the incisors was used as Point A.
The size of the oral cavity varies considerably

with gestation and postnatal age. To assess the
depth of the palate relative to the size of the
mouth, the Palatal Index, a ratio of palate depth

to palate width (BE/CD),13 was calculated. The
greater the value of the Palatal Index, the
deeper the palate relative to the size of the
mouth. Similarly, the shape of the head was
assessed using the Cranial Index, a ratio of the
occipito-frontal diameter to the biparietal
diameter.1 The greater the Cranial Index, the
flatter the head. All measurements were carried
out by one investigator.
The study was approved by the local ethics

committee and written parental consent ob-
tained.

Results
There were 267 impressions attempted. In 10
cases the impression could not be obtained due
to non-compliance, and in 40 the model was
unsuitable because landmarks could not be
clearly identified. Two hundred and seventeen
palatal models from 76 subjects were therefore
included in the study.
Overall, palate depth increased with post-

menstrual age, from a mean (95% confidence
interval) of 6.20 mm (5.49–6.91) at 28 weeks
to 9.34 mm (9.05–9.63) at 53 weeks of
postmenstrual age (table 1). Thereafter palate
depth remained relatively constant, with a
mean of 9.24 mm (8.57–9.91) at 66 weeks, and
9.37mm (8.78–9.96) at 92 weeks of postmen-
strual age. Palate width increased from a mean
of 20.93 mm (19.66–22.20) at 28 weeks of
postmenstrual age, to 31.20 mm (30.24–
32.16) at 53 weeks, and thereafter increased
more gradually to 33.80 mm (32.76–34.84) at
92 weeks of postmenstrual age.
Palate depth tended to be greatest in the

more mature infants at similar postmenstrual
ages, although the diVerences at individual ages
were not significant (table 2). Thus, at 36
weeks of postmenstrual age, infants less than
32 weeks of gestation had a mean palate depth

Figure 1 Palate model viewed from above.
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Figure 2 Palate model plus pencil lead in spring loaded
deck.

Table 1 Palate dimensions according to postmenstrual age (mean (SEM))

Postmenstrual age (weeks)

28 32 36 40 53 66 92

Palate depth
(mm)

6.20 (0.36)
n=19

6.84 (0.18)
n=42

7.44 (0.18)
n=37

8.17 (0.21)
n=35

9.34 (0.15)
n=27

9.24 (0.34)
n=27

9.37 (0.30)
n=27

Palate width
(mm)

20.93 (0.65)
n=19

23.38 (0.46)
n=42

25.79 (0.46)
n=36

28.28 (0.42)
n=34

31.20 (0.49)
n=26

32.16 (0.54)
n=28

33.80 (0.53)
n=28

Palatal index 0.30 (0.02)
n=19

0.30 (0.01)
n=41

0.29 (0.01)
n=36

0.29 (0.01)
n=34

0.30 (0.01)
n=26

0.29 (0.01)
n=27

0.28 (0.01)
n=27
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of 7.05 mm (6.60–7.50), compared with
7.71mm (7.12–8.30) in infants more than 35
weeks of gestation. At 53 weeks of postmen-
strual age the palate depth in these gestational
age groups was 9.00 mm (8.71–9.29) and 9.64
mm (9.15–10.13), respectively, and at 92
weeks it was 9.13 mm (7.91–10.35) and 10.02
mm (9.43–10.61); infants of 32 to 35 weeks of
gestation had intermediate values. Palate width
also tended to be greater in the more mature
infants at the same postmenstrual age but this
was not significant (table 2). The rate of
increase in palate depth and palate width with
postmenstrual age was similar in each
gestational age group.
Overall, Palatal Index ranged from 0.15 to

0.57 (mean 0.29), indicating a wide individual
variation in the shape of the palate. However,
gestation and postmenstrual age had no eVect
on Palatal Index. Thus in infants less than 32
weeks of gestation, the mean Palatal Index
ranged from 0.30 (0.26–0.34) at 28 weeks of
postmenstrual age, to 0.27 (0.23–0.31) at 92
weeks (table 3). Similarly, at 32 to 35 weeks of
gestation the mean Palatal Index at diVerent
postmenstrual ages ranged from 0.27 to 0.29,
and in infants of more than 35 weeks’ gestation
it ranged from 0.29 to 0.31. Cranial Index was
greatest in the most premature infants up to 53

weeks of postmenstrual age, confirming that
these infants tend to have side to side head flat-
tening (table 3). However, there was a low and
non-significant correlation between Palatal
Index and Cranial Index (r= −0.03, p=0.7).
Prolonged intubation had a transient eVect

on Palatal Index. At 28 weeks of postmenstrual
age the mean Palatal Index in infants intubated
for 10 days or more (0.29) was similar to that in
non-intubated infants (0.27), and to infants
intubated for less than 10 days (0.31) (table 4).
By contrast, at 32 weeks and 36 weeks of post-
menstrual age the mean Palatal Index in
infants intubated for 10 days or more had risen
to 0.37 (0.35–0.41) and 0.35 (0.33–0.36),
respectively, compared with 0.29 (0.20–0.49)
and 0.28 (0.15–0.41) in non-intubated infants.
This is equivalent to a diVerence in palate
depth of 1.9 mm at 32 weeks of gestation. This
diVerence disappeared at 40 weeks of postmen-
strual age and thereafter Palatal Index was
similar in intubated and non-intubated infants.

Discussion
We have described the dimensions of the palate
during infancy of babies born at full term and
prematurely. The depth and width of the palate
were related to gestation and postmenstrual
age, with the most mature babies having the

Table 2 Palate depth and palate width according to postmenstrual and gestational age (mean (SEM))

Palate

Postmenstrual age (weeks)

28 32 36 40 53 66 92

<32 weeks gestation
Depth (mm) 6.20 (0.36)

n=19
6.37 (0.23)
n=23

7.05 (0.23)
n=15

7.42 (0.36)
n=12

9.00 (0.15)
n=9

8.82 (0.76)
n=10

9.13 (0.62)
n=10

Width (mm) 20.93 (0.65)
n=19

21.81 (0.57)
n=23

24.15 (0.74)
n=15

27.06 (0.61)
n=12

29.42 (0.91)
n=8

30.85 (0.85)
n=10

33.77 (0.88)
n=10

32–35 weeks gestation
Depth (mm) 7.41 (0.22)

n=19
7.70 (0.36)
n=13

8.71 (0.44)
n=11

9.35 (0.36)
n=8

9.05 (0.58)
n=8

9.39 (0.34)
n=7

Width (mm) 25.27 (0.50)
n=19

27.42 (0.57)
n=12

30.03 (0.54)
n=10

32.77 (0.29)
n=8

32.80 (0.70)
n=9

34.01 (0.89)
n=8

>35 weeks gestation
Depth (mm) 7.71 (0.30)

n=9
8.42 (0.27)
n=12

9.64 (0.25)
n=10

9.71 (0.25)
n=9

10.02 (0.30)
n=10

Width (mm) 26.37 (0.66)
n=9

28.05 (0.73)
n=12

31.38 (0.80)
n=10

32.98 (1.13)
n=9

33.92 (1.02)
n=10

Table 3 Palatal Index and Cranial Index according to postmenstrual and gestational age (mean (SEM))

Postmenstrual age (weeks)

28 32 36 40 53 66 92

<32 weeks gestation
Palatal index 0.30 (0.02) 0.30 (0.01) 0.30 (0.01) 0.28 (0.02) 0.31 (0.01) 0.28 (0.02) 0.27 (0.02)
Cranial index 1.42 n=19 1.57 n=23 1.58 n=15 1.48 n=12 1.29 n=8 1.31 n=10 1.31 n=10

32–35 weeks gestation
Palatal index 0.29 (0.01) 0.28 (0.01) 0.29 (0.01) 0.28 (0.01) 0.27 (0.01) 0.28 (0.02)
Cranial index 1.47 n=18 1.49 n=12 1.38 n=10 1.29 n=8 1.29 n=8 1.3 n=7

>35 weeks gestation
Palatal index 0.29 (0.02) 0.30 (0.01) 0.31 (0.01) 0.30 (0.01) 0.30 (0.01)
Cranial index 1.33 n=9 1.3 n=12 1.31 n=10 1.29 n=9 1.3 n=10

Table 4 EVect of orotracheal intubation on Palatal Index (mean (SEM))

Duration of intubation

Postmenstrual age (weeks)

28 32 36 40 53 66 92

None
Palatal index 0.27 n=3 0.29 n=23 0.29 n=23 0.30 n=23 0.29 n=18 0.29 n=19 0.28 n=19

1–9 days
Palatal index 0.31 n=13 0.28 n=15 0.27 n=10 0.27 n=9 0.31 n=7 0.27 n=6 0.28 n=7

>10 days
Palatal index 0.29 n=3 0.37 n=3 0.35 n=3 0.28 n=2 0.37 n=1 0.26 n=2 0.25 n=1
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largest palates. To permit comparison of the
palate shape in infants at diVerent gestational
and postmenstrual ages, we therefore used the
ratio of palate depth to width (Palatal Index).13

We found that although there was considerable
individual variation in palatal index, it was not
related to gestation or postmenstrual age. The
shape of the palate in our study was very simi-
lar to that reported in 1921 by Denzer in a
study of (presumably full term) infants be-
tween 1 and 11 months of age; the Palatal
Index in that study was 0.28.13

Ash and Moss have suggested that a narrow
high vaulted palate may be an oral manifesta-
tion of head flattening seen in some preterm
babies.8 Head flattening is most pronounced in
very preterm infants during the first few
months of life and gets less thereafter.1 Palatal
shape in our study did not mirror this pattern
and furthermore there was a poor correlation
between Cranial Index and Palatal Index. We
conclude that the external pressure on the side
of the head which causes head flattening does
not contribute to palatal grooving.
Prolonged intubation (>10 days) was the

only factor that was associated with an increase
in Palatal Index. This was probably due to the
direct pressure of the orotracheal tube on the
median palatine suture causing it to deform.
This was consistent with the finding of Ash and
Moss, who also suggested that the deformation
can be lessened by the use of an intraoral pro-
tective plate.8 However, the mean diVerence in
palate depths at 32 weeks between the
protected and unprotected palates in Ash and
Moss’s study was 0.21 mm. Whereas in our
group, the mean diVerence in palatal depth at
32 weeks between the intubated infants and the
non-intubated infants was 0.35 mm. This sug-
gests that a plate has minimal protective value.
Our study found that by 40 weeks the change in
Palatal Index, evident at 32 and 36 weeks in the
infants intubated for 10 days or more, had dis-
appeared, showing that the eVect of prolonged
intubation on palatal morphology is small and
transient.
Previous publications have usually described

palatal grooves visually rather than giving
dimensions. For instance, Erenberg, who
reported grooving in 47.6% of a predominantly
premature cohort of infants who had required
orotracheal intubation, defined a groove as a
“narrow channel of variable depth located near
the midline of the palate.”6 In many cases
grooving was striking and has been reported to
persist into early childhood.14 15 Despite diVer-
ences in definition, it seems most unlikely this

degree of grooving is caused only by the mod-
est (and transient) elevation of the palate found
in our study.
Visual inspection of the palate models in our

study revealed that palatal grooving did not
always correspond with relative palatal depth,
but did usually occur in intubated infants. We
therefore consider that palatal grooving is not
caused by the direct pressure of the orotracheal
tube. It is more likely that grooving is due to
overgrowth of the lateral palatine ridges.16 17

This may be due to irritation by the orotracheal
tube, or because normal resting tongue posture
against the palatal vault is limited by the
orotracheal tube.18
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