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INTRODUCTION

Growth and development of the human being
represenls a lopic of continuous interest to medical
and b}ologlcal sciences as the basic laws controll-
ing this complex process are not fully understood
vel. Dz.ila for ol?jective evaluation of this process
are mainly supplied through anthropological studies
which follow both the growth of human body as
complex and of its various individual parts. These
studies may then be used to give a general picture
of the nature of growth and of its acceleration,
slowing or completion.

Important aspect of this research represents the
influence on organism of such factors like increas-
ed life comfort (e.g. nutrition, hygiene), improved
medical care etc. These improvements seem to be
the main reason for longlasting acceleration in
growth and development of the human being.
Results obtained from-these studies are then used
in clinical praxis as pediatric standards for parti-
cular age and sex. These standards for healthy
children of given age can be obtained efficiently
using cross — sectional data only (Tanner1962).

Requirements of individual clinical specialists
frequently result in further detailed anthropological
studies of growth and development of individual
parts of the human body as of head (for the needs
of clinical neurology), face (plastic surgery, ortho-
donties), upper and lower extremities (plastic sur-
gery, orthopedy) and so on. . ‘

Part of the -body which received a relatively
little attention in the past seems to be the upper
limb. There are relatively few siudies which cover
the growth and development of the upper limb as
a complex of its individual segments. In Czech litera-

ture Borovansky and Hnévkovsky (1930) seems to-

be the first who described the devolopment of

scgments of the upper extremities within l.he group
of Prague boys. After the World War Il Lison e.k
and Hrnéiv (1960) analysed the relallpnshxp-
between the length of both extremities and height of
the body in boys from Moravia. The 'grox\.'th of
individual segments and their participation in the
length of the upper limb has been studied by Z r z a-
vy (1964) and the length of humerus, forearm and
hand within Prague children by Ric¢ai (1954).
Patizkovd's longitudinal study (1972) ‘of
Prague boys with different degree of physical acti-
vity includes some measures of the upper extrémi-

- ties too. Growth of the upper limb of preschool

children was analysed by Zrzavy et al. (1966).

A little greater amount of data seems to be
available concerning the length and breadth
measures of hand of our and European children
(Jelinek 1950, Pospisil 1959, Drobny
1959, Hajni§ 1969, Hajnis 1970). In these
and other studies (Volockoj 1924, Koenner
1938, Titlbachova 1949, Rossler 1958,
Gavrilovié 1969, Stofkova and Valsik
1972) the relative length of fingers has been analys-
ed in addition.

Child growth and development is a topic of in-
terest of many other studies and in part of them
the basic measures of the upper limb are included
(Baldwin 1921, Wallis 1931, Meredith
1935, Boynton 1936, Yanev et al. 1965,
Singh 1970, Rajkai1970). :

Hand physique and mutual ratio of individual
segments of the upper extremities in samples of
students and adults from ergonomic point of view
has been analysed in recent years for example by
Garrett (1971), Lewin and SkrobakK a-
czynski (1972). Another studies deal either with
the influence of work on the hand physique and
form or with the differences in hand morphology
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Total upper limb length (cp, )

TABLE 1
| A Boys " nght Left
e ——;
e n Right Left —D. | .2 SD.
groups g z | SD. D,
- S.D. i S.D. i p— P .
g 2.44 52.26 | 245
ol 22 51.65 3.06 51.69 3.02 24 ' 2322 2.78 53.43 2.78
7 -8 57 | 5444 | 273 | o437 | 274 31 S5ep | 304 | 5561 3y
8 —9 36 56.99 3.04 | 56.99 3.01 37 | 5863 3.48 58.49 3.47
9 —10 28 60.15 2.92 60.13 2.89 s 60.20 3.04 60.19 3.02
10 —1] 26 61.95 2.78 62.01 2.76 39 64.53 Zgg ggﬁ | g;l
11 —11.5 o . 39
11.5—12 31 63.33 3.03 63.33 2.06 a3 221; oas ok o
12 -125 | 30 | esor | 400 | esae | 400 | 34 fel |Gy | 6865 | ogy
12.6—13 | 32 67.37 3.36 67.24 3.30 ",, | 69.22 2.83 69.12 2.84
13 —13.5 33 69.19 3.39 69.10 3.36 -';'3 | 68.98 3.37 68.88 3.37
13.5—14 33 71.39 3.71 71.36 3.70 a3 70.46 2.71 70.36 2.79
14 —145 35 74.18 4.03 74.08 3.95 3 70.45 2.92 70.33 2.91
14.5— 15 33 7402 | 295 | 73.94 | 3.03 i 70.21 2.84 | 7018 | 2
15 —15.5 39 76.83 .| 832 | 76.71 3.32 99 70.93 2.36 70.78 2.38
15.5—16 32 | 76.87 3.89 76.77 3.93 3l 71.59 2.93 71.43 2.99
16 —17 30 l 77.00 3,21 76.88 3.21 32 71.19 2.50 71.02 2.54
17 —18 32 78.19 3.59 78.03 3.57 34
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FIG. 1. Velocity curves for height, total arm length and the lengths of its segments.

between - different working professions (Jarecho
1926, Roubaland Pachner 1941, Chochol
1949, Roubal 1961, Herig 1964, Tihelk o-
va 1966, Matzdorff 1968, Skvarilova
1969). Growth and development of the upper limb,
its segments and hand in particular has been further
studied using rentgenograms (Borovansk v and
Hnévkovsky1930,Maresh1955 Garrett
1971) and different measuring techniques has heen'
proposed. et BT '
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This short review shows that the analysis of the
growth and development of the upper limb in these
studies has been performed for some special pur-
pose and has not been ‘the primary task of these
investigations. For thorough assessment of this
complex process it is hecessary to-take into-account
other !mportant measures of the bodv as well. This
can 'show to what extent the change; in individual
parts of thé human body are due to the general
trend of - acceleration o to' some other  specific



‘TABLE 2

Upper arm length (cm)

[ —
Age Boys Girls
groups " Right n Right Left
@ S.D. P S.D | & S.D. & S.D
il 99 21.69 : | | |
7 - 8 57 . 1.59 21.64 161 | 24 2292 | 134 22.10 1.34
8 — 9 38 22.97 1.43 22.94 1.44 34 22.76 1.37 22.78 1.45
9 —10 o 24.34 1.38 24.40 1.42 38 23.63 1.36 23.57 1.31
10 —11 i | 25.68 1.32 25.85 1.30 27 24.84 1.53 24.83 1.563
1 —1L5 | 25.82 1.84 25.83 161 |, 30 25.38 :ig ggg; {ii
5— 31| 262 32 26.87 : 26. 42
;]25_:,3,-, o | ? L8 | $0.18 1.19 33 97.20 1.41 27.13 1.44
15513 2] 37.11 1.70 27.05 1.69 34 26.90 | 1.36 26.84 1.33
15 —18.5 o 7.87 1.64 | 27.78 1.64 34 28.69 | 144 28.55 1.42
v i 28.54 156 | 28.47 1.57 33 28.87 1.36 28.79 1.33
| 1 eith y: 39 29 1.74 29.18 1.74 33 28.67 1.66 28.61 1.66
! P > 30.42 2.00 30.37 2.00 33 29.22 1.46 29.16 1.42
} 5 1ok e 30.34 1.49 30.35 1.43 35 29.44 1.21 29.26 1.23
| 1B e P = 3168 1.76 31.59 1.78 33 | 2044 1.36 29.32 1.38
| 16 —17 %0 | 3213 1.88 | 3201 1.90 31 | 30.02 1.10 20.00 1.15
17 —18 3 | 32.37 1.68 32.19 1.68 32 30.17 1.60 30.08 1.65
32 ‘ 33.18 1.77 32.95 1.74 34 30.08 1.45 29.92 1.43
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FIG. 2. Velocity curves [or breath measures of the upper
limb. .

reasons (Fetter et al. 1965, Suchy 1969,
Prokopec etal 1973). '

In this study we present the detailed data and
analysis of growth and development of the upper

limb and of its segments in a sample of Prague

school children aged from 6 to 18 years. The main
goal of this study is to analyse and compare the
arowth of individual segments with that of total
upper limb and with other measures important for
the evaluation of child development.

SAMPLE DESCRIPTION AND METHODS

[nvestigation of growth and development of the
upper extremities included children 6 throug_h 18
vears of age from Prague schools. During 1971 to
1972 years cross-sectional data have been collected
from 1.140 children 13 of which have later been
deleted for different reasons (congenital defects.
defects of the upper extremities etc.).

Bearing in mind the demands of clinical praxis
children were grouped into chronological age groups,
i.e. the six year old age group included children
who completed the six but not attained the seven
vear of age. Hence the mean age of the group was
at mid-year, i.e. approximately 6.5 years, Close to
the adolescent spurt the children were arranged
into half-vears groups. ‘

Being sorted in this way each age group com-
prised approximately 30 individuals. Following
anthropometric measures described by Martin
and Saller (1957) have been recorded on the
child’s permanent record: total arm length (a-da),
apper arm length (a-r), forearm length (r-sty), hand
length (isty-da), bicondylar humeral diameter, wrist
breadth, hand breath, arm circumference, forearm
circumference, wrist circumference, hand circum-
ference, height and sitting height. All the measure-
ments were performed simultancously on both
extremities. Relation between either particular .
measures of the upper limb or in comparison with
the other important body dimensions was evaluated
using following indexes: ,

total arm length
height

X 100

tolal arm length
sitting height'

X 100
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Forearm length (em )

TABLE 3,
S \l
Boys = O Left:
Age . , TS - Right
groups L Right S Z S.D. z | S.D.
X s & | sp. | 2 8.D. | -l ~
; " 3 16.77 0.87
16.78 0.85
6 ~ 1 22 1648 | oss | 1e4s | 088 o 1687 | 086 | 1687 | 086
$ ias: 9 57 17.28 0.75 17.24 0.80 28 17.67 1.04 17.60 1.02
8 — 9 36 17.73 1 1.04 17.78 1.01 97 18.02 1.11 18.06 1.10
9 —10 28 | 18.77 0.87 18.76 0.88 30 19.06 1.21 19.15 1.24
10 —11 26 | 19.96 | 0.96 20.02 | 092 a8 20.86 1.32 g(l)gg 1.27
11 —11.5 - ‘ 1.65 1.43 : 1.43
11.5—12 31 ' 2067 | 117 20.68 1.12 gi 31.45 I 2139 i
12 —12.5 30 21.52 1.12 21.51 1.13 24 22.19 0.97 22.18 0.97
12.5—13 32 | 2191 1.24 21.89 1.21 33 22.61 1.15 22.59 1.14
13. —13.5 33 | 22.74 1.19 22.69 1.21 33 22.57 1.27 22.48 1.22
13.56—14 33 | 23.56 BT 23.60 1.42 23 23.17 1.13 23.20 112
14 —14.5 35 24.28 | 145 24.27 1.44 4 23.20 1.16 23.23 1.16
14.5—16 33 24.14 1.29 24.08 1.26 33 23.02 1.01 23.00 1.04
15 —15.5 32 24.70 ’ 1.20 24.63 1.23 4 22,65 0 94 99.79 0.9
15.5—16 32 24.97 1.47 25.05 1.48 & 23,01 1.14 23.02 110 |
16 —17 30 24.54 1.09 24.70 1.04 4 98 87 1.10 29.98 110
17 =18 32 | 2497 1.37 25.12 1.36 .
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FIG. 3. Velocity curves for circumference measures of. the upper

3

forearm length
upper arm.length

hand breath
hand length

%100 brachial index

X 100

~ Statistical treatment of data included compilation
of a mean and standard deviation of a given meas-
ure for particular age and sex.group. Further-
more annual increments of a mean hetween sub-
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limb.

sequent age groups have been calculated either as
absolute .values or taken relative to, the total in-
crement and cummulated with the previous ones,
so_called cummulative increments.

As these both increments are differences between
lwo subsequent age groups correspénding age given
is that of the middle, i.e.. the annual increment
between.6—7 and 7—8 age ‘groups represent the
Increment at 7 year. o ‘



TABLE 4 oy o

Hand length (cm)

y s
T Girls
| Agh ‘ Boys B iR
groups n Right " Right Left
, £ | sp. | : sD. | | & S.D. & S.D.
6 — 7 22 1 | x o8 | '
7 -8 57 ::';g | 082 14.11 0.83 24 13.93 | 0.80 13.22 g.;g
o =9 36 110 | 28 | 1403 083 | 34 14.31 0.81 14.26 A
9 —10 28 A9 1 0.84 15.14 088 | 38 14.89 0.96 14.83 0.90
g 16.02 | .96 15 0 0.92 15.77 0.94
10 —11 26 18.29 | .96 0.92 27 156.8
11 115 1 = 0.90 16.35 0.85 30 15.98 0.80 :ggg g.;g
12 12 3 |0 | aem | oo | g s | Tos | amas | Loz |
12 —12. : 3 : . .
12.5—13 39 }Z‘;g 0.86 | 17.2) 085 | 34 | 1726 | 095 17.25 | 0.94
13 —13.5 33 18 080 | 17.73 0.89 34 17.93 0.82 17.96 0.81
. 8.25 111 18.97 0.86 18.11 0.84
13.5—14 33 18.65 \ 8.27 1.06 33 18.12 .
14 —145 | 35 19.64 0.88 | 18.69 0.89 33 18.13 1.00 18.08 0.97
14.5—16 33 10,88 0,99 19.66 0.99 33 18.36 0.82 18.38 0.80 ,
15 —16.5 32 1950 | O3 | 1971 | 084 36 18.08 | 085 | 1812 | 083
T5E=16 4+ T 0.86 1970 | 0.82 33 17.97 | 0.78 18.11 0.80
16 —17 [ 30 20 Oi)' 1.07 19.87 1.10 31 18.16 | 0.72 18.18 0.70
17 —18 32 20.04 ggg 20.03 0.89 39 18.48 | 0.68 is.gg g.zg.
‘ : 20.09 0.81 34 18.46 0.66 8. .6
%
100 1~ PR+ through 12 given in the text of this paper. As
) I ds they will
Pl éﬂ/ the distance curves follow usual trends they Wil
- /:'.‘ he described only. briefly in the following text. Dfa-
= Y / tailed description of these data may be found in
80 - /I°' my thesis (Skvatilova 1974). )
,’,’ / Briefly, the total arm length and lengths of its
a=d0 9——uvy segments follow closely the curve of bf)(ly hel.gbt;
i './l ' Increasing and parallel trend of boys z.md girls
,',‘ distance curves (boys are little ahead F)f“gll‘ls) from
60 height g— the beginnirig of the analysed period is interrupted
? : . > : Re 1l
2t in approximately 11 years when girls overtake the
= l" a-da o boys” curve due to its earlier adolescent spurt.,
4 This period of girl’s superiority in length: measures
40 helght o of the upper limb is completed close to 14 years.'
3 " Then boys are again ahead of girls and their curve.
is still slightly increasing while that of girls remains
- relatively flat. :
' Breadth dimensions resemble this pattern. The
20 only exception is that adolescent spurt is a litile
less pronounced and this is the reason that boys
i are permanently ahead of girls.
A little different picture show circumference
:’ AT IR measures. As the arm circumference is concerned
6 7 the girls’ distance curve is parmanently above that

8 9 10 11 12 13 14 15 16 17 age

FIG. 4. Cummulative relative increments for height and to-

tal arm length.

RESULTS

As we did not find any significant dilferences
hetween measures for right and left side of the
body data for right limb are presented only in what
follows. ’

Sample sizes for each age and sex calegory,
means and standard deviations for each measure
mentjoned in Methods are presented in tables 1

of boys only at the end of period studied (from
about 15 years) the boys overhaule the girls. ‘Other
circumferences of the upper limb resemble the pat-
tern of breadth measures. . . ;

Velocity curves for height, total arm length and.
the lengths of its segments are shown in Fig. 1. It
can be seen again that gains of total arm length
parallel closely those of body height. The same
seems to be valid even for ils segments. Just prior
the adolescent spurl there is a more or less pro-
nounced pre-adolescent slowing of growth, in boys
between 9—11 and in girls in about 10 years. Fol-
lowing spurt (in girls around 11, in boys betwcen
12—14 years) is much more pronounced in girls

105



Bicondylar humeral diametey (m)

e

TABLE 5 - I —— ,
- Bovs = } Right ( Left ‘
| o n e —
. — ft z .|z o,
’ Age l Right ![,if" | ® l i o ’ S.D,
' groups 0 | A Sl 8. | 1[ ’\i
8.D 2.14 5087 | o
' & 5 1.17 B 2.56
2.61 ' Sloa | 3583 | BLos | e |
6 — 7 29 s 27 | 8138 1 e 34 52.92 254 | 5297 | o |
7 =i 57 si00 332 | 8291 1 oo " 5430 | 300 | 5430 | g |
3.60 | 643 2,85 27| 315 | 5619 | 3. |
8 9 36 54.33 18 | 282 " 56.15 L33l
9 —10 o8 56.39 2.88 5“'.,, L 953 3 5025 | 3.67 58.84 4|
10 —11 | 2 59.15 2.56 59.1¢ ol :3 60.03 | 340 60.73 | 399
11 —11.5 g 55 61.03 4 4 60.66 | 3.03 (0.38 | 247 |
11.5-12 il wat & 3.33 3| eols | 292 | 6162 | g |
j - | 62.07 34 i o | 6289 iy |
12 —125 20 63.07 3.32 | 4.00 g 3.30 3.66 62.82 3.0
64.78 ~ 33 D 51.5 2sx |
12.5-13 32 65.13 415 | 8T | 406 s 61.76 | 2.66 | 0158 | 233 |
[ 13 13.5 33 67.85 4.08 4.07 . 3.00 | 2.74 63.00 2.03
13.5— 14 33 68.39 an | “7-”: YT 33 2'2'09 2.93 62.17 | 9gg
| 14 —145 | 38 70.54 3.07 0.3 1 948 35 a0 3.61 6224 | 3
14.5-15 33 ‘ 71.30 342 | 7145 316 33 gg.gs 3.03 6332 | 3'81 |
16 —15.5 32 72.00 3.30 71.91 3.51 31 ’ 2.76 1 63.53 | 9.0q
. - | =g 2 72.38 | B 9 63.53 2. 98 |
18 32| 7% 3 271 | 31 g 6150 | 243 | OLT1 | o4y |
|18 17 L0 1340 | 813 | 727 Ee 34 ; | ’ )
- | a | | *_2’!’1“/#—»- e e
Wrist breadth (mpy, )
TABLE 6
i —————— i
— R — Girls |
l Boys I
; A | _ ,‘___4—0),_——/‘ " -« Right | Left |
. 2L no | Right ’ Left - 1
groups - - # S.D. l z S.D. |
| | & | sp. | # S.D. —
| 2.38 41.54 ;
‘ 6 — 7 22 | 4205 2.13 42.59 2.08 24 :g-gg 234 49.35 ;g?
, 7 -8 57 | 43.42 2.46 43.54 2.28 34 i 9.47 43,05 i
| 8§ — 9 36 | 44,17 2.79 44.03 2.82 38 43.06 253 4413 2,67
1 9 —10 28 4550 | 224 | 4557 | 2.03 i 385 1 295 | 455 | a0y
! :? —}{5 26 48.04 199 | 48.12 b 32 47.94 2.55 48.13 2.26
? 1.5—12 31 48.97 2.39 48.90 2.36 33 49.24 3,3(7) 23'22 506
12 —125 30 | 5033 | =263 | s0.27 | 290 | 3¢ | 4856 ) 1 s | Y
B : 49 34 50.15 2.57 : 2.49
12.5—13 32 51.22 3.66 | 50.94 3. : 2.65 49.76 979
13 —135 33 53.79 3.61 53.27 3.65 33 49.9 ; : ;
- 3.65 33 50.45 2.53 50.24 2.65
13.5—14 33 54,88 3.58 | b54.45 ;
= : 2.88 33 51.30 2.59 51.21 2.37
14 —145 35 56.80 2.93 | 66.37
3.21 35 50.69 2.90 50.49 2.74
14.5—15 33 57.27 3.33 | 66.91 ]
15 —15.5 32 57.81 2.61 57.38 2.59 33 50.88 2.71 50.12 2.53
15.5—16 32 57.66 2.8% | 57.31 2.76 31 51.06 2.43 50.74 2.24
16 —17 30 57.50 2.83 | 56.60 2.86 32 51.69 2.47 51.13 2.41
17 =18 32 57.63 253 | 56.81 2.68 34 50.85 2.35 | 5053 2.17
|

but in boys is of longer duration (2 years compar-
ing with only 1 year in girls). Then in boys follows
slow decrease of growth rate to the end of the
analysed period. The fall in girls is much more
steep and of short duration. Then the growth in
girls seems to be completed. A slight difference
may be seen in the forearm length where we found
in boys one year period of pre-adolescent slowing
only. :

Breadth maesures velocity curves (Fig. 2) re-
semble ‘this general pattern. Pre-adolescent slowing
lasts in boys approximately one year only, how-
ever, in comparison with two-years period in length
measures ‘and ‘is shifted to about 11 yéars. The
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decrease following the adolescent spurt in boys is
consislently longer and even the spurl itself is of
longer duration of approximately 3 years (12—14).

Different pattern of growth may be seen in
civcumference measures of the upper limb the
veloeity curves of which are shown in [ig. 3. Pre-
adolescent slowing lasts one vear in boys and girls
only and is situated close to 11 years. Just prior
this slowing (in approximatelly 10 years) the curves
peak again ‘both for boys and girls. The resling
part of the curves resemble the general pattern of
length dimensions. :

The mutal comparison of growth rates of dif-
[erent measures of the upper limly in this study is
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made through either the curves of cummulative
increments or various indexes (sce Methods). These
former for length measures are plotted in Figs 4
and 5. It is clear from these figures that starting
from approximately 10 years (girls’ spurt) girls are
permanently ahead (close to the lotal increment.
i.e. to the adult value) of boys and only at the
end of the analvsed period are overhauled by boys.
After more detailed inspection it may be seen thal
height. total arm and hand length curves have si-
milar shape and are ahead of all. This latter
slatement is a little bit different within the girls
where both hand and forearm are more advanced.

In breadth relative gains (Fig. 6) girls are ahead
of hovs even earlier. from about 9 years, but com-
paring individual breadth measures for particular
sex there are no apparent differences.

In circumference measures (Fig. 7 and 8) girls
are again ahead of boys from aproximately 9—10
vears. Here the forearm is ahead of arm and hand
while the wrist is ahead of all.

total arm length

- X 100 and

Indexes -
o height

lo%al.arm l'cnglh ¢ 100
sitting height

for bovs and girls (Fig. 9 and 10) are relatively flat
(the first index) or slowly increasting (the second
index). Only in between 12 and 13 years there is
a local decrease preceded by small increase in girls
only. In the case of the first index it may be inter-
preted that total arm length and height of the body
grow in a closely similar manner only during the
adolescent spurt growth rate of height is prevailing.

In the second index increasing trend from the
very beginning implies higher growth rate of the
upper limb. Comparing with the previous index it
reflects the well-known fact that the increase in
body height is given mainly through the length of
the lower extremities. Small decrease between 12
and 13 vears seems to result from the same reason
as explained in the case of the first index. Then
the curves for both sexes are flal.

In brachial index (Fig. 11) there is a permanent
decrease both in boys and girls from the very
heginning to a_minimum close to 9—10 years (this
implies higher growth rate of the upper arm) fol-
lowed by a steep increase to about 12—13 years
(growth rate of the foreatm prevailing). After short
decrease around 13 years the index is relatively
constant and from about 15 years slowly decreases.

hand breadth ;. b # %
ndex m'x 100 (Fig. 12) decreases in
both boys and girls to about 9—10 years. Then in
boys the curve remains relatively flat in girls slow
decrease continues to the end of ‘the analysed
period.- ‘ ;

“DISCUSSION

As mentioned in the Introduction theve is a re-
lative ~lack “of data concerning ‘the growth and
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Hand breqd(h ("P.m

TABLE 7° ; /// Girls T
N ‘ S gt r al = o 5 I e ' .
v 4 : _____,,Bm’*’///( & Right l Left T~
’ e e
. Age 3 ’e ~Riaht | | 2 S.D. ’R
. Te % / N,
. groups S —_'_lg_;—————- . S.D. | : ‘ 0
7 | .. 8.D. | - : | I | ¥3
( — o8 - 60.58 z:;i 60.04 2010
2 J 5 . 61.36 9. | 3 6206 ° 2. 61.68 N
6 —7 |22 | enes | 308 | oos | 3.08 . 6360 | 326 | 6334 0
7 -8 | 87 | 6360 | 349 | Ao 3.63 97 65.87 3.65 66.48 | i
8 — 9 |3 | esos | 361 | 0470 343 | 27 67.35 3.59 66.88 | 3B
9 —10 28 | 66.79 3.69 -~ 318 | 3 06 4.80 703¢ | o8
10 —11 | 26 | 6050 2.98 69.27 ; 32 ;;-12 b na |
| - ! . : 5
1 -1 | 4 71.42 3.34 70.97 3.20 | ;‘2 72.76 3.85 215 | 4
11.5-12 i s03 | 7280 | 480 o 7497 | 421 | 7447 |
-ty . »® gt 80 | 76.41 471 | o, 76.18 309 | 7464 | gl
12.6—13 |32 897 | 480 | ooy | amr | 3 7473 | 342 | 7409 | g8
13 —13.5 33 7870 | 805 | TAOS | gy |3 7476 | 324 | 7445 | 310
13.56—14 33 79.85 2.38 gt 424 | 33 ot 358 73.80 310
M b % 3333 | 456 | szer | 401 44 7458 | 348 | 7388 | OO
18— 15, I 3% 8372 410 | 8276 4.16 31 75.10 3.48 74.35 3§;
15.5-16 | 82 sapo | 395 | 372 | 377 39 76.78 298 | 113 [ gn
16 —17 30 84.20 3.70 | 83.10 381 34 74.09 2.93 73.80 | 3.0
17 —18 32 85.16 3.90 84.25 ' N S S
/_/ \
Arm circumfereng
ce
TABLE 8 ¢ (Cm)
_ —_— Girls
Boys e
A : n Right Left
n Right
groups . S—D—- & S.D. T I S.D.
@z S.D. @ et K e —
19.61 1.89 19.54 .
6 — 7 22 18.25 1.90 18.26 2.06 24 s 35 10.18 1.88
2.00 34 19. . 2.43
7 — 8 57 19.16 2.01 19.12 . g 19.86 1.64 19.80 1.62
8§ — 9 36 19.53 1.91 19.45 1.89 3 . 2.39 19.99 :
9 —10 28 19.98 2.39 19.96 2
10 —11 26 20.96 1.97 20.94 1.99 30 21.70 8.03 1.36 3.26
ol : . X 32 22.01 2.26 21.96 2.93
11.5—12 31 21.00 2.07 20.93 2.09 33 2911 2.98 22.05 381
12 —12.5 30 22.68 270 | 22.67 2.67 34 23.22 2.34 23.23 | - 237
- 60 2.64 34 23.59 2.66 23.59 2.65
12.5—13 32 22.63 2.64 22,
13 —13.5 33 23.86 2.90 23.82 2.89 33 24.61 2.97 24.57 2.98
13.5—14 . 33 23.98 2.73 23.87 2.75 33 24.26 2.60 24.23 2.63
14 —145 35 24.77 2.34 24,74 2.38 33 25.28 3.47 25.24 3.50
14.5—15 33 25.20 2.20 25.15 2.17 35 25.28 2.74 25.26 2.71
18 =188 32 25.72 2.63 25.63 2.63 33 25.61 2.51 25.55 2.50
7 15.5-16 32 95.92 2.39 | 25.86 2.39 31 25.03 2.09 24.97 2.13
16 —17 30 26.60 2.07 26.54 2.07 32 . 25.28 2.13 25.31 2.09
17 —18 - 32 28.00 2.10- | 27.88 2.08 34 24.46 1.76 25.43 1.67

development of the total complex of individual
segments of: the upper limb in school age children.
In our literature Lisonék and Hrn ¢ifF (1960)
presented the standards of total arm-length (pro-
jective measures) for school age Moravian children.
Means in both sexes are consistently lower compar-
ing with our results. Similar standards for Munich
school age children published by Martin and
Saller (1959) show the same picture, i.e. -arms
of our children are longer. On the other hand data
available for Bulgarian children (Yanev et al.
1965) show absolutely and relatively (to the height)
longer upper limb. j :

" As the upper arm and forearm lengths are con-
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cerned comparable data has been published in P a-
rizkovd’s longitudinal study (1972) on Prague
boys. Her results are close to our findings. The
same is true comparing our results with those of
Borovansky and Hnévkovsky (1930). -

Hand length was measured from the dorsal side
in this study. Jelinek’s data on Greek children are
consistently lower. The same seems to be valid for
both some American studies (cited in Martin and
Saller 1959) or.data of Yanev.et al. (1965).
Zyzavy (1964) and Hajni§ (1969) presented
findings which resemble ours more closely.

Values of bicondylar humeral diameter given for
American children by Meredith .(1935) and
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Boynton (1936) are similar to our findings (dif-
ferences 1—3 mm). Wrist breadth was followed i}]
Prague children by Jigrova (1966) and Si-
miankova (1966) and their measurements resull
in higher values. Dilferences might be explained
through different age grouping. different meastring
methods used ete. Hand breadth in Greek children
(Jelinek 1950) does not differ from our study.
Little higher values of this measure presented for
Prague children by Hajnis (1969) might again
be influenced by factors mentioned above.

Higher amounts of subcutaneous fat in girls from
about 5—6 years ('anner 1962) result in the
facl that girls are ahead of hoys from approximale-
Iy 9 years. Comparing our arm circumiferences with
other studies, Borovansky and Hnévkov-
sky (1930), Martin and Saller (1959),.Y a-
nevetal (1965 and Machova (1970) present-
ed data which are either similar or slightly lower
than ours. The same is true for Pafizkova’s
data (1972). Our wrist and hand circumferences
correspond closely to the values of Jigrova
(1966) and Sim Gt nkova (1966). Second peak in
circumferences velocily curves reflects presumably
the process of accumulation of the subcutaneous fat
just prior to the adolescent spurt.

Our finding that the forearm length is ahead of
other segments of the upper limb in boys seems ot
to agree with the well-known gradients operating
within the limbs. Tanner (1962) states that the
distal segments of the limbs are ahead of the proxi-
mal ones at all ages and this feature is independent
of the sex differences. Perhaps our result might be
an artefact of purely cross-sectional study while
Tanner data are based on mixed longitudinal
sample. Our girls’ data which resemble exactly this
Tanner’s scheme seems to provide strong support
for this explanation.

On the other hand the existence of this gradients
implies that from some age the hand length growth
rate would be smaller. This was observed by B o-
rovanskyand Hnévkovsky (1930) and our
findings support this as well.

ABSTRACT

Standards for the growth of the upper limb and
of its segments are presented for normal males and
females aged six through eighteen years. Using con-
ventional measuring methods means and standard
deviations for 13 length, breadth and circumference
measures, annual absolute and relative (cummula-
tive) increments were determined.

Velocity curves for length measures in both boys
and girls follow closely the trend of body height.
Adolescent spurt is preceded by two (in boys) or
one year (in girls) period of preadolescent slowing.
Girls are ahead of boys from their spurt to about
14 years. Hand is most advanced in girls whereas
forearm in boys. In breadth measures girls are
ahead of boys even earlier (from 9 years) and in-
dividual parts show the similar .growth pattern.
Velocity curves for circumference .measures show
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second peak prior to the "usual adolescent spurt.
This presumably refleéts the “accumulation of sub-
cutaneous fat preceding the'spurt. -Girls are ‘ahead
of boys from about 10 years- and the wrist and
forearm-are more ddvanced. i v )
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Forearm circumference (cm )

Boy Girls
Age —— N
L " Right Left n Right Left
* S.D. P S.D. 2 S.D P S.D
— [
3 _ Z i 18.20 1.55 18.13 1.38 24 18.76 1.23 18.63 1.22
8 _ 9 67 18.90 1.60 1£.90 1.60 34 18.60 1.77 18.60 1.78
9 —10 i 19.27 1.39 19.26 1.40 38 19.13 1.06 19.14 1.07
10 —11 28 19.72 1.36 19.70 1.37 27 19.41 1.44 19.37 1.42
N —11.8 26 2063 | 1.25 20.05 1.28 30 20.45 1.79 20.43 1.83
_19 i 1.45
i | e e | e | B BRG]
1155_1]:3'5 b 21.84 | 1.82 21.80 1.70 34 21.70 1.66 21.68 1.57
13 —13.6 . 21.99 | 1.80 21.95 175 34 22.08 1.56 22.08 1.57
13,5614 3% 22.99 1.08 22,93 1.64 33 22.64 1.70 22.60 1.72
14 —145 4 23.22 1.86 23.10 1.89 33 22,40 1.20 22.42 1.25
14515 4 24.27 1.46 24.25 1.43 33 23.17 1.95° | 23.08 1.92
15 ‘,2 33 24.50 1.56 24.34 1.61 35 22,94 1.56 22,91 1.50
15 5—16'5 ® 24.79 1.82 24.70 1.74° 33 23.20 1.37 23.14 1.37
16 —17 o 25.03 1.61 24.94 1.56 31 23.34 | 1.42 23.30 1.40
17 —1 30 25.50 | 1.44 25.37 1.42 32 23.27 1.34 23.26 1.28
—18 32 2610 | 1.8 26.00 1.28 34 23.16 1.27 23.08 1.25
N - 3 IR
RS Wrist circumference (cm)
| Boys Girls
‘ Age .
groups n Right Left n Right Left
@ SD. | & S.D. @ S.D & S.D
6 — 7 29 13.14 1.04 13.25 0,92 24 13.04 0.84 13.00 0.82
7 — 8 57 13.43 0.92 13 42 0.90 34 13.08 0.95 13.07 0.97
8 -9 36 13.51 1.00 13.63 0.91 38 13.26 0.71 13.24 0.72
9 —10 28 13.86 0.77 13.90 0.79 27 13.63 0 88 13.58 0.81
1 s 26 1460 | 074 | 1459 | 071 30 1420 | 104 | 1423 | 106
et . 32 14.55 0.83 14.55 0.85
sl o 1.7 088 & 1&30717 oM 33 1470 | 0.91 14.66 088
12 —12.5 30 15.17 0.89 15.14 0.89 34 14.89 0.68 14.92 0.72
12.5—13 32 15.25 0.97 15.16 0.98 34 15.24 0.79 15.23 0.76
13 —13.5 33 15.86 0.98 15.82 0.99 33 15.30 0.91 15.24 0.95
13.5—14 33 16.09 1.07 16.01 1.09 33 15.19 0.67 15.18 0.68
14 —145 35 16.79 0.72 16.69 0.72 33 15.54 0.94 15.55 0.92
14.56—-15 33 16.86 0.79 16 85 0.76 35 15.19 0.78 15.21 0.79
15 —15.5 32 16.94 0.86 16.83 0.89 33 | = 15.33 0.70 15.28 0.72
15.5—16 32 16.87 0.68 16.87 0.69 31 15.40 0.70 15.37 0.72
16 —17 | 30 16 91 0.75 16.79 0.68 32 15.45 0.71 15.44 0.66
17 —18 | 52 17.06 0.61 17.01 0.60 34 15.29 0.58 15.28 0.57
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TABLE 1L " ani..

bl Bl 5 Hand tircumfereiice {cm)
‘. M : P— V_ PP PR P
Age . __\Boysm\ § Girls, r)
rovipe " » Righy ™ Left n Right Left b
e i N . i : ’ .
oo ] S-DJ;__ "8 S.D. ol i SD. [" & |'sD
6 — 7 9 ' ~ Ky f il
7 _ 8 §; }g-gg 1.02 15.54 0.86 24 15.12 0.66 16413 0.64
8 —9 36 183 0.82 15.89 0.82 34 15.47 0.93 15.46 *0.90
9 —10 28 leog | 100 | 1630 | g 38 1593 | 085 | 1586 | 0.87
10 —11 26 {151 0.91 16.64 0.89 97 16.50 0.92 16.42 0.92
1 115 31 0.74 17.28 0.76 30 16.70 0.91 16.67 0.91
11.5—12 31 17.72 0.87 17.11 0.91 32 17.59 111 17.50 112
12 —125 30 18 : 33 17.56 0.97 17.49 0.97
12.5—13 -+ 1821 1.01 18.10 0.96 34 17.93 | . 0.83 17 87 0.85
13 —13.5 33 oS0 | 108 | 1853 | 1.5 34 1842 | 090 | 1830 | 0.89
13.5— 14 33 e 117 | 1999 1.04 33 18.52 110 | 1839 1.08
14 —145 4 29-70 1.24 19.56 1.25 33 18.29 0.87 18.22 0.82
16518 s 20.71 1.03 20.56 1.00 33 18.45 0.82 18.43 0.81
T & 0.53 1.16 20.44 1.0 35 18.35 0.90 18.25 0.90
15518 o 20.72 0.93 20.56 0.90 33 18.47 0.76 18.31 0.74
16—\ - 20.64 0.83 20.54 0.82 31 18.48 0.74 18.36 0.79
17. 18 80 20.68 0.82 | 20.54 0.85 32 18.64 0.77 18.52 0.73
21.08 1.01 20.93 0.98 34 18.50 0.75 18.33 0.77
TABLE 12
‘ Height (em) Sitting height (cn)
Age !
groups ‘ Boys l i Boys Girls
Girls y
! n S . A T
| & S.D. & S.D. @ S.D. 8.D.
6 — 7 22 124.00 | 6.09 | 24 | 12617 | 503 | 99 65.52 | 3.43 | 24 66.28 | 2.00
7 — 8 57 128.01 | 529 | 34 | 12743 | 613 | &7 67.18 | 251 | 34 66.70 2.89
8 — 9 36 18227 | 6.13 | 38 | 13191 | 544 | 36 69.49 | 3.05 | 38 63.47 2.77
9 —10 28 13817 | ‘714 | 97 137.82 | 6.48 28 7114 | 2.96. | 27 70.18 2.74
}tlJ —ﬂ5 26 143.92 | 5.03 | 30 | 14186 | 6388 | 96 7378 | 250 | 30 72.59 2.49
- S5 31 147.2 . 32 150 37 | -6.49 32 76.45 3.55
11.5—12 36 | B85 | 3 | ase 6.67 | 31 T 234 ) ey | 7748 | 358
12 —12.5 30 152.69 | "7.64 | 34 | 15427 | 638 | 30 77.36 | 3.08 | 34 78.63 3.68
12.56—13 32 155.67 |- 6.77 | 34 | 159.06 | 570 | 39 7177 | 3.38 | 34 80.62 3.31
13 —138.5 33 160.567 | 7.28 | 33 | 160.42 | 516 | 33 80.46 | 3.85 | 33 82.10 3.73
13.56—14 33 164.09 | 8.03 | 33 | .160.58 | 6.31 | 33 81.64 | 4.00 | 33 82 05 3.75
14 —14.5 35 170.69 | 17.28 | 33 164.33 | 6.41 | 35 85.26 | 4.00 | 33 84.02 4.24
14.5—15 33 170.00 | 6.74 | 35 | 163.98 | 5,06 | 33 85.25 | 3.93 | 35 83.71 2.83
15 —15.5 32 173.64 | 6.58 | 33 163.20 | 5.43 | 32 8€.87 | 4.37 | 33 83.57 2.62
15.5—16 32 174.85 | 7.74 | 31 163.34 | 540 | 32 88.81 | 4.15 | 31 84.01 2.92
16 —17 30 177.10 | 6.34 | 32 166.62 | 5.38 | 30 89.95 | 3.49 | 32 85.21 2.82
17 —18 32 179.3¢ | 7.58 | 34 | 166.39 | 518 | 32 90.30 | 3.20 | 34 85.47 2.76
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