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ABSTRACT

Skeletal age assessment is not only an important aspect in orthodontic

treatment planning, but is also widely used in forensic medicine and

physi cal anthropology. Vari aus studi es have shown that chronol ogi cal

age may be at variance with an individual's biologic age. Current

research would seem to indicate that the hand-wrist radiograph provides

the most accurate method of assessing skeletal age for diagnostic

purposes.

In recent years the number of patients presenting with malocclusions of

a skeletal nature at the University of the Western Cape has increased

si gnifi cantly. If it i s accepted that treatment of jaw di screpanci es

associated with malocclusion is dependent on a large component of

dentofacial orthopedics, then by implication it is necessary that a

substanti al amount of faci al growth remai ns. The need has therefore

arisen for the establishment of skeletal maturation trends in the

Western Cape.

Skeletal maturity was assessed from hand-wrist radiographs in a sample

of 318 Western Cape chi 1dren aged 6 to 16 years for both sexes,

utilising the bone specific Tanner-Whitehouse TW-2 scoring system.

Data obtai ned from the present study showed a marked di fference in

skel etal maturati on trends between femal es of the Western Cape to that

of the British norm, while the males showed less divergence. Further,

these findings show that in both sexes the epiphyseal bones matured in

advance of the TW-standard. Carpal maturation, however, was delayed in

the male when compared to the British standard, while that of the female

conformed to that of the British standard.
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OPSOMMING
Die vasstelling van skeletouderdom is nie alleen In belangrike aspek van

di e bepl anni ng van ortodonti ese behandel i ng ni e maar word ook al gemeen

gebruik in geregtelike mediese ondersoeke en fisiese antropologie.

Verskeie studies het getoon dat chronologiese ouderdom verskillend mag

wees van i ndi vi due se bi ol ogi ese ouderdom. Vol gens onl angse navorsi ng

wil dit blyk dat die radiografie van die pcl sqewrf q die mees akkurate

metode is vir die vasstelling van skeletouderdom vir diagnostiese

doeleindes.

In die afgelope tyd het die aantal pasiënte waarby wanpassing van

skeletale aard voorkom en wat hulle by die Universiteit van Wes-Kaapland

se Tandheelkunde Fakulteit aangemeld het noemenswaardig toegeneem. As

aanvaar word dat die behandeling van kaakgebreke met gevolglike

wanpassing, grootliks steun op ortopedie dan is dit by implikasie nodig

dat daar In ruime mate van gesigsgroei aanwesig bly. Die behoefte het

dus ontstaan om In bepaling van die neigings van skeletveroudering in

die Wes-Kaap te maak. Skeletveroudering is bepaal deur middel van

polsgewrigradiografie in In monsterdeursnit van 318 Wes-Kaapse kinders

van beide geslagte en deur gebruikmaking van die Tanner-Whitehouse TW-2

tellingsisteem.

Data verskry van die huidige studie toon In merkbare verskil in

skel etverouderi ng-nei gi ngs tussen vroue van di e Wes-Kaap en van di e

Britse vorm, terwyl mans In kleiner verskil aantoon. Verder, hierdie

bevindings toon dat beide geslagte die veroudering van epifisêre

gebeente vroeer geskied as deur die T.W. standaard aangedui.

Pol sgewri gverouderi ng egter, toon In vertragi ng by mans ; n verhoudi ng

met die Britse standaard, terwyl dit by vroue ooreenstem met die Britse

standaard.
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Over the years research has increasingly shown that the rate at which

bodily growth proceeds, serves. as a good indicator of the state of

health and nutrition of a given population (Eveleth and Tanner, 1980).

Further, it' has also been shown that the chronological age of an

individual often differs from that of the biologic age (Demirjian et al,

1985; Proffit, 1986; van der Linden, 1986), and hence devel-opment may

more suitably be evaluated by using indicators assessing physiological

maturity (Tanner et a-l, 1975).

Skeletal development, which is closely related to growth in stature

and which provides a useful index of physiological maturity (Marshall,

1977), has long been used as a parameter for assessing somatic maturity

(Roche, 1978). During the early nineteeth century, even before the

discovery of X-rays, this practice of assessing bone age was used in

forensic medicine (Tarranger et al, 1976). Since growth is an important

consi derati on in orthodonti c treatment pl anni ng, i tis prudent to know

the extent, amount and direction of growth remaining

individual (Graber, 1972).

for each

Numerous studi es have shown that raci al, geneti c and envi ronmenta l'

factors profoundly i nfl uence the rate and pattern of growth for. any

individual (Acheson, 1966; Tanner et al, 1975)." It is apparent,

therefore, that research into skeletal maturation patterns for the

different race groups is necessary in South Africa.

www.etd.ac.za
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Graber (1972) observed that the orthodontist works primarily with teeth
and bones, and of consequence therefore, both dental and skeletal ages
are important considerations for the coordination of treatment
procedures. The skeletal age assessment has been found to be especially
useful in dentofacial orthopedics, where it becomes necessary to
quantitate the amount of growth remaining. This residual growth has
been shown to influence the timing, the length of treatment and also the
stability of the result (Magnusson, 1979; Joondeph and Riedel, 1985).

A review of the literature shows that little jaw growth occurs after
puberty, and hence growth modification (dentofacial orthopedics) should
be attempted before or during the adolescent growth spurt (van der
Linden, 1986). He further reported that many European and Ameri can
patients attain their permanent dentitions after the pubertal growth
spurt, especially in females. It is obvious therefore, that treatment
of those patients should preferably begin in the mixed dentition period
for optimum results (Proffit, 1986).

However, it is interesting to note that while certain population groups
show an advanced dental maturati on pattern in comparison to Caucasoi d
norms (Chertkow, 1980; Loevy, 1983; Singh, 1985), the reverse may be
true for their skeletal maturati on patterns (Jones and Dean, 1956;
Tobi as, 1958). Chertkow (1980) showed that while dental maturati on is
advanced in South African Blacks, their skeletal maturation is, however,
generally delayed. This might imply therefore, that successful growth
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modification in the South African Black is possible after the attainment
of the permanent dentition.

Singh in 1985, reported that "Coloureds" in the Western Cape similarly
had an advanced dental maturati on pattern in comparison to Caucasi an
va1ues. If this Western Cape population, 1ikel"ise, has a delayed
skeletal maturation pattern as' is reported for Blacks, then a delay in
treatment should not significantly affect the use of dentofacial
orthopedics. If, however, skeletal maturation is advanced,then earlier
treatment should be recommended.

At the University of ·the Western Cape there is an ever increasing demand
for orthodontie treatment. The socio-political enigma in this country
dietates that patients presenting for treatment at this hospita1, are
mainly of mixed racial descent ("Coloured"). Various workers have
considered the "Coloured" to be a definite population entity with its
own unique features (Dreyer, 1978; Thomas, 1981) Because of an
Orthodontic manpower shortage, treatment has to be given on a priority
basis. Whether indeed the skeletal maturation pattern in this Western
Cape sample is delayed or advanced, would allow for a generalisation of
treatment timing and the setting up of a priority waiting list.

To date, no studies have been undertaken to determine skeletal
maturati on patterns in the Western Cape "Coloured" population, the need
for which is clearly evident. This present cross-sectional study
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5

has been undertaken essentially to establish skeletal maturation trends.
Depending on the findings of this project, future longitudinal studies
using a larger, randomly selected sample would become necessary to
establish norms for this population group.

•

Having outlined the broader objectives to this study, the specific aims
are:-
1) to investi gate the pattern of skeletal maturati on in a Western Cape

sample.
2) to investigate sex differences in skeletal maturation.
3) to compare the skeletal maturation pattern of a select Western Cape

sample with the Briti sh standards derived by Tanner et al (1975).
4) to provi de a set of skeletal maturati on trends for use in the

Orthodontic Department.
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INTRODUCTION

The general health of a nation, and the nutritional status of it's

ci ti zens are reportedly mirrored by the growth rate of its chil dren

(Evel eth and Tanner, 1980), and it i sin. thi s context therefore, that

a well designed growth study could become an important indicator of

health for a given population. This data could also help identify

those groups whose share in economic and social benefits is less than

optimal.

Eveleth and Tanner (1980), further suggested that the infant mortality

rate is probably the most sensitive method available for community

heal th assessment. Accordi ng to these authors, however, once thi s

index reached accepted levels, then growth rate became the parameter

of choice in reflecting the socioeconomic development of a population.

Whil st different popul ati ons may share the same growth potenti al,

1arge di fferences i n hei ght and wei ght and the age at puberty have

been shown to exist (Tanner, 1975). The extent to which factors such

as the envi ronment or geneti cs i nfl uenced these di fferences are not

fully understood (Eveleth and Tanner, 1980).

Various workers have shown significant differences in the

chronological ages at which children reached similar developmental

events and it is evident therefore, that the developmental status of a

child is best estimated by evaluating specific stages in physiological

maturity.

•www.etd.ac.za
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r4arshall (1977), reported that the problem inherent in such
maturational studies was the lack of an accepted unit of measurement.

~ Units of length (such as inches), or units of time (such as months ~r
years) cannot be used because they lack a common end-point, that is,
the process of maturation is not universally completed following' a
specific amount of linear growth or at a given point in time:
(Marshall, 1977; Tanner, 1975). Therefore, for a measure of maturity
to be va1id,it must be based on a method of assessment utilising known'
maturati ona1 events and a common end point (Tanner et al, 1975;
Marshall, 1977).

The clinical usefulness of such a index, however, should be based on a
standardized method making use of clearly recognizable stages for
every individual. Ideally, one would require a method that
incorporated many maturi ty stages, with the attainment of each stage
representing an equal step towards the final mature state (Marshall,
1977). At the present time, however, research would seem to indicate
that this ideal is as yet unattainable (Tanner, 1975; Marshall, 1977;
Roche, 1978; van der Linden, 1986).

Presently, there are many methods of assessing physiological maturity;
the four most commonly employed being the sexual, somatic, dental and
skeletal maturity indices (Tanner, 1975; Tanner et al, 1975; Marshall,
1977; Demirjian et al, 1985). These indices are used either
separately or in combination to assess the degree of physiological
maturity for a growing child (Demirjian et al, 1985);

www.etd.ac.za
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The concept of using the developmental age or physiological age as a

maturity indicator was first introduced by Crampton in 1908 in

association with Boas, who designated pubescence in boys with the

appearance of pubic hair (Tanner, 1975). The physiological age

(sexual maturity) was derived at by calculating the number of years

for this event to occur. In girls, menarchê can similarly be used to

calculate the physiological age at puberty (Tanner, 1962, 1978;

Marshall, 1977). The drawbacks inherent in this system, however,

relates to its dependence on memory. Also, since these were all

secondary sexual characteristics it is only applicable with the onset

of puberty (Marshall, 1977; Tanner, 1978). However, because of its

simplicity and cost effectiveness, this sexual maturity index is well

suited for field studies, especially in 3rd world countries (Tanner,

1962; Eveleth and Tanner, 1980).

The morphological or somatic age index uses body height, weight and

si ze to assess the state of physi ol ogi cal maturity (Narshal l , 1977;

Tanner, 1978; van der Linden, 1986). These measurements could also be

used retrospectively in adults to determine the age at which growth

had ceased, by studying annual incremental growth values. Similarly,

one could derive the age at which half the adult height was attained

(ie. 50% maturity).

The "height developmental age" index which utilizes the age at which a

given child's actual height equals the national average, however, is

found to have a limited usefulness (Tanner, 1978). For example, a

www.etd.ac.za
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7-year-old who has the same stature as the average child at age 6, is

said to have a height age of a 6 year old. This, however, does not

imply that his maturity equals that of the average 6-year-old. It

implies merely that his stature falls within the 50th centile for

6-year-olds or at the 10th centile for the 7-year-olds, that is, he is

rather small for hi s age (Marshall, 1977). Thi s "hei ght for aqe"

index further, does not indicate smallness because of late maturation,

or whether the individual is destined to end up below this centile

(Marshall, 1977; Tanner, 1978). Similarly, a child of above average

height for his age, may be an advanced maturer or alternately he may

inherently be tall (Tanner, 1978.) The use of weight and "weight age"

measurements were also found to be unsuitable indices of maturity

(Tanner, 1962; Marshall, 1977).

/ The dental age index may be employed either by evaluating the eruption

or non-eruption of each tooth, or by assessing the state of root

development from radiographs for both the primary and secondary

dentitions (Demirjian et al, 1985). Marshall (1977), is of the

opinion that this method fulfils a basic criterion for maturity

indices, namely that it has the same end-point in all normal

subjects. He noted that dental maturity is attained when the

secondary teeth (wi th the excepti on of the 3rd molar) are fully

erupted. In the radiographic method, where "scores" are given to the

different stages of development of di fferent teeth, adult maturi ty

occurs with closure of the root apices (Demirjian et al, 1985). This

method, however, has been shown to be less accurate in determining

physiological maturity than either the skeletal age or the sexual

www.etd.ac.za
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maturi ty age i ndi ces (Tanner, 1962; van der Li nden, 1986). However,

during the pre-adolescent period, when the skeleton is in a state of

relative quiesence, the dental age index may be of some value (Tanner,

1975; Tanner et al, 1975). Notwithstanding, Filipsson and Hall

(1975), reported, however, that it was possible to predict a cnt l ds

adult stature from the age and stature at the time when certain teeth

had erupted.

Lastly, the index evaluating skeletal development probably provides

the most useful method for maturi ty assessment, and i s shown to be

closely related to growth in stature (r~arshall, 1977). This practice

pre-dates the di scovery of X-rays, when bone age was used in forensi c

medicine during the early nineteenth century (Tarranger et al, 1976).

As cartilage of the growing skeleton is gradually converted to bone,

the calcified tissue in each centre of ossification undergoes changes

in shape and size, which can be observed radiographically. The

sequence of changes in each centre is remarkably constant and varies

marginally from one child to another (Tanner, 1962; Tanner, et al,

1975; Marshall, 1977). When all these centres are fully calcified,

the skeleton is considered mature. I t seems evi dent tha t skel eta 1

maturation fulfils an essential criteria for a suitable scale or index

of maturity, namely that it possesses a number of suitably defined and

recognizable skeletal changes that are common for all children and

which has a common end point (Acheson, 1966; Tanner, 1975; Marshall,

1977 ) •

www.etd.ac.za
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SKELETAl MATURATION

Wingate Todd in 1937 wrote that lithe progress of maturation is evident

in every part of the skeleton, but it is in the transformation of

fi brous ti ssue and ca rtil age i nto bone that the most easily

identifiable criteria present tnemse lves". This idea of endochondral

bone formation as the "rf peni nq or matur tnq'' of car-t t l aqe has widely

been accepted by many researchers (Tanner, 1962; Acheson, 1966; Tanner

et al, 1975; Roche, 1978).

Maturati on caul d be defi ned as the stage that an i ndi vi dual has

reached i n the process of development; the degree of maturati on is

hence a measure of the indivi dua l ' s ontogenic progress to maturity

(Persson and Thi1ander, 1985). Like development, maturation is a very

broad term, whi ch usually refers to a speci fi c organ, - functi on or

functional system and is usually described in relation to the

attainment of specific landmarks. Skeletal development, a commonly

used measure of developmental age, is one method of describing

physical maturation.

However, this physiologic phenomenon of maturation must not be

confused with the concept of growth, which is regarded merely as an

increase in size of a tissue or organ (Acheson, 1966). Also these

processes, whi 1e occurri ng simu1 taneous1y, are often affected

differently by factors such as disease and nutrition (Tanner, 1978).
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Skeletal maturation is routinely assesserl from radiographs by the

recognition of certain radiographically detectable features or

"matur ity f ndtcator s" (Greulich and Pyle, 1959; Acheson, 1966; Tanner

et al, 1975; Roche, 1978). Roche (1978), noted that for these

indicators to be of any clinical relevance, they must occur or be part

of the maturati on or deve 1opmenta 1 phase of every chi 1d..

In essence, these maturi ty indicators, a two-dimensional

representation, t s assessed from the external form of the 'developing

bone, as well as from shape changes that occur therein over time.

Further, Roche (1978) reported that bone surfaces appearing as

radioopaque lines, could also be used as maturity indicators. Since

any change in the direction of the radiographic beam could result in

changes in the radiographic image, it is essential therefore that

these radiographs be taken under standardized conditions (Tanner et

~, 1975).

Maturation events in a growing child are constantly undergoing change

and hence serial radiographs could provide data on its duration.

Research has shown that a scori ng system usi ng i ndi cators of short

duration are more informative than those of longer duration (Tanner et

~, 1975; Roche, 1978). However, due to the ethical restraints

imposed on the number of radi ographs that can be taken, and because

the taking of these radiographs are time dependent (eg. every 6

months), certain indicators of short duration may be overlooked or are

not available for assessment in certain children (Roche, 1978).
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HISTORICAL PERSPECTIVE

Before the advent of radi ol ogy, ossifi cati on or maturati on of the

skeletal cartilage was studied on cadavers of children, either with

the naked eye or by the use of microscopy (Acheson, 1966). It was

J. W. Pryor (1907), at the turn of the century who fi rst consi dered the

cl i ni cal impl i cat; ons of the "changi ng shadows" on hand-wri st

radi ographs of chil dren. Hi s observati ons that "the bones of the

female ossify in advance to those of the male" with the ossification

bei ng bil aterally symmetri cal and that thi s "vari ati on i n the

ossification of bones is a hereditable trait.", is still widely

accepted to the present time.

T.M. Rotch (1909), reported that chronological age was a poor

indicator of a child's general developmental status, and similarly

noted that measurements of stature (hei ght and wei ght) and dental

maturation showed little correlation to general development. In a

later study Rotch concluded that the hand-wrist represented a fairly

accurate i ndex of general development (Acheson, 1966). The carpal

bones were used together with the radius and ulna in assessing

skeletal development or age, which he termed the "anatomic age". The

Rotch method of measuring maturity, while no longer in use today, was

popular before the Fi~st World War.
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Various methods of skeletal age assessment have subsequentlyevol ved
and have become available for clinical use (Bardeen, 1921; lowell and
Woodrow, 1922; Carter, 1926; Flory, 1936; Todd, 1937; Suntag and
lipford, 1943; Greulich and Pyle, 1950, 1959; Acheson, 1954; Tanner et
~, 1959, 1962, 1975; Tarranger et al, 1976; Roche, 1978). Although
the Greulich-Pyle and Tanner-Whitehouse methods of skeletal assessment
are presently the most widely used, the search still continues for an
ideal measure of skeletal maturity O~arshal1, 1977; Tanner, 1978;
Roche, 1978).
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THE CLINICAL USE OF SKELETAL MATURATION

Skeletal maturity assessment is primarily used in determining the
developmental status of a child (Acheson, 1966; Tanner et al, 1975)
However, whil e a singular assessment using a radiograph permits the
clinician to evaluate the child's maturity following the taking of the
film, skeletal maturity assessment can also be used to see whether it
approximates the median of healthy children of the same race, sex and
age (Greulich and Pyle, 1959; Acheson, 1966; Tanner et al, 1975).
Further, Acheson (1966) and Tanner (1978) suggested that general
developmental or nutritional information may also be obtained from
these radiographs.

Eveleth and Tanner (1980), note that in order for an assessment to be
meaningful, the level of maturity must be compared to the median
derived for the population from which the child comes. Global studies
have shown that populations differ in the mean skeletal maturity at
any given age and also in their pattern of annual growth increments
(Eveleth and Tanner, 1980). Further, it has been suggested that
standards of skeletal maturity should be developed separately for each
country or state (Tanner et al, 1975; Roche, 1978; Eveleth and Tanner,
1980). In addition Eveleth and Tanner (1980), suggest that because of
the changing socio-economic conditions these standards be updated
ever'y decade. This seems especially true in countries showing marked
fluctuations in living conditions (Rona, 1981).
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Acheson in 1966, reported that the diagnosi s of certai n nutritional
metabolic and en,docrinological disturbances such as cretinism may be
possible from the assessment of skeletal maturity and that treatment
progress could similarly be monitored by making use of these
radiographs (Greulich and Pyle, 1959; Acheson, 1966).

The method of predicting height at maturi ty was first developed by
Bayley in 1946. Tanner et al (1975), improved on this technique by
suggesting that the heights of family members also be considered when
undertaking these predictions. Acheson (1966) suggested that height
prediction could have an important clinical application in the field
of hormonal replacement therapy, while Tanner (1962), was able to make
use of such predictions in determining the adult stature of potential
professional ballet dancers. Falkner (1964), reported that the onset
of ossification as well as epiphyseal union was genetically controlled
and suggested that these be used together with blood groups, in
determining the genetic relationship of siblings born of a multiple
pregnanci es.

Further, age estimation from the skeletal remains of children is often
important for forensic, scientific or historical reasons. Acheson
(1966) noted that careful reconstruction and radiographic study of the
available remains and their subsequent comparison to the Greulich and
Pyle (1959) or Tanner-Whitehouse (1962) standards is a reliable method
of age determination.
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These methods of assessing' skeletal age from the hand-wri st radiograph
is routinely utilised in orthodontic diagnosis and treatment planning;
a knowledge of the amount of residual skeletal growth is important in
influencing the various treatment modalities available to the
orthodontist (Bjork, 1972; Proffit, 1986; van der Linden, 1986).
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ANATOMICAL SITES FOR SKELETAL AGE DETERMINATION

Maturati on of the human skeleton has been shown to vary from one
anatomical site to another and henc~ the accuracy of estimatin~
maturity for the entire skeleton by using a localised area is
somewhat limited (Garn et al, 1964; Roche and French, 1970; Tanner et
~,1975). Roche (1978) felt that the entire skeleton or at least the
hemi skel eton shaul d ideally be assessed; however, for practi ca1 and
ethical reasons this is not possible.

The most frequently used anatomi cal areas incl ude the hand-wri st, the
knee and the foot-ankle, with the hand-wrist presently being more
popular. The hand-wrist was the first localized area for which
Atlases were prepared (Todd, 1937; Greulich and Pyle, 1950). The
clarity of these radiographs (eg. of the Greulich and Pyle atlas)
were far superior to those of the knee or, the foot and ankle (Roche,
1978). Addi tianal advantages associ ated wi th the use of hand-wri st
area have been reported as easy positioning, reduced radiation
exposure and the presence of many bones in a relatively confined area.

Rotch (1909), had shown from studi es invol ving same one thousand
chil dren from birth to adol escence that the deve 1opmenta 1 changes
occuring in the wrist correlated favourably to those occurring
elsewhere in the skeleton. Roche and French (1970) further reported
no significant difference whilst comparing the bone ages derived from
the hand-wrist or knee areas, and hence Tanner et~ (1975) believed
that the hand-wrist area could be accepted as a fairly accurate index
of general development.
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The main drawback in the use of this anatomical site is related to the'
dormancy in maturation of these bones during puberty. In addition
Roche (1978), feels that the hand-wrist area provides little useful
information during the first year after birth.

In selecting the appropriate anatomical site, consideration should be
given to the type of informati on required from the assessment; for
example in the assessment of aberrant statural growth, the knee would
more likely provide a better estimate of skeletal maturation as it is
an important site for growth in stature (Roche et al, 1975).
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SEX DIFFERENCES IN SKELETAL MATURATION

It is apparent from the literature that intrinsic genetic factors

determine the rate and pattern of skeletal maturation (Acheson, 1966;

Tanner, 1978). Whil e some are sex-specifi c and therefore presumably

originate from genes on the sex chromosomes, others are common to both

sexes and are probably autosomal in origin, while others still are

race specific (Falkner, 1958; Masse and Hunt, 1963; Acheson, 1966;

Tanner, 1978). From the work of Acheson (1966) it woul d seem that

variations in the chromosome count may also be associated with

deviations of skeletal maturation, such as in Down's Syndrome.

The work of Pryor (1907), at the turn of the century had already

highlighted sexual dimorphism in skeletal maturation, when he observed

that "the bones of a female ossify in advance of those of the male."

It is further evident from the work of Tanner (1978) that while the

time interval between the stages of maturation differ to the extent of

three to four percent, the sequence of maturation in the sexes are

similar. It is for this reason that both Greulich and Pyle (1959) and

Tanner et al (1975) provide separate skeletal age assessment tables

for males and females. While these sex related differences are

al ready apparent i n utero, they are not marked and can only be

measured in days (Acheson, 1966). This sexual dimorphism is, however,

accentuated duri ng postnatal development and reaches a peak around

puberty (Hewit and Acheson, 1966). Tanner (1978), further noted that
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girls attain fifty percent of their adult height earlier, enter

puber-ty sooner, and cease growth at an earl ier age than that for boys.

Studi es by Garn and Rohmann (1960) have further re-i nforced these

findings by their observation that the male skeleton shows greater

variability in the onset of ossification than that for the female.

Acheson (1966) believes that some of these sex differences, especially

those concerned with the overall rate of maturation, may be hormonally

related. Pattern differences, however, may originate in the genotype.

Although environmental factors may have different effects on the

sexes, the soci o-cul tural practi ce of affordi ng better protecti on to

females may also account for these differences (Tanner et al, 1975).

Var; ous workers have also shown that physi cal development, i ncl udi ng

skeletal maturation, may be innately more stable in females than in

males (Greulich and Pyle, 1959; Garn et al, 1964; Acheson, 1966;

Tanner, 1978).
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SKELtTAL AGE ASSESSMENT METHODS

The method of using the onset of ossification in the hand-wrist area

as an indication of skeletal age was first introduced by Rotch (1909)

and 1ater improved by Bardeen (1921). In hi s study Rotch pl aced

emphasis on the initiation of calcification in the bony centers of the

carpals, radius and ulna, describing a total of 13 stages or

categori es of maturi ty. No consi derati on was gi ven to the changes

taking place in an individual carpal center from initial

calcification to maturity, while similarly no attention was given to

the calcification of the epiphyseal plate (Acheson, 1966). Rotch

bel ieved that the appearance of the carpal bones extended over some

years, and that the inclusion of the pisiform and the sesamoid bones

woul d adequately all ow for differenti ati on between the developmental

stages. Acheson (1966) ,however, showed that during the prepubertal

years the differentiation afforded by this method proved unreliable.

Bardeen (1921), tried to overcome this shortcoming by assigning four

stages (A, B, C and D) to each carpal bone. However, he only

consi dered the carpal bones and excluded other useful i ndi cators like

the radi us and ul na. Further both Rotch and Bardeen fail ed to take

cognisance of the normal vari ati on inherent in the initial

ossification sequence. As noted by Acheson (1966), it is not unusual

for the lunate to appear before the triquetrum and as suggested by

Roche (1978), the carpal bones cannot be taken as representati ve of

the entire skeleton.
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In an attempt to correct these shortcomi ngs, 1ater workers began

usi ng pl animetri c measurements di rectly on radi ographs (Lowell and

Woodrow, 1922; Carter, 1926; Flory, 1936). Measurements done on the

radi ograph of the wri st area were 1ater adjusted mathemati ca lly by

complex ratios to allow for size variations in children (Acheson,

1966) .

Santag and Lipford (1943), suggested that several joints be studied

and further proposed that "bone age" be assessed from an epiphysis in

whi ch ossifi cati on has most recently begun. The drawback associ ated

with this method is the extensive exposure to radiation and also the

reported variability seen in the initial calcification of bones

(Acheson, 1966; Roche, 1978). Dommisse and Leipoldt (1936), in their

study on the skel etal maturati on of the "Cape Coloured" conmunt ty made

use of this method.

The method of usi ng a reference at l as for skel etal age assessment was

first developed by Todd in 1937 and was based on the growth studies

of Hellman (1928). Todd had realised the potential of serial

radiographic changes occurring in maturing epiphyseal plates and

called them "determinators of maturity" which was later named

"maturity indicators" by Greulich and Pyle (1950). These indicators

are described as those features of individual bones that could be seen

on the radiograph and which, because they occur in a regular,

definitive and irreversible order, mark their progress toward maturity

(Tanner et al, 1975).
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The discovery of maturity indicators, while having significant
clinical ramifications still had to be related to a so called norm or
trend for the growing child (Acheson, 1966), that is, it had to have a
time scale. A comprehensive study of the maturation process for the
hand-wrist was undertaken by Todd in the 19301s, in a group of healthy
and affluent children of all ages in Cleveland, Ohio. Todd,
sUbsequently attempted to select standards from these radiographs for
each age and sex, with each bone being at the median stage of
development. Each film was assigned a skeletal age, based on the
chronological age of a subject whose skeletal development had
co-incided with this median stage of development (Todd, 1937).

This original Cleveland hand atlas has subsequently been revised by
Greulich and Pyle, (1950; 1959) who continued this project following
the demise of Todd. Atlasses of the foot and knee based on the same
population were later published (Pyle and Hoerr, 1955; Hoerr, et al,
1962). The Greul ieh-Pyl e atl as for the hand-wri st has a separate
series of standards for boys and girls, each with itls own set of
correspondi ng skel etal ages expressed in years and months. In thi s
method the film to be assessed is compared to standards prescribed in
the atlas. The standard with the closest resemblance to the film
being assessed is selected and a detailed comparison of the individual
bones comprising the hand-wrist is then undertaken (Greulich and Pyle,
1959). The mean or medi an of the bone speci fic ages are recorded as
the area skeletal age for the individual.
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In.the original system of Todd and that of Greulich and Pyle, the film
being assessed was scored accordi ng to a standard it most closely
resembled. While many researchers still make use of this method, it
has been shown to be less acc~rate than the bone specific method later
developed by Greulich and Pyle (Acheson, 1966; Roche, 1978).

Acheson (1954), developed the Oxford method of assessi ng skeletal
maturity, which was independent of the age of the patient and bone
size. This method assigned a number to each maturity indicator. An
unossified center was scored as 0, earliest indication of
calcification was scored as 1, whereas when it acquired a shape it was
scored as 2 and so on. The arithmetic sum of the scores of each bone
being assessed represented the skeletal maturity for the anatomic area
under consideration and hence for the child under examination
(Acheson, 1966). The drawback of this method, however, was that
similar arithmetic scores could be obtained in various ways, each
having a different connotation. For example, well developed
epiphyseal centers in the phalanges with little ossification in the
carpals, could score similarly to that for precocious ossification of
the carpals, with little epiphyseal development (Acheson, 1966).
Massê and Hunt (1963), further found this scoring method
mathematically unsound.

The subjecti vity inherent in the use of the atlas method and the
problems associated with the Oxford method prompted Tanner and
Whitehouse (1959) and Tanner, Whitehouse and Healy (1962), to develop
the Tanner-Whitehouse method of assessment of skeletal maturity using
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hand-wrist radiographs. This method, essentially an improvement on

the Oxford method of scoring (Acheson, 1966; Roche, 1978), util ised

illustrated descriptions of various maturity indicators (Tanner et al,

1962). Further, when using this system, the film can be rated in

terms of a skeletal maturity score (which is essentially a percentage

value) or by a skeletal age.

The method by which these scores and skeletal ages were derived is as

follows: In a small group of healthy British children the appearance

of each indicator was analysed in terms of all the other indicators on

a proportional scale. It was possible therefore, to state that

ossification began in the lunate at 13 percent overall maturity and

that fusi on of the di stal epi physi s of the thumb began at 85 percent

maturity and so forth (Tanner et al, 1962). It was anticipated that

the percentage values for the indicators in the two sexes would be the

similar, however, this proved inaccurate, because of a sex difference

of 3 to 4 percent (Tanner et al, 1962; Acheson, 1966). These sex

differences nontheless were ignored and a single set of values were

obtained by pooling these results when compiling the standards (Tanner

et al, 1962).

The Tanner-Whitehouse method was used to rate (score) over 5000

radiographs of normal British children enrolled in the Harpenden

Growth Study i n Great Bri tai n (Tanner, 1962). Popul ati on standards

and age equivalents ("skeletal age") were then derived for this

popul ati on (Tanner et al, 1962). However, Tanner et al (1975), revi sed

thei r ori gi nal trv-i) method because vari aus researchers had reported

uncertainty with the differentiation in certain bones of stages Hand
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I (Tanner et al, 1975). As a consequence thereof, stages H and I were

con~olidated into stage H for five of the carpal bones. Further, the

final stages J and I of the radius and ulna were omitted because of

variability in their timing and have been incorporated into I and H

respectively (Tanner et al, 1975). Further, in the original system

(TW-I method) the use of a single scoring system for both sexes was

found to be unacceptable (Tanner et al, 1975). The updated system of

skeletal analysis became known as the TW-II method. Notably the

standardising sample used in the TW-II system remained the same.

\ .

The TW-II method involves the use of either eight or nine maturity

indicators (called "stages" and designated by the' letters A to 1) for

each of the 20 hand-wrist bones (see Appendix I and II). The bones of

the .second and fourth rays or di gi ts (metacarpals and its associ ated

phalanges) were omitted because their skeletal maturity was similar to

that of corresponding bones (Roche, 1978). Garn and Rohmann (1959)

and Garn et al (1964) di d not agree wi th the droppi ng of these

indicators. It has, however, been suggested that the inclusion of

these bones might result in the "swamping" or overlooking of more

important information in other bones (Tanner et al, 1975; Roche,

1978) .

Each stage in the TW-II method is "unambiguously" described and in

addi ti on supported by cl early illustrated 1i ne drawi ngs wi th each

stage assigned a numerical score (Tanner et al, 1975). In the TW-1

system males and females were scored equally; however, because of
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conclusive evidence that sex definitely affected the rate of

maturation of the skeleton (Garn et al, 1966), different sets of

scores are computed for males and females in the TW-II method. The

numerical scores assigned were worked out mathematically using

biologically weighted criteria (Tanner et al, 1975). This system of

wei ghted scores were proposed so as to overcome what Roche (1978)

called the "swamping" of the 7 carpal bones and the radius and ulna by

the bones of the fingers. Three separate scori ng systems were

devised.
-

One involved the radius, ulna and finger bones (RUS)',

another the carpals only, and a third combined both systems (TW-20).

By omitti ng the bones of di gi t 2 and 4 they were effecti vely gi ven a

zero weighting. Equal weights were given for the radius, ulna and

digits (rays) 1, 3 and 5 (with the 3 or 4 bones in each digit being

wei ghted equally) for the RUS score. For the carpal score equal

wei gh ts were gi ven to each of the seven bones. I n the TW-20 score,

one half of the RUS and one half of the carpal wei ghts were used

(Tanner et al, 1975).

The score for an i ndi vi dua 1 was summed and by referri ng to the

appropriate table (RUS, Carpal or TW-20) the skeletal age was

obtained. Separate tables were given for boys and girls and the score

value ranged from 0 to 1000, (0 being zero skeletal maturity with no

bones visible and 1000 designating adulthood with complete maturity).

In the TW-II system, the bones were rated individually in a fixed

order (Roche, 1978). The feature of this method is that the score

assigned to the bones assessed initially, do not influence the scores

assigned to bones assessed later, as is evident in the earlier atlas

methods (Roche, 1978). Further, the evidence that the TW2 system is
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more reliable than the Greulich-Pyle system is fairly convincing

(Acheson et al, 1964, 1966; Roche et al, 1970).

The Mean Appearance Time (MAT) method of bone stages was deve l oped by

Tarranger et al (1976). Here the mean appearance time of the vari ous

stages of the hand-wrist were calculated using statistical analysis

(viz. the probit analysis)*. Each bone stage was assigned a value

called a maturity score which corresponded to the mean level of the

observation within this stage (Tarranger et al, 1976). The average of

the maturity scores of the bone stages gave the maturity level of the

child under examination. The average maturity score was "evaluated in

standard devi ati on scores by campari son with the **Gaussi an-fi tted

di stri buti on of averaged maturi ty scores at the age of the chi 1d

examinedll• This method also made use of all the bones of the

hand-wrist, with the exception of the epiphyseal bones of digits II

*The Probit analysis is one whereby the prediction of the values
of parameters can be maximally estimated from the data observed
in a linear model (Armitage, 1971).

**Gaussian-distribution is a normal or bell-shaped distribution
(Bahn, 1972).
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and IV . Three combinations of these twenty bones were used, namely
the MAT -20 (13 Epiphyseal bones and 7 carpal bones), the MAT
-RUS* (13 Epiphyseal bones) and the MAT -Carpal ( 7 Carpal bones).

From preliminary results presented by Tarranger et al (1976) it
appeared that the MAT method gave a better estimate of individual
skeletal maturity than the TW-II method in the early and late stages
óf maturation. However, the MAT method was more complex than the TW
method and inter- and ;ntraexami ner variability by assessors other
than Tarranger et al were lacking. Nonetheless, these authors
suggested that this method is better suited in assessing infants from
0-6 years of age.

*Radius, ulna, short finger bones
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POPULATION DIFFERENCES IN SKELETAL MATURITY

Many workers have reported that the genotype plays a significant role

in determining the rate and pattern of skeletal maturity for an

individual (Acheson, 1966; Tanner, 1975). Sex specific differences

presumably arise from genes on the sex chromosomes, while other

differences may ari se from genes on the autosomes; still others are

race specific (Falkner, 1958; Masse and Hunt, 1963; Acheson, 1966;

Garn and Bail ey, 1978; Tanner, 1978). Chromosomal abnormal i ti es, such

as in Mongolism, may also be associated with deviations of skeletal

maturation (Garn and Bailey, 1978). Global studies have shown that

populations differ both in mean skeletal maturity at a given age and

i n the pattern of i ncrements from age to age (Eveleth and Tanner,

1980; Marshall, 1981).

Skeletal maturity differences between populations have been studied in

two ways, namely by comparing the ages at which the ossification

centers first become visible, or by comparing mean skeletal ages

at given chronological ages (Eveleth and Tanner, 1980). The rate at

which the skeleton matures, however, reflects the interaction of both

genetic and environmental factors (Tanner et al, 1975; Rona,1981) and

the relative contributions of these factors to the population

differences observed, are difficult to assess (Acheson, 1966; Tanner,

1978) .
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Acheson (1966) reported that the sequence of ossification may be under
genetic control and this .t s substantiated in studies of ossification
sequences in siblings by Garn and Rohmann (1962). Further,
parent-child similarities in unusual or atypical ossification
sequences have been reported (Garn and Bailey, 1978). This trend has
also been oberseved in twins, with that of monozygotic twins
showing the closest correlation (Garn and Bailey, 1978). Falkner
(1964), suggests that ossification patterns, along with blood groups
could be used in determining the degree of relationship of siblings
born of a multiple pregnancy.

Population differences seen in postnatal skeletal maturati on waul d
also seem to indicate a genetic basis (Tanner et al, 1975; Garn and
Bai1ey, 1978; Roberts, 1981). However, these findings are confusi ng
and often contradictory as different assessment methods are often used
on groups having differi ng socioeconomi c backgrounds (Acheson, 1966;
Garn and Bailey, 1978). For example the Greulich and Pyle (1959)
norms, based on the Brush Foundati on radiographs, were taken from a
select upper class Ohio population, while the Tanner-Whitehouse (1975)
norms were derived from a random sample of British children.

Roche (1978), reported that up until the sixties, no other population
study approached the degree of skeletal advancement seen in the Brush
Foundation study. Johnson in 1963, however, reported on a group of
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White children in Philadelphia with a more advanced_ skeletal
maturati on pattern, whi 1e Levine (1972) found that South African
White children in Pretoria, closely matched those of the
Greulich-Pyle standards. Roche (1967), showed similar results in
Melbourne, Australia.

Most European studies, however, showed a slight delay. while compared
to the Greul ich-Pyle standards, but corresponded well to that of
Tanner-Whitehouse (Malina, 1970; Garn and Bailey, 1978; Helm, 1976;
Eveleth and Tanner, 1980). The delay using the Greulich-Pyle standard
were 0,8 "years" for boys and about 0,5 years for girls (Tanner et al,
1975; Magnusson, 1979).

Asian, South Ameri can and African studies have all shown varyi ng
degrees of differences when compared to the Greulich-Pyle and
Tanner-Whi tehouse standards (Eveleth and Tanner, 1980). "Black
Africans" were found to be skeletally advanced over Whites at birth,
but tended to lag behind by age one, two or three years, depending on
sample comparisons (Beresowski and Lundie, 1952; Jones and Dean, 1956;
Tobias, 1958; Masse and Hunt, 1963; Falkner et al, 1978;).

Beresowski and Lundie (1952), found that South African Black children
under the age of 2~ years were skeletally advanced in compari son to
Whites. Tobias (1958), however, showed that skeletal development
amongst South African Black children older than 5 years, was retarded
in comparison to their White peer groups. Chertkow (1980), reported
that the mean chronological age on appearance of the ulna sesamoid in
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White children were advanced by one year when compared to Black South

African children. Marshall et al (1970) found that Jamaicans of

African ancestry, living in poor comnmt tf es , followed a similar

pattern.

Studies invol ving pediatric patients, as well as healthy boys and

gi rl s, showed that the Ameri can Negro was advanced skeletally, not

only during infancy, but also into adolescence (Tanner, 1962; Malina,

1970; Garn et al, 1972; Roche et al, 1974, 1975, 1976). This

advancement also evident in utero was even more significant following

corrections for income, education level, nutritional status, and

smoking (Garn et al, 1972; Garn and Bailey, 1978). Although Negroes

in the U.S.A. are considered to have a 20% white gene admixture

(Roche, 1976;Garn and Bailey, 1978), it seems likely that the reason

for the adolescent skeletal retardation seen in Africans would appear

to be envi ronmental rather than geneti c (Tanner, 1962; Garn et al,

1972; Tanner et al, 1975; Garn and Bailey, 1978;). This could well be

the reason for Africans in Dakar showing a delay in skeletal

maturati on at age 11, but catchi ng up at puberty (Michaut et al,

1972).

Levine (1972) studied children, 6 to 12 years of age, of four ethnic

groups i n Pretori a, South Afri ca and found that "White" chil dren were

comparable to the Greulich-Pyle standard. Children of Indian

ancestry, however were delayed by 0,4 "years", while "Coloureds" and

"Blacks" were delayed by 1.1 and 1.3 "years" respectively. This study

done under the auspices of the National Nutrition Research Institute

of the Council for Scientific and Industrial Research (CSIR), however,

had an age restriction of 6-12 years.
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A study by Dommi sse and Leipoldt (1936), on children younger than 7
years of age in the "Cape Coloured" population utilising carpal
assificati on, showed them to be more advanced skeletally than their
European counterparts. No recent study has been done on the skeletal
maturation trends in the Cape Coloured population.

South African children of Indian ancestry were found to be only
slightly delayed when compared to the Greulich-Pyle standards (Levine,
1972). However, infants in Delhi, India were found to be considerably
delayed compared to Chicago children (Banik et al, 1970).

Chinese and Japanese' children living under good environmental
conditions, were shown to be skeletally less mature when compared to
Whites at ages 3 to 10 years for girls and 3 to 12 years for boys.
Parity was attained at age 12 (for girls) and 14 (for boys) whereafter
they remained in advance to the end of growth (Eveleth and Tanner,
1980). It is evident, therefore, that during adolescence the Chinese
and Japanese have a greater veloct ty of bone age than do Europeans and
White Ameri cans, advanci ng about 4 skeletal "years" in 3 chronol ogical
years (Eveleth and Tanner, 1980). This increased growth rate whien
results in rapid closure of the epiphysis and therefore limiting bone
growth, could have important clinical .tmp lt cat t ons in orthodontic
treatment. This rapid growth rate would require that orthodontists in
the Far East endeavouring to harness growth for orthopaedic purposes,
need predict the adolescent spurt more accurately than those in Europe
and the United States.
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The only non-Caucasian race to consistantly show a marked retardation
in skeletal development at all ages are the Quecha Americans in the
Peruvian Andes. Their growth period is prolonged, lasting to the 20th
and 22nd year in males and females respectively (Frisancho and Baker,
1970). The Quechas, however, do not become very tall because of a
very much slower growth rate, despite the prolonged growth period
(Frisancho and Baker, 1970).
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ENVIROMENTAL INFLUENCES ON SKELETAL MATURATION

As stated earlier, the rate at which the skeleton matures, reflects

the interaction of genetic and environmental factors (Acheson, 1966;

Garn, 1972; Tanner et al, 1975; Rona, 1981). However, there is no

universal rule by which a given proportion of growth is determined by

either the genotype or the environment (Marshall, 1970; Tanner et al,

1975) and it would appear therefore, that growth is dependent on the

interaction of such highly variable factors.

Many environmental factors including social class, number of siblings,

nutrition, disease and infection, sanitation, immunisation, standard

of maternal care, education, wars, famine and drought amongst others,

i nfl uence the rate of growth of an i ndi vi dua 1 and hence that of the

population (Acheson, 1966; Tanner, 1972; Garn et al, 1972(b); Tanner

et al, 1975; Eveleth and Tanner, 1980; Van der Linden, 1986). The

effects of these debilitating factors on the individual is largely

dependent on the nutritional status, often acting in conjunction with

that of infection (Garn and Bailey, 1978; Eveleth and Tanner, 1980;

Rona, 1981). While intra-uterine malnutrition may occur in severely

malnourished populations, it appears that the critical period is about

6 months after birth when weaning is completed (Eveleth and Tanner,

1980) .

Most African studies have shown that Black children are more advanced

skeletally than their White counterparts from birth to three years of
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age (Eveleth and Tanner, 1980) but thereafter lag behind until
adolescence (Garn and Bailey, 1978). However, certain studies on the
affluent Negroes of U.S.A. reveal that they are more advanced
skeletally than Whites from pirth to adolescence (Garn et al, 1972(b);
Roche, 1974, 1975, 1976). This would support the view that the
environment and more specifically nutrition and disease could be
responsible for this pattern of skeletal maturation (Garn and Bailey,
1978) .

A study by Shakir and Zaini (1974) on Iraqi children showed the that
during the first two years of life, these children were more advanced
skeletally than their European counterparts as judged from
Tanner-Whi tehouse standards. However, from age two onwards chi1dren
from poorer areas fell behind the TW-standards while children from the
affluent areas continued to be in advance upto four years of age.
Thereafter, both groups lagged behind the TW-standards, with the less
priviledged being more delayed. Social class structure therefore
seems as important as the genotype in determining skeletal maturation
patterns (Garn and Bailey, 1978).

Heald et al (1969), suggested that at adolescence the child may be
more prone to the influence of nutritional factors because of greater
calory demands. Eveleth and Tanner (1980), also suggested that
insufficient calory intake might result in a smaller growth spurt or a
delay in the age of the spurt. These authors further noted that the
age of menarche is earlier in children from more affluent societies.
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The effects of these en vi ronmenta 1 factors on growth, depends on the

duration and the severity of the insult and the age at which it occurs

(Tanner, 1962). However, it does appear that growth may normalise

after a peri od of i ncreased growth velocity, call ed catch-up-growth

(Tanner, 1978 and 1981). Depending on the intensity of the

disturbance, catch-up-growth mayor may not completely return growth

to normal values (Eveleth and Tanner, 1980). Skeletal maturity

assessment is one method of monitoring the above effects (Greulich and

Pyle, 1959).

Research has also indicated that the adolescent growth spurt could be

retarded due to poor living conditions (Tanner, 1981). This

phenomenon was observed i n some German towns towards Worl d War I I

(Howe and Schiller, 1952). If these environmental factors are severe

and prolonged, then catch-up growth often cannot reverse the

si tuati on. Thi s phenomenon was al so documented i n the Netherl ands

duri ng the middl e of the previ ous century (Tanner, 1978; Falkner,

1978; van der Linden, 1986).

Animal experimentation has additionally highlighted the effects of

poor 1i vi ng condi ti ons on growth retardati on U~cCance et al, 1961).

Jefferys (1981), showed that shape changes occured in the neurocranium

of starvi ng rats, and that the teeth formed duri ng thi s peri od had

smaller crown sizes.
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Available studies would seem to indicate that the climate has no

marked or observable effect on growth of humans (Eveleth and Tanner,

1980; van der Linden, 1986). However, the role of genetics and

environment are difficult to assess in different climatic conditions.

Van der Linden (1986), however, reported that children grew more tn ,

spri ng and summer than duri ng the autumn and wi nter months. He

further speculated that because of the higher levels of growth hormone

during the hours of rest at night, a diurnal difference in the amount

of growth occurs. Therefore, the need for regular and sufficient

sleep is supposedly essential for normal growth to proceed.

From the above the relative importance of the genotype and the

envi ronrnent in determi ni ng the growth and maturati on of chil dren

remains inconclusive. Garn and Bailey (1978), further noted that

because of the differing nutritional status of the various population

groups,comparitive growth studies are not possible. Therefore,

concl u si ons based on the contri buti on of the genotype or envi ronment

by the compari son of di vergent popul ati ons may be erroneous (Garn and

Bailey, 1978; Eveleth and Tanner, 1980; Marshall, 1981). Tanner

(1978), has also shown that girls seem to be more resistant to the

effects of such detrimental environmental factors. However, different

cul tures might afford more protecti on to gi rl s , whi ch caul d account

for these observations (Shakir and Zaini, 1974).
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SECULAR TREND IN SKELETAL MATURITY

Over the past century, chil dren from i ndustri al i sed countri es have

increased in size and have also been shown to mature earlier than

those of previ ous generati ons (Garn and Bai 1ey, 1978; Evel eth and

Tanner, 1980). Roede (1979), has shown that these trends have as yet

not halted in Europe; however, the expected maximum attainable height

has almost been realised. It has been suggested by Eveleth and Tanner

(1980), that improved envi ronmenta 1 factors such as nutriti on,

sanitation, immunisation and the associated decrease in infantile

diseases, and population mobility (both geographic from rural to urban

and improved social class) amongst others, appear to be responsible

for thi s phenomenon. This increased growth velocity, the earlier

maturation (probably at an increased height), the earlier cessation of

1i near growth and a greater adult stature are termed "posi ti ve"

secular changes (van Wieringen, 1978). The opposite are referred to

as "negative" secular trends.

As mentioned earlier under environmental factors, these positive

secul ar trends coul d be reversed duri ng times of depri vati on such as

occuring in wars and famines. The critical time for growth to be

affected by the en vi ronment seems to be duri ng the 1atter part of the

prenatal peri od and duri ng the fi rst two or three years after bi rth

(van der Linden, 1986). Fluctuation between positive and negative

secul ar changes may occur, dependi ng on the nature of envi ronmental

factors affecting a particular population (Eveleth and Tanner, 1980).

Accordi ng to Tanner et al (1975), secul ar growth trends can therefore

be used as an indicator of the health stfrtus of a nation.
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The effects of the secul ar trend on maturati on, can presently only be

studied from available data relating to the age at menarche (van

Wieringen, 1978; Eveleth and Tanner, 1980). Stnce there is a good

correlation between the age at menarche and skeletal maturation

(Tanner, 1978; Proffit, 1986), the trends observed for sexual

maturati on are expected to be simil ar to that of skel etal

maturation. Eveleth and Tanner (1980), reported that sexual maturation

occurs earlier in affluent communities when compared to poorer

soci eti es.

Tanner (1962), reported that by the turn of the century European males

reach adult height around 26 years of age; presently it occurs around

18 years. However, adult height has also increased by about 10cm in

Europe and he suggested that thi sis due to an i ncreased growth

ve loci ty. In 1938 peak hei ght vel oci ty for Swedi sh boys was reached

one year earlier than that in 1883; Norwegian boys in 1825 - 1837 had

their peak height velocity at age 17, while in the 1930's this

occurred around the age of 14 (Tanner, 1962).

Studies by van Wieringen (1978) reveal that this trend towards ear lier

menarche is slowing down in Europe. Children studied in Oslo, though

experiencing a secular increase in height from 1950 till 1970 as

earl i er stated, showed no si gnifi cant difference i n the age of

menarche (Brundtland, 1973). Tanner (1975), also reported that the

menarcheal age for London school gi rl s di d not change markedly from

1959 till 1966-1967. However, Ljung et al (1974), in a Swedish study

between 1965 to 1972, found that menarcheal age was lowered by 0,73

years when compared to an earlier survey.
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Whether this positive trend in height increase will continue, and if
J ndeed this wi11 be associ ated with a cessati on of the trend towards
earlier maturation (the Oslo experience), or with an ongoing lowering
.of menarcheal age (as is the Swedish situation), remains to be
confirmed in future studies (van Wieringen, 1978). Present studies,
however, would seem to indicate that there is a genetic threshold for
the minimum age at which menarche can occur (Tanner, 1978; van
Wieringen, 1978).
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PUBERTAl GROWTH SPURT

Growth studies have revealed that postnatal growth is fastest during
the first year of life and gradually slows down thereafter to an even
rate after about three years (van der Linden, 1986). A more
pronounced acceleration of growth occurs at about the early teens
(Tanner, 1962) and this spurt which is linked to puberty is known as
the pubertal or adolescent growth spurt (Marshall, 1977). The growth
rate slows down fairly quickly thereafter and adult height is soon
achieved (Tanner, 1962; Proffit, 1986).

The age at which the pubertal spurt occurs differs from race to race
and between the sexes (Tanner et al, 1975; Eveleth and Tanner, 1980;
van der Linden, 1986). Girls generally experienced their growth spurt
same two years earlier than boys of the same race. This spurt
furthermore is less pronounced and of shorter duration than that for
boys (Tanner, 1962). Shuttl eworth (1939), reported that the 1ater the
pubertal spurt occurred in girls, the less pronounced it was.

Tanner (1962), noted that the different parts of the body experienced
a growth spurt in a fairly fixed order or sequence. It generally
started with the lengthening of the legs, followed by hip width, then
chest breadth, 1ater followed by an increase in the 1ength of the
trunk and depth of chest (Tanner, 1962).
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According to Nanda (1955), the facial growth spurt occurred some 6

months after peak height velocity was registered. During this period

the : faci al appearance underwent changes resul ti ng i n si gni fi cant

morphol ogi cal differences between the sexes (van der Lmden, 1986).

Growth of the jaws like that of growth in height, usually correlated

well with the physiologic events of puberty (Saltzmann,1974; Proffit,

1986). There is a noticeable adolescent growth spurt in the' length of

the mandible (though less dramatic than that of body height) and a
1'·

modest i ncrease i n growth at the sutures of the maxi 11a (van der

Linden, 1986). Growth was more pronounced in the lower jaw than in

the upper jaw, whi eh follows the normal cephalocaudal gradi ent of

growth experi enced throughout the body (Proffi t, 1986). Thi s

differenti al jaw growth results i n the maturi ng face thus becomi ng

less convex, as the mandible and chin become more prominent (Proffit,

1986; van der Linden, 1986).

Woodside (1974), has shown that many children, especially girls,

exhi bi ta" juvenil e accel erati on" of mandi bul ar growth that occurs 1

to 2 years before the pubertal growth spurt and whi eh coul d be more

intensive than that experienced during the pubertal growth spurt. He

noted too, that boys almost always had a stronger pubertal growth

spurt. Based on the above an accurate assessment of physi 01ogic age

i s necessary in pl anni ng orthodonti c treatment. If this were not

accounted for clinicians would tend to treat girls too late and boys

too soon; especially if treatment were delayed until all the permanent

teeth had erupted (Proffit, 1986; van der Linden, 1986).
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Steedle and Proffit (1985), have reported that the dentition also

experienced an occlusal eruptive spurt during the facial growth spurt

at puberty. The exact age of the pubertal erupti ve spurt vari ed but

usually began between the ages of 11 and 16. Siersbaek-Nielsen (1971)

and Darling and Levers (1976) noted that this spurt lasted for about 2

to 3 years between the ages of 14-18 years, and suggested that the

occlusal spurt was probably related to the condylar growth spurt which

had resulted in the separation of the jaws. During the occlusal spurt

the teeth have been reported to erupt bodi ly by an amount of 2 to 3

mi1imeters (Darl i ng and Levers, 1976), together with an associ ated

increase in lower face height (Bjork 1972). The facial tissues

especially the facial and masticatory muscles, have also been shown to

undergo a period of accelerated pubertal growth, with an associated

increase in size (Proffit, 1978; Solow, 1980; Steedle and Proffit,

1985). The erupti ve spurt i s found to slowdown as the face reaches

maturity and a relative state of equilibrium is reestablished by the

age of 16 to 18 (Darling and Levers, 1976).
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PREDICTING THE ADOLESCENT GROWTH SPURT FROM OSSIFICATION EVENTS IN THE
HAND-WRIST FILMS

Skeletal age as a parameter of physiological development has been

found to be less sensitive at certain stages of growth, being less

marked in the 8 to 9 year range for females and the 10 to 12 year age

range for males (Tanner, 1962; 1978). In addition, the amount of

detectable bony changes observed on the hand-wrist radiograph is less

than ideal during this period due to the relative quiescence in the

skeletal maturation process (Tanner, 1962).

It has often been suggested that skeletal age could be used to predict

the onset of puberty in an individual (Bjork, 1972; Grave and Brown,

1976). While it is true that a child with an advanced skeletal age

will be expected to reach puberty earlier than one whose skeletal age

is delayed, this has been shown to be true only in the extreme ranges

of the normal (Tanner, 1978).

The accuracy of a skel eta1 age estimati on depends on the number of

stages appear+nsper unit time and the duration of each stage (Roche,

1978). The greater the amount of well defined stages of short

duration, the greater is the accuracy in the estimation of skeletal

age (Roche, 1978). However, during the circumpuberta1 period, bone

maturation is in a period of relative quiescence (Tanner, 1978) as was

highlighted by Greulich and Pyle (1959). They reported that the

accuracy of skeletal age determination at puberty had a standard
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-devi ati on of 1 year compared to one month at 6 months of age, and 4

months at age 2. Tanner (1962), however, suggested that the clinical

implication of predicting puberty from skeletal age required that the

estimati on be accurate to wi thi n two months. Houston et al (1979),

found that use of the chronol ogi cal age had an accuracy of 1 year in

predicting puberty.

r~arshall (1974), found that when girls reached breast stage 2 (B2)

their skeletal age varied between 8 and 14 "years", while at B5 they

varied between 12 and 16 "years".' Thus the variation in skeletal age

is similar to that of chronological age for breast development

(Tanner, 1978). Menarche, however, was shown to be better correlated

to skel eta 1 age wi th 85% of gi rl s havi ng bone ages of between 13 and

14 "years" at thei r fi rst menses (Marshall, 1974). He al so found that

at this stage (skeletal age 13 "years") the girls had reached 95% of

thei r mature hei ght. However, at the peak of the adol escent growth

spurt (peak height velocity) bone ages varied between 10 and 15

"years". This implies therefore, that peak height velocity does not

correlate with any given or fixed amount of skeletal maturation, as is

the case for menarche (r~arshall, 1974). Marshall (1974) found similar

results in boys. Their skeletal ages were significantly less variable

than thei r chronol ogi ca 1 ages when they reached 95% of thei r fi na1

stature. However, at peak hei ght vel oci ty the vari ati on of skel etal

age and chronological age were very similar, both showing no

significant correlation to peak height velocity.
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In order to improve the accuracy of skeletal age estimation. during the

rel ati vely qui escent prepubertal peri od, addi ti onal bone stages were

utilized by Hagg and Tarranger (1982). However, despite these

additional stages they failed to significantly improve on the accuracy

of predi cti ng the onset of the growth spurt, even though peak hei ght

velocity and end of the spurt estimation, were more accurately

predicted. To complicate matters further, it was found that the

prediction in onset of the growth spurt was difficult, despite the use

of direct measurements of standing height (Shuttleworth, 1939; Tanner,

1962; and Hagg and Tarranger, 1980).

Hagg and Tarranger (1980), found that only half the girls and one

fifth of the boys studi ed , showed a marked and conti nuous i ncrease in

growth rate at puberty. They also found that a quarter of the female

sample and one third of the male sample showed minor prepubertal

growth spurts. It seems evident, therefore, that any indirect

predi cti on of the onset of the growth spurt util i si ng hand-wri st

radi ographs or any other method, i s bound to have some measure of

inaccuracy (Tanner, 1962; Houston et al, 1979; Smith, 1980).

Houston et al (1979), are of the opinion that the use of ossification

events (i e. when one maturati on stage changes to another) represents

an improvement of growth spurt prediction, with the bone more commonly

evaluated being the ulna sesamoid (Flory, 1936; Garn and Rohmann,

1962; Bjork and Helm, 1967; Bowden, 1971; Pileski et al, 1973; Grave

and Brown, 1976). Bjork amd Helm (1967), found that initial

ossification of the ulna sesamoid always preceded or coincided with
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peak hei ght vel oct ty. However, other researchers have reported that

ossi fi cati on of the u1na sesamoi d often occurred after peak hei ght

velocity (Bowden, 1971; Garn et al, 1972; and Pileski et al, 1973).

Pileski 'et al {1973}, found that in 25,3% of males and in 19.5% of

females the ulna sesamoid bone appeared after maximum velocity of

mandibular growth was completed.

In order to make the estimates more rel i ab1 e, vari ous workers used

the ulna sesamoid bone together with other ossification events

occurring at puberty {Bowden 1971; Grave and Brown 1976; Helm 1979} ..
Radiographs in these studies were taken annually and therefore

estimates of the onset of puberty could only be made to the nearest 6

months. However, the increased accuracy, if any, of this method over

chronological age was not discussed. Houston et al {1979}, made use

of 3 monthly radi ographs at puberty and 6 monthly radi ographs before

puberty and showed that any improvement i n the estimates of peak

height velocity were of a limited clinical value. In an orthodontic

context, therefore, the use of a si ng1 e hand-wri st radi ograph to

estimate the timing of the growth spurt still remains questionable

{Houston et al, 1979; Houston, 1980; Smith, 1980}. It would appear

that the clinical application of a single hand-wrist radiograph could

be to ascertain whether the growth spurt had occurred or not {Houston,

1980} .

Some researchers have attempted to predict the pubertal growth spurt

from dental maturati on. However, most authors have noted alack of

correlation between dental development and peak height velocity
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(Demirjian, 1978). Meredith (1959), however, found a slight
correlation between peak height velocity and the eruption of the
mandi bul ar cani ne and first and second mol ars. Chertkow (1980),
similarly noted a close correlation between calcification stage G* of
the mandibular canine and the initial ossification of the ulna
sesamoi d bone. Hagg and Tarranger (1984), inthei r study had noted
that the relationship between puberty and the initial ossification of
the ulna sesamoid was clinically insignificant and reported that the
comparison by Chertkow (1980), of a skeletal stage of a short duration
(initial ossification of the ulna sesamoid bone) with that of a tooth
formation stage, of long duration (stage G which lasts about 2.7
years) is scientifically unsound and therefore not appropriate.

Demirjian (1978), in reviewing the development of the dentition,
concluded that dental development occurred independently of the
skeletal maturation, peak height velocity, height and the onset of
puberty. Further, Hagg and Tarranger (1984) also noted that a low
correlation existed between dental and somatic development in both
sexes.

*Stage G. The walls of the root canals are parallel (distal roots in
molars). The apical ends of the root canal is completely closed
(distal root and apex).
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Notwithstanding the problems associated with the prediction of

puberty, skeletal maturation has an important role in assessing the

growth status of orthodontic patients (Houston, 1980; Proffit, 1986).

Further, although chronological age may be used to predict the onset

of peak height velocity, wide discrepencies have been shown to exist

amongst the races. For example a typical affluent caucasian girl

begi ns her adol escent growth spurt at about 10,5 years and attai ns

peak height velocity at about 12 years (Tanner, 1978), while Nigerian

gi rl s attai n puberty at about 15 years (Dadi a and Oguranti, 1986).

Further, limited information is available on the age of puberty in the

South Afri can popul ati on. Therefore, i n the treatment of

javo/-discrepancy associated malocclusions the use of caucasian norms

may not be applicable, and the use of maturation measures other than

chronological age may be more appropriate.
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MATERIALS AND METHODS

www.etd.ac.za



55

This project investigated skeletal maturation trends in a Western Cape
sample, using hand-wrist radiographs. The materials and methods used in
this study will be discussed under the following headings:

1) The population Sample
2) Radiographic Materials
3) Evaluation of Skeletal Maturity
4) Statistical Analysis
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(1) THE POPULATION SAMPLE
The South African population comprises several ethnic groups, the four

larger groups bein~ the Bantu-speaking Africans, Caucasians of European

ancestory, Asians (predominantly from the Indian subcontinent), and

"Coloureds" of mixed ori gi n.

In terms of the Population Registration Amendment Act 106 of 1969, the

South Afri can government cl ass ifi ed the "Coloured" peopl e as a di sti nct

race-group. An earlier edict (Act 30 of 1950) defined a "Coloured" as

somebody who is neither white nor black. However, subdivisions were

1ater i ntroduced to 1ega lly di fferenti ate between the Cape Coloured,

Malay and Griqua on the one hand, and Chinese, Indians and "other

Asiatics" on the other hand (W.H. Thomas, 1982). Based on government

policy, the four major racial groups are forced to live separately in

well defined residential areas (1950 Group Areas Act).

The population sample used in this study was drawn entirely from the

so-called "Coloured" population group. This being that the majority of

pati ents attendi ng . the Orthodonti c Cl i ni c, at the Uni vers i ty of the

Western Cape, are classified as "Coloured".
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The "Coloured" population in the Cape Peninsula live in well defined
areas under the following Municipalities (Louw, 1982).

1) Cape Town
2) Be11 vi11e
3) Parow
4) Goodwood
5) Milnerton
6) Pinelands
7) Cape Divisional Counci 1

8) Simons town
9) Durbanville

Patients seen in the Department of Orthodontics were drawn from all the
above mentioned areas. This was especially so, as no orthodontic
service was provided at any of the community-based dental clinics. The
patient sample was therefore representative of the varying
socio-economic levels within this "race" group (Louw, 1982).
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2) RADIOGRAPHIC MATERIAL

The hand-wrist radiographs used in this study were obtained from patient,
fi 1es i n the Department of Orthodonti es. A total of 'fi ve hundred and

thirty two (532) radiographs, representing patients of suitable age

" di stri buti on, were so obtai ned. Of these, fifty three (53) radi ograplls

were rejected either for lack of radiographic clarity or because they

were not from so called "Coloured" patients.

The radiographic material finally investigated were obtained from 130

males and 188 females (Table 1).

Table 1 Age Distribution of Sample Evaluated.

Age (years) Boys Girls Total

6:00 - 6:99 8 8 16
7:00 - 7:99 3 7 10
8:00 - 8:99 9 12 21
9:00 - 9:99 11 23 34

10:00 - 10:99 15 19 34
11 :00 - 11 :99 10 21 31
12:00 - 12:99 21 28 49
13:00 - 13:99 15 23 38
14:00 - 14:99 16 15 31
15:00 - 15:99 13 17 30
16:00 - 16:99 9 15 24

Total 130 188 318
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(3) EVALUATION OF SKELETAL MATURITY
The data recorded from the three hundred and eighteen (318) files
included the name, date of birth, date of the hand-wrist radiograph and
the address for each patient. The chronological age of the patient was
calculated and recorded in years, as prescribed by Eveleth and Tanner
(1980) .

Each radiograph was assessed using the revised *Tanner-Whitehouse method
(Tanner et al 1975), whereby the twenty prescribed hand-wrist bones were
investigated in a fixed order, namely, radius, ulna, metacarpals 1,3,5;
proximal phalanges 1,3,5; middle phalanges 3,5; distal phalanges 1,3,5;
capitate, hamate, triquetral, lunate, scaphoid, trapezium and trapezoid
(Figure 1). These radi ographs were studi ed on a standard radi ographi c
viewing box**.

The maturation level for each bone was assessed by comparing it to the
diagrams and descriptions given by Tanner et al (1975). Fi gure 2
represents an example of the method outl ined. The maturati on stage so
allocated was based on shape criteria and labelled, using the letters A
to I (Appendix I). Nine stages were used for each bone except the ulna,
capitate, triquetral, lunate, scaphoid and trapezium which have 8
stages. Tanner et al (1975) suggested that where the specific bone
under investi gati on did not match the prescri bed radi ographi c
illustration, then the written description should be followed.

* The TW-II Method of Tanner-Whitehouse (1975) is a revised version of
their 1962 TWl method.

**Oentaurum Type Li Viewing Box.
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Lunate ----f. ...--"""---Ulnar styloid
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MEDIAL+LATERAL

PROXIMAL

1

Hook of hamate
Hamate

Cap it ate ----.~~__J~
TriQuetral--\- ...

Trapezoid
Trapezium
Scaphoid

Figure 1 An illustration of the hand-wrist bones used in this study.
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Figure 2 An illustration for the staging and scoring method used in the
TW-Il method. This illustration is of the radius at maturation stage G.
The TW2 score of 77 for boys in the TW2 method indicates the level of
maturity of this particular bone at stage G.

Metaphysis

Stage G
BOYS SCORE (i) The dorsal surface now has distinct lunate GIRLS SCORE

and scaphoid articular edges joined at a
TW2 RUS small hump. Lateral to the scaphoid surface TW2 RUS
77 87 the styloid process carries the border dis- 85 114

tally in a distinct convexity.
(ii) The medial border of the epiphysis has de-

veloped palmar and dorsal surfaces for
articulation with the ulnar epiphysis;
either palmar or dorsal surface may be the
one which projects medially, depending on
the position of the wrist.

(iii) The proximal border of the epiphysis is now
slightly concave.
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The scoring method used in this study was similarly based on a method

prescribed by Tanner et al (1962, 1975), who divided the twenty bones

into RUS, Carpal and TW-20 scores. The RUS* score i ncorporated the

radius; ulna; metacarpals 1,3 and 5; proximal phalanges 1,3 and 5;

middle phalanges 3 and 5; and distal phalanges 1,3 and 5. The remaining

7 carpal bones constituted the Carpal score, while the TW-20 score

comprised all 20 bones (Figure 3).

The individual bone, therefore, for each stage had two biologically

weigthted numerical scores allocated, namely the TW-20 and either the

RUS or Carpal maturity score. Further, because of differences in

skel etal maturati on between the sexes, Tanner ~~ (1975) assi gned

different scores for boys and girls at each maturity stage (Appendix I).

The summati on of the respecti ve numeri cal scores provi ded ei ther the

RUS, Carpal or TW-20 maturity score for each hand-wrist radiograph as

required (Appendix IV). The total for each of the three numerical

scores ranged from 0 through to 1000, where 1000 designated adulthood.

In other words when the bones under i nvesti gati on reach thei r adul t

form, the score allocated would be a 1000 (complete maturity). For the

RUS bones this stage is reached when all the epiphyses have totally

fused with their respective diaphyses. For the carpal bones, however,

complete maturity is attained with the attainment of a specified form or

feature of the bone in question (Appendix I).

* Radius, ulna and short finger bones.
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Tanner et al (1975) provided separate tables for the conversion of the
RUS, Carpal and TW-20 maturity scores into the appropriate "skeletal" or
"bone age" (Appendix II). The "bone age" represented the chronological
age of the average British child having the said maturity score.
Separate conversion tables were provided for males and females
(Appendix II).

In the present study, the three maturity scores were converted into the
appropriate "bone ages" for each individual and, the mean "bone age" was
then compared to the mean chronological age of the sample. This mean
"bone age" was also compared to the British Standard.

Tanner et al (1975) also provided male and female centile standard
curves for the RUS, Carpal and TW-20 scores. These percentile levels
were used to compare the maturity scores of the Western Cape sample to
the British standards. (See appendix III).

Intra- and Inter-examiner Variability
To assess the validity of the results obtained, 35 randomly selected
radiographs were re-exami ned by the author 3 weeks 1ater. These
radiographs were also subjected to an ;ndependent invest; gation by a
member from the Department of Radiology at the Dental Faculty. The
Intra- and Inter-examiner variability was then computed using the
Spearmans correlation coefficient.
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(4) STATISTICAL ANALYSIS
The data obtained was placed in data tables and the following
statistical analyses were computed, namely:
(i) the median chronological age

(ii) the range, median, first and 3rd quartile values ot" skeletal age
for each of the maturity scores (RUS, Carpal and TW-20) ..
(iii) the number of subjects that fell into the 8 percentile levels for
each maturity score.
(iv) the mean skeletal age and mean chronological age.

This study compared the findings in a Western Cape sample to that of the
British standard and, hence, the results obtained were evaluated at the
percentile levels prescribed by Tanner et al (1975) (See Appendix II!).
Further, because of the small sample size, these findings were also
evaluated at the 50th percentile level.

Differences between the two samples, was evaluated by using the
Chi-squared test. Sexual dimorphism in the Western Cape Sample was
similarly compared using the Chi-squared test.

The mean skel etal age was compared to the mean chronol ogical age of the
sample for each of the three maturity scores obtained. A matched-paired
t-test was used to detect any differences in this sample.
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RESULTS
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1) THE SKELETAL AGE OF THE WESTERN CAPE SAMPLE

The range, first quartile, median and third quartile values for the
RUS, Carpal and TW-20 skeletal ages are tabulated in tables 2 to 4.
As stated in the materials and methods, the skeletal ages were derived
from the appropriate numerical maturity scores via the use of
conversion -tables provided by Tanner et al (1975) (Appendix 11).
These resu1ts are further, graphica11y illustrated by means of box
plots in figures 4 to 9.

a) Table 2 (Figures 4 and 5)
From table 2 it can be seen that 25% of the female sample attained RUS
skeletal maturity at 14 years, 75% at 15 years and 100% at 16 years
(4th quartile inclusive). For the male sample, 25% attained RUS
skeletal maturity at 15 years and 50% at 16 years.

b) Table 3 (Figures 6 and 7)
Table 3 indicates that for the carpal bones 25% of the female sample
attained skeletal maturity at 11 years, 50% at 12 years, 75% at 13 and
14 years and 100% from 15 years onward. In the male sample, 25%
attained carpal skeletal maturity at 14 years and 75% at 15 years.
However, in the 16 year age group only 50% had attained skeletal
maturity.
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c) Table 4 (Figures 8 and 9)
The results in Table 4 indicate that for the TW-20 bones, 25% of the
female sample attained skeletal maturity at 14 years, 75% at 15 years
and 100% at 16 years. For the male sample, 25% attained skeletal
maturity at 15 years and 50% at 16 years. Thus, the results in table
1 and 3 are similar for both sexes.
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FEMALE (RUS)

MEDIAN .••.••.•••

CHRONOLOGICAL AGES IN YEARS

Fig. 4 Range, Median and Quartiles of Skeletal age (RUS) in Females (N = 188)
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MALES (RUS)

71

MEDIAN ••••••••.

CHRONOLOGICAL AGE IN YEARS

Fig. 5 Range, Median and Quartiles of Skeletal' age (RUS) in t4ales (N = 130)
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FEMALES (CARPAL)

73

MEDIAN

CHRONOLOGICAL

T

•••••••• 1

Fig.6 Range, Median and Quartiles of Skeletal age (Carpal) in Females (N = 188)
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MALE (CARPAL)

74

MEDIAN .••.•..••.

CHRONOLOGICAL AGE IN YEARS

Fig.7 Range, Median and Quartiles of Skeletal age (Carpal) in Males (N = 130)
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FEMALES (TW = 20)

.76

....... ,

CHRONOLOGICAL AGE IN YEARS

81 91

MEDIAN

Fig. 8 Range, Median and Quartiles of Skeletal age (TW-20) in Females (N = 188)
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MEDIAN .••••••...

CHRONOLOGICA L AGE IN YEARS

Fig. 9 Range, Median and Quartiles of Skeletal age ITW-20) in Males
IN= 130)
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2) COMPARISONOF SKELETALAGEBETWEENTHE WESTERNCAPE SAMPLEANDTHE

T.W. STANDARD.

In the comparison of the Western Cape sample to Tanner-Whitehouse

standard certain age groups were not included. This was done because

comparisons made after the age at which 50% of the Tanner-Whitehouse

standard reach skeletal maturity are meaningless (Roche,1974). For

example, a 16 year old female with a carpal maturity score of 1000

(i e. adult maturi ty) wi 11 be seen to 1i e under the 3rd percentil e

level if one plots her score on the Tanner-Whitehouse percentile

charts (Appendix III). This is because the average British child

reaches carpal maturity at 13 years. Thus, for females the following

age groups were not included:

(1) RUS - 16 year age group.

(2) Carpal

(3) TW-20

13, 14, 15 and 16 year age groups.

16 year age group.

As for the males, the carpal 15 and 16 year age groups were not

i ncl ude d, whereas all the age groups were i ncl uded for the RUS and

TW-20 scores.

The number of subjects lying above and below the 50th percentile level

are compared to the Tanner-Whitehouse standard in table 5 and 6.

Chi-square tests were then performed to detect any differences between

the Tanner-Whitehouse standard and the Western Cape Sample.
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Table 5 Compari son of Ma1es of the Western Cape and the Tanner

Whitehouse Standard above and below the 50th percentile level.

(df = 1)

<. 50~ ~50t Significance

RUS

N = 130

Observed 40

Expected 65

90

65 19,231 *p<O,Ol

CARPAL

N = 108

Observed 61

Expected 54

4?-

54

1,815 0,1>p<O,2

TH-20

N = 130

Observed 61

Expected 65

69

65

0,492 p>0,5

The results in Table 5 show that males of the Western Cape are

si gnifi cantly more advanced i n compari son to the Tanner-Whi tehouse

standard in so far as the RUS bones are concerned (p<O,Ol). However,

the carpal bones are only slightly delayed, although not significantly.

(0,1>p<0,2).

In so far as the TW-20 bones are concerned, there is no difference

between the Tanner-Whitehouse standard and the Western Cape sample

(p>0,5).
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Comparison of Females of the Western Cape and the
Tanner-Whitehouse standards above and below the 50th percentile
1eve 1 • (df = 1)

<50'1 >50T, Significance

RUS
N = 130

Observed 36
Expected 86.5

137
86.5

58,96 *p<O,Ol

CARPAL
N = 108

TW = 20
N = 173

Observed 57
Expected 59

61
59

0,136 p>0,5

Observed 58
Expected 86.5

115

86
18,78 *p<O,Ol

Table 6 indicates that the females of the Western Cape are
signifi cantly more advanced in campari son to the Tanner-Whitehouse
standard for both the RUS and TW-20 bones (p < 0,01). However, no
difference isapparent between the carpal bones of the Western Cape
females in comparison to the Tanner-Whitehouse standard (p>0,5).
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3) COMPARISON AT EACH AGE GROUP OF THE WESTERN CAPE SAMPLE WITH THE
T.W. STANDARD

Table 5 and 6 showed some significant differences between the Western
Cape sample and the Tanner-Whi tehouse standard. It was therefore
decided to investigate whether significant differences also exist
within each age group in comparison to the Tanner-Whitehouse standard
by using the Chi-squared test. The results are tabulated in table 7
and 8.
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Table 7 Comparison of Females of the Western Cape at each age group
with the Tanner Whitehouse Standard above and below the 50th
percentile level. (df =1).

7 (1) RUS

Age "' 50 » 50 Significance

6-7 6 9 0,6 0.2>p<0.5

8 4 8 1,33 0.2>p<0.5
9 4 19 9,78 *p < 0.01

10 4 15 6,37 0.01 >p < 0.02
11 4 17 8,05 *p < 0.01
12 3 25 17,29 *p < 0.01
13 3 20 12,57 *p < 0.01
14 6 9 0,6 0.2>p<0.5
15 2 15 9,94 *p < 0.01

The results in Table 7(1) indicates that females of the Western Cape
are in advance over the Tanner-Whi tehouse standard for RUS scores.
Thi sis more apparent from 9 years through to 15 years though at 10
and 14 years the difference ;s less explicit.
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7(2) Carpal

Age < 50 :;>50 x2 Significance

6-7 7 8 0,067 P > 0.5
8 8 4 1,33 0.2>p<0.5
9 13 10 0,39 P >0.5

10 12 7 1,32 0.2>p<0.5
11 9 12 0,43 P > 0.5
12 8 20 5,14 0.02>p<0.05

Table 7(2) shows no significant differences between females of the
Western Cape and Tanner-Whitehouse standard for carpal bones.

7(3) TW-20

Age -< 50 ,50 x2 Significance

6-7 6 9 0,6 0.2:::>p <0.5
8 4 8 1,33 0.2:::>p <0.5
9 4 19 9,78 *p < 0.01

10 4 15 6,37 0.01:::>p < 0.02
11 4 17 8,05 *p < 0.01
12 3 25 17,29 *p < 0.01
13 3 20 12,57 *p < 0.01
14 6 9 0,6 0.2 :::>p<0.5
15 2 15 9,94 *p<O.Ol

Table 7,(3) shows that females of the Western Cape are in advance over
the Tanner-Whi tehouse standard from 9 years through to 15 for the
TW-20 scores. At 14 years the advancement is less significant
(0,2:::>p<0,5).

www.etd.ac.za



84

Table 8 Comparison of Males of the Western Cape at each age group
Iwith the Tanner Whitehouse Standard above and below the 50th

percentile level.
(df =1).

8(1) RUS

Age <.50 750 Significance

6-7 1 10 7,36 *p <0.01

8 2 7 2,78 0.05>p <"0.1

9 5 6 0,091 P >0.5

10 5 10 1,67 0.1 > p < 0.2

11 2 8 3,6 0.05>p < 0.1

12 6 15 3,68 0.02>p < 0.05

13 5 10 1,67 0.1 =-p < 0.2

14 5 11 2,25 0.1 > p < 0.2

15 5 8 0,69 0.2>p<0.5

16 4 5 0,11 p < 0.5

From Table 8(1) it can be seen that only in the 6 to 7 year age group
is an advancement apparent for the RUS scores in Western Cape males in
comparison to the Tanner Whitehouse standard. From 8 years through to
16 years little significant difference exists. This in contrast to
Table 4 where the males were shown to be significantly different to

the Tanner-Whitehouse standard. This could be due to the small
Western Cape sample being spread out over 10 groups in Table 8(1)
which masks the general advancement of the Western Cape males.
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8(2) Carpal

Age < 50 ~50 Significance \

6-7 4 7 0,818 0.2 ::;:.p oe::: 0.5

8 4 5 0,11 P >0.5

9 7 4 0,82 0.2 > p oe::: 0.5

10 9 6 0,6 0.2 > P oe::: 0.5

II 6 4 0,4 P > 0.5

12 14 7 2,33 0.1> P -e o.z
13 9 6 0,6 0.2 > p oe::: 0.5

14 8 8 0 P >0.5

The results in Table 8 (2) and 8 (3) show that no significant

difference exists for the Carpal bones and TW-20 scores in males of

the Western Cape in comparison to the Tanner-Whitehouse standard.
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8(3) TW-20

Age <.50 >50 Significance

6-7 4 7 0,82 0.2 ::> P < 0.5

8 4 5 0,11 p >0.5

9 5 6 0,091 p >0.5

10 8 7 0,067 p >0.5

11 5 5 0 p ::» 0.5

12 12 9 0,43 P :::>- 0.5

13 7 8 0,067 P > 0.5

14 6 10 1,0 0.2 :>: p < 0.5

15 6 7 0,07 P > 0.5

16 4 5 0,11 p :> 0.5
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4) COMPARISON AT 8 PERCENTILE LEVELS OF THE WESTERN CAPE SAMPL! AND
THE T.W. STANDARD

Since significant differences were found between the Tanner-Whitehouse
Standard and the Western Cape Sample above and below the 50th
percentil e 1eve1 itwas decided to investi gate whether signifi cant
differences also exist at 8 percentile levels for the sample as a
whole. These findings are tabulated in tables 9 and la.

However, because of the small sample size, comparisons at 8 percentile
levels for each age group was not possible.
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5) MALE/FEMALE COMPARISON OF THE WESTERN CAPE SAMPLE

A comparison between the sexes, above and below the 50th percentile,
was obtained using the chi-square test. Further, the chi-square test
was also used to compare the sexes at 8 percentile levels.

Table 11 Comparison of the Western Cape Male and Female above and
below the 50th percentile. (df = 1)

Maturity
Index

Male Female Significance

-c 50 750 <50 'r50

RUS 40 90 36 137 3,915 0,02 >- p-<O,05

CARPAL 61 47 57 61 2,926 0,05;> p <0,1

TW = 20 61 69 58 ll5 5,58 0,01> P <0,02

Table 11 shows that the percentile distribution of both RUS and Carpal
bones for both sexes is similar ie. there t s no real difference
between the sexes for RUS and Carpal bones at the 1% level of
significance.

The TW-20 bones however, shows a difference between the sexes at the
1-2% level of significance ie. the females are more advanced than the
Tanner-Whi tehouse-s tandard whil e the males have a simi1ar pattern of
distribution to the Tanner-Whitehouse standard.
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6) COMPARISON OF THE MEAN SKELETAL AGE AND THE MEAN CHRONOLOGICAL AGE
IN THE WESTERN CAPE SAMPLE

Table 13 through to 18 compares the mean skeletal age to the mean
chronological age of the Western Cape Sample. A matched-paired T-test
was done for each comparison (RUS, Carpal and TW-20) to detect whether
any significant differences exist.

The mean skeletal ages at various chronological ages for each bone score
(RUS, Carpal and TW-20) are further illustrated in figures 10 to 15.
The straight line in these figures is the expected mean of the British
children (Tanner-Whitehouse) used as the Standard; their skeletal age
is by definition equal to their chronological age.
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Table 13 Di fference between the mean chronol ogi cal age and mean

skeletal age in Western Cape Males (TW-20).

Age Mean Mean Chrono Age -
Skeletal Age

T-test
Chrono Age Skeletal Age S.D.

6-7 6.68 7.05 0,947 -0,37

8 8.46 8.6 0,9433 -0,14

9 9.5 9.2 0,8473 0,3 t9=-0,522

10 10.43 10.27 1,2175 0,16

11 11.52 11.65 1,879 -0,13

12 12.52 12.65 1,709 -0,13 p"0,5

13 13.3 13.05 1,727 0,25

14 14.48 14.53 1,869 -0,05

15 15.62 16.05 1,456 -0,43

16 16.53 16.4 2,075 0,13

x = -0,04

The results i n Table 13 reveal no si gnifi cant di fferences between

chronological age and skeletal age in males of the Western Cape for

the TW-20 scores i e. the males are simil ar to the Tanner-Whi tehouse

standard.
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MALES (TW 20)

BRITISH STANDARDS __

WESTERN CAPE .._

O~:~__~-..~~C~H~RO~N~O~L~O~G/~C~AL~A~G~E~W~Y~EA~R~S~~-Ir 16 17 la 19 110 111 112 113 114 115 116 117 118

Fig. 10 Comparison of the Mean Skeletal Age with the mean chronological age
in Males (TW-20).
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Table 14 Difference between the mean chronol ogica1 age and mean
skeletal age in Western Cape Females (TW-20).

Age Mean
Chrono Age

Mean Skeletal
Age

Chrono Age -
Skeletal Age

T-test
S.D.

6-7 6.9 6.83 1,077 .0,07

8 8.6 8.82 1,1530 -0,22
9 9.43 9.68 0,8785 -0,25

la 10.55 10.85 1,0335 -0,3 t8=-2,866

11 11.52 12.05 1,439 -0,53 0,02 >P< 0,05
12 12.36 13.05 1,190 -0,7
13 13.47 13.86 1,253 -0,39
14 14.41 14.38 1,496 0,03
15 15.51 15.49 1,151 -0,02

x = -0,26

Table 14 shows that females start advancing over the Tanner-Whitehouse
standards from 8 years (where the difference is 0,22 years)
progressively upto 12 years (where the difference is 0,7 years).
Thereafter, the advancement decreases such that little difference
exist between them at ages of 14 and 15 years.
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FEMALES (rw 20)

BRITISH STANDARDS
WESTERN CAPE _.-

Fig. 11 Comparison of the Mean Skeletal Age with the mean chronological age
in Females (TW-20).

•
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Table 15 Difference between the mean chronological age and mean
skeletal age in Western Cape Males (Carpal).

Age Mean Mean Skeletal
Age

Chrono Age -
Skeletal Age

T-test
Chrono Age S.o.

6-7 6.68 6.7 1,037 -0,07

8 8.46 8.38 0,8828 0,08

9 9.5 9.78 0,9897 0,72 tr3,767
10 10.43 9.79 0,9114 0,64 P <0,01

11 11.52 11.12 1,849 0,4

12 12.52 12.295 1,788 0,23

13 13.3 12.5 1,615 0,8

14 14.48 13.78 1,544 0,7
x = 0,44

Table 15 indicates that the males of the Western Cape are delayed in
comparison to Tanner-Whitehouse standard for carpal bone scores from 8
years onward. The delay is somewhat reduced at 11 and 12 years. The
period of maximum delay occurs at 9 and 10 years and again at 13 and

14 years.
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MALES (CARPAL)

BRITISH STANDARDS

WESTERN CAPE _.-
CHRONOLOGICAL AGE IN YEARS

16 17 Is 19 110 111 112 113 114 115 116

Fig. 12 Comparison of the Mean Skeletal Age with the mean chronological age
in Males (Carpal).
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Table 16 Difference between the mean ehronalogica1 age and mean
skeletal age in Western Cape Females (Carpal).

Age Mean
Chrono Age

Mean Skeletal
Age

Chrono Age -
S.D. Skeletal Age

T-test

6-7 6.9 6.92 1,361 -0,02
8 8.6 8.51 0,7647 -0,09 t5=1,031

9 9.43 9.29 0,7898 0,14 0,2:>p<0,5
10 10.55 10.52 1,245 0,03
11 11.52 11.55 1,364 -0,03
12 12.36 12.39 1,055 -0,03

x = 0,00

Table 16 indicates that females of the Western Cape are similar to the
Tanner-Whitehouse standard in so far as the carpal scores are
concerned.
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FEMALES (CARPAL)

BRITISH STANDARDS
WESTERN CAPE --.-

J)i+ CHRONOLOGICAL AGE IN YEARSluI6~1~7-rn18-U19~11InO~1rrI1-m112~113~1r.14~1~~~11~6

Fig. 13 Comparison of the Mean Skeletal Age with the mean chronological age
in Females (Carpal).
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Table 17 Difference between the mean chronol ogi cal age and mean

skeletal age in Western Cape Males (RUS)

Age Mean . Mean Skeletal
Chrono Age Age

S.D. Chrono Age -
Skeletal Age

T-test

6-7 6.68 7.35 0,903 -0,85

8 8.46 8.79 1,1072 -0,33
9 9.5 9.65 0,9771 -0,15 t9=-4,264

10 10.43 10.75 1,7455 -0,32
11 11.52 12.49 1,884 -0,97 p<'O,Ol

12 12.52 13 .19 1,540 -0,67
13 13.3 13.37 1,640 -0,07
14 14.48 14.83 1,681 -0,35
15 15.62 16.03 1,658 -0,41
16 16.53 16.62 2,014 -0,09

x = -0,42

The results in Table 17 indicate that males of the Western Cape are

consi stently, al bei t sl i ghtly, advanced over the Tanner-Whitehouse

standard i n so far as the RUS scores go. The amount of advancement

decreases from 6 through to 9 years from 0,85 to 0,15 years.

Thereafter, the advancement increases at 10 years to reach a peak of

0,97 years at 11. The advancement decreases to its lowest 1evel at

the age of 13 (0,07 years). At 14 and 15 years there is once again a

slight increase in the advancement (0,4 years). At 16 years the

advancement decreases once again.

www.etd.ac.za



102

MALE (RUS)

BRIT/SH STANDARDS

WESTERN CAPE

16

15

14

13

12 fQ
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~
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~
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#--t 16 17

-.-

CHRONOLOGICAL AGE IN YEARS

18 19 110 111 112 113 114 115 116 117 118

Fig. 14 Comparison of the Mean Skeletal Age with the mean chronological age
in Males (RUS).
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Table 18 Difference between the mean ch rono 1ogi ca 1 age and mean

skeletal age in Western Cape Females (RUS)

Age Mean Mean Skeletal S.D. Chron. Age -
Chrono Age Age SkeletalAge

T-test

6-7 6.9 7.03 1,277 -0,13
8 8.6 9.27 1,1858 -0,67
9 9.43 10.36 1,1073 -0,93 t9=-5,558

10 10.55 11.45 0,9714 -0,9
II 11.52 12.56 1,348 -1,04 p<'O,Ol

12 12.36 13.56 1,017 -1,2
13 13.47 14.29 1,085 -0,82
14 14.41 14.84 1,152 -0,43
15 15.51 15.69 0,801 -0,18

x = -0 7,

Table 18 indicates that females of the Western Cape are consistently

advanced over the Tanner-Whitehouse standard i n so far as the RUS

scores are concerned. The advancement i ncreases progress i ve ly from

0,13 years at the 6-7 year age group upto a peak of 1,2 years at 12.
Thereafter, it falls progressively through to 15 years although they

still remain ahead of the Tanner-Whitehouse standard.
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BRITISH STANDARDS

WESTERN CAPE -_.-
CHRONOLOGICAL AGE IN YEARS

16 17 18 19 110 111 112 113 114 115 116 117 118

Fig. 15 Comparison of the Mean Skeletal Age with the mean chronological age
in Females (RUS).
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DISCUSSION
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One of the rnain objecti ves of thi s study was to determi ne whether any

significant differences existed between skeletal maturation patterns in

the so called "Col oured" population group of the Western Cape and

universally accepted British and Amer-lcan norms (Greulich and Pyle,

1959; Tanner et al, 1975; Roche, 1975).

In orthodontic treatment planning, skeletal age assessment using a

hand-wri st radi ograph, i s necessary to quanti tate the growth status of

an individual (Bjork, 1972; Proffit, 1986). This is especially so,

since research has shown that the biologic age of an individual varies

from that of the chronological age (Greulich and Pyle, 1959; Acheson,

1966; Tanner, 1978).

In most European and American patients the attainment of the permanent

dentition occurs before the pubertal growth spurt, especially in females

(Van der Linden, 1986). Numerous studies have also shown that little

jaw growth occurs after puberty and therefore, treatment should begin in

the mixed dentition period for successful growth modification (Proffit,

1986; Van der Linden, 1986; McNamara, 1986).

However, i tis i nteresti ng to note that some popul ati on groups show an

advanced dental maturati on pattern in compari son to Caucasoi d norms

(Chertkow, 1980; Loevy, 1983; Singh, 1985), while their skeletal

maturation is delayed (Jones and Dean, 1956; Tobias, 1958). In the South

African Black, Chertkow (1980) found that the dental maturation is

advanced, while their skeletal maturation is delayed. This implies

therefore, that successful growth modification may be undertaken in

South African Blacks after the attainment of their permanent dentition.
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Singh (1985) similarly, reported that the "Coloureds" in the Western

Cape had an advanced dental maturation pattern in comparison to
.1

Caucasian values. The skeletal maturation pattern for the "Coloureds"

of the Western Cape is largely unknown, and it is therefore necessary to

determine these trends, as this could be of use in orthodontic treatment

planning.

Notwi thstandi ng the great di vers i ty i n the geneti c makeup and 1i vi ng

conditi ons wi thi n the "Coloured" popul ati on group, a maj or probl em

encountered in this study was the actual definition or delineation of

the population sample. This is especially significant in vi ew of the

political genesis of this "race group". To avoid confusion, it became

necessary to apply a fairly loose descriptive definition of the

population sample under study. Hence, in the context of this study, the

term "Coloured" implies any person of mixed racial origin.

The sampl e used in thi s study was drawn from the pati ent 1i st of the

Department of Orthodontics at the University of the Western Cape. Since

most of these patients belong to the so called "Coloured" group it was

deci ded to confi ne the study to thi spopul ati on group. The i nformati on

available from the patient files allowed for this to be done entirely on

a "group area" basis as "Coloureds" live in well defined residential

areas. It is possible that utilization of this sampling technique is

representati ve of a broader soc; o-economi c strata with; n the "Coloured"

population group.
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The selection of the most appropriate method of skeletal age assessment,
I

from the many available, did not prove easy. The decision to use the

method advocated by Tanner et al. (1975) was taken because of the

reliability, ease of application, accuracy and versatility of this

method (Acheson et al, 1963; 1966; Roche et al, 1970; Taranger et al,

1976).

Both the intra- and inter-examiner correlation in this study was high (r

= 0,978 and 0,964 respectively). Disagreements between the two

exami ners never exceeded one stage of the Tanner-Whi tehouse method of

evaluation.. This, despite their obvious lack of experience with the

application thereof, which therefore corroborated its easy usage,and

further vindicated the decision to use this method.

The data from the present study showed a marked difference in skeletal

maturati on between femal es of the Western Cape to that of the Bri ti sh

norms (Tanner et al, 1975), while the Western Cape males showed less

divergence. As is evidenced from table 2 and 4, 50% of the male sample

attai ned skel etal maturi ty by 16 years, whi ch closely foll owed the

Bri ti sh norm. Notably, the RUS and Carpal bone ages showed· some

difference (Table 13, 15 and 17); the latter being delayed while the

former being advanced. Since the Carpal and RUS bones together

constituted the TW-20 score, these differences are cancelled out for the

overall score (TW-20). Levine (1972) and Roche (1978) indeed, have

noted that the carpal bones cannot alone be taken as representative of

the enti re skel eton. Al so, it has been shown to be more subject to

environmental influences (Garn et al, 1964; Acheson et al, 1974;

rv1arshall, 1978).
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The total female sample in this study reached skeletal maturity by about

the age of 16 years (Table 2 to 4), which is generally more advanced for

both the RUS and TW-20 bone ages than the British norm. The maturation

of the carpal bones, however, tend to be similar to British standards.

It appears from the data obtained, therefore, that the carpal bones in

both males and females are delayed. in relation to the RUS bones, with

mal es bei ng del ayed to a greater degree. Thi s phenomenon coul d be

attributed to, amongst others, developmental, environmental, cultural

and genetic factors (Garn et al, 1964; Acheson, 1966; Malina, 1970;

Tanner et al, 1975).

Levine (1972), found that skeletal maturation amongst "Col oured" male

children in Pretoria, between the ages of 6 and 12 years were on average

0,9 "years" (11,2 months) delayed when correlated to the Greulich-Pyle

atl as. However, since the Tanner-Whi tehouse standards have, on average

been shown to be 0,8 "years" delayed when compared to this standard

(Eveleth and Tanner 1980), it becomes evident that Lev ine+s coloured

male sample is about 0,1 "year's" advanced, relative to the

Tanner-Whitehouse standards. Simil arly, the females i n Levi ne I s study

were found to be 1,3 years (15 months) delayed in comparison to the

Greul i eh-Pyl e standard, whi ch when adjusted to the Tanner-Whi tehouse

standard as earlier stated, becomes delayed by about 0,5 "year-s",
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The present study, therefore i ndi cated that the data for mal es closely

approximated that of the British TW-20 standards (Table 5). Therefore,

when correlated to Levine's study, "Coloured" males in Pretoria and the

Western Cape regi on have simil ar skel eta 1 maturati on patterns. Thi s

study has also shown that females are, on average 0,3 "years" more

advanced than the British standard. Again, when compared to Levine's

study, "Coloured" females of the Western Cape are more advanced than

"Coloured" females in Pretoria by about 0,8 "years".

Although the divergence for these findings are not readily apparent, it

appears from the literature, that the influences affecting skeletal

maturation are more of a genetic and environmental nature (Eveleth and

Tanner, 1980). It is probable that the "Coloureds" in Pretoria and of

the Western Cape enjoy different living conditions, which when coupled

wi th thei r mul ti geneti c consti tuti on are 1ikely to affect the present

study.

Reporting on similar male-female differences in the Negro population of

the United States, Malina (1970) suggested that their gene pool could be

impl icated as a causative factor. He suggested that the flow of genes

into the American Negro has been undirectional with respect to the sex

chromosomes (European males - Negro females). It becomes evident

therefore, that a greater proportion of the Y-chromosomes in the

Ameri can Negro gene pool are from European sources. Thi s

disproportionate contribution of Y-chromosomes, according to Malina,

could result in the similarity of skeletal maturation patterns in Negro
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and White males of the U.S.A. In the so called "Coloured" population of

the Western Cape there is reason to believe, given the sociopolitical

conditions, that a similar unidirectional gene flow could be

implicated. However, the gene flow here is made more complex with

European, Middle Eastern, Indian and Far Eastern Populations all

contri buti ng to. the gene pool (van der Ross, 1986), whi ch comp1i cates

the use of Ma1ina1s hypothesis in the South African context.

Dommisse and Leipo1dt (1936) compared the skeletal maturation pattern of

0-7 year 01d"Col cured" chi 1dren to thei r European counterparts i n the

Cape Town area. The carpal bones, together with the epiphyses of the

radius and ulna were assessed using hand-wrist radiographs. They showed

the skeletal age of these children to be several months ahead of Whites,

this despite the poorer general nutritional status of these

"Col oureds", Dommisse and Leipo1dt (1936) notably, do not report on any

male-female differences.

It should be noted, however, that the Dommisse and Leipo1dt study was

undertaken in 1936 using an outdated system of skeletal maturation

assessment. Also, it is probable that living conditions of the

"Col oured" may have changed appreci ably si nee then. Nonethel ess, . the

present study suggests that the general skeletal advancement seen in

"Coloured" infants (Dommisse and Lei pol dt, 1936) conti nues through to

maturity, although the carpal bones per se are delayed in the male.

Levine (1972) showed in his study that the carpal bones did not collate

well with the other skeletal maturation indicators used in the
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Greulich-Pyle method. The carpal bone maturation in the "Coloured" male

genera lly 1agged behi nd that of the epi physes, whi eh i sin agreement

with the fi ndi ngs of the present study. However, the females in

Levi ne I s study were found to have carpal development ahead of that of

the epiphyses. The present study indicates that carpal maturation is

delayed in relation to the epiphysis. The reasons for these differences

between females of the respective samples, still remains unanswered.

There is evidence indicating that the carpal and epiphyseal bones

constitute two distinct groups which mature, to an extent, independently

of each other (Robinow, 1942; Garn et al, 1972; Levine, 1972). If, as

has been suggested (Levine, 1972), carpal maturation is more susceptible

to adverse environmental factors, the delay of carpal bone maturation in

the "Coloured" could be due to environmental influences. It would seem

therefore, that as the living conditions of the "Coloured" improve the

difference between the two bone groups may diminish. Thus, although the

. carpal bones may be of less value in skeletal age assessment (Johnston

and Jahina, 1965; Garn et al, 1972), its omission may result in

significant loss of information -regarding the health status of a child

(Levine, 1972). However, it remains to be shown whether indeed skeletal

age assessed from both the carpal s and epiphyses combi ned carrel ates

less well with parameters such as stature, menache, puberty and dental

development than skeletal age assessed from the epiphyses alone (Levine,

1972).
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The present study merely indicates trends in the skeletaL maturation

pattern of this select Western Cape sample. It is clear, however, that

si gnifi cant differences exi st when compared to the Bri ti sh standard.

This, therefore, necessitates further investigation utilising a lar,ger,

random sampl e, whi ch shoul d al so be updated every decade because of the

secular trend phenomenon (Eveleth & Tanner, 1980).

Further, Singh (1985) in an earlier study, found an advanced dental

maturati on trend i n a Western Cape "Coloured" sampl e when compared to

accepted Caucasian norms, and also suggested that a detailed study be

undertaken to establ i sh norms for the "Coloured" popul ati on. It is

suggested therefore, that future research on skeletal and dental

maturation be combined. This may be of value to the orthodontic

department in it's selection of patients at the optimum time for growth

modification treatment, and could also be of importance for the

monitoring of our nations health as living conditions change (Eveleth

and Tanner, 1980).
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CONCLUSION
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The following conclusions were drawn from this study:-

1) The pattern of skeletal maturity of the Western Cape "Coloured"
fema1e was shown to be 0,26 "years II advanced when compared to the
British (TW-2) standard; the males, however, follow a similar pattern
to the British standard.

2) The epiphyseal bones (RUS) of the hand-wrist, however, generally
matured earlier to that of the TW-2 standard for both the sexes; that
for the males and females being 0,42 and 0,7 "years" respectively.

3) The carpal bones in relation to the epiphyseal bones showed a
delay in maturation especially for boys. This resulted in a lower
value for the combined 20 bone (TW-20) score.

4) It is implicit in the findings of this study that further
longitudinal studies on a larger, random sample is necessary to
establish norms for skeletal maturation patterns in the Western Cape.
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APPENDIX I
Maturation Stages of the hand-wrist bones (Tanner et al 1975)
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The Maturation Stages of the Radius and Hamate bones are provided in
figures Al and A2, and serve as examples of an epiphyseal and carpal
bone respectively.
The reader is referred to Tanner et al (1975), for the staging of the
other 18 bones used in the TW-2 system.
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Fig. Al (A) UISTAl.

MEDIAl.+I.ATERAI.

PROXIMAl.Radius

8 0(7

Boys'
Scores Stage B

(i) The centre is just visible as a single deposit of calcium, or more rarely as
multiple deposits. The border is frequently ill-defined.

TW2 RUS

15 16

TW2 RUS

17 21

Stage C
(i) The centre is distinct in appearance and oval in shape with a smooth con-

tinuous border.
(The maximum diameter is less than half the width of the metaphysis.)

(i)
(i i)

TW2 RUS

21 30 (iii)

Stage 0
The maximum diameter is half or more the width of the metaphysis.
The epiphysis has broadened chiefly at its lateral side, so that this portion is
thicker and more rounded, the mcd iul portion more tapering.
The centre third of the proximal surface is Hat and slightly thickened and
the gap between it and the radial metaphysis has narrowed to about a
millimeter.

TW2~ RUS

27 39

Stage E
(i) A thickened white line has appeared just inside the distal border of the

epiphysis; this represents the edge of the palmar surface and the newly
appeared bone distal to it is the edge of the dorsal surface.

E

Girls'
Scores

TW2 RUS
17 23

TW2 RUS
19 30

TW2 RUS
25 44

TW2 RUS
33 56
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Fig. Al (B)

G H

Radius

Boys' Girls'

Scores Stage F Scores

(i) The proximal border of the epiphysis is now differentiated into palmar and
dorsal surfaces; the palmar surface is visible as a broad irregularly thickened

TW2 RUS white line at the proximal edge of the epiphysis. TW2 RUS

48 59 (ii) Both ends of the epiphysis, but particularly the medial one, have grown 54 78
outward and proximally since the last stage so that the proximal border now
conforms to the shape of the metaphysis along most of its extent.

Stage G
(i) The dorsal surface now has distinct lunate and scaphoid articular edges

joined at a small hump. Lateral to the scaphoid surface the styloid process

TW2 RUS
carries the border distally in a distinct convexity.

TW2 RUS
(ii) The medial border of the epiphysis has developed palmar and dorsal surfaces

77 87 for articulation with the ulnar epiphysis; either palmar or dorsal surface may
85 114

be the one which projects medially, depending on the position of the wrist.
(iii) 'The proximal border of the epiphysis is now slightly concave.

Stage H

TW2 RUS (i) The epiphysis now caps the metaphysis on one (usually the medial) or both
TW2 RUS

sides.
96 138 (The styloid process is much further developed than in the last stage.) 99 160

Stage I
(i) Fusion of epiphysis and metaphysis has begun. A line may still be visible

TW2 RUS composed partly of black areas where the epiphyseal cartilage remains and TW2 RUS

106 213 partly of dense white areas where fusion is proceeding: or the line may have 106 218
disappeared.
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Fig. A2(A) DISTAl.

MEDIAL+ I.ATt:RAL

PROXIMALHamate

B 0 c 0

Boys' Girls'
Scores Stage B Scores

TW2 Carp (i) The centre is just visible as a single deposit of calcium, or more rarely as TW2 Carp
42 73 multiple deposits. The border is frequently ill-defined. 44 72

Stage C

TW2 Carp
(i) The centre is distinct in appearance anti round in shape, with a smooth

TW2 Carpcontinuous border.
44 75 (The maximum diameter is less than hal fthe width of the radial metaphysis.) 47 74

Stage D

(i) The maximum diameter is half or more the width of the radial metaphysis.

TW2 en,p (ii) The surface that later articulates with the rriquctral has flattened so that
TW2 Cnr" .the appearance of the hamate (like that of the capitate at the sanw stage)49 79 is D-shaped, with the straight side running diagonally to the long axis of the 53 78

hand.

Stage E
(i) The capitate border has now begun to shape to the hamate indentation of

the capitate. This shaping usually takes the form of a slight bulge appearing
TW2 Carp about half to two-thirds of the way down the border, with somewhat flattened TW2 Carp
59 100 edges proximal and distal to it. 64 102

(ii) The metacarpal and capitate borders have become differentiated so that the
shape has changed from a D to a three-sided figure.
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Boys
Scores

TW2 Carp

70 128

TW2 Carp

81 159

TW2 Carp

92 181

TW2 Carp

106 194

121

Fig. A2(B) Hamate

G I~H

Stage F
(i) A concavity is now present in the triquetral border (because of considerable

growth upwards towards the base of the fifth metacarpal since the last stage).

Stage G
(i) The articular facet for the fourth metacarpal has now begun to form and

differentiation into palmar and dorsal surfaces can be seen as a thickening
running along or inside the distal border of the bone.

(Palmar and dorsal surfaces of the articulation with the capitate are
visible.)

Stage H
(i) The hook of the hamate has begun to appear as a white line (to he distinguished

from the articular surfaces adjacent to metacarpals four and live, described
below.)

(ii) The articulations with the fourth and fifth metacarpals have now progressed
so that there arc two distinct surfaces at the distal edge of the bone, one
running transversely and the other, on the medial side, running diagonally
to the axis of the hand.

(The triquetral articulation has also advanced so that the proximal part
of the hamate is now triangular in shape with a pointed apex proximally.)

Stage I
(i) The hook of the hamate is now visible throughout its entire outline.
(ii) The spaces between the hamate and the capitate and between the hamate

and the triquetral are now reduced to a thin black line or entirely obliterated
by overlapping.

Girls'
Scores

TW2 Carp

74 131

TW2 Carp

85 161

TW2 Carp

97 183

TW2 Carp

109 194
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APPENDIX II
Self Weighted Scores and Conversion tables for Maturity

Ratings/Scores (Tanner et al 1975)
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Table Ai
nN2 20-B_one Maturity Scores

BOYS

RA1'INGS A B C D E F G II I

BONES
Radius 0 15 17 21 27 48 77 96 106
Ulna 0 22 26 JO 3') 56 73 R-l

Metacarpal I 0 4 5 II 19 24 28 30 32
III 0 3 4 6 10 16 22 23 25
V 0 3 3 6 12 17 21 23 2S

Proximal Phalanges I 0 4 5 8 15 23 28 30 32
III 0 3 4 6 13 20 23 24 26
V 0 3 3 6 13 19 22 23 2S

Middle Phalanges IU 0 3 4 7 13 19 22 23 25
V 0 4 4 8 14- 19 21 22 23

Distal Phalanges I 0 4- 4 7 H 23 30 31 33
III 0 3 4 6 lO 16 21 22 24
V 0 3 4 7 Il ló 20 21 23

Capitate 0 60 62 65 71 79 89 116
Hamate 0 42 44 49 59 70 81 92 106
Triquetral 0 7 10 17 .- 28 38 45 62
Lunate 0 10 13 20 27 36 44 60
Scaphoid 0 14 18 23 30 35 42 58
Trapezium 0 12 15 21 28 34 39 47 59
Trapezoid 0 14 16 20 23 32 39 56

Table A2
nN2 20-Boné Maturity Scores

GIRLS---
RATINGS A B C D C F G H I

LlaNES
Radius 0 17 19 25 JJ S.J 85 99 106

Ulna 0 22 26 30 39 60 7J 80

.....letacnrpall 0 5 6 11 /8 2.J 29 Jl JJ
III 0 J 5 7 11 17 23 2-1 26
V 0 3 .J 7 12 18 22 2.J 25

Proximal Phnlanges I 0 5 5 8 1.J 2.J 29 30 .12
III 0 .J <1 7 IJ 20 2.J 25 26
V 0 .:I .J 7 IJ 19 23 24 25

Mieldlr Phnlangrs Il/ 0 .J .J 7 /3 20 2J 2.J ~.... .:>

V 0 .J 5 li /·1 20 22 12 2.1

Distal Phalange) I 0 5 5 8 IS 24 31 32 J.J
III IJ 3 .J 6 /0 17 22 13 2.J
V 0 3 .J 7 II 17 21 22 2J

Capitate 0 53 56 61 67 76 85 1/3

I-Iamau 0 .J.J 47 53 6-1 7.J 85 97 109
Tr;qut'lrnl 0 8 12 19 28 36 .J6 63
/.11110/1' 0 10 J.J 20 27 35 .J6- 60
S(aphu;d 0 13 17 13 29 36 .J.J 57
T'rupe zium IJ 12 /.J 2IJ 25 32 39 .JY 59
Trapezoid o 13 /6 20 2.J 3/ .JO 37
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Table A3
RUS (Radius, Ulna, Short Bones) Maturity Scores

"
BOYS

IIATINGS A II C I) E F G H I.
BONES

Radius 0 16 21 30 39 59 87 138 213
Ulna 0 27 JO 32 ~o 58 107 181

i\ letacnrpul I () 6 9 H 21 26 36 49 67
III 0 ~ 5 9 12 19 Jl ~3 52
\. 0 ~ (> 9 I~ 18 29 ~3 52

Proximal Phalanues 1 0 7 Il II 17 26 38 52 67
II r 0 ~ ~ 9 15 23 31 40 53
V 0 4 5 9 15 21 30 39 51

i\liddlcPhulanges III 0 4 (, 9 15 22 J2 43 52
V () 6 7 9 15 23 32 42 49

Distal Phal ..nl!~sI 0 5 6 II 17 26 38 46 66
III I) 4 (, 8 IJ 18 28 H 49
V 0 5 '6 9 13 18 27 34 48

Table A4
RUS (Radius, Ulna, Short Bones) Maturity Scores

GIRLS

R,·ITI,\";S A Il C /) E F G /I I

RONF.S

Radius I) 23 JO -1-1 ,jó 78 /1-1 160 218
Ulna () JO JJ 37 -I;i 7.J /18 /ïJ

J\1 etacarpal I o 8 12 18 2-1 Jl .JJ .5.1 (j7
III 0 ,j 8 12 ló 2.1 .17 -17 5.1
r 0 6 9 12 t r 2.1 JS .J8 .52

Proximal 1'11IIIalll!c'.f I II 9 /I II JO Jl ,1,1 ,ió ó7
/1/ () ;) ï 12 19 ,- .17 .J-I ,i-l- I,- 0 ti 7 12 /8 2(j .J,j .J2 ..il----_._-._._._--_ .._- ._-- ---- -- ----_._ _._---_. f-----

,Hield/c' P/l11l11l1gn /11 I) (j s 12 18 ]7 .16 -I'; - ,.r ,
V I) ï .'1 12 18 28 ss -IJ .JIJ

LJi51111PlwlllllKc'5 I 0 7 ') is 22 .JJ -18 .il es
lil () 7 X /I is 22 JJ .17 ·IC)

\ r f} 7 8 IJ is 11 Jl J(j ,17
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Table AS
Carpal Bones Maturity Scores

BOYS

II.Ylï:-;C;" .\ Il (' D E F (; II 1---
Cup it.ue 0 lOl) IO~ 106 113 LU 160 21~
l Inmutc () ï~ 7S 79 100 128 159 181 194
Triqucrrul 0 lO 13 28 57 84 102 t24
Lunnte 0 I~ 22 39 58 8~ tOI 120
S<.:aphoid 0 :Ul J6 52 71 83 100 116
Trapezium 0 23 31 46 66 83 95 108 117
Trapezoid () ?- 32 42 51 7ï 93 115-'

Table A6
Carpal Bones Maturity Scores

GIRLS

RA Tl.\'GS A B C D E F G li I

Capit ate 0 8.1 88 91 99 121 /.J9 203
l l amntr n 71 7.1 78 /02 /3/ 16/ /83 19-1
Triquetra! 0 IJ 16 3/ 56 80 104 126
Lunate II 16 2.1 40 ;j9 8.1 /06 122
Scaphoid 0 2.1 35 5/ 7/. 88 /0-1 1/8
Trapcziuiu 0 20 27 42 60 80 95 11/ 1/9
Tr apceoid () II JO .JJ 5J 77 97 1/8
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Table A7

RUS (1W2) Bone Age fa, Given Maturity Score

BOYS

Maturity Done .Maturity Bone Maturity . Hone I\Iaturity Bone
"a~C''' score tlaJ,tc .. score "R~e" score "a~eft~c:nre

-- I-n IR? 6·0 330 11·0 744 16'()
.- ·1 192 ·1 334 ·1 762 ·1
- ·2 1?4 ·2 337 ·2 78() ·2
- ·3 197 ·3 34n ·3 798 ·3
- ·4 199 ·4 342 ·4 816 ·4
- ·5 202 ·5 346 '5 833 ·5
26 '6 :.:04 ·6 349 ·6 850 ·6
32 ·7 207 ·7 352 ·7 867 ·7
38 ·8 209 ·R 354 ·8 883 ·8
43 ·9 212 ·9 358 ·9 899 ·9

49 2·0 215 7·0 361 12·0 915 17·0
55 ·1 218 ·1 365 ·1 928 ·1
61 ·2 222 ·2 369 ·2 940 ·2
65 ·3 224 ·3 373 ·3 951 ·3
70 .ol- 227 .ol- 378 ·4 962 ·4
75 ·5 230 ·5 382 ·5 . 971 ·5
RO ·6 233 ·6 386 ·6 980 ·6
84 ·7 235 ·7 391 ·7 986 ·7..
89 ·8 238 ·8 395 ·8 992 ·8
93 ·9 240 ·9 400 ·9 995 ·9

98 3·0 243 8'0 405 13-0 997 18·0
101 ·1 245 ·1 410 ·1 999 ·1
105 ·2 24R ·2 416 ·2 1000 ADUI.T

108 ·3 251 ·3 422 ·3
112 ·4 253 ·4 427 ·4
115 ·5 257 ..5 434 ·5
118 ·6 260 ·6 440 ·6
122 ·7 263 ·7 447 ·7
125 ·8 2M, ·8 454 ·8
128 ·9 269 ·9 463 ·9

132 4·0 272 9·0 472 14·0
135 ·1 275 ·1 4RI ·1
IJ8 ·2 27R ·2 490 ·2
141 ·3 281 ·3 501 ·3
144 ·4 283 ·4 512 ·4
147 ·5 28(, 5 524 '5 .'
ISO ·6 2H9 -o 536 ·6
1.53 ·7 292 ·7 548 ·7
156 ·8 2?5 ·H 560 ·8
159 ·9 297 ·9 574 ·9

162 s-o ~()O 10·0 588 15·0 .
165 ·1 303 ·1 602 ·1
168 ·2 306 ·2 616 ·2
171 .) :In? .:1 630 ·3
173 ·4 312 ·4 M5 ·4
177 ·5 316 ·5 660 ·5
180 ·6 319 ·6 675 ·6
182 ·7 321 ·7 692 ·7
185 ·8 325 ·H 708 ·8
187 ·9 328 ·9 726 ·9
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Table AB

Carpal (TW2) Bone Age for Given Maturity Score

BOYS

-
Maturity Bone Maturity Bone Maturity Bone Maturitv Done

"age" score "age " score "age" score "age"score

- ),0 281 5·0 632 9·0 944 -. 13·0.
- ·1 287 ·1 641 ·1 950 ·1
- ·2 29-l ·2 650 ·2 r 955 ·2
- ·3 300 ·3 659 ·3 96U ·3
- ·4 307 ·4 668 ·4 964 ·4
- ·5 314 ·5 677 ·5 968 ·5
- ·6 322 ·6 686 ·6 972 ·6
- ·7 330 ·7 695 ·7 976 ·7
- ·8 338 ·8 705 ·8 980 ·8
- ·9 346 ·9 715 ·9 983 ·9

- 2·0 354 6·0 724 10·0 986 14'0
- ·1 362 ·1 733 ·1 989 ·1
- ·2 371 ·2 742 ·2 991 ·2
- ·3 380 ·3 i51 .] 992 ·3

190 ·4 JS9 ·4 760 .-l 994 ·4-190 ·5 398 ·5 769 ·5 995 ·5
191 ·6 40i ·6 777 ·6 996 ·6
192 ·7 41i ·7 786 ·7 997 ·7
194 ·8 426 ·8 794 ·8 998 ·8
195 ·9 436 ·9 802 ·9 999 ·9
197 3·0 445 7·0 810 11·0 1000 ADULT198 .) 454 ·1 818 ·1
200 ·2 463 ·2 825 ·2
202 ·3 472 ·3 833 ·3
203 ·4 481 ·4 840 ·4
206 ·5 491 ·5 848 ·5
209 ·6 500 ·6 856 ·6
213 ·7 509 ·7 863 ·7
217 ·8 518 ·8 870 ·8
221 ·9 526 ·9 877 ·9
225 4·0 535 8·0 884 )2,0
229 ·1 544 ·1 890 ·1
234 ·2 --., ·2 897 ·2:>:>~
239 ·3 562 ·3 903 ·3 .
2H ·4 571 ·4 910 ·4
250 ·5 SRI .) 915 ·5
256 ·6 591 ·6 921 ·6
262 ·7 601 ·7 927 ·i
268 ·8 61 ) ·8 933 ·8
274 ·9 621 ·9 939 ·9
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.Table A9
'20-Bone (TW2) Bone Age for Given Maturity Score

BOYS

Maturity Bone Maturity Bone Maturity Bone Maturity Bone
score "age" score "age" score "age" score "age"

114- 1·0 355 6·0 678 11·0 970 16·0
116 ·1 360 ·1 684 ·1 973 ·1
119 ·2 366 ·2 690 ·2 976 ·2
123 ·3 372 ·3 697 ·3 979 ·3
126 ·4 378 ·4 703 ·4 981 ·4
129 ·5 384 ·5 711 ·5 983 ·5
133 ·6 390 ·6 718 ·6 985 ·6
136 ·7 396 ·7 725 ·7 987 ·7
139 ·8 402 ·8 732 ·8 989 ·8
142 ·9 409 ·9 740 ·9 991 ·9

146 2·0 415 7·0 747 12·0 992 17·0
150 ·1 422 ·1 754 ·1 994 ·1
154- ·2 428 ·2 761 ·2 995 ·2
159 ·3 435 ·3 768 ·3 996 ·3
163 ·4 441 ·4 774 ·4 996 ·4

447 ·5 781 ~ ·5168 ·5 997 ·5
172 ·6 454 ·6 788 ·6 998 ·6
176 ·7 460 ·7 795 ·7 999 ·7
181 ·8 466 ·8 802 ·8 999 ·8
185 ·9 472 ·9 809 ·9 999 ·9

190 3·0 477 8·0 817 ho 1000 ADULT
195 ·1 483 ·1 823 ·1
200 ·2 . 489 ·2 830 ·2
205 ·3 495 ·3 836 ·3
210 ·4 501 ·4 842 ·4
215 ·5 507 ·5 849 ·5
220 ·6 513 ·6 855 ·6 .
226 ·7 520 ·7 861 ·7
231 ·8 526 ·8 867 ·8
236 ·9 533 ·9 873 ·9

242 4·0 540 9·0 879 14·0
247 ·1 546 ·1 884 ·1
252 ·2 553 ·2 889 ·2
258 ·3 560 ·3 895 ·3
264 ·4 566 ·4 900 ·4
270 ·5 573 ·5 906 ·5
276 ·6 580 ·6 911 ·6 ,
282 ·7 587 ·7 916 ·7
287 ·8 594 ·8 921 ·8
292 ·9 601 ·9 926 ·9 .
298 5·0 608 10·0 931 15·0
303 ·1 615 ·1 936 ·1
308 ·2 622 ·2 940 ·2
314 ·3 629 ·3 944 ·3
319 ·4 636 ·4 948 ·4
325 ·5 643 ·5 952 ·5
331 ·6 650 ·6 956 ·6
337 ·7 657 ·7 959 ·7
343 ·8 664 ·8 963 ·8
349 ·9 671 ·9 967 ·9
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Table AlO
RUS (TW2) Bone Age for Given Maturity Score

GIRLS

Maturity Bon» .1./aIIiTily /J,,"/' JlIalllrit)' BOllI' Maturity BOllI'.. ' ..llKe" score I. (If.!(''' SCOT"
..
age' :;C(Jr~ ..

agl' "$COTI'

.12 {'I/ 2-18 .i·() 37.i 1),0 674 {J·O
-12 .{ i:{ .( 380 ·1 fiS-I ·1
53 ·2 1- > .1 3lifi ·2 (1).i ·2_.J.)

63 ·3 2.i6 ..1 31)2 ·3 tos .J
i-l .-1 zsv .-1 397 .-1 i I ,j .-1
83 .;j 2M ·5 402 ·5 726 ·3
92 .(, 2fi-l ·6 -107 ·6 7Ji ·6

10/ ·7 267 ·7 -113 ·7 7-17 ·7
110 ·8 no ·8 -I{I) ·8 758 ·8
1J7 ·9 7-1 ·IJ -125 ·9 7fiIJ .1)_I-

12,j 2·(1 2ï5 6·IJ -IJ/ /0·0 nC) /-1·0/J3 ./ 2ï7 -t -137 ./ il)O -t
140 .J 280 ·2 -1-1-1 ·2 80/ ·2
/-li .J 283 .J -I.iO ·3 8/2 ·315J .-/ 286 .-1 -/57 .-1 822 . .1
159 ·5 289 ·5 464 ·5 83-1 ·5
/64 ·6 292 ·6 -17/ ·6 8-17 ·6169 ·7 295 ·7 478 ·7 859 ·7175 ·8 198 ·8 -185 ·8 8i3 ·8
180 ·9 30/ ·9 49J ·9 886 ·9
185 3·0 J03 7·0 500 11-0 900 15·0189 -I 307 ·1 .507 -t 91.j -t
192 ·2 310 ·2 515 ·2 929 ·2196 ..1 3/./ ·3 523 ·3 9-12 ·3
200 .-1 .118 .-1 530 ../ 95-1 .-1
203 ·5 32/ 'oJ 538 ·5 966 'oJ
207 ·6 32-1 ·6 545 ·6 977 ·6
210 ·7 327 ·7 5.53 ·7 986 ·721./ ·8 330 ·8 560 ·8 993 ·82/7 ·9 3.J./ ·9 569 ·9 997 ·9
221 -1·0 337 8·0 578 12·0 JOOO ADULT22./ ·1 3J/ ·1 587 -t
227 ·2 .1-1-1 ·2 596 ·2
230 ·3 3-18 ..1 605 ·3
232 .J 3.il .-1 61-1 ..:1
235 ·5 3.i.; ·5 62-1 ·5
lJS ·6 JiS ·6 633 ·6
2-10 ·7 .16] ·7 6-13 ·7
2-13 ·8 3(j(j ·8 633 ·8
2-16 ·9 371 ·9 664 ·9

www.etd.ac.za



130

Table All
Carpal (TW2) Bone Age for Given Maturity Score

GIRLS

Maturity B07l1' ,)fll/llri/y BOlli' Maturity B07l~ Mnturity Bone

score "A~t .. srore "agt" score '<age" score "ogr"

- /·0 21J6 .J·O 5.53 7·0 872 10·0

- -l JO.J -t .16.J -t 88/ -l

-- ·2 3/2 ·2 573 ·2 SIJO ·1

- . .1 JJ() ·3 582 ·3 899 ..1

- ..J 329 ..J 59/ •.J 1J08 ·4
- .;) JJ7 ·5 600 ·5 916 .,5

/72 .(, J.J6 ·6 610 .(, 924 .(J

/75 ·7 J.1.J ·7 620 ·7 93/ ·7
/77 ·8 362 ·8 630 ·8 938 ·8

/79 ·9 37/ ·9 639 ·9 944 ·9

182 2·0 379 5·0 648 8·0 950 JI·O

/8-1 ./ 387 -t n57 ·1 956 ./

/87 ·2 390 ·2 666 ·2 96/ ·2
IfJ() ·3 .J().; ·3 677 ·3 96(, ..1

/I).J ..J IJJ ·4 (,88 ··1 97() "}

/98 ·5 422 ·5 699 ·5 974 ·5

202 ·6 .J3/ ·6 7J1 .(, 978 ·6
207 ·7 4.J0 ·7 72.1 ·7 981 ·7
212 ·8 .J.J9 ·8 736 ·8 984 ·8
2/7 ·9 459 ·9 748 ·9 986 ·9

223 3·0 .Jill? 6·0 761 9·0 988 12'()
229 -t .J77 ./ 773 -t YIJO ./

235 ·2 .J85 ·2 785 ·2 992 ,2

241 ,3 41J.J ·3 71J8 -·3 993 ·3

248 .., 502 ·4 8/0 ·4 994 ·4

};i(, '.1 .i/I ·5 87.1 ',) ,,'J,; ·5

264 ·6 520 ·6 83/ ·6 1J')6 ,6

272 ·7 52Y ·7 841 ·7 997 ·7
280 ·8 537 ·8 8.5/ ·8 998 ·8

. 288 ·IJ 546 ·IJ 862 ·9 999 ·IJ
1000 ADl;LT
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"

Táble A,12
20-Bone STW2) Bone Age for Given Maturity Score

GIRLS

,lIalllTil_\' B01/l' .11aturitv B01/l' llfolllTit." Bont' !l1otliTily BOlli'
"oge' SCOTI' "oge" score .. (I!!i' " SCOTe I' age'SCOTI'

/31 1·0 381) :;,0 65.1 9·0 9,jJ /.1·0
/.16 -t .11),; ./ 6(,2 -t lJ.jl) -t
I.JO ·2 .JO] ·2 6iO .? %0 .1

1.J6 ..1 .J08 ..1 680 .J %3 ·3
15J .;1 .JU ·4 690 ·4 966 ·4
159 .,) .J20 . .5 700 .J 969 ·5
165 ·6 .J21) ·6 710 ·6 972 ·6
172 ·7 .JJ2 ·7 72/ ·7 Yi.J ·7
179 ·8 -1.18 ·8 731 ·8 976 ·8
186 ·9 .J.J.J ·9 7.J2 ·9 979 .y

192 2·0 .J50 6·0 752 /0·0 981 14·0
199 ·1 ./56 ·1 i62 ·1 Y82 -t
206 . ,2 .J62 ·2 772 ·2 98.J ·2
213 ·3 -11)8 ·3 783 ·3 Y86 ·3
220 .-1 -li.J .-1 79.J ..J Y8? ..J
226 ·5 -180 ·5 803 ·5 989 ·5
233 ·6 .J85 ·6 812 ·6 990 ·6
2.J0 ·7 .JYI ·7 821 ·7 99/ ·7
2,n ·8 -197 ·8 830 ·8 993 ·8..253 ·9 503 ·9 838 ·9 99.J ·9

260 3·0 .HO 7·0 8-15 11-0 995 15·0
267 . J 5/6 ./ 852 ·1 995 ./
274 ·2 522 ·2 859 ·2 996 ·2
28/ ·3 529 ·3 866 ·3 996 ,3
287 ·4 :i35 ..:/ 872 ·4 997 ·4
293 ·5 5-1/ .,) 879 ·5 997 ·5
299 ·6 5-1ï ·6 885 ·6 998 ·6
305 ·7 553 ·i 89/ . ·7 998 ·7
311 ·8 559 ·8 898 ·8 999 ·8
317 ·9 565 ·9 903 ·9 999 ·9

32-1 4·0 :i71 8·0 908 J2-0 JOOO ADL'LT
331 ·1 srs ./ 9/3 -t
338 ·2 sss ·2 9/8 ·2
3-15 ·3 591 ·3 923 ·3
35/ .-1 6UO ·4 928 ·4
ss: ',J 608 ·5 932 ·5
Jó3 ·6 (j/7 .(j 937 ·6
370 ,7 «rs i I).JO ·7
s:« ·8 (,3-1 ·8 9-14 ·8
382 ·9 6·/.1 ·9 948 ' ·9
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APPENDIX III
Percentile Curves of British (Tanner-Whitehouse) standard

(Tanner et al 1975)
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APPENDIX lY

An example of the Score Card Used
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Table M3 A worked example of assigning the maturity scores and
skeletal ages for a boy aged 9.0 years.

Males 9 to 9,99 years

No. Name File

No
Chronologi- Index Maturity Skeletal
cal Age Score Age

Percentile
Level

1 F Daniels 8303-31 9.0 RUS

Carpal
TW-20

287
773

622

9,5
10,6
10,2

75-90
90-97
75-90
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APPENDIX V
Statistics
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The following statistics were utilised in this study;
1) The Chi-Squared (x2) test.
This test was used to compare the Western Cape Sample and the British
standard. Male/Female differences in the Western Cape Sample were
also compared with this test
The data was listed as observed and expected values and the following
formula was used

i (OJ - Ej )2Ei
where ai = observed values

Ei = expected values
2) The "til-test
To test for difference of means between the mean chronological age and
mean skeletal age of the Western Cape sample, the following test was
util ised.

t = 1 1
Cn1 + n2) x (nl-I) S12 + (n2-1) S22

nl + n2 - 2

3) Spearmans Coefficient of Rank Correlation
This formula was used to test the correlation between the two
examiners;

r == 1 - 6 (A - B)2
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Intra-Examiner Variability

A B d d2

I 1 13,4 13,4 0 0 I
I 2 12,4 11 ,6 0,8 0,64 I
I 3 14,8 14,8 0 0 I
I 4 13,9 13 ,9 0 0 I
I 5 16 16 0 0 I
I 6 16 16 0 0 I
I 7 12,6 15,6 -3 9 I
I 8 16 16 0 0 I
I 9 16 16 0 0 I
I 10 16 16 0 ° I
I 11 9,6 9,5 0,1 0,01 I
I 12 9,4 9,4 ° ° I
I 13 10,1 9,9 0 ° I
I 14 4,3 4,3 ° 0 I
I 15 7,3 7,3 0 ° I
I 16 13 ,9 13,8 0,1 0,01 I
I 17 11,1 11 ,6 -0,5 0,25 I

18 11 ,3 11 ,3 ° ° I
19 11,7 12,1 -0,4 0,16 I
20 8,6 9,1 -0,5 0,25 I
21 12,5 12,9 -0,4 0,16 I
22 10,5 10,4 0,1 0,01 I
23 9 9 0 ° I
24 9,6 9,6 ° 0 '1
25 10,7 10,8 -0,1 0,01 I
26 16 16 ° ° I
27 13,2 13,8 -0,6 0,36 I
28 15,1 15,1 ° ° I
29 12,9 12,9 ° ° I
30 11 ,8 12,6 -0,8 0,64 I
31 12,4 12,7 -0,3 0,09 I
32 13,2 13 ,4 -0,2 0,04 I
33 12,0 12,4 -0,4 0,16 I
34 9,7 9,9 -0,2 0,04 I

~ 11 ,87 I
. __ 1
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Inter-Examiner Variability

A B d d2

1 13,4 13,8 -0,4 0,16 I
2 12,4 13,2 -0,8 0,64 I
3 14,8 13,2 1,6 2,56 I
4 13 ,9 14,4 -0,5 0,25 I
5 16 16 0 0 I.
6 16 16 0 0 I
7 12,6 11 ,9 0,7 0,49 I
8 16 16 0 0 I
9 16 16 0 0 I

10 16 16 0 0 I
11 9,6 11 ,0 -1,4 1,96 I
12 9,4 10,1 -0,7 0,49 I
13 10,1 10,0 0,1 0,01 I
14 4,3 4,9 -0,6 0,36 I
15 7,3 6,9 0,4 0,16 I
16 13,9 15,2 -1,3 1,69 I
17 11,1 12,6 -1,5 2,25 I
18 11 ,3 11 ,9 -0,6 0,36 I
19 11,7 10,3 1,4 1,96 I
20 8,6 8,5 0,1 0,01 I
21 12,5 11 ,9 0,6 0,36 I
22 10,5 10,5 0 0 I
23 9 8,2 0,8 0,64 I
24 9,6 9,3 0,3 0,09 ·1
25 10,7 10,9 -0,2 0,04 I
26 16 16 0 0 I
27 13 ,2 13,4 -0,2 0,04 I
28 15,1 15,6 -0,5 0,25 I
29 12,9 13,2 -0,3 0,09 I
30 11,8 12,1 -0,3 0,09 I
31 12,4 11 ,9 0,5 0,25 I
32 13,2 13,1 0,1 0,01 I
33 12,0 11 ,8 . 0,2 0,04 I
34 9,7 9,5 0,2 0,04 I

~ 15,3 I
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