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ABSTRACT

Previous studies of individuals affected with trisomy

21 have indicated that the maturation process is altered

by this condition. The purpose of the present cross-

sectional investigation was to quantitate maturation of

the skeletal and dental- systems in a group of 295 in-

dividuals karyotyped and found to have trisomy 2I.

A method of calculating dental eruptíon age and

dental calcification age for each subject was developed.

Skeletal maturation was measured from radiograohs of the

hand and wrist using the atlas technique of Greulich and

Pyle (1959) as well- as the single bone technique of

Tanner, lvhitehouse, and Ilea1y (1961) . Standing height

was recorded for each subject, and mandibular length was

measured from the lateral cephalometric radiographs "

Dental eruption was found to be delayed in the tri-

somy 21 group. Dental calcification was delayed as we1l,

but to a lesser degree. Development of the carpal bones

progressed relatively normally in the trisomy' 21 group

but epiphyseal maturation did not. The epi-physes of the

hand and wrist v¿ere init.ially retarded but progressed in
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maturation with advancing chronological age much more

rapidly than did the control group so that apparent

maturity of these areas was achieved in the trisomy 2I

group some two years earlier than in the control group.

. Standing height and mandibular length were less in

the trisomy 2I group at all age l-evels. The discrepancy

between the two groups in both of these measures became

greatest in adolescence when the trisomy 21 group showed

no further increase in these dimensions while the mean

values of the control group became larger with advancing

chronological age.
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CHAPTER I

INTRODUCTTO}i

The condition in humans known variously as mongolism,

Down's syndrome t or trísomy 2I is caused by the presence

of an extra chromosome identified as chromosome nur¡ber 2r"

Individuals affected with trisoiry 2l present a fairly
consistent alteration of growth, in both timing and

resultant morphology. Presumably these abnormalities are

brought about by the extra genic material, but the

mechanism is as yet unknown.

As mapping of the human chromosomes progresses, more

and more is being learned of the functions of the individual
chromosomes" At the sarne time, the trisomy 21 phenotype

is being studied i-ntensively at the biochernical. physio-

logical and morphological l-evels. At some point ín the

future, these two pools of knowledge wilr be integrated
to help solve some of the unansrrered guestions of develop-

mental biology. rt was felt that an exarnination of the

emergence of the phenotype in trisomy ZI syndrorne, in
terms of maturation, would be a vafuable addition to this
body of knowledge. Elucidation of maturational anomalies

resulting from this genetic imbalance may herp to explain
some of the morphological differences that have been

clescrj-bcd in the l-iterature. As welr, information of this
kind rnay lead to a J:etter understancring of the genetic



control of maturati-on.

The specific aims of this study were to examine

several of the comrnonly used rraturity indicators, and

their interrelations in a group of trisomy 2I individuals
as compared to a control group. In this regard, the

follov¡ing maturity indicators were recorded and analyzed:

1. chronological age

2. standing height

3. osseous cal-cification (bone age)

As welI, indices lùere devised so that dental erupti-on

age and dental cal-cification age could l:e calculated, and

these parameters \iüere included in the analysis of maturation.

Fina11y, mandibular length was determined as an in-
dicator of facial maturation.



CI{APTER IT

REVIEVJ OF T}IE LITERATURE

Down's Syndrome

According to Carter (1966) Down's syndrome or
mongolism is the most common chromosomal disorcler in man,

and one of the most common mental retardation syndromes.

The condition is caused by the presence of extra genic

material- carried by a smaIl autosome identifíed as number

2I. ft presents a clinical pj-cture typical enougrh to
allow diagnosis without sophisticated tests, but Bartram

(1969) has pointed out that the chromosomal- anomaly is the
most consistent finding and is essentiar for the etiologic
diagnosis.

Although mcngolisnt is an extremely o1d d.isease,

apparently having occurred in the saxons (Brothwell, 1960),

the first reported description was by Esguirol_ (183g) who

described a group of mentally retarded subjects with short
stature, small head, depressecl nasal root and with the

externar palpebrar commisure higher than the internal one"

B. sequin (1846) aclcìed to this description the thick ancl

furror'ved tongue and the sensitivity of the lungs and integu-
ments to infections.

Langdon Down in 1866 laid emphasis on the stereo-
typed pl:ysiognomy of these paticnts.

"lvhen placecl side by sicle it is difficul-t to bel_ieve



that the specirnens cor¡¡:ared are not children of the same

parents. The hair is not black, as in the real mongol,

but of a brownish color, straight and scanty. 'The face is
flat and brcad and destitute of prominence. The cheeks

are roundish and extended laterally. The eyes are ob-

liquely placed and the internal canthi more than normally

distant from one another. The palpebral fissure is very

narrow. The forehead is wrinkled transversely from the

constant assistance which the levatores palpebrum derive

from the occipito-frontalis muscle in the opening of the

eyes. The lips are large and thick with transverse fis-
sures. The tongue is long, thick, and much roughened.

The nose is small. The skin has a slight d.irty yellowish
tinge and is cieficient in eiasticity giving the appear-

ance of being too large for the body. "

This description was enlarged upon by Sequin (1866),

Fraser and rYitchell- (f 876) , Shuttleworth (lB86) , Jones

(1890) , Oliver (1891) , Smj-th (1896) , and Garrod (1899) .

Brousseau and Brainerd (1928) in a monograph offered
a t.horough review of the literature up to that t.ime and

described monEolism clinically. .

Benda (I946) published a monoEraph which analyzed

the clinical pathologyf neuropathology, and endocrinology

of mongoli sm" rn 1960 this h'as updated in the light of
advances in the science of genetics, (Benda, 1960) .

Oster t1953) reported on a J-arge clinical and



genealogj-cal- investigation of Down's syndrome. Cyto-

genetics was first included in a clinical study of Downrs

syndrome by Gustavson (1964) 
"

A large number of investigations of Down's syndrome

have been reported on in recent years " Most of these are

studies of one specific facet of the syndrome. Those per-

tinent to this work have been reviewed under separate head-

ings.

Cytogenetics

the etíology of Down's syndrome was a challenge to

many fron its first description in the rnid-nineteenth

century, to 1959. Warkany (1960) compiled a list of 39

etiological theories proposed during this period.

Frasier and Mitchell (1876) drew attention to the

observation that mongols tend to be the last born in their
sibships. This \.vas conf irr¡ed many times but it was never

clear whether the important association was with birth
order, rnaternal age or paternal âg€, since all three

variables are highly correlated" Jenkins (1933) and pen-

rose (1934) applied proper statistical- procedures to their
data to determine that maternal age was the important fact-
or.

After revi-ewing the literature relating to the

occurrence of mongolism in twins, Allen and Baroff (1955)

reported a 4 per cent concordance for the defect arnoug

dizygotic pairs and 100 per cent concordance anong r:rono-



zygoLíc paírs. TTrey concluded thaL mongolism must be

determined before the earliest time at rvhich the zygobe

may divide into two individuals.
Mil-]er and Dill (1965) pointed out that among the

many theories of etiology advanced prior to 1959, the one

which might reasonabry exptaín all of these aspects of the

disease was that relating to chromosomal aberrations " This

\¡¡as first suggested by Waardenburg' in 1932.

"I should like to suggest that cytologists investigate
whether, in this specific case, it is not possible that
there occurs in man an example of a chromosomal aberraLion.

lvhy should this not al-so apply to human beings; and why

should it not be possible that, when this chromosomal

aberration has no lethal effect, it shoul_d cause a re-
markable anomaly of the constitution?"

Miller and Dill (1965) reviewed the history of human

cytogenetics in an effort to explain why it was not until
1959 that Waardenburg's theory was proved correct.

As far back as 1891 von lfanseman reported having

counted 18, 24, and 40 chromosomes in three cel-rs of nor-
mal human tissue (turpin and LeJeurle, 1969) . rn the early
1920rs agreement v¿as reached on the number of human chromo-

somes. i{iniwarter (1912) numbered them at 47 in the male

and 48 in the femal-e" Painter (1921) discovered the y-

chromosome and concruded that 4B chromosomes existed. in
each sex.



These conclusions were largely accepted and for a

period of 25 30 years the fiel-d of human cytogenetics lay

dormant. rnterest was stimulated again in L952 when Hsu

(7952) introduced a new technique. He observed that hypo-

tonic shock shortly preceding fixation permitted dj-spersion

of the chromosomes and allowed easier identification. rn

1956, Tjio and Levan prepared cultures of living fibro-
blasts from four therapeutically aborted embryos, used the

hypotonic shock technique and observed that most cells
contained only 46 chromosomes. This was confirmed in hurnan

sex cells a few months later by Ford and Hamerton (1956).

Three years after the discovery by Tjio and Levan;

LeJeune, Turpin, and Gauti-er (1959a)published their ob-

servations on the chromosornes of three mongols. They found

47 chromosomes, the extra one being a smarr acrocentric.
In the same year (1959b) they verified their f: ndings by

the study of nine more cases " This discovery was confirmed

shortly by Jacobs and others (1959) , Ford and others (1959) ,

and ilook and others, (1959) , al-t of whom suggested that the

extra chrornosorne reLrrs..ra.a a trisomic state, i.e. thaL

one of the members of the G group of chromosornes rras pre-
sent tlrice, rather than twice.

rn 1960 an experl. study group met in Denver to devise

a system of standard nomencl-ature for human chromosomes

(Report, 1960) . By the ternis of this nomencr-ature the

extra chromosornc observcd in mongols is generalry be-



lieved to be number 2r, ancl Down's syndrome can correctry
be named trisomy 2I syndrome.

rn 1960 Polani reported on a typical mongol who had

four chromosomes in the zr-22 group rather than the five
that would be expected. rn addition, there was a chromosome

missing from the 13-15 group and an extra body in the 6 ^ 12

and X group. This was a reciprocal translocation between

a chromosome number 2r and. one of the l3-r5 group resulting
in an effective or functional trisomy 2L, with the two

visible nu¡ù¡er 2r chromosomes plus the partial number 2L

attached to the member of the 13-15 group. similar
patients lvere reported by penrose and others (1960) ancl

Carter and others (1960).

other forms of translocation resulting in a function-
al trisomy 2r have been reported. Hamerton and others
(1961), Penrose and others (1960), Zellweger and others
(1963) , tsecker and others (1963) , and Mil_l_er and Dil_l
(]e65).

fn 1961, Clarke and others reported a case of a

child with mongoloid facies and characteristic extremities.
Her r.Q. was 100 at age two years and. three months. cyto-
genetic studies revealed a consistent mixture of two cefl-
types, one with 46, the other with 47 chromosomes. The

latter \,üere trisomic for number 2r. This situation is
knorvn as mosaicism.

The cytogenetic abnormality generally found in Downrs



syndrome is a trisomy of one of the sma]l acrocentric
chromosomes, traclitionally callecr No. 2r (Report of the

Denver study group, 1960) " According to tlikkelson (Ig7I)
it is only possible to distinguish pair t'to. 2L from paír
No. 22 on morphological- girounds in very few cases.

Yunis and co-workers (1965a and b) have questioned

whether the chromosome invorved in Down's syndrome ís the

largest of the two pairs" rt has been suggested that G,

would be the most correct description of the supernumerary

chromosome (Therman and others, 1961). The term trisomy ZI

however, is sti1l being retai-ned by authorities in the
f ield (l,tikkelson , ;-97I) 

"

Do\,vn's syndrome is a relatively common abnormality.
rncidences from 0"32 to 3"4 per 1000 live births have been

reported (Lillienfeld, Ig69) " Conbined data from newborn

baby chromosomal- surveys f rom ontario, I{ew Haven, and Edin-
burgh reported by Jacobs (1970) showed 9 cases of trisomy
G in 9,983 birthsr ârr incidence of .g per 1000. uchida
(1970) founcl incidences of 0.9 per 1000 to 1.35 per lo0o

througir a nine year period in Manitoba. tr{ahrman and Fried
(1970) studied all hospitar- births in the Jerusal_em d.is-
trict over a four year period, finding an incidence of z.rg
per 1000 l-ive births. They attributed their rerativery
high incidence as being due to al-most complete ascertain*
ntent.
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Mikkelson (I97I) pointed out that these clifferent
incidence rates may be caused by population differences
or may reflect differences in the standard of diagnosis

and degree of reporting. FIer conclusion was that the
population incid.ence seems to be between I and 2 per 1000

live birthsr âs a mean value for all_ types of Down's

syndrome and maternal ages.

The reported prevalence of Down's syndrome in the
general population varies from 1:2000 to r:4000 (penrose

and Smith, 1966). This discrepancy between birth incidence
and general popuration incidence emphasizes the row life
expectancy values for those affected by Down's syndrome

(Collman and Stoller, 1963).

The incidence of the translocation form of the
anomaly was examined by Mikkelson (1971). She reviev¡ed

lr886 cases in unselected series from the literature and

found 59 rvith translocations. This represented 3.22

Uclrida (1970) found 2.92 of the t{anitol:a sample of 5l'2

to be translocations, and I.2Z to be mosaics.

Phenotype - I.(aryotype Relationships

Recently, significant ad.vances have been made in the
understancìing of information transfer from the genome of
higher orgranisms, (Church, 1970). A1l cel_ls of an organ-
ism, by virtue of their comr,lon descent from a zygote, can

be supposed to contain identicar sets of genetic inform-
ation. These cel-l-s unclcrgo dif ferentiation and different-
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iar growth to form a mature organism. Effective control
mechanisms must exist rvhich are capable of preferentially
activating sone of the genetic potential of each cell
nucleus whil-e at the same time suppressing the expression

of other regions of the genome utilised earrier in dever-

opment, or by another cel-l type.

The chromosomes of mammals are complex structures
which carry the genetic information in large macro-

molecules of deoxyribonucleic acid (DNA). Each structural
gene is a segment of base seguences in the DNA molecuIe.

church (1970) has pointed out that since there is approx-

imately 3 x 10-9 mg. of DNA in the haploid genome, there
is room for countless structurar and regulator g.enes. rf
all of these genes \.^¡ere fuÌly active simultaneously, the
cell woul-d liLerally burst open from the overabundance of
protein production.

How this smal_l amount of protein present in the

fertilized zygoLe controls the differentiation and devel-
opment of cells, and. ultirnately of the whore organism is
one of the fundamental guestions to be answered. by modern

scj-ence. Trisomy 2r presents a unique opportunj-ty to ex-
arnine the abnormalities in the development of humans

caused by the addition of a small- but specific amount of
genetic material-. As a consequence this conclition is being
studied from many different aspects.

rn the translocation Down's syndrome, the long arms
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of a numJler 2L chromosome aire fused to the long arms of
a D or G group chromosome. The genes on the long arm of
chromosome 27, rvhen present in triolicate, are evidently
respcnsible f or the Dol,/nts syndrome phenotype as the

individuals are indistinguishable from the trisomy 2I

syndrome (Shaw L962; Gustavson Lg64). The short arms

of the trvo chromosomes, which are lost during subsequent

mitotic divisions, apparently do not have any great dis-
cernible effect on the phenotype (t,Ioore and Hay, l-g62) "

Frostad (1969) has pointed out, that this does not rule out

minor differences which rnay be apparent after a detaired
quantitative stuoy of a large number of subjects.

Translocation carriers have a balanced translocation,
v¡íth only the loss of the srnall arms fror¿r the two chrorno-

somes involved, and' appear phenotypicaLly normal.

LeJeune and others (Ig64) described a mosaic in-
divioual rvith one normal celr line and one with monosomy

2r. other cases involving deletions of parts of chromosome

No. 2r in an otherwise normal karyotyne have been described
( Reisrnann and others , 19 6 6 ) .

These subjects displayed "antimongoloid." signs, including
hypertonia, downward slanting (antimongoroid) eyes, large
earsr prominent nasal bridge, micrognathia, normar pelvis,
and different palrnar fol-ds and triraclius.

According to Shapiro (1971) it is obvious that tri-
somy dj-sturbs genetic balance. He hypothesizes that the
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genetic imbalance reduces the buffering capacity of the
organism resulting in developmental instability ancl in-
creased phenotypic variability" rn support of this, Moss

(r966) observecl a significant increase in the variance of
phenotypic traits in a study of the effects of super-

numerary chromosomes occurring in the annual flowering
plant rye.

Biochemical investigations reveal quantitative
differences between affected subjects and controls for
various metabolites (Berg and stern, 1963) " Thyroíd
antibodies have been found in a large percent.age of Downrs

syndrome subjects (l.fe1lon ancl others, 1963) .

Maturation In Trisomy 21

Benda (1969) has pointed out that a "heterochrony"
is present in Downts syndrome. That is, an irregularity
in time relationships, specifically, a deviatíon from the
typical seguence in time in the formation of org-ans or
parts.

rt is generally J<nown that the person with Downrs

syndrome has really no true adul-t l_if e. rn the twenties ,

signs of premature aging are observecl. rn their thirties
and forties, many shorv d.ef inite evidence of presenil_e

changes (Benda, 1969) "

Skeletal- lfaturation

Bone age has been used for some tim.e as an indication
of the physical- development and maturation of ilre skefeton.
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stanciards obtained by means of radiographs have been usecj

to determine the order, rate, time of appearance and pro-
gress of ossification cf the bones of various parts of the

body (fo¿d, 1937¡ Greulich and pyIe, 1950; Hoerr and pyle,

1955; Pyle and. Hoerr, 1955) "

Ranke (1896) is considered to have been the first to
study skeletal development by means of hand and wrist
radiographs. The hand and wrj-st has received most attention
in the literature because it is easy to radiograph and be-

cause it contains a wide range of bones for studlr (Acheson,

1954a).

The most popurar metl:od of assessing skeletal maturity
has been to make a comparison with a series of films
typicai of tlie various age groLlps. such pictoriai stand-

ards have been published by llil-ms (L902) , Rotch (1909) ,

Englebach and Mcl'fahon (Lg24) , Siegert (1935) , Flory (1936) ,

Todd (1937) , Vogt and Vicke::s (f938) , Greulich.and pyle

(1950) and Mackay (1952) . The standard.s for hand and

wrist Ceveloped by Greulich and pyle (1950 and 1959) have

been used by most i-nvestigators of skeletal maturat,ion in
Down's Syndrome

A more recently developed. method (Acheson L954a,

1954b, 1966; Tanner and Whitehouse , L959¡ Tanner, Vtrhi_te-

house, and liealy, 1962) has establj_shed a series of
standarc stages through which each bone passes, and

matches each bone of the given radiograph with these
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stages. Each stage of each bone has a nr¡n,erica1 score

associated with it and the whole hand and wrist thus

scores a total- of so many maturity points" This is the

Oxford method of assessment of skel-etal maturation.

Tanner (I962) has pointed out that skeletal age is
a measure which ís less sensitive at some stages of growth

than others. The standard deviation of the hand skeletal
age calculated for age groups, all homogeneous at age 4.0

years, 5.0 years and so on increases from about I month at

6 months of age to 4 months at age 2, and, ultimately, 1

year at puberty (Greulich and PyIe, 1959)"

There is a sex difference in skeletal maturation.

Pryor (1905, Ig23, Ig25) was the first to discover this
and his conclusion has been confirmed for practically
every pre-natal and post-natal osseous appearance and

fusion in the body (Tanner, 1962) . At bírth girls are

ahead by a matter of weeks, ât midgrowth by months, and. at
adolescence by the two years which separate the sexes in
their grovrth spurts (Tanner L962) .

Examination of skeletal development in individuals with
ext,ra or missing sex chroiitosomes (Klinefelterts syndrome and

Turner's syndrome) has led to the conclusion that g,enes on

the Y chromosome retarding skeretar deveropment are respons-

ible for this sex difference (Tanner and. others, 1959) .

More recently it has been shown ilrat the crraracter

of this sexuar dimorphism is consistent with a hypothesis
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of pa,rtialX-linkage (Garn and Rohman , I962a, Lg62b,

1966; Hunt, 1966; Acheson, 1966¡ Garn and McCreery, I1TO) "

According to Tanner (1962) , the skeleton is ad-

vanced or retarded as a whole, so that skeletal ages ob-

tained from different areas agree closely. Bayley (1943)

fround that hand and knee assessments correlated. from

0.85 to 0.90 even in the higher age groups. Besides this
g'eneral f actor comrnon to all bones, there appear to be

more restricted groupings that respond differently to the
control of osseous development. Robinorv (I942) recorded

the age of appearance of ossification centers in a longi-
tudinal radiographic series of 3l patients. subjecting
this data to factor analysis revealed two main factors; a

"round bone" factor and an "epj-physis" factor. rt has

been shown that the carpals have a gireater vari-abilit.y in
times of appearance than the other hand bones, (pyle and

and Sontag, 1943,- Garn and Rohrnan, 1959).

As long ago as L907 pryor stated that the variations
in the ossification of bones were inherited. His con-

clusions \^/ere based on a study of carpal sequence and on

the presence of extra epiphyses in members of the same

family. A number of studies dealing, ât least in part,
with ossification in cJ-osely rel-ated chil-dren have confirmed
Pryorrs f indings (Bushlie 19 34 , 19 35; Lund 19 33; IIess and

Abramson 1933; Flory 1936; Key 1936; and Rigler 1938).
Sontag and Lipford (1943) exa¡ninecl a number of par:ameters
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which might affect skeletal development ancl concluded that
genetic factors \{ere of primary importance.

Reynolds (1943) found that ranking from greatest

to least similarity in ossification was tv¡ins, siblings,
cousins, unrelated children. Sontag and Reynolds (l944)

studied monovular triplets from the standpoint of ossifica-
tion and concluded that there was a strong genetic com-

ponent determining ossification, but, that environmental

factors could modify it,. Hewitt (L957) examined longi-
tudinar series of radiographs of L7z children and found the

pattern of correlation alnong related chil_dren to suggest

that rate of skeletal maturation is inherited autosomarly,

with sex-linkage a possibility in the case of some genes

which affect both height and rate of maturation.

That skeletal maturation is to some degree controlled
by genetic factors has been wel-l_ established. Exactly
what it reflects in terms of hormone secretion ancl other
physiologic processes is unclear. rt is generally berieved
that growth hormone is concerned with increase in size
and thyroid hormone with increase in differentiation
(Becks and others, Lg4'B; Simpson and others, 1950). In the
prepuberal phase the active production of somatotropic and

thyrotropic hornrones from the pituitary is responsible for

ln" initial statural- development. A second spurt of growth

occurs at puberty when the steroids, secreted by the
gonads , stimulate epiphyseal gror,vth, while inhibiting
further rel-ease of growth hormone from the pituitary
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(Greenblatt and others, i.969) . These hormones, the

androgens, have been shown to advance skeletal maturity
in man (Sobel and others, 1956; Bayley and others, Ig57) "

Considerable controversy exists regarding the

skeletal maturatíon of children with Down's Syndrome" A

number of investigators have claimed that osseous develop-

ment does not differ significantly from that of norrnal

children. In the cases that Benda studied (1939), nor¡na1

osseous age was the rule. llefke (1940) compared hand

wrist radiographs of 72 mongoloid subjects up to 15 years

of age with Toddrs standards for norrnal skel-etal develop-

ment. Seventy-nine per cent of subjects were within
normal rangie" Of the rest, 14 per cent were advanced,

while 5 per cent showed slight deIay. Dutton (1959)

analysed a mixed longitudinal series of fifty assessments

on mal-e mong:::loids made by comparison of hand wrist
radiographs to the standards of Greulich and pyle. IIe

found B0 per cent of the assessments to fall within the

normal rang'e.

other investigators l:ave found a delay to be present
(Clift., 1922¡ l{erner , 1939; Rarick and others, 196Ð .

Poszonyi and co-workers (L964) used Greulich and

PyJ-e's standards to examine the bone age of one hundred

mongoloid chil-ctren froni hand and ryrist radiographs. They

found retarded bone maturation up to the age of eight
years " Beyond this agê, bone development accelerated in
advance of the theoretical- norm. Roche (1964) reported on
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a large longitudinal study of osseous development in Down's

syndrome" IIe found a delay in bone maturation to be

present in younger affected children but this cleray was

reduced as chronological age became greater indicating
that bone age \.das actually progressing faster in the

affected population than in the control population over

a period of time.

DentaI Maturation

The erupti-on of the permanent dentition provides a

measure of dental maturity covering approximately the ages

six years to thirteen years. Tables on eruption were pub-

lished as early as 1837, when saunders counted the indívid-
ual teeth present in I,046 children of 9 and 13 years.

cumulative incidence curves of percentages of children aL

each age with a given tooth erupted, have been given by

various authors from cross-sectional data (catte1, 1928¡

Boas, l-933; iIell_man , l-943; Hurme , L948, 1949; Dahlberg

and Maunsbach, 1948; Leslie, L95I; Clements ancl others,
1953). Longitudinal studies have been reported by stones

and others, 1951; Fulton and price, 1954; and Carr, 1962.

carr treated his data both cross-sectionalry and longi-
tudinally and found very cl-ose correlation between results.

A less crude measure of dental maturity is that of
tooth development as seerl radiographicalry. Bengston,

( 19 35) studied root clevelopment racliographicarly, giving
the ages at v¡hich each tooth had its root deveroped one
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quarter, one half, three quarters and fully. pinney,

(1935) used lateral jaw racliographs and described suc-

cessive stages of calcification for the mandiburar teeth.
Gleiser and lIunt (1955) studied a longitudinal series

of latera1 jaw radiographs of 25 girls and 25 boys. A

row of outline sketches was made of all the radiographic
images of the permanent mandibul-ar first molar for each

child. From these sketches 15 stag.es of calcification
t,'/ere chosen:

1) no change in bone density, and no

crypt visible.
2) crypt clearly visible, but no

calcification.

3) coalescence of at l-east 2 centres.

4) outline of cusps completed..

5) hal-f of crov¡n conpleted.

6) 2/3 of cro\¡/n completed.

7) crown completed.

B) minimal root formation.

9) I/4 of root completed.

10) I/3 of root completed.

11) 7/2 of root completed.

12) 2/3 of root completed.

13) 3/ 4 of root completed.

14) root canal_ terminally divergent.
15) root can¿rl- terminally convergent.
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The reproduceability of this series of stag,es

apparently was not tested by double determj-nation.

Demisch and I{artmann (1956) adapted the stages of
Gleiser and ltunt to study the mandiburar third molar in
latera] jaw radiographs. They eriminated stage 6 (2/3

of crown completed) as it could not be differentiated
accurately from its neighbouring stages. A double de-

termination reveared that disagreement was never more than

one stage, and the range of identical- ratings varíed be-

tween 60 and 100? for the different stages 
"

Garn, Lewis, Koski, and polacheck (I958) studied
dental development of zss subjects in a longitudina] series
of oblique jaw radiographs, Arthough more stages could
be identified., they chose the forlowing 5 stages as con-

stituting a reasonable number of definite and fairly
well-spaced events in the developmental course of the
teeth.

1) Stage of the f ul_l_-f o1IicIe, immediately

preceding the first evidence of cusp calci-
fication.

2) crown completion and beginning root formation.
3) Alveol-ar eruption, i.e., el_evation of the

crown above the alveolar margin.

4) Attainment of the occlusal l_eve1.

5) Apical cLosure.

tsy finding mean age of achievement of each stage they
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established norms and a means of inter group comparisons.

Iüol-l-a (1960) adapted Pinney's technique to a longi-
tudinar study of 25 gir1s. Her records incr-uded lateral-
jaw radiographs and periapical radiographs. Tooth develop-

ment was staged as follows:

0) absence of crypt

1) presence of crypt.

2) initial calcification"

3) one-third of croh/n completed.

4) two-thirds of crov/n completed.

5) crori\ln almost completed.

6) crown completed.

7) one-third of root completed.

8) two-thirds of root completed.

9) root almost completed - open apex.

10) apical end of root completed.

ïnterpolations were made when necessary. Each in-
di-vidual assessment was repeated with the average being the
stage recorded. correlation between the two assessments

\,ras not reported.

Fanning (1961) studied a longitudinal- ser.ies of later-
al- jaw radiographs of 48 boys and 5l girls. she adapted

the stages of Gl-eiser and llunt to assess the clevelopment of
the cuspid, bicuspids and. molars, adding three apical stages
for precision:
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apex i-/4 cl-osed.

apex I/2 closed.

apex 3/4 closed.

at:ex closure cornpleted.

Tests for accuracy in assessment were made by in-
dependent ratings in I0 males. Complete agreernent occurred

in 73e" of Stag.i¡gs, and disagreement of no more than one

full stage in 272.

There is a marked sex difference in eruption, with
every permanent tooth appearing earlier in girls, by a-

mounts varying from 2 months for the first molars to 11

months for the canines. (Cl-ements and others, 1953 ì Carr,

7962; Tanner, 1962) .

This same sex difference is seen in radicgraphic

studies as well. Boys have a dental maturity age approx-

imately 0.96 that of girls of the sane chronol_ogical age

. as an average taken over al-l available teeth, fuhether ca1-

culated by eruption or calcification data (Gleiser and

Hunt, 1955; Garn and others, 1958).

According to Tanne:: (1962) , the rate of tooth develop-

ment is chiefly controll-ed. by hereditary factors. Boas

(1933), has shown that eruption times are similar in pairs
of twins and. siblings. Hatton (1955) examined dental devel-
opment in monozvgotic and dizygotic twins and estinated the

effecL of heredity at 78 per cent. Garn, Lewis and shoe-

maker (1956) found that the calcification seguence tends to
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be the same in siblings more often than expected by

chance. Pavlik (1968) examined a large group of twins

radiographically and found that genetic factors were

responsible for B0 per cent of the variance in dental
maturi ty .

The hormonal- control of tooth development in humans

is not yet fu1ly elucidated. Dental development is de-

layed in hypothyroidism, but advanced in hyperthyroidism
(Salzmann, 1966).

Animal studies where the levels of pituitary and

thyr,oid hormones could be altered 1ed Baume (Lg54) to the

conclusion that tooth eruption is presided over by the

synergism of pituitary grolvth hormone and thyroid hormone,

which controls differentiation or maturation. Testo-

sterone has been shown to cause accelerated eruption in
monkeys (van trriagenen and Hurme, 1950) .

There are many reports that the erupti-on of permanent

teeth is delayed in mongols, but no details have been

supplied (Spitzer and Robinson, 1955i Spitzer and euilliam,
1958; Hilliard and Kirman, 1965; Cohen and Winer, 1965) 

"

Silimban-i (I962) examined 25 mongols, aged. between 5 and

L4 years, and reported a deray in the eruption of the per-
ntanent teeth. oster (1953) made ol¡servations on more than

400 mongols and reported that the eruption of permanent

teeth v¡as delayed in many. l.Ione of the above observations

incl-ude adequate statisticat analyses. They do not al-l_ow



25

conclusions iregarding the degree to which mongols vary from

normal in median eruption ages for particular teeth.
Neither do they a}low an estimate of the incirLence of de-

layed eruption in mongols.

Barkl-a (1966a)reporied on a large cross-sectional

study. He found that eruption age among mongoloids was

delalzed to a statistically significant extent for each

tooth. The variances were very large, l¡ut, for each tooth,

eruption would be expected within the normal range for less

than 5 per cent of mongoloids

Garn, Stimson and Lewis, (1970), reported the first
stud.y of dental development in a karyotyped trisomy 2L

sample. Using oblique and. lateral jaw radiographs, they

assessed cl:ovtn calcificatiorr, ::oot development and aI-
veolar eruption, and compared to a control group. Their

25 sub jects ranged. in age from 1 to 20 ye.ars. The trisomy

21 group exhibited an average delay of 0"7 yeats" This was

a l-3 per cent delay in dental development

Height

Height in trisomy 2I syndrome is markedly retarded. in
development, Growth curves of individual cases indicate
that growth slows down with increasi-ng age and reaches an

early standstill. At the end of the growth period, few

persons with mongolism exceed a height of five feet
(Benda, L969) .

Cross-sectionai data derj-ved from large numbers of mongols

have been reported by Brousseau and Brainerd (1928), Benda, (1949)



¿6

and Oster (1953) . These reports sholv that the rate of
growth in stature of mongols is slow before birth and is
much faster than the mean rate for normal_ children during

the first tlvo years of life. The rate of growth in stature
is slightly slower than the normal- mean betrveen the ages

of eigh+- and ten years, but it is close to ihe rate for
fl.orrrrâl children l:etween the ages of ten and thirteen years.

After an age varying from thirteen to sixteen years, the

mean rate is less rapid than the mean rate for normal

chi i-dren.

Roche (1965) reported similar findings in a 1ongi-

tudinal study. He found that adolescent spurts in stature
occurred in most subjects. The range of occurrence did not
difier rnarkeclly from tkrat found in normal subjects. In-
crease in stature ceased at a much earlier age than in
normal chil-dren

Mandibular Length

Spitzer and Robinson (f955) described the mandible
j-n Down's Syndrome as being underdeveloped and having a

short ramus. This has beeir confirmed by other investi-
grators who utilised cephalometric radiographs 1-o quantitate
mandibuiar sLze (Rezk, L964¡ 1(isling, 1966; and Ghiz, 196g).

Ghiz found both ramal length and body length to be

less in the trisomy 2r group. His cross-sectional study

contained subjects from four years of age bo adults and he

found mandiburar size to be smal-ler ì n Lhe trisomy 2L
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group at all age levels. The discrepancy in mandibul_ar

size betrveen the control group and the trisomy 2r group

was least during midchildhood and greatest in adults.
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CHAPTER .III

I'ÍET}IOD AND MÀTERIALS

The Sampfe

The sample consisted of 295 individuals, 160 males

ancl 135 females, each upon cytogenetic analysis having a

t.risomy of chromosome number 2r" All- translocations and

recognized mosaics were elinrinated so that as far as was

possible a sampre with only trisomy 21 karyotype existed.
Cytogenetic records were made available by the

Department of Medicar Genetics of the children's Hospital
of lVinnipeg¿ trriinnipeg, Manitoba. The sample reported upon

was drawn from a group of 512 Manitoba mongoroicls studied
by the Department of Genetics (uchida, LgTo). rn uchida's
study cytogenetic anaÌyses \,vere confined to the leukocytes
of peripheral bloocl samples. where there was any suspicion

of mosaicism repeat blood samples were taken, ancl addition-
al cel-Is totaling sorùe 100 200 were counted, with de-

tailed analysis confined to the G group.

All of the trisonty 2I sample resided within the
province of Manitoba. 65.1 per cent were institutional-
ized ín two schools, and. 34"9 per cent lived at home. The

trisomy 2r sample incl-ucled ar-r of the group studied by the
Department of Genetics rvho could or would co-operate for
the taking of the necessary recorcls. rn other rvords , the
entire group was canvassed ancl those who presentecl them-
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selves for examination were included"

The trisomy 2I sample ranged from 3 to 55 years of.

age. The age and sex distribution of the sample may be

found in Table I.

The control sample consisted of 16l Caucasians , 73

males and BB females. This group \,,i as randomry selectecl

and included students from the university of Manitoba and

individuals residing in and around Metropolitan tr{innipeg.

The age and sex distribution of the control sample is
shown in Table I.

No attempt was made to determine the ethnic back-

ground of either the trisomy 21 group t or the control
group. It was fe1t, however, that a similarity of back-
grounds existed between the two groups.

The records obtained incruced lateral cephalometric

radiographs, hand-wrist radiographs, panorex radiographs,
alginate impressions of the upper and lower dental arches,

and measurenents of height and weight.
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TABLE I

Age and sex Distribution of Trisomy 2L and control sample

Age Ranges
(in years)
3-5
6- B

9-11
12 15

16 19

20 25

26 30

30+

TOTAL

Trisomy 2I Control
Male Female l4a1e Female

811
17 11

30 L4

38 23
27 22

16 1B

109
t5 27

160 135

11 9

t0' t2
10 14

16 16

7IT
10 13

9 13

73 BB

Assessment of Dental Eruption

Dental eruption was assessed by means of plaster
model-s of the dentition. A tooth rvas considered to be

eruptecl if any portion of it had pierced the gingival tis-
sues. A tooth was considered to be non-erupted only if it
could be identified radiographicarry, but had not yet e-
merged through the mucosa. Missing teeth, whether ex-
tracted or congenitally absent were scored separatery and

were not included in considerations of eruption.
For each subject having the appropriate records

avail-abl-e, the eruption status of atl permanent teeth r,vith

the exception of the thircl molars was assessed. Tlvo groups

were then segregated for further anarysis; the entire con-
trol group which was bar-anced with regard Lo males and fe-
males, and a subgroup of the tri-somy 2r sampre baranced
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with regard to sex.

control group and of
Tabl-e II.

The age and sex distribution of the

the trisomy subgroup is shown in

TABLE IT

Age Distribution of Subjects Utilized for
Probit Analysis of Dental Eruption

Age Ranges
(in years)

3-5
6-B
9-11

12 15

16 19

Adult

TOTAL

Trisomy 2I
Female

10

T7

16

6

Control
Mal-e Female

11 9

10 12

10 14

16 16

l: tl

Male

5

11

10

18

15

5

I
B

6464 6360

The subjects of the control group and the trisomy zr
subgroup were organized by chronological age into crasses

of three months each. The number of subjects with erupt-
ion of each tooth was cal-culated in each class. This data
\Á¡as then subjected to probit anarysis to study the degree

of eruption with advancing age.

The control sample was utilized to provide "normal
eruption probabilities". These were derived from the best
fitting probit curve for each tooth and are listed in
Tables XXVI to XLI , Appendix ,,A".

An eruption index was then calcul-atecl for each subject
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using the formula:

Eruption Index = N" Px100
t\

Where: N_ = the number of erupted teeth; p = the sum ofe

the normal eruption probabilities of all teeth assessed,

for the chronological age of the subjecti N - the number of
teeth assessed.

The resulting index woul-d theoretically rangre from

-100 for a subject with no erupted teeth at an age where

all teeth should irave erupted, to +100 for a subject who

had erupted all his permanent teeth at an incredibly early
age.' A subject whose teeth are erupted in a normal pat-
tern at a normal chronological age would have an eruption
index of zero" A meaningful index is calcurable onry for
those subjects having some erupted permanent teeth, but
who have not completed the eruption of their permanent

dentition. rn other v¡ords, the index applies only to sub-
jects ranging in age from approximately five years to fif-
teen years, while the eruption of the permanent dentition
is a dynamic process.

It was possibler âs weII, for any given subject, to
cal-culate the chronological age to lvhich his overalr erupt-
ion status v¿ould normally corresponcl. That is, to calcul_ate

the chronological age that woul:d give an eruption index of
zero, for the eruption pattern recorcled from ilre subjectrs
dental models. A computer program rvas deveropect to cal_-

cul-at.e the eruption index ancr trris "eruption age,, of each
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sub j ect.

Assessment of Dental Calcification

Dental calcification was assessed. util-izing panoral

rad.iographs. An XRM Panorex unit was used with head stal¡-

ilization achieved. by means of the chin rest supplied. by

the manufacturer.

The Panorex technique uses the principle of curved

surf ace laminagra.phy, in which irnages of structures in
selected planes are recorcled distinctly. The focal

trough of the Panorex is a region representing a one-half

to two-thirds inch slice around t.he dental arches (Christen

and Segreto, 1968). Anatomic structures that are not in
focus in this trough are blurred or distorted on the radio-
graph. The subject's head remains staticnary r¡¡hil-e the film
and the radiation s'ource rotate. Halfway th::ough the ex-

posure, the axis of rotation is changed from one side to
the oLher by the automatic shifting of the chair. With

this change the right and left sides of the patient's
head are positioned in the film, distortion is minimízed.,

and the spinal col-umn is by-passed.

None of the previously described systems of stagíng

the calcifj-cation of developing teeth were suitable for this
study as they v/ere designed for use with longitudinal sam-

ples and either periapical or lateral jaw radiographs

(Pirrney , 1939; Gleiser and Hunt, 1955; Demisch and i{artmann,

L956; Garn and otl-:ers, 1958; Nolla, L96O¡ and Fannirg, 1961) "
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The cross sectionar nature of the sample in this study

necessitated broader stages if the assessrnents were to be

reproducible rviih a reasonable frecluency. Furthermore,

the radiographic technique used in this study produced.

images of less detail and definition, and more dis-
tortion than the rateral jaw and periapicar techniques

used by previous investigators.
A serj-es of nine recognizabl_e stages was arrived at

for each tooth type, ranging from cornplete absence of the

crypt, to closure of the apex or apices of the root(s).
These are described in Figures r, 2 & 3.1'No interpolations
were made. rf a tooth ferl between two stages it was re-
corded as being at. the 1ov¡er of the two.

This staging system was tested as folrows. panorex

radiographs ivere taken from the files of 2r normal subjects
evenly d.istributed over the age range 36 months to L46

months. Males and females were incruded in approxirnately

equal numbers.

Using a lighted view box and magrnifying glass all
teeth were staged by one investigator. IIe was given no

instructions other than the description of the stages as

shown in Figures 1, 2 & 3. The same series of radiographs
was then staged by the author. After a period of several
weeks they rvere staged a second. time by the author. Each

staging was done wíthout reference to previ-ous values.
The number of assessments agreeing exactly were

For l{onenclature of the Permanent Dentition see Appendix
A, page 145a.
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DEVELOPM ENTAL STAGES INCISOR

STAGE A
ABSENCE OF CRYPT

STAGE B
THE CRYPT IS PRESENT BUT THERE IS NO CALCIFICATION.

STAGE C

THE CRYPT IS STILL VISIBLE AND THE INITiAL
CALCIFICATION CAN BE SEEN.

STAGE D

ONE HALF THE CROWN IS CALCIFIED.

STAGE E
THE ENT¡RE CROWN IS CALCIFIED.

STAGE F
THE ROOT IS ONE QUARTER CALCIFIED.

STAGE G

THE ROOT IS ONE HALF CALCIFIED.

STAGE H

T'HE ROOT IS THREE QUARTERS CALCIFIED.

STAGE I

THE ROOT HAS ACHIEVED ITS FULL LENGTH BUT THE
APEX REMAINS Oí'EN.

STAGE J
THE APEX IS CLOSED.

Figure 1. Configurational- standards for development
of inci-sor teeth
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OEVELOPM ËI.¡TAL STAGES CUSPID/EICUSPID

STAGE A
ABSENCE OF CRYPT

STAGE B
THE CRYPT IS PRESENT BUT THERE IS NO CALCIFICATION.

STAGE C. 
THE CRYPT IS STILL VISIBLE AND THE INITIAL
CALCIFICATION CAN BE SEEN.

STAGE D
ONE HALF THE CROWN IS CALCIFIED.

STAGE E
THE ENTIRE CROWN IS CALCIFIED.

STAGE F
THE ROOT IS ONE QUARTER CALCIFIED.

STAGE G

THE ROOT IS ONE HALF CALCIFIED.

STAGE H

THE ROOT 15 THREE OUARTERS CALCIFIED.

STAGE I
THE ROOT HAS ACHIEVED
APEX REMAINS OPEN.

ITS FULL LENGTH BUT THE

STAGE J
THE APEX IS CLOSED.
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Figure 2. ConfÍgurational
of cuspid/bicuspld teei,h.

standards for development
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DEVELOPMENTAL STAGES MOLAR

STAGE A
ABSENCE OF CRYPT

STAGE B
THE CRYPT IS PRESENT BUT THERE IS NO CALCIFICATION.

STAGE C

THE CRYPT IS STILL VISIBLE AND THE INITIAL
CALCIFICATION CAN BE SEEN.

STAGE D

ONE HALF THE CROWN IS CALCIFIED.

STAGE E
THE ENTIRE CROWN IS CALCIFIED.

STAGE F
THE ROOT IS ONE QUARTER CALCIFIED.

.STAGE G

THE ROOT IS ONE HALF CALCIFIED.

o
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m
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STAGE H

THE ROOT IS THREE QUARTERS CALCIFIED.

STAGE I

THE ROOT HAS ACHIEVED ITS FULL LENGTH BUT THE
APEX REMAINS OPEN.

STAGE J
THE APEX IS CLOSED.

Figure 3. configurational stancrards for cleveropmentof molar teeth.
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TABLE ÏÏÏ
Agreement Between separate Assessment of Developmental

Stage From Panoramic Radi-ographs.

Tooth

Maxi 11ary

Mandibul-ar
1

2

3

4

5

6

7

Mean

Percent Agreement

Two fnvestigators
Two Assessments

90 .4
95" 3

67 .4
72 "B
80.8
79 .4
75 "2

84.0
76 "2
70"3
71" 5

70 "5
79.7
7s.9

78.1

One Investigator
Two Assessments

95.2
100.0

87. 1

69.3
90. 4
88.1
87 .6

97 .3
92 .9
88.1
80.9
87 .7
92.8
90.5

89.9

1

2

3

4

5

6

7



39

counted for each tooth. These are expressed as percentages

of the total- number of assessments made, and are presented

in Table rrr. tlo disagreements between stages were found

to be more than one stage. The mean overall agreement be-

tween different assessors was 78.1 per cent; and between

two assessments by the author was 89 "9 per cent.
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TABLE IV

Mean, standard Deviation and significance of the Dj-fference
For Length to lrlidth Ratios of Mature permanent reeth in the

Trisomy 2L and Control Groups "

Tooth

Maxi l1ary
1

2

3

4

5

6

7

Mandibular
1

2

3

4

5

6

7

Trisorny 2I
Mean S.D.

Control

2 .292
3. 500

3.073
2 "722
2. BT4

1.680
1.806

3.618
3.231
3"063
2 "726
2.536
1.540
1.488

0.333
0 .526
0"330
0.341
0 "32r
0.386
0 "379

0"4r2
0 .448
0.301
0.380
0.268
0.196
0.260

Mean

2.538
3.242
3 .233
2 .909
2.78I
1. 750

1.914

3.978
3. 696

3. 812

3 .067
2.757
1.614
L.629

S"D.

0.260 *
0.389
0.26r
0.493
0.309
0.39s
0.410

0.440 *

0. 357 **
0.356 **
0.353 **
0.256 *
0.L24
0"1-23 *

Between group difference significant at 5 per cent Ievelof confídence.

Betrveen group difference significant at 1 per cent tevelof confidence.
*)k
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In order to assess the validity of apptying the same

configurational standards of tooth development to control
and to trisomy 2r individuals the foltowing procedures

were carried out. Panorex films of 15 control indivicluals
and 14 trisomy 2L individuals were randomly selected from

the files. The only criterion of selection was that a

relatively mature dentition be present. Males and fe-
males \^/ere present in approximately equal nurnbers.

Using measuring calipers with a Vernier scale the

maximum length from incisar or occlusal surface to root
tip was measured, for each tooth, as was maximum width of
the crown. Rotated, restored or broken down teeth were not
included. The ratio of length to width for each tooth was

calcul-ated. Two hundred and eighty-four teeth \^/ere in-
cluded in the normal sample, two hundred and eleven in the
trisomy 2I sample"

since the application of the configurational stan-
dards of dental calcification described in Figures l, 2

& 3 depended to a certain degree on the length of the cal--

cifying tooth relative to its width, the resulting data

was analyzed i-n terms of length/ividth ratios. The nrean

val-ues for each tooth, alongi with their respective stan-
dard deviations are shown in Tabl-e IV.

The ratÍos were significantly small_er for the trisomy
2r group with respect to the maxilrary central incisor and

all tlie mandiburar teeth except ilre first molar. This
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blunting was considered rvhen applying the standards to the

trisomy group.

fn using this system of measuring dental development

of both the control and the trisomy zr groups all assess-

able teeth as seen on the panoral radiographs were assign-

ed a stage. This information was recorded for each tooth
for each subject; along with the subject,s chronological
age" Then, for each tooth, the mean chronological age of
all subjects displaying each stage could be calculated.

A subsample of the trisomy 2I group, balanced with
respect to the sexes was analyzed in similar fashion.
The age and sex distribution of this subsample may be

found i-n Table V.

TABLE V

Age and sex Distribution of subjects utir-ized
For calculati-on of }fean carcification varues

49" Ranges Trisomy 2I Control_(in years) Male Fema1e Mal-e Femal_e

3s2511_g
6-8 4 2 IO 12
9- 11 7 a l_0 74

12 Is 14 12 16 16
16 19 13 10 13 11
Adu1t 4 d

39 60TOTAL 44 63
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Utilizing the mean values for each tooth-stage
derived from the control sample a dental calcification
age could be carculated for each subject. This was done

using the formula:

Dental calcification âge = tX"
N

where: ti" is the sum of all normal mean ages correspond-

ing to the tooth stages reiorded for the subject; and N

is the number of mean ages considered..

Stage J (apj-cal closure) was not included in this
cal-culation as it signifies the end of development and does

not record a point in the dynamic process of dental calci-
fication. rn other words, in a cross sectional analysis
the subject is seen at one point in time. The fact that
an apex is closed. is relatively meaningless as it may have

been closed a significant time period prior to when the
record was made" only those teeth sti]l in the process of
carcificati-on could be included in the calculation of
cal-if ication age.

Assessment of Skeletal- Devel_opment

Radiographs were taken of the left. hand and rvrist
following the technique described by Tanner and l¡ühite-

house (1959) " The palm was faced dolnward in contact with
the fil-m, and the axis of the middre finger was in direct
]ine with the axis of ilre forearm. The fingers were spread

sJ-ightl-y and the thumb placed in a conifortabl-e natural_ cle-
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gree of rotation with its axis making an angle of about

30 degrees with the first finger. The tube was centered

above the head of the third netacarpal at a tube film
distance of 30 inches. An exposure of B milliampere-
seconds at 55 Ì(V was found appropriate for an B - 10

year old child with corresponding adjustments for older
or youngier children

Skeletal development was assessed by two methods,

the Greulich-Pyle system (Greulich and py1e, Ig5g) , and

the Oxford method (Tanner and Whitehouse, 1959; Tanner,

hlhitehouse and Healy, 1962) " The former was chosen be-

cause most previous studies of skeletal maturation in
trisomy 21 have used it - making it the basis of com-

parison" The latter was chosen, because it i-s more pre-
cise and differentiates betrveen round bones and long

bones "

The sj-mpler Greulich-pyle system matches the X-ray

on an overall basis with one of fifty-eight photographs

in an at1as. Each photograph is the standard for a part-
icular skeletal âgê, with separate stancards for each sex.

The Greu]ich-Pyle standards were selected from the median

of a hundred radiographs for each chronorogical age group,

all of whom \¡/ere radiographecl witlìj-n t2a of their birthday.
Most of !h. standards are a year apart and in assessing a

radiograph against the standards an interpolation is made"

The atlas photographs are based on a series of 2,500 child-
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ren observed in Cleveland, Ohio, from L93Z to 1942,

who were ". . . . somewhat above average in economic and

educational status",. (Greulích and pyle, 1959) "

The Oxford method of skeletal developmental assess-

ment was developed by Acheson (1954a, Lg54b) " According

to Acheson if each of the more easily distinguished stages

for any center of ossification is numbered, a maturity
scale for that center is constructed. This can be done

for a number of centers, and then, for a subject, a total
maturity score can be derived by adding the individual
ratings" No interpolations are made, a stage t ot maturity
indicator is either present or it is not. This is the

essence of the oxford method. Folrowing the method of
Tanner and i^lhitehouse (1959) , and Tanner and whitehouse

and Healy (1962) , the Oxford method was applied to the
radiographs of the hand and wrist"

The radiographic images of each of twenty bones of
the hand and wrist were compared with pictorial and verbal
descri-ptions of the developmental stages for that part-
icular bone, as published by Tanner and tvhitehouse , Lgsg .

The bones eval-uated were the radius, ulna; capitate,
hamate, triquetral, lunate, navicular, greater murtangurar,
lesser multangul-ar; metacarpals 1, 3, 5; proximal phal-
ang'es l-, 3, 5; rniddl-e phalanges I, 3, 5; and the distal
phalanges l-, 3, 5. These may be seen in Figure 4.

The rel-ative importance of each stage of a specific
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bone had been previously assessed statistically to derive

a score for each stage of the individual bone by Tanner,

Whitehouse, and llealy, 1962. These scores were self-

weighted and an overall- score \,,¿as arrived at by adding

the scores of the individual bones "

The method assumes that:
1. There may be some truth to the notion that long bones

and round bones are controIled by different factors, ât
least at certain times. Hence, a separate score for each

is desirable "

2- A simple average of all bones wourd be overweighted by

the large number of metacarpals and phalanges whose

maturation is very closely linked"

The metacarpals and phalanges of the second. and fourth
fingers \Ä¡ere omitted, consequently, and a weighting was

reached for long bones in which the radius and urna each

contributed 202 of the score, and the first, third and

fifth fingers, each considered as a rvhole, each contri-
buted 202 also. Each carpal bone contríbuted LAz to the

round bone score. The long bone score and the carpal
score each contributed equally to the total score.

All subjects for whom hand and wrist films were

availabre were rated according to the Greulich-pyle
system, and the oxford system. The age and sex distri-
butions of the Lrisomy zr and control_ sample are contained
in Tabl-e VI.
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TABLE VI

Age and Sex Distribution of Subjects Utilized for
Assessment of Skeletal Development

Age Ranges Trisomy 2I Control(in years) Male Female Male Female

35
6-8
9-11

L2 15

16 19

Adult

TOTAL

8

I4
13

24

31

20

10119
91012
81014

16 16 16

16 13 11

30

89 60 63100

Measurement of Standing Height

Standing height was measured following standard

procedures. Each subject was asked to remove his shoes

and stand as erect as possible with feet flat on the
froor, next to a vertical scal-e" A horizonLar arrn was

moved down the verticar scale until it made firm contact

with the subjectrs head" At this point the height read-
ing was taken.

The age and sex distribution of the subjects utilised
for assessment of standing height is contained in Tabre vrr.
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TABLE VII
Age and Sex Distribution of Sample

Utilised for Assessment of Standing Height

Age Ranges Tri-somy 2I Control
( in years ) Male Pemale l"Iale Female

3-5 4 7 Lr 9

6- 8 9 4 IO 72
9- 11 13 11 10 14

12 ls 34 18 15 L6
16 19 24 L7 17 13
Adult 25 38 I 9

TOTA], 109

Lateral Cephalometric Radiographs

The lateral cephalometric radiographs were ob-

tained using the now conventional technique first develop-

ed by Broadbent (1931). The radiographs were taken with
the teeth in centric occlusion, and in the mouth wide open

position. Three cephalometríc X-ray machines were used.

A Broadbent-Bolton cephalometer was used on a portion of
the trisomy 2r group riving in private homes. A cephalo-
metrix* cephalometer was used on the control group and a

portion of the trisomy 21 group. some of the trisomy zr
group residing in institutions were radiographed with a

specially buil-t. portabre cepharometer. The portable
cephalometer was buil-t along the lines of a conventional_

95 737I

Moss Corporation, Chicago, fllinois.
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cephalometer utilizing a General Electric* 90 kv X-ray

head and control panelr â standard cephalostat, and an

easily dísmantled plywood base. These three sections
were so constructed that the machine could easíly be

transported, set up, and dismantled.

All machines had an approximate focal point to
film di-stance of 5 feet, 6 inches. Magnification factors
for each of the machines had been previously established
(Frostad, 1969) " The magnification averaged 7 per cent on

the Broadbent-Bolton and portable cephalometer between

individuals. on the cephalometrix cephalometer the magni-

fication averaged 9 per cent between indivíduals. All
rinear dimensions \^iere corrected for the magnification to
absolute units. Therefore, the linear dimensions taken

from the three machines were comparable.

l"Ieasurement of Mandibular Length

For the purposes of this study mandibul-ar length
was defíned as the distance between the points condyl-ion

and gnathion" These points are defined as fol-lows:

Gnathion - An arbitrarily defined point taken as

the most anterior and inferior point, visuallyr on the out-
line of the mandible (Krogman and sassouni, rg57).

condyl-ion - Radiographic condyrion, as described
by Krogman and sassouni , rg57 | was used. This was arbi-
trariJ-y defined as the point on the superior border of the

)k GeneraL Brectríc of canada Ltd., 'roronto, ontario.
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condyle where a line parallel to the long axis of the

condyle in the midline of the condyle íntersectecl the

superior border

Because the condyle is not a spherical structure, the

outline varies on a lateral cephalogram depending on the
position of the X-ray beam. From one aspect, the outline
resembles an ellipse and from another a sphere. Regardl_ess

of the technique used (example, occlusal-, rest t or "wide-
open" cephalometric radiographs) , this is an inherent
difficulty in any radiographic study involving the condyle.

A second problem is the presence of the meniscus which may

tend to obscure the superior border of the condyle giving
either a different outline or a blurring of the outline.
These difficulties \,vere at least partly overcome by com-

parison between films taken in rest position, occlusal
contact, and wide-open position. rt was on the latter
that the measurement from condylion to gnathion was made.

Tf tv¡o cond.ylar images \¡/ere present, the measurements

were averaged.

The radiographs

acetate paper over a

a hard pencil. The

measured to not less

meter gauge.

The age and sex

in the assessment of

were traced on the matte surface of
varying intensity illuminator with

distance condylion-gnathion was

than 0.5 mm. using a standard mil1i-

distribution of the

mandil¡ular length is

subjects incl-ucled

contained in
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Table VIII.

TABLE VIIT

Age and Sex Distribution of Sample

Util-ised for Assessment of Mandibular Length

4ge Ranges Trisomy 2I Control(r-n years) Male Femal-e Male Fema1e

3:5 6 9 tl g

6- 8 16 9 10 12
9- 11 17 13 10 L4

L2 15 36 2L 16 16
16192322711
Adult 32 49 19 26

TOTAL 130 l-23 73 8B

Analysis of the Data

using the techniques outlined in the previous secti.ons
it was possible to describe each set of related neasul:es by
means of one "index". For each subject, indices vvere cal_-

culated to describe dental eruption, dental calcificati_on,
round bone ossification, long' bone ossification and a comp_

osite of both long bone and round bone ossification. The

resulting indices, each being a function of a number of
nìeasures are more amenable to statistical analysis than
the original measures. These were subjected to further
statistical treatment together with the values for stand-
ing height, mandibufar rength and chronologicar age.

The effect of chronol-ogicar age on each of the cte-
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penclenL variables dental eruption, dental calcification,
round bone ossification, long bone ossification, overall
ossification, standing height and mandibular length was

examined for both the control and the trisomy ZI group.

The significance of differences between groups, in both the

slope of the resulting curves (rate of maturation) and the

elevation of the resulting curves was tested in the follow-
ing rnanner.

rn the hope of transforming into straight rines the

asymptoting curves found when the effect of chronorogical
age v/as studied, each value of each dependent variable
I^/as computed as a percentage of the maximum possible for
that variabre" rn the case of standing height and mandi-

fular length, the mean adu]t values for each sex and each

group rvere arbitrarily considered to be the maximum pos-

sible. These percentages were then subjected to the arc
sine square root transformation (steele and. Torrie, t960).
Testing this procedure by plotting the transformed per-
centages against cirronological age showed that it. did, in
fact, resul-t in a straight line for each of the rel_ation-
ships studied.

The transformed values v/ere subjected to analysis of
covariance in order to test the significance of difference
between group means adjusted for âge, ancl the significance
of difference in slopes between groups. The r.Il.14. 360-65

coniputer system of the university of Manitoba was used to
process the data.
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CHAPTER IV

RtrSULTS

Dental Eruption

As was described in the previous section, the method

of probits was used to determine the chronological age at
which there is a fifty per cent probability of a given

tooth having erupted. This was done separately for the

control group and the trisomy 27 group, and was used. as a

method of comparing the eruption of individuar teeth be-

tween groups. since the contror group in this stud.y re-
presented a sample much smal-ler than those usually used

for determinations of eruption times, a comparison with
previously reported. data rvas desirabl-e. The control
values from the present study along with those from

five other studies are presented in Table fX.

The varues for the control group agreed welr with
those found. by previous investj-gators of normar populations.

The vafues for the control- group and the trisomy 2r
group along with their standard errors and significance of
the difference are presented in Tab]e x. The trisomy zI
group showed greater age than the control- group at the
fifty per cent probability of eruption level for each of
the fourteen teeth studied. This retardation of eruption
in the trisomy 21 group rvas most pronounced. for the mandi-
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ÎÀBLE TX

A com'parison of "r,rornrar" Tooth Eruption Data fro¡n six
Studies " The Values Represent the Age in
There is a Fifty per Cent FrobabiliÈy of

Manitoban Australi_an tsritish
L970 1960 l95o

N=625 N=1039

Cl_ements
Rural Urban

Months at Which

Eruption.

I,Iestern c pima
lJorthern Indian
European 1959
1857-1940

N=957
Hurmé Dahlberg
(from 18
sources)

Too{'-h

llaxi 11ary
I
)
3

4

5

6

Manclibular
1

2

3

4

5

6

7

l[ = 112

I'ievi Ìe

86

99

134

L23

135

76

L44

7T

87

]-22

L27

140
"t1

139

N=3952

Carr

85

99

134

J-25

t31
76

143

75

88

L23

128
136

76

141

83

97

L27

12u

128

74

143

73

87

125

123

136

73

135

82

96

133
'l-2t
135

72

141

7I
86

120

13t
144

72

136

76

76

89

73

92

L02

136

I19
132

7r.
138

75

90

t23
L22

L32

68

L32

87

100
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TABLE X

Mean, st.andard Error, and significance of the Difference
for the 50 Per Cent Eruption Ages of Each Tooth (in Months)

Trisomy 2L Control

Tooth 50U Erupted S.E. 502 Erupted S"E"

Maxillary
I
2

3

4

5

6

7

Mandibular
I
2

3

4

5

6

7

93"13
II7 "28
156.73
I38.92
145 " 53

84 .69
l-64 " 46

84. B0

93"56
12 B. 36

141 " 7B

r52.69
86"40

163 .22

85"84
98"58

133.90
723.07
I34.72
76"50

L44 "24

7I.36
86.53

r22 " 39

126. BT

139 " 63

7L"39
13 B. 56

2 "70
3.47
3.64
2"80
3"62
2"48
3. 44

2 "78
2.77
2 .87
3.79
3. 39

2"48
4.00

2.52
1. 80

2.54
2. 40

2.68
2.46
2.84

2.53
1.98
2.15
2.9I
2.95
2 .29
L.75

*
**
¡k*

**
*
*
**

**
¿

*

**
**
**
**

betlveen group difference

level- of confidence.

between group difference

l-eve1 of confidcnce.

significant at 5 per cent

significant at I per cent
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bular central incisor and first mo1ar, the maxillary central
incisor and cuspid, and the seconcr morars in both jaws.

This pattern was evident rvhether the retardation was

measured in months or in a relatj-ve manner, as a per cent
of normal val_ues

The values for both groups are represented as bars

in Figure 5, and ranked in order of chronological age at
fifty per cent probability of eruptíon of the control
group. rt can be seen that the degree of retardation
varies slightly from tooth to tooth but that no clear
trend toward or a\,ray from the control values exists. The

early developing teeth are not more or less retarded than
the later developing teeth.

rn addition to an overal-l retardation in eruption
time, the trisomy 2r group showed a mucr, greater vari-
ability in eruption time. This is evidenced by the standard
errors for the fif ty per cent eruption times (rabl-e x) "

Even though the trisomy 2r group contained many more sub-
jects, the standard errors are uniformly much larger than
those of the control group.

The findings upon examination of dentar eruption a9ê¡

which is an index of the eruption of all of the teeth, were

consistent with the findings for indiviclual teeth. The

mean' standard deviation, standard error and numJ:er for
each age class, f or l¡oth the trisomy 2r group and the con--

trol- group are presented in Tab]e xr. The rerati_onship of
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Mean, Standard

Dental Eruption

Mid-point of
Age Class
(Months )

66

78

90

L02

LL4

_L26

138

150

L62

l-74

186

60"5
none with

79.2
69"5
91. B

81. 3

99.7
103.1
110.6
99.5

126 .0
II2.4
143. B

I24.2
168.4
I42.5
168. B

150.8
173.5
172. 4

180.0
180.2

2. 446

erupted
8.60
I " 50

6. 86

16. Bs

7.78
22 .65

8. 43

3.27
13.7 4

15.01
2I.45
28.11
2I.43
IB .26
23.48
27.52
24.15
2I. 47

2I. 47

18.63

1.000 6

permanent teeth
3.25 7

6.00 2

2.80 6

s.96 B

2.s9 9

10.13 5

2.8I 9

1.63 4

s.19 7

5.67 7

7.s8 I
9.37 9

7.r4 9

5.78 10

9.59 6

6.BB 16

8.01 9

B.T2 7

9.60 5

6.21 9

TABLE XT

Deviation, Standard Error, ancl Number for
Age. (Males and Females Combined).

Group Mean
(t'lonths )

SD SE No.

Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy

2I

2t

2T

2I

2I

2I

21

2I

2I

2I

2I
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Figure 6 z Effect of Chronol-ogical Age on Dental
Bruption Age.
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the mean scores of both groups to chronological age can

be seen in Figure 6 " The trisorny 2r group had a sma]ler

mean index at all age levels. rn other words they began

erupting their teeth later than the control subjects and

they completed their eruption later than the contror sub-

jects. This difference in eruption time in terms of the

dental eruption age calculated, \.{as significant at the one

per cent leveI of confidence. No significant differences
could be detectec in the rate of increase in dental eruptl_on

age between the control group and t,he trísomy 2I group.

This can be seen in the parallel slopes of the lines de-

picting the relationship of dentar eruption age to chrono-

logical age for both groups (rigure 6).
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Dental Calcificati-on

The calcification of individual teeth was examined in
both the contror group and the trisomy 21 group by cal-
culating for each developmental stage of each tooth the

mean age of al-I the subjects of each group who were found

to have that tooth in that stage. These mean ages, along

with tl:eir standard deviations and nurnber of subjects are

presented in Tables XLII to LVII, Appendix B.

comparing the two groups on the basis of these varues

revealed that al-l teeth developed more slowly in the tri-
somy 21 group" The retardation in carcification was great-
est for the mandibular cuspid, first bicuspid and rnaxillary
cuspid. The difference between the cont.rol and. trisomy 2L

giroups was significant for aIr of the teeth except the
maxillary central and rateral incisors and the maxillary
f irst mol-ar.

Calcification rates for individual teeth \.^/ere assessed.

by plotting the mean age of attainment for each stage

against an arbitrary but standard scale of development.

This v/as done separately for the control group and the tri-
sony 2l group and is shown in Figures 31 Lo 46 , Appendix B.

Exarnining the data in this way revealed a high degree

of parallelism in the calcification curves of the trisomy
2r group and the contror group. rn other words, ärthough
there was a delay in cal-cification of each tooth in the
trisomy 2J- group, the rate of cal-ci-fication was simil_ar to
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that of the control group.

The standard deviations in mean age at each stage show-

ed little difference between the two groups for most of the

teeth studied. Those that did have a larger standard

devj-ation in the trisomy 2r grorrp were the maxillary cen-

tral incisor, lateral incisor, cuspid and. second molar, and

the mandibular second molar.

The relationship of dental calcification age to chrono-

logical age in both groups is shown in Figure 7 " The

mean scores for each age group, along with their standard

deviations and standard errors are presented. for both

groups in Table xrr. Differences between the trisomy 2r

and control groups cannot be adequately assessed i-n the

earliest age groups due to the smaIl number of subjects in
the trisomy group at that age.

After age seven years the trisomy 21 group had mean

dental cal-cification ages retarded relative to the contro]
mean ages. The amount of retardation remained relativery
constant with advancing chronological age until age fifteen
rvhen both groups were mature in terms of dentar cal-cific-
cation" The overall- retardation in dentar calci-fication
calcul-ated as a percentage of the control scores for each

age group was 3.5 per cent.



Mean, Standard Deviation,

Dental- Calcification Age.

TABLE XIÏ

Standard Error, and

(¡lales and Females

Mean SD
(Months )

Number for

Combined) .

SE No.l4id-point of
Age Cl-ass
(Months )

42

54

66

7B

90

l-02

TI4

L26

t3B

150

l.62

174

186

Group

Control-
Trisomy
Control
Trisomy
Control
Trisomy
Control
Tris omy

Control
Trisomy
Control
Trisomy
Control
Trisomy
Control
Trisomy
Contro 1

Trisomy
Control
Trisomy
Control
Tris omy

Control
Trisomy
Corrtrol
Trisomy

43.3 2.3 1.0 5

2T

2I

2I

2I

2L

2I

2I

2L

2I

58.3
46.s
67.2
7 L.2
7B.B
85 .5
89.2
65. I

104.1
9 4.5

IL7 .2

8.5
2.0
3.0
4.6
9.5
9.9
8.5
g.o

7.2

2.8
1.2
I.2
2.7
3.6
7.0
3.5
5.2
2.4

9

3

6

3

4

2

6

3

9

1

9

27

7.4 atr

2T

l-26 .5
L22.5
134.3
134.8
153.6
149.3
158.9
151" 9

162.7
161. 3

166.5
163.1

6.2
13. 6
10. 6
8.9

12 .5
7.9
7.2
8.9
9.6
9.9
5.9
6.6

2.4
5.2
3.7
3.6
4.2
2.8
3.2
2.7
4.,

4.4
2.0
2.5

7

7

B

6

9

ou

5

11

9

5

I
1

2I

27
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Skeletal Maturation

Greulich-Pyle Score

The mean, standard deviation and number for the

Greulich-Pyle score for each age class are presented in
Table xrïr for the contror group and Table xrv for the

trisomy 2r group" The relationship of these mean scores

to chronological age is shown j_n Figure B for the con-

trol group and Figure 9 for the trisomy ZI group. It was

found that the mal-es were consistently behind the femal-es

throughout the age span studied for both the control group

and the trisomy 2r group. This difference was significant
at, the one per cent leve1 of confidence.

hlhen the trisomy 2r femal-es were compared to the con-

trol females (Figure 10) it was found that the trisomy 2r

means were less for the early age classes¡ but by age

thirteen years the trisony 21 means were greater than those

of Lhe control females " This trend persisted as chrono-

logical age increased with the trisomy zL femares achievj_ng

a mature mean score by age sixteen while the control fe-
males did not have a mean score at the mature level until
age eighteen. This difference v¡as significant at the one

per cent level of confidence.

A similar interacti_on was d.isplayed by the mean

Greurich-Py1e scores for the mal-es (nigure rr) . The tri-
somy 21 males had mean scores rnuch ress than those of the

control mal-es untiJ- approximately age thirteen years.
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After this age the trisomy 21 mean scores h/ere greater

than those of the control group" The trisomy 2l males

achieved a mean score at the mature lever by age seven-

teen years, while the control males had not achieved

maturity in this measure by age nineteen years. This

difference \,vas also signíficant at the one per cent

level of confidence.
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TABLE XITT

Mean, Standard Deviation and Number for Greulich-py1e
score by chronological Age class for the control Group.

Mid-point
Age Class
(Months )

42

54

66

78

90

r02
114

126

138

150

L62
L74

186

198

2r0
222

Males

Mean SD No"

30.5 3,0 4

38.8 7.s 4

44.0 9.0 3

62.0 4.2 2

83.0 16 .9 2

82.3 9 .9 4

95.0 16.9 4

113. 0 26.2 3

105.0 22 "7 3

133.4 13.8 5

161.0 8.5 2

1s0.0 32.5 6

177.0 19.3 3

L9r.2 24.6 4

204"1 2I.5 4

211. 3 23.4 4

Femal-es

Mean SD No"

29 .O 0.0 1

47"0 7.3 5

48"5 2.I 2

81.5 3.0 4

72"0 9.6 3

86.B I2.B 4

108.2 2L.B 5

116"0 12.5 4

I27"0 18.3 3

139"0 20.8 4

153.0 g.2 3

164.0 5.2 3

I79 .0 12.0 3

191.0 11.1 4

206 "0 12 .7 3

215"0 0.0 3
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TAi]Ltr XIV

Mean, standard Deviation and Number for Greul-ich-pyle score

by Chronological Age Class for the Trisomy 2I Group.

Mid-point of
Age Class
(Irfonths )

42

s4

66

78

90

L02

114

l-26

138

150

l-62

L74
186

198

2l-0

222

l4a les

SD No"

0.0 1

I.7 3

13.3 4

7.9 3

17.B 5

9.6 6

20"8 4

22"0 6

28"4 3

18.0 3

33.6 9

72.2 6

5"7 4

25.0 3

0"0 4

0.0 5

Females

SD No"

0.0 l
I0 "7 6

I4.2 3

17.7 5

11.3 4

Mean

23"0

30"0
45 .5
44"0

65"6
76"0

101" 1
105.0
10s"0
143. 0
166"3
186"0
183"5
207.0
227.0
227 "0

Mean

11. 0

30. 5

40.0
65 " 6

67 .3

56.0
111. 0

138.2
148.0
156. 5

0.0
25 .0
16"1
22.5
27.9

I
3

5

6

4

I
5

3

5

4

209 .0
2I5 .0
215.0
2!5 .0

4.5
0.0
0.0
0.0
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Total Oxford Score

The mean, standard deviation and number for Total
oxford score for each age class are presented in Table xv

for the control group, and Tal:le XVI for the trisomy 2I
group" The relationship of these mean scores to chrono-

logical age is displayed in Figure 12 for the control
group and Figure 13 for the trisomy 21 group. The sex

difference in tirning of maturation is evident in both

groups and is of a similar magnj-tude in each.

The relationship between the scores of the trisomy 2I
females and the control females is shown in Figure 14. As

was seen with the mean Greulich-pyre scores, the reration-
ship is one of interaction. The early trisomy 2L scores

were less than those of the control group but after approx-

imately age thirteen years the trisomy 2r scores \^/ere

greater. This interaction rvas significant at the one per

cent lever of confidence. The trisomy 2r females showed

mature mean scores some two to three years ahead of the

contro] f emal_es.

The males followed a similar pattern (Figure 15). The

trisomy 2r mean scores were less in the early age groups,

but after approximately age twelve the trisomy 2r mean

scores were greater than those of the control group.

Mature scores were reached by the trisomy 21 nales by age

eighteen years but at that age the control males did not
yet shorv mature scores. This difference in maturation
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rate between the

was sígnificant

trisomy 2I

at the one

mal-es and the

per cent leve1

control males

of conf i-dence.
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TABLE XV

Mean' standard Deviation and Number for ToLal oxforcl score
by chronological Age crass for the control Group.

Mid-point of
Age Class
(l4onths )

42

54

66

78

90

r02
114

t26
138

150

]-62

]-74

186

198

2r0
222

Males

SD No"

Females

Mean SDMean

50"5
98.0

115"5
195"5
250 "5
280.5
358.0
358.3
498"5

537"5
75s. s
685"2
822"5
845. 5

851.2
920.I

I2.9 4 45 "5 0.0
22.2 4 \83.5 49.7
20.0 3 195.5 I4.L
84.9 2 303.0 38.6
2r.2 2 265"5 34.6
52 "6 4 370.5 110. 3

92"5 4 477.s 138" 1

73.7 3 523.0 149.3
58.6 3 624.4 170.0

L27 "5 s 730. s 159 " 3
169 .7 2 798.8 81.4
270.5 6 908.8 20.8
105.0 3 9 28.B 50. 3

77 .2 4 975.5 45.0
65.4 4 9ss.5 s6. s

10 3. 2 4 1000 .0 0.0

No.

1

5

2

4

3

4

5

4

3

4

3

3

3

4

3

3
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TAtsLB XVT

Mean, standard Deviation and Number for Totar oxford score

by Chronologi-caI Age Class for the Trisomy

Itfid-point of
Age Class
(ivlonths )

42

s4

66

7B

90

r02
114

L26
138

l-50

162

r74
186

198

2r0
222

Males

itfean SD

2I Group.

Females

SD No"

55.5
58.8

150. 5
145. 5
247.5
275.5
365"s
422 .2
438. B

632.2
723 .3
824"I
883.5
964.3
B2B. B

9BB. B

1000

10 00

0"0
11. 5

6I " 9

43"6

79 .8
42"4

l-06 "7
133"5
L23"4
L62.9
181. 5

94 "6
110. 3
58.4

288"7
10.3
0"0
0.0

90"5
1BB. B

247.5
295"5

48.1
46 .2
7 3.9
37 .4

No"

1

3

4

3

5

6

4

6

3

3

9

7

5

B

3

6

4

3

Mean

6

3

5

4

205.5
522.2
715. 5

730.5
773.0

1000

987.5
918" 7

1000

1000

1000

0.0
2 43.5
704.2
L77.6
I29.7

0.0
L7.9

132. B

0.0
0.0
0.0

1

3

5

6

4

1

5

3

5

4

4
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Oxford Carpal Score

One component of the Total Oxford Score is the Oxford

Carpa1 Score" The mean, standard deviation and number for
the carpal score are oresented in Table XVII for the con-

trol group and Table XVIfI for the trisomy 2I group" The

relationship of these scores to chronological age is shown

in Figure 16 for for the control group and Figure 17 for
the trisomy 2L group" Again, for both groups the males

vlere found to be behind the females in carpal ossification
at all age levels " The sex difference shown by the trisomy

2L group was very similar to that shown by the controls.
When the trisomy 2L females were compared to the con-

trol females (Figure 18) it was found that there was no

signifícant difference between the two either in mean score

for age or in rate of increase. As well, Lhe time of
achievement of mature scores \,vas essentially the same be-

tween the two groups at age sixteen years.

Examination of the rel_ationship between the trisomy

21 males and the control mares reveared a similar situat-
ion (n'igure 19). There was no significant difference in
carpal development for â9€, or rate of maturation between

the two groups. The trisomy 21 males did show mature

scores by age eighteen years but control mal-es did not.
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TABLE XVIÏ

Mean, Standard Deviation ancl Number for Carpal Score

by Chronological Age Class for the Control Group.

Mid-point of
Age Class
(Months )

42

54

66

78

90

l-02

114

l-26

138

150

]-62

L74

186

198

2L0

222

Males

SD No. Mean

7.5 4 18.0
L4"4 4 7s.0
L2.6 3 75. 5

42.4 2 136. 8

10.6 2 L28"0
2L"7 4 ]-66 .8
22 "I 4 204.0
20 "B 3 213.0
35"0 3 286.3
65"7 5 348.0
95"5 2 343.0

150. I 6 436.0
30.6 3 443"0
3s. 0 4 48s.0
29.3 4 490.0
32.7 4 492"1

Females

SD No.It{ean

14. 3

26 .8
39.7
78.0

L25.5
119.3
L44 "3
156"3
118.0
232"0
390.s
343.0
404.7
42r"3
440 .4
439 "7

0"0
28.9
r_0. 6

2I. 4

10.0
40 "9
7r.9
48.0

112. 5
90.6
83. s

36.9
51.9
34.2
33.1
28 .6

I
5

2

4

3

4

5

4

3

4

3

3

3

4

3

3
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TABLB XVIII

Mean, Standard Deviation and Number for Carpal Score by

Chronological Age Class for the Trisomy ZL Group.

Mid-point of
Age Cl-ass

42

54

66

78

90

r02
114

l-26

138

150

l.62
l-74

186

198

2l.0

222

234

246

Males
Mean SD No"

0.0 I
7.6 3 38.0

28.7 4 73.0
33.3 3 123"0
38. 3 5 140.5
4I.2 6 --
45.6 4 118.0
9 4.3 6 244 "7
62.5 3 316.0
72.9 3 322.2
86.9 9 333.0
51. 0 7 s00.0
82.r 5 495.0
40.9 I 500.0
32.3 3 500"0
0.0 6 s00,0
0.0 4 500.0
0.0 3

Females
Mean SD No"

;;, ;
15.0 3

23.7 5

19.4 4

8.0
16"3
60 " 5

56. 3

112"0
128" B

160. 5

198.8
196.3
296.3
320. I
375. 3
440.5
480 .2
485.6
500.0
500 " 0

500.0

0.0
113. 4

9 4.8
105.9
72.2
0.0

24.7
0.0
0.0
0.0
0.0

1

3

5

6

4

I
5

3

5

4

4
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Oxford Epiphyseal Score

The second component of Total Oxford Score is the

Epiphyseal score. The mean, standard deviation and num-

ber for this score for each age class are presented in
Table xrx for the control- group and Table xx for the tri-
somy 21 group. The relationship of these mean scores to
chronological age is shown in Figure 20 for the control
group and Figure 2I for the trisomy ZL group. Agaj-n, the

males of both groups were consistently behincl the fe-
males. rn each case the difference was found to be sig-
nificant at the one per ôent level of confidence.

when the trisomy 2r females vüere compared to the con-

trol females (Figure 22) it was found that the trisomy 2r

means b/ere less for the early age classes but after age

eleven years they were greater" This difference in rate
of maturation was significant at the one per cent level
of confidence. The trisomy 2L females showed mature

scores at age fifteen years while the control- females did
not until age seventeen years.

when the relationship between trisomy 21 males and

control males was examined it was found that a similar
situation existed (rigure 23) . The initiar scores were

somewhat l-ower in the trisomy 2r males than the contror
males, but after age efeven years the trisomy 2l scores

were significantly higher than those of the control mares 
"

This difference was significant at the one per cent l_eveÌ
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of confidence" The trisomy 21 males showed mean scores in
the mature range by age seventeen years while at eighteen

years the control ma1es had not yet reached maturj-ty in
this measure.
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TABLE XIX

Mean, standard Deviation and Number for Epiphysear score

by Chronological Age Class for the Control Group.

Mid-point of
Age Class
(Months )

42

54

66

78

90

L02
114

L26

138

150

L62
r74
186

198

2r0
222

Mean

34"3
69. 3

79 "7
118. 0

I20"5
161" I
186 " I
201. 3

t79 "7
306,0
365"s
343. 0

413.0
413. 0

AIL.6
415"3

Males

SD No. Ifean

15.5 4 33.0
11"1 4 L04.0
5.8 3 120.5

35.4 2 166. B

10.6 2 r3g.7
30"9 4 204"3
37"1 4 275.0
55.1 3 306"8
24 "7 3 338. 0

69. 3 5 380.5
74"2 2 424"7

L24"3 6 473.0
BB.9 3 484"7
73"1 4 500.0
55 "2 4 500.0
53"1 4 500.0

Females

SD No.

0.0
30.7
31. I
24.9
24.7
70"8
72.2

100.6
60.0
68.5
30.6
22.9
18.9
0.0
0.0
0.0

1

5

2

4

3

4

5

4

3

4

3

3

3

4

3

3
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TABLE XX

Mean, st.andard Deviation and Number for Epiphyseal score

by Chronological Age Class for the Trisomy 2I Group.

Mid-point of
Age Class
(Months)

42

54

66

78

90

L02
114

L26
138

150

L6i
:-74

186

198

2L0

222

Males

SD No. Mean

0.0 1

12.6 3 52"2
37"3 4 113.0
L3.2 3 122.0
43.8 s 154"3
19"1 6 --
62.0 4 88"0
52 .0 6 279 "7
62.9 3 396.0
94"4 3 408.8

10s"6 9 440.5
r9"2 6 s00."0
27.I 4 498.0
2.9 3 500 .0

14 "7 4 500.0
0.0 5 s00"0

Females

SD No"

15.6 6

26.L 3

48.9 s

2L.4 4

0.0 I
727.5 2

36.3 5

73.5 6

58.1 4

0.0 1

0.0 5

0.0 3

0.0 5

0.0 4

Mean

43"0

39 "7
89.3
88.0

134"0
146. 3

205"s
213"8
24t"3
336. 3
401.9
458"0
458"0
496.3
490.0
500.0
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Standing Heiqht

The effect of chronological age on the linear measure-

ment standing height is shown in Figure 24 for females and

Figure 25 for males. The mean values for each sex of both

groups are presented, along with their standard deviations
and numbers of subjects in Tables XXI and XXII.

It was found that the mean standing height of the tri-
somy 2I individuals r,,?as l-ess than that of the controls at
all age levels for both sexes. The disparity between the

mean heights of the trisomy 2r individuals and. the controls
remained relatively constant in magnitude until age fifteen
years in males, and age thirteen years in females. At these

age levels the rate of increase in mean standing height with
advancing chronological age became much less in the trisomy
2r group, while the control group retained its initiar rate
of increase until age 17 years in mares and age fifteen
years in females.

The differences seen i-n magnitude of standing height
between the trisomy 2r group and the contror group in both

males and females were significant at the one per cent

level of confidence. The differences in rate of increase of
standing height were arso significant at the one per cent

l-eveI of confidence.
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TABLE XXI

Mean, Standard Deviation and Number for the Linear Di-
mension Standing Height (in inches) for
Mid-point of
Age Class
(Months )

42

54

66

7B

90

I02
114

L26
138

150

L62

174

186

198

2I0
222

234

Mean

37"1
4r.9
42.6
45"6

50"6
50"5
sI" 7

s4"5
54.1
58"9
6r.2
63.7
65 "7
66. r
67 "2
67 "2
68.0

the Control Sample"

FemalesMales

SD No.

0.7 4

3"4 4

1.0 3

2.I 3

I"2 3

L.2 4

0.8 4

2.7 3

2"7 3

0"8 4

5.9 2

4.7 6

3.3 3

4.2 4

5.1 5

3"s 4

3" I 4

Mean

39 .6
42.8
42"3
47 .0
48.8
52.3
50. I
s3.9
57 .2
s9.5
61" 3
64.9
65.1
63.1
64.4
65"1
6s. r

SD No.

I
1.3 5

3.0 3

1.6 4

1.8 3

3.5 5

1.6 5

2.0 4

3.1 5

4.7 4

4.4 4

1.0 3

3.2 5

2.5 2

1.5 4

I.7 4

1.8 3
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TABLE XXTT

l4ean, Standard Deviation and Number

mension Standing lleight (in inches)

Males

Mean SD

f.or the Linear

for the Trisomy

Females

Mean SD

Di-

2I Sample.

No"

I
3

4

3

1

Mid-point of
Age Class
(Months )

42

54

66

7B

90

r02
114

L26

138

150

L62
L74

186

l_9 B

2r0
222

234

246

No"

37 "3
41" 1
43 "9
48.4
48.1
48. 1
49. 1

51. 6
55. s

57 "9
59"0
61.5
60 "2
59.7
62. L

63. 1

64 "0

I.7

l_*
4"4
3.2
5.3
3.8
3.1
3"7
3.7
2.L
2.0
2.0
3"3
3"2
2.3
2.I

25"2

39 .0
39 .2
42.8
43" I

2.6
1.3
6.9

2

2

I
3

5

3

7

3

I
10

B

I
IO

3

7

4

3

48.0
51. 5

50 .9

5s. 3

s7.3

4.0
4.0
4.2
3.1

I
5

5

6

7

56.4
59. 3
58.1
55.1
s7.1
59 "2

1.1
5.2
5.2
2.0
3.9
1.5

5

3

5

5

4

2
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Mandibular Length

The effect of chronological age on the measurement of
mandibular length is shown in Figure 26 for females, and.

Figure 27 for males. The mean, standard deviation and

number of subjects in each age class for each sex for both

groups are presented in Table XXIII and Table XXIV.

The trisomy 2r individuals of both sexes were smaller
in this dimension than the controls at all_ age leve1s.

This difference, which was significant at the one per cent

Ieve1 of confidence \,vas largest in the age range three to
nine years, diminished somewhat from ten to fifteen years

in males and from nine to thirteen years in females. After
approximately age fifteen years in males and age thirteen
years in females the increase in this dimension appeared

to cease in the trisomy 2I group" The female control
group showed an increase in mean mandibular length until
age sixteen to seventeen years whil-e the control males

showed an increase in this dimension until age nineteen
years " These differences in rate of increase were sig-
nificant at the one per cent level_ of confidence.
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TABLE XXITT

Mean, standard Deviation and Number for the Linear Dimension

Mandibutar f,engtfr (in millimeters) for the Control Sample.

Mid-point of
Age Class
(¡{onths )

42

54

66

7B

90

r02
114

L26

138

150

L6-2

l-74
186

198

2r0
222

234

Males

SD No.

4.2 4

6.8 4

2.8 3

2.2 3

4.4 3

L.7 4

2"8 4

9"9 3

6.0 3

4"2 5

5"4 2

6.2 6

3.8 3

7.r 4

4.3 4

5.0 3

5.1 4

Females

SD No.

4.r 5

4.I 3

1.6 4

5.5 3

6.3 s

6"1 5

4.6 4

3.9 5

s.9 4

3.6 4

5.s 3

6.1 5

3.9 2

6.0 s

3.6 4

2.2 3

Mean

?7 "5
85.7
85. 3

87 .9
92.3
95.3
96. 4

101. I
99 .6

101. 9

107"1
109. 3

L07.7
113. 2

l-16 "2
T18. 3

118. 4

Mean

81. 3

81" 3
83"9

89. 3

90.1
96.2
93.8
96.1

100.6
r04.4
r05 .2
103.3
109.6
111. 5

I07.9
111. 0

111" 3
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TABLE XXTV

Mean, Standard Deviation and l{umber for the Linear Dimensj-on

Mandibular Length (in millimeters) for the Trisomy 2r sample.

Mid-point of
Age Class
(in months )

42

54

66

7B

90

L02

114

L26

138

150

L62

174

186

198

2r0
222

234
246

Males

Mean SD

Femal-es

SD No.

=-1
7.3 5

7.9 3

5.0 4

7.0 5

7r.4 6.1
80.2 9"0
75.4 3"s
79.9 3"2
85.s 8.0
8s.0 6. 1

84" I 7 "5
94.t 3"3
94.6 5.1
97"4 6"9

102"1 4.0
103. 4 7.0
r02.2 5.2
106.9 3.5
106.1 6.1
110"6 8.8
101.8 4.1

No. Mean

50. 5

69 .6
77 .3
77 "2
77 "3

3

3

3

5

I
5

7

5

9

10

9

I
l-1

3

6

3

3

81. 3
88.5
87 "6
96.9
93.0
93.4
96.9
97 .3
9 4.9
95.6
96 .7
99"4

I
8.9 7

3.1 s

3.6 6

6"2 I
9.3 2

5.5 s

5.5 s

4.3 7

3.3 5

2.I 5

0.7 2
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CIIAPTER V

DÏSCUSSION

Ivlaturation of Tndividual leeth

The findings of this study with respect to dental
eruption confirm the previously reported. findings of
Barkla (1966 and Cutress (1971) , in that all of the teeth
studied were delayed in eruption time in the trisomy 2L

group, and a1l showed a greater variability in time of
eruption than did those of the control group.

The magnitude of deIay, however, varied considerably

from that found by these previous investigators. The median

erupt.ion times for trisomy 2L subjects reported oy Barlcla

(1966) and Cutress '(1971) \^/ere uniformly higher than those

found in this study. This discrepancy r^zas greatest for
the maxill-ary second bicuspid, where the median reported

by Barkla was approximately thirty-two months greater than

that found for the trisomy 2r subjects in this siudy. rt
is unlikery that this difference between the present study

and previous studies can be acìequately explained on the

basis of samplinE differences. A1l- of the studies utilized
a primarily cavcasian sample wi th roughly equal numbers of
indi.¿iduals lj-virrg at home and in institutions. The most

l.ikery expranation of the difference between these studj-es

lies in the methodology. The d.ata reported. on in this
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study was derived from both praster models and panoramic

jaw radiographs while the previ-ous studies utilized onry

visual examination. rn this study then, congenitally ab-

sent or extracted teeth were not erroneously crassified as

unerupted teeth. This is no sma1l factor considering the

well known high incidence of congenitally missing teeth
in 'trisomy 21 individuals (Barkla, 1966b odani , 1969) "

The teeth showing the most severe retardation in the

trisomy 21 group \,rere the maxillary cuspid and the mandi-

bular second molar" The median eruption time of the max-

illary cuspid in the trisomy 2I group \,vas 22.B months

greater than that of the control group. The median erupt-
ion time of the mandibular second molar was 24.7 months

gt.u.i"r than that of the control- group. Both of these

teeth showed a great amount of variability in eruption
time" rt was subjectively noted on examination of the
panoramic jaw radiographs that many of the maxillary
cuspids were impacted" These were crassed as unerupted

as no cl-ear cut means could be d.evised to distinguish
between ímpacted and unerupted teeth. rn the case of
the mandibular second molars, it was noted radiographic-
ally that many of these teeth in the trisomy 2r group

exhibited an unusual- distal incrination associated with
non-eruption. This occurred in subjects with and with-
out third molars ana witrr and without apparently adequate

space for eruption (Figure 28 to 30).
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Figure 28. Right
trisomy 2L female

and ].eft sides
aged 13 years

of subject nur¡ber 186
2 months 

"

Figure 29. Right and
trisomy 21 male aged

left sides
13 years B

of subject number
months.

90

Figure 30. Right and
trisorrry 2l- male aged

left sides of subject number 222
16 years.
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fn Figure 5 the median eruption agies for both the

control and trisomy 21 group are represented by bars.

They are ordered vertically acco::ding to magniiuAe of
median eruption time in the control group. The only

variation from this order in the trisomy 21 group is the

max-i1lary cuspid which was more de1a1'ed in median erupt-

ion time than one would expect on the basis of the d.elay

seen for the other teeth. Thls may represent a specific
retardation of the eruption process for this tooth, but

iL seems more likely that it is the result of certain
other f actors. rn norrnal- índirricluals the ma.xillary cuspid

follows a tortuous path of eruption v¿hich is in rather

delicate balance. Moreover, it is the last tooth to
erupt ant'erior to the seccnd molars. If ccnditions
become unfavorable'for eruption of the maxiilary cuspid

it frequently becomes impacted. This is especially t::ue

when maxillary growth is deficient. A high in'cidence of
horizontal impaction v/as noted for maxillary cuspíd.s in
the trisomy 21 group. This is probably related to the

lack of maxillary growth reported for this condition
(Kisling, L966¡ Ghiz, 1968). Tf some way to exclude im-

pacted teeth from the analysis of dental eruption could

be arrived at it would, in all likelihood, become ap-

parent that the maxillary cuspid in the trisomy 21 group

was actually retarded to the sante ex-uent as the cther
teeth. The data on dental. calcification show that the
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maxj-1lary cuspid ís not significantly more retarded in
this second measure of dental development than the other
teeth examined. rn other words there i-s no retardation
of calcification specific to the maxillary cuspid.

The trisomy 21 group showed a retardation to be

present in the formation and calcification of each of the

fourteen teeth studied. This was present in the earliest
stages assessable and persisted throughout devel-opment.

The rate of progress of the teeth through the stages of
development equalled that of the control group. rn other

words, initiation appeared to be delayed, but subsequent

development progressed at a normal rate. rt is important
to remember that in assessing' the stages of development

of tire teeth in the trisomy 21 group, the overall- blunting
of the roots was taken into consideration. rf they were

compared with the control-s on the basis of the sane ul-
tj-mate root length a marked retardation wourd have been

evid-ent during the period of root formation. fn this
study, the deveropment of the teeth was measured in terms

of its progress toward the mature configuration in each

group and the trisomy 21 group was found to progress at a

rate similar to the control_ group.

The cal-cification curves for the maxirlary and mandi-

bular second bicuspids of the trisomy 21 group displayed
an irregularity in that the mean age exhibiting stage ,,A,,

(absence of crypt) was mucÌr greater than the mean age of
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those showing stage rrBrt (presence of crypt with no cal-

cification) (Figure 34 and Figure 42, Appendix B) . This

can be explained on the basis of the high incidence of

congenital absence of teeth in the trisomy 21 group. No

doubt the subjects inclucled in the calculation of mean

age shov,zing stage rtArr for these teeth included. some sub-

jects who were never going to progress to stage rrBrr due

to congenital absence, thus skewing the distribution of

ages at this stage in the direction of greater age"

It is interesting to note that in both eruption and

calcifj.cation the dentiij-on of the trisomy 21 group

appeared to be af fected as a whol-e. This i 5 qui.te dif -
ferent from a characterj-stic such as congenital absence

which has a definite predilection for certain teeth both

in "normaI" populátions and trisomy 21 populati.ons. Pre-

sumably dental maturation is deterrnined by multiple genes

with additive effects, There is some evidenie to in-
dicate that absence of a tooth is a quasi-continuous

character directly related to a continuous variation in-
volving the size of the tooth when present (Gruneberg',

1951 | L952; Garrr arid Lewis, L969,. Garn& others, 1970). In other

words, congenital- absence is a "threshold effect". If
the size of a tooth falls below a certain threshold, it
is absent altogether. In support of this is the fact
that. those teeth most susceptible to absence are the

teeth that show the greatest variability in size. In
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this connection one might expect to find a similar re-
lation between variability in maturatíon and congenital

absence. "Lateness" in development might have a threshold

beyond which no development at all occurs " If this were

true, teeth "stable" in terms of congenital absence

would show less disturbance of maturation than less

stable teeth in a condition such as trisomy 2I" No such

relationship coul-d be shown to exj-st.

Denta1 Eruption Age and Dental Calcification Age

!{hen the control group and the trisomy 21 group were

compared on the basis of dental eruption age it was evident

that, the trisomy 21 group was delayed significantly but

that a very parallel relationship existed between the two

groups. Calculating the delay shown by the trisomy ZI

group gave the following results;

TABLE XXV

Mean Delay in Denta1 Eruption Age Shoivn by Trisomy 2l Group.

Mid-point of Age Class " Mean Delay in Dental Eruption Age
(months )

7B

90

102

1r4
126

138

150

162

L74
186

Shown by Trisomy 2L Group

12 "32
11.4?

-3.3å
9"IU
9"3ã

13.6 å

15.48
10.7a

0.68
0.0t
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It can be seen that except for minor variations the

trisomy 2I group progressed in eruption at the same rate

as the control group, with an average delay of 9 " B per

cent untj-1 age fourteen to fifteen years when eruption was

complete in the trisomy 2I group and no difference in dent-

a1 eruption age could be distinguished between the control
group and the trisorny 21 group.

It has been suggested that a trend toward "normal-

ization" exists in the trisomy 2Ì phenotype, with regard

to certain clinical features (Hall_, L970) " The findings
reported here would seem to indicate that as far as

eruption of the permanent teeth is concerned, a delay is
present when the fi.rst permanent teeth erupt and remains

relatively unchanged with advancing chronological age un-

t.il the last permanent teeth erupt" The eviclence of

Roche and Barkla (I964) suggests that a similar relation-
ship exists in the eruption of the primary teeth.

Dental calcificatÍon is similar to dental erupti_on

in the trisomy 21 group in that the rate of progress in
maturation is equal to that of the control group. There

is no evidence of "catch-up" maturation to compensate

for the initial delay

According to the findings of this study carcification
of the teeth j-n trisomy 2r is only slightly retarded when

compared to the control- group. The retardation was cal-
cul-ated to be 3.5 per cent overalL. This is consicìerabty
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less than the 9.8 per cent delay seen in dental eruption,
and is much less than the 13 per cent delay reported by

Garn, Stimson and Lewis (1970) " This may be explained by

several factors. The study of Garn and co-workers in-
volved a sample of only 25 subjects. Their index of dental

development included dental eruption which r âs has been

shown in this study, is significantly more retarded than

dental calcifi-cation, and can be affected by impacted

teeth" More important, however, is the fact that the

standards of root development were not adjusted to alIow

for the small-er length to width ratios found. for the

teeth of individuals affected with trisomy 2I. This,re-
sul-ts in an apparent retardation in maturation which is,
in reality, an altered morphology.

The greater retardation of dental eruption as opposed

to dental calcification in the trisomy 2I group j_s con-

sistent with current knowledge of these two processes.

It is wel-I known that dental calcificati-on is one of the

maturity indicators least affected in a wide variety of
endocrinopathies and size diminutions (Garn, Lewis and

Bl-izzard, L965i Keller and others, 1970). Dental erupt-
ion, on the other hand, is more 1ikely to show changies

secondary to endogenous factors such as nutritional and

hormonal imbalances, as well- as to exogenous factors
such as early loss of deciduous teeth or crowding of the

dentition (Bjork, 1956; Garn and others, I95B; Lewis and
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Garn, 1960; Fanning, 1961) "

It is interesting to note that the variability in den-

tal calcification age in the trisomy 21 group ís no greater

than that of the control group" This is in contrast to
most other measures of maturity or morphology in this con-

dition where an extremely high varia-bility is found.

Genetic, functional, nutritional, endocrine and

metabolic factors all play a role in dental development

but the quantitative and qualitative effects of each have

not been well elucidated as yet (Garn and others, 1965) .

Longitudinal studies of normal twins and triplets have

led to the conclusion that as much as 90 per cent of, the

variability j-n normal dental maturation has a genetic

basis (Hatton, 1955; Garn and others, 1965; pavlik, 196B).

Whether the effects on dental- development of trisomy

2I seen in this study are caused directly by genes

affecting dental maturation and carried on the super-

numerary chromosome or whether they are secondary to
endocrine or metabolic disturbances is impossible to
determine at this ti¡ne. one possible explanation lies in
the theory propounded by Bailit and others (1968) in an

attempt to explain the generalized delay in dentar devel--

opment seen in chi-i-dren affected with cleft palate. The

addition of the extra genic material carríed on the

supernumerary chromosome in trisomy 21 may cause a break-
down in the polygenic system ilrat control-s the development
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of the organism and l:uffers it against environmental

stresses. Bfakesl-ee (1959) has reported a number or

trisomic plants of the genus Datura. All show morpho-

logic anomalies in most visible characters as well as

being sloiver in growth than normal plants. In com-

petition they are l-iab1e to be crowded ouÈ by the latter.
This fail-ure to thrive is seen dramatically in the other

trisomy states known in humans, E group trisomy and D

group trisomy (Nerson & others,l-969)" An obvious exception to
this pattern are the sex chromosome aneupl-oidies (Horo-

witz , Lg72). Individ.uals with Klinefel-ter's syndrome

har,'e a supernumerary chromosome but are not apparently

growth retarded. This can be explained on the basis of

X-inactivation (Lyon, 196Lt L962) . Even ihough these

individuals have extra chromosomal- material their pheno-

type is expected to be and is much less affected than in
autosornal aneuploidies (l,yon, 1970) .

Shapiro (1971) has also suggested that a major effect
of trisomy is the disruption of evol-ved chromosomal balance

leading to less well-buffered developmental pathways. He

predicts that d.evelopmental pathways that are relatively
less stable in the normal individual- v¡ould be even more

unstable in aneuploid individuals, and accordingly would

show more disruption in a condition such as trisomy 2I.
The fÍndings of this study with regard to dental maturation

suppòrt this hypothesis. Eruption, known to be an extreme-
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1y variable phenomenoà in

affected in the trisomy 2I

ation which is known to be

Skelet.al Development

terms of timing vras much more

group than was dental calcific-
a very stable process norma1ly.

The skeletal maturation displayed by the control group

in this study agreed well with the pattern that has been

shown to exist j-n a large number of "normal" populations

that have been investigated in the last half century. Mean

development appeared to progress at a steady rate but

there was a great deal of .indívidual- variation in spite of
the fact that the control samplg was apparently free of
pathological- conditions .

Each of the four different measures of skeletal
maturity examined showed the control females to be ahead

of the control rnales of the same chronological age. This

consistent and normal relationship vras paralleled very

closely by the trisomy 21 group for each of the four
measures. The sex difference in sl<eletal maturity is
thought to be related to genes cn the Y chromosorne

(Tanner and others, 1959) " or to genes on thre X chromo-

some (Garn and }lccreery¡1970) " It is in accorCance with
these views that the autoso¡nal aneuploidy, trisomy 21

displayed a sex difference in skeretal maturation similar
in size and character to that seen in a group of control
índividuals.

The Greuli-ch-tryle method of assessing skeletal clevel-
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opment theoretically rules out sex differences by using

a separate set of standards for each sex. In spite of
this, the males of both the control and the trisomy ZL

group scored significantly less than the females of the

same group ín this measure" This finding would seem to
indicate that the difference in skeletal maturation

rates between males and females is greater in Manitoba

children at present than it was in the Ohio populati-on

recorded by Greulich and Pyle in the 1930's. Studies

utilizing larger samples than were possible in this work

wourd be necessary to investigate this trend more thorough-

Iy"

In general, the skeletal maturation recorded for the

trisomy 2r group in this study was retarded in the young-

est age groups, not d.i-f ferent from that of the control
groups in midchildhood, and accelerated in the later age

groups. This is in complete agireement with the findings
of Poszonyi and co-workers (1964), and in general agree-

ment with the results reported by Roche (1964) . rt is,
however, ât variance with much of the previous fiterature.
The confusion in the literature with regard to skeretal
maturation in Down's syndrome can be explained to some

extent on the basis of the present findings. From t.he

nature of the rerationship shown to exist between the

control_ group and the trisomy 2I group in this study,
one can see that if i-nadequate attention were paicl to
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grouping the data on the basis of chronological age the

true relationship would be obscured. As well, the age of
the sample is extremely important" If the sample were

predominantly younger an overarl retardation in skeretal
maturation would be evident. If it were predominantly

older the impression would be that skeletal maturation is
advanced in Down's syndrome. A sample containing only

children in midchildhood would show no difference from a
control sample. All of these varying results have been

reported. Several additional sources of error are

possible" Small samples have been the rule, and. this,
combined with the large variability that has been shown

to exist in individuals affected with trisomy 21 may

aciount for some of the confusing results reported. As

we1l, none of the previous studies utilized control groups

geographical-ly and secularly similar to the Down's syn-

drome group that was examined.

It might be argued that in a cross sectional study

an increase in maturation rates in the later age groups

r-s only apparent because there is selection by d.eath of
the more severely affected individuals. This may be

partly true, but Roche (r964) found a definj-te difference
between early and late skeletar maturation rates in Downrs

syndrome subjects followed longitudinally. The longitudin-
aL nature and handling of his data ruled out serection by

death.
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The difference ín early and late maturation rates

reported by Roche was similar in character to that seen

in this study with the exception that Roche clid not find
the mean skeletal development of the later age groups to
exceed that of his control. He pointed out that some

affected individuals, however, did mature faster than the

control. This difference from the present study may be

because Greulich-Pyle standards were used as a control
by Roche, rather than utilizing an actual control group"

As well, his sample was almost completely institutional,
an.d presumably included the entire instit.ut,ional popul-

ation" The sample utilized in this study included only

those subjects who, it was fe1t, could cooperate in the

taliing of cephalometric radiographs. Bedridden and

severely retarded individuals were thus selected out of
the sample.

When skeletal maturation was broken down into its
epiphyseal and carpal components iL became relatively
clear that the majority of the difference between the

conLrol group and the trisomy 2I group lay in epiphyseal

development. Carpal development was almost normal in
character.

Differences between

and long bones have been

children (nobinow, 19 42 ;

Pyle and Sontag, 1943).

the development of round bones

reported previously for normal

Garn and Rohmann, 1959; and

It is unclear what a difference
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such as j-s seen in the trisomy 2I group means. One

cannot assume that genetic factors influencing skeletal
growth do so by directly affecting some metabolic or

enzymic process in the developing cartilaginous or

skeletal tissue" Altered skeletal development may well
be secondary to an effect on the hormonal control of

the indivídual. A case in point is the condition of

hereditary pituitary dwarfism in the mouse where the

primary genetic defect involves the anterior lobe of
the pituitary (Gruneberg, 1947) 

"

Altered hormonal control may be due to aberrant

hormone production, either quantitatively or qualita-
tively, genetically altered end organ response t ot auto-

immune phenomena. Current evidence in the field of endo-

crine control of osseous development indicates that
growth hor'¡none, thyroid hormone, gonadal and adrenal

hormones all are sufficiently invol-ved in the control of
ossification for imbalances in these to be considered to
be possible etiological factors. Roche (]-964) has point-
ed out that a consideration of the i-ncomplete and some-

times conflicting nature of the information avairable re-
lating to the hormonal changes associated with trisomy 2r

makes it cl-ear that their exact nature is still uncertain"
The hormonal changes in this condition may weJ_l_ be as

variable as are the clinical signs.

The fact that the carpal bones are not as affected as
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the epiphyseal areas might lead one to suspect that bone

growth involving proliferation of cartilage is more

affected than appositíonal bone growth. The gross

appearance of the hand would appear to bear this out" The

hands in trisomy 2I are extremely short and broad which

could occur if epiphyseal growth \¡/ere stunted whíle

apposition v/as relatively unimpaired.

Craniofacial morphology of individuals affected with
trisomy 2I is consistent with a hypothesis of greater

interference with cartilaginous growth. The middle third
of the face is deficient, much as is seen in achond.ro-

plastic dwarfs (Mitchell, 1966) " The cranial base is
short, the maxilla sma1l, and the nasal cartirage reduced

in'size (chiz , !967; Frostad, 1969; Alimchand.ani , Ig73) .

Standing Height

The present findings with respect to standing height
in the trisomy 21 group are in general agreement with those
previously reported (Brousseau, 1928; Benda, Ig49; Oster,
1953; and Roche, 1965) " Mean trisomy 21 heights were less
than the .mean control- heights for all- age groups. This

discrepancy became more pronounced- at age thirteen years

in femal-es and at age fifteen years in males. Roche (1965)

in a large Ìongitudinal- study of Downts syndrome clearly
demonstrated a similar effect.

rn normal- individuars there is a crose correl-ation be-

tween maturation of bones and erongation of bones (Bayrey
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and Pinneau, 7952). It would. seem reasonable to assume,

then, that the pattern seen in growth ín standing height

in the trisoml' 21 group is related to the aberrant

skeletal develcprnent shown L,y this group. The early

cessation of growth in standing height seen may well be

secondary to the early maturation of epiphyseal growth

sites and loss of further growth potential.

Roche (1965) found that stature in Downrs syndrorne

actually increased more ra¡:idly than in control individuals
during the period from approximately age seven years to
age trvelve years. This f incling., although not apparent

in the limited cross sectional data of this study, fits
in well with the pattern of skele*-al- maturation seerr.

Thj s period of accelera.ted growth in height, corresponds

closely with the period of acceleration in epiphyseal

maturation seen in this study

Mandibular Length

This study confirms the findings of previous invest-
igators who have reported the mandible in Down's syndrome

to be smaller than normal (Spitzer and Robinson, 1955;

Kisling, 1966; and Ghiz, 1967).

The rate of growth in mand.ibular length in the trisomy

21 group is interest.ing in that it closely parallels the

rate of growth in standing height. Both show some ,'catch-

up" grorvth in ine micl-juveniJ-e period but cease to increase

in dimension much earlier than the control individuals.
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Gj¡iz (L957) reported similar results for grorvth in length

of the body of the rnandible and growth in height of the

rarnus of the mandible.

As growth in standing height largely reflss¡s growth

at the epiphyses it follorvs that there shoul-d be a cl-ose

rel-ationship between gro''rrth in this d.imension and

epiphyseal- niaturatioa. As was pointed out on page L24

this rvas in fact the case. Increase in length of the

¡nandj-ble occurs primarily at the mandibul-ar condlzls. It

has been we]l- documented that this site is not typical

of an epiohyseal growth centre. This i-s true on a

histological basis and on the basis of its reactions to

pathological- situations such as acromegaly or achondro-

plasia (Sicher- 1957).

Sicher explains .these different responses o!-r the basis

of the histological evidence. The condylar cartilage of

the rnandibl-e enlarqes primarily by appositional growth

involving the proliferation of undifferentiated chrondro:

genic mesenchymal cel1s. The cartilage of an epíphyseal

area grows by interstitial ce11 division of chondrocytes

which are in a differentiated state. Among many other

thing.s differentiation implies the activation of different

enzyme systems of a ce1l. It is for this reason that

genet'i c defect.s or horinonal changes can af fect mandibu'l ar

grorr'th in a hTay different from their effect on epiphyseal

grcwth or differerit from their effect on cranial base
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growth which is also interstitial"
The fact that mandibular and epiphyseal growth rates

appear t.o be affected in a similar manner ín trisomy 2I

individuals might indicate that the disturbance in carti-
laginous growth is due to a more general factor than that
seen for example in the autosomal defect known as achondro-

plasia where the mandible is relatively unaffected
(I4itchel1, 1966). As well, since growth potential appears

to be lost prematurely for mandibular length as well as

for standing height it may be reasonable to assume that
this is due to something more than simply early epiphyseal

fusion as is seen in short stature secondary to hyper-

thyroidism.
' 

Ghi z (1967) measured maxillary length in a group of
trisomy 21 individuals and found the same pattern to be

present. There was a spurt of growth evident from age

nine years to age thirteen years and then growth ceased

earlier than in the control group. Alimchandani (1973)

demonstrated a similar pattern for increase in maxilrary
width" This ís evidence in support of a general factor
operating to increase growth in the mid-juvenile age

period, but it does not rule out cartilage as being the

primarily affected growing tissue. Affected growth of the

nasar septal cartilage may well be responsible for this
pattern of maxillary growth.



CHAPTER VT

SU!Í¡IÄRY AND COI'ICLUSrolls

The object of the present sLudy was to evaluate rnatur-

atíon of the skeletal and dental systems in the human

aneuploid state 'urisomy 2I. The morphological development of

the bones of the hand and v¡rist was assessed as well as growth

in standing height a.nd mandibul-ar length. Denta1 maturation

was measured in terms of eruption and calcifica'tion.
The sample consisted of 295 individuals ranging in age

from three to fifty-five years, all karyotlzped. and found

to have trisomy 2I. They were compared with a control
sample made up of 161 normal ind.iviCuals.

Recorcl.s made incl--:ded panoramic jaw raCiographs,

cephalometric radiogqaphs, plaster models of. the dental

arches and measurerrrent of standing height.

Indices were developed so that dental eruption age

and dental calcification age could be calculated for each

indirzidual. Skeletal development was assessed. using the

atlas technique of Greulich and Pyle (1959) as well as the

single bone technique of Tanner, Whitehouse and liealy (1961).

The findings \,vere evaluated statistically and led to the

following concl-usions :

1. The trisomy 21 group showed delayed eruption of all
permanent teeth. The mean delay in eruption age was 918

per cent.



2. The permanent teeth \{ere each delayed in eruption to a

relatively equal extent. Exceptions to this were the max-

i1lary cuspid which lvas often'i;npacted, and the mandibular

second molar which frequentf]' rvas seen unerupted and in a

di sto-anEular position.

3. Eruption in the trisomy 2L group was much more variable

than in the control group.

4. Calcification of the permanent teeth in the trisomy 2I

group progressed at the sa:ne rate as in the control group,

but was initially and throughout retarded an average of

3.5 per cent.

5. The permanent teeth of the trisomy 21 group t^rere all
affected in calcification to a. sj.milar degree.

6. Ðental calcificaiion in tÌie trisorny 21 Eroup rvas äo

more variable than in the conirol group.

7. Sex differences in skeletai maturation in the trisorny

2I group were found to be similar to those of the control
group.

8. Maturation of the carpal bones

progressed at a ra.te very símilar
group, and no differences between

measure could be ascertained.

in the trisomy 21 group

to that of the control
the two groups in this

9. Maturation of the epiphyseal areas in the hand and

wrist in the trisorny 21 group was retarded in the youngest

age groups but iuas equal to the control val_ues in mid-

childhoòrL ancl rvas actually g,reater than control values at
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puberty so that finally, epiphyseal maturitlz was reached by

the trisony 21 group approxirnately 2 years earlier than the

control group.

10. Dfean standing height of the trisomy 21 group was less

than that of the control group for all age groups. The

discrepanry between the two groups beca¡ne greater at age

thirteen years in females and age fifteen years in males

as trisomy 21 mean height failed to increase further with

advancing age while the control group increaseC in this

dimension for several more years

11. Mean mandibular length of the trisomy 2l group was

smaller than that cf the conirol group at all age l-evels.

An increased rate of grorvth shown by the trisomy 21 group

in miochildhood caused this discrepancy to lessen, but

then an earlv cessation of growth in the trisomy 2I group

caused. the difference ín size between the two groups to

increase in the older age groups
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Q.l-- e rHtRD UoLAR

MANDIBULAR

7

6

5

â.
I

3
?
t

SECOND MOLAR

FIRST fvlOLAR

SECOND BICUSP¡D OR PREN{OLAR

FIRST BICUSPID OFì PREMOLAR
CUSP¡D OR CANINË
LATERAL INCISOR
CENTRAI. INCISOR
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TA¡LE XXV

Probability of Eruption (from probit Ànalysis of control DaLa)

Chronologi caJ.
Age

(months)

IqAXILLARY

Probability of
Eruption

CENTfuIL TNCISOR

Chronological
Age

(months)

Probability of
Eruption

less than 54

54

58

60

62

64

.65
66

67

68

69

70

7L

72

73

74

75

76

77

78

79

BO

8l
82

8_?

E4

B5

86

87

8B

89

90

91

92

93

94

95

96

97

98

99

100

101

L02

103

t04
105

106

107

108

I10
112

l_14'

tl8
more than Il-8

.00

"01

"02
"03
"04
.0s
.06

"07

"08
"09
.rl
"12
,14

"15
"r7
.19
.2I
.24
.26
.28
.31
.33
.36
.39

"42
.45
.4S

.5ù

.53

.56

.59

.62

.es

.67
' '¿70

.73

.75

.77

.79

.81

.83

.85

"87
.88
.90
.91
.92
.93

"94
.95
.96

"97

"96
.99

1.00
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Probabi J-i ty of

Chronologi cal
Àge

(months)

TABLE XXVI

Erupti on ( f rom Prob i t-

M]\XILI.ARY LATEP.I\L

Probability of
Eruption

Analysis of Control Data)

INCISOR

.Chronologi cal
Àge

(months)

Probability of
Eruption

less than
8t
83

"84
B5

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104
. 10s

106

107

108

109

110

11r
LL2

113

r14
1r6

more than l-16

81 .00
.01

"02
"03
.04

"0s
"07

"09
.11

"13
.16

"20
.24
.28

"32
.37

"42
.48

.53

.58

.63

.67

"73
"71
.81

"84

"87
.90

"92
:94

"95
.96

"97
.98

"99
I.00
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TABLE XXVII

Probability of Eruption (from P¡:ob¡it Ànalysis of Control Data)

MAXILLARY CUSPTD

Chronological
À9e

(rnonths )

Probabilitlz of
Eruption

Chronologi ca1
Age

(months )

Probability of
Eruption

less than 9 8

98

"102
l0s
107

109

110

1II
LT2

r13
114

lt5
1r6
117

I18
119

L20

121

122

123

L24

125
j-26

t27
128

t29
130

131

132

133

.00

.01

"02
:03
"04
"05
.06

"07
"08
.09

"le
.11

"12
"14
"15

"L7
"19
.2L

"23
"25
.2?

"29
.31
.33
.36
.38
.40
.43
.46
.48

134

r35
136

137

138

. 139

140

t-4 I
L42

' 143

lJ4 4-

l4s
L46

t47
148

149

150

Is1
L52

Is3
154

155

156

L57

158

r59
161

163

166

]70
more than 170

.50

"53
.56
.se
.6r
"63
"65
"68
.70

"72
.?s
.ie
"78
.80

"82
.84
.85
.8?
.88
.89
.90
.91
.92
.93
.94
.95
.96
.97

"98
.99

1. 00
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Probability of

ChronoloEicaJ-
Age

(months )

TABLE XXVITI

IÌruption (from Probit

I"ÍÀXILL¡RY f'IRST

Probability of
Eruption

Ànalysis of Control Data)

BICUSPTD

Chronol.ogical
Age

(months )

Probability of
Erup tíon

less than 90

90

94

"96
98

100

101

L02

103

104

t0s
106

107

108

109

ll0
111

112

tls
111

lts
116

117

118

1r9
L20

121

122

L23

124

L25

L26

L27

128

]'29
. 130

131

L32

133

134

1,3.5

r36
137

138

139

140

I41
L42

143

144

14s

146

L4I
150

r52
156

more than l-56

"00

"01
"02
"03
"04
.05

"oa
.07

"08
"09

"10

" l.?

"13
.ls
.16

"18
.20
.22
.24

"26
.29

"31
"34
.36
.39
.42
.44

"47
"50

"53
.55

" 5'8

.61

.64

.66

.69

.7L

"74
"76
"78
.. 80

"82
.84

"85

"87
.88
.90
.9r
"92
;e3
.94
.95
:96
.97

"98
.99

1" 00
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TÀBLË XXIX

Probability of Eruption (from Probit Analysis of Control Data)

PIAXILLÀRY SECOI.JD BTCUSPTD

Chronologi ca 1
Àge

(months )

Probai.ri J.i ty of
Eruption

Chronological
Age

(months)

Probability of
Eruption

less than 95

95

100

t.0 3

t0s
107

to8
110

tlL
112

1r3
114

115

1-16

117

118

119

120

121

L22

123
L24

125

126

]-27

t28
L29

130

131

132

133
'13 

4

l3s
136

137

138

139

140

t41
L42
143

r44
14s

I46
L47

. iag
I49
150

151

152

153

Ìs4
1s5

1s6

1s7

159

160

16I
163

164

167

1?0

174
more than 1?4

.00

"01
"02
.03
.04
.05

"06
.07
.08

"09
.10

"11
"12
..14

"15
"16
.18

"19

"2L
"23
"25
"26
"28
.30

"33
.35

"37
.39
.41
.44

"46
.49

"51
.53

"55
.58

"60
"62
"64

"67
.69
.7L

"73
.75

"76
.78
.80
.82
.83
.85
.86
.87
.88
.90
.91 .

.92

.93

.94

.95

.96

.97

"98
.99

1.00
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TÀBI,D XXX

Probability of Ertrption (frorn lrrobit Analysis of Control Data)

I1¿\X]LLARY FIRST ¡ÍOLAR

Chronol.ogi ca1
Age

( mo¡rths )

Probability of
Eruption

Chronologi ca1
Age

(months )

Probability of
Eruption

less than 47

47

50

52

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

7T

72

73

74

75

76

.00

"01
.02

"03
"04
.05

"06
"07
"09

"10
" l_1

.13

"15

"16
"L8
.2r
"23

"25
"28
.31

"33
"36

"39

"42

" 45

"49

77

78

79

BO

8I
82

t83
84

85

86

87

88

B9

9o

9t
92

' 93

94

9s

96

97

99

101

I03
i_06

more than l-05

"52
.55
.58
.61
.64
.67

"70
"?2
"?s
.77
.79
.82
.84

"86

"87
.89

"90

"91
.93

"9A
.95

"96
.97

"98
"99

1.00
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TARLE XXXI

Probability of Eruption (fro¡r Probit Analysis of Control Data)

Chronologi ca1
Age

(months )

MÀXILLARY SECOND MOLÀR

Probabil-ity of Chronological
Ëruption Àge

(months)

Probability of
Eruption

less t,han 101

I01
106

109

. LTz
114

lr5
LL?

tl8
It9
120

L2L
L22

L23

L24

L25

L26

127

128
129

130

131

L32
133

134

13s

136

137

138

139

140

141

I42
t43

t44
14s
I46
L47

148

149

Ls0

151

152

153

154

1s5

Is6
157

158

r59
160

161

162
. 163

164

165

166

I67
168

169

170

I7T
173

175

177

179

t-B 2

188

more than 1BB

.00

.01

"02
.03

"04

"05
"06
"07
.08

"09

"10
"11
"L2
.13
.14

"15
"L6
.18

"19

"2L
.22

"24
"25
"27
.29
.31

".3
"35
"37

"39
.41
.43
.45
.47

.50

"52
.54

"56
.58
.60
.62

"64
.66
.68
.70

"72
"?4
"75

"77'
"79

"80
.82
.83
.84
.86

"87
" 88.

"89
.90
.91.
.92

"93
.94
.95
.96
.97
.98
.99

1.00
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TABLE XXXII

proUa¡iJ-ity of Eruplion (fro:.r Prcbit Ànaly;is of Contr-ol Data)

Chronologi cal
Àge

(months )

}1,?\IIDI I]ULAR CENT P,,]L

Prcbability of
Ilruption

lt¡cISoR
Chronologi ca1

Àge
(nronths )

Prolrabi lity of
Eruption

less than 40

40

44

46

48

49

51

52

53

.54
55

56

57

58

59

60

61

62

63

64

6s

e6

6i
rtg

69

70
't7

.00

.0r
"02
.03

"04
"05
.06
.07
.09
.10
.1r
"12
.L4

"16
.18
.20

"22
.25
.27

"29
"32
.35
.3?
.40

A)

.46

. l)9

72

73

74

75

76

77

.78
79

8o

81

82

83-'

84

85

B6

.87
B9

90

9l
92

93

95

9?

99

I03
mo¡:c t,ìran 103

"52

"55
,58
.6r
"64
"66
"69

. "?2
.74
.?6

"79
.81

"83

"85
.86
.88

"90
.92
.93
.94
.95

"96
ô?

.98

.99
t.00
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Probability of

Chronological
Age

(nonths)

Eruption ( f rorr

}1A\DTBUI,À,R

Froirabi Ii ty
Eruption

TÀBLE }::(XrrT

Probit Analysis of Control Data)

LÀTERÀL TNCISOR

of ChrcnolcAícal
Àge

(mon rhs )

Probabi J.i ty of
Eruption

less than 69

69

?t
72

73

74

75
'76

77

78

79

80

81

82

83

84

85

86

.00

.01

"02
"03
"04
"05
"06

"08
.10

"L3
"16
.19

"23
.28

"32
.37
.42

"48

87

88

89

90

91
'92

93

94

95

96

97

98

99

100

101

102

104

more than 104

.52

.59

"63
"68
.?2

"?6
"80
"84
"87
"89

"91
.93
.95
.96

"97
.98
.99

1,00 "
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T/\BLE XXXIV

Probability of Eruption (fron Probit Ànalysis of Co¡rtrol Data)

Chronologi ca1
Àge

(months )

}1ÀI¡DIBUI,AR

Probabiì-ity of
Eruption

cus? r i)

Chronologi ca I
Àge

(nonths )

Probability of
Eruption

Iess than 96

96

99

t0l
103

L04

t05
106

107

108

109

110

rtl
1r2
1r3
114

115

Ìt6
117

118

1I9
120

12L

122

123

124

125

L26

L27

128
' t29

130

131

132

1.3 3

134

135

136

137

138

' 139

140

141

142

144

I46
149

norc tha¡r 14!

"00
"01
"02
"03
.04

"05
.06
.07

"09
"10

"12
.14
.16

"18
"20

"23
"26
.29
.32
.3s
.38

"42
.45
.49

"52
.s6

"59
.63
.66

"69

"72
.75
.78
.80
.83
.85
.87
.89
.90

"92
.93

"94
.95

"96
.97
.98
oô

1.00
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TAB'I;U XXXV

ProbabilJ.ty of Eruption (frcn prcbit Analysis of Ccntrol Dat,a)
[I,¡úJDIBULÀR I¡I¡.ST BICUSPID

Chronological i:robability of Chr<.rrroJ,ogical probability ofAgc Eruption Àge Eruption(mon¿hs) (roith.)
less than 80

80

B5

89

92

94

"96"97
98

100

101

t02
103

104

105

106

107

t08.
109

1r0
tll
LL2

1Ì3
114

lrs
t16
117

ltB
119

120

L2l_

122
.123

124

12s

126

I27
128

129

130

13Ì
L32
133

134

135

136
. 137

138

139

140

141

I42
Ih

L43

144

14s

L46
L47

148

149

ts0
151

152

153

Is4
15s

157

t5B
169

L62

165

168

174

no¡c than 174

.00

"01
"02

"03

"04
.05
.06

"07
.08

"09
"Ì0
"11
"L2
"13
"L4
"15
"16
"L7
.19

"20
"22
"23
"25
"26
.28

"29
.31

"33
.35
.37
.39
.4r
.43

"45
.47

"49

.50

.52

.54

.56

.58

.60

.62

.64

.66

.68

.70

.7I

.73

.75

"76'
.77-
.?9
.80
.81
.83
.84
.85
.86
.87
.88
.89
.90
.91

"92
.93
.94
.95
.96
.97
.98
.99

1.00
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Probability of

ChronoloEical
¡'ge

(months )

TAB.LE XXXVI

E::uption (fro¡r Probit
YTANDIBUL¡-R SECO:ID

Probability of
Eruption

i\nalysis of Control Data)
R I CUSPI D

Chrolologi caJ.
Àge

(months )

Probability of
Eruption

less tha;r 9 3

93

98

102

104

106

. t08
110

llr
113

114.

11s

116

7L7

tr8
119

L20

121

722

L23
L24
125
L26

127

128
L29

130

13L

I32
133

13 r¡

135

136

t37
138

139

140

14t
I42
t43
t44
145

L46

L47

148
' r49

150

151

L52
ré¡
Is4
155

Is6
ls7
t59
160

l_6 I
L62

163

164

165

r67
t68
t?0
171.

173

17s

178

181

1e7

ove¡: l.B7

"49

"51
.53

.5s

.s7

.58

.60

.62

.64

"65
.68

"70
"72
.73

.77

"78
.80
.81
.83
.84
.85

"87
.88
.89
.90
.91
.92
.93
.94
.95
.96
.97
.98
.99

1.00

.00

.01

"02
"03
.04
.05

"06
"07
.08
.09
.10

"11
.12

"13
"14
.15
.16
.r8
.19
.20
.22
.24
.25

"26
"28
.30
.32
.33
.35
.37
.39
.41
.43
.45
.47
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ÎÀBLE XXXVII

Probability of Err.rption (from P::obit Analysis of Control Data)

Chronologi ca1
Age

(months)

MÀ}¡DII]ULÀR FIRST

Probabil ity of
Eruption

I\1OLÀR

.Chronological
Age

(months

Probabili ty
Eruption

of

less than 45

45

49

"50
52

53

54

5s

56

57

58

59
'60 '

6t
62

63

64

65

66

67

68

69

70

7L

"00

"0r
"02
.03

"04
"05
"06

"07
"08
.10

"12
.14

"16

"18
.20

"23
"25
"28
"32
"35
.38

"42
.4s

"49

72

73

74

75

76

77

78

79

80

81

82

8,3

84

B5

86

87

88

89

90

91

92

94
.97

more than 97

"52
"56
"59
.63

"66

"70

"73
"75
;78

"8r
.83
.qs
.87

"89
.91

"92
.93
.94

"9s
. .96

.97

"98
.99

1. 00



Chronologi cal
Age

(months)

}ÍANDI¡JULÀR SECO}¡D

Probal¡ility of
lìruption

I'lOLAR

Chronological
Âge

Imonths)

159

Probability of
Eruption

TÀBLE XXXVI]I

ProbaL¡ility of Eruption (from Probj-t Ànalysis of Control Data)

less than 121

T2L
" L24

L2s
L26

L27

128

L29

130

L31
132

133

134

135

136

137

138

"00
.01

"02
.03

"04
.05

"07
"09

"L2
.15

"19

"23
"27
.31
.36

"41
"47

139

140

141

L42

143
: 144

145

L46

L47

148
L49

150

ls1
L52

ls4
156

more than L56

"52
.58
.63
.68

"?3
"77
" 81.

"85

"87
" 9.0

".92
.94

"96

"97
"98
.99

1. 00
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TABLE XXXIX

ProbairiliLy of Eruption (from prcbit Ànalysis c¡f control Data)

Chronologi cal-
Àge

(nonths)

}fÀXILLARY

Probability of
Eruption

CUSPTD

Chrono.logi ca1
Àge

(months)

Probability of
Eruption

less than 98

9B

LO2

.10s
ao7

109

110

Itt
1t2

. 113

lt4
Ils
1r6
117

118

119

120

72I
122

123

L24

125

1.26

127

T2B

L29

130

131

132

I33

134

135

136

137

138

I39
' I40

. 141

L42

143

L44

14s

J.46

l.47

148

L49

ls0
15r
152

153

t"5 4

155

l_56

1s7

ls8
t 59

161_

L63

166

170

ntore th¡n 170

.00

.01
.02
,03
.04
.05

"06
.07
.08
.09

"I0
;Jl.

"12
"14
. l-5

.17

"19

"2L
.23

"25
"27
.29
.31
.33
.36
.38
.40
.43
.46

" 48

.50

.53

"56
.58

"61
.63
.65
.68
.70
.72

"75
..76
.79
.80

"82

"84
.85

"87
" 88

." 89

.90

.91

.92

"93
.94

"95
.96

"97
.98
.99

1. 00



161
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TABLE XL

Mean, Standard Deviation and Number for Each Dental
Calcification Stage of the Maxillary Central Incisor.
(¡¿ales and Females Combined) .

Dental Calcification
Stage

Trisomy 2L Control
Mean

(Months )

58.0
80 .5
83. 0
93"0

L52.6

No" Mean
(Months )

SD No.SD

7

5

7

15

40

A

B

c

D

E

F

G

H

I
J

I
I4.B 2

tz.r 6

24.2 3

30.4 L7

ã.' 1,
69.5 8"1
81.2 7.5

L02.2 9.7
135.1 18.4
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TABLE XLÏ

Mean, Standard Deviation and Number for Each DentaI
Calcification Stage of the Maxillary Lateral- Incisor"
(Ma1es and Femal-es Combined. )

Dental Calcification
Stage

A

B

c
D

E

F

G

H

I
J

Trisomy
l4ean SD

(Months)

^.083. 7

130"0
148." r

SD No"

o.o I
9"7 I

14. 3 ls
15.5 12

11.0 14

8"1 I
16.6 46

2L

No"

Control
Mean

(ttonths )

1

L7"6 7

72"L 2

29.2 19

37.0
+i.t
68.8
80.2
96. I

108.6
134.6



TABLE XLII

Mean, Standard Deviation and Number for Each Dental
Calcification Stage of the Maxillary Cuspid. (lutales
and Females Combined).

Dental Calcification Trisomy 2I Control
Stage SD No. Mean

(Months )

164

SD No.

A

B

c

D

E

F

G

H

ï
J

Mean
(l4onths )

*.0
72.3
e3.0
86"0

131. 7

150. 7
170.0

I
22.0 4

25.8 3

10.7 6

28.0 9

16.0 18

29 "0 28

tt. o

54.6
71. 0

84.2
107.0
T2B. 4

L62.9

o.o ,
13.7 2L

t6.9 18

15.0 23

rL.7 24

12.s 33

20"4 51
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TABLE XLIII

Mean, Standard Deviation and Number
Calcification Stage of the Maxillary
(ittales and Females Combined) .

for Each Dental
First Bicuspid"

Dental Calcification
Stage

A

B

c
D

E

F

G

ï
J

Trisomy 2I
Mean SD

(Months )

No. Mean
(Months )

Control
SD No.

*.u
61.0
83.7

116. 5

127 .8
151.8
].62 .0

*n
20. B

r0.9
25.7
5.0

16. 6

18.9

37. 0

4r.7
57 .4
83.4

100 .9
r20.4
138. I
L67.3

,
3

t2
4

I
16

33

o.o I
7.4 9

8" 7 24

13.4 25

12.0 24

14.0 23

20 "7 30

15.9 38
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TABLE XLTV

Mean, Standard Deviation and Number
Calcification Stage of the Maxillary
(t'tales and Females Combined.)

for Each Dental
Second Bicuspid.

Dental- Calcification
Stage

Trisomy 2I Control
Mean.

(Months )

No" Mean
(Months )

SD No.SD

A

B

c
D

E

F

G

H

ï
J

82.0
65.0
49 "0
84.5
94"8

L27 "0
t34 "2
I47 .4
163.9

5.2 3 42.5
20 "4 3 46.6
0"0 2 6L.0
r2.2 6 70.7
26.6 4 92.6
35.2 4 113.2
13. 4 11 r29 .t
15.9 12 140. B

19.3 32 170.0

6.7 11

9.3 5

8.0 12

11" 3 18

11. B 27

17.6 20

17. 3 23

r7"4 22

18. 6 41



TABLE XLV

Mean, Standard Deviation and Number
Calcification Stage of the Maxillary
(t'.la1es and Females Combined. )

Trisomy 2I
SD

for Each Dental
Firs t }4olar "

Control

r67

SD No"

Dental Calcification
Stage Mêan

(Months )

No. Mean
(Months )

A

B

c
D

E

F

G

H

T

J

-"t
68"5
80. I
81. 3

134. 9

n-
2"r

10. B

LI.2
18"5

;
2

7

9

T7

*.0 u,
45.1 7"7
62.3 10. B

70.2 1I" 0

91. 3 l-3.2
L22.6 19.1

6

10

14

19

23

60



TABLE XLVÏ

Mean, St,andard Deviation and Number for Each Dental
Calcification Stage of the Maxillary Second Molar"
(ltales and Females Combined.)

168

Trisomy 2I Control
Mean SD No" Mean SD No.

(Months) (Months)

Dental Calcification
Stage

A

B

c
D

E

.F

G

H

ï
J

52 "0 5.2 3

85.0 I
76.0 11.7 6

94.3 2r.0 10

104.5 36.0 2

I49 .6 26 .8 14

149.8 14.0 23

L77 "8 29 "6 30

4r.9 10.9 11

50.0 l.s 6

57.6 6.6 7

6s.7 7 .4 16

83"7 17.L 23

108.0 ls.6 39

L24.7 9 "7 2L

149.0 16.4 13

L74"3 20 "3 s4
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1'ABLE XLVII

Mean, Standard Deviation and Nu¡nber for Each Dental
Calcification Stage of the Mandibular Central Incisor.
(t"iales and FemaLes Combined.)

Dental Calcification
Stage

A

B

c

D

E

Trisomy 2I Control

F

G

H

ï
J

Mean
(l,lonths )

*.0
70 "6
79.6
78"4

L25 "7

SD

,"u
9"8

16 .9

No. Mean
(tuonths )

37.0
2 46.4
2 57.0
5 64"9
s 83.4

11 110. B

SD No"

:

-
:
0.0 6

6"5 7

1.5 6

6"3 L4

7"0 11

16.0 46
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TABLE XLVIII

Mean, Standard Deviation and Number for Each Denta1
Calcification Stage of the Mandibular Lateral Incisor.
(it1ales and Femal-es Combined.)

TrisomyDental Calcification
Stage

A

B

c
D

E

F

G

H

I
J

Mean
(Months )

SD

2I Control
No. I"lean SD No.

(Months )

*"0
70.0
80"8
97 "0

119. 5

^,38. I
12.5

38. 7 4.5 7

, 46.s 6.6 7

3 63.0 7"7 L7

8 73"4 11"3 14

2 90.7 7.8 11

8 115.9 r3.7 40
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TABLE XLIX

Mean, Standard Deviation and Number for Each Dental
Calcification Stage of the Mandibul-ar Cuspid. (Males
and Females Combined. )

Dental Calcification
Stage

Trisomy 2L

Mean SD
(tlonths )

No. Mean
(Months )

Control
SD No"

;
1

B

I
9

33

A

B

c
D

E

F

G

H

I
J

*.u
70"0
79 "0

ILz.5
140. 3

L52.3

*"0

11. 9

3r.0
14" I
20. s

-.0
44.2
55" B

67.9
92.7

117.6
]-52 .9

o.o I
10.4 13

7.0 9

9.6 28

9.6 25

10. I 36

20.7 39
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TABLE L

Mean, Standard Deviation and Number for Each Dental
Calcification Stage of the Mandibular First Bicuspid.

(l¡ales and Females Combined. )

Dental Calcification
Stage

Trisomy 2L

Mean SD
(¡rônths )

No" Mean
(Months )

Control
SD No.

A

B

c
D

E

F

G

H

I
J

49 .0
52 .0
88"0
82"5
85"6

131. 0

141"r
t62.3

ã.,
53. 1
66 .6
88.0

108.2
130 .7
J.46 .9

4.7 9

8.2 14

7 "B 26

8.3 18

11.6 34

14. 3 33

15" I 32

1,
4.2

L2 "7
20"1
13. 6

15"6
L7.L

I
3

2

10

5

I
2T

31
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TABLE LI

Mean, Standard Deviation and Number for Each Dental
Calcj-fication Stage of the Mandibular Second Bicuspid.
(Males and FemaLes Combined. )

Dental Calcification
Stage

A

B

c
D

E

F

G

H

ï
J

Trisomy 2I Control
Mean SD No" Mean SD No"

(Months ) (Months )

83.s 6"4
51"3 4.s
77 "5 10.5
81. 5 ].4.7
91. 0

100. I 25.2
134.0 9 "6
150.1 16.7
165.4 19 . 1

2 4I.7
4 47.4
4 63.s
6 67.8
1 83.4
4 L04.2

16 I25.9
14 140. r
24 160"9

6"0 7

10. B 11

8.8 11

9.3 16

L2.5 22

10"1 26

16.4 2I
15"6 28

16"0 28
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TABLE LÏT

Mean, Standard Deviation and Number for Each Dental
Calcification Stage of the Mandibular First Molar.
(tqales and Females Combined.)

Dental- Calcification
Stage

Trisomy 2I Control
Mean SD No" Mean SD No"

(Months ) (Months )

A

B

c
D

E

F

G

H

I
J

*.0
65 .2
72"r
83. 3

125.6

1

18.3 5

8"r4 7

5.5 7

14. B 15

ã.t
51. 4

63.7
86. 4

LI7.9

3.8 10

2.5 10

s.9 22

r0.2 26

16"1 58
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TABLE LIIl

Mean, Standard Deviation and Number for Each Dental
Calcification Stage of the Mandibular Second Molar"
(Mal-es and Females Combined. )

Dental Calcification
Stage

Trisomy
Mean SD

(¡lonths )

2I Control
No" Mean

(Months)
SD No"

A

B

c
D

E

F

G

H

ï
J

52. 0 5.2
85"0 0"0
84 " 0 L2.L
80"1 17.5

r09 " 5 20.9
134.9 10 " 3

151"9 18.8
180.2 2r.8

53.5 2 "L 4

3 43.0 6"6 16

2 56.5 2"I 4

3 64.0 4"2 10

9 78.L 10" I 26

L2 I04. 4 L3.9 30

11 117.8 10.6 28

27 143.5 13.9 24

27 17 4.I 17 .9 54
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Figure 31" Main effect of chronological age on
dental calcification stage - maxillary central-
incisor.
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Figure 32. Main effect of chronological age on
dental calcification stage - maxillary l-aterat
incisor.
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33. Main effect of chronoloEical age on
calcification stage - maxillary cuspid"
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Figure 34. Main effect of chronol-ogical age on
dental calcification stage maxillary first
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Figure 35" Main effect of chronological age on
dental calcification stage - maxillary second
bicuspid.
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37 " Main effect of chronological age on
calciÉication stage - maxillary second mo1ar.
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Fígure 39. Main effect of chronological age on
dental câlcification stage - mandibular lateral
incisor.
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Figure 40" Main effect of chronological age on
dental calcification stage - mandibul-ar cuspid.
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Figure 4I. Main effect of chronolo$icaI age ondental- calcification stage - mandibular fiist
bicuspid.
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44. Main effect of chronological age on
calcification stage - mandibul_ar second.
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