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Assessment of skeletal age in the first year 
of life on basis of the caput humeri 

ossification centres
В L ombay

Section of Radiology, County Children’s Hospital, Miskolc, Hungary

A new procedure has been worked out to estimate skeletal maturity 
in infancy. The size of the caput humeri ossification centres was determined 
with the help of a pattern set from the antero-posterior chest roentgeno
gram. In each month of the first year of life 100 examinations were carried 
out and from their data percentile lines were constructed for every month 
of life.

Determination of skeletal age by  
means of X-rays is a generally accept
ed method to evaluate biological 
m aturity. Examination of the appear
ance, shape and number of ossifica
tion  centres (OC) may reveal d ev ia 
tions from normal characteristic of 
certain diseases and sometimes has 
a role in the evaluation of therapy, 
for instance in hypothyroidism, adre
nogenital syndrome, growth hormone 
deficiency, etc. Tables for estim ation  
of skeletal age have been compiled by 
m any authors. Most of them dealt 
with the ossification of the hand and 
wrist as well as the leg, knee and 
elbow. These methods are useful for 
older children, but an accurate eva lu 
ation in infancy is hindered by the  
late appearance of the OC [4]. Eigen- 
mark [2] determined skeletal age 
from X-rays of the left side of the  
body with special regard to OC of the 
foot, leg, femur, hand, forearm and 
upper arm. Caution is however re
commended, especially in the case of

control examinations, in  view  of the 
radiation exposure. R ecently  Senecal 
et al [11] and Erasmie and Ringertz
[3] have developed a new method by 
measuring the OC of the lower limb 
of newborn babies.

We have attempted to  study the 
OC of the proximal epiphysis of the 
humerus as it appears on chest X- 
rays. This OC is m ostly present at 
birth and its developm ent can be 
easily observed and m ight be con
venient for the determ ination of 
skeletal age in infancy. We have 
therefore elaborated a uniform 
method for measuring the proximal 
OC of the humerus and studied its 
relation to skeletal age.

In the first year of life purely 
enchondral ossification prevails in 
the epiphysis of the humerus [7] and 
two of the three proxim al OC appear, 
the medial and the lateral one. Their 
radiomorphology has been described 
by Marique [8]. Depending on birth 
weight and racial characteristics the
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Fig. 1. A — p chest roentgenogram of a 7 months (a-b) and a l l  months old (c) infant 
a upright, b recumbent position. The projections of the medial OC of the same infant are 

similar, c Both the medial (1) and the lateral (2) OC have appeared (upright position).
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medial OC is usually present at birth. 
It is certain to appear during the first 
three months while the lateral OC 
becomes visible after the sixth month 
[1, 5]. Both are easily detected on a-p  
chest films near the proximal meta- 
physis of the humerus (Fig. 1).

Ma t e r ia l s  a n d  M e t h o d s

The routine X-ray pictures of the chest 
have been studied in patients admitted 
because of some acute disease such as 
bronchitis, gastroenteritis, hernia, injury,

burns, etc. Patients displaying somatic 
retardation owing to chronic disease, 
enzymopathy, metabolic disease, etc., were 
not included. From the age of 1 to 12 
months, 100 children were studied for each 
month of age. Pertinence to an age group 
was reckoned from the time of birth and 
that of radiography by adding two weeks 
to the difference; e.g. infants between two 
weeks and six weeks were classified into 
the one month age group.

Measuring technigue. A — p chest roent
genograms at 150 cm focus-fihn distance 
were made of infants suspended in upright 
position. The method can be used in recum
bent position too, but the focus-film dis
tance must be longer than 100 cm; in this
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F ig . 2. Pattern set for measurement of the proximal OC of the humerus, and the size 
of patterns in mm2. The set comprises 19 patterns. Nos 5, 10 and 16 are different in 
shape but identical in size. Size of the irregularly shaped figures is approximate. The size 
and shape of the centres can be copied on transparent paper or film. Nos 17, 18 and 19 

show both the medial and lateral centres
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case, projection of the OC is nearly similar 
(Fig. lo-b).

The roentgenogram is examined on a 
projector screen and the OC is copied on 
transparent film. We have done this until 
we have obtained a pattern for each size, 
then we prepared sets accordingly and 
measured the size of each pattern on 
squared plotting paper (Fig. 2). The pat
tern proved suitable to measure both the 
medial and the lateral OC since their shape 
and development are identical (Fig. lc). 
In older infants in whom the lateral OC 
has already appeared, the latter area was 
added to the medial OC. Thereafter calcu
lations were based on the sum of the area 
of the two centres. It is not justified to 
study the two OCs separately, as the head 
of the humerus ossifies from the two cen
tres. Measurement of OC on both sides 
gave practically no difference between the 
two sides in most of the patients. In the 
case of a minor difference the higher value 
was used.

Evaluation may be difficult or some
times impossible when the shadow of the 
OC projects into the humerus or the sca

pula, or the X-ray picture is of poor qual
ity. In the latter case a careful study may 
still allow for differentiation.

Mean and percentile values were cal
culated.

R esults

From 1 month to 12 months the 
m onthly rate of the OC was calcu
lated  in both sexes on the basis of the 
mean values (Table I). The 10th, 
25th, 50th, 75th and 90th percentile 
values were calculated in each age 
group; th ey  are seen in Fig. 3.

E s tim a tio n  of bone age on  the b a sis  
o f the p a tte r n  set a n d  the p e rc e n tile  
table. On the basis of a large number 
of measurements, the method was 
found suitable for clinical use. Details 
of the measurements were as follows:

M e a su rem en t of one O C (m e d ia l) .  
Using the pattern set, the OC was

T a b le  I

Mean size and monthly growth of ossification centres

Age
m onth

Girls Boys Total

N o. of 
cases

Mean
mm2

Growth
m m 2

No. of
cases

Mean
m m 2

G row th
m m 2

No. of 
cases

Mean
m m 2

G row th
m m 2

1 43 6 57 6 100 6.0
2 44 9 3 50 l i 5 100 10.0 4.0
3 49 16 7 51 18 7 100 17.0 7.0
4 45 24 8 55 28 10 100 26.0 9.0
5 51 32 8 49 36 8 100 34.0 8.0
6 44 42 10 56 44 8 100 43.0 9.0
7 43 52 10 57 52 8 100 52.0 9.0
8 47 61 9 53 58 6 100 59.5 7.5
9 39 68 7 61 65 7 100 66.5 7.0

10 51 74 6 49 74 9 100 74.0 7.5
11 49 81 7 51 84 10 10 82.5 8.5
12 37 93 12 63 91 7 100 92.0 9.5
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S k e l e t a l  a g e - p e r c e n t i l e  l i n e s  

i n  i n f a n t s  (1 -12  m o n t h s )

--------I------------- ------------- I------------- --------------I------------- 1------------- Í------------- I-------------
1 2  3  U 5  6 7  8  9  10  11 12

A g e , m o n t h s

F i g . 3. Percentile graphs of OC development. Abscissa: age in months; ordinate: size of 
pattern in mm2, and number of pattern. For further details, see text

measured and the value looked up on 
the ordinate of the percentile curve. 
The intersection of the horizontal line 
drawn from the ordinate and the 
vertical line drawn from the age on 
the abscissa yielded the bone age in 
percentiles.

M easu rem en t of tw o  O C (m e d ia l  a n d  
la te r a l) . Each of the two OC were 
measured separately, their area was 
added and the value determined as 
mentioned above. Having reached a 
certain size the two centres ossify 
together; in such cases the two centres 
were measured with the last three 
patterns.

The method was simplified by tabu
lating the numbers of the patterns 
corresponding to those sizes of the OC 
which after minimal correction de
note the percentile curve data (Table 
II).

Bone age is easily determined from 
Table II in percentiles if one OC is 
present. If both centres are present 
the number of the pattern correspond
ing to the added amount of the two 
areas is looked up and used for the 
determination of bone age. The fol
lowing cases will demonstrate the 
procedure.

C ase 1. For a certain 7 months old 
infant the number of the pattern was
7. No 7 in Table II corresponds to 
25 percentile of actual age, according
ly the baby's bone age is 25 percentile 
(Fig. la).

C ase 2. If we suppose that the pre
vious infant was 10 months of age, 
the number of patterns 7 does not 
figure at 10 months. The nearest 
number is found at the 10th per
centile of 9 months and at 50th per
centile at 6 months. Thus, bone age
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T able II

Estimation of skeletal age on the basis of pattern set in percentiles

Percentiles

< 10 0
10 0 1

2
25 0 0 1 3

2
50 1 1 3 4

5
75 2 2 4 6

3 7
90 3 4 5 8
90< 5 6 9

Age, months 1 2 3 4

1 3 4 5 6 8 8 9

2 4 5 6 7 9 9 10

6 7 8

3 5 7 8 9 10 10 11

4 6 11 12

5 7 8 9 10 11 12 13

6-7 8 9 10 11 13 14

8 9 10 11 12 12 14 15

13

9 10 11 12 13 14 15 16

10 11 12 13 14 15 16 17

5 6 7 8 9 10 11 12

T able  III

Appearance of the medial ossification centre of the head of the humerus 
between 1 and 5 months of age

Age,
month

Girls Boys Total

No. of 
cases

No. of 
OC per cent No. of 

cases
No. of 

OC per cent No. of 
cases

No. of 
ОС-per cent

l 43 29 67 57 33 57 100 62

2 44 33 75 56 43 77 100 76

3 49 38 78 51 44 86 100 82

4 45 43 96 55 54 98 100 97

5 51 51 100 49 49 100 100 100

could be 9 months at 10 percentile, 
or alternatively, 6 months at 50 per
centile. These forms allow to establish 
whether the value is within the varia
tions of a certain age group. More
over, they show that the value cor
responds to the 50th percentile.

C a se  3 . In this 11 months old infant 
(Fig. lc) two centres (Nos 10 and 3) 
were present; the added size of the 
medial (64 mm2) and the lateral one

(14 mm2) was 78 mm2. This is nearest 
to the pattern No 12 (76 mm2). 
According to Table II, the value cor
responds to 50th percentile of 11 
months.

D isc u ssio n

In agreement with data in the liter
ature, the medial OC of the humerus 
usually appears earlier in girls than
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boys during the first month of life 
[1, 4, 6]. After the second month 
there is no difference between the 
sexes (Table III). The monthly growth 
rate of OC amounts to 7-9.5 mm2 
after the second month (Table I).

As data on the width and height 
of the OC of the head of the humerus 
during the first year of life were given 
only by Schmid [10], we took the 
same measures; our findings proved 
to be nearly identical. The monthly 
size of the OC displayed a consider
able scatter. The percentile curves 
showed, except for the first month, 
7-8 size variations in each age group, 
thus the 10th and 90th percentile 
curves were rather far from each 
other. The 50th percentile curve lies 
slightly below the curve for the mean 
value in each group. The above men
tioned size differences might have 
been due partly to the fact that the 
patients studied were not healthy,

and partly indicate a wide variability 
of the size of the OC [4].

Considerable acceleration of the 
growth of the OC was seen in 3 cases. 
Aortic stenosis had been diagnosed in 
2 of these patients and haemodynam
ic changes may have been respon
sible for the increased calcification. In 
the third patient the clinical symp
toms suggested Marshall syndrome 
[9]. These cases have not been omitted 
from statistical analysis.

Osseous age determined by the OC 
of the hands and humerus was com
pared in some cases (Table IV). Appar
ently, the method described in the 
present paper seemed to offer more 
reliable results than the OC of the 
hands, especially when the carpal 
bones appear in an irregular fashion 
(Case 2) (Table IV, Fig. 4).

The method has the following 
advantages:

1. The size of the OC can be deter-

T a b l e IV

Application of the method

No. Age
months Sex Clinical

diagnosis
No. of 
pattern Humerus

month
percentile

Skeletal age

OC of 
hand

l 3 m Adrenogenital 1 3/26 no
6 syndrome 6 6/25-60 no
8 10 10/60-75 ab 4 months

2 11 f Hypothyroidism 9 11/10* ? (Oc of radius)
8/60**

3 12 m VSD 6 7/10* ab
6/60** 4-8 months

4 12 m MPS 5 7/10* ab
6/50** 4-8 months

* nearest percentile value, 
** 50th percentile value
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F f

F ig . 4. A — p roentgenogram of the chest and of the hand of an 11 months old hypo, 
thyroid infant. For further details, see text

mined front the routine a —p chest 
roentgenogram. This is still taken of 
practically every patient admitted 
to hospital. Additional X-rays are 
not needed for the determination of 
skeletal age.

2. The method requires no technical 
staff in contrast to hand roentgeno
grams.

3. Bone age can he determined 
independently from the examiner's 
impression.

4. The value given in percentiles 
may complete the similarly expressed 
values of length, weight, etc.

The method is based on the obser
vation of a single OC although some 
examiners prefer to determine more

centres; in this case, additional X- 
rays can always be done although in 
our experience they add little to the 
information yielded by the head of 
the humerus. Its late appearance 
means the only drawback we know in 
this case some other method should 
be applied.
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