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Longitudinal data on adolescent growth in height and skeletal develop-
ment of the hand and wrist were collected as part of a prospective study of
the growth and development of 212 randomly selected Swedish urban
children. The onset, peak and end of the pubertal growth spurt were
defined on the unsmoothed incremental curve of height. The skeletal
development was evaluated by studying the attainment of SﬁeCI_fled stages
of the ulnar sesamoid of the metacar Oﬁ)hulangeal joint of the first finger,
the epiphyses of the middle and distal phalanges of the third finger and the
distal epihysis of the radius.

All growth events and skeletal stages occurred earlier in(%irls than in
boys. At the peak of the pubertal growth spurt the skeletal development
was more advanced in girls than in boys, but at the end of the spurt the
girls had a less mature skeletal development than the boys.

The analysis of the relationship in time between the growth events and
the skeletal stages showed that these stages kan be used to indicate which
period of adolescent growth an individual has reached.
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The changes in the growth rate during the
adolescent period can influence the
course of orthodontic treatment (2, 6, 8).
Owing to the close association in the tim-
ing of the maximum pubertal growth in
body height and facial dimensions (1, 2,
29) longitudinal growth records of body
height can be used in orthodontic treat-
ment planning (2). However, in the clini-
cal context growth records are seldom
available and the clinician must base his
judgement on single examinations. Even
if sufficient records are available, it may
be difficult to locate the pubertal growth
spurt since it has been found that in
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about 30% of the girls and 2 — 3 % of the
boys (12,27) the increase in growth rate
during the spurt is too small (Iess than 20
mm) to be clinically discernible (22).
Thus, additional information is necessary
to estimate which period of the pubertal
growth spurt has been reached. Such in-
formation can be found in the skeletal
development of the hand and wrist, since
the peak height velocity (PHV) and cer-
tain stages of skeletal development of the
hand and wrist are closely associated (1,
2,4,7,9, 20).
The aims of this study were:

- to determine the timing of ten speci-
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Table 1. The skeletal stages in the present study and their equivalents in other studies

Skeletal

stages Defined in accordance to
ULNAR SESAMOID

S Bjork (2) + ref. (4,9, 13, 20, 21) Onset of ossification
3RD MIDDLE PHALANX (MP) AND DISTAL PHALANX (DP)

MP3-F Tanner et al. (25) stage F
Bowden (4) MP: stage 6
Helm et al. (9) + ref. (13) MP3 =

MP3-FG Defined in present study

MP3-G Tanner et al. 25) stage G
Bjork (2) + ref. (9, 13, 20) MP3cap
Bowden (4) MP: stage 7

MP3-H Tanner et al. (25) stage H
Bowden (4) MP : stage 8

MP3-1 Tanner et al. (25) stage 1

DP3-1 Bjork (2) + ref. (9, 13, 20) MP3u, DP3u
Bowden (4) MP/DP:stage 9
Stuart et al. (21) completion
RADIUS

R-1 Tanner et al. (25) stage [

R-1) Defined in present study

R-J Tanner & Whitehouse (24) stage J
Bjork (2) + ref. (7) Ru
Stuart et al. (21) completion

» For definition see figure 2-5

fied skeletal stages in a representative
prospective longitudinal sample of
Swedish children, and

- to describe the relationship in time be-
tween these ten skeletal stages and the
pubertal growth spurt.

MATERIAL AND METHODS

Data on the skeletal development of the
hand and wrist and the pubertal growth
in height were obtained from 212 ran-
domly selected Swedish urban children
(90 girls and 122 boys) as part of a pro-
spective longitudinal and interdiscipli-

nary study of growth and development
from birth to adulthood (10, 11). The
children were born between 1955 and
1958. The method and the representative-
ness of the sample have been reported
previously (10, 11). During the age period
covered by this study the subjects were
examined once a year up to the age of 18
years. After this age no radiographs were
taken but height was also measured at the
age of 20 - 22 years.

Height was recorded with the stretch-
ing up technique as proposed by Tanner
(30). Increments were calculated using
measurements taken at even ages. Each
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Table 2. Probit analysis of age at attainment of various adolescent maturity indicators in girls and
bovs

Adjust- Sex dif-
Sex| Mean SD ment to |df Range ference ®
probit
line in years
(Chi?)?
Pubertal spurt
ONSET G 10.04 1.26 3.03 7 6.5-13.5 2.04
B 12.08 1.20 3.83 6 9.5-15.5 )
PHV G 11.98 1.02 9.41 6 9.5-15.5 2.09
B 14.07 1.08 2.53 6 11.5-17.5 )
END G 14.82 0.88 1.19 5 13.3-173 223
B 17.05 0.98 - 1.32 5 14.5-19.5 )
Skeletal
development
S G 10.73 1.03 348 4 8.5-12.5 239
B 13.12 1.12 3.86 6 10.5-16.5 ’
MP3-F G 9.15 1.06 0.47 6 6.5-12.5 215
B 11.66 1.26 371 6 8.5-14.5 '
MP3-FG G 1134 0.95 1.57 4 9.5-13.5 235
B 13.69 1.00 295 5 11.3-16.5 ’
MP3-G G 12.42 1.02 3.08 4 10.5-14.5 290
B 14.62 0.99 4.06 6 11.7-17.5 )
MP3-H G 13.45 0.96 334 5 11.5-16.3 210
B 15.55 1.07 2.43 4 13.5-(18.5)¢ '
MP3-1 G 1432 0.99 227 4 12.5-16.7 1.97
B 16.29 1.02 293 4 | 14.5-(19.5)¢ ’
DP3-1 G 13.33 091 7.14 5 11.5-16.5 298
B 15.61 1.06 2.33 4 13.5-(18.5)¢ )
R-1 G 14.79 1.09 1.64 5 12.5-17.5 175
B 16.54 0.95 6.21 4 14.5-(19.5)¢ ’
R-1J G 15.79 1.06 3.59 5 13.5-(18.5) 179
B 17.58 0.80 322 4 15.7-(20.5) ¢ ’
R-J G 16.73 1.19 7.50 5 14.5-(20.5) ¢ 128
B 18.01 0.92 3.02 4 16.5—(22.5)¢ )

®No value of Chi? is statistically significant (p > 0.10)
b All sex differences are highly significant: p < 0.001.
© Value within brackets is extrapolated
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measurement was adjusted to exactly
specified target ages (11). The incremen-
tal growth curve was analysed graphi-
cally without any smoothing (27), a pro-
cedure which can be used in clinical rou-
tine work.

In the present study three growth
events were used representing the onset
(ONSET), peak (PHV) and end (END)
of the pubertal growth spurt (Figure I).
{For details see reference 27.)

From the time prior to puberty 92.5 per
cent of the original 212 subjects were
regulary followed. At the end of the spurt
86.3 per cent of the subjects remained in
the study.

The skeletal development of the right
hand and wrist was assessed on radio-
graphs obtained each year by a standar-
dized procedure (26).

During the pubertal spurt radiographs
of the hand and wrist were available
from 78 girls and 97 boys, i.e. 82.5 per
cent of the original sample. The bones to
be used as indicators of the skeletal de-
velopment were chosen according to
Bjork (2): the ulnar sesamoid of the meta-
carpophalangeal joint of the first finger,
the epiphysis of the middle and distal
phalanges of the third finger and the distal
epiphysis of the radius. The assessments
were made with one bone visible at a
time (18) by using a magnifying viewer
(14). In the present study ten skeletal
stages were used (Figs. 2 - 5). Eight stages
have been defined by others and two new
stages (MP3-FG and R-1J) were defined
and used by the authors of the present
study. (Table 1, for details see Figs. 4, 5).
All skeletal stages were termed according
to the TW-method (25).

The analysis of the radiographs were
carried out by one examiner (U.H.). To
evaluate the methodological error all
available radiographs of 25 subjects were
assessed by both authors. Identical
ratings were found in more than 95 per
cent of the assessments and none of the
age differences was greater than one year.

mm/year

100 PHY

$04

2'0 years

5 10 15

Fig. 1. The pubertal growth spurt.

Onser of the spurt (ONSET) is the smallest annual
increment from which there is a significant con-
tinuous increase in growth rate to PHV. ONSET is
found by locating the smallest annual increment
(A) from which there is a continuous increuase in
growth rate 10 PHV. The curve is then followed
towards PHV until growth rate has accelerated
10 mm. ONSET will be represented by the annual
increment which is next below or coincides with
this growth rate.

Peak licight velocirny (PHV) is the greatest annual
increment during puberty.

The end of the spurt (END) is the first annual incre-
ment after PHV below 20 mm.

Statistical methods

The age of a subject at the attainment of
any stage was defined as the midpoint of
the age interval during which the change
occurred. If more than one stage was at-
tained the intervals were divided into
appropriate equal parts. The individual
ages were used to analyse the relationship
in time between the skeletal stages and
the pubertal growth events and in the
correlation analysis. The mean ages at the
occurence of the various stages were cal-
culated by probit analysis (5) in such a
way that an unbiased estimate of the
mean value eas obtained (23). The cumu-
lative percentages (Tables 3, 4, 6, 7 and 8)
were calculated on the raw figures of the
probit analysis.

RESULTS

The means and ranges of the ages at the
occurrence of the growth events and the
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Fig. 2. The uinar sesamoid (S) of the metacarpopha-
langeal joint of the first finger before and after ossi-
fying,

Fig 3. The distal phalanx of the third finger (DP3)
before and after stage I: fusion of the epiphysis and
metaphysis is completed.

pa

Fig. 4. The middle phalanx of the third finger
(MP3):

— stage F: the epiphysis is as wide as the metaphy-
sis.

~ stage FG: the epiphysis is as wide as the meta-
physis and there is distinct medial and/or lateral
border of the epiphysis forming a line of demar-
cation at right angles to the distal border.

— stage G: the sides of the epihysis have thickened
and also cap its metaphysis, forming a sharp edge
distally at one or both sides.

— stage H: fusion of the epiphysis and metaphysis
has begun.

— stage 1: fusion of the epiphysis and metaphysis is
completed.
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skeletal stages are given in Table 2. The
cumulative percentage of subjects who
have attained a certain stage at the end of
each age interval is given in Tables 3 and
4. The correlation coefficients between
the occurrence of the growth events and
the attainment of the skeletal stages are
given in Table 5. The relationship in time
between the growth events in the skeletal
stages are given in Tables 6, 7 and 8.

Pubertal growth spurt

On an average, the pubertal growth spurt
began (ONSET) at an age of about 10
years in girls and 12 years in boys. In
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Fig. 5. The distal epiphysis of the radius:

~ slage [ fusion of the epiphysis and metaphysis has begun. — stage 1J: fusion is almost completed but there
15 stilt o small gap at one or both margins. — stage J: fusion of the epiphysis and metaphysis is completed.

both sexes PHV occurred about two
years after the onset of the spurt. The end
of the spurt (END) was attained at the
age of about 15 years in girls and 17 years
in boys (27). The mean duration of the
pubertal growth spurt was similar in girls
and boys, i.e. 47 and 4.9 years respec-
tively (27).

Skeletal development

The occurrence of the latest skeletal stage
— the complete closure of the distal epi-
physis of the radius (R-J) could be estab-
lished in 54 (60.0 %) girls and 45 (36.9 %)
boys, i.e. 46.7% of the original sample.
Two out of the ten skeletal stages, i.e.
MP3-FG and R-1}, were defined in the
present study. Stage MP3-FG was obser-
ved in 70 out of 74 (94.5%) of the girls
and 80 out ot 90 (88.9 %) of the boys. The
new stage of radius (R-1J) could be ob-
served in 51 out of 62 (82.3 %) girls and in
19 out of 51 (37.3 %) boys.

Skeletal development at the beginning of

the growih spurt (ONSET)

According to the mean values one of the
skeletal stages (MP3-F) preceeded ON-
SET, while two of the stages (MP3-FG
and S) occurred between ONSET and
PHYV (Table 2). Although statistically sig-
nificant—, the values of the correlation
coefficients between the occurrence of
ONSET and these skeletal stages were

fow or moderate. (Table 5.) The first epi-
physeal stage of the third middle phalanx
(MP3-F) was attained before ONSET in
about 40% in both sexes, while the se-
cond stage (MP3-FQG) was observed be-
fore ONSET in only two of the girls
(2.6 %) and in none of the boys (Table 6).
The ulnar sesamoid was ossified before
ONSET in 14.3 % of the girls and 8.3 % of
the boys.

Skeletal development at peak height velo-
city (PHV)

According to the mean values three of the
skeletal stages (MP3-F, MP3-FG and S)
preceeded PHV, while the remaining
seven stages occurred after PHV (Table
2). The values of the correlation coeffi-
cients between the occurrence of PHV
and the skeletal stages were moderate or
high (Table 5).

The ulnar sesamoid (S) was ossified
before or during the same annual interval
as PHV occurred in all subjetcts, except
in one boy. In this boy the ulnar sesa-
moid became visible during the first an-
nual interval after PHV (Table 7).

The first stage of the epiphysis of the
third middle phalanx (MP3-F) was at-
tained before or at PHV in all subjects. At
PHYV the second stage (MP3-FG) was
obtained by more than 90 % of the sub-
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Table 4. Cumulative percentage of boys who had attained various adolescent maturity indicators at the end of each age interval

Age Pubertal spurt Skeletal stage

interval

in years ONSET PHV END S MP3-F MP3-FG MP3-G MP3-H MP3-1 DP3-1 R-1 R-1J R-J

8-9 29
9-10 53 10.3

10-11 14.7 5.2 284

11 -12 514 1.9 12.5 589 3.1 1.0

12-13 79.4 159 453 83.0 28.7 2.1

13-14 92.5 514 78.5 99.0 60.6 31.2 6.6 5.4

14-15 99.1 79.8 1.0 96.8 100.0 91.4 62.9 337 11.0 322 22

15-16 100.0 96.2 15.2 99.0 979 92.6 66.3 43.5 64.8 36.6 1.1

16 -17 99.0 50.5 100.0 100.0 98.9 91.9 72.8 90.9 66.3 28.7 15.2

17-18 100.0 81.9 100.0 97.8 94.7 97.8 91.8 655 Sl

18- 19 97.1 - - - - - -

19 - 20 100.0

Table 5. Correlation coefficients between oge at attainment of various adolescent maturity indicators in girls and boys

Pubertal Skeletal stage

spurt S MP3-F MP3-FG MP3-G MP3-H MP3-1 DP3-1 R-I R-1J R-J

ONSET G .56 30 .61 61 .60 64 70 60 .56 S5
B 53 28 67 66 .70 3 .70 54 39 25

PHV G .63 .50 75 .79 79 79 .86 .76 77 75
B 73 A4l .81 .83 .85 .87 .85 .74 55 38

END G 69 .50 .76 79 81 74 .83 .81 .82 3
B Tl 46 77 82 .85 .83 .85 .64 .50 48
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Table 6. Cumulative percentage of girls and boys who attained a certain skeletal stage in each annual
interval in relation 10 the interval during which the onset (ONSET) of the spurt occurred

jects. The third stage (MP3-G) was obser-
ved before PHV in five out of 68 (7.4 %)
girls and one out of 86 (1.2 %) boys. The
last two stages of the middle phalanx
(MP3-H and MP3-I) were attained after
PHYV in all subjects. The fusion of the
epiphysis of the third distal phalanx was
completed (DP3-1) after PHV in all sub-
jects except in two girls (2.7 %), in whom
the occurrence of the two events coin-
cided.

Skeletal development at the end of the
growth spurt (END)

According to the mean values all skeletal
stages except the last two stages of the
radius (R-1J and R-J) preceeded END
{Table 2). At END the fusion of the third
distal phalanx was completed (DP3-]) in
all subjects and that of the third middie
phalanx (MP3-1) in all subjects except in
four (6.4 %) girls (Table 8). The fusion of
the distal radius began (R-I) before or at
END in 52 out of 67 (78.3 %) girls and 64
out of 68 (94.4%) boys. When fusion of
the radius was almost completed (R-1J)
all subjects had reached or passed END.

Interval S MP3-F MP3-FG

in years G B G B G B

to ONSET

-4 2.0

-3 1.0 10.3 6.2

-2 39 2.0 286 234 13

-1 14.3 83 41.2 40.2 2.6

ONSET 429 25.8 75.3 69.1 184 114

+1 76.3 63.4 92.1 89.8 67.1 424

+2 97.4 92.6 100.0 99.0 88.0 83.9

+3 100.0 99.0 100.0 98.7 979

+4 100.0 100.0 100.0
DISCUSSION

The timing of the pubertal growth spurt
and the skeletal stages of the hand was
generally in agreement with other studies
(Table 9). The marked difference in the
timing of some of the skeletal stages and
the pubertal growth might be more due to
different sampling procedures than to
population differences. In some studies
the subjects have been sampled from or-
thodontic patients of varying ages (2, 9,
20). In the present prospective study the
subjects were sampled before birth and
followed up to adulthood. Thus the entire
pubertal growth period could be obser-
ved. In nonrandomised samples (2, 9,
20), in which all subjects have not been
followed during the same age period,
there are less observations of early and
late occurring stages. Due to the opera-
tional criteria the number of early and
late maturers is probably too low in such
studies. Furthermore early stages may al-
ready have occurred in early maturers
when recruited and late stages may not
have occurred at the last examination of
late maturers. A number of withdrawals
is inevitable. In many studies the impact
of this was not taken into account in the
statistics (2, 4, 7, 9, 20, 21). In the present
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Table 7. Cumulative percentage of girls and boys who attained a certain skeletal stage in each annual interval in relation to the interval during which
the peak of the spurt (PHV) occurred

Interval S MP3-F | MP3-FG | MP3-G MP3-H MP3-1 DP3-1 R-1 R-1J R-J

in years

to PHV G Bl G Bl G Bl G B| G B| G B| G B| G B| G B G B
-6 1.1

-5 N 4.3

-4 1.3 1.4] 19.2  16.7

~3 104 33[464 422 13

-2 355 185(80.0 744| 7.8 2.1

-1 792 66.71963 904|592 382} 67 - 1.1}

PHV 100.0  98.9(100.0 100.0 @o.ov 913|542 444 m..m 1.1 2.7

+1 100.0 100.0 100.0) 93.2 93.5/52.8 53.0] 82 33]662 488 14 23

+2 100.0 100.0] 946 97.8 603 69.4]98.6 97.6/348 494| 14 1.2

+3 1000 100.00 97.3 100.0{100.0 100.0| 79.7 93.2(30.6 343 45 176
+4 100.0 100.0 1000 82.8 93.8{ 303 722
+5 100.0 100.0( 754 100.0
+6 100.0

Table 8. Cumulative percentage of girls and boys who attained a certain skeletal stage in each annual interval in relation to the interval during which
the end of the spurt (END) occurred

Interval MP3-H MP3-1 DP3-1 R-I R-1J R-J

in years G B G B G B G B G B G B
to END

-3 39 5.7 2.7 22

-2 38.6 44.2 5.4 1.1 47.9 39.6 1.3 6.9

-1 95.8 100.0 493 60.9 98.6 97.6 222 439

END 100.0 94.6 100.0 100.0 100.0 78.9 94.5 20.3 444 43 21.0
+1 100.0 100.0 100.0 81.6 92.1 25.8 79.2
+2 100.0 100.0 75.0 98.2
+3 98.2 100.0
+4 100.0
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study the percentage of withdrawals dur-
ing the pubertal period was as low as 6.4
per cent and considered in the statistics.

Skeleral stages

Since maturity indicators of brief du-
ration are more informative than those of
long duration (19) it may be advantage-
ous to introduce new intermediate stages.
To improve orthodontic treatment plan-
ning two new skeletal stages were defined
in this study. The new stage MP3-FG
(Figure 4) was selected as an indicator of
the acceleration period of the pubertal
growth spurt and the new stage R-1J (Fig-
ure 5) as an indicator of late adolescent
growth, To be useful a maturity indicator
must occur in every subject, that is, be
universal (19). The stages MP3-FG were
observed in about 90 per cent of the sub-
jects, and stage R-1J in more than 80 per
cent of the girls and less than 40 per cent
of the boys. Because of limitations in the
schedule of serial radiographic exami-
nations skeletal stages of brief duration
may appear to be skipped in some sub-
jects (19). The observed sex difference of
stage R-1J may be the result of a more
rapid maturation in males at this stage
(see further discussion below). The
method error of the assessment of the
new stages were similar to those of the
other skeletal stages used in this study.

Other investigators have reported cor-
responding values of methodological er-
ror (9). In conclusion the two new skele-
tal stages are valid as maturity indicators.

In orthodontics there is need for indi-
cators of late adolescent growth since -
although the general growth rate is low
during this period - late mandibular
growth may cause crowding and occlusal
disturbances (3, 16).

Since the complete fusion of the distal
epiphysis of the radius (R-J) has been re-
ported to be a useful indicator of growth
termination (2) it might be valuable to
follow the fusion of the radius more clo-

sely by using three stages (R-1, R-1J,
R-J). Stage R-J was excluded in the sec-
ond version of the TW-method for the
assessment of skeletal maturity since it
was «excessively variable in timing» (25).
As one of the main applications of the
TW-2 method is the prediction of the
adult height, it may be appropriate to ex-
clude a skeletal stage representing a
period when about 99 per cent of the
adult height has been attained in most
individuals.

Skeletal development in relation to the
pubertal growth spurt

The ossification of the ulnar sesamoid
preceeded ONSET in 14 per cent of the
girls and in 8 per cent of the boys (Table
6). A similar figure has been reported in
a study of Turkish girls (15).

At PHYV the sesamoid was ossified in
all subjects except in one boy. (Even
when PHV was estimated by the measure-
ments every three months the sesamoid
was not ossified until the first annual in-
terval after PHV.) In two Danish studies
(9, 20) the sesamoid was ossified in both
sexes while ossification after PHV has
been reported in Australian aboriginal
girls and Turkish girls (7, 15).

The new stage of the third middle pha-
lanx (MP3-FG) was observed before
ONSET in two girls (Table 6), who both
had an extremely small peak of the
growth spurt. This made the location of
ONSET uncertain. Due to the definition
of ONSET (Figure 1) the beginning of
the growth spurt was probably deter-
mined too late in these two girls.

The fusion of the third distal phalanx
(DP3-1) was completed after PHV in all
subjects except two girls, in whom the
complete fusion coincied with PHV. This
was also found when PHV was estimated
from measurements taken every three
months. These two girls were the latest
maturers in the female sample. A similar
range of relation between DP3-1 and
PHYV was observed in Danish girls (20).
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Table 9. The timing of peak height velocity (PHV) and skeletal stages in girls and boys in various

samples
Girls Boys
Mean SD Mean SD

Peak height velocity

PHV Present study 12.0 1.02 14.1 1.08

: Denmark 9+, 20%) 12.3 0.93 14.2 09
Australia (4) 11.7 1.01 139 0.96

Ulnar sesamoid

S Present study 10.7 1.03 3.1 1.12
Denmark (9¢, 20 %) 115 1.02 132 1.1
Iceland (13) 11.2 1.13 13.4 1.40
Australia (4) 11.0 - 13.0 -
USA 21) 10.7 0.86 12,6 1.14

3rd middle phalanx

MP3-F Present study 9.5 1.07 11.7 1.33
Denmark (9%) - - 12.9 1.3
Iceland (13) 10.1 1.30 12.5 1.52
Australia (4) 10.1 0.75 11.9 0.69

MP3-FG Present study 11.3 0.95 13.7 1.00

MP3-G Present study 12.4 1.02 14.6 0.99
Denmark (9%, 20") 12.5 0.88 14.5 1.0
Iceland (13) 12.2 1.26 14.2 1.53
Australia (4) 11.9 0.88 14.0 0.74

MP3-H Present study 13.5 0.96 15.6 1.07
Australia (4) 13.5 0.94 15.8 0.93

MP3-1 Present study 14.3 0.99 16.3 1.02
Denmark (99,20 %) 142 0.84 16.5 0.9
Iceland (13) 14.5 1.61 17.2 1.74
Australia (4) 143 0.98 16.8 0.87
USA (21) 13.9 1.00 16.0 1.08

3rd distal phalanx

DP3-1 Present study 13.3 091 15.6 1.06
Denmark (94, 20") 13.5 0.85 15.6 0.9
Iceland (13) 134 1.24 15.8 1.59
Australia (4) 13.4 0.88 15.8 0.83
USA (21) 133 092 15.5 1.08

Radius

R-1 Present study 14.8 1.09 16.5 0.95

R-1J Present study 15.8 1.06 17.6 0.80

R-J Present study 16.7 1.19 18.0 0.92
Denmark (27) - - 17.5¢ -
Australia (7) 16.5 1.2 17.3 0.7
USA (21) 16.7 1.00 173 0.7

"boys Pgirls ©estimated value
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Sex differences in skeletal development

The sex differences of skeletal develop-
ment decrease with age (Table 2). The
early skeletal stages were observed about
2.4 years earlier in girls while the sex dif-
ferences at the final stage (R-J) had de-
creased to 1.3 years. This is in accordance
with another study (28) where the fusion
of the epiphysis of the third middle pha-
lanx and the distal radius lasted longer in
girls than in boys. In a study of the knee
joint (17) the sex difference of modal ages
at completion of epiphyseo-diaphyseal
fusion of the femur, tibia and fibula was
1.1 — 1.4 years, while the sex difference of
maturity indicators appearing at the age
of 10 was about two years.

During the acceleration period of the
pubertal growth spurt the sex differences
were greater for the skeletal stages than
for the growth events, while the reverse
was true at the end of the spurt (Table 2).
Consequently at PHV the skeletal deve-
lopment in the girls was more mature
than in the boys, while at the end of the
spurt the boys were more mature (Tables
7 and 8). However, this finding might
have been influenced by the fact that
radiographs were not taken after the age
of 18. Since all subjects except 16 boys
had reached END at the age of 18, the
sex differences at END would probably
be larger provided radiographs had been
taken after this age. Even if it was assu-
med that none of the 16 boys would have
attained a complete fusion (R-J) when
END occurred there would still be a sig-
nificant sex difference for a coincident
occurrence of END and the final stage of
radius (R-J) (Chi? = 6.25, p <0.02). [tis
tempting to hypothesize that the more ra-
pid skeletal maturation of the boys dur-
ing the latter part of the pubertal growth
spurt is caused by the increasing secre-
tion of testosterone (31). Exogenous
testosterone  accelerates the skeletal
maturation remarkedly, while the effect
of estrogen is less marked (32). Due to the

observed sex differences during the late
adolescent period one would expect that
girls grew longer and more during the
postpubertal period. In an earlier report
based on the same sample (27) it was
found that the postpubertal period was
nearly six months longer in girls, while
the duration of the pubertal growth spurt
was about the same in both sexes. In av
Swiss study (12) the post-spurt growth
was found to be 1.4 cm greater in girls
than in boys.

CONCLUSIONS

The following findings concerning the
relationship in time between the various
events have been made:

Ulnar sesamoid (S)

— if the sesamoid is not ossified, PHV
has not been reached. (However, in oc-
casional subjects the ossification may
begin just after PHV.)

- if the sesamoid has just become visible,
most children are in the acceleration
period of the pubertal spurt.

Third middle phalanx (MP 3)

- if stage F is not attained, neither is
PHYV.

- if stage FG is attained the subject is in
the pubertal growth spurt, most pro-
bably in the acceleration period

- if stage G is attained, PHV is imminent
or has been reached

- if stage H is attained the deceleration
period of the growth spurt has begun.

— if stage | is attained, the end of the
spurt is imminent or has just been
reached.
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Third distal phalanx (DP3)

— if stage it is not attained, neither is the
end of the spurt.

- if stage | is attained, PHV has occur-
red.

Radius (R)

- if stage 1 is attained, the end of the
spurt is imminent or has just been
reached.

- if the new stage 1J is attained, the post-
pubertal period has begun.
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