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Abstract: We made use of the Belgian Longitudinal Growth Study of the Normal Child (Graffar
1958) to produce centiles for skeletal maturation scores (TW2 method) and for bone age at each
chronological age between 3 and 15 years in boys. Until 4 years of age, skeletal maturation and bone
age tend to be advanced with respect to chronological age, but this trend reverses during the later pre-
pubertal ages. At puberty, they seem to catch up again this delay. Maturation rate for the TW2 bone
scores showsa regular increase from childhood till puberty. The RUS score increments show a tendency
to decrease till 10 years of age, but then show a clear adolescent spurt. The maturation rate of carpal
bones shows a peak around 7 to 8 years of age.
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Introduction

Maturation is a measure of the rate of development of a child. It indicates how far
a child has progressed in his developmental process towards adulthood. Children with the
same adult height, for example, but with varying rates of maturation, will have different
heights at any particular age throughout their growth process, simply because slow
maturing children take somewhat more time to complete their growth process than fast
maturing children. So, one should bear in mind that, in a population, the variation in size
(height for example) at a particular age is partly due to a variation in the genetic pre-
disposition for being small or tall, but also to a variation in maturation, or tempo of
growth. This relationship between growth and maturation makes that chronological age
has its limits in evaluating the growth of a child.

Maturation is measured on ascale with a fixed starting and ending point, corresponding
respectively, with the stages of complete immaturity and full development. Intermediate
stages are observed as qualitative changes, independent of size, and occurring in an ir-
reversible order. During childhood, the number of erupted teeth provide a good system
for evaluation of the maturation of a child (Demirjian et al. 1973), while at adolescence,
various characteristics of pubertal development (pubic hair, axillary hair, menarche,
genital and breast development) provide a criterium to estimate maturation (Tanner
1962, Marshall et al. 1969, 1979). However, by far the most commonly used criterium is
skeletal maturation, which is based on the fact that osseous development goes through
a number of well-defined and easily recognisable stages, that occur in an irreversible order,
and are independent of the size of the bones. The final stage in the process of skeletal
maturation corresponds with complete closure of the epiphyses of the long bones, and,
hence, also coincides with the end of the growth process of the long bones. Skeletal
maturation is to some extent related to dental and sexual maturation (Marshall 1974).
It is also applicable during fetal development (Birkbeck 1984) and in newborns (Neyzi
et al. 1984).
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Although various parts of the skeleton can be used to examine bone maturation, most
methods are restricted to particular areas of the body, such as the knee (Roche et al. 1975b)
or the hand and wrist (Todd 1931, Greulich and Pyle 1959, Tanner et al. 1962, 1975), for
example. Particularly, X-rays of the hand and wrist are relatively easy to take and have
shown to be very useful in the determination of skeletal maturation, since that area of the
skeleton shows a relatively large number of bones, with fairly well-recognisable stages of de-
velopment, or maturation indicators. The skeletal maturation of a child can be expressed in
terms of a maturation score (Tanner et al. 1962, 1975), but in all instances, one can
calculate a child’s bone age (or skeletal age) which is the average age of children in the
normal population who have the same maturation as that particular child.

Skeletal maturation or bone age are powerful tools to evaluate the normality of a
child’s growth, since they allow to better interpret a child’s growth advancement or
retardation. Indeed, it allows, for example, to estimate the amount of growth delay that
is simply attributable to a lower tempo of growth and the amount of retardation, which is
due to factors that may affect its growth potential. It is particularly, the latter sort of
information, together with information about the height of the parents, that is important
to pediatricians in order to estimate the severity of the growth delay in various growth
disturbing diseases. Since skeletal maturation is related to the growth process and can
express (in terms of a percentage, for example) how much of the process is completed at
a certain age of the child, it also provides possibilities to make predictions of adult size
(Tanner et al. 1975, Roche et al. 1974). In terms of public health, skeletal maturation can
be used to reveal environmental changes.

Such as for growth, skeletal maturation reflects an interaction between genetic and en-
vironmental factors (Garn et al. 1963, 1966), stressing the need for population specific
references for maturation scores. The aim of the present study is to present centiles for
maturation scores and bone age in Belgian boys, based on longitudinal data (Graffar 1958),
and using the TW2 (Tanner-Whitehouse 2) method (Tanner et al. 1975). Several authors
have shown that the TW method (TW1) is more reliable than the Greulich—Pyle method
(Roche et al. 1970; Johnson et al. 1973, Roche 1978).

Materials and Methods

The data comes from the longitudinal survey of Belgian children, previously described
by Graffar (1958), Wachholder et al. (1975) and Hauspie et al. (1980). This study is
known as the Belgian Growth Study of the Normal Child and was part of a series of
longitudinal growth studies, conducted in different European countries and coordinated
by the International Children’s Centre in Paris (Falkner 1955). The actual sample is re-
presentative of the Brussels’ population.

X-rays were taken at yearly intervals, within 14 days from birthdays, between 1 and
15 years of age. The material consists of 581 X-rays, taken on 50 boys. There was an aver-
age number of 11.6 radiographs per subject taken over the 14 years period. All radio-
graphs were rated by one of the authors (G.G.) according the TW2 method (Tanner et al.
1975). The reliability of the authors’ technique was tested by comparing his ratings of
a set of 100 X-rays from the Harpenden Longitudinal Growth Study with ratings of the
same set by an expert in the field (Beunen 1985). The overall percentage of agreement be-
tween independent ratings of the 100 radiographs was 86 4%, the great majority of the
differences was limited to one stage only. Reproducibility of the author’s own ratings was
checked on a subset of 50 X-rays and the agreement between two ratings of these same
subset was 87.2%. These values are in good agreement with those obtained by Beunen and
Cameron (1980), higher than those obtained by Baughan et al. (1979), van Vanrooij-
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Ysselmuiden et al. (1978), Helm (1979), and Wenzel et al. (1982). The difference in bone
age between the independent ratings was only 0.045 years (S.D. = 0416 years) and be-
tween the 1st and 2nd ratings only 0.124 years (S.D. = 0316 years).

Results

The centile values of the maturity scores are shown in Figure 1 for the 20 bones, in
Figure 2 for the RUS bones and in Figure 3 for the carpal bones. The centile lines of the re-
spective bone ages are shown in Figures 4 to 6. The numerical data are given in Appendices 1
and 2. Figure 7 shows the differences in TW2 (20 bones), RUS and carpal bone age, be-
tween the Belgian and British population. At the earliest ages, the Belgian boys are ad-
vanced by about 0.5 years at the age of 1 year, but from 45 year onwards, they are
slightly retarded (maximum delay at age 7). At puberty, they seem to catch up and to be
in advance again from the age of 13 years onwards. RUS bones follow more or less the
same trend as TW2 bone age, but with a slightly more pronounced delay in the period
4 to 12 years, and a stronger catch-up towards puberty. On the contrary, carpal bones are
characterized by an advance till the age of 5 years, and a delay from age 6 years onwards,
which does not seem to be catched up during adolescence.

Comparison of the TW2 bone age at each chronological age in the Belgian sample with
various other populations is shown in Figure 8. It seems that Belgian boys have a lower
skeletal maturity than Finnish (Tiisala et al. 1969, 1971), the Polish of good socio-
economic conditions (Kopczynska-Sikorska et al. 1984), and the Australians from British
ancestry (Roche et al. 1971). These patterns are different from the Greulich—Pyle bone
ages observed by Roche et al. (1975a) for the U.S. population, where a constant decrease
of the difference between chronological age and skeletal age was observed between 6 and
11 years of age.

Theoretically, the mean increment of bone age will be one year for each one-year
increase of chronological age, but in practise, the range seems to vary between O and
2 years in the age range 3 to 16 years (Johnston 1964a, 1971, Marshall et al. 1969, Malina
1970, Tanner et al. 1975). As expected, children with advanced maturation in early
childhood have lower rates of maturation later on; those with delayed maturation during
childhood have higher rates of maturation at adolescence.

Hewitt et al. (1961) observed a pubertal spurt in the bone maturation. This acceleration
and the corresponding sexual differences have been observed by Tanner et al. (1975),
but with a different pattern for the RUS and carpal bones. Of course, this phase of ac-
celeration is under the control of androgenic and oestrogenic hormones.

Comparison of maturation rates in the Belgian and British boys are shown in Figure 9
for the TW2 bones, in Figure 10 for the RUS bones, and in Figure 11 for the carpal
bones. These figures show the increments of maturation scores calculated from the mean
scores at successive ages. The overall pattern in maturation rate is fairly similar between
the Belgian and British boys for the three types of maturation scores. However, there is
a tendency towards lower maturation rate prepubertal ages and at almost all ages for the
carpals. It is also note-worthy that between age 7 and 8 there is a small peak in the
maturation rate of Belgian boys. One could postulate that this peak might be related to
the pre-pubertal peak in height growth, but a more detailed analysis of the individual
patterns of maturation rate in relation to the pattern of growth velocity can only provide
more accurate information about this eventual relationship.
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Fig. 1: Centiles of the maturity scores for the 20 TW bones in Belgian boys

Fig. 2: Centiles of the maturity scorse for the RUS bones in Belgian boys



10001
900 1
800 A

Carpal (TW2) maturity score
o,
8

200+

100

P97 P75 P50

2 4 6 8 10 12 14 16

T T T T = |

Chronological age (years)

Fig. 3: Centiles of the maturity scores for the CARPAL bones in Belgian boys

Fig. 4: Centiles of the TW2-bone age in Belgian boys
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Fig. 5: Centiles of the RUS-bone age in Belgian boys

Fig. 6: Centiles of the CARPAL-bone age in Belgian boys
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Fig. 8: Comparison of the TW2 bone age in Belgian boys with various other populations

1001

804 « Great Britain h

! \ I“*.
. Belgium ! 3 . S
t .4"_,__:\/ /',_"\ N

60+ .7 .
40+ \
204 »

r

0 1 } it } 1 + I + 1 1 + 1 + = 1 + 1

0 2 4 6 8 10 12 14 18 18
Age (years)
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Fig. 10: Comparison of maturation rates in the Belgian and British boys for the RUS bones
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Discussion

Comparison of different populations is difficult because of the variation in genetic and
environmental factors. Socioeconomic differences in skeletal maturation have been
observed within the same population by De Wijn (1053), Greulich et al. (1953), Chang et
al. (1963), Low et al. (1964), Kopczynska-Sikorska (1964), Andersen (1968), Rea (1971),
Garn et al. (1973), and Kristmundottir et al. (1984a). However, it appears that socio-
economic conditions have less effect on skeletal maturation than on growth in height or
other somatic traits (Kopczynska-Sikorska et al. 1984). This might explain why in some
populations only slight or no social differences were observed (Asiel 1966, Sempé 1968,
Graffar 1971, Descamps et al. 1974, Roche et al. 1975a, 1978).

Low nutritional status is related to a retardation of skeletal maturation (Blanco et al.
1972). In early infancy, children do not show a clear retardation, but at the time of
weaning or in conditions of undernutrition, children tend to delay in skeletal maturation
(Massé et al. 1963, Bala 1974). Effects of undernutrition have been observed also by
Abbott el al. (1950), Snodgrasse et al. (1955), Dreizen et al. (1958), Spies et al. (1959),
Acheson et al. (1962), Malcolm (1970), Frisancho et al. (1970), and Garn et al. (1975).
Boys are more sensible towards adverse nutritional conditions than girls (Abbott et al.
1950, Widdowson et al. 1954). Moreover, skeletal maturation in boys is more sensitive to
other environmental factors than in girls (Acheson et al. 1954, Falkner 1958). This phenom-
enon can explain why bone age in boys, sometimes, shows a greater dispersion than in
girls (Tiisala et al. 1968). ’

On the other hand, chronic protein-energy malnutrition has a relatively greater effect
on growth than on skeletal maturation (Frisancho et al. 1970, Lampl et al. 1978, Marto-
rell et al. 1979, Johnston et al. 1984). It has also been observed that supplementary
protein intake results in an acceleration of maturation (McNair et al. 1938, Dreizen et al.
1954, Lampl et al. 1978, Martorell et al. 1979). In general, overnutrition and obesity is
associated with an accelerated skeletal maturation (Bruch 1939, Garn et al. 1959, 1960,
Frisk et al. 1966, Maresh 1966).

Skeletal maturation is positively correlated with weight, subcutaneous fat thickness,
but the association with these growth variables is rather low (Simmons et al. 1943, Garn
et al. 1961, Johnston 1964b, Maresh 1966). It is also positively correlated with height
growth (Tiisala et al. 1969, 1971, Mazess et al. 1971), and with percentage attainment of
adult stature (Bayley et al. 1952) and with maturation of sexual characteristics (Simmons
et al. 1943).

Factors such as frequency of diseases (Douglas et al. 1958) also influence skeletal
maturation. Chronic diseases are related to a delayed maturation (Hewitt et al. 1955,
Falkner 1958, Tiisala et al. 1966, Hauspie et al. 1977, Kristmundottir et al. 1964b).

It is difficult to talk in terms of ,racial” differences in skeletal maturation, since we
are then considering groups that differ in so many factors: socio-economic status, nutri-
tion, hygienic situation, climate, physical activity, etc. At least from family studies, it
has been shown that there is genetic involvement in the order of appearance and ossification
of the different bone centers (Garn et al. 1962). All together, there are many reports in_
the literature on so-called racial differences in skeletal maturation, which we would like
to call either geographic or ethnic differences (Todd, 1931, Massé et al. 1963, Meredith
1968, Malcolm 1970, Malina 1970, Wingerd et al. 1974, Roche et al. 1975a, 1978).
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90

Age P3 P10 P25 P50 P75 P90 P97
Centiles of TW2 MATURITY SCORES for age in Belgian boys
1.0 67.36 80.92 94.59 109.85 125.11 138.78 152.34
20 107.12 12219 13738 154.33 171.28 186.47 201.54
3.0 14144 15719  173.07 190.79 208.51 224.39 240.14
4.0 168.60  188.77  209.10 231.79 254.48 274.81 294.98
5.0 179.85 21066  241.73 276.39 311.05 342.12 372.93
6.0 22272 259.54 296.68 338.11 379.54 416.68 453.50
7.0 25525  296.60  338.30 384.82 431.34 473.04 514.39
8.0 365.67 399.08 432.77 470.35 507.93 541.62 575.03
9.0 41395 45031  486.98 527.88 568.79 605.45 641.81
10.0 456.67 499.22 542.12 589.98 637.84 680.74 723.29
110 52395 566.88 610.16 658.45 706.74 750.02 792.95
12.0 583.20 629.70 676.59 728.90 781.21 828.10 874.60
13.0 656.38 705.37 754.77 809.88 864.99 914.39 963.38
14.0 771.34 808.55 846.06 887.92 929.78 967.29 1000.00
15.0 879.26 900.12 921.15 944 .61 968.07 989.10 1000.00
Centiles of RUS MATURITY SCORES for age in Belgian Boys
20 6.52 23.12 39.86 58.54 77.22 93.96 110.56
3.0 52.10 67.01 82.05 98.82 115.59 130.63 145.54
4.0 95.85 106.68 117.61 129.80 141.99 15292 163.75
5.0 11239 12447  136.64 150.22 163.80 175.97 188.05
6.0 136.47 14910  161.83 176.03 190.23 202.96 215.59
7.0 14286  159.84  176.96 196.06 215.16 232.28 24926
8.0 185.89 201.66 217.56 235.30 253.04 268.94 284.71
9.0 206.02 22348 241.09 260.73 280.37 297.98 315.44
10.0 219.11 24078  262.63 287.00 311.37 333.22 354.89
11.0 24120 26577 29055 318.19 345.83 370.61 395.18
12.0 248.33 285.14 322.26 363.67 405.08 44220 479.01
13.0 259.38 319.03 379.18 446.29 513.40 573.55 633.20
14.0 311.03 38831  466.23 553.17 640.11 718.03 795.31
15.0 41820 50202  586.54 680.84 775.14 859.66 943.48
Centiles of CARPAL MATURITY SCORES for age in Belgian Boys
30 149.02 165.64 18241 201.11 219.81 236.58 253.20
4.0 14397 17246  201.18 23323 265.28 294.00 322.49
5.0 140.76 18620  232.03 283.15 334.27 380.10 425.54
6.0 171.28  230.81  290.84 357.81 424.78 484 .81 544.34
7.0 22645 28837 35081 420.47 490.13 552.57 614.49
8.0 355.03 411.66 468.75 532.45 596.15 653.24 709.87
9.0 43435 49172 549.56 614.10 678.64 736.48 793.85
10.0 51593 57558 63572 702.82 769.92 830.06 889.71
11.0 629.09 68076  732.86 790.98 849.10 901.20 952.87
12.0 721.63 76573 810.20 - 859.81 909.42 953.89 997.99
13.0 806.56 84227  878.27 918.44 958.61 994 61 1000.00
14.0 897.52 92031  943.30 968.94 994.58 1000.00 1000.00
15.0 968.08 97643 98485 994.25 1000.00 1000.00 1000.00



APPENDIX 2

Age P3 P10 P25 P50 P75 P90 P97
Centiles of TW2 BONE AGE for age in Belgian boys
1.0 0.95 1.14 1.33 1.55 1.77 1.96 2.15
2.0 1.22 1.55 1.88 224 2.60 293 3.26
3.0 1.96 2.29 2.62 2.99 3.36 3.69 4.02
4.0 2.62 2.99 3.37 3.80 423 4.61 4.98
5.0 2.88 343 3.99 4.61 5.23 5.79 6.34
6.0 3.70 4.33 4.97 5.69 6.41 7.05 7.68
7.0 4.32 5.01 570 6.48 7.26 7.95 8.64
8.0 6.21 6.74 7.28 7.88 8.48 9.02 9.55
9.0 7.06 7.61 8.17 8.79 9.41 9.97 10.52
10.0 7717 8.40 9.03 973 10.43 11.06 11.69
11.0 8.79 941 10.03 10.73 1143 12.05 12.67
12.0 9.63 10.30 10.99 11.75 12,51 13.20 13.87
13.0 10.57 11.35 12.13 13.00 13.87 14.65 15.43
14.0 12.10 12.80 1351 14.30 15.09 15.80 16.50
15, 13.70 14.27 14 84 15.47 16.10 16.67 17.24
Centiles of RUS BONE AGE for age in Belgian Boys
2.0 1.31 1.62 1.94 229 2.64 2.96 3.27
3.0 1.95 232 2.69 3.10 351 3.88 4.25
4.0 2.90 323 .57 395 4.33 4.67 5.00
5.0 3.32 374 4.15 4.62 5.09 5.50 5.92
6.0 4.07 453 5.00 5.52 6.04 6.51 6.97
7.0 429 4.92 5.55 6.26 6.97 7.60 8.23
8.0 5.91 6.48 7.06 7.71 8.36 8.94 9.51
9.0 6.73 733 7.94 8.61 9.29 9.89 10.49
10.0 7.24 796 8.69 951 10.33 11.06 11.78
11.0 8.08 8.86 9.66 10.54 11.42 1222 13.00
12.0 8.93 9383 10.74 1175 12.76 13.67 14.57
13.0 10.48 11.35 1223 13.22 14.21 15.09 15.96
14.0 1235 13.05 1375 1453 15.31 16.01 16.71
15.0 1371 14.31 14.92 15.59 16.27 16.87 17.47
Centiles of CARPAL BONE AGE for age in Belgian boys
3.0 2.00 246 2.92 343 3.94 440 486
4.0 240 295 351 4.13 475 5.31 5.86
5.0 3.01 3.66 4.32 5.06 5.80 6.46 7.11
6.0 322 4.06 491 5.85 6.80 7.64 8.48
7.0 430 5.06 5.82 6.67 71.52 8.28 9.04
8.0 6.00 6.63 7.26 7.96 8.66 9.29 9.92
9.0 6.88 7.51 8.14 8.84 9.54 10.17 10.80
10.0 7.70 8.37 9.06 9.82 10.58 1127 11.94
11.0 8.84 9.48 10.13 10.85 11.57 1222 12.86
12.0 9.81 10.43 11.05 11.75 12.45 13.07 13.69
13.0 10.51 11.23 11.96 12.78 13.60 14.33 15.05
14.0 11.95 12.56 13.18 13.87 14.56 15.18 15.79
15.0 13.63 1397 14.32 14.70 15.08 15.43 15.77
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