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ABSTRACT  This study was designed to demonstrate quantitative growth trends
in the human upper face region before birth. Photographs of 68 sagittally sectioned
fetal heads were measured using a series of linear and angular measurements for
changing height, length and shape. Cross-sectional types of data were treated with a
statistical model which tested for linearity of the data, correlation between growth
changes and increasing fetal age, significance of the differences between rates of change
in related upper face regions and the general significance of the trends shown in the
study.

Pooled data for the second and third trimesters suggested three distinct growth
trends. Linear measurements of the cranial base, nasal area, and palate correlated
significantly with inereasing crown-rump length. Finally, a composite upper face
profile for the sample suggested a relative migration of the region downward and
forward away from the anterior cranial base and the hypophyseal fossa. These three
trends collectively demonstrated that the pattern of upper facial growth before birth
involves progressive enlargement of a relatively static profile. It should be understood
that this pattern is a group trend as shown by cross-sectional sampling of many
individuals over a period of time with no individual being measured more than once.
Conversely, variabilities in a specific individual’s growth are most appropriately demon.
strated by measuring that individual several times throughout some time span, i.e., by
longitudinal sampling. Studies of the human fetus are restricted generally to the
cross-sectional sampling technique.

The close similarity of these prenatal trends with those reported for postnatal
craniofacial growth suggests that certain patterns of facial growth in childhood can
be seen as early as the beginning of the fetal period and emphasizes the continuum

of human development.

Growth of the human face is a dynamic
developmental! continuum which begins in
the embryo and continues throughout post-
natal life. This continuum involves a time-
related interplay between differentiation at
cellular, tissue and organ levels, the develop-
ment of function, and morphogenic changes
in size and shape.

The present study is specifically con-
cerned with changes in size and shape of the
human upper face before birth. Postnatal
changes in size and shape of the face have
received considerable attention from many
workers representing a broad spectrum of
gcientific disciplines and techniques, as well
as clinical interests. However, apart from
the classic work of Scammon and Calkins
(’29), few studies have been concerned
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specifically with human prenatal cephalo-
metrics and general patterns of growth be-
fore birth. The reported studies of the
human face before birth have been con-
cerned more with descriptive, non-metric
accounts of regional morphogenesis, the
development of specific systems or struc-
tures and with providing embryological ex-
planations for congenital defects and abnor-
mal growth patterns of the postnatal face.
Recently, greater emphasis has been di-
rected toward filling the existing void of
cephalometric data on size, form and direc-
tional growth in statistically representative

1 This investigation was supported, in part, by re-
search grant HD 00178 from the National Institute of
Child Health and Human Development, National Insti-
tutes of Health, USPHS.
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populations of human fetuses. In other
words, “How fast and in what direction is
the human face growing before birth?”

The purpose of this study is to demon-
strate trends in changing height, length and
shape of the human upper face before birth.
Possible differences between second and
third trimester growth patterns are also
emphasized. Finally, to emphasize the con-
tinuum of human development, the observed
prenatal patterns are related to growth
trends reported for the upper face during
the first years of postnatal life.

MATERIALS AND METHODS

Sixty-eight human fetuses representing
ages 12 weeks through term or 70 through
420 mm crown-rump length (CRL) were
selected for this study. This selection was
made on the basis that all specimens were
fixed in 109 neutral formalin and were free
from gross craniofacial defects.
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The procedures of specimen preparation,
the definition of basic cephalometric land-
marks, and the detailed descriptions of lin-
ear and angular measurements have been
reported (Burdi, ’65). In general, cephalo-
metric analyses consisted of both linear and
angular measurements based on such land-
marks as nasion (N), sella (S), basion
(Ba), crista galli (CGQ), septal point (SP),
anterior nasal spine (ANS), posterior nasal
spine (PNS) and uvular point (UP). Lin-
ear measurements reflected changes 1in
height and length of the cranial base, nasal
septum, and palate. Changes in shape of
these regions were analyzed by a series of
angular measurements.

Cross-sectional type data derived from
the study sample of 68 fetuses were an-
alyzed using a statistical model designed
and implemented in consultation with the
staff of The University of Michigan Statis-
tical Research Laboratory. Initially, an IBM
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7090 curve-fitting program was used to
identify the mathematical function (linear,
quadratic, or exponential) which best de-
scribed the association between increasing
age and distribution of the data. Once the
best curve-fit was described as linear, ac-
cording to the equation y —a + bx, a re-
gression line was drawn through the array
of data points on the scattergram. In this
equation, the value a indicates where the
regression line intercepts the y-axis. The
regression coefficient (b) describes the slope
of the line or rate of change, i.e., the
amount of change in a specific measure-
ment per unit of change in fetal age (value
2). Correlation coefficients (r) were de-
veloped simultaneously to demonstrate the
intensity of the association between the two
variables and to indicate the degree of ac-
curacy with which the value of one variable
can be estimated, given the value of the
other. In a follow-up procedure, the signi-
ficance of the difference between regional
cephalometric growth trends was deter-
mined using the t-test. A final procedure
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was used to decide whether the growth
trends observed in the study sample of 68
fetuses were representative of the theoreti-
cal population or universe from which the
sample was drawn. Using regression and
correlation coefficient values generated in
the sample, upper and lower limits were
computed between which population coeffi-
cient values can be expected to fall at a
stated confidence level. For example, as in
this study, if the limits are set at the 95%
confidence level, it can be stated with 959%
confidence that the population coefficients lie
within the defined limits. Also, if the con-
fidence interval does not include zero, it can
be stated with 959 confidence that the pop-
ulation coefficient is not zero. This pro-
cedure provided a convenient basis for mak-
ing estimates of facial growth patterns in
the general population using data derived
from the study sample of limited numbers.

RESULTS

General character of the growth curves.
Initial treatment of the data supported the
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basic hypothesis that the best fit of the
observations (y-axis) might be significantly
linear when related to measurements of
crown-rump length (x-axis). Simultaneous
tests were performed also to show whether
a significant departure from linearity, if
shown, was haphazard or of sufficient regu-
larity to suggest the presence of some type
of systematic curvature. A comparison of
these linear and curvilinear tests did not

disprove the initial hypothesis of data
linearity.
Cephalometric analyses of size. In-

creases in length of the cranial base were
highly correlated with increases in fetal
crown-rump length in the cross-sectional
sample from 70 through 420 mm (fig. 1).
As shown in table 1, sample r values for the
anterior and posterior cranial base lengths,
the total cranial base length and the length
of the basicranial axis were significant
(p=10.05) when compared with upper and
lower confidence limits of r values. A com-

parison of the anterior and posterior cranial
base lengths (table 2) indicated that the
regression coefficient (b=0.513) for the
anterior cranial base was significantly
greater than the regression coefficient (b=
0.295) for the posterior base length.
Throughout the series, the length dimen-
sions of the anterior cranial base exceeded
those of the posterior base. On a percentage
basis, for example, the anterior cranial base
consistently contributed more than one-half
to the total base length, e.g., 55% at 70 mm
CRL, 61% at 420 mm CRL.

Changes in each of the three regional
septal height perpendicular lines correlated
positively with increases in fetal crown-
rump length (fig. 2). Regression and cor-
relation coefficients for the sample were well
within the 95% confidence limits for r and
b values (table 1). No significant differ-
ences were observed in the rates at which
the anterior, middle and posterior septal
heights regressed on increasing crown-rump
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TABLE 2

Comparison of regression coefficients (b) of related craniofacial dimensions

Dimensions t Pmbgt}?ii“igzlf"el
Cranial base
Posterior: Anterior cranial base - 7.799 0.001
Posterior: Total cranial base -16.781 0.001
Anterior: Total cranial base - 4.224 0.001
Total cranial base: Basicranial axis 0.928 N.S.
Nasal cavity
Anterior: Middle septal height 0.134 N.S
Anterior: Posterior septal height 0.385 N.S
Middle: Posterior septal height 0.249 N.S
Anterior: Middle septal length - 1.302 N.S.
Anterior: Posterior septal length - 3.131 0.01
Anterior: Total septal length - 7.878 0.001
Middle: Posterior septal length - 3.527 0.001
Middle: Total septal length - 6.101 0.001
Posterior: Total septal length - 3.606 0.001
Palate
Hard: Soft palate - 2.382 0.05
Soft: Total palate — 4.940 0.001
Hard: Total palate - 2.315 0.05

(132 df) =1.98,
(132 df) =2.62.
1 (132 df) =3.37.

t0.05

£ 0.01

t0.00
length (table 2). Similar high correlations
were found between increases in septal
length and changing fetal body length (fig.
3). Differences were observed, however, in
the rates at which anterior, middle and
posterior septal lengths regressed on in-
creasing fetal length (table 2). With one
exception, significant t-test values between
regression coefficients for all regional septal
length comparisons were observed. No sig-
nificant difference was observed in the re-
gression coefficients for anterior and middle
septal lengths.

Increases in palatal length (fig. 4) were
highly correlated with increasing crown-
rump length. Significant differences did
occur between the regression coefficients for
lengths of the hard and soft palate regions
(table 2). On a relative basis, the length
of the hard palate consistently contributed
approximately 65% to the total palatal
length.

Cephalometric analyses of shape. Only
a moderate correlation was observed be-
tween changes in the angular relationship
between anterior and posterior cranial base

segments when related to increasing crown-
rump length (fig. 5, table 1). Although
markedly lower than regression and cor-
relation coefficient values for the changes
in cranial base lengths, the regression co-
efficient for the angle N-S-Ba (b =0.035)
as well as its correlation coefficient (r=
0.509) were significant (p ==0.05).

No significant changes in regression co-
efficients were observed for the upper facial
profile or shape of the external nose. The
general pattern of profile stability was
similarly supported by low values for the
regression and correlation coefficients of the
three major facial angles (table 1).

Angular relationships between the palatal
plane and the two cranial base segments
were correlated, although negatively, with
increases in crown-rump length (fig. 6).
Table 1 indicates a closing of the angles
between the palatal plane and posterior
cranial base and between the basicranial
axis. No significant change in trends was
observed in the relationship between the
palatal plane and the plane of the anterior
cranial base.
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Fig. 4 Growth in length of the palate.
DISCUSSION are relatively constant throughout the fetal

The major finding of this study was that
the growth of the human upper face during
the last two trimesters in utero followed a
trend characterized by progressive enlarge-
ment of a relatively stable profile. This
observation extends into the third trimester
a growth trend which was reported earlier
(Burdi, ’65) for a cross-sectional sample
of second trimester fetuses. In that study
of dissected fetuses, increases in both
height and length of the upper face region
were directly and positively correlated with
increases in fetal age or crown-rump length.
Angular or shape changes, on the other
hand, did not show this positive linear re-
lationship with changes in crown-rump
length. In addition, the profile of the upper
face appeared to shift downward and for-
ward away from the anterior cranial base
and the pituitary fossa. The present study
of pooled data from the second and third
trimesters supports an observation (Ford,
’66) that the proportions of the nasal area

period as the area shows progressive in-
creases in size. It was also demonstrated
that the fetal head, as a whole, underwent
some change in shape as the collective result
of differential growth rates in its several
component regions.

The general pattern of increasing facial
size while maintaining a relatively constant
shape can also be supported by studies
which have used specimen preparations and
analytic techniques that differ from those
used by either Ford or Burdi. Inoue (’61)
employed roentgenographic cephalometry in
a growth study of 242 undissected fetal
heads. Statistical analyses of his x-ray films
also showed a pattern of increasing facial
size with no marked change in facial profile.
No ecurvilinearity of the height-length
cephalometric data was reported. Recently,
Levihn (’67) supplemented Inoue’s ro-
entgenographic study and likewise found a
relative constancy of facial shape. Levihn
did indicate, however, a curvilinear or sig-
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Fig. 5 Changes in the basicranial angle N-S-Ba.

moid distribution of data for non-angular
medsurements. Based on group means and
derived percentages without statistical
curve fitting procedures, it was shown that
the fastest growth rates occurred during
the fourth and fifth lunar months with a
gradual plateauing thereafter.

The present study of second and third
trimester fetuses showed a moderate in-
crease of about 12° in the angle between
the anterior and posterior cranial base seg-
ments. This increase was not evident when
second trimester data was inspected sepa-
rately. Yet, this moderate increase in the
basicranial angle is consistent with the find-
ings of Ford (’56). When projected to the
perinatal period, this prenatal angular re-
lationship also shows a clear continuity with
the degree of basal flexure reported in the
orthodontic literature (Bjork, ’55; Brodie,
Jr., ’55; Stramrud, ’59; Koski, ’60; McNeill,
’62).

That a linear and not a curvilinear rela-
tionship may be operational for the fetal
face is supported by the high positive cor-
relations between increasing crown-rump
length and increasing height-length param-
eters., This demonstration of a linear
growth pattern of the prenatal upper face
provides a quantitative refinement of clas-
sical descriptions which broadly character-
ize prenatal body growth as following a
sigmoid curve, with its highest peak of
activity occurring during the second tri-
mester (Toldt, 1879; Mall, '10; Zangemeis-
ter, ’11; Streeter, ’20).

Observations of this study support the
concept of a developmental continuum be-
tween pre- and postnatal facial growth.
Broadbent (’37) indicated that the basic
shape of the child’s face is first recognizable
at the time of full eruption of the deciduous
teeth. Brodie (’41) argued for a relative
constancy of cross-sectional facial profiles
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Fig. 6 Angular relations between the palatal plane and select basicranial planes.

which appears as early as the third postna-
tal month. Ortiz and Brodie (’49) later
found that the geometric profile of the
human face can be recognized as early as
birth. The present study, as a sequel to
these postnatal observations, lends support
to the idea that the young human face
possesses a basie shape. It further suggests
that the postnatal pattern of enlarging fa-
cial profiles can be recognized as early as
the second trimester before birth.
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