Biennial Size Norms of Eight Measures of the
Temporal Bone From Four to

Twenty Years of Age

Yutaka TakeucHi, D.D.S.

BuiM SEN Savara, D.M.D., M.S.

RicHARD JAMES SHADEL, B.S.

Effective correction of facial anom-
alies and malocclusions hinges on
adequate understanding of normal
form and development. Thus, the
plotting of growth trends and norms
has a real clinical application which
has justified continued attempts to
grasp more of the subtle aspects of
skeletal growth. Some portions of the
face, e.g., the mandible, have been
examined thoroughly; others, for
good reason, have received less atten-
tion. The temporal bone is among
the latter. Integral to mandibular de-
velopment, the temporal bone is of
acute interest to research and yet it
has remained largely unevaluated be-
cause of the difficulty of reproducing
it on X-ray films.

Four characteristics of the newborn
temporal bone were delineated by
Weinmann and Sicher:! undeveloped
mastoid process, stylomastoid process
lying unprotected on the lateral sur-
face, articular fossa facing laterally
with almost no downward orienta-
tion, and absence of external meatus.

Moss, Noback and Robertson? com-
pared growth of the fetal temporal
bone with fetal zygomatic, parietal
and frontal bones, and the mandible
showing that, when plotted against
age, each slowed in growth at about
90 days menstrual age. When plotted
against each other, development of
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these bones showed a constant rela-
tionship.

Although a good deal of cephalo-
metric work has been done in recent
years, cephalographic studies relating
to the temporal bone have been lim-
ited. This lack may be attributed to
the difhiculty of determining the
image of the temporal bone on ceph-
alograms, e.g., as Enlow? pointed out,
the squama is seldom clearly visible.
For this reason most examinations
have considered only the position of
the glenoid fossa in relation to the
cranial base, mandible or maxillae.
For instance, Bjork* explained the re-
lation of the glenoid fossa to other
portions of the face and head as inter-
related response of all locations to
change at any one point. Droel and
Isaacson® presented a method for ob-
taining cephalograms that yield a
sharp image of the glenoid fossa with
the aim of judging the relation of the
mandible to the cranium and local-
izing deviant variables in facial de-
velopment. Coben,® in his article on
the integration of the facial skeleton,
treats the temporal bone briefly not-
ing only that his material suggests
that the position of the glenoid fossa
relative to basion changes little
through time.

Ricketts” recognized that backdoor
techniques have been used for years
to come to grips with the organiza-
tion of the glenoid fossa and, through
it, the relationship of the temporal
bone and the mandible. Using vertex-
view cephalograms along with frontal
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Fig. 1

and lateral films, he re-examined the
growth of the face. However, his fo-
cus still did not include the entire
temporal bone.

This paper attempts to overcome
the problems of working with the
temporal bone on cephalograms and
presents norms of size.

The research material consists of
two longitudinal samples from the
files of the Child Study Clinic, School
of Dentistry, University of Oregon
Health Sciences Center. In the first
sample (Sample A) 25 boys and 25
girls were observed from 4 to 16 years
of age, and the second (Sample B) 25
boys and 25 girls were observed from
16 to 20 years of age. Five boys and
five girls were in both samples. The
children were Caucasian, predom-
inately of Northwest European an-
cestry, residing in or near Portland,
Oregon. Their parents were of middle
and  upper-middle  socioeconomic
status. Selection of subjects was based
on completeness of records with no
missing observations.

Seven landmarks of the temporal
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Temporal bone with location of landmarks and dimensions measured.

bone (defined below, Fig. 1) were lo-
cated on sets of lateral and frontal
cephalograms obtained biennially.

1. MST (most superior point of the
temporal bone): The highest point of
the squamoparietal suture observed
on the frontal film and the perpen-
dicular height at porion observed on
the lateral film. This landmark is dif-
ficult to locate on the cephalograms.

2. MPT (most posterior point of
the temporal bone): The point at the
junction of the parietomastoid, the
lambdoid, and the mastoido-occipital
sutures.

3. SPT (spheno-parieto-temporal
junction): The point at the junction
of the sphenotemporal, sphenopari-
etal, and squamoparietal sutures.

4. MP (mastoid process): The low-
est point on the contour of the mas-
toid process.

5. MIT (most inner point of the
temporal bone): The most inner
point of the temporal bone facing the
angular spine of the sphenoid bone.

6. GF (glenoid fossa): The upper-
most point on the superior margin of
the glenoid fossa.

7. Po (porion): The most superior
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point on the roof of the external au-
ditory meatus at the border of the
external cartilaginous ear canal,

These landmarks were located on
the left temporal bone. Details on lo-
cating landmarks have been provided
by Savara and Takeuchi.® Landmarks
were marked on 0.003-inch thick ace-
tate film at one sitting for each sub-
ject’s entire series of cephalograms.®
Using an Oscar analog reader, deci-
mal converter and card punch, two
coordinates from the lateral tracing
and one coordinate from the frontal
tracing were obtained (excepting
MST for which two coordinates were
obtained on the frontal and one on
the lateral tracing), and transcribed
onto IBM cards.

These two sets of two-dimensional
data were combined mathematically*
to recreate three-dimensional car-
tesian coordinates free from magnifi-
cation and distortion (where distor-
tion is defined as the error in mea-
surement caused by measuring a
three-dimensional object from its two-
dimensional projection). Distances be-
tween landmarks were calculated
using three-dimensional coordinates.

Next, a third-order polynomial
equation was used for equal spacing
of the data.* This was necessary to
obtain equal yearly time intervals be-
tween examinations.

The following measurements were
obtained biennially:

MP-SPT: Maximum length.
Po-MPT: Petrous length.
Po-SPT: Squamous length.
Po-GF: Glenoid length.

Po-MP: Mastoid length.
Po-MST: Maximum height.
Po-MIT: Maximum length.
GF-MIT: One depth compo-
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nent.

Means, standard deviations, and co-
efficients of variation for each mea-
surement and biennial increments
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were calculated for both boys and
girls.

RELIABILITY OF MEASUREMENTS

Twenty cephalograms were chosen
randomly. Landmarks were located
and all measurements made twice, on
separate occasions, by the same lo-
cator. The mean difference, standard
error of the mean, absolute error, and
the range of differences were calcu-
lated on each dimension. Po-MST
showed the largest absolute error
(1.34 mm), and GF-MIT the smallest
(0.45 mm). A paired t-test indicated
that the mean difference in Po-MST
between the first and second measure-
ments was statistically significant at
the 2,69, confidence level, but the re-
maining dimensions showed no sig-
nificant difference between two mea-
surements. The average annual incre-
ment for temporal bone measure-
ments was approximately 1 mm, or
less; and for some yearly periods,
little or no growth could be detected
on the cephalograms. Therefore, it
was decided to use biennial incre-
ments.

REsuLTS

The means, standard deviations,
and coefficients of variation of eight
temporal bone measurements of boys
and girls at each age level in both
Samples A and B are shown in Tables
I and II. At age 16 there are discrep-
ancies of measurement between Sam-
ples A and B. Accordingly, Student’s
t-test was applied to examine whether
significant difference existed between
each measurement in the two sam-
ples. No statistically significant differ-
ence was found between any measure-
ments.

The important findings are as fol-
lows:

(1) The temporal bone continues
growing until at least 20 years of age.
(2) At age 4 Po-GF showed that



SAMPLE A SAMPLE B
DIMENSION AGE (YRS) 4 6 8 10 12 14 16 16 18 20
MPT-SPT Mean 8.28 8.44 8.58 8.69 8.83 8.95 9.03 9.09 9.14 9.19
S.D. 0.32 0.30 0.29 0.29 0.30 0.33 0.31 0.43 0.43 0.41
CofV 3.82 3.56 3.41 3.39 3.45 3.64 3.48 4.74 4.66 4.44
Po-MPT Mean 4.93 5.01 5.07 5.16 5.22 5.30 5.36 5.43 5.45 5.48
S.D. 0.29 0.28 0.29 0.28 0.30 0.30 0.29 0.45 0.45 0.44
Cof Vv 5.94 5.64 5.74 5.35 5.70 5.70 5.40 8.32 8.20 7.98
Po-SPT Mean 4.55 4.63 4.74 4.81 4.94 5.03 5.11 5.28 5.32 5.35
S.D. 0.31 0.31 0©.32 0.32 0.3F1 0.30 0.29 0.16 0.17 0.18
Cof vV 6.82 6.79 6.70 6.57 6.18 6.02 5.72 2.98 3.29 3.28
Po-GF Mean 0.77 0.8 0.93 1.01 1.09 1.19 1.24 1.21 1.28 1.32
S.D. 0.20 0.18 0.16 0.15 0.14 O0.15 0.17 0.14 0.14 0.13
Cof V 25.76 20.87 17.45 14.52 12.75 12.23 13.46 11.45 10.70 9.93
Po-MP Mean 2.91 3.02 3.15 3.25 3.33 3.47 3.55 3.31 3.39 3.43
S.D. 0.28 0.26 0.23 0.24 0.24 0.26 0.27 0.29 0.28 0.26
Cof vV 9.75 8.61 7.35 7.32 7.16 7.44 7.70 8.83 8.32 7.54
Po-MST Mean 4,79 4.85 4.91 5.01 5.10 5.17 5.24 5.3t 5.35 5.39
S.D. 0.43 0.43 0.45 0.43 0.44 0.45 0.45 0.41 0.42 0.42
Cof V 9.03 8.91 9.26 8.61 8.73 8.60 8.56 7.64 7.85 7.78
Po-MIT Mean 2.30 2.46 2.62 2.77 2.91 3.08 3.18 3.09 3.19 3.25
S.D. 0.21 0.19 0.18 0.17 0.17 0.19 0.21 0.28 0.28 0.27
Cof V 9.21 7.84 6.91 6.30 5.78 6.04 6.48 9.02 8.75 8.30
GF-MIT Mean 1.69 1.77 1.86 1.94 2.02 2.10 2.15 2.03 2.08 2.10
S.D. 0.10 0.11 0.11 0.10 0.12 0.12 O0.13 0.19 0.19 0.19
Cof Vv 5.76 6.45 5.68 5.17 5.84 5.90 6.24 9.50 9.22 9.13
TABLE I

Means, Standard Deviations, and Coeflicients of Variation for Eight Temporal Bone Measurements of Boys
Aged 4-16 Years in Sample A and 16-20 Years in Sample B.
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SAMPLE A SAMPLE B

DIMENSIONS AGE (YRS) 4 6 8 10 12 14 16 16 18 20
MPT-SPT Mean 7.73 7.96 8.17 8.36 8.49 8.62 8.72 8.58 8.65 8.70
S.D. 0.44 0.40 0.41 0.44 0.44 0.42 0.42 0.37 0.37 0.36
CofvVv 5.69 5.06 5.05 5.27 5.17 4.93 4.83 4.31 4.22 4.19
f
Mo-MPT Mean 4.47 4.63 4.74 4.85 4.95 5.05 5.10 5.09 5.13 5.16
S.D. 0.36 0.29 0.28 0.29 0.30 0.3t 0.32 0.30 0.31 0.30
C of V 8.00 6.32 6.00 6.06 6.00 6.08 6.29 5.88 6.00 5.8l
Po-SPT Mean 4.36 4.50 4.62 4.75 4.86 4.95 5.04 5.08 5.13 5.16
S.D. 0.34 0.34 0.33 0.33 0.32 0.32 0.30 0.34 0.34 0.34
CofVv 7.90 7.45 7.17 6.85 6.51 6.38 6.05 6.73 6.55 6.66
Po-GF Mean 0.73 0.81 0.92 1.01 1.10 1.17 1.25 1.15 1.19 1.23
S.D. 0.16 0.15 0.14 0.12 0.13 0.14 0.15 0.21 0.20 0.21
Cof Vv 21.38 18.50 15.26 12.20 12.02 11.99 12.16 18.18 17.17 16.89
Po-MP Mean 2.62 2.72 2.87 2.99 3.1t 3.17 3.21 2.98 3.03 3.05
S.D. 0.22 0.19 0.19 0.1% 0.21 0.19 0.19 0.23 0.23 0.23
C of V 8.30 7.08 6.53 6.35 6.65 5.97 5.87 7.59 7.47 7.60
Po-MST Mean 4.63 4.75 4.87 4.98 5.06 5.15 5.23 5.14 5.18 5.22
S.D. 0.51 0.51 0.47 0.46 0.44 0.46 0.45 0.43 0.44 (.43
CofVv 11.11 10.66 9.74 9.16 8.65 8.90 8.67 8.42 8.50 8.26
Po-MIT Mean 2.17 2.33 2.52 2.69 2.81 2.94 3.07 2.87 2.95 3.00
S.D. 0.22 0.23 0.27 0.26 0.25 0.24 0.25 0.31 0.31 0.31
Cof V 10.09 9.88 10.56 9.63 8.95 8.22 8.32 10.66 10.68 10.19
GF-MIT Mean 1.55 1.68 1.77 1.84 1.89 1.97 2.03 1.91 1.95 1.96
S.D. 0.15 0.15 0.15 0.16 0.17 0.17 0.17 0.16 0.17 0.17
Cof Vv 9.49 9.11 8.58 8.84 8.96 8.51 8.34 8.53 8.49

TABLE 11

Means, Standard Deviations, and Coefficients of Variation for Eight Temporal Bone Measurements in Girls
Aged 4-16 Years in Sample A and 16-20 Years in Sample B.
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more than 409, of growth remained,
and Po-MIT and GF-MIT indicated
that more than 209, of growth re-
mained in both boys and girls. Po-
MPT in boys has the least growth po-
tential at age 4.

(8) At age 10 MPT-SPT, Po-SPT,
Po-MP (length measurements), Po-
MST (maximum bheight), and GF-
MIT (one depth component) had at-
tained more than 909, of growth; Po-
GF (glenoid length) showed that the
least growth had been completed in
boys, only 799, whereas 81.5%, had
been completed in girls. Po-MIT
(maximum depth) attained an inter-
mediate degree of growth with 96.2%,
in boys and 88.79, in girls.

(4) Po-MP showed a significant sex
difference in size (0.055 level) in both
Samples A and B at age 16. MPT-
SPT showed no significant difference
~in Sample A at age 16 while it
showed significant difference in Sam-
ple B at age 16. The remaining mea-
surements did not show any signifi-
cant difference between boys and girls
at age 16 in both Samples A and B.

Discussion

“Our findings support earlier state-
ments by Weinmann and Sicher! and
Scott?® that the growth of the tempo-
ral bone was well-advanced in the
first decade of life and has almost
reached adult size by age 20. In our
study less than 20% of growth re-
mained at age 4 in five of eight mea-
surements, ranging from 9%, in Po-
MPT to 16.6%, in Po-MP in boys.
and from 11.3%, in Pg-SPT to 16.39,
in Po-MP in girls. Moreover, six of
eight dimensions reached more than
909, of growth at age 10, ranging
from 91.39 of GF-MIT to 95.3%, of
Po-MPT in boys and from 92.3%; of
GF-MIT to 969, of MPT-SPT in
girls. It suggested that these six di-
mensions follow the neural growth
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pattern.'* Po-GF showed the least
growth at age 10 (within 799, of age
20 size in boys and 81.5%, in girls).

On the other hand, Po-MIT at-
tained 86.29, of growth in boys and
88.79, of growth in girls at age 10,
which is somewhat intermediate be-
tween neural and physical growth
patterns. It is possible that growth of
Po-MIT is influenced by growth of
the neurocranium and mandible due
to its positional and functional rela-
tionship to them, and surface deposi-
tion at porion directly changed this
dimension. Enlow? mentioned, “the
distance from the external auditory
meatus to the anterior temporal mar-
gin increases to a much greater extent
during postnatal growth than the dis-
tance from the meatus to the tempo-
roparieto-occipital  junction.”  This
statement is consistent with our find-
ings. Po-GF is equivalent to the dis-
tance from the meatus to the tempo-
roparieto-occipital junction, has 9%,
of growth left in boys and 12.99, in
girls at age 4; but Po-SPT, which di-
mension is similar to the distance
from the meatus to the anterior tem-
rmr'ﬂ m"ngm has ]207 of urnurrh left
in boys and 14.59, in glrls Thus, Po-
SPT increases to a greater extent
from age 4 to 20 years than Po-MPT.
Boys are consistently larger in size
than girls excepting Po-GF. These
findings are in agreement with those
of Bambha!* and Nakamura et al.®
in the measurements of the cranial
base, and by Sekiguchi et al.'® in
those of the cranium.

Po-MP shows a significant sex dif-
ference. The growth of this dimen-
sion is strongly related to the physi-
cal and neural growth and develop-
ment of the human head.

Child Study Clinic
University of Oregon
611 S.W. Campus Drive
Portland, Oregon 97201
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