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One of the perplexing problems in
the field of orthodontics is the predic-
tion of craniofacial growth: the future
size of a part, the future facial pattern,
and the timing of growth events. Be-
cause growth does not proceed evenly,
certain facial dimensions demonstrate
marked changes in their velocity, or
spurts. The difference in timing of these
spurts enhances the difficulty of growth
prediction, Knowledge of the onset,
duration, and rate of growth during a
spurt, especially during puberty, con-
stitutes valuable information to the
orthodontist.

The literature has demonstrated that
the skeletal pattern of an individual
can be modified by means of ortho-
pedic forces in the presence of growth.
One can see that prediction of not only
the amount of growth, but also its tim-
ing and velocity, plays an important
part in treatment planning. Despite the
great interest and vast amount of re-
search on the subject of craniofacial
growth prediction, the methods em-
ployed are not the most sophisticated.
Useful predictive procedures have
evolved for most size measures of bio-
logic meaning but very little is known
about predicting velocity and onset of
particular growth events as well as
changes in the growth vector or direc-
tion of growth.

Ricketts’ method was based on a de-
tailed laminagraphic temporomandibu-
lar joint study combined with the analy-
sis of lateral and frontal headfilms.’
Special planes and references were ex-
plored to pursue the effects of growth
on treatment or vice versa,

Johnston devised a method of pre-
dicting growth based on the addition of
mean increments by direct superimposi-

tion on a printed grid.* Menarche and
spurt of growth in height have often
been utilized to evaluate the facial
growth potential. Bambha concluded
that the spurt of growth in height oc-
curred slightly before the spurt of facial
growth.! Shuttleworth found menarche
to occur in the decelerative phase of
growth in stature.”

In a longitudinal study of mandibular
growth in 20 females, Tofani con-
cluded that there was a significant dif-
ference in the amount of growth be-
fore and after menarche.® Although
some growth did occur after menarche
for most of the sample, the amount was
greater before than after. The preced-
ing findings were in agreement with
those of Shuttleworth that menarche is
an indication of growth deceleration.

This study was undertaken to find
out: 1) if in females, timing and
amount of the pubertal spurt of growth
in upper and lower anterior facial
height vary within the same individuals
for both dimensions; 2) if any relation
can be demonstrated between timing
and magnitude of the spurt of growth
in the mandible and that of the ante-
rior facial height at puberty; 3) at what
time menarche or onset of epiphyseal-
diaphyseal fusion occurs in regard to
the peak of growth of the upper, low-
er, and total anterior facial heights for
each of the patients.

MATERIALS AND METHODS

The serial lateral cephalometric
roentgenograms used in this study were
obtained from the files of the Bolton
Study at Case Western Reserve Univer-
sity. The apparatus used for this sample
was the Broadbent-Bolton cephalometer
with the standard 5 foot distance be-
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FIGURE 1: SAMPLE DISTRIBUTION

AVAILABILITY OF CEPHALOGRAMS (VERTICAL LINES) AT DIFFERENT AGES.
BLACK DOT REPRESENTS THE TIMING OF MENARCHE.

Fig. 1 Sample distribution. Availability
of cephalograms (vertical lines) at dif-
ferent ages. Black dot represents time
of menarche.

tween the target and the midsagittal
plane of the patient with the head ori-
ented in Frankfort. Since this study is
concerned with growth changes, the
magnification error is not important
and therefore not reduced to zero. The
sample consisted of 24 Caucasian fe-
males from whom records were taken
approximately vearly, Figure 1 illus-
trates the sample distribution.

The criteria utilized for selection
were: 1) availability of yearly lateral
cephalometric radiographs where pos-
sible 2 to 3 years prior to and after
menarche, 2) presence of normal an-
teroposterior and vertical skeletal rela-
tionships on the first cephalogram of
the series according to the archial anal-
ysis,® 3) no permanent teeth congeni-
tally missing or extracted, 4) absence
of orthodontic treatment, and 5) avail-
ability of serial hand-wrist films.

Menarche was recorded by interview.
The error that can be introduced by
this method of recording due to unre-
liability of meimory was reduced since
these girls were selected from a group
of children who had been included in
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the long-term investigation of facial
growth by the Bolton Study. Only when
the exact age at menarche was known
was it recorded.

In 4 cases, however, menarche was
not recorded. In these cases onset of
epiphyseal-diaphyseal fusion was util-
ized since its occurrence corresponds to
the time when menarche takes place.
Onset of fusion in the distal phalanges
of the fingers was obtained through as-
sessments of hand-wrist X-rays taken
annually as a part of the many records
gathered for each individual.

Whenever yearly absolute change was
not available either due to a missing
radiograph in the series or difficulty in
locating landmarks on the cephalomet-
ric radiograph, the average behavior of
the group with the peak at the same
age was utilized to determine in the
following way the behavior of the sub-
ject whose missing date existed: The
amount of growth found in the corre-
sponding two years was split into two
values using a sharing key correspond-
ing to the average behavior of the
whole group (with peak at the same
age). In the case of different missing
data because of poor accuracy in the
same series of one girl, the girl was dis-
regarded for that particular measure-
ment.

Twenty roentgenographic anatomic
landmarks were identified. In this study
only four linear measurements related
to the topic will be reported (Fig. 2).
The lower anterior facial height (LAFH)
is defined as the d'stance between
points ANS (anterior nasal spine) and
Me (menton) ; the upper anterior facial
height (UAFH) as the distance be-
tween points Na (nasion) and ANS;
and the total anterior facial height
(TAFH) as the d'stance between Na
and Me. The mandibular length was
measured as the distance between Ar
(articulare) and Pog (pogonion). For
the values of Ar-Pog of 20 out of the
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24 patients we refer to the findings of
an earlier publication® although these
values were adapted to the accepted
methodology for this paper.

Only when anatomic landmarks were
accurately visible were they traced.
Twenty measurements were done twice
by each investigator to determine the
error of the method and to check the
reliability. None of the t-values was
significant (p < 0.05).

When double images of bone con-
tours appeared on the cephalogram, the
midpoint of the two shadows was
traced. The coordinates of each of the
points were registered by means of a
digitizer and transferred to an IBM
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029 card punch machine. The punch
cards were fed into the University of
Pittsburgh PDP 10 computer system and
stored on disk files. Individual incre-
mental (growth) curves were plotted
for each dimension measured with
changes recorded in 0.1 mm and tim-
ing in chronological age.

Mean curves were derived by divid-
ing the total sample into groups ac-
cording to age at maximum pubertal
growth increment. This method avoided
loss of individual variability that would
have occurred if one single average
curve had been utilized.’

FInpINGS

Timing (Table 1)

In 7 (30%) of 23 girls the peak ve-
locity occurred simultaneously for Na-
ANS and ANS-Me. In 10 (43%) the
Na-ANS peak velocity preceded the
one for ANS-Me by approximately one
year. In 2 (99%) of the girls the peak
velocity for Na-ANS occurred within a
year after the one for ANS-Me. In 19
(83%) girls there was either no differ-
ence or a maximum of one year differ-
ence between the peak velocity of these
two dimensions of facial height (Na-
ANS and ANS-Me).

For 6 (29%) of 21 girls the peak
velocity occurred simultaneously for
ANS-Me and Ar-Pog. In 3 (14%) the
peak velocity for ANS-Me took place
one year before that of Ar-Pog and in

TABLE I
Chronological age at peak velocity for the different parameters.
Girls are identified by an alphabetic symbol.

Spurt at

Para- 10y 11y 12y 13y 14y 15y 18y
meter EFGH  NOPQ
BDEF  ACKN 4
ABCEFI
Na-Me L DHG  #uSSUY OPRTX N v w
Ar-Pog FTY  ABGHK  ypgyx  DRW

LNOQU
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7 (33%) one year after it. In 16
(76%) girls there was either no differ-
ence or a maximum of one year dif-
ference between the peak velocity of
these two dimensions (ANS-Me and
Ar-Pog).

For Na-ANS and Ar-Pog in 9 (43%)
of 21 girls the peak velocity occurred
simultaneously. Na-ANS peak preceded
the peak velocity of Ar-Pog within a
year in 6 (29%) patients and occurred
one year after in 2 (10%,) of the girls.
In 17 (81%) girls there was either no
difference or a maximum of one year
difference between the peak velocity of
these two dimensions (Na-ANS/Ar-
Pog).

In 12 (529%) out of 23 girls the peak
velocity occurred simultaneously for
Na-ANS and Na-Me. Na-ANS peak
preceded the peak velocity of Na-Me in
5 (22%) of the girls. In 18 (87%) of
the 23 girls there was either no differ-
ence or a maximum of one year differ-
ence between the peak velocity of these
two dimensions (Na-ANS and Na-Me).

For ANS-Me and Na-Me in 10
(43%) of 23 girls the peak velocity
occurred simultaneously. ANS-Me peak
preceded the peak veiocity of Na-Me in
5 (22%) girls and occurred one year
after it in 6 (26%).

The maximum increment occurred
from as early as 10 to as late as 14
years for upper anterior facial height;
however, in the great majority it took
place between 11 to 12 years of age.
For lower anterior facial height the
timing of the maximum increment was
between 11 and 14 years with most fall-
ing between 12 and 13 years of age.

For Na-Me the peak of growth was
registered as early as 10 to as late as 16
years of age although most of the girls
had their peak. of growth between 11
and 13 years of age. In 12 (50%) of
the girls it occurred at the age of 12.

The maximum increment of growth
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of Ar-Pog varied from 11 to 14 years
of age mostly between 12 and 13 years
of age.

Menarche and onset of epiphyseal-
diaphyseal fusion occurred before as
well as after the maximum pubertal in-
crement. In most cases it occurred
within 3 to 5 months of the peak vary-
ing from as early as 25 months before
to as late as 20 months after it.

The coefficients of correlation be-
tween age at peak for the 3 measure-
ments and age at menarche were sig-
nificant at the 0.05 level, being the
highest for Na-ANS (r = 0.670, n =
23) and the lowest for ANS-Me (r =

0.419, n = 23) with Ar-Pog being
0.538 (n = 21).
Magnitude

The mean magnitude of growth at
peak velocity for Na-ANS and ANS-
Me was similar, reading 2.1 mm and
2.0 mm, respectively. No significant
correlation could be demonstrated be-
tween magnitude at peak for both vari-
ables (r = 0.276). The total amount of
growth during the investigative period
varied from female to female; how-
ever, the mean amount for Na-ANS
and ANS-Me was similar, 4.5 mm and
4.9 mm, respectively. No significant cor-
relation was present between the two
dimensions for the whole period of the
investigation (r = 0.201). In 83% of
the cases Na-Me had the greatest mag-
nitude at peak, which was expected.

It has to be emphasized that the to-
tal anterior facial height (TAFH),
measured in this sample as Na-Me,
does reflect to a certain degree changes
in the upper anterior facial height and
the lower anterior facial height, al-
though it is not the sum of both since
point ANS is not involved in the meas-
urement of the total anterior facial
height. Within total anterior facial
height, lower anterior height had the
greatest magnitude at peak in 10 cases
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Fig. 3 Average curves for the upper
anterior facial height. X-axis, chrono-
logical ages in months. Y-axis, growth
increments in mm. Average time of me-
narche for the different groups is indi-
cated by a black dot.

(43%). In 13 cases (57%) upper an-
terior height presented the largest incre-
ment. When comparing magnitude of
growth at peak velocity of upper and
lower facial height with mandibular
length (Ar-Pog), it was found that in
74% of the cases (n = 19) the amount
of growth at peak velocity was greatest
for ‘Ar-Pog. No correlation could be
demonstrated between the magnitude at
peak velocity of Ar-Pog and the mag-
nitude at peak velocity of the other
variables measured (r Ar-Pog/Na-Me
—0.193, r Ar-Pog/Na-ANS = 0.295,
and r Ar-Pog/ANS-Me = 0.242 (n =
19).
Average Curves

The individual incremental curves
were grouped according to age at max-
imum increment and average curves
were then derived for each dimension.

Upper anterior facial height (Figs.
3 and 4). Three average curves were
derived: Group A with peak velocity at
11 (n = 8), Group B with peak veloc-
ity at 12 (n = 8), and Group C with
peak velocity at 13 years of age (n =
3). In two girls the peak velocity took
place at age 10 and at 14 in two others.
Because of the small numbers they
were not considered as groups. The

Fig. 4 Average curves for the upper
anterior facial height, superimposed on
their peaks of growth. X-axis, chrono-
logical age in months before (—) and
after (4) peak. Y-axis, growth incre-
ments in mm.

" three average curves (Fig. 4) presented

a great similarity in duration, velocity
and magnitude. Menarche occurred af-
ter the peak, within less than a year of
it. The later the maximum increment
occurred, the closer menarche occurred
to the peak velocity.

Lower anterior facial height (Figs. 5
and 6). Four average curves were de-
rived: Group A (n = 4), Group B (n
= 8), Group C (n = 8), Group D (n
= 3), with peak velocity at ages 11, 12,
13 and 14, respectively.

Here velocity and duration of the
spurt were similar. However, magni-

ANS-Me

mm

Fig. 5 Average curves for the lower
anterior facial height, X-axis, age in
months. Y-axis, growth increments. Av-
erage time of menarche indicated by a
black dot.
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Fig. 6 Average curves for the lower
anterior facial height, superimposed on
their peaks of growth. X-axis, age in
months before (—) and after (--) peak.
Y-axis, growth increments.

tude was variable with Group B having
the greatest magnitude at peak fol-
lowed by C, A and D, respectively. In
Groups A and B menarche occurred
after the maximum increment and
within a year of it whereas in Groups
C and B it occurred before and within
a year of it. Another observation was
that the greater the magnitude of
growth at peak, the greater was the
amount of growth that followed ex-
cepting Group C (Fig. 6).

Na-Me

mm

Fig. 7 Average curves for the total an-
terior facial height. X-axis, age in
months. Y-axis, growth increments. Av-
erage time of menarche indicated by a
black dot.
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Fig. 8 Average curves for the total an-
terior facial height, superimposed on
their peaks of growth. X-axis, chrono-
logical age in months before (—) and
after (+4) peak. Y-axis, growth incre-
ments in mm.

Total anterior facial height (Figs. 7
and 8). Although the total anterior fa-
cial height does approach the sum of
the lower and upper anterior facial
heights, it must be repeated that the
total anterior facial height is measured
without involving point ANS. A for-
ward movement of point ANS, for ex-
ample, does reflect an increase in upper
and lower anterior facial height but
does not affect the total anterior facial
height as it Is measured In this saiple.

Three average curves were derived
with maximum increment at ages 11
(Group A), 12 (Group B), and 13
years (Group C) with n = 3, 11 and
5, respectively. The greatest magnitude
at peak occurred in Group B and was
followed by C and A. Menarche oc-
curred after the peak velocity and,
within less than a year of it, in Groups
A and B and before it in Group C. Ve-
locity and duration of the spurt were
somewhat similar but magnitude was
the most variable of the dimensions
measured (Fig. 8).

Mandibular length (Ar-Pog). For
the average curves of this parameter we
refer to an earlier publication.®
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DiscussioN

From the morphology of the different
individual growth curves it can be de-
ducted that extreme variability exists
in the amount and timing of growth as
well as in their configurations for the
different variables measured. This is in
agreement with Hunt’s statement that
height increments during growth have
no individual predictability.? However,
some relation could be demonstrated
between the growth spurts of the
UAFH and the LAFH. In 83% of the
cases there was either no difference or
a maximum of 1 year difference be-
tween the timing at which both peaks
were registered. No specific pattern was
found indicating that the peak of
growth of UAFH most often precedes
the peak of growth of LAFH or vice
versa. Table I indicates that the spurt
of growth of the UAFH was registered
mostly between 11 and 12 years of age
whereas the spurt of growth for the
LAFH most often was observed at the
ages 12 and 13. These findings have to
be understood within the framework of
a sample size of 23 females.

Significant coefficients of correlation
were found between the timing at
which the maximum spurt of growth of
LAFH as well as the UAFH occurred
and the timing of menarche (r ANS-
Me/Men = 0.413; n = 23 and r Na-
ANS/Men = 0.670; n = 23). The fol-
lowing tendency seems to exist: the ear-
lier menarche occurred, the earlier the
peak of growth was observed and vice
versa for dimensions UAFH and LAFH.
However, from the individual curves it
can be deducted that, although most of
the growth was found within a year of
menarche, significant growth can be ex-
pected before as well as after that
event. It is also obvious that the amount
of growth before menarche is usually
greater than after menarche. This con-
clusion confirms the findings of Tofani
which expressed the same tendency for
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the mandibular growth.®

The total anterior facial height peak
velocity, measured as the distance Na-
Me, occurred at the same time or with-
in a year of the peak of growth of Na-
ANS (UAFH) in 78% of the cases. In
91% of the girls there was either no
difference or a maximum of 1 year dif-
ference between the peak of growth of
ANS-Me and Na-Me. The coefficient
of correlation between timing of the
spurt in total anterior height and me-
narche was significant (r = 0.726;n =
23). Comparing the findings of this in-
vestigation with those of an earlier
study® in which 20 females were used
out of the 23 girls of this sample, the
same trend is found in 76% of the
cases. There was either no difference
or a maximum of 1 year difference be-
tween the peak of growth of Ar-Pog
and the peak of growth of the LAFH.
When comparing the t'ming of maxi-
mum growth increase for Ar-Pog and
Na-ANS, the same was observed in
81% of the subjects. The coefficient of
correlation between timing of maximum
growth for Ar-Pog and timing of me-
narches was also significant (r = 0.538;
n = 21) but not as high as was found
for anterior facial height.

It can be concluded that the timing
of the spurt of growth for each of the
vertical dimensions measured in this
sample can be expected to occur usu-
ally within one year intervals from each
other. Although no rigid pattern was
found between the timing of menarche
and of peak growth for the measured
vertical dimensions, one can state that
the timing of menarche can be used to
a certain degree as an indicator for the
timing of the anterior vertical growth
spurt.

A few conclusions can be made con-
cerning the amount of growth. The
amount of growth at peak velocity for
Na-ANS/ANS-Me is on the average
very similar. It was also observed that
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the upper anterior facial height grew
approximately the same as the lower
anterior facial height if we compare
both variables during the entire investi-
gative period. It can be concluded
that, on the average, neither the amount
of growth at peak velocity nor the to-
tal amount of growth during the whole
period of investigation are different for
the upper and lower anterior facial
heights. No correlation could be dem-
onstrated between the amounts of
growth at peak for these heights. Re-
garding the amount of growth for both
variables, the individual subjects seem
to behave differently.

When comparing the magnitude of
growth at peak velocity for the total
anterior facial height and mandibular
length (Ar-Pog), no correlation was
found.

The average curves for upper ante-
rior height (Figs. 3 and 4) reveal no
specific differences in their pattern; nei-
ther the height nor the morphology of
the curves was significantly different.
The average timing of menarche fol-
lowed the age of maximum incre-
ment for all groups; on the average the
peak of growth for upper anterior height
can be expected before menarche. The
later the peak of growth for UAFH,
the closer menarche will be to the tim-
ing of the peak.

The average curves for lower ante-
rior facial height were similar in mor-
phology. However, their heights were
different (Fig. 6). The timing of me-
narche was observed within a year of
the timing of peak velocity for all four
groups (Fig. 5). In groups A and B,
menarche follows the maximum incre-
ment; in groups C and D it precedes it;
and the earlier the peak of growth, the
later menarche. In females with early
menarche the spurt of growth of LAFH
precedes it; the reverse occurs in fe-
males with late menarche.

The picture for the total facial
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height (Na-Me) was not so clear as it
was for the UAFH and LAFH; no spe-
cific pattern could be demonstrated.
The amount of growth at peak was the
largest for group B. Menarche and tim-
ing of peak growth velocity showed sim-
ilar behavior, as was also observed for
LAFH and UAFH. When menarche
occurred early, it preceded the maxi-
mum increment in total height, while
late menarche (13 years) preceded the
peak velocity. The peak of growth oc-
curred within a year from the timing of
menarche in all cases. These conclu-
sions do confirm prior findings for man-
dibular growth.

Although a significant amount of
growth can be expected after, as well
as before menarche, the timing of me-
narche, in general, can be used as an
indicator for timing of the anterior ver-
tical growth spurt.

CoONCLUSIONS
The following conclusions can be
made:
1. Extreme variability exists in
amount and timing of growth for the
variables measured.

2. Pcak

growth velocity for upper
anterior facial height occurred most of-
ten at ages 11 and 12 and for lower
and total anterior facial height at ages
12 and 13.

3. Menarche was significantly corre-
lated with the timing of peak growth
velocity: the earlier the menarche, the
earlier the peak and vice versa for all
the measured dimensions.

4. Most of the anterior vertical
growth occurred before menarche in
the majority of cases.

5. Peak growth velocity for ANS-
Me, Na-ANS and Na-Me occurred
within one year of each other.

6. The average amount of growth at
peak velocity and during the whole pe-
riod of this investigation was similar
for upper and lower anterior heights.
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7. The magnitude at peak velocity
for Ar-Pog was not correlated with the
magnitude at peak for Na-Me, Na-ANS
or ANS-Me.

8. The later the peak of growth, the
closer menarche occurs to the timing of
the peak.

9. When menarche occurs rather
early (11 and 12 years of age) it usu-
ally follows the peak of the anterior fa-
cial height, while a later timing of
menarche (13 years) precedes the tim-

ing of the peak. Orthodontic Dept.

College of Dentistry
Univ. of Pittsburgh
Pittsburgh, Pa. 15261
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