Differential growth of the

female face in the

anteroposterior dimension

By Surender K. Nanda, DMD, MS

T he concept of differential growth is
based upon the observation that various
structures of the body normally grow at
different rates from birth to maturity. As a
result, each part of the body may contribute
unequally to total size attainment at different
points in time. Moreover, since disproportion-
ate growth is inherent to many structures, dis-
harmonious relationships during development
should not necessarily be considered abnormal.
For example, the head of the infant accounts for
25% of the adult stature. The legs increase in
relative length from 35% to 50% of total body
height between infancy and adulthood. There-
fore, the rates of increase in size between

two structures are not equal; they may express
a disharmonious or harmonious skeletal rela-
tionship during the transition of development.
Furthermore, analysis of specific disharmonious
relationships during growth of individuals must
be considered carefully with regard to the antici-
pated changes with age in order to determine
whether or not the average pattern of growth is
appropriate for a particular stage of individual
development. This study will provide a frame-
work for interpreting the concept of differential
growth in the sagittal plane of the craniofacial
complex.

In the face of the newborn, the largest
to smallest dimensions are width, height, and
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Abstract

This study contrasts the growth rates of the craniomaxillary and mandibular dimensions.

Longitudinal data from lateral head cephalograms of 18 female subjects, between 3 and 18 years old, were used. All of the
subjects had yearly cephalograms available and none had received orthodontic treatment. Four linear distances included ante-
rior cranial base, maxillary length and mandibular length and four angular measurements included ANS-S-N, ANS-N-S, Gn-S-
N and Gn-N-S.

The mandible lagged in size by 4 years relative to anterior cranial base length and by 2 years relative to maxillary length at 5
years of age. There was an incremental gradient of growth from S-N downward to Ar-Pog such that dimensions successively
showed a greater relative amount of growth during the entire period of development. The proportional displacement of nasion
and anterior nasal spine maintained a constant S-N-ANS angle. The increase in angle S-N-Gn was due to proportionally greater
increase in mandibular length relative to anterior displacement of nasion. The different rates of dimensional increments from
anterior cranial base to mandible result in differential growth affecting the spatial relationship of maxilla and mandible in the
sagittal plane. Skeletal discrepancies in maxillomandibular relationships between 4 and 10 years of age is a normal transient
developmental characteristic.
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depth respectively. Postnatally, the face grows
most rapidly in depth, followed by height, and
with the slowest rate of growth being found in
width."* Disproportionate increases in these
three dimensions demonstrate a gradient which
brings about a change in form. Thus, the pro-
portions change and affect the form of the face.
Even within the same anatomical structure, such
as the mandible, ramus and corpus increase in
size at different rates postnatally.® Further-
more, Nanda® demonstrated that the upper and
lower components of the total face height grow
differently.

Of particular significance to the orthodontist
is the interrelationship of growth between upper
and lower jaws. In its present context, skeletal
malocclusion can be defined as failure of the
normal differential growth of maxilla and man-
dible, resulting in a spatial or dimensional rela-
tionship of the dental arches.” Changes in propor-
tion result from differences in magnitude and
timing of growth, while changes in the position
of the maxilla and mandible may be considered
proportionate or disproportionate growth. The
final displacement (position) of the maxilla and
mandible is a function of the interaction between
the horizontal and vertical vectors of growth. It
is not unusual for one vector to predominate,
resulting in an unfavorable growth pattern.

Standards in orthodontic diagnosis and treat-
ment planning have tended to obscure the true
nature of skeletal dysplasia and its correction.
The assessment of skeletal dysplasia is deter-
mined by a composite of standards of normality,
which in reality may not be appropriate for a
particular individual. Contemporary analyses do
not include multinormative values for age, sex,
race, constitution, facial type, development sta-
tus, or any other characteristic. Nor do these
analyses account for compensations which may
occur to attenuate, maintain, or even exagger-
ate the skeletal dysplasia. Such standards arbi-
trarily divide normal from abnormal based upon
average values for anatomic parts.

In a study of Class Il cases,” functional ortho-
pedic mechanics were advocated to address
“arrested development of the mandible.” Sam-
ple selection in this study was biased by selec-
tion of cases in which an end to end first molar
relationship between 8 and 10 years of age
(mixed dentition) was was assumed to be a pre-
cursor of an adult Class Il molar relationship,
although this frequently does not occur.”’
Another assumption was made that the pro-
portionality between the different anatomic
parts of the dentofacial complex is maintained
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constantly until adulthood. Fundamental as-
pects of growth and patterns of occlusal rela-
tionships were not accounted for in this study.
Assumptions which are insensitive to the role
of differential growth may lead to unwarranted
conclusions.

The notion of relative growth in this context
is particularly significant. It is important to
note that during development a particular ratio
in relative growth of the dentoskeletal struc-
tures exists at each age, yet there may exist
skeletal dysplasia. To this end, the analysis
of the relative growth of the maxilla and man-
dible is the logical basis for differentiating
the nature of dental or skeletal aberrations en-
countered during the developmental process.
The analytical revelation of such abnormal dif-
ferential morphology would prevent conceptual
misconceptions regarding maxillo-mandibular
relationships.

A number of cephalometric studies specifi-
cally examined individual patterns of devel-
opment of the craniofacial complex and man-
dible.**'**® All of these studies tend to focus
primarily on dimensional increase and positional
change.

Mitani'” concluded that synchronization of
growth spurts in both rate and timing produce
the proper occlusal relationships. However, the
applicability of his criteria is not supported by
previous studies. Brash,” Scott,”** Coben,* and
Bjork and Skieller* examined the growth of the
cranial base and midface, but did not extend
their work to include a consideration of the rela-
tive growth of the anterior cranial base and
mandible to that of the maxilla. Agronin and
Kokich® examined the role of displacement of
the glenoid fossa on the position of the mandi-
ble and demonstrated a correlation. On the other
hand, Kantomaa? concluded that the mandibu-
lar condyle is adaptive to the sagittal change in
glenoid fossa location.

In reference to the change in relationship of
maxillary anterior position (Point A) relative to
cranial base, several investigators®”** observed
virtually no change for the SNA angle in grow-
ing subjects. The Bolton standards® for dento-
facial development, however, exhibit an increase
in the SNA angle.

The linear dimension of sella-gnathion (S-
Gn) and its angle formed with the nasion-sella
line (N-S-Gn) expresses the sum of growth of
the face in both the horizontal and the vertical
dimensions.*'®*** The position of gnathion is
an expression of the interaction of mandibular
dimensional increase and the changes between



sella and gnathion.

In spite of several studies reporting the growth
of various dimensions of the face which tend to
focus primarily on dimensional increase and the
positional change of structures, there is a scar-
city of relative growth studies of two or more
dimensions, specifically anterior cranial base,
maxilla and mandible. The rate of increase in
size of one measurement relative to another
measurement is needed to assess the differen-
tial growth ratio. Data describing development
and variance in size attainment for each of the
three basic dimensions of the face has not been
compared within the same individual.

Specifically this study presents a longitudinal
analysis of growth in the anterior cranial base,
maxilla, and mandible during this developmen-
tal period.

Two fundamental aspects of growth analysis
will be examined:

1. The contrast in rates of growth of cranio-
maxillary and mandibular dimensions.

2. Thecontrast in the differential size increase
of maxillary length and mandibular length rela-
tive to the anterior cranial base length.

Material and methods

Longitudinal data from annual lateral head
cephalograms of 18 female subjects, ranging in
age from 3 to 26 years, were selected from the
records of the Child Research Council, Denver,
Colorado. A minimum of 11 to a maximum of
18 radiographs were available for each subject.
All of the subjects were Caucasian with North
European ancestry. The selection of these sub-
jects was on the basis of lower face height
(ANS-Me) as a percentage of morphologic face
height (N-Me) at approximately 13 years 6
months of age. The persons exhibiting the most
extreme values at both ends of the distribution
were eliminated. The range of percentage of
lower face height of the selected sample was
52% to 56%. No subjects received orthodontic
treatment. The distribution of selected sample
represents true population parameters in occlu-
sal relationship.

Relevant portions of selected lateral cephalo-
metric radiographs of each series were traced.
The midpoints of the right and left shadows
of bilateral structures were traced. Four lin-
ear distances and four angular measurements
were made between the following landmarks
(Figure 1).

Linear distances included:

1. Sella-nasion (S-N)

2. Anterior nasal spine-posterior nasal spine

(ANS-PNS)
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Figure 1

3. Articulare-Pogonion (Ar-Pog)

4. Sella-Anterior nasal spine (S-ANS)

The angular measurements included:

1. Anterior nasal spine-Sella-Nasion

(ANS-S-N)
2. Anterior nasal spine-Nasion-Sella
(ANS-N-S)

3. Gnathion-Sella-Nasion (Gn-S-N)

4. Gnathion-Nasion-Sella (Gn-N-S)

The posterior nasal spine (PNS) on the cepha-
lometric tracing was established by the inter-
section of the nasal floor with the anterior
contour of the pterygomaxillary fissure. Gna-
thion was determined by bisecting the angle
formed by the facial (N-Pog) and mandibular
planes. The remaining landmarks and planes
were identified following the description by
Krogman and Sassouni.”” The magnification of
the lateral cephalogram was 0.04 cm for every
cm of length in all directions.* Since this enlarge-
ment was uniformly present in all radiographs,
no attempt was made to correct the size of the
image.

The data were analyzed by plotting absolute
cumulative relative rates of growth curves. Since
lateral cephalometric radiographs were not avail-
able at the same ages for all of the subjects, a
polynomial regression was calculated for each
of the four measurements in order to obtain an
interpolated value.

Descriptive statistics at each age were calcu-
lated from yearly absolute values for each of the
parameters between 4 and 18 years of age. The
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Figure 1
Cephalometric land-
marks used to measure
four linear distances
and four angular
measurements.
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Table 1

Descriptive statistics on the absolute interpolated values

. for the four facial dimensions from 3 to 18 years of age
S-N S-ANS ANS-PNS Ar-Pog

Age Attained Attained Attained Attained

Yr. Size Size Size Size
Mean SD Mean SD Mean SD Mean SD
3 5774 150 6726 229 4196 177 77.68 265
4 59.11 1.66 69.23 264 4364 203 80.78 3.02
5 60.16 1.76 7087 277 4485 167 8350 296
6 6129 198 7252 328 4604 174 8651 3.39
7 62.11 193 7413 327 4691 169 8858 3.21
8 63.11 219 7513 340 47.75 188 90.29 3.14
9 63.83 231 7631 347 4852 232 9251 347
10 6431 230 7759 370 4923 240 9439 357
1 6522 234 79.16 362 4986 246 96.61 3.64
12 65.87 227 80.12 345 5041 255 98.43 350
13 66.54 242 8111 377 5070 265 100.61 3.74
14 66.87 247 8178 386 5112 283 101.92 4.17
15 67.10 255 8223 398 5148 288 10295 4.31
16 67.20 277 8247 430 5172 330 103.71 458
17 6717 295 8227 457 5197 362 103.61 456
18 67.06 351 8192 522 5213 425 103.13 547

Figure 2A-D ” o
A: Individual growth A

curves for S-N plotted
for the 18 girls.

B: Absolute curves of
growth for S-ANS dimen-
sion plotted for the 18
girls.

C: Absolute curves of
growth for ANS-PNS
plotted for each subject.
D: Absolute curves of
growth for Ar-Pog plot-
ted for each subject,
compare with average
gross size curve in Fig-
ure 3.

Millimeters

Millimeters
&
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Hotelling T2 test for repeated measures analysis
was used to test whether the age-associated dif-
ferences in various parameters were significant-
ly different.

Results

The results of this study will be presented in
the following sections:

I. Individual representations of absolute size

changes in facial dimensions.
II. Percentage attainments of linear dimensions.
IIl. Proportional changes in the depth of the
face relative to anterior cranial base.
IV. Changes in angular position of maxilla and
mandible.

I. Individual representations of absolute size

changes in facial dimensions

Descriptive statistics on the absolute values
and yearly increments of four facial dimensions
are reported in Table 1. In Figure 2A-D, abso-
lute growth curves of S-N, S-ANS, ANS-PNS
and Ar-Pog are plotted as an example. They
exhibit the general somatic configuration com-
mon to many parts of the body. Significant dif-
ferences occur from one age to the next without
any consistency of growth pattern between
individuals in gross size. The tendency to show
overlapping of curves in the preadolescent period
is apparent and later at the initiation of adoles-
cence differentiation occurs in the slopes of the
curves. Note that there was a wide variation in
absolute size for each dimension. There were
five extreme subjects in the growth curves of
Ar-Pog, two early-maturing, generally larger in

»{ B

Millimetors

Miltimeters.




size, and three late-maturing girls represented
by their different slopes and smaller magnitude
of growth increments. These contrasting slopes
of the growth curves for each individual are
a direct function of rate and magnitude of
increments.

II. Percentage attainments of linear dimensions

The values for S-N, S-ANS, ANS-PNS and
Ar-Pog were expressed in terms of percentage
of attainment at each chronologic age; the abso-
lute size at 18 years of age was treated as 100%
attainment (Table 2, Figure 3). This procedure
was done to contrast the relative rates of growth
between each of the parameters.

Differences in the rate and amount of growth
and pattern of deceleration are revealed in a
comparison of the four curves. The pattern of
the growth curves were established at an early
age and maintained during the progression of
growth. These growth curves are continuous
and the intensity of growth varies in the entire
period of study. All curves have the same forms,
but the pattern of growth of the mandibular
length is different from the other three dimen-
sions, since it decelerates more slowly, until 13
years of age.

The percentage growth curve for anterior
cranial base (S-N) emphasized the characteris-
tics of a neural curve as it is initially closer to
its ultimate size in contrast to the other three
curves. The maxillary length (ANS-PNS) and
the length of maxillary vector (5-ANS) growth
curves were positioned halfway between the
anterior cranial base and the mandibular length
(Ar-Pog) curves. The rate and pattern of dimen-
sional increase is similar between S-ANS and
ANS-PNS curves until 9.9 years of age, at which
time the S-ANS continued to accelerate in close
proximity to S-N curve. The relatively more
slowly growing mandibular length, as demon-
strated by the position and slope of the curve
compared to the other dimensions during the
same period, shows a parabolic character of the
curve indicating pronounced deceleration at 12.9
years of age. The slow deceleration of mandibu-
lar length results in its greater dimensional
increase.

Comparisons of the rates of increase in size
of maxillary and mandibular length at 10 years
revealed that during the decelerating phase, the
pattern of growth in maxillary length is linear
and is significantly different (P < .01) than
mandibular length. The maxillary length curve
after 10 years of age decelerates more slowly
and maintains its advanced position compared
to mandibular length until approximately 13

Differential growth of the female face

Table 2
Percentile attainments for each facial dimension
relative to absolute size at age 18

Figure 3
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S-N S-ANS ANS-PNS Ar-Pog
Age Percentage Percentage Percentage Percentage
Yr. Attainment  Attainment  Attainment  Attainment
Mean SD Mean SD Mean SD Mean SD
3 86.25 3.34 8231 3.77 80.77 455 7543 2.60
4 88.29 3.36 8470 364 83.79 472 7846 3.63
5 89.85 340 8671 403 86.35 4.7 81.10 3.65
6 9153 3.33 8870 387 88.67 540 84.01 3.59
7 92.74 313 90.67 3.99 90.33 5.07 86.02 3.42
8 9423 339 9188 383 9191 480 8768 3.50
9 95.30 3.11 91.33 394 9333 414 89.83 355
10 96.02 3.16 9489 412 9469 415 9167 3.96
11 97.37 329 96.81 3.91 9591 444 93.80 3.59
12 98.34 3.16 9799 408 96.96 4.14 9557 3.43
13 9933 280 99.18 388 97.48 400 97.66 2.79
14 99.82 273 9999 378 9827 393 9890 249
15 100.16 259 100.54 354 9896 350 99.90 2.46
16 10029 213 100.79 298 99.36 3.03 100.63 2.09
17 10021 144 10051 198 9978 2.18 100.52 1.70
18 10000 — 10000 — 10000 — 100.00 —
Figure 3
110 Percentile growth curves
SN © for S-N, S-ANS, ANS-
SANS e PNS and Ar-Pog using
| |ANSPNS ® terminal value at 18
Q 100 [ {arpos o years of age as 100%.
3
©
g
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<
S
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Table 3
Comparison of absolute incremental growth
of the four dimensions of the face from 4 to 15 years.

S-N S-ANS ANS-PNS Ar-Pog

Absolute size

at 4 years (mm) 59.11 69.23 43.64 80.78

Increments
4-7 yrs 3.97 5.87 410 9.51
8-11 yrs 2.74 4.98 2.64 8.12
12-15 yrs 1.52 2.33 1.29 5.26

Total

increments 8.23 13.18 8.03 22.89
4-15 yrs

Absolute size

at 15 yrs 67.10 82.23 51.48 102.95

Percentage of

total increment 59, 4903 18.40 28.33

over absolute

size at 4 yrs

Ratio 1 1.36 1.32 2.03

28

years of age. Of particular interest is the differ-
ence in the rate of growth at 5 years, 90% of
adult absolute size of the S-N dimension is
complete; 90% completion of S-ANS and ANS-
PNS is at 7 years, and Ar-Pog at 9 years.

The relative proportions of facial dimensions
at 4 years of age tends to emphasize a size gra-
dient, the S-N dimension reveals 88.29%, fol-
lowed by S-ANS 84.7%, ANS-PNS 83.79% and
Ar-Pog 78.46%. The incremental gradient of
growth from 4 to 15 years is reversed showing
differential size increases (percentage of total
increment over absolute size at 4 years) greatest
in mandibular length (28.33%), successively less
for the maxillary length (18.4%), sella-anterior
nasal spine (19.03%) and anterior cranial base
(13.92%) (Table 3). Attained individual dimen-
sions indicate the different patterns of dimen-
sional increase from S-N downward to Ar-Pog
that determine proportional changes in the depth
of the face during the course of development.
Accordingly, if cranial base increment between
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4 to 15 years is used as standard of comparison,
the ratios obtained for mandibular length are
2.03, maxillary length 1.32, sella-anterior nasal
spine 1.36.

III. Proportional changes in the depth of the
face relative to the anterior cranial base

The sequential change in pattern of cranio-
facial proportions is demonstrated by growth of
one measurement (S-N) relative to the dimen-
sions of the face (5-ANS, ANS-PNS, Ar-Pog).
The S-N dimension was used as a baseline for
comparison to reveal different patterns of di-
mensional increase which determine propor-
tional changes in the depth of the face (Table 4,
Figure 4).

The relative curves of growth for S-ANS,
ANS-PNS and Ar-Pog are very similar at 4
years of age; they then progressively diverge
throughout the entire period of development.
The wide spread of the curves results from dif-
ferences in growth increments and in the rate
of growth. The progressively small relative in-
creases of maxillary growth relative to mandib-
ular growth throughout the entire period of
development result in differential growth. Thus,
mandibular growth makes the greatest contri-
bution to the increase in depth of the face, fol-
lowed by the maxilla, with the cranial base con-
tributing least.

IV. Changes in angular position of maxilla and
mandible

The change in position of ANS and Gn is
effected by the relative change in dimension,
which is due to the difference in magnitude of
growth (size) and the displacement caused by
the adjacent bones (Tables 5 and 6, Figure 5).
The three major dimensions of the face in depth,
S-N, ANS-PNS and Ar-Pog contribute to the
reciprocal position of maxilla and mandible
in the anteroposterior dimension. The anterior
position of maxilla (ANS) and mandible (Gn) is
m.easured by the angle Gn-5-N, 5-N-Gn, ANS-
S-N and S-N-ANS.

Mandible. Figure 5, Table 5. The relative
growth direction of gnathion expressed by the
angles Gn-S-N (Y-axis) shows slight decrease
of 0.56 degrees from 4 to 18 years of age. In con-
trast, larger increase in the S-N-Gn angle after
10 years is related to proportionally greater for-
ward displacement of gnathion than at nasion.
The changes in angles across age are signifi-
cantly differentat ages 5t06,10to11and 13 to
14 years of age.

The angle S-N-Gn generally shows increase
of 4.05 degrees in the entire period of study.



The major intensity of increase in the angle was
at 10 years (Figure 5) and continued to increase
until 14 years of age. Prior to 10 years there was
no appreciable increase in this angle indicating
that the relative displacements of nasion and
gnathion are equal. The tendency of displace-
ment after 10 years was horizontally oriented
relative to nasion. The angle S-N-Gn is signifi-
cantly different at 10 to 11, 12 to 13, 13 to 14
and 14 to 15 years of age.

The comparative increments of Gn-S-N and
S-N-Gn are shown in Figure 6 at successive
ages. The increment curves of Gn-S-N and N-
S-Gn are divergent and are mirror images to
each other after 10 years of age, though differ-
ent in magnitude. These corresponding diver-
gent fluctuations of both angles are attributed
to the relative horizontal displacements. Prior
to 10 years, the angle Gn-S-N opens and ex-
presses displacement in a vertical direction,
while S5-N-Gn closes very slightly, thus main-
taining the relative position of gnathion and
nasion.

Correlation coefficients (r°) between Gn-S-
N and S-N-Gn at ages 4 through 16 years range
from -.93 (4 years) to -.88 (16 years); the rela-
tionship tends to be relatively constant at each
successive age; they are all significant.

Maxilla. Figure 5, Table 6. Age changes in
the growth direction of ANS expressed by the
angles ANS-S-N exhibited an increase of 2.63
degrees (4 to 18 years), but was significantly dif-
ferent between 4 to 8 years, 10 to 11, 11 to 12
and 14 to 15 years of age. At age 5 through 18
years the angle opens displacing the ANS verti-
cally. At 14 years, the angle continues to close
displacing ANS in the horizontal direction. The
S-N-ANS angle shows slight fluctuations in the
entire period of study with a small net increase
of 0.79 degrees. The slight increase in this angle
occurs after 10 years of age, reflecting horizon-
tal displacement of ANS. The annual change in
the S-N-ANS angle is significantly different at 7
to 8, 9 to 10 and 14 to 15 years of age.

Analyzing the directional change at ANS at
successive ages (Figure 7), the fluctuations of
ANS-S-N angle are predominately in the verti-
cal direction, while S-N-ANS fluctuations tend
to be in a horizontal direction. Correlation coef-
ficients between ANS-5-N and S-N-ANS at ages
4 through 16 years range from -.71 to -.59. The
highest “r” value (-.75) was at 11 years of age.

Discussion

The data reported in this study are discussed
here with respect to:

1. The significance of patterns of dimensional

Differential growth of the female face

Table 4
Relative facial dimensions as percentage of S-N
dimension from 4 to 18 years of age.
Age S-ANS ANS-PNS Ar-Pog
Yr. Percent S-N Percent S-N Percent S-N
Mean SD Mean SD Mean SD
4 117.13 3.53 73.85 359 136.70 5.20
5 11782 3.75 7457 256 13885 5.03
6 118.33 4.00 7515 277 14118 4.73
7 119.35 3.66 7556 240 142.67 458
8 119.06 3.80 7571 3.17 143.17 5.33
9 119.57 4.04 76.05 3.56 14503 5.99
10 120.66 4.30 76.58 3.41 146.90 6.70
11 12140 4.22 76.48 3.61 148.28 7.27
12 12167 419 7657 369 14959 7.03
13 121.93 4.49 7622 3.69 151.37 7.59
14 122.32 477 76.46 3.69 156257 8.05
15 122.58 4.68 76.74 3.65 1563.60 8.15
16 122.74 467 7698 4.03 15452 8.47
17 12249 447 7738 425 15449 8.90
18 122.16 4.89 7775 482 154.07 9.79
40 Figure 4
Relative average growth
AR-POG curves for S-ANS, ANS-
PNS and Ar-Pog as per-
centage of anterior
cranial base length.
30
z
)
5 S-ANS
@ 20r
©
t
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o
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AGE
Figure 4
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Table 5
Mean absolute and annual changes in the angles for
assessing the position of chin
Gn-S-N S-N-Gn
Age Attained Annual Attained Annual
Yr. Angle Change Size Change
Mean SD Mean SD Mean SD Mean SD
4 66.23 3.07 55 124 76.00 3.51 50 1.16
5 6693 3.40 70 122 7590 355 -10 1.16
6 67.06 3.12 Jd2 178 76.34 3.28 44 1.84
7 6719 3.03 13 1.39 76.54 3.25 19 138
8 67.29 3.03 93 952 7665 3.33 10 93
9 6762 289 33 1.00 76.80 3.15 a5 .82
10 68.00 3.08 37 841 7674 327 -61 80
11 6734 315 -66 647 77.74 3.46 99 .63
12 6740 325 64 106 78.15 343 41 1.02
13 67.18 3.17 -22 901 7859 3.27 43 .80
14 6679 327 -38 708 79.28 3.44 9 .77
15 6655 334 -24 560 7970 3.68 41 56
16 6645 313 -98 917 79.87 3.63 a7 .82
17 66.11 350 -34 143 80.08 4.07 20 124
18 6567 468 -43 222 80.05 505 -24 204
Figure 5 increase and their influence on proportion-
Attained angles for the al changes of the face.
position of ANS and Gn 2. Differences in the direction of growth af-

from 4 to 18 years in
reference to the S-N
plane. These angles are
shown with and without
the effect of nasion.
The relative decrease
or increase in angles
reflect their size and
the interaction of the
vertical and horizontal
displacements.
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fecting change in proportion.

3. Clinical implications.

The findings of this study are not directly
comparable to previous studies, since most pre-
vious studies are limited to the use of longitudi-
nal cephalometric data during adolescence. Many
investigators have examined individual dimen-
sions, and no effort has previously been made to
compare relative rates of growth.

The role of differential growth and its impli-
cations for maxillo-mandibular relationships in
the sagittal dimension of the face has been
inferred in numerous previous studies. With-
in these studies, malocclusions have frequently
been characterized as products of “disharmon-
ious growth of the jaws” while normal occlusal
relationships are the result of “coordinated
growth of the jaws.” Moreover, it is typically
assumed that orthodontic treatment, if effec-
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tive, has “normalized” disproportionate growth.
The evidence reported in this study indicates
that these concepts are not as simple as might
be assumed. There is no explicit understanding
concerning the dynamics of relative growth
of facial dimension that in turn would deter-
mine facial form. Further, Coben*® contended
that normal maxillo-mandibular development
requires synchronization of the amount, timing
and direction of growth of the cranio-maxillary
complex and mandible. Neither of these opin-
ions is corroborated by the patterns of growth
observed in this study.

The four facial dimensions examined did not
grow equally, but did maintain the same general
relationship to each other from early childhood
to adulthood. About 80% of maximum size was
achieved by 4.5 years for S-N, by 6.3 years for
ANS-PNS, by 6.5 years for S-ANS, and by 8.5
years for Ar-Pog. This indicates differential
growth and by inference there is no close cor-
respondence in size and growth rates between
component structures of the face during devel-
opment. An interesting feature in the growth
of these dimensions is observed when expressed
in percentages of the adult size.

The different patterns of dimensional increase
determine proportional changes in the depth of
the face. The early cessation of growth of the
anterior cranial base, the following near-com-
pletion of growth of the maxilla (9 to 10 years
of age), and the continuing growth of the man-
dible, were directly responsible for the altered
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spatial relationship between the maxillaand man-
dible. The change in relationship was brought
about by the disproportionately greater growth
of the mandible which assumed a more forward
structural position than any other dimension of
the face studied.

Of particular interest to the orthodontist is

the finding that relative growth rates of the

maxilla and mandible were not the same, nor
did they attain equal relative size, in reference
to adult size, at each age. During development,
particularly between 4 and 10 years of age, the
skeletal discrepancy found in maxillo-mandibu-
lar relationships is a normal, transient develop-
mental characteristic, which in a normal popula-
tion exhibits a wide range of individual variation.

These findings were furtherillustrated when
the anterior cranial base length was used as
a constant to assess different growth rates
contributing to incremental growth. In this
comparison, maxillary and mandibular length
progressively increased with different ratios
produced a modification in the configuration
of the facial form. This comparison indicates
that maxillary growth lagged behind mandibu-
lar growth throughout the entire period of
development. The greater growth of the man-
dible contributed to the reduction of convexity
of the face during the entire period of develop-
ment. The comparison with S-N leads to the
conclusion that successive reduced growth in-
crements and rate from above downward results
in differential growth affecting the spatial rela-

Table 6
Mean absolute and annual change in the angles for
assessing the position of maxilla
ANS-S-N S-N-ANS
Age  Attained Annual Attained Annual
Yr. Angle Change Size Change
Mean SD Mean SD Mean SD Mean SD
4 3361 226 51 96 87.83 3.71 -24 155
5 3424 235 .63 1.06 87.76 3.88 -70 1.28
6 3497 206 72 83 8743 375 -33 1.58
7 3531 255 34 89 87.85 3.66 42 1.28
8 3637 206 106 1.19 86.63 346 -1.22 1.50
9 3664 190 27 57 86.70 3.35 73 1.07
10 3644 217 -20 841 8763 3.67 92 1.21
11 36.96 2.35 52 1.05 87.66 3.91 26 152
12 37.26 223 30 58 8751 356 -14 .886
13 3732 213 58 58 87.61 3.55 99 1.05
14 3731 237 -37 56 87.86 3.87 25 966
15 3714 243 -17 29 88.20 3.87 33 491
16 3702 234 -11 .87 88.38 3.48 A7 1.03
17 3681 276 -21 139 88.39 3.37 A3 1.38
18 36.24 435 -57 236 88.62 4.41 22 272
2 Figure 6
Comparative increments
—e— SNANS in the S-N-Gn and Gn-
om- ANSSN S-N angles at succes-
sive ages. Theincrement
1 curves are divergent,
the corresponding fluc-
tuations of angles are
attributed to the in-
crease in the Ar-Pog
0 dimension and the rela-
tive horizontal and ver-
tical displacements.
Figure 7
-1 Graph showing diver-
gences at successive
ages of the S-N-ANS
and ANS-S-N angles.
0 L . ) The fluctuations of the
- ANS-S-N angle are pre-
3 10 18 20 dominantly in the verti-
AGE(years) cal direction, while
those of S-N-ANS tend
to be in the horizontal
direction. The net effect
of ANS is vertical

Figure 7

The Angle Orthodontist

displacement.

1992 Vol. 62 No. 1 31



Nanda

32

The Angle Orthodontist

tionship of maxilla and mandible in the sagittal
plane.

Vectors of growth

The displacement of both N and ANS was
proportional, as evidenced by the constancy
of the angle S-N-ANS. S-N-Gn increased as a
result of a proportionally greater increase in
mandibular length over the anterior cranial base
length (S-N). It is evident from this study that
transient developmental aberrations in maxillo-
mandibular relationships occurring prior to the
adolescent growth spurt are normal events. The
observed differences appear to be due to a higher
growth rate of the maxilla by age 10, which
subsequently decelerated slowly.

Further, there is a dominant vertical displace-
ment of the maxilla, while the mandible is char-
acterized with horizontal displacement. The
reciprocal effect in the positions of ANS and Gn
is due to relative greater increase of mandibular
length over that of S-N and ANS-PNS and a
dominant horizontal vector of growth in angle
S-N-Gn contributes to the forward positioning
of the chin. The reciprocal behavior between
the maxilla and mandible indicates a necessity in
distinguishing between those factors responsi-
ble for the assessment of size and those that
influence position.

The clinician may incorrectly characterize a
discrepancy observed in preadolescence as skele-
tal dysplasia. Such characterization of normal
structures at this stage is unwarranted. It is
somewhat puzzling that in a developing denti-
tion, the end-to-end first permanent molar rela-
tionship, which is an expression of the level of
development of the jaws, is considered normal.
Even within the same set of dentoskeletal crite-
ria, within the same subject dental relationships
are considered normal and skeletal relationships
are implicated for malocclusion. The two aspects
of dentoskeletal relationships and their criteria
for normality are operated from different frames
of reference in assessing the mixed dentition.
Contrary to the findings of the present study,
McNamara® characterized normal occlusal rela-
tionships in the mixed dentition as Class I mal-
occlusion with retrusive mandible. McNamara’s
study has been quoted in untold numbers by
numerous investigators and clinicians that cor-
rective measures are necessary with functional
appliances, when this mythical malocclusion
might have been self-corrected.

Clinical implications
The clinical implications of the results reported
here are significant. The data suggest that the

1992 Vol. 62 No. 1

maxilla is at least 2 years ahead in its relative
size in comparison to the mandible, in preado-
lescent ages. Thus, a discrepancy will always be
seen in the growth rate of the maxilla during
these ages. Criteria used to identify abnormal
skeletal relationships in adults are not appropri-
ate for the evaluation of the preadolescent child.
For example, in a Class II malocclusion, where
the mandibular ratio relative to the S-N dimen-
sion is greater, the potential for remaining
growth is relatively less in contrast to those
individuals where these ratios are low. Never-
theless, some of these individuals will require
treatment.

Based upon potentially normal structures
during the mixed dentition, it is conceivable
that children receive unnecessary treatment
directed to stimulate the growth of the mandi-
ble. In the course of time, the greater magni-
tude of incremental and relative rate of man-
dibular growth affects the change in form of the
face. If an appliance has been recommended,
this normal and expected facial change is attrib-
uted to the treatment outcome and effect of the
appliance.

The anterior cranial case from sella tursica to
nasion appears to be extremely variable in size.
This suggests that the use of this plane as a
reference line, or use of nasion point to assess
maxillo-mandibular relationship are not reliable.
However, sella-nasion reference line is appropri-
ate to use for the evaluation of treatment and
its effect in growth.

Conclusions

The following conclusions can be put forward
from this study of patterns of development of
the maxilla and mandible in the sagittal plane of
the face in females.

1. Each of the four dimensions examined were
found to grow differently, but each maintained
its relative position to the others. The length of
anterior cranial base was found to have a higher
rate of growth and earlier completion than the
maxillary and mandibular length and further, it
decelerates very rapidly.

2. The mandible lagged in sized by 4 years
relative to anterior cranial base length and by 2
years relative to maxillary length at 5 years of

age.

3. There was an incremental gradient of
growth from S-N downward to Ar-Pog such
that dimensions successively showed a greater
relative amount of growth during the entire
period of development.

4. Between 4 and 10 years of age, skeletal dis-



crepancy between the maxilla and mandible is a
normal transient developmental characteristic.

5. The proportional displacement of nasion
and anterior nasal spine maintained a constant
angle S-N-ANS. The increase in angle S-N-Gn
was due to proportionally greater increase in
mandibular length relative to anterior cranial
base length (S-N).

Differential growth of the female face
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