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INTRODUCTION

There has been considerable interest
in recent years concerning the adoles-
cent growth spurt and the influence it
exerts on facial structures. The study
of the spurt started in 1759 when
Gueneau de Montbeillard® bzgan an
18-year study on his son to determine
yearly increments of growth. The ado-
lescent spurt has since been recognized
as an extremely active period of accel-
erated growth.

The principle of skeletal maturation
and its estimate dates back to 1908
when Crampton?® first described it.
Later it was developed by Todd® and
Greulich and Pyle* into the present
technique of using hand radiographs
in determining the state of maturity.
Current research which relates the face
to skeletal development and matura-
tion dates back to Spier® who was the
first to associate tooth eruption with
growth in stature. From this original
study numerous avenues of research
have developed to test the relationship
of (a) tooth eruption with skeletal ma-
turation and/or growth in stature
(Woodrow and Lowell,® Abernathy,”
Cattell,® Becks,?, Sutow, Terasaki and
Ohwada,’® Bjork,"* Lamons and Gray,**
Meredith,* Bambha and Van Natta,*
Lewis and Garn,'® Bjérk and Helm'®),
(b) root formation or crown calcifica-
tion with skeletal maturation (Demisch
and Wartmann,'” Hotz, Boulanger and
Weisshaupt,”® Lewis and Garn,*®
Green'®). Other researchers investi-
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gated a combination of (c) eruption,
root formation, genetic, nutritional,
crowding and spacing, type of maloc-
clusion, maturity and their interrela-
tions (Brauer and Bahador®*® Bjork,"
Gleiser and Hunt,?* Stein, Kelley and
Wood,?* Lewis and Garn,”® Lauter-
stein,?® Grgn,?* Garn, Lewis and Ker-
ewsky?®). Most of the studies above
showed varying degrees of nonassocia-
tion to good correlation with skeletal
growth and maturity, which probably
indicates that skeletal maturation plays
some part in the development of the
dentition. The majority of these studies
agree that dental maturation is not as
accurate an estimate of skeletal matura-
tion as the use of a roentgenogram of
the hand and wrist.

Recent studies that have shown a
high degree of association of facial
growth with general body growth (sta-
ture, standing height, shoulder width,
etc.) are Bushra,”® Lindegard,* Nan-
da,?® Bambha,? Hunter,*® Singh, Sa-
vara and Miller.?* Other studies which
showed a low degree of association are
Howells,*> Rose,®® Meredith,* Sa-
vara,®® and Hixon.*® Those investiga-
tions attributing a high degree of asso-
ciation of the adolescent facial growth
peak to a similar peak in standing
height are: Hunter,?® Singh, Savara
and Newman,®” Fukuhara and Matsu-
moto,3® while Nanda?® and Bambha?®
have stated that the peak of facial
growth, although clocely associated
with the stature peak, usually occurs at
a slightly later time.

Predictions of facial growth or mor-
phology, based either on other facial
dimensions or body dimensions that
have exhibited only mild success, have
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been described by Johnston,* Mere-
dith,** Singh, Savara and Miller*’*
Maj and Luzi,** Pike,** Tracy, Savara
and Brant,* Bergersen,** Singh, Sa-
vara and Newman,?” Hixon,* Bjork,*
and Eckler.®¢ Ricketts,*”#%4°® and
Ricketts, Bench, Hilgers and Schul-
hof®*® indicate a “high degree” of suc-
cess in the prediction of facial growth
from existing means of facial dimen-
sions and their growth. No detailed pre-
diction parameters, however, have bzen
presented for comparison.

Another approach to the possibility
of predicting facial growth and/or ul-
timate facial size is to compare the in-
herited characteristics between siblings
and parents. This approach has been in-
vestigated by Wasson,* Stein, Kelley
and Wood,?* and Hunter, Balbach and
Lamphiear,’? all with very marginal
success.

The relations of facial growth and
dimensions have been compared with
the state of skeletal maturation as evi-
denced from skeletal age (wrist and
hand roentgenogram) or menarche by
Hunter,?®* Bambha and Van Natta,®®
Moreschi,** Greene,’® and Johnston,
Hufham, Moreschi and Terry.*® Hun-
ter,3° Moreschi,®* and Johnston, et al.?¢
indicated generally that the best cor-
relations of facial growth with skeletal
age involved measurements of the man-
dibular body (Go-Gn and Art-Gn).
Singh, Savara and Miller,®* and Hun-
ter, Balbach and Lamphiear®® also
found that the length of the mandible
was highly correlated with other body
measurements and appeared to be the
most consistently inherited character-
istic (for father-son, father-daughter)
of several measured facial dimensions.
Of interest is that both Hunter, and
Bambha and Van Natta found a sig-
nificant correlation between the skele-
tal age (from the hand-wrist roentgen-
ogram) and the peak of adolescent fa-
cial growth, particularly in the male,
which indicates a predictive quality of
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the skeletal age in determining the time
of greatest growth. The correlations
were not as meaningful for the female
samples in both studies, as they were
for the males.

Since it is quite evident from the
literature that the maturation level of
the individual is strongly associated
with the fluctuations of growth in
standing height and the face, particu-
larly of the mandible, it was felt that
an analysis of the growth spurts of
several areas of the face and their re-
lationship to skeletal maturity might
produce knowledge leading to a method
of adolescent spurt prediction in the
face.

MartERIALS & METHODS
Serial cephalometric radiographs of
twenty-three healthy white males were
obtained from the Child Research
Council at the University of Colorado
Medical School (Fig. 1). The individ-
uals of this study were primarily of



Vol. 42, No. 4

Fig. 2

North European ancestry and were of
an upper middle socioeconomic class of
Denver, Colorado; however, willingness
on the part of the parents to allow their
children to take part in the study was
the greatest criterion of selection. There
were four sets of paired siblings in the
sample while all others were non-re-
lated. Tracings of these radiographs
were made from the age range of ap-
proximately one month to 24.4 years
of age. Seven measurements, which
were constructed on the tracings as
shown in Figure 2, consisted of:

(1) Articulare-gnathion (Art-Gn)

(2) Nasion-menton (N-Me)

(3) Sella-gnathion (S-Gn)

(4) Anterior nasal spine-menton
(Ans-Me)

(5) Sella-nasion (S-N)

(6) Sella-anterior nasal spine (8-
Ans)

(7) Nasion-anterior nasal spine (N-
Ans)
All millimetric measurements were cal-
culated to the nearest one-fourth milli-
meter and corrected for enlargement.

All standing height data, as well as
the calculations of skeletal-age deter-
minations of the sample, were obtained
from the Child Research Council. The

skeletal age calculations were made in-
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dependently by Hansman and Maresh%?
utilizing the Greulich and Pyle* tech-
nique. The wrist roentgenograms and
standing height data were collected at
six-month intervals starting at birth,
while the cephalograms were usually
taken at yearly intervals (nine-months
following each birthday) up to ap-
proximately seventeen years of age,
after which the films were taken at
each birthday. Details of the technique
and the research program at the Child
Research Council have been previously
reviewed by Waldo®® and Washburn.*

All  cephalometric and standing
height measurements were plotted and
interpolations were then made from
time-series analyses to convert all
figures to yearly intervals (Fig. 3). The
increments of growth in millimeters per
year were then plotted to determine
the rate or velocity of growth from
three years of age to adulthood, as
well as the timing of the adolescent
growth spurt as seen in Figure 4. The
beginning of the largest two-year spurt
during puberty was determined for each
measurement in every subject and the
age of this beginning spurt was noted.

Any calculation of the length of the
adolescent growth spurt is dependent
on the placement of the base or aver-
age growth line. Since the spurt onset
and termination is represented by the
intersections of their growth lines with
this variable base line, their estimation
also tends to become quite variable.
The major inherent problem causing
this variation is one of accurately de-
termining a base line in a constantly
changing curve. Bambha?® gave a range
for the length of the male facial
growth spurt from 1.37 to 4.10 years,
while in body height the range varied
from 1.05 to 3.90 years with means of
2.57 years in the face and 2.60 years
in height. Hunter®® gave a range of 1.5
to 3.5 years with a mean spurt length
of 2.66 years in the male. The onset
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and termination vary considerably be-
tween individuals depending on the
rate of growth and the presence of ac-
cessory spurts preceding and follow-
ing the adolescent spurt. Since the
mean length of the spurt for most
studies is approximately 2.5 years, it
was felt that a more meaningful tech-
nique to predict the onset of the growth
spurt for the orthodontist would be an
estimate of the two-year period of
greatest growth in adolescence. Any
other determination of the onset and
termination of the spurt based on that
period of growth exceeding the aver-
age growth over a period of several
years would have excessive variation as
evidenced from the above studies of
Bambha and Hunter. This two-year
period of greatest adolescent growth
will be termed the adolescent or pu-
bertal growth spurt in this study.

If the velocity of the spurt did not
exceed the previous year by more than
0.75 millimeters, the onset and ter-
mination of the spurt was marked as
being questionable. Growth curves
representing dimensional-age changes
(Figure 3) and velocity changes (Figure
4) were not smoothed because smoothed
growth graphs mute or muffle velocity
changes and diminish the frequent al-
terations in growth rates. It was felt
that to diminish an infrequent gross
measurement error by smoothing
growth curves would result in great
distortion of the frequent high and
low variations in growth due to the
rounding off of these normal peaks.

Increments of growth were then cal-
culated forwards and backwards from
the onset of the adolescent spurt on a
chronological yearly basis to compare
growth rates as a function of the spurt
onset. Interpolations of the skeletal
ages for each of the adolescent spurt
onsets were calculated and the chrono-
logical age at each skeletal age from
eight years to fourteen were calculated.
These were estimated by plotting
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chronological age as an independent
variable and skeletal age as a depen-
dent variable, similar to Figure 3. Cal-
culations of skeletal age were then
possible at any chronological age.

All calculations for skeletal and
chronological ages were converted to
the decimal system for ease of statisti-
cal analysis.

Means of similar dimensions were
utilized only when statistical tests de-
noted nonsignificant differences be-
tween these variables. The statistical
tests of correlation coefficients (r), “t”
tests of differences (“t”), standard de-
viations (S.D.), and standard error of
estimates (Sy) used in this investiga-
tion are those adapted from Snedecor®®
and Arkin and Colton 8!

DiscussioN

The adolescent or pubertal growth
spurt of seven facial dimensions and
standing height was analyzed longitu-
dinally on twenty-three males to ascer-
tain the relationship of these spurts,
if any, with skeletal maturity as evi-
denced by the wrist radiograph. The
practical significance of this possible re-
lationship would be to enable the prac-
ticing orthodontist to predict an on-
coming facial adolescent growth spurt,
thereby enabling him to successfully
time orthodontic treatment with this
spurt. As mentioned previously, the
two-year period of greatest intensity of
growth during adolescence has, for
practical purposes, been termed the
adolescent spurt and has been divided
into two categories for study. The first
is (a) the timing, first occurrence or
onset of this spurt, while the second
is (b) the intensity or amount of
growth per year. These two factors,
along with their possible relationship
with standing height, skeletal maturity
expressed by skeletal age determina-
tions from hand radiographs, and the
first appearance of the metacarpal ses-
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TABLE I

VARIATIONS IN THE INITIATION OF THE
2-YEAR PUBERTAL SPURT*

Height
Art.-Gnath,
Nasion-Menton

Sella-Gnath.

Mean of Height
Art-Gn
N-Me
S-Gn

Ans-Menton
Sella-Nasion
Sella-ANS

Nasion-ANS

First
Metacarpal
Sesamoid

Means, S.D., and Ranges

October 1972

CA SA
at at
Initiation of Initiation of
Spurt Spurt

12.98 + 0.88 12,42 =+ 0.42 +
11.80 — 14.68 11.33 — 13.17 —
13.15 = 1.08 12.66 + 0.45 +
10.19 — 15.40 11.79 — 13.50 —
13.14 = 1.04 12.63 + 0.45 =+
10.20 — 14.68 11.79 — 18.71 —
13.14 = 1.02 12.64 = 0.36 +
10.37 — 15.23 11.79 — 13.23 —_
13.11 = 0.97 12,69 + 0.35 =+
10.66 — 14.86 11.69 — 13.21 —_
13.19 = 1.16 =+
10.00 — 14.80 —_ —_
13.30 =+ 1.24 =+
10.18 — 15.00 — —
13.18 + 1.14 +
10.70 — 15.60 —_ —_
13.01 =+ 1.10 =+
11.10 — 15.20 — —
13.70 + 1.16

11.50 — 16.00

|

*The 2-year pubertal spurt represents the 2-year period
of greatest intensity of linear growth during adolescence.

amoid at the metacarpophalangeal
joint of the first digit, were studied.
Onset of the Pubertal Spurt

In the sample of twenty-three males
the chronological age of first occur-
rence of the adolescent spurt among
the four significant areas of concern
(standing height, articulare-gnathion,
nasion-menton, and sella-gnathion)
varied between three and five years, as
indicated in Table I. Since there was
no significant difference between the
times of spurt occurrence of any of
these areas (Table II, Items 1-6), an
average of the four was calculated
which indicated that chronologically
the initiation of the spurt varied from
10.66 to 14.86 years of age, or a mean
range of 4.2 years (Fig. 1). When the
same mean was established for skeletal

ages of all the individuals in the study,
the range of variation was from 11.69
to 13.21 or 1.52 years. Individual var-
iations indicate that the majority of the
larger differences between chrono-
logical and skeletal ages of the spurt
onset occur in retarded and accelerated
maturing individuals (as estimated
from the Greulich and Pyle atlas). Al-
though there is no significant differ-
ence between the chronological and
skeletal ages of the spurt onset in nor-
mally-maturing individuals (Table II,
Item 7), a significant difference (Item
8) does exist when similar comparisons
are made between chronological and
skeletal ages in the retarded and ac-
celerated individuals, which is in agree-
ment with the findings of Bambha and
Van Natta and Hunter. Their studies
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indicate that skeletal age rather than
chronological age is a more accurate
indicator of the timing of the spurt for
those individuals with accelerated or
retarded skeletal maturation. The vari-
ation of the mean skeletal age of the
spurt onset for height, Art-Gn, N-
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Me, and S-Gn is almost one third
that of the spurt onset calculated from
the chronological age, as indicated by
the standard deviations in Table 1. In
other words, if one were to estimate the
adolescent spurt onset from the mean
chronological age of its first appear-

SUMMARY OF STATISTICAL COMPUTATIONS

Item COMPARED MEASUREMENTS N d.f. Test Result
1. CAat Ht. Spurt Onset: 23 44t 0.575"%
CA at Art-Gn Spurt Onset: 23 21 r 0.868
2. CA at Ht. Spurt Onset: 23 44 t  0.5607%
CA at N-Me Spurt Onset: 23 21 r 0.855
3. CA at Ht. Spurt Onset: 23 44 t  0.5557°
CA at S-Gn Spurt Onset: 23 21 r 0.899
4, CA at N-Me Spurt Onset: 23 44 t 0.013"s
CA at S-Gn Spurt Onset: 23
5. CA at Art-Gn Spurt Onset: 23 44 t  0.03a"S
CA at N-Me Spurt Onset: 23
6. CA at Art-Gn Spurt Onset: 23 44 t 0.047"8
CA at S-Gn Spurt Onset: 23
7. CA at Mean Spurt Onsett of Normal Matur. Indiv.: 15 28 t  1.204"S
SA at Mean Spurt Onsett of Normal Matur. Indiv.: 15
8. CA at Mean Spurt OnsetI of Ret. & Accel. Matur. Indiv.: 8 14 t 3.755°"
SA at Mean Spurt Onset” of Ret. & Accel. Matur. Indiv.: 8
9. CA at Mean Spurt Onset* of Normal Matur. Indiv.: 15 20 t 3.587%*
CA at Mean Spurt Onset’ of Retard. Matur. Indiv.: 7
10. SA at Mean Spurt Onset! of Normal Matur. Indiv.: 15 20 t  0.107"
SA at Mean Spurt Onset” of Retard. Matur. Indiv.: 7
11. CA at Mean Facial Spurt Onset**: 23 4 t  o0.01073
CA at Predicted Mean Facial Spurt Onset** at SA 9-0: 23 21 r  0.851
12. CA at 1st Appear. Metacarp. Ses.: 23 44 t 0.7282,5;
CA at Ht. Spurt Onset: 23 21 r 0.840
13. CA at 1st Appear. Metacarp. Ses.: 23 44 t  1.60975
CA at Art-Gn Spurt Onset: 23 2 r 0.898
14. CA at 1st Appear. Metacarp. Ses.: 23 44 t  1.e620%
CA at N-Me Spurt Onset: 23 21 r 0.873
15. CA at 1st Appear. Metacarp. Ses.: 23 44 t  1.6350%

CA at S-Gn Spurt Onset:

23 21 r 0.915

ns Not significant.

** The confidence level of "P" (probability) is less than 1%.

+ Mean Spurt Onset of Ht., Art-Gn, N-Me, and S-Gn.

++

Mean Facial Spurt Onset of Art-Gn, N-Me, and S-Gn.
TABLE 11
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ance in this study (13.11 years) to
within one year on either side of the
mean, the prediction would be in error
35% of the time. On the other hand,
if one were to calculate the spurt onset
from the mean skeletal age of its first
appearance in this sample, all predic-
tions would fall within the limits of ac-
curacy of plus or minus one year. Al-
though the individuals who have re-
tarded or accelerated skeletal matura-
tions account for approximately 30%
of the sample in this study, this same
retarded and accelerated group ac-
counts for 579% of the prediction errors
beyond one year of accuracy when
using the mean chronological spurt
onset age as the means of prediction.
Therefore, the use of a mean derived
from the chronological ages to predict
the growth spurt produces a high de-
gree of Inaccuracy due to the inability
to predict the skeletally-immature or
accelerated individual. Further sub-
stantiation of this is evident in the fact
that there is a significant difference be-
tween the chronological ages of the
first appearance of the pubertal spurt
between retarded and normally-devel-
oping individuals (Table II, Item 9),
while no such difference exists (Item
10) between the same individuals
whose age is calculated according to a
skeletal maturation scale. Therefore,
although the comparison sample sizes
are rather small, it would tend to in-
dicate that skeletal maturity has an in-
fluence on the time of the spurt. In
other words, those individuals whose
skeletal maturity is retarded have their
adolescent growth spurt at a later
chronological age than those who
are maturing at a normal rate.
Since there was only one skeletally-ac-
celerated individual in the study, no
similar statistical comparison between
the accelerated and normally-maturing
individuals could be made.

The fact that there was no signi-
ficant difference between the chrono-

Bergersen

October 1972

logical and skeletal ages of the spurt
onset of the normally-maturing indi-
viduals may be due to the possible
weighted nature of the sample used in
this study in favor of retarded matura-
tion, or the Denver population may
have a significantly different rate of
maturation than the Cleveland chil-
dren represented in the atlas used for
maturation indexing of the sample. Re-
ports of variation from the Cleveland
sample have been made from other
areas, as reported by Johnston.? A
further possibility for the discrepancy
may be due to the presence nf a skele-
tal maturity adolescent spurt, as sug-
gested by Hewitt and Acheson.®?
Four additional facial areas were
studied, namely, anterior nasal spine-
menton {Ans-Me), sella nasion (S-N),
sella-anterior nasal spine (S-Ans), and
nasion-anterior nasal spine (N-Ans).
These areas have relatively small yearly
increments of growth so that often the
spurt onset is not great enough in in-
tensity to be distinguished from the re-
mainder of the growth record. There-
fore, unless the growth spurt exceeded
the preceding or following periods of
incremental growth by at least 0.75
millimeter, it was considered unreliab’e
and so marked on the record for that
individual. The measurements for
height, N-Me, and S-Gn had no ques-
tionable estimates of the timing of the
growth spurt for all individuals in the
study, while Art-Gn had 13% (3),
Ans-Me had 30% (7), S-N had
82.6% (19), S-Ans had 34.8% (8),
and N-Ans had 65.29% (15). As a re-
sult, the estimates regarding the timing
and intensity of the pubertal spurts for
these latter four measurements were
considered unreliable and are presented
in Table I only as a matter of interest.
The average skeletal age of the first
occurrence of the spurt for all four of
the more reliable areas (height, Art-
Gn, N-Me and S-Gn) was 12.59 years
of age, while the average chronological
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age was 13.11 years. The sample dis-
tribution of this study appears to be
weighted to the retarded side of the
skeletal maturity scale, evidenced by
the five-month difference in the above
figures, as previously mentioned. The
discrepancy is also evident from an
analysis of the wrist films of the twenty-
three individuals studied indicating
that 30% (7) were determined to be
retarded while only 4.5% (1) were
accelerated. While the variation in the
skeletal ages of the spurt onset was, as
previously stated, considerably less than
the variation for the chronological
ages of this onset (1/3 the amount), a
variation of 1.52 years was still evident.
One would think that there would be
relatively no variation in the skeletal
ages at the initiation of the spurt. Hans-
man and Maresh,”” in a sample of
thirty-six females, experienced similar
variation in the occurrence of men-
arche’ since skeletally-accelerated girls
tend to have their menarche at an
earlier skeletal age. They felt that it
probably was due to the existence of
factors which stimulate maturity.

In the current study no such rela-
tionship appeared to exist; however,
the sample size was 64% of the size of
the above study. In other words, there
was no significant statistical difference
in the skeletal age of the beginning of
the spurt between retarded and nor-
mally-developing  individuals (Table
11, Item 10). No comparison was pos-
sible between the accelerated and nor-
mally-developing individuals due to the
small sample size of the accelerated
group. As a result, the above finding
would tend to indicate that the rate of
individual maturity as a single entity
is not related to the skeletal age at
which the pubertal growth spurt be-
gins. However, as stated previously, it
does appear to be related to the chron-
ological age at which the spurt begins.

Naturally, it is possible that other
unknown factors, as well as the inherent
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errors of the skeletal age determina-
tions and the calculations of determin-
ing the timing of the spurts, all may
have their influences in producing the
previously noted variations in the skele-
tal ages of first appearances of the
growth spurt. Possibly three of the
most significant factors in producing
variability in spurt onset calculations
for both the skeletal and chronological
age determinations are (a) the fre-
quency of the raw data measurements,
(b) the selection of the particular in-
terval of measurement for plotting
velocity, and (c) the interpolation of
missing data. A random selection of
25% (6 cases) of the individuals in
this study was used to demonstrate
the effect of these three factors in pro-
ducing this variability. Ideally, mea-
surements of facial growth should be
obtained monthly or at least on a
quarterly basis to obtain the most ac-
curate measure of growth velocity.
Measurements of height should ideally
be made even more frequently. Many
factors affect growth on a month-to-
month basis and one, for example, is
the seasonal effect. Tanner®* states that
growth in stature is two to two and a
half times more intense during March,
April and May than it is during Sep-
tember, October and November.
Height calculations in the present
study were measured every six months
and were plotted on that same basis, as
shown in Figure 3, however, for growth
velocity calculations, the data were
plotted on a yearly basis (Fig. 4) to
coordinate with the yearly records of
the face, since they were only available
on a vyearly basis. The semiannual
height data were taken at random
times during the year to coordinate
with chronological age; therefore, sea-
sonal effects would have a random ef-
fect on the group but would affect in-
dividual variation. To test the effect
of frequency of measurements on the
spurt onset, the velocity of growth was
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plotted for the random sample on a
six-month basis while those used in the
body of this study were plotted on a
yearly basis. The mean alteration
in the spurt onset was 0.146 years (2
months) or 10% of the variation in
spurt onset between a yearly and semi-
annual basis of raw data collection.
The range of this alteration was 0.007
to 0.3 years. In other words, one indi-
vidual’s spurt onset was affected 3.5
months. The cephalometric records
were taken on a yearly basis starting
at the ninth month between birthdays
until the individual was approximately
seventeen years of age; after this the
records were usually taken on the an-
niversary of the birth date. Therefore,
in order to coordinate the height and
facial data, considerable interpolation
of the facial data was necessary to
bring it to a yearly basis which would
correspond to the height data. The
velocity of the facial growth was plot-
ted for the random sample for Art-Gn
on a ninth-month basis between birth-
days to test both the possible variation
caused by the selection of a particular
interval of measurement for plotting
velocity (ninth month vs. even years)
and by the interpolation of data. The
mean alteration caused by this change
in technique was 0.130 years (1.5
months) or 9% of the variation of
spurt onset on a skeletal age basis. The
range of variation was from 0.04 to
0.31 years. Therefore, three of the fac-
tors affecting the determination of the
spurt onset tested above could cause
199, variation in the skeletal age spurt
onset calculations. The peak of growth
is most subject to the variation caused
by the particular selection of the in-
terval of measurement in plotting ve-
locity, whether it be on a ninth-month
or twelfth-month basis or whatever. As
a result, the peak of growth will be
identical to the same month selected
for the measurement interval as seen
in Figure 4. For that reason the time
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of the peak of growth was not analyzed
since it was felt that its location would
probably be the most variable of all
data analyzed in this study.

Prediction of the Pubertal Growth
Spurt

There is no significant difference be-
tween the time of occurrence of the
adolescent spurt for body height, ar-
ticulare-gnathion, nasion-menton and
sella-gnathion (Table II, Items 1-6).
There is, however, a significant corre-
lation between the spurt onset of stand-
ing height and the other three facial
dimensions (Table II, Items 1-3). In
other words, the onset of the adolescent
spurt is the same for all four of the
above dimensions. This is in agreement
with Hunter, Singh, Savara and New-
man, and Fukuhara and Matsumoto
who found that the peak year of ado-
lescent growth was significantly corre-
lated with the same dimension in
standing height. Nanda and Bambha
both state that the peak of growth of
the face usually occurs after the same
peak in body height, however, subjzct-
ing Bambha’s results to a stat'stical test
indicates an insignificant difference
(“t” = 0.281) between the time of
the peak of growth of the face and
body height in his sample of twenty-
five males. Nanda’s sample of ten males
is found in Bambha’s sample, therefore,
his results would probably show a simi-
lar result. Eight of the individuals in
the present study, which were also used
in Bambha’s sample, indicate an aver-
age peak of facial growth of 0.97 years
(0.82 years for standing height) after
the onset of the spurt in the present
study. Seventy-five per cent of the peaks
(63% for standing height) occurred
during the first year while 25% oc-
curred during the second year of the
spurt in this study.

Since all dimensions (standing
height, articulare-gnathion, nasion-
menton, and sella gnathion) had spurt
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PREDICTION TABLE gor m& BEGINNING oF T MALE PUBERTAL  GROWTH  SPURT T FACE
SA 8-0 8-6 9-0 9-6 10-0 10-6 11-0 11-6 12-0 12-6 13-0 13-6 14-0
Rate of
Prediction
67% t7m. 7m. 7mo. 6mo. 7mo. 6mo. 6mo. Smo. 6mo. Smo. Sm. Sm.  5mo.
95% 15mo. 13mo. 14 mo. 13mo. 13mo. 12mo. 1lmo. 1lmo. 12mo. 10 mo. 9 mo. 9mo. 10mo.
CA
6-0 10-3
6-3 10-6
6-6 10-9 10-3
6-9 11-0 10-7
7-0 11-4 10-10  10-3
7-3 1n-7 11-1 10-6
7-6 11-10 11-4 10-10  10-1
7-9 12-1 11-8 11-1 10-5
8-0 12-4 11-11 114 10-8 10-4
8-3 12-8 12-2 1.8 11-0 10-7
8-6 12-11 12-5 1-11 11-4 10-11  10-4
8-9 13-2 12-8 12-2 1-7 1-2 10-7
9-0 13.5 13-0 12-6 n-n 1n-s 10-11  10-5
9-3 13-9 13-3 12-9 12-2 11-9 11-2 10-8
9-6 14-0 13-6 13-0 12-6 12-0 11-6 10-11  10-4
9-9 14-3 13-9 13-4 12-10 12-4 1-9 11-3 10-7
10-0 14-6 14-0 13-7 13-1 12-7 12-1 11-6 10-11  10-5
10-3 14-9 14-4 13-10  13-5 12-11 12-4 1-10 11-2 10-9
10-6 15-1 14-7 14-2 13-9 13-2 12-8 12-1 11-6 11-0 10-4
10-9 15-4 14-10  14-5 14-0 13-5 13-0 12-5 11-9 1-3 10-7
11-0 15-7 15-1 14-9 18-4 13-9 13-3 12-8 12-1 11-7 10-10  10-4
11-3 15-10 15-4 15-0 14-8 14-0 13-7 13-0 12-5 11-10 11-2 10-7
11-6 15-8 15-3 18-11  14-4 13-10  13-3 128 12-1 1-5 10-11  10-5
11-¢ 15-11  15-7 15-3 14-7 18-2 13-7 13-0 12-5 11-9 1-2 10-8
12-0 15-10  15-6 14-11  14-5 13-10  13-3 12-8 12-0 11-5 10-11  10-7
12-3 16-1 15-10 15-2 14-9 14-2 13-7 12-11 12-3 11-9 11-3 10-10
12-6 16-2 15-6 15-1 14-5, 13-10 13-3 12-7 12-0 11-6 11-1
129 16-5 15-9 15-4 14-9 14-2 13-6 12-10 12-4 11-9 11-4
13-0 16-0 15-8 15-0 14-6 13-9 13-2 12-7 12-1 11-8
13-3 16-4 15-11  15-4 14-9 18-1 13-5 12-10 124 1-11
13-6 16-3 15-7 15-1 14-4 13-8 13-2 12-8 12-2
13-9 16-6 15-10  15-4 18-7 14-0 13-5 12-11 12-5
14.0 16-2 15-8 14-11 1423 13-8 13-2 12-9
14-3 16-5 1511 15-2 14.7 14-0 136 13-0
18-6 16-3 15-5 1810  14-3 13-9 13-3
14.9 16-7 15-9 15-2 14-6 18-0 13-6
15.0 16-0 15-5 14-10 14-4 13-9
15-3 16-3 158 15-1 14-7 14-1
15-6 16-0 15-4 14-10 144
15-9 16-3 15-8 15-2 14-7
16-0 15-11  15-5 14-10
16-3 16-2 15-9 15-2
16-6 16-0 18-S
16-9 16-3 15-8
17.0 15-11
17-3 16-3
r 0.802%*  0.839%» 0.850** 0.853** 0.868** 0.080** 0.891** 0.899*% 0.881%* 0.918%* 0.931** 0,928%* 0.907**
Sy 0.608 0.562 0.576 0.537  0.543  0.491 0.469 0.452 0.488 0.410 0.378  0.38¢  0.436

**  The confidence level of “P" (probability) is less than 1.

TABLE III
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onsets at the same time (insignificant
differences), a mean spurt onset was
established for each individual for the
three facial dimensions, articulare-
gnathion, nasion-menton, and sella-
gnathion. The ability to predict this
spurt was tested for thirteen different
skeletal age levels with correlation co-
efficients and standard error of esti-
mate calculations. As a result of these
findings Table III was constructed to
show the degree of prediction accuracy:
the predicted chronological age at
which the adolescent spurt will start
(when knowing the chronological age
at any skeletal age from 8 - 14 in six-
month intervals), the correlation co-
efficients, and the standard error of
estimates.

To predict the oncoming two-year
spurt of greatest adolescent growth,
the skeletal age is obtained from Greu-
lich and Pyle’s atlas.* This skeletal age
calculation is then located on the first
horizontal scale (SA) in Table III,
which gives these ages in six-month in-
tervals. The chronological age of the
child at the time of the hand radio-
graph is then located on the first ver-
tical scale (CA), and the predicted on-
set of the two years of greatest inten-
sity of adolescent growth, stated in
chronological years and months, is ob-
tained in the chart. For example, if the
individual is 11 years of age, chrono-
logically, and the hand radiograph in-
dicates a skeletal age of 11.5 years of
age, the predicted growth onset in the
face will occur at 12 years and 1 month
+ 5 months chronologically in 67%
of the population and * 11 months in
95% of the population. The correla-
tion coefficient between the chronolo-
gical age at 11.5 skeletal years of age
and the corresponding onset of the
adolescent spurt is 0.899, which ac-
counts for approximately 819% of all
variation (0.899%); the standard error
of estimate is 0.452, which represents
67% of the population with a predic-
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tion rate of * 0.452 years and 0.904
years (0.452 x 2) in 95% of all indi-
viduals.

The prediction of the oncoming ado-
lescent spurt in the face is more ac-
curate for retarded and accelerated
maturing individuals than for those
maturing normally due to higher vari-
ation reductions. This is significant to
the orthodontist since the onset of
growth spurts in retarded and accel-
erated cases are those most difficult to
predict. The amounts of variation re-
duction for the prediction rates of the
skeletally accelerated and retarded
maturing individuals are found in
Table IV. These predictions reduce
the variation from 61% to 75% over
and above that obtained by using the
mean chronological age of the spurt
onset. The variation reduction is high-
est and the prediction is most efficient
one and one-half years prior to the on-
set of the spurt. These variation reduc-
tion percentages for facial growth
predictions are considerably higher
than most other of the more efficient
prediction studies in the literature.

A practical example of the efficiency
of skeletal age to predict the adolescent
spurt can be seen in Figures 5 and 6.
In Figure 5 is seen the prediction of
the growth spurt by a chronological
mean of its occurrence, while Figure
6 shows the prediction using the figures
in Table IIT and a skeletal age deter-
mination with the use of a wrist ro-
entgenogram. The two individuals
(cases 11 and 108) in the upper seg-
ments of Figures 5 and 6 are skeletally
retarded, while the middle segment is
normal (case 76) and the two lower
cases (125 and 5) are accelerated. The
mean chronological age of the initia-
tion and termination of the two-year
period of greatest pubertal growth is
represented by the wvertical lines at
13.15 and 15.15 years in Figure 5. The
beginning of the spurts for the skeletal-
ly-retarded cases (#11 and #108) oc-



TABLE 1V

PERCENTAGE EFFICIENCY OF PREDICTION (VARIATION REDUCTION)*

SKELETAL AGE

OF ADOLESCENT SPURT ONSET OVER ESTIMATES FROM
ARITHMETIC MEAN**

Group

9-0

9-6

10-0

10-6

11-0

12-0

12-6

13-0

13-6

14-0

Retarded &
Accelerated
Maturation

N =238
S.D. = 1.399
C.A. Onset

Normal,

Retarded &
Accelerated
Maturation

N = 23
S.D. = 1.032
C.A. Onset

Sy Ret. &
Accel.

Sy N, Ret.
& Accel.

63.4

41.0

511

608

62.5

45.5

524

.562

64.6

44.2

496

576

67.3

47.9

457

537

57.5

474

.595

542

65.4

52.3

484

491

72.6

54.5

.383

469

75.2

56.1

.346

452

73.2

52.7

375

.488

74.8

60.3

353

409

70.6

65.8

412

877

68.6

62.7

.439

384

60.9

67.7

547

436

* Based on Comparison (S.D. C.A.) - (Sy)

(S.D. C.A))
** Mean C.A. at Onset = 13.15 Years

100

SS90 88} BIA $1-G0-GZ0Z e /w02 Alojoeiqnd-pold-swiid-ylewssiem-jpd-swiid;/:sdiyy wouy pepeojumoq

% 'ON ¢V 'I°PA

IMoIo) [eE]

166



332 Bergersen

CASE 11

e

October 1972

?
CASE 108 % - %’Z%

CASE 76

M
CASE 125

—to

VELocITY OF CROWTH M4, PER YEAR (FACE) - oM, PER YEAR (HEIGHT)

CASE 5 1

GROWTH  VELOCITY CURVES: HEIGHT
ART - GN

N - ME
S -GN

PREDICTED SPURT ONSET

t t ACTUAL SPURT ONSET
T T

T T T T T T T T T T
CHroN, Act IN YEARS 5 10

T T T T T
-8 -6

T
-12 -10 -4

GRONOLOGICAL  YEARS FROM Mean ONsET oF PUBERRTAL GRowTH épun

Gowm VaociTy (Urves a0 THE Mean ONSET oF THE PBERTAL SPRT

Fig. 5

curs at least one year following the esti-
mated onset of the spurt according to
the chronological mean. In Figure 6,
on the other hand, the actual spurt
starts within a few months from the
skeletally-estimated age of onset. This
illustrates that skeletal age more ac-
curately estimates the spurt onset than
a mean derived from chronological
age. The accelerated cases #125 and #
in Figure 5 show similar tendencies in
that the actual spurt onsets precede
the mean chronological estimate of the
spurt onset by at least one year or more
while in Figure 6 the estimated skele-
tal onset and the actual onset are with-
in a few months from one another.
The normal skeletally-maturing case

#76 (represented in Figures 5 and 6)
shows that the variation between the
actual onset and the estimated onset,
be it chronological or skeletal, is quite
similar. This similarity substantiates
the insignificant differences existing be-
tween the skeletal and chronological
onsets of the spurt in the normally-ma-
turing individuals.

The deviations between the estimates
of the onset of the spurt through the
use of skeletal age assessments and the
actual occurrence of the spurt at skele-
tal age 9-0 had a range of 0.005 to
1.115 years, while the mean deviation
was 0.46 years. Statistically, there is
no difference between the actual onset
and the predicted onset (Table II,
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Item 11), and there is a significant cor-
relation between the measures (Table
II, Item 11).

The metacarpal sesamoid, which is
seen in the hand radiograph medial to
the head of the first metacarpal in the
tendon of the adductor pollicis is often
used as an indicator of the adolescent
growth spurt. Its time of occurrence
was tested as to its possible correlation
with the presence of an adolescent
spurt. The time of first occurrence of
the metacarpal sesamoid in the hand
radiograph was shown to be highly
correlated with the initiation of the
two-year adolescent spurt in height,
Art-Gn, N-Me, and S-Gn (Table II,
Ttems 12-15). Although the mean age
of first occurrence of the metacarpal

sesamoid follows the first occurrence of
the adolescent spurt in the four above-
mentioned skeletal measurements by
seven months, this difference is not
statistically significant (Table II, Items
12-15). As a result it is possible to pre-
dict when the adolescent spurt will
start by the presence of the metacarpal
sesamoid. However, since its first ap-
pearance coincides with the beginning
of the spurt its predictive value is lim-
ited. As a result an orthodontist could
utilize the appearance of the metacar-
pal sesamoid to indicate the onset of
maximum growth; it would be more
useful to precede treatment with a
hand radiograph utilizing the skeletal
age as a predicting determiner of

333
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TABLE V
MEAN YEARLY INTENSITY OF GROWTH (MALE)

3rd, yr 2nd. yr. 1st, yr. 1st. yr. 2nd. yr. 1st, yr.
Prior to Prior to Prior to of of After End of
Spurt Spurt Spurt Spurt Spurt Spurt
Height  Mean, S.D. 5.18 £0.90 5.15%0.86 547 *0.63 8,07 £0.94 8.49%t1.21 4.27*%1.15
cm. Range 4.0 -7.5 3.4 -6.8 4.4 -6.8 6.4 - 9.9 5.5 -11.3 1.4 -5.9
Articulare-Gnathion  1.92 ¥ 0.82 1.54 Y 0.55 2.04 £ 0.47 3.81 *0.84 3.25%0.60 2.05%0.58
mn. 1.0 - 4.5 0.5 -2.75 0.75-2.75 2.5 -6.25 2.5 -4.75 1.0 - 3.25
Nasion-Menton 1.79 Y 0.87 1.70*0.76 1.90t0.81 3.64 t1.15 3.45%t0.89 1.61 % 0.64
m. 0.25 -4.75 0 -3.25 0.75-4.75 0.5 - 6.0 2.25 - 5.25  0.25 - 2.75
Sella-Gnathion 2,18%0.89 1.99%t0.50 2.16%0.50 4.05%0.72 3.83t0.64 2.10%0.48
mm. 1.0 ~5.75 1.0 -3.0 1.0 -3.0 2,75 -5.75 3.0 -525 1.0 -2.75

growth up to at least five years prior to

the spurt onset.

Intensity of Adolescent Growth

The intensity or velocity of growth
was studied during the first and second
year of the adolescent spurt, as well as
the three years preceding the onset of
the spurt and one year following the
end of the two-year spurt. Averages of
these rates of growth are found in
Table V. The most obvious change in

growth rate takes place

first year prior to the spurt and the
first year of the adolescent spurt and
is substantiated statistically, by the “t”
test, (Table VI) for all of the measure-
ments represented in Table V (height,

Art-Gn, N-Me, and S-Gn). Statistical-
ly, therefore, there is a definite altera-
tion in growth rate at the beginning of
the adolescent spurt which continues
for approximately two years. After that
there is a significant tapering off in
the year following the end of the
two-year spurt (Table VI). The facial
growth during the year before the spurt
starts and during the year following
the end of the spurt is approximately
one-half the rate of the growth during
the spurt.

The growth (height and facial) dur-
ing the first year of the adolescent
spurt was statistically the same as the
second year of the spurt with consider-
able individual variation with means

between the

TABLE VI

SUMMARY OF STATISTICAL COMPUTATIONS REGARDING

INTENSITY OF GROWTH
(utn) Test

3rd Yr. Prior 2nd Yr. Prior 1st Yr. Prior

2nd Yr. Spurt

to Spurt to Spurt to Spurt 1st Yr. Spurt vs.
vs. vs. Vs, Vs, 1st Yr. After
2nd Yr. Prior 1st Yr. Prior 1st Yr. Spurt 2nd Yr. Spurt Spurt
to Spurt to Spurt
Ht. 0.121 1.392 10.789* 1.266 11.873*
Art-Gn 1.800 3.226* 7.605* 1.601 6.755*
N-Me 0.398 0.875 5.821* 0.633 7.884*
S-Gn 0.894 1.153 10.152* 1.109 10.112*

* Significant at the 1% level.

Degrees of freedom 44.
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for the facial growth varying from
3.25 to 4.05 millimeters per year, while
for height it was between 8.07 to 8.49
centimeters per year. In the years
preceding the spurt it appears that
the growth velocity slows down from
the third to the second year prior to the
spurt onset, while from the second to the
first year prior to the spurt there is a
gradual increase. Statistical analysis of
the data, however, disproves any differ-
ences in the rates of growth of the three
years prior to the spurt with one single
exception, which is between the second
and first years prior to the spurt of
Art-Gn where there is a definite in-
crease in growth (Table VI). The
mean intensity of growth during these
three years prior to the spurt onset
varied between 1.54 to 2.18 millimeters
per vear in the face and between 5.15
to 5.47 centimeters per year in height.
The mean growth velocity during the
year following the end of the spurt
varied from 161 to 2.10 millimeters
per year in the face and was 4.27 cen-
timeters per year for standing height.

The transition of the rate of growth
from the three years prior to the spurt
onset to the two years of the adolescent
spurt is quite severe in the face com-
pared to that present for standing
height. The growth in the face three
years prior to the spurt is only 76 to
809% that of the growth during the
two-year spurt, while in height it rep-
resents 95%. The growth during each
year of the facial spurt is approximately
819% more than the amount present in
the year prior to the spurt, while in
standing height it is only about 51%
more than the year prior to the onset
of the adolescent spurt. Following the
second year of the facial spurt, facial
growth decreases 55%, while in skele-
tal height the mean decrease is 50%.
Clinically, this is extremely meaningful
to the orthodontist. Orthodontic treat-
ment, if it is dependent on facial
growth, would be greatly benefited if it

Facial Growth
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could be properly timed to coincide
with the two years of most intense
growth during adolescence. As a result
of this study the greatest period of
adolescent growth can be coordinated
with the initiation of orthodontic treat-
ment through proper prediction with
the aid of a skeletal maturation esti-
mate.

SumMMARY AND CONCLUSIONS

This investigation relates skeletal
maturity, as estimated from hand
radiographs, to the facial adolescent
growth spurt represented by the two
years of most concentrated growth.
The sample consists of semiannual
hand-film and standing-height data
and yearly lateral cephalometric radio-
graphs on twenty-three males from
birth to full maturity. Seven linear fa-
cial dimensions involving the anterior
cranial base length, upper face height
and depth, lower face height and
depth, total face height, and the “Y”
axis were measured, corrected for en-
largement, and plotted for velocity of
growth on a yearly basis from three
years of age to adulthood. Standing
height was plotted in the same manner,
and the onset and termination of the
adolescent growth spurt was calculated
for all measurements. A technique for
the prediction of the adolescent growth
spurt was presented and statistical an-
alyses were used to test the relationship
between the velocity and timing of fa-
cial growth to skeletal maturation esti-
mates represented by skeletal age deter-
minations and the appearance of the
metacarpal sesamoid.

As a result of this investigation, the
following conclusions can be made:

1. A significant correlation exists be-
tween the onset of the male adolescent
spurt of all facial dimensions studied
and standing height.

2. No significant difference exists be-
tween the onset of the male adolescent
spurt, represented by total face height,
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the “Y” axis, mandibular length, and
standing height.

3. The skeletal age estimate of the
male adolescent spurt onset has one-
third (36%) the wvariation of the
chronological age estimate and is a
more accurate indicator of the timing
of the spurt than is chronological age.

4. Skeletal maturation is significantly
correlated with the onset of the male
adolescent growth spurt in the face
from at least five years prior to the on-
set through one year following the on-
set of the spurt.

5. Prediction tables, utilizing the
hand-film index of skeletal maturity,
are presented which eliminate up to
75% of the variation when compared
with estimates of the adolescent spurt
utilizing chronological age.

6. The metacarpal sesamoid is sig-
nificantly correlated with the onset of
the male adolescent growth spurt in
the face and in standing height.

7. There is a significant increase in
growth at the time of the adolescent
spurt onset, and a significant decrease
following the two year spurt in the
face and in standing height.

8. There is no difference in the in-
tensity of growth between the two
years of the adolescent spurt in the
face and in standing height.

950 Linden Avenue
Winnetka, Illinois 60093
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