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Abstract

It is clinically important to evaluate the level of skeletal maturation in juveniles
to determine the appropriate timing for orthodontic treatment. The purpose of this
study was to assess the age of bone maturity by using an ultrasonic bone analyzer (Cuba
Clinical, McCue Ultrasonics Ltd., Winchester, U.K.). Broadband ultrasonic attenuation
(BUA:dB/MHz) was measured at the left calcaneus as an effective indicator of the age
of bone maturity. The subjects consisted of 249 males and 304 females aged 12 to 29 years
who had not suffered constitutional bone disease or a disease of the endocrine system.
The peak value of BUA considered as bone maturity was 104.44 at the age of 19 years in
males and 77.80 at the age of 16 years in females, and the peak age range was indicated
as 18–19 years in males and 13–16 years in females by statistical evaluation. The peak age
range indicated by BUA was wider in females than that in males. The present results can
be used as reference ages for maturity in growth prediction for orthodontic treatment of
Japanese children and adolescents. The heights and weights of the subjects were also
collected as basic data. A significant positive correlation was observed between BUA
values and weight (r�0.34 p�0.01 in females, r�0.52 p�0.01 in males). BUA is known
to describe the quality of bone because the calcaneus is a loading bone. The relation
between bone quality and growth has not been discussed. Further research is required to
investigate this relationship.
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INTRODUCTION

It is important to evaluate the level of skel-

etal maturation in juvenile patients to deter-
mine the appropriate timing of orthodontic
treatment and, above all, to know the age of
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bone maturity as a cut-off age for prediction
at the beginning of the treatment4,5,10–12). The
peak of growth is generally used as the cut-off
age. Treatment planning including growth
prediction using a lateral cephalogram is
named the Visual Treatment Objective
(VTO)7,8,13) and has been used in daily prac-
tice. According to Ricketts, cut-off ages are
considered to be 18 years for boys and 14.5
years9) for girls. This method has been used
for a long time; however, age, gender, and
statistical evaluation of the sample have never
been discussed.

Recently, we conducted a study to evaluate
Broadband Ultrasonic Attenuation (BUA:
dB/MHz) values of Japanese children and
adolescents15). BUA values increased with age,
and a significant positive correlation was
observed between these values and age in
both males and females except in the male
25–29 age group and the female 20–24 and
25–29 age groups. A significant difference in
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BUA values between males and females was
observed in the 20–24 and 25–29 age groups
(p�0.001). The purpose of this study was
to further clarify the age of bone maturity
derived from BUA values and to evaluate the
relationship between BUA and the height
and weight6.16) of subjects for the prediction of
orthodontic treatment.

SUBJECTS AND METHODS

The subjects of this study were 553 healthy
young individuals (249 males and 304 females)
without any endocrine or skeletal disorders,
aged 12 to 29 years. (Table 1). BUA was mea-
sured in the left calcaneus using an ultrasonic
bone analyzer (Cuba Clinical, MaCue Ultra-
sonics Ltd., Winchester, U.K.). Precision was
evaluated by performing five replicate scans
on each subject. The percentage coefficient
of variation was expressed as 0.8%. Two trans-

Table 1 Subject distribution by age, sex, height and weight (�SD)

Male Female

Age Number Height (cm) Weight (kg) Number Height (cm) Weight (kg)

12 12 152.9�7.2 41.5�5.8 28 151.4�5.1 41.5�6.2

13 20 153.0�3.7 45.0�12.5 25 154.3�5.1 42.9�3.9

14 10 168.6�5.5 56.1�9.0 19 157.6�4.9 44.5�12.0

15 10 167.0�6.4 55.8�8.8 21 157.1�4.5 51.1�7.0

16 10 169.7�6.9 56.9�5.4 25 159.5�6.9 50.0�7.7

17 12 169.0�8.6 59.4�9.9 19 158.6�5.5 52.3�6.5

18 10 174.2�3.9 62.3�8.8 13 159.4�5.7 54.0�9.1

19 18 173.3�6.2 62.4�4.1 13 157.3�4.6 48.9�5.3

20 10 173.9�6.6 65.8�8.7 16 158.8�5.6 50.3�6.1

21 17 170.3�5.3 62.0�5.8 13 161.6�5.0 51.0�6.0

22 12 172.9�6.1 62.4�4.1 14 157.0�4.1 47.9�4.0

23 16 172.4�7.7 66.9�9.1 10 159.0�5.9 49.9�6.2

24 23 171.2�7.5 66.4�8.6 21 156.9�7.5 45.7�11.1

25 20 171.3�4.6 63.2�7.5 10 158.5�7.5 48.0�7.6

26 16 173.6�6.0 69.6�10.8 21 159.1�8.3 47.1�6.3

27 13 173.6�6.0 68.6�13.3 12 158.9�4.5 46.7�3.3

28 10 171.9�4.0 75.5�14.5 12 161.1�7.7 54.0�13.8

29 10 171.2�4.2 62.8�6.2 12 160.1�3.9 53.8�9.0

Total 249 304
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Table 2 BUA measurement of age

BUA (dB/MHz) BUA (dB/MHz)

Age Male S.D. Female S.D.

12 62.88 20.65 60.37 13.30

13 73.13 21.14 67.40 14.08

14 66.27 16.30 71.96 15.48

15 76.52 19.67 73.93 18.15

16 77.45 17.83 77.80 14.00

17 85.06 19.89 76.36 25.33

18 87.99 16.43 72.87 11.87

19 104.44 16.14 75.34 10.59

20 93.61 17.57 71.34 17.61

21 95.70 12.93 70.31 16.71

22 92.65 18.14 75.78 20.96

23 99.54 23.02 76.87 17.24

24 95.30 14.73 70.81 12.73

25 92.89 16.36 74.98 12.90

26 94.77 17.88 77.47 19.65

27 88.75 14.80 74.57 15.05

28 94.81 25.83 78.63 14.95

29 80.39 8.81 77.76 16.03

Fig. 1 Subject distribution by BUA and BMI
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ducers faced with silicone rubber coupling
pads were mounted on the footplate. After
applying jelly, the subject’s foot was posi-
tioned on the plate, and the transducers were
moved to make firm contact with the skin.
The height and weight of each subject was
also measured and recorded (Table 1). Body
Mass Index (BMI�weight (kg)/height (m)2),
was also evaluated.

RESULTS

The peak value of BUA (dB/MHz) con-
sidered to indicate bone maturity was 104.44
at the age of 19 in males and 77.80 at the age
of 16 in females (Table 2, Fig. 1). The peak
age range was determined to be 18–19 years
old in males and 13–16 years old in females, as
indicated by the Kruskal-Wallis-H-test and the
Student-Newman-Keuls test (Table 3). The
peak age range was wider in females than
males.

The heights and weights of the subjects
were collected as basic data (Table 1). A sig-
nificant positive correlation was observed
between BUA values and weight (p�0.01) in
both male and female subjects.

DISCUSSION

There have been few reports of cut-off
age or cut-off time since the ages of 14.5 in
females and 18.5 in males were suggested by
Ricketts9). His cephalogram samples were

based on 75 patients9); however, no details
were noted in his articles. Bagni et al.3) evalu-
ated peak bone mass or density in a popula-
tion of 426 young healthy females aged from
8 to 20 years, recording the normal range
versus age and menarche-age using Peri-
pheral Quantitative Computed Tomography
(pQCT) and broadband ultrasonic attenua-
tion (BUA). They found peak bone density in
trabecular bone at the ultradistal radius at 15
years of age. Comparing this result with our
female data, the peak age is closer to our
results than Ricketts’ data. Unfortunately the
data on males was not collected in the report
of Bagni et al.

The peak ages established in our study are
19 years old in males and 16 years old in
females. Statistical evaluation was performed
for clarifying differences around the peak
age. In males, a significant difference was
found between 17 and 19 years by the Kruskal-
Wallis-H-test and the Student-Newman-Keuls
test (Table 3). There was no significant differ-
ence between 18 and 19 years. Similarly, there
was a significant difference between 12 and 16
years in females, but no significant differ-
ences between 13 and 16, 14 and 16, or 15
and 16 years. The particular age to use as the
cut-off age was not indicated, but the peak
age range was indicated. The female peak
age range was wider than that of the male. It
was thought that differences in estrogen
secretion are related to bone metabolism in
adolescents.

Van den Bergh et al.17) investigated the rela-
tionship of the ultrasound parameters of BUA

M. SASAKI et al.

Male

age 17 18 19

16 n.s. n.s. ★★

17 — n.s. ★

18 n.s. — n.s.

Table 3 Statistical evaluation of BUA value around the peak age

p�0.01 ★★ , 0.05 ★ , n.s.: Not significance
Kruskal-Wallis-H-test and Student-Newman-Keuls test were used for comparisons of the data.

Female

age 13 14 15 16

12 n.s. n.s. n.s. ★★

13 — n.s. n.s. n.s.

14 n.s. — n.s. n.s.

15 n.s. n.s. — n.s.
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using a dry method bone densitometry. Medi-
cine and Biology 137(4), 151–154. (in Japanese)

3) Bagni, B., Carazzari, T., Saccani-Jotti, G.,
Franceschetto, A. and Romagnoli, R. (2001).
Peripheral quantitative computed tomography
(pQCT), broad ultrasound attenuation (BUA)
and speed of ultrasound (SOS) in a normal
population (426 females) aged 8 to 20 years.
Radiol Med 102(4), 217–221.

4) Enlow, D.H., Moyers, R.E., Hunter, W.S. and
McNamara, J.A.,  Jr. (1969). A procedure for
the analysis of intrinsic facial form and growth.
An equivalent-balance concept. Am J Orthod
56(1), 6–23.

5) Enlow, D.H. and McNamara, J.A., Jr. (1973).
The neurocranial basis for facial form and
pattern. Angle Orthod 43(3), 256–270.

6) Kurashige, T., Torii, S., Miura, M. and Ohba,
H. (1996). Measurements of broadband ultra-
sound attenuation with a new contact ultra-
sound system. Kanto seikeigeka saigaigeka gakkai
zasshi 27, 150–152. (in Japanese)

7) Ricketts, R.M. (1955). Facial and denture
changes during orthodontic treatment as ana-
lyzed from temporomandibular joint. Am J
Orthod 41, 163–175.

8) Ricketts, R.M. (1970). Analysis—The interim.
Angle Orthod 40, 129–137.

9) Ricketts, R.M. (1971). The application of
arcs, polar centers, gnomons and K factor in
facial growth prediction. Proc Found Orthod Res
53–78.

10) Ricketts, R.M. (1975). Dr. Robert M. Ricketts
on growth prediction. 1. J Clin Orthod 9, 277–
296.

11) Ricketts, R.M. (1975). Dr. Robert M. Ricketts
on growth prediction. 2. J Clin Orthod 9, 340–
362.

12) Ricketts, R.M. (1975). Dr. Robert M. Ricketts
on growth prediction. 3. J Clin Orthod 9, 420–
434.

13) Ricketts, R.M. (1998). The wisdom of the
bioprogressive philosophy. Semin Orthod 4,
201–209.

14) Sato, K., Abe, M., Mitani, H., Togawa, H. and
Imose, K. (1995). Evaluation of skeletal matu-
ration by a computed X-ray densitometry
method—Standard values of normal Japa-
nese from the age of 6 to 20 years—. Nihon
kyosei shika gakkai zasshi 54, 425–429. (in Japa-
nese)

15) Soejima, U., Motegi, E., Sasaki, M., Nomura,
M., Kaneko, Y., Simizu, T., Takeuchi, F.,
Yamaguchi, T., Ebihara, T., Yamaguchi, D.,
Torikai, T., Saito, T. and Yamaguchi, H.
(2002). Broadband ultrasonic attenuation of

to age, body weight, height, foot dimensions,
and pubertal stage in 491 healthy Caucasian
children and adolescents (262 females, 229
males) aged between 6 and 21 years. BUA
values increased significantly with age in both
sexes. In males, age, weight, and foot length
were independent predictors of BUA values,
while in females, age and weight were inde-
pendent predictors of BUA values. In other
studies, Wunsche et al.18) reported that BUA
values increased with age, height, and, weight,
while Sato et al.14) also indicated a correlation
between age and bone mineral density as
evaluated by X-ray measurements in females:
however, no data on boys and young males
was evaluated in their study. These results
indicate a positive correlation between BUA
values and height and weight, especially in
females.

The heights and weights of the subjects
were collected as basic data. The peak value of
height was 174 cm at the age range of 18–20 in
males and 159 cm at the age of 16 in females.
This indicated that almost the same peak of
age was observed in BUA values and height.
The peak value of weight was 66kg at the age
of 20 in males and 54 kg at the age of 18 in
females. BMI1,19) (Body Mass Index), a known
indicator of corpulence, was also evaluated in
this study. A more significant positive correla-
tion was observed between BUA values and
weight (p�0.01) than height or BMI.

The present results can be used as refer-
ence ages of maturity for growth prediction of
Japanese children and adolescents undergo-
ing orthodontic treatment. BUA is known to
describe the quality of bone, because the cal-
caneus is a loading bone2). The relationship
between bone quality and growth has not
yet been established. Further research is
required to investigate this relationship.
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