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The orthodontist knows the impor-
tance of attempting orthopedic correc-
tion in certain malocclusions. How-
ever, the reaction of the facial complex
to orthopedic forces has not been
well-defined when related to yearly in-
crements of facial growth. Accurate
prediction of periods of rapid circum-
puberal facial growth increments for
each individual would be desirable in
treatment planning. Various indica-
tors, such as chronologic age. height
and weight gain, and the onset of
puberty by use of the hand-wrist
radiographs have been studied, but
disagreements among investigators as
to the relative value of these matura-
tional indicators can be found in the
literature. The purpose of this paper
was to study one of these indicators,
the utilization of the hand-wrist radio-
graph, in predicting the timing of ver-
tical facial growth. The clinical reac-
tions of the maxilla to orthopedic
forces during these periods of growth

and the concurrent mandibular
growth response will be demon-
strated.

LITERATURE REVIEW

Graber!® has reported that most of
the orthodontic problems seen for cor-
rection are Class II malocclusions.
One of the main characteristics of
these problems is the excessive antero-
posterior apical base difference. In se-
vere Class IT malocclusions it has been
suggested that therapy be started
early, even in the deciduous denti-
tion. Some believed therapy should
be initiated in the mixed dentition,
preferably after full eruption of the
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four maxillary incisors and after their
roots have been fully formed. This is
usually around eight and one-half
years of age. Others advocated wait-
ing until ten and one-half to twelve
years of age in girls and twelve and
one-half to seventeen years of age in
boys, or during the height of pubertal
growth spurt. It was felt that by using
orthopedic forces to restrict horizontal
maxillary growth increments while
mandibular adjustment growth oc-
curred, orthodontic correction could
be accomplished. When patient co-
operation occurred, and proper appli-
cations of extraoral forces were used,
good results could be and have been
achieved in Class II malocclusion cor-
rections.

Numerous growth studies have been
recorded in the literature. In 1759
Count Philbert Gueneau de Mont-
beillard2® began the earliest known
longitudinal growth study using his
son’s yearly incremental growth rec-
ords. From thirteen and one-half to
fifteen years of age, a period of ac
celerated growth was recorded, fol-
lowed by a period of slower terminal
growth. This period of accelerated
growth is now known as the adoles-
cent or circumpuberal growth period.

Correlation of a facial growth spurt
at the same time as the circumpuberal
growth spurt was a question needed
to be answered for the orthodontist.
Hunter,'® Singh, Savara and Miller?s
Bjork,* and Nanda?' agreed with
Bergersen® who concluded that “a
significant correlation existed between
the onset of the male adolescent spurt
of all facial dimensions studied and
standing height.” Only Nanda and
Bambha and Van Natta? felt that the
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peak of facial growth usually oc-
curred later. However, most research-
ers seem to support the view that
both growth spurts occurred at the
same time.

Having found correlations of body
and facial growth periods, chrono-
logic age, dental age and skeletal age
relationships needed study. Using
chronologic age as a means of pre-
dicting growth was soon found to be
inconsistent. In a recent report by the
National Center for Health Statis-
tics?2 a secular trend of ever-increas-
ing size and earlier maturation re-
quired a reevaluation of growth
charts for the U.S. child population
of like age and sex. Bjork,* Bambha
and Van Natta,! Lewis and Garn,*®
and Green'? reported studies on tooth
formation, calcification, and eruption
with skeletal maturation. Again the
majority agreed that dental age could
not be used accurately to estimate
skeletal maturation.

According to Krogman,'” the basic
intrinsic biologic age of the child is
his skeletal age. He believes positive
and significant correlations occur be-
tween craniofacial dimensions, dimen-
sional proportional growth

the
the

skeletal age. Crampton” first described
the principles ol skeletal maturation
in 1908. Buehl and Pyle,* Todd,*" and
Greulich and Pyle'* helped develop
the present system of using hand and
wrist radiographs to determine skel-
etal maturity. More rccently, Tanner
et al.?® published Assessment of Skel-
etal Maturity and Prediction of Adult
Height to aid in the practice of pedi-
atrics. These backgrounds were the
basis of more recent studics by gradu-
ate students at The Ohio State Uni-
versity.>®1%1* The appearance of the
sesamoid bone and the closure of the
distal epiphysis of the sccond digit
were related to the incremental
changes of body, mandibular and
maxillary heights. Some of the con-
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clusions drawn were: 1. The earlier
appearance of the sesamoid than pre-
viously reported (girls—10.6 years and
boys—12.8 years). 2. Significant accel-
eration in body height began the year
of and peaked the year after sesamoid
ossification. 3. Maximum body height
rate never occurred after closure of
the distal epiphysis of the second
digit. 4. Mandibular growth peaked
the same time as body growth and
decelerated thereafter. 5. Vertical
growth of Point “A” followed the
same pattern as body growth.

The use of orthopedic forces was
popularized by Kloehn,* who stated
that the correct time to initiate treat-
ment was early, thus providing the
best facial balance and stability. On
the other hand, Newcomb?® was dis-
appointed with extraoral therapy;
would the lack of unfavorable incre-
mental growth in his Class II cases
have been the reason? Marschner and
Harris'® suggested that the growth
potential of untreated Class II cases
was never realized, and further, a fa-
vorable mandibular growth rate was
found in some Class II patients un-
(lergromg therapy, particularly in the
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Ryan’s** unpublished master’s the-
sis at Northwestern related incremen-
tal growth; he found yearly incre-
ments of upper and lower face height
for males and females from nine
through seventeen. Two observations
became obvious from his figures. The
upper face seemed to spurt before the
lower face and females spurted before
males.

Dermaut  and  O’Reilly® studied
twenty-four females and related upper
and lower face height growth to the
menarche. The upper face-height
peak velocity occurred most often at
eleven and twelve. The lower face-
height peak velocity occurred at
twelve  and  thirteen.  Significant
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growth was found prior to and after
menarche, but the amount before was
usually greater.

This study hopes to add to the sub-
ject of incremental vertical growth
of the upper and lower face, related
to the skeletal age as assessed by the
presence of the sesamoid bone of the
thumb and the closure of the distal
epiphysis of the second digit. The re-
action of the maxilla to applied or-
thopedic forces and the concomitant
changes of the mandible at different
times during vertical facial growth
will be demonstrated.

METHODS AND MATERIALS

The materials used in this investi-
gation were derived from the files of
the Department of Orthodontics, The
Ohio State University. Thirty-eight
patients were selected who had not
received orthodontic treatment and
were in normal or Class 1 occlusion.
Of these, twenty-one were females and
seventeen, males. Because incremental
changes of facial height were our
main interest, a series of ten films was
utilized. The first was taken four
years before the presence of the ad-
ductor sesamoid and the last, two
years after the closure of the distal
epiphysis of the second digit. The
mean age for the appearance of the
sesamoid was 10.60 years in the female
and 12.30 years in males. The mean
age for closure of the distal epiphysis
of the second digit was 12.92 years in
the females and 15.20 years in the
males.

Tracings of the lateral head plates
were made in the usual manner and
the anatomical points of interest were
located. The tracings were then laid
on millimeter graph paper as follows:
the graph paper was divided into four
equal quadrants by two coordinates.
or axes of reference; one horizontal
(X), and one vertical (Y); the SN
plane was chosen as the plane of ref-
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Fig. 1 Orientation of the tracings on graph
paper that is divided by two axes of refer-
ence, X and Y. SN is laid on the X axis with
S superposed at the intersection of the X and
Y axes.

erence and was laid on the X axis
with § superposed at the intersection
of the X and Y axes (Fig. 1). Positions
for each anatomical point could be
established to the X and Y axes for
all age groups. These were defined
as distances in millimeters from the
respective axes. The factor of size dis-
tortion introduced by the distance of
the film from the midsagittal plane
required consideration. Corrective
magnification factors were used for all
measuremernts.

The distance from the X axis to
ANS and the distance from ANS to
Gn measured perpendicular to the
X axis were recorded. To find the
amount for any one year, the distance
recorded for the previous year was
subtracted from the amount recorded
for that year. These results were tabu-
lated from three years before the
presence of the sesamoid bone to two
years after the closure of the distal
epiphysis of the second digit and re-
corded in tables.

FinbINGS

The means and standard errors for
each year for upper face height, lower
face height, and for males and females
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The mean and S.E. of the incremental vertical growth amounts per ycar of upper face

height and lo
presence of the sesamoid bone

wer face height for males and females as related to the skeletal age and the
and the closure of the distal epiphysis of the second digit.

Females Males
Upper Lower Upper Lower
Face Face Face Face
S.A. No. Mean S.E. Mean S.E. S.A. No. Mean S.E. Mean S.E.
8 18 13% 150 1.59 .165 10 15 0.87 .117 1.03 .260
9 21 117 .160 1.06 .159 11 17 115 131 0.87 137
10 21 105 .096 1.00 .174 12 17 075 164 094 143
11 21 102 .136 090 .147 13 17 101 .122 1.36 168
12 21 112 170 1.56 .208 14 17 139 244 164 213
13 21 093 .154 1238 205 15 17 108 .160 245 237
14 21 040 .122 0.89 .152 16 17 069 .157 140 223
15 21 043 124 0.75 173 17 17 049 .159 141 260
16 17 011 .066 0.61 .158 18 10 043 206 0.74 240
7.56 1059 Sum of Means 7.86 11.83
0.226 Mean of Difference 0.44
.084 S.E. 163
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Fig. 2 The mean and standard crror of the mean (S.E) of the yearly increments for
upper and lower face height from three years before the presence of the sesamoid to two
years after the closure of the distal epiphysis of the second digit in males.

are seen in Table I. Also included is
the sum of the increments per year
for upper and lower face, the “t”
value of this difference, the S.E. of the
difference and the probability. The

probability for males and females was
.03, both being significant.

In the boys (Fig. 2) the yearly in-
cremental growth amounts for upper
face height started to increase the year
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Fig. 3

The mean and standard error of the mcan (S.E) of the ycarly increments for

upper face height and lower face height from those years before the presence of the sesa-
moid to two years after the closure of the distal epiphysis of the second digit in females.

of the sesamoid appearance, peaked
the next year, and decreased there-
after. Lower face height showed an
increase the year of the sesamoid but
did not peak until two years later,
and then decreased until the end of
the study.

The findings in the girls (Fig. 3)
varied from that found in the boys.
Both upper and lower face height
showed a high yearly rate of increase
at the beginning of the study and re-
duced yearly until the year of the
sesamoid bone appearance. Upper
face height increments increased the
year after the sesamoid appearance
and then reduced to an insignificant

amount at the end of the study.
Lower face height increments also in-
creased the year after the sesamoid
appearance but reduced slowly until
two years after the closure of the dis-
tal epiphysis of the second digit and
the end of the study.

Discussion

The initial hypothesis for this study
developed over a period of years by
observing treatment results and cor-
relating height and weight gain to
cephalometric changes seen in the pa-
tients' headplates. In one female pa-
tient the correction of the molar re-
lationship of a Class II malocclusion
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Fig. 4 Casc C. P. superposed on the ANS-
PNS plane, registering at point A. Upper
face height increased 3 mm and lower face
height increased I mm. Dashed line 9 years
7 months, solid line 11 years 4 months.
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Fig. 5 Case C. P. superposed on the ANS-
PNS plane, registering at point A. Upper
face height increased 2 mm while lower face
height increased 6 mm. Solid line 11 ycars 4
months, dashed line 13 years | month.

occurred in a period of six months
during which time the patient grew in
height two and a half inches.

Other observations noted were the
differences of upper and lower anterior
facial height growth periods. By su-
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perposing on the ANS-PNS plane and
registering on “A”, the amounts of
upper face height could be compared
with lower face height. Using a typi-
cal Class IT treated case (female) as an
example, the greater amount of upper
face height than lower face height
growth can be seen (Fig. 4). Her
chronologic age was 9 years 7 months
and skeletal age 9 years 6 months. At
a later period of time in the treatment
of the same case, there was a greater
amount of lower face growth than
upper (Fig. 5).

The difference in timing of upper
and lower face height changes could
not be explained unless they were re-
lated to skeletal developmental differ-
ences. Using a nontreated Class 1
sample an attempt was made to deter-
mine if such differences existed.
The male results correlated to what
was observed clinically. The peak of
upper face incremental growth oc-
curred one year after sesamoid bone
presence. This also correlated with
our previous findings as related to
body height increments.®'* Lower face
height peaked one year later and re-

semnbled  the Ryan's
paper.?*

In the females the upper and lower
face incremental growth amounts
peaked the same year as body height
increments. Again the findings corre-
lated to body height increments with
our previous findings when related to
sesamoid presence and closure of the
distal epiphysis of the second digit.5*°
The curves of incremental upper fa-
cial growth followed the same pattern
as that seen in Dermault and
O'Reilly’s article;® they measured N-
ANS distances. Our findings did not
agree with theirs concerning lower
face height occurring one year later
than upper face height. Ryan also
showed the same findings as Der-
mault and O'Reilly.

If the data in this study are signifi-
cant, the application of cervical head-
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gear in Class IT malocclusions should
show different responses in the max-
illa based on the skeletal age. At the
same time the mandibular response
should show a later vertical growth
spurt on the basis of the later and
longer period of time of the growth
increments. As the females in this
study showed peaking of upper and
lower face heights at the same time,
using them as examples would be a
better test of the difference of re-
sponses to treatment than would the
males. Three treated Class II cases
have been compared: (1) treatment
starting one year before the expected
presence of the sesamoid bone or ap-
proximately nine years six months
skeletally in females and eleven years
six months skeletally in males; (2)
treatment starting at the time of the
presence of the sesamoid bone or
approximately ten years six months of
age skeletally in females and twelve
years six months skeletally in males;
and (3) treatment starting about one
year after the presence of the sesamoid
bone or eleven years six months of
skeletal age in females and thirteen
years six months of skeletal age in
males.

All the girls to be illustrated were
treated with a cervical headgear, and
a lower utility arch to level the man-
dibular curve of spee. Elastics on the
inner bow of the headgear were used
to retract the maxillary anteriors after
Class I molar relationship was ob-
tained. The tracings are superposed on
the SN plane and registered at S.
These superpositions will show the
tipping of the palatal plane due to
orthopedic force application at the
pterygomaxillary fissure.

The first patient, K. J., was seven
years two months old but skeletally
nine years of age when records were
taken. Eighteen months later after fif-
teen months of treatment and now
skeletally ten years and six months of
age, progress records were taken (Fig.

Vertical Growth

Fig. 6 K. J. was 7 years and 2 months old,
but 9 years skeletally at the first record.
After 15 months of treatment, the second
record at 8 years 5 months of age and
skeletally 10 years 6 months is superposcd
on SN at S.

6). Superposed tracings show a tipping
of the palatal plane. Vertical meas-
urements taken perpendicular to the
palatal plane show a 5 mm increase of
upper face height and only 2.5 mm of
lower face height. Some of the lower
height increase may have been due to
a clockwise rotation of the mandible
as the maxillary first molars elongated
and tipped distally. During this period
of time K. J. grew three and one half
inches in height.

The second case (Fig. 7), S. S., was
ten years six months of age skeletally
and chronologically when treatment
started. After fifteen months of treat-
ment, second headplates were taken
and both ages were now twelve years.
Superposed tracings showed palatal
tipping as in the first example. The
amount of vertical increase in the
upper and lower anterior face heights
was equal, each measuring 4 mm. The
mandibular plane did not change and
8.S. grew four and one half inches in
the eighteen months between records.

The third girl, P. C. (Fig. 8), was
eleven years six months of age skele-
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Fig. 7 S. 8. was 10 years 6 months chrono-
logically and skeletally age at the first record.
After 15 months of treatment, the second
record is superposed on SN at S. She was
12 years old both chronologically and skele-
tally.

tally at the time of records. Her chro-
nologic age was thirteen years and
eleven months. Eighteen months later,
the patient was thirteen years of age
skeletally, chronologically ffteen years
six months, and had grown only two
inches in body height. Superpesed
tracings showed a slight tipping of the
palatal plane with 2 mm of upper face
anterior height. The mandible showed
5 mm of lower anterior vertical face
growth and remained parallel in its
descent during the correction of the
Class II malocclusion.

These three cases typified the re-
sponses seen when observing clinical
progress in Class II treatment. Appli-
cation of orthopedic forces to the
maxilla produced a tipping of the
palatal plane. The amount of tipping
depended on the skeletal age treat-
ment was initiated, that is, before,
during, or just after the presence
of the adductor sesamoid bone. The
earlier the application of the ortho-
pedic force, the greater the palatal
plane tipped. Parallel descent of the
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palatal plane appeared in Class II
treatment if treatment was started at
an older skeletal age, approximately
one year before closure of the distal
epiphysis of the second digit.

Mandibular response  appeared
more favorable if treatment was start-
ed at or shortly after the presence of
the sesamoid and before the closure
of the distal epiphysis of the second
digit. This correlates the findings of
Fahrbach®® and Heiber* who showed
the peak of mandibular growth mea-
sured as Ar-Gn to follow the same
pattern as body height increments.
This occurred the two years after
sesamoid bone presence and before
the closure of the distal epiphysis of
the second digit.

This study covered only the an-
terior vertical incremental growth
changes during the period of four
years before the presence of the sesa-
moid bone to two years after the clos-
ure of the distal epiphysis of the sec-

Fig. 8

P. C. was chronologically 13 years
11 months and 11 years 6 inonths skeletally
at the first record. After 15 months of treat-
ment, the sccond record is superposed on
SN at $ when she was 15 years 6 months of
age and 13 years skeletally.
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ond digit. The amount of horizontal
change of the upper and lower face
increments and the effects of treat-
ment on both maxilla and mandible
are under progress at this time. The
effects of leveling the mandibular
dental arch should also be considered
when studying the reaction of the
mandible to see if there is an increase
of mandibular growth rates as inti-
mated by Marschner and Harris.

SumMARY AND CONCLUSIONS

The present study shed some light
on the anterior incremental vertical
growth rates of the face. Both girls’
and boys’ upper and lower faces were
studied starting four years before the
presence of the adductor sesamoid of
the thumb and stopping two years
after closure of the distal epiphysis of
the second digit. Examples of the
treatment of Class 1I, Division 1 mal-
occlusions using orthopedic (cervical
headgear) forces during the skeletal
age period studied were shown. The
reactions of vertical changes of the
maxilla along with those of the man-
dible were demonstrated. The clinical
responses of both maxilla and mandi-
ble should be predictable if skeletal
age is used in treatment planning.

6565 Worthington-Galena Rd.
Worthington, Ohio 43085

BIBLIOGRAPHY

1. Bambha, J. K., and Van Natta, P.: Lon-

gitudinal study of facial growth in rela-
tion to skeletal maturation during ado-
lescence. Am. J. Ortho. 45:481-493, 1963.

: A longitudinal study of occlu-
sion and tooth eruption in relation to
skeletal maturation. A4.J.0. 45:847-855,
1959.

3. Bergersen, E. O.: The male adolescent
facial growth: Its prediction and relation
to skeletal maturation. Angle Ortho. 42:
319-837, 1972.

4. Bjork, A.: Bite development and body
build. Dental Record. 75:8-19. 1955.

5. Brown, G. C.. The relationship of the
closure of the distal epiphysis with the

Vertical Growth

10.

11.

1.

16.

17.

19.

20.

. Green,

187

circumpuberal growth period in the fe-
male. Masters Thesis, The Ohio State
University. 1976,

. Buehl, C. and Pyle, S.: The use of age at

first appearance of three ossification cen-
ters in determining the skeletal status
of children. J. Pediatrics. 21:335-341,
1942, N

. Crampton, C. W. Physiological age, a

fundamental principle. Am. Phys. Ed.
Rev. 13 No. 3-6, 1908, reprinted in Child
Develp. 15:1-52, 1944,

. Dever, D. E.: The relationship of the

closure of the distal cpiphysis of the
second digit in males to the circumpu-
beral growth rates of the mandible and
body height and weight. Masters Thesis,
The Ohio State University. 1976.

. Dermaut, L, R. and O'Reilly, M. L. T.

Changes in anterior facial height in girls
during puberty. Angle Ortho. 48:163-171,
1978.

Fahrbach, J. R.: The relationship of the
adductor sesamoid- bone in females to
circumpuberal growth rates in the man-
dible and body height and weight. Mas-
ters Thesis, The Ohio State University.

1976.

Graber. T. M. Current Orthodontic
Concepts and Techniques, W. B. Saun-
ders Co., Philadelphia, 1969.

L. J.. ‘FThe interrelationships
among height, weight and chronological
dental and skcletal ages. Angle Ortho.
31:189-193, 1961.

. Greulich, W. W. and Pyle, S. 1.: Radio-

graphic Atlas of Skeletal Development
of the Hand and Wrist., Stanford Uni-
versity Press, Stanford, CA. 1970.

Heiber, R. G.: The relationship of the
ulnar sesamoid bone in males to circum-
puberal growth rates of the mandible
and body height and wecight. Masters
Thesis, The Ohio State University. 1975.

. Hunter, C. J.: The correlation of facial

growth with body height and skeletal
maturation at adolescence. Angle Ortho.
36:44-54, 1966,

Kloehn, S. J.: Evaluation of cervical an-
chorage force in treatment. Angle Ortho.
31:01-104, 1961.

Krogman, W. M.: Biologic timing and
the dento-facial complex. J. Dent. Child.
35:175-182, 328-340, 377-381, 1968.

. Lewis, A. B. and Garn, S. M.: The rela-

tionship between tooth formation and
other maturational factors. Angle Ortho.
30:70-77, 1960.

Marschner, J. F. and Harris, J. E.: Man-
dibular growth and Class II treatment.
Angle Ortho. 28:131-148, 1958,
Montbeillard. P. G.: from Scammon,
R. E.: The first seratim study of human
growth. Am. ]. Phys. Anthrop. 10:329-
336, 1927.



188

21.

22.

23.

24.

Nanda, R. S.: The rates of growth of
several components measured from serial
cephalometric roentgenograms. Am. J.
Ortho. 42:658-673, 1955.

N.C.HS. Growth Charts, 1976. Dcpart-
ment of Health, Education and Welfare.
Vol. 25 (3) Supplement, June 22, 1976,
Newcomb, M, R.: Somc observations on
extraoral treatment. Angle Ortho. 28:131-
148, 1958.

Ryan, F. S.: A longitudinal study of the
anterior vertical growth of the face and
dentition. Masters Thesis, Northwestern
University. 1962.

Williams

25,

26.

217.

July 1980

Singh, 1. J., Savara, B. 8., and Miller,
P. A.: Interrelationships of skeletal mea-
surements of the face and body in pre-
adolescent and adolescent girls. Growth,
31:119-131, 1967.

Tanner, J. M., Whitehouse, R. H., Mar-
shall, W. A,, Healy, M. J. R., and Gold-
stein, H.: Assessment of Skeletal Maturity
and Prediction of Adult Height (TW2
Method). Academic Press, New York,
1975.

Todd, T. W.: Atlas of Skeletal Matura-
tion. C. V. Mosby Co., St. Louis, 1936.



