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The purpose of this study is to quantify the changes in facial dimensions and relationship as well as in standing
height which occur between the age of 5 years and adulthood. The total change between the ages of 5 and 25.5
years was arbitrarily divided into three periods of growth: from 5 years to 10 years of age (GP 1), from 10 to 15
years of age (GP If), and from 15 to 25.5 years of age (GP 1ll). The subjects included twenty males and fifteen
females for whom complete sets of data were available for the period of this study. All subjects had clinically
acceptable occlusion and had undergone no previous orthodontic treatment. Descriptive statistics summarized the
changes in standing height and the facial parameters for males and females at 5, 10, 15, and 25.5 years of age.
The analysis of variance and Duncan’s multiple-range test were used for posterior tests of significance in the
comparisons between the three periods of growth for each of the parameters and for both males and females.
The findings in this investigation indicated that (1) the timing and magnitude of change in the various facial
parameters differ during the same growth period as well as between males and females; (2) in general, most of
the changes in the various parameters in females occurred in GP | and GP li, whereas in males the changes
were relatively distributed over the three periods of growth; (3) changes in GP lil for some parameters were of
clinically significant magnitude (for example, in females the ratio of anterior face heights decreased significantly in
GP Il whereas in males a significant increase occurred in Ar-Pog, SNB, and SNPog, while the maxillary and
mandibular relationship, the ratio of anterior to posterior face heights, MP-SN angle, and the convexity of the
soft-tissue profile continued to decrease significantly during GP ll); (4) during GP lil, with the exception of
standing height and mandibular depth, there were no significant differences in the magnitude of change between
15 and 17 years of age and the change after 17 years of age; and (5) the data provided by this investigation are
useful in describing mean trends, but not in predicting changes occurring in both the size and/or relationship of
some facial parameters after 15 years of age; the magnitude of these late changes, at least in certain persons,
could either beneficially or adversely influence the orthodontic and/or surgical treatment results.
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As orthodontists we are interested in un-
derstanding how the face changes from its embryologic
form through childhood, adolescence, and adulthood.
Of particular interest is an understanding of how and
where growth occurs, how much growth is remaining in
a person who needs orthodontic treatment, in which
direction and when growth will express itself, what
roles the genetic and environmental factors play in
influencing facial growth and, in turn, how we can
influence these factors with our treatment to achieve the
optimal results within the potential of each individual
patient.

By determining how much and when substantial
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amounts of growth do occur, one could treat persons
with anteroposterior and/or vertical discrepancies either
with different types of orthopedic appliances or by or-
thognathic surgery. The choice of treatment plans
would depend, in part, on a thorough understanding of
what happens during the various periods of growth and
when facial growth can be considered complete.
Numerous investigators have described and quan-
tified bodily and facial growth changes at various peri-
ods.™"' It is accepted that the growth of the various
parts of the head neither proceed at the same rate nor
follow the same pattern. According to Scammon and
associates,'?> the cranium follows the neural growth
curve while the middle and lower anterior parts of the
face follow the bodily or general growth curve. They
described the remaining growth between the ages of 10
and 20 years as 4% in the cranium and 35% in the
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middle and upper parts of the face. Salzmann?® asserted
that at the age of 6 years the brain case is almost com-
pleted but the face is characteristically infantile. Ac-
cordingly, he believes that growth of the face is in-
fluenced to a relatively greater degree by environmental
factors.

It is aiso accepted that, within the dentofacial com-
plex, the changes in its various parts do not follow
similar patterns. Meredith!? found that, on the average,
the indices of the upper face depth to upper face width
remain practically constant (73%) throughout the
childhood period between 5 and 11 years, but this aver-
age constancy is not found in all persons. On the other
hand, the corresponding indices for the lower face in-
crease from 80% at age 5 to 82% at age 11. Similarly,
indices of upper face depth to anterior face height de-
clined from 89% at age 5 to 85% at age 11. The corre-
sponding indices of the lower face change from 78% at
the age of 4 years to 84% at the age of 16 years. These
findings, as well as those in other investigations,!~!?
indicate that the changes in facial dimensions and rela-
tionships do not proceed at a constant rate in the various
parts of the face.

A number of longitudinal and semilongitudinal
studies, described the change in various facial dimen-
sions and relationships. Broadbent and associates'® ex-
amined sixteen boys and sixteen girls between the ages
of 1 and 18 years. They calculated yearly standards for
various parameters and constructed average tracings for
each year. Riola and colleagues'® similarly presented
data on a number of facial parameters between the ages
of 6 and 16 years. Bishara and Jamison and their co-
workers'” ¥ discussed the changes that occur in the
face as they relate to standing height between the ages
of 8 and 17 years.

Very few studies' * presented information con-
cerning changes in facial parameters past the age of 17
or 18 years. One might presume that the lack of interest
could be related to the fact that longitudinal data are not
readily available or to the belief that facial growth is
almost completed by that time. On the other hand,
Bjork? indicated that mandibular length (Ar-Pog) con-
tinued to increase in a number of persons past the age of
20 years. This, combined with the controversy?! con-
cerning the effect of ‘‘early’” orthognathic surgery on
the residual maxillary and/or mandibular growth,
should encourage us to learn more about the overall
changes in facial dimensions and relationships at dif-
ferent ages.

PURPOSE OF THE STUDY

The purpose of this study is to quantify the changes
in the facial dimensions and relationships, as well as
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‘1 Fig. 1. Landmarks used.

those in standing height, that occur between the age of
5 years and adulthood.

The total change between the ages of 5 and 25.5
years was arbitrarily divided into three periods of
growth: from 5 to 10 years of age (GP I), from 10 to 15
years of age (GP II), and from 15 years to early adult-
hood at a mean age of 25.5 years (GP III).

These periods correspond roughly to the times for
what is considered to be ‘‘early’’ treatment, ‘‘adoles-
cent’’ treatment, and ‘‘adult’’ treatment.

MATERIALS AND METHODS
Sample

The subjects in this investigation were participants
in a longitudinal facial growth study at the University
of Iowa. Lateral cephalograms were obtained bien-
nially between the ages of 4.5 and 12 years and annu-
ally through age 17. A final set of records was also
available at adulthood (mean age, 25.5 years). The
cephalograms were obtained with the subject’s head
positioned in a cephalostat and oriented to the Frankfort
horizontal plane.

All subjects had clinically acceptable occlusion,
with no apparent facial disharmony. All were white,
and 97% of them were of northern European ancestry.
None of the subjects had undergone orthodontic
therapy.

The subjects included twenty males and fifteen fe-
males for whom complete sets of data were available
for the period of this study. This criterion in the selec-
tion of the sample has the disadvantage of limiting the
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Table I. Basic statistics on the absolute changes in the various parameters evaluated at four different
ages—5 years, 10 years, 15 years, and 25.5 years

5 years 10 years 15 years 25.5 years

Variable Sex X SD | Min. | Max. X SD | Min. | Max. X SD | Min. | Max. X SD | Min. | Max.

Height M 1106 46 99.0 1193 139.1 5.6 1254 148.6 169.5 7.5 1547 1857 180.1 6.6 169.3 197.5
(cm) F 1088 50 98.0 117.2 1385 7.3 121.0 1504 161.8 6.3 149.2 168.9 164.3 5.8 1543 172.0
Anteroposterior facial parameters
Maxilla
A-Ptm(mm) M 442 33 320 485 481 23 436 529 527 29 486 582 549 33 503 613
F 429 1.6 404 460 464 20 426 494 488 2.0 440 51.2 501 27 442 535
SNA () M 804 42 737 878 806 39 745 875 8.0 37 766 888 822 3.7 762 892
F 8.1 32 766 879 80.0 37 743 892 803 38 734 894 806 37 744 89.1
Mandible
Ar-Pog M 846 44 733 946 953 49 844 1056 1075 58 973 123.3 1158 6.5 103.6 131.2
(mm) F 815 37 746 861 914 45 835 980 1002 49 92.1 108.8 1024 45 950 111.0
SNB (%) M 760 38 682 821 770 35 703 828 785 34 722 845 797 36 727 858
F 754 27 713 819 761 3.0 715 832 773 33 708 836 773 3.4 718 836
SNPog (°) M 751 40 663 819 772 39 689 844 792 38 714 864 809 42 719 884
F 744 28 693 804 759 3.0 723 825 775 33 722 838 779 32 737 840
Maxilla-mandible
ANB () M 41 20 -0.8 6.6 36 1.8 0 5.8 35 19 02 6.6 25 24 -—-19 6.2
F 4.7 1.7 24 90 39 1.9 1.4 8.4 30 22 -14 6.7 33 20 -04 64
NAPog (°) M 108 4.0 23 174 70 42 -0 121 59 51 -44 123 29 61 -98 11.8
F 114 36 69 17.0 83 45 1.1 16.7 56 57 —-69 173 58 56 -—66 167
Overjet M 30 1.3 1.2 6.3 34 1.3 1.8 6.1 29 1.0 1.8 6.1 2.8 038 1.0 5.2
(mm}) F 25 1.0 1.5 5.0 34 08 2.0 4.7 3.3 0.7 22 4.5 32 08 2.0 4.6

Vertical facial parameters
Anterior face heights

N-Ans’ M 388 39 247 431 460 2.5 405 506 518 29 457 582 542 29 482 596
(mm) F 382 1.5 361 406 443 24 387 476 479 1.8 446 504 488 20 456 522
N-Me(mm) M 926 87 584 1006 1046 42 975 111.4 1162 59 1064 1285 1219 6.0 1129 1352
F 80.7 3.7 833 960 100.2 5.1 907 1083 108.5 4.7 992 1173 111.7 43 1040 119.8

N‘Ans’(%) M 414 36 282 477 439 15 416 484 446 16 41.8 484 444 20 398 487
N-Me F 426 1.7 389 452 443 1.6 409 471 442 2.2 403 50.1 438 22 393 492
Overbite M 1.1 L1 —1.1 3.3 32 1.5 0.2 5.8 36 1.3 1.3 5.4 3.1 1.4 0.5 5.5
(mm) F 1.6 1.1 0.2 4.2 30 1.4 -05 5.0 30 1.6 -0.1 53 33 1.6 0.8 6.3

Posterior face heights
Ar-Gomm) M 40.1 4.0 283 486 457 35 405 524 533 50 448 635 60.5 64 481 735

F 383 24 331 416 425 26 365 465 477 39 410 554 499 44 438 588
S-Go(mm) M 60.8 6.0 41.8 709 710 49 627 788 816 54 7.1 91.7 899 6.8 8.0 1023
F 578 26 51.1 620 662 27 569 680 735 35 631 793 762 36 669 833
Ar-Go (%) M 660 23 615 692 644 25 588 676 653 3.0 592 711 672 33 60.1 731
S-Go F 663 23 619 709 642 26 605 690 649 34 608 71.1 654 39 594 732
Anzerior-posterior face heights
S-Go (%) M 662 44 600 750 679 46 606 764 703 50 603 792 739 65 61.1 870
N-Me F 644 29 607 685 66.1 32 617 743 679 35 632 752 683 40 627 768
MP-SN (°) M 345 60 184 423 331 50 241 412 308 56 21.1 436 278 7.2 127 434
F 370 36 309 417 351 38 264 392 333 43 239 394 335 46 229 402
NSGn (°) M 680 31 625 734 678 31 621 736 615 3.4 615 743 66.6 3.8 60.0 73.8
F 682 25 644 743 686 26 637 725 683 3.0 627 736 684 28 627 723
Saft-tissue profile
GI'-PR-Pog’ 147.4 3.4 1413 152.0 1443 3.6 1356 147.0 1392 4.4 1332 1476 1402 49 133.0 1526

M
©) F 1480 42 141.3 1559 143.2 47 1332 1505 1398 6.0 1289 149.2 1389 6.2 128.0 148.0
GI'-SL-Pog"” M 1697 4.1 159.7 1759 168.1 3.3 162.2 173.4 1669 4.7 160.0 177.0 173.0 59 1639 1824
© F 1703 40 1648 1783 1674 4.2 1607 1753 169.6 6.0 158.0 183.3 1713 6.5 158.9 184.9
Holdaway M 15.0 39 34 212 136 38 46 19.7 132 4.8 22 202 81 55 —-52 142
angle (°) F 145 5.0 72 254 138 5.1 70 256 105 56 —1.1 19.2 9.1 60 -04 208

M = Males; F = females; X = mean; SD = standard deviation; Min. = minimum value; Max. = maximum value.
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number of persons to be included in the study. On the
other hand, it has the advantage of giving a purely
longitudinal set of data. With mixed longitudinal data,
an increase or decrease in the number of persons in-
cluded at different ages will cause the mean value to
fluctuate between consecutive ages. Such variation is
not an age-related change in either the size or the rela-
tionship of the parameter measured. The cause of such
random variation can be eliminated by examining those
subjects for whom complete sets of data are available.

Landmarks and measurements

The following landmarks were identified on each
x-ray film (Fig. 1): sella turcica (S); nasion (N); point A
(A); menton (Me); anterior nasal spine prime (Ans’),
which is the point at which a perpendicular from the
anterior nasal spine intersects N-Me; point B (B);
pogonion (Pog); gnathion (Gn); gonion (Go); articulare
(Ar); soft-tissue glabella (GL'); pronasale or tip of the
soft-tissue nose (PR); superior labial sulcus (SLS); lab-
rale superius (LS); and soft-tissue pogonion (Pog’).

The definitions of the various landmarks have been
published elsewhere.'®> 3 2¢ From these landmarks,
various linear and angular measurements have been
derived. These measurements have been described in
the cephalometric analyses published by Bishara,®
Hession,?® Riedel,?® and Wylie.?

In addition to height, which is an indicator of the
general body change, the twenty-one facial parameters
evaluated were grouped as follows:

Anteroposterior facial parameters
1. Maxillary: A-Ptm and SNA
2. Mandibular: Ar-Pog, SNB, and SNPog
3. Maxillary to mandibular: ANB, NAPog, and
overjet

Vertical facial parameters
1. Anterior face heights: N-Ans’, N-Me, N-Ans'/
N-Me, and overbite
2. Posterior face heights: Ar-Go, S-Go, and Ar-
Go/S-Go
3. Anterior to posterior face: S-Go/N-Me, MP-SN,
and NSGn
Soft-tissue profile
1. Total facial convexity, including the tip of the
nose: Gl'-PR-Pog’
2. Facial convexity, excluding nose: GI'-SLS'Pog’
3. Holdaway soft-tissue angle: LS-Pog’'/N-B

The selection of these parameters was based on the
fact that they are among the most commonly used by
orthodontists, in both clinical practice and research, to
diagnose and evaluate facial growth and/or orthodontic
treatment.

The recorded value for a specific age was derived
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from the average of the measurements recorded before,
at, and after the age in question. For example, the value
of SNB at age 7 was actually an average of the value at
6 years 6 months, 7 years, and 7 years 6 months. All
linear measurements were multiplied by the appropriate
magnification factors, and the actual size will be re-
ported in the findings.

Reliability

The landmarks on each cephalogram were pricked
by one investigator and checked by another. When
possible, the set of cephalograms belonging to an indi-
vidual subject were pricked at the same sitting. Two
investigators independently measured each parameter
on each cephalogram twice.

Permissible intra- and interinvestigator disagree-
ments were predetermined at 0.5° and 0.2 mm. When
disagreements were greater than these limits, two new
measurements were taken and the three in closest
agreement were averaged.

Statistics used

The mean, standard deviation, minimum and max-
imum values were calculated for each parameter for the
following ages: 5, 10, 15, and 25.5 years. The changes
within the following growth periods were calculated:
(a) 5 to 10 years of age (GP I); (b) 10 to 15 years of age
(GPII); (¢) 15to0 25.5 years of age (GP III); (d) 15to 17
years of age; and (e) 17 to 25.5 years of age.

The yearly values between the ages of 5 and 17
years and at adulthood were also calculated but, be-
cause of space limitations, they will not be included in
this article.

Similar descriptive statistics were calculated for the
incremental changes between the different ages and are
based on the individual change between consecutive
ages.

The analysis of variance and Duncan’s multiple-
range test? were used for posterior tests of significance
in the comparisons among the various periods of
growth for each of the parameters, for both males and
females. The level of statistical significance was pre-
determined at the 0.05 level of confidence.

FINDINGS

The mean, standard deviation, and minimum and
maximum values for each of the parameters evaluated,
at each age, for both males and females are presented in
Table I. The incremental changes between the different
periods of growth are presented in Table III. The means
and standard deviations were derived by calculating the
net change for each subject. The percentage change in
each of the three growth periods is graphically illus-
trated in Figs. 2 to 9. When the change between the
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Table Il. Comparisons of the mean changes between the different periods of growth for each of the parameters

15 10 17 years vs.

Variable Sex GPIvs.GPIl GPHlvs. GP Il GPIvs. GPIlII 1710 25.5 years
Height M NS S S S
F S S S NS
Anteroposterior facial parameters
Maxilla
A-Ptm M NS S S NS
F S S S NS
SNA M S S NS NS
F NS NS NS NS
Mandible
Ar-Pog M NS S S N
F S S S NS
SNB M NS NS NS NS
F NS S NS NS
SNPog M NS NS NS NS
F NS S S NS
Maxilla-mandible
ANB M NS S NS NS
F NS S S NS
NAPog M S S NS NS
F NS S S NS
Overjet M S NS NS NS
F S NS S NS
Vertical facial parameters
Anterior face height
N-Ans’ M S S S NS
F S S S NS

S = Significant at the 0.05 level of confidence.

NS = Not significant.

M = Male.

F = Female.

GP I = Growth period between 5 and 10 years.

GP II = Growth period between 10 and 15 years.
GP III = Growth period between 15 and 25.5 years.

ages of 5 and 25.5 years for any parameter was less
than 1°, 1 mm, or 1%, no graphs were made for that
particular parameter.

The results of the statistical comparisons between
the changes in the various periods of growth are pre-
sented in Table II.

Changes in standing height

Changes in standing height were significantly dif-
ferent in the three periods of growth in both males and
females, with the exception of the comparison between
GP I and GP II in males. There was relatively less
change in GP III for both males and females.

Changes in antero-posterior facial parameters

Maxilla. There is significantly more growth in
maxillary depth (A-Ptm) in GP I and GP II in males.
The magnitude of change in maxillary depth in females

decreased significantly in each consecutive growth pe-
riod. The greatest increase (X = 1.4°) in maxillary re-
lationship (SNA) occurred in males in GP II. The total
change in the SNA angle for females was 0.4°.

Mandible. Changes in mandibular depth (Ar-Pog)
in males were not significantly different in GP I and GP
H. The change was significantly less in GP III but was
still of substantial magnitude (X = 8.4 mm or 26% of
the total change). In females the changes in the three
growth periods were significantly different, with the
largest change in GP I (X = 10.0 mm) and the least
change in GP Il (X = 2.2 mm).

Changes in mandibular relationship (SNB and
SNPog) in the three growth periods were not sig-
nificantly different in males. The least amount of in-
crease in mandibular relationship occurred in GP III in
females.

Maxilla-mandible. The least amount of change in
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Table il. (Cont’d)
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15 to 17 years vs.

Variable Sex GP[Ivs. GPII GPIlvs. GP 1l GPIvs. GP Il 17 1025.5 years
N-Me M NS S S NS
F S S S NS
N-Ans'/N-Me M S NS S NS
F S NS S NS
Overbite M S S S NS
F S NS S NS
Posterior face heights
Ar-Go M NS NS NS NS
F NS S S NS
S-Go M NS NS NS NS
F NS S S NS
Ar-Go/S-Go M S NS S NS
F S NS S NS
Anterior-posterior face heights
S-Go/N-Me M NS NS S NS
F NS S S NS
MP-SN M NS NS S NS
F NS S S NS
NSGn M NS NS NS NS
F NS NS NS NS
Soft-tissue profile
GI’-PR-Pog’ M S N S NS
F S S S NS
GI’-SLS-Pog’ M NS S S NS
F S NS S NS
Holdaway angle M NS S S NS
F S S NS NS

maxillary-mandibular relationship (ANB and NAPog)
in males was in GP II. In effect, more than one third of
the total change in this relationship occurred after the
age of 15 years.

In females, it was interesting to note that in GP Il
there was a tendency for these two angles to reverse
their earlier trend.

There was a small overall change in overjet in both
males (X = —0.2 mm) and females (x = 0.8 mm) dur-
ing the 20-year period.

Changes in vertical facial parameters

Anterior face height. The increase in upper face
height (N-Ans’) was significantly greater in GP I in
both males and females and significantly smaller in
GP III.

The increase in total face height (N-Me) was similar
to those in upper face height in females.

Most of the increase in the ratio of anterior face
heights (N-Ans’/N-Me) and in overbite occurred in GP
I in both males and females.

Posterior face heights. The magnitude of the in-
crease in the posterior face heights (ArGo and S-Go) in
males was not significantly different in the three growth

periods. In females, however, there was a significantly
greater increase in these parameters in GP I than in the
other two periods of growth.

The changes in the ratio of posterior face heights
(Ar-Go/S-Go) were similar in both males and females;
that is, the ratio decreased in GP I and increased in GP
I and GP III.

Anterior-posterior faces. The ratio of S-Go/N-Me
and the SN:MP angle changed the most in males, and
the least in females during GP III.

The changes in NSGn were not significantly differ-
ent in the three growth periods for either males or
females.

Changes in soft-tissue profile

The angle of total facial convexity (Gl’-PR-Pog’),
which includes the tip of the nose, continued to in-
crease significantly in the three periods of growth in
both males and females, with the greatest increase in
GP I and GP 1I.

The angle of facial convexity (Gl'-SLS-Pog’),
which excludes the nose, decreased significantly in GP
III in males, but there was little overall change in
females.



244 Bishara, Peterson, and Bishara Am. J. Orthod.
March 1984

Table IIl. Basic statistics on the incremental changes in the various parameteré evaluated during four periods of
growth—>5 to 25.5 years or total change, 5 to 10 years or GP I, 10 to 15 years or GP I, and 15 to 25.5 years
or GP III

Total change Change in GP 1 Change in GP Il Change in GP Il

Parameter Sex X SD | Min. | Max. X SD | Min. | Max. X SD | Min. | Max. X SD | Min. | Max.

Height (cm) M 695 34 61.9 782 285 20 258 319 304 34 242 371 106 48 2.4 19.2

F 555 3.2 489 599 300 40 222 37.1 233 38 169 284 26 2.2 0.3 9.5
Anteroposterior facial parameters

Maxilla

A-Ptm (mm) M 106 4.2 6.3 24.0 39 38 1.0 193 45 2.0 0.8 105 22 13 0.6 5.8
F 7.2 2.1 3.8 117 35 1.3 -0.1 5.1 24 1.6 0.2 6.1 1.3 13 -15 4.1

SNA (®) M 1.8 1.5 ~05 4.6 02 0.8 —1.2 2.5 1.4 09 -04 3.0 0.2 06 -—-1.0 2.0
F 04 1.8 -26 29 -0t 1.5 —-27 2.9 0.2 1.1 -20 1.9 03 08 -0.8 2.0

Mandible

Ar-Pog (mm) M 312 48 20.4 383 106 2.1 7.0 142 121 2.6 6.4 177 8.4 3.8 26 16.1
F 210 28 16.2 262 100 1.6 75 124 8.7 1.6 5.4 110 22 14 1.0 6.3

SNB () M 36 24 -—1.1 8.8 1.0 1.2 —-1.1 3.6 14 1.1 -05 3.8 1.2 1.2 -1.2 5.1
F 1.8 2.0 -—1.6 5.4 06 1.3 —1.9 2.6 1.2 1.0 —-0.7 3.0 0 0.6 —1.0 1.1

SNPog (°) M 5.7 23 0.9 106 2.1 1.0 0.3 4.8 1.9 1.1 -0.1 3.2 1.7 1.4 -07 6.0
F 34 2.1 0.2 6.5 1.4 1.4 -08 3.5 1.7 09 -0.1 32 03 06 -08 1.9

Maxilla-mandible

ANB (°) -16 20 -53 28 —-05 14 -25 34 -01 09 -18 14 —-10 08 -3.1 0.3
-14 1.5 =55 0.5 -0.8 0.8 —-30 04 -10 1.1 -35 0.7 0.4 06 -05 1.6
NAPog (°) ~7.8 48 -14.8 31 -38 25 -—-88 0.7 —-1.1 24 —-47 39 -29 20 =80 -0.2

-56 38 -158 —-03 -31 21 -81 -03 -27 24 -8.0 0.6 02 1.1 -14 -03
-02 1.4 -38 1.2 04 1.3 —-43 21 -05 09 -29 09 —-0.1 07 -22 0.8
08 1.1 -1.0 2.2 1.0 1.0 -0.38 28 —02 04 -—-14 2.8 0 04 —-1.0 0.8

Overjet (mm)

mZmZnZ

Vertical facial parameters
Anterior face heights

N-Ans’ (mm) M 154 34 1.3 21.2 7.2 26 4.4 177 58 1.6 3.3 9.3 24 12 -02 5.0
F 10.6 1.8 82 153 6.2 14 2.6 9.0 35 1.2 1.6 6.6 09 06 0.1 2.5
N-Me (mm) M 298 6.9 209 545 126 64 82 39.1 11.6 29 48 17.1 5.6 2.1 1.6 10.1
F 219 19 17.8 244 105 29 1.5 154 82 22 43 148 32 1.2 1.9 7.0
N-Ans’(%) M 30 38 -03 178 25 3.1 0.7 153 0.6 09 -09 2.1 —-0.1 07 =20 1.2
N-Me F 1.2 1.4 -14 4.9 1.7 0.8 0.2 2.6 0 10 —-1.4 33 -05 03 -1.0 0.1
Overbite (mm) M 20 1.1 0.1 3.6 2.1 1.2 =03 4.2 03 13 -19 30 -04 07 -22 0.5
F 1.7 1.7 -1.6 4.8 1.4 1.7 =33 4.6 0 08 -16 i.4 03 08 -13 2.0

Posterior face heights

Ar-Go (mm) M 204 64 87 374 56 3.8 1.1 18.8 76 25 36 114 72 34 25 148
F 11.6 3.7 22 186 41 14 1.2 6.8 53 19 1.7 9.1 22 13 -07 4.6
$-Go (mm) M 291 60 200 48.1 101 46 0 279 106 2.5 47 140 83 34 24 169
F 18.5 2.6 11.7 225 84 1.7 58 11.8 74 1.7 52 11.8 27 1.2 05 5.1
Ar-Go %) M 1.1 36 -55 103 -1.6 2.0 —4.0 3.9 09 1.7 235 3.5 1.9 15 -04 538
$-Go F -08 32 -76 44 -2,1 1.8 -5.8 26 01 1.0 -25 30 05 1.0 -1.3 2.1

Anterior-posterior face heights

S-Go - M 77 34 -05 151 1.7 1.8 -09 5.3 24 13 -03 5.0 36 25 -08 9.7
N—Me( 2 F 39 27 -27 8.7 1.7 2.0 -2.0 6.1 1.7 09 0.1 3.4 05 1.0 —-1.4 2.3
MP-SN (°) M -67 47 -15.1 33 —-14 30 -05 9.3 -23 17 -50 24 =30 23 -90 -0.2
F -35 26 -85 -05 -18 1.8 -5.0 1.2 —-1.7 13 =37 0.4 0.1 09 -19 1.2
NSGn (°) M -15 23 -6.1 28 =02 1.1 =27 1.6 -04 12 -27 22 -09 1.2 -4.6 1.5
F 0.2 19 -31 3.5 04 14 -—1.8 29 -03 09 -19 2.0 0.1 07 —-1.7 0.8

Sofi-tissue profile
GI’-PR-Pog’ M =73 46 -16.7 32 =32 23 -59 27 -51 29 -11.5 —-1.4 1.0 2.8 -25 9.6
©) F -92 34 -153 -45 -49 15 -81 -27 -34 24 -94 -04 -09 13 -33 1.2
GI'-SL-Pog’ M 33 47 =62 122 -—-1.6 32 =57 74 —-12 32 -74 46 6.1 25 1.9 10.6
© F 1.0 47 -64 98 -28 22 -6.3 2.1 2.1 26 -3.0 8.0 1.7 23 =24 7.1
Holdaway soft- M -69 34 -148 -20 —1.3 26 -75 28 —04 27 -46 62 —-52 26 —-98 -1.3
tissue angle ) F  —-5.4 3.7 -13.1 1.2 -08 24 -70 29 -32 27 -90 1.6 —1.4 25 -6.3 3.5

M = Males; F = females; X = mean; SD = Standard deviation; Min. = minimum valug; Max. = maximum value.
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Fig. 2. Changes in standing height in three periods of growth.

The Holdaway soft-tissue angle decreased signifi-
cantly in GP I in males and during GP II in females.

Changes within GP lll (15 to 25.5 years)

The comparisons between the changes from 15 to
17 years and those from 17 to 25.5 years are presented
in Table II. The findings indicate that the changes in
two parameters—standing height and mandibular depth
(Ar-Pog)—in males were significantly greater in the
15- to 17-year period than in the 17- to 25.5-year pe-
riod. The changes in all other parameters for both males
and females were not significantly different.

DISCUSSION

The data from this investigation provide basic in-
formation on the changes in size and relationship of
various facial parameters between the ages of S and
25.5 years.

Most investigators involved in growth studies are
acutely aware that longitudinal data are hard to collect.
In the research that we have conducted on the Iowa
Growth Study, we have made a conscious decision to
report on a purely longitudinal sample rather than a
mixed longitudinal one. It is true that implied in such a
decision is a reduction in the size of the sample used.
On the other hand, it greatly enhances the validity as
well as the accuracy of interpreting the data on a lon-
gitudinal basis. The addition or deletion of subjects at
different ages can influence both the mean values and
the standard deviations from one year to another.®
Hence, one is unable to determine whether the trends
are a reflection of changes in the facial relationships
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Fig. 3. Changes in maxillary anteroposterior parameters.

and dimensions or whether they are a reflection of the
changes in the composition of the sample.

The size of the sample reported in this investigation
compares favorably with other longitudinal studies. As
an example, the Bolton longitudinal standards, derived
from the Bolton study of 5,000 persons, were based on
sixteen individuals from each sex.'* Even then, some of
these cases had voids which necessitated selective sub-
stitution from other cases with similar size and mor-
phology. These comments are not meant to be critical
in nature, or to detract in any way from the efforts of
the persons involved in their collection. On the con-
trary, they point to the difficulties encountered by most
of us in obtaining and reporting on the changes in den-
tofacial relationships in large numbers of persons be-
tween childhood and adulthood.

The change in facial dimensions and relationships
during the various growth periods is one of the many
important parameters that should be understood by the
clinician who is planning the appropriate therapy for an
individual with anteroposterior and/or vertical skeletal
discrepancy.

When the data from this study are compared with
previously published semilongitudinal and longitudinal
data, certain similarities and differences are observed in
the behavior of some of the parameters. As an example,
SNA in males decreased by 0.5° between the ages of 6
and 16 years in one study,'® while it increased by 3.3°
between the ages of 5 and 18 years in another study's
and by 1.8° in the present study. The respective
changes for ANB were —2.1°, —1.0°, and —1.6° in
males and —2.1°, —0.9° and —1.4° in females.

The differences in the magnitude of change in the
various parameters in the three investigations could be
attributed in large part to the composition of the sample
(that is, longitudinal versus semilongitudinal).

One of the interesting findings in this investigation
is related to the changes in SNB and SNPog. The total
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Fig. 4. Changes in mandibular anteroposterior parameters.
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Fig. 5. Changes in maxillary-mandibular anteroposterior parameters.

changes in SNB in males and females were 3.6° and
1.8°, respectively, while those for SNPog were 5.7°
and 3.4°, a difference of 2.1° in males and 1.6° in
females. Since both angles are related to the same ref-
erence line SN, the difference in the magnitude of in-
crease indicates a change in the position of point B and
pogonion relative to each other and to the reference
line. Both Bjork?® and Enlow?® indicated that the area at
point B is resorptive in nature while the area at pogo-
nion is relatively more depository. With this in mind,

one might explain the difference between the mag-
nitude of increase in SNB and SNPog as being partly
the result of the remodeling activity which accompanies
the overall translation of the mandible forward and
downward.

Orthodontists are interested in learning about the
growth of the various parts of the face, not only as to
where it occurs but also as to when it occurs or ceases
to occur. Traditionally, most of the interest was con-
centrated on those periods during which maximum
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Fig. 6. Changes in anterior vertical parameters.

changes were evident. In the last 10 years there has
been a significant increase in the number of patients
undergoing orthognathic surgical procedures, and there
is an ongoing debate?' regarding the effects of ortho-
gnathic surgery in the adolescent patient. Therefore, it
is important to have a better understanding of the over-
all changes that occur in the face during growth. Such
an understanding should help the orthodontists and
other clinicians plan the best treatment for their pa-
tients. With this in mind, some of the present findings
can be of particular relevance to this discussion.

The comparisons between the three growth periods
in this study indicated that, in general, most of the
changes in females occurred in GP I and GP II, whereas
in males the change was more distributed over the three
periods. Only two parameters decreased significantly
during GP III in females; these were the ratio of upper
to total anterior face height and the Holdaway soft-
tissue angle.

On the other hand, a number of parameters showed
significant changes in GP III in males; while standing
height increased by an average of 15% in GP III, there
was a 20% increase in maxillary depth (A-Ptm) and an
increase of only 11% in SNA. Changes of greater
magnitude occurred in the mandibular parameters ex-
amined; for example, there was a 26% increase in

mandibular depth (Ar-Pog) and approximately a 30%
change in mandibular relationship (SNB, SNPog).
Similarly, almost one third of the decrease in
maxillary-mandibular relationship occurred during GP
III. There was a greater average increase (28%) in the
posterior face height (S-Go) than in the anterior face
(19%), the combined effects of which could explain the
fact that 45% of the total decrease in the MP: SN angle
and 50% of the decrease in the ratio of the anterior to
posterior face heights (S-Go/N-Me) occurred in GP III.
Significant reduction in the convexity of the soft-tissue
profile (tip of the nose excluded) occurred during GP III
in males.

In previous publications'” 18 on the same group of
persons, the changes in GP I and GP II were discussed
in detail. Of particular interest in this investigation is
when, during GP III, does most of the change occur;
that is, when does growth “‘end’’? A comparison of the
changes between the ages of 15 and 17 years with those
occurring between the ages of 17 and 25.5 years indi-
cated that, with the exception of standing height and
mandibular length, in males there were no significant
differences between the changes in the 15- to 17-year
period and those that occurred between the ages of 17
and 25.5 years in all the other parameters evaluated.
This, in turn, indicates that for those facial parameters
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Fig. 8. Changes in anterior-posterior vertical parameters.

which continue to change significantly after the age of
15 years, there is as much change before age 17 as there
is after that age. However, since the persons examined
in this investigation did not have yearly records be-
tween the ages of 17 and 25 years, it is obviously
impossible to determine when growth has effectively
“‘stopped’” between those ages.

These age-related changes in the skeletal, dental,
and soft-tissue relationships emphasize the need to use
age- and sex-matched cephalometric standards for the
diagnosis and treatment of persons with malocclusion.

Five such standards have been developed!® and can be
obtained from one of the authors (S.E.B.). For the vast
majority of cases, only one of these standards need be
used by the clinician to evaluate an individual patient
before, during, and after orthodontic treatment.

A quantitative method of evaluating the changes
that occur in the face between the ages of 5 and 25.5
years, as well as the changes in the different growth
periods, is given in Table III. The difficulty that is
encountered in predicting the growth of the face is
partly reflected by the magnitude of the difference be-
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tween the minimum and maximum values as well as by
the standard deviations of the mean changes in the vari-
ous parameters.

A qualitative, and partly subjective, way of ap-
preciating the changes that occur in the face is to exam-
ine the photographs of the ten persons presented in Fig.
10. The photographs of each person were taken at the
ages of approximately 5, 10, 15, and 25.5 years. There
is an obvious resemblance as well as an obvious differ-
ence between the various photographs of any one per-
son. Once again it is of particular interest to examine
the faces of both males and females at 15 and 25 years.

The presence of clinically significant growth in cer-
tain facial parameters in GP III, particularly in males,
presents us with the dilemma of how to deal with it
from an orthodontic and/or surgical viewpoint. This
dilemma is, in part, based on the following constraints:
(1) our inability to predict accurately how much a per-
son will grow, in which direction, and for how long and
(2) the question of the effects of surgery on the mag-
nitude and/or the timing of the remaining growth.

In a study comparing various methods of predicting
facial growth, Greenberg and Johnston®® concluded that
the accuracy of long-range forecasting is not sig-
nificantly different from adding the average yearly in-

cremental change for each facial dimension examined.

The works of Bayley and Pinneau,3! as well as that
of Tanner,? regarding our ability to accurately predict
body growth were based on changes in standing height
and weight. Unfortunately, facial dimensions and rela-
tionships are not as predictable within clinically useful
limits."”~'® As practitioners of orthodontics, we find
that most of our estimates of future changes in facial
dimensions are no better than adding average values®
and our prediction of changes in growth direction is to a
great extent, based on the pretreatment morphologic
characteristics rather than on any accurate prediction of
future change.!” 1®

Since the amount and direction of change in the
““later’’ stage of development is not accurately predict-
able, at least at this point, both the patient and the
clinician should be aware of its presence since in cer-
tain individuals the change could either beneficially or
adversely influence the orthodontic and/or surgical
treatment results.

CONCLUSIONS

In addition to providing some basic information on
the age-related changes in the size and relationships of
a number of facial parameters between the ages of 5
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Fig. 10. Photographs of five males and five females taken at ages of approximately 5, 10, 15, and 25.5
years. No attempt was made to standardize face size of photographs at different ages.

Fig. 10, F-J. For legend, see Fig. 10, A-E.
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and 25.5 years, the findings in this investigation sup-
port the following conclusions:

1. The timing and magnitude of change in the vari-
ous facial parameters differ during the same growth
period, as well as between males and females.

2. In general, most of the changes in the various
parameters in females occurred during GP I and GP 11
while in males the changes were relatively distributed
over the three periods of growth.

3. Changes in GP III for some parameters were of
clinically significant magnitude; that is, in females the
ratio of anterior face heights decreased significantly in
GP IlI, whereas during GP III in males a significant
increase occurred in Ar-Pog, SNB, and SNPog, while
the maxillary-mandibular relationship, the ratio be-
tween anterior and posterior face heights, MP-SN an-
gle, and the convexity of the soft-tissue profile con-
tinued to decrease significantly.

4. During GP III, with the exception of standing
height and mandibular depth, there were no significant
differences in the magnitude of change between the
ages of 15 and 17 years and the change after age 17.

5. The data provided by this investigation are use-
ful in describing mean trends but not in predicting
changes for any one person. The trends indicate that
there are significant changes occurring in the size
and/or relationship of some facial parameters after the
age of 15 years. The magnitude of these late changes,
at least in certain individuals, could influence the
orthodontic and/or surgical treatment results either
beneficially or adversely.

The authors would like to express their gratitude to Mr.
James Herd, design artist, Mr. Steven Hall, educational
media coordinator, and Mr. Eric Corbin, photographic spe-
cialist in the Division of Dental Education Media for produc-
ing the illustrations used in this investigation.
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