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ABSTRACT

Past cephalomeÙric investigations of individuals

affected ivii.h trisomy ZI have indicated a general retardation

of gron'th wit,h all linear dimensions being significantly

smaller than in a comparable control group. Marked differences

in the craniofacial complex have been noted and a distinct

phenotype characteristic of the trisomy 2L group has been

described.

Stud-ies of maturational development in Dorvnrs syndrome

have suggested significant differences between trisomy 21

and control groups with little correlation betrveen ske1etal

ages and. chronological ages. Hand-wrist analyses have shown

that clcvelopment of carpal bones progressed normally in the

trisomy 2I sample, while epiphyseal maturation did not.

Recently, acl<litional support has t¡een acctrmulating for a

possible <listurbancc in cnclochondraJ- bone formatj-on. In
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view of t¡is cviclcncc, prcvious mcthorls of ccphalontctr" j-c

investigation, utilizing the cranial b¿rse as the p1-anc of

orientation ancl with sarnples gror-rpecl by chr"orrological aSc:

recluire a re-evaluation.

This stud.y rvas undertaken to investigate the variability

and suitability of several craniofacial reference lines for

use as the plane of orientation in a conlparative study of

the trisomy 2I phenotype. Linear and angular dintensions

fronl lateral cephalonetric radiographs were then compared

by use of a multivariant factorial analysis" Based on the

statistical and- subjective evaluations, the follorving

conclusions emerged:

1. The angular variability between craniofacial

reference lines rnlas found to be significantly

greater in the trisomy 2L group than in the

control grouP.'

2, No craniofacial reference lines were completely

void.ofchangesinshapeandpositionduring

gror,,,'th, ancl the most suitable plane of orientation

isonewhichiscloselyrelatedtotheareaunder

investi-gation and which dcmonstrates low

vari¿rbi1iLY.
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Angtr1ar variabili-ty bctrvccu crarrj-ofacial refcrcncc

lirres r{as founcl to h.rve il negative association

betrvcen thc stanclaril clcviatiorr .rncl v¿rr"i-ance of an

angle and thc nleans of the distances bettveen the

reference points f or each of its arrìls. 0ther

factors affecting variability l{ere found to be

the reproducibility of cephalornetric land-nrarks

and the biological variation of the skeletal

structures involved. The spatial orientation of

points defining an angle did not significantly

af f ect angular variati-on.

In spite of recent reports of endochondral grorn'bh

disturbances in trisomy 21 individuals, il.-hre cranial

base was shown to be one of the most stable and

dependable areas of the craniofacial skeleton in

both the trisomy 2I and control samples. Three

reference lines defined try cranial base landmarks

d-emonstrated minimal angular varial,íon for the two

groups: the anterior cranj al base (sella-nasion),

tclae basicranial axis (basion*nasion) and tlne

ethmoidale-sclla li nc.

4"



5. The Frar-rlillort IIorj-zon{,a1 ¿r1so dctrtonstr'¿rtccl lorv

var"i¿rbility for. bo'Lh thc trisorny 2L and contro'l

groups, rvhcn anato¡ttic pori-on r'as uscd ¿rs thc

posterior landlnark.

6. In the cephalornetric analysis, grouping of thc

trisomy 2I and control samples by skeletal age

rather than chronological age did not elirninate

significantd.ifferencespreviouslymentionedfor

most parameters, horvever, tÏre significance of

narry of the higher orcler interactions of gT"oup,

age and sex were reduced. or eliminated altogether.

l{hether this d-iminished- significance is the result

of skeletal age grouping, the natural variability

within the groups, or Lo a combination of the

two, is uncletermíned.

7 . Linear measu.rements ínvolving the cranial krase

ancl nasomaxillary complex of the trisomy 2I sample

were signifj_cantly smaller than the control sample,

ind.icatinganunclerdevelopmentofthemidfacial

region from J years to ad-ulthoocl' When compared

Lo 1-ine basicranial axis, the maxilla of the

tri-somy 2L group was lloun<l to be in a normal

antero-Postcr j-or PosJ-ti-on '
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B. Thc antcr-i-or cr¿rnial b¿rse of thc trisorny 2I

group t'üas pro¡:ort-i-onat-,c1¡' shortcr in rcl¿rtion

{,o tl're posterior cr'¿rni¿¡l basc, sì.rggcsting a

grea'ber retardation of grorv-bh at the spheno-

ethmoidal than sphenoccipital synchondroscs.

9 " Linear measLrrements of tlr.e nrarrdil¡le were simil-ar

for the trisomy 21 and contr"ol groups, until the

10-14 year age range suggesting similar grorv-th

increments f or the trvo groups. Subsequent

mandibular grow-bh in the conLrol sample resul-ted

in a larger absolute size for the mandible of

this group.

10" The shape of the mandible at ages 3-5 years in the

trisomy 2I gror-lp: âs well as an underdevelopment

of the midfacial region, is believed to be

responsible for the prognathic skeletal pattern

in young chilclren with Downrs syndrome" Postural

implications relatecl to mouth breathing also

contribute to the trisomy 2L phenotypc.

11. tr{hen the basicranj-al axi-s j-s used as the plane of

oricntation, the direction anrl m:rgnitucle of rot¿rtion

of tlre crani¿rl L¡ase anglc are be1-ievecl to be
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involvcd rvith thc phenotypic appc¿ìrancc of trisonry 2f

ind.ividuals.

12. Thc 't apparcntrr rnanclj-l¡ular progrrathisrn charactcrist j-c

of Dorvnls syndronte appears to be the result of a

conbination of developmental character"istics,

including the underdevelopnrent of the cranial

, base and nasomaxillary comple-x, increased convexity

of the frontal bone, and the shape and size of

the mandible and cranial base"

13. The maxiJ.lary incisors were slightly more

proclined in the trisorny 2I group relative to

the basicranial axis and the mandibular incisors

were more proclined relative to the mandibular

pJ-ane "
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INTRODUCTION



CIIAPT[R 1

INTIìODUCTION

Dotr'nls synclrortte ha-s bccn thc -subjcct of cxtcnsivc

investigal-ion sincc its initial reco€¡rition as â separate

clinical entity over 100 years ago. Early st,udies consisted

of subjective appraisals of the varj.ous physical abnormalities

believed to be characteristic of this condition. In 1959,

it rvas discovered- using cytogenetic techniques that Dor*,rrrs

syndrome rvas caused by a trisomy of chrontosome numt¡er 2L,

Subsequently, the cybogenetic variability of the condition

has become eviclent with the discovery of translocations,

translocation carriers and mosaics. Horv these imbalances

in the karyot¡'pe affect the biochemical mechanisms, which

in turn may modify the phenotype, are as yet unknorvn.

Recently, several radiographic investigations have

contribuLed significantly to the understancling of the

craniofacial abnormalities, cl.aracterizing the clifferences

from the acceptecl norms.

Alteration in the maturational devclopment, both

clental ancl sl<el-etal, of in<livicluals with Downt s syn<.lromc has

been suggcstcrl by scvcr'¿rl, studies. It j s presentl y believcd

th¿rt -bhc r.aLc of sl<elctal m¿rturation is rctar"decÌ in younger



agc gl.ortps, as aontpaï.cd to a control satltplc, si-ntilar

eluring nricl-clrilclhoocl and accclcratcd in latcr ¿ìgic groups

rclati-r'e to thc contr"o-1. santplc

Consiclerablc evidence has bccn accunrulatirrg tl'rat the

grorv-th d-eficiency in Dorunts synch'ome may be associated rvith

d.istur.becl endochondr.al grorvth. This evidence includcs the

analysis of hancl ossification centres rvhich indicated an

endochondral deficiencY

bones compared rvel1 with

Further supPort for the

disturbance is found in

of mongolism, as rvel1 as

Sommer and Eaton (I97o) 
'

in growbh, rvhile the intramembranous

normal grorvth (Nevile, I973) "

hypothesis of endochondral groi'v-bh

several clinical characteristics

in the investigations of Benda (fq6O)

and. Alimchandani (I97 3) .

Tnvíewofourpresentknorvledgeofcraniofacial

groirbh in Dorvnls syndr.ome, a re-evaluation of presently

used methocls of investigatíon would seem to be in order '

prevj-ous roentgenographic stuclies have been cross sectional

in nature rvith the samples, both trisomy and control, divíded

into groups according to chronological age' Indications

that the maturatj-on rates dj-ffer between the two groups

woul<l suggest thal- many of thc significant cliffcrcnces

reporl-ecl in 1,hc literature ror thc craníof acial rlj-mcnsions



nlay bc b:i-ascd clttc to santl;l-i-trg Ùechniqncs. It has bccn

suggcsted tlrat a nlorc accrrr'¿ìtc clcpicti-on of the Itrong=o1oìcl

phenotype rvoulcl bc prcscntccl if tr'-LsontS' ancl corr.Ùr'ol

samples rvcre grouped by skeletal and/or dental age (Ncvi1-c,

r97 3\ "

similarly, later-al cephalo¡netr.ic stud.ies conrparing

trisomy and control groups have traclitiollall-y used the

anterior cranial base as the plane of orientation. The

recent evidence supporting endochondral grorn'th disturbances

in Doy¡nrs synclrorne would suggest that the cartilagenous

anterior cranial base may not be the most suitable plane

for comparison. Moss (1967) t on evaluating Kislingts

templates (1966) of trisomy and control groups, suggested

that superimposition on the posterior cranial base provided

a more accurate characterizaLi-on of the mongoloid phenotype"

This study was, therefore, directed firstly at

ínvestigating the variability and suitability of several

cranj-ofacial planes of orientation for use in a study of

the trísomy zI phcno'bype. The effect of both biological

varí¿híI:i.Ly ancl spa1,ia1 rlistrj-butj-on of Lhe po jnts clef?ining

these p1 ancs \¡/as considerecl"

secondly, 'i-Ìrc trisomy 2l phenotypc wås invest:rgittcdt



using later¿rl cepl"ra}ornctric clat¿r, lvith the follorvirrg

obj ecùives:

( 1) t-o clctcrnri.c thc cf flect of grottpi.ng santplcs

by skeletal age on the significant differences in the

various cranj-ofacial dinensions pr"eviously reported in

the literature for trisorny and control sanplcs groupecL

by chronological age.

( 2) to ascertain if a group of individuals

confirmed. by cytogenetic analysis as having a trisony 2I

karyotype have a distinct craniofacial phenotype '

(:) to ot¡serve if a less characteristic appearan.ce

would be found in adults with Downrs syndrome follorving

grolr'th changes "

( ¿) to provid.e insight into the ínf luence of

genetic variation on craniofacial morphology and growth

by comparing trisomy 2I and control groups.
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REVI.E\{ OII TIIE LITEIì,\'I'UIIE

Io DO\fNrS ÅNOltli\LY

Early Invcstigations of Dorr'nl s Syndr"orne

The earliest description of the clinical entity,

Dor'rnl s syndrome, evolved fronr the investigations of

J. Langclon Dorrn at the Eastrvood Asylurn in. England, 1866.

He accurately descril¡ed the rnore characteristic abnornralities

of this condition placing special entphasis on racial

degeneration and on the consistent physiognomy of the

disease.

Previous to Dorvn, there had been isolated descriptions

in the med-ical literature of patients, rvho, in retrospect,

can be seen to have belonged to the same category (Esquirol,

1838; Sequin, 1846). Sequin, L866, in his account of

cretinism d.escribed a furfuraceolrs type rrwith milk-tnhite,

rosy, and peeling skin; wíth its shortcomings of all the

integuments; wjth its crackecl lips and tongue; with its

red ectopic conjuncti-varr .

Af1,er 1866, there r{ere no publications on mongolism

until thc combined papcrs of Fraser and Mitchell (f876)

whjch rcpresen{.cd 1-}re firsl- scientifjc report on the disease.

Although 'l.hcse writcrs rellerrccl to their patì-ents as Kalmuck



idioLs, they g¿rvc no jnctjca'l"iorr t.h¿rt tlrcy hnerv of L.rngclor-r

Dorr'rl I s papcr'" Fr'¿tscr rcportccl a casc ancl g¿r\¡c ¿ìn exccllcn{.

description oll an autopsy of the brain a¡rcl lrlitchcll ch"crv

attention to br':rchyccphalia and j.ncre¿rscd incidcrrce rvith

incr"eased. maternal age.

Ilany clinical reports follorved, notably those of

freland (f8ZZ), Beach (f828), Shuttlervorth (1883, 1886)

and. Shuttlervor.th and Beach (1S99) . Shuttlervorth, considered

to be a leading aut,hority on the subject at the time,

ref erred to nongols as 'r unf inished children'r .

Jones (189O) described the brain, Oliver (f8qf)

studied the eyes, Smith (1896) observed the curved little

finger as characteristic of mongolism, and Garrod (1894),

Thomson (fBgB), and Fennell (19O4) descriL¡ed the association

with consenital heart disease.

The next decade rvas marl<ed by a serj-es of slrrveys,

each emphasizing a different aspect of the condition"

Brushfield (a924) was prJmarily concerned with clinical

details and their presence or al:sence in different cases.

Orel (7927) recorclcd f ¿rmi1i-al data which j-ncludccl notes on

ARO bloocl groups anrl microsymptoms in rcl¿rtives. A

comprehcnsj-ve i.nvesLi-gat,ion by van <I<:r Scheer (lgZZ)

survcyr:cl the f amj 1i cs oll 259 cases ¿rncl recr-¡rcle <1 marry

staLi"stic¿rl- and gcnetical claLa. In Rroussc¿ru and Tir¿t.i-ncr<Jrs



nonogra[)h (1928), arì extcnsive rcvicw of prcvioLrs ]-itcr'¿rLure

I^¡as proviclcd.

Such early clinical clescri"ptions of the various

physical abnor"malities preselrted in Dorrrrts syndrome, proved

invaluable in the eventual establislurent of dcfinitive

diagnostic criteria for this disease.

91inical Dia$nosis

Early diagnostic methods for Dorunrs syndrome cons'isted

entirely of a clinical evaluation of abnormal physical t,raits.

The diagnosis was made by deliberately or unwittingly

adding up the points in its favor (Penrose, 1933b). The

number of observations required to establish the diagnosis

depended on the tests available and on their discriminate

efficiency. Some characters, like abnormal facial

appearance are easy to observe and highly characteristic

but extremely difficult to define. Others, like

dermatoglyphic patterns, aÍ'e definite, but they occttr

also in other conditions and in rr normalrr member"s of the

populati-on. FurLhermore, measurable characteristics, like

head size, stature and birth wei-ght, though they have

different mean values in mongols and ilnormalsrr, have

ovcrlappi ng distributions.



To a-ss,i.st ilr thc cl.j-n,i.c¿r1 cli.agrrosis of ntongolisttt,

Osi-cr. (1933) clcscr,itrccl thc t,c¡r carclin¿r-1 si-gns: (1) fotrr-

f irrger' l j.ne ; (2) short, crooltcct f ifth f ingcr; ( 3) shor'Ù,

b¡oad ha'ds; (4) hyper-flexibility; (5) oblique palpeb'al

f isspres; ( 6) epicanthus ; (7 ) f urrorvcd tongue; ( 8) irregrrlar

ancl abnorrïral teeth; (9) trigh, narrorv palate; and (10) flat

occiput (brachycephalia). The extr.enre variability of

mongoloid populations 1ed Oster to say that tr. mental

defectives with four or more cardinal signs, in all

probability, rtrere mongols.rt

supplemental diagnostic signs have been suggested

by Levinson et al. (1955), Penrose (fg6f), Gustavson (f964)'

and. Hall (tg6+). The diagnostic significance of these

traits is limited by the fact that they are not clearly

definable and d-epend on clinical impressions. Ha1I (L964)

gave the frequencies of occurrence of the traits in control

groups ancl these showed that some signs, like flattened

features ancl excessive skin at the back of the neck, have a

very hi gh diagnostic value.

Such cliagnosbic metho<ls can only be logical1y justified

if two rul,es hold. true; first,, thc traits must all be eqrrally

characLeristic of thc condition conccrncd; ancl, scconcll-y,

l-hei-r occurrcnccs should l-lr: mul,ual.ly i.ndcpendcnt.
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Fried (1970) i1lrrstr"¿rted statistic¿r11y thc tcn

nrost inforrrr¿rtivc -synptorrrs of nrongol"ism in thc nervborn.

The most f rcqr.rcnt single corrtr"ibut:i-ng carrsc to rrnron¡¡o1o-icl

f aciestr rvas founcl to bc tlre obliquc palpcblal f -i-sstrrc,

occurring in 97,5/". Other sì-gnificant factors rr/ere:

(1) abu¡rdant skin on neckt (2) mouth corners turned dorvn;

( 3 ) general l-rypotonia; ( 4) f 1at f ace; ( 5) at least one

dysplastic ear; (6) epicanthus; (l) gap betrveen toes one

and trvo; (8) tongue protruding; (9) head circurnference at

birttr not exceeding 32 cm; and (fO) simian crease in at

least one hand

Cytogenetic methodolog-y has confirmed the assumption

that any infant exhibiting at least five of these signs is,

in fact, a mong;oloid. In spite of this apparent reliabílity

of clínical diagnostic methodology, chromosome analysis

is necessary for complete confirmation

Incidence

fn order to be reliable, figrrres on the frequency

of mongolism among, newborns should incl-ude Lhose mongoloj-ds

who are stillborn and those who dj-e soon aft,er birth (Bencla,

7969). Beiclleman (1945) reportccl that in the fourt-.een

years bctwr:en :1930 anrl, L94.4 ân avcra-ge of J.I mongoloids
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per 1,O00 b-i.rths \vAs founcl rvith sur'¡rising trtrifor"nr-i-ty.

Urrfolttrrra1-cly, ferv hospitals diaE¡rosc ntongolisrrt ¿rt b-ir-ttr

and so¡ if t,hc chilcl dics at birtl-r, the diagr.rosis is

usually congenital he¿lrt disease, prernaturity or

asphyxiation, and seldont mongolism"

Incidences frorn O.32 to 3.4 pcr lrO0O births have

been reported by Lilienfeld (1969). Hall (fq6+) itt a

population study, and Robinson and Puck (tg6l ) itt a hospital

study, founcl incidences of 1.53 and 1.14 respectively.

Jacobs (1969), using combined chromosomal surveys from

0ntario, Nerv Haven and Edinburgh, reported an incidence

of 9.0 per 1100O births. fn trThe Þ{anitoba Studytt, Uchida

(797O), the reported incidence of mongolism varied from

O.90 to 1.35 per 1r00O live births. In that study, 96/"

of the mongoloids rvere trisomic. Wahrman and Fried (L97O)

in a four-year study of all hospital birt,hs in Jerusalem

gave an incidence of 2.I9 per 11000 live bj-rths.

The cU-fferent incídence rates may be caused by

populatj on cU,fferences or may reflect diffcrences in standards

of diagnosis and degree of rcporting. llowever, íL would

appcar t,hat the popul ai-ion incidcnce ranges bctween 1 and 2

pcr 11 0O0 births t âs a mcan value f.or all Lypes of Downt s
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synclro¡ìre ¿ìnd all rnatcrrlal agcs (Ililtlicl se^, 1971) "

T¡e iuc¡casccl prevalcncc of Dorvtrt s syrrdrome rvitlr

advancing nratcr"nal agc is wc11 doctuttcntcd ( Jenlt-ins, 19 3 3 ;

Penr.ose, 19 3 3 ; Oster , 19 53 : 19 56 ; Collnran and stoller ,

1962) " A classjfication of Dotrnrs s¡mdrome patients rì/as

postul_ated by Penrose (1963) according to their relativc

dependency on naternal âge" class A inclrrdes all hereditary

cases and- some hypothetical instances of environmental

origin age ind.ependent cases; class B includes age

d.ependent cases. Over the last thirty years, there has

been a trend torvards younger maternal age at childbirth

in man¡, countries. Consequently, the proportion of l-ive

births to mothers over the age of J$ years has fallen

considerably with a correspond-ing decline in the incidence

of Dorvnr s syndrome" Richard.s (f967 ) reported a slight

increase in the number of mongoloids born to young mothers,

but a great decrease

Penrose (t967) founcl

and_ a simj 1ar g "L% clecrease ín Class B mongoloids in a

fj-fteen yea'. s'brrdy of Englancl and walcs" Collman ancl

Stollcr (1969) obscrvcd a <lccrcase in thc mean percenLagc

j-nci,<lcncc olÌ mongol-s with <liminj-sl'ring mat'ernaL a{4et whj-le

in the numbers born to elderly mothers '

a g "L/" increase in Class A mongoloids



Uchida (fqZo) found only a slight

maternal age of mongols. Certain

operating in addítion to maternal

the calrse of this trend.

Mortality

L2

fluctuation in the mean

environmental factors

a6e were suggested as

Advances in modern medicine have created a general

secular decrease in infant mortality rates, and mongoloids

have shared in this. Carter (fgS8) compared the mortality

of mongoloids from birth to ten years of age between the

period J.944-48 and 1955-59, and the results suggested a

40% decrease in mortality

The most coÍrmon caLtse of death in mongoloid children

is respiratory tract infection (Penrose et al., Lg66),

with bronchopneumonia being the nost lethaI complication

(Carter, 1958). Pulmonary tuberculosis has been a colnmon

calrse of d,eath aù later ages (Richards, 1970). Congenital

heart disease is the second most corlmon cause of death

(Record and Smith, 1955; Carter, 1958; Penr,ose and Smith,

1966) 
"

The mortality during the first year of 1ife, although

still high due to 1etha1 congenital malformations and

other causes, has been significantly red.uced, d.ue to
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inulrtrrrizat-i-on ;rga-inst infcctiorts cliscascs, thc introcluctiorr

of sul.phon;rrniclcs ancl a¡rtibiot.i-cs, ancl irtrp|ovccl gcncrirl c¿ll'e "

Fo*."ur"r-r.rncl Àl<csson (19(15), itr a stttcly of Lt263

instjtutionalized srveclish rtrongoloids, found the tnortality

rate for. mon.gols of all ages to be 6"/" higher than that of

the general populatiorr" They found no sex differences'

unljke penrose (1964), Recor<l and Snrith (1963b) and

Collman and. Stoller (1963b)" Lilienfeld (1969) reported

that Z5-3O/" of mongol-oid's die during the first year of

life and about 50 percent d-uring the first five years'

tVahrman and Fried (1970) reported that only 60'B% reach

the age of síx months and by one year 44"7% naa died'

ThereislessinformationaboutmortalityaLlater

ages" Forssman and Akesson (1965) found an excess mortality

of LI% in the one to five age group' and of less than

half this excess thereafter, up to age 40 years' Above

forLy, however, the mortality raLe increased sharply'

reaching an excess of 30% above the general population'

rt is not unclcrstood. rvhy the mortality of mongolism, which

is only moclerately greater than i-inat' of the general

populatì-on bc'{,ween thc a[Jcs of fivc ancl forty years' then

rises str:cpJy. Richarcls (lg7O) suggcs'bs thaL the process
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of aging that occLrrs in norntal subjccts scts i-n sooncr

in nrongols, or qual Ltat-lvcly di.f fcrcnt patholog5.ical

proccsscs occr-ìr'.

Cytogcnetics

Before the chromosomal etiology of nrongolisln rvas

discovered, tivin studies offered strong strpport for the

genetic etiology of the corrdition. It rvas noted that all

presuned monozygotic trvins were concordant fo" *o.rgolism,

while this rvas not true of dizygotic trqins (Oster t a953;

Penrose, Lg54t Allen and Ka11nann, 1957; Lejeune, 1964j.

The multiple occLtrrence of Dornrnrs syndrome in families of

rsomen with the same condition, lent addjtional support

for a genetic defect.

l{aardenburg (1932) was the first to suggest

chromosonlal abnormality as a causative factor in Downt s

synclrome. I{e even suggested nonclis junction as a possible

mechanism producing the chromosomal abnormality.

Tijo and Levan (fqS6) used the hypotonic shock

tecl-rrrr'-quc (IIsu, 1952) to ,separate and idcnt,ify the chromosotnes

of living f j-l¡rol:lasts f rom four thcrapcuticall y aborted

embryos. 'llnc'.Lr obscrvation tha't thc ma joriLy of ce1ls
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contåinecl 46 chrornosonres lrr¿ìs 1a't,cr confirmcd l¡y Forcl

ancl llanrcr'ùou ( 19 5ó) trsing huntan sr: x cclls '

Dorvnt s syrrclrorne becantc thc first knorutr cxantplc of

human arreu¡tloidy ancl its chrontosomal const,itution has

sincc been explored nrore energetically than that of any

other cond-ition. Le j eune, Gautier and Turpin ( 19 59)

reported that ind-ivid-uals rvith Dotvnrs s¡'ndrome had 47

chromosomesand.thattlreSupernumarychromosonlelva:

one of the small acrocentrics. shortly afterrvards, this

rvas confirmed by Jacobs et 41.(1959), Ford et a1. (1959),

and Book et al. (1959) "

The cytogenetic variability of Downt s syndrome

became evid-ent with the discovery of trans]ocations

(eolani et aL, 1960; Fraccaro et aL', 1960) translocatíon

carriers (penrose et, aI., 197A), ancl mosaics (clarke et aT.,

T96I; ancl Blank et 41. , L962) "

Ac]-as'sificationofthecybogeneticentitiesfound

ín Dorvnrs synclrome was establishecl by Hamerton et al' (1965)'

I. Primary trisomics result from the phenomenon

ca11ed- rtnonclisjunctionrr ancl constit-,ute the majorj-Ly of

the mc-¡ngolo i-cl popu1at:i-on (g 4. 5%), [Iamcrton (L97L) ' Non-

disjunction i-mplies failurc of thc homologous chromosomes to
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sep¿lt atc durirrg thc f irst, oll thc trvo ¡tttriotic clivisj-orìs ol'

failr.rr.c of clrr.oru¿rticl-s to scparatc cluring tlrc scconcl Irtci-ot.i-c

d.ivi-siorr. The r.csttlts of non<l-i-sjtrnct,io. rdcrc f :Lrst clis-

cover.ed ip plarrts by Gates (f.ç08), horvever, Ùhe cytological

process tvas not demonstratcd until eight year's later

(gri¿ges, 1916) " This type of aberrant chrontosorttal

beþaviour þas 47 chromosomes, one of rvhich is arl additjonal

chromosome in group G, arbitrarily defined as ntunber" 21

( Inter"national Stud'y Group, D"ttl'"", 196O)'

There has been uncertainty abottt rvhich of the trvo

chromosome pairs nr-u[bered 21 and 22 is involved in the

trisomy responsible for Dorr,ni s syndrome. ordinary staining

techniques and autorad-iography have not been conclusive

(Therman et al.r 1961; Yunis et aL",1965; Fraccaro et aI.,

1967; ancl Mikkelsen, 1969) . By means of the tlewer

technique of fluoroscoPY: it has been shotvn rvith f aír

certainty that the trisomic chromosomes are' in facL,

the smaller of the two pai-rs of the G group, therefore,

number 22 (Cro.ssen, 1972; Dutrillaux et aI., 1972; and

Stern, L973). Ilowever, by gcneral consensus, the nomen-

clature rema j-ns trisomY 2L -

II. seconclary trisornj-cs resul'b fr"om the phcnomcnon



aä
Ll

Ittr"¿rn-sl oc¿rt-ion'Î ancl constii.rrbc abotit 5 " 47'ß of tllc ruongo-l oid

populartion ( Ilarncrton, 1971 ) . In tr¿rtrslocat-i-orrs, a brcalt

occLtr.s near the ccntro¡ueric rcgion oll boùh clrrortlosorltcs so

that the long arrn is involved in one of thc chronrosontes

and thc short arnl in the other. The r"eorganizatiou leacls

to trvo chrOluOsolnes, a lar-ge translocat-,ion chronroso¡lte and

a micro-chromosome. The large clr.romoso¡Ìre can bc transmitted

through several- generations, ivhile the sma11 chromosome

is lost during cel1 <livision (Mikkelsen, f97f) "

Several types of translocations have been reported,

D/G (ogce) and GfG (cecs) being the most common.

The finding of the translocation or secondary trisomy

type of Dorvnrs syndronte was important in explaining the

familíal occurrence of mongolj-sm. The translocation

chromosome can be carried by a normal person and be

transmitted through several generations. Translocations

of (OSCg) and (CgCg) type occurred in nearly equal frequencies.

I-lalf of the t(DgGg) cases were familial while most of the

t,(Ggcg) arose sporadi-ca1J_y (Mikkcl-sen, 797L) -

Translocations are more common Among mongols born

Lo young mothers. Thr: first case of translocation trisomy

Was founcJ. when patients born to young mothcrs \{erc cx¿rmj-ned

cy4-agc:ne1-i-citJ.Jy ( Irolani c1- a7.. , 1960) . M:il<kc] sen (1.971)
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i.nclicatcd thal. ¿lbou't, 8/" of {,hc ntongols boru t-,o yotutg

ntotlrcrs slrorvcd translocat-ions, rvhilc onl-¡r f "5l' of tlrc

nrongols borrr to ¡uothcrs ovcr 30 ycars shotvccl this l<aryot¡'pc

About 2,24/" of the patients trorn to young ntothcrs had

inherited their translocation from one of their parents,

as conrpared to O"47% of patients born to eld-erly mothers.

III. Mixoploid or mosaicism occlrrs rvhen two or nrore

ce1l types appear. in an individual because of mitotic non-

disjunction (Ford, 1969). Mosaics can arise due to non-

disjunction during mitosis from a normal zygote rvith

46 chromosonles, or they can arise from an abnorrnal zygoLe

with trisomy, due to the loss of the extra chronosome

during mitosis.

Mosaics are uncommon in typical cases of Dorvnts

synclrome. Hamerton et al" (1965) f ound frequencies of

about L/, in typical cases while the frequency rose to IO/"

ín atypi.cal cases.

Trisomic cell-s of mosaics have a higher frectruency

(2O%) in skin fíbroblasts than in blood (RJ chards, 1969) .

No si-gnificant clifference ín the prevalence of mosaj-cs

among patients born to young or e1<lcrly mothers could be

.shown by Mil<kclsc1 (tg6llt) i Ttowever, Richarcls (tg6g) fo¡¡d
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¿t -slì-ght exccss of mos¿lics born to yoLrng rltothcrs.

Inter",l'e1at ions ofjorrlt arlcl llrtnct-,ion

Queen (1975), in a c-i'cfluo.ogr-ap¡ic'study of

d.egluÙitiorr in Dorr'nts s¡'ndrome using the fivc stagcs

suggested by c1eall (1965), fomrd significanb differences

aL the rest position for the trisoury and.corrtrol groups.

He felt that both hard, and- soft tissue compensatíons

rvere occurring in arl attempt to maintain the vital function

of respiration and. that these conpensations l{ere a part

of the mongoloid rrPhenotype"

upper respiratory obstruction is comnlon in children

with Dorvnts syndrome, a fact attributed to decreased size

of the nasal cavity and to incomplete involution of the

pharyngeal tonsil of the nasopharynx (gueen, Lg75) " The

harcl and- soft tissues attempt to overcome this obstruction

by increasj-ng the teffectivet size of the oral cavíty

ancl oropharynx. Low, protruclìng tongue position and large,

obtuse soft' palate both appear to l¡e soft tissue adapta'tions

to mouth breathing, ancl extensi on of the cervical vertcbrae

incrcases the si.ze of thc otaL cavi-'Ly ancl orophyarynx by

incrcasing thc clistancc bctwccn thc posberior nasal spj-nc
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and thc antcrior tubcrclc of thc a{,1-as.

Local effccts of thesc hartl ¿rnd soft tissuc

compellsations on thc rcntaincler of tl-rc crauiofacial sl<clcton

appear to be rninimal; horvever, correlations rvit'h the hig[

incidence of trilateral' poster.ior crossbite (Jcnsen, 1973),

proclined maxj-llary incisors and openbite tendency,

are possible.

Inrplications of upper respiratory obstruction on

general body heal-th can be far-reaching. lrfenasche et al.

(1965) suggested chronic upper respiratory obstruction as

a cause of heart failure and this was supported by Noonan

(1965), Luke et a1. (1966), Massumi et a1. (rq6S) and

Clairmont et al. (I975). In al1 of these cases, substantial-

improvement was notecl after adenoidectomy andfot

tonsillectomy.

Luscher (fqgO) reported that trigeminal nerve

stímulation in the nasal niucosa by aír currents was involved

in the movemcnts of thc thorax-lung system. A1so, Unno

et aL. (fg6g) oÌ:servcd an association betrveen high nasal

obstruction ¿rnd dccreased pulmonary function. due to a

ref lex ac-l-ion.

The conncctj.on of uppcr airway obstruction in

mongol-oirl ctrj I cl::en coulcl havc s.Lgni L'icant cflf <¡cts on 'Lhe
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gcnel'a1 health of thesc inclivirh-ra1.s, ancl irr par-ticular,

on chron ic rc.spir.ll,or.¡' cli*sc¿rse arrcl congcnit-,¿rl hcar.t

f ailur"e the ttvo rnajor caLtses of prcmat,ur"e clcath in Dorurl s

syndrome. The surgical procedure-s of tonsilrectomy and/or

adenoidectomy have Lreen suggested (Ifenasche et al., 1965;

Cox et al., 1965) and. t,he non-surgical procedure, rapicl

maxillary expansion, is another possibility (Queen, 19T5) "

Further" investigation to determine the most satisfactorv

approach is required.

Çsrebral Metabolis¡n in Dojrrnþ :gyndrome

Diminished cerebral metabolism in earlv life.

whether due to a lack of oxygen or sugar ( glucose) could

lead to irreversible, pathological changes in cerebral

function; changes rvhich persist after the oxygen and. sugar

again become available to the brain. An example of such

a conditjon ís infant hypoglycemia, where glucose deficiencyoften

results in severe mental retardation.

Neuropathological findings are well documentecl j_n

descriptj-ons oll the infant, mongoloid .lrrain, which suggest

a genera1 lack of development, in particular of the frontal

lobes, cercbcl-luni and br-aj,n stcm (Apert, L914; Davídoff ,
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19Z8; Bc¡cla, 1960). T¡e total rvci-g5lrt lvas lcss thal no¡nt¿tl

ancl t,he netrropai.lrological changcs lvcrc ltsrrall-y cliffusc

ancl non-spccific (Crorne, 1965).

trnvestigation of cerebral dysfunction in ntongoloicls

involves the analysis of the clifferential values of oxygen

and sugar betrveen arterial and venous cercbral bloocl

(t{imrvich et al., 1940; Lessen et 41., 1966) . Technical

and hu¡nan linitations in dealing rvith mentally retarded

patients have created- controversy rvith respect to data

collected-; for example, the influence of either heavy

sedation or general anesthesia on cerebral oxygen intake.

Hi¡nrvich and Fazekas (fq+O), with no mention of a

general anesthesia, found a diminished utili zaLion of

oxygen and- sugar for each hundred cubic centimeters of

blood passing through the infant mongoloid brain. The

oxygen content of cerebral blood was lowest in infants,

L4"5L volumes percent, incr-eased to I5"7I volumes percenl,

in chilclren ancl attained a value rvithin normal limits,

lB.4g volumes percent, in adults.

Lessen eL al. (fq0e) studiecl adult mongoloids

using gencral anestlresia (lralothane). They found cerebral

oxyger, uptalcc to be within normal limits'
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Tþc improvertrelL of cercbr"al oxygcr-I v¿rl-trcs rvj tþ

age (llin¡v:ic¡ et a1. , 1940) coulcl h¿rvc rn¿ìtìy r'¿rmj,f icat iorrs 
"

Cercbral clysfr.rnction at inf a¡cy rvotrJ.cl c¿rttsc irreparablc

clanage regardless of later conclitions. Also, tþe high

infant mortality rate in Dorrnrs syndrome rvould tend to

el-iminate a certain percentage of t l-re population and t'hose

rvho reached- adult sta|us tuould represent a biased sanple

of the total mongoloid grouP"

TI" CEPI{ALOMETRIC ANALYSIS

Modern techniques in roentgenographic cephalometry

owe their inception to studies of racial types.

Anatomists and. anthropologists, during the eighteen and

nineteen hundreds, utilized craniology (ttre direct measlrre

of the dry skull) and- cephalometry (tne direct measure of

the living head-) to satisfy their preoccupation with race

and sex d_ifferences in the adult sku11. The natural

heritor of craniometry ancl cephalometry, roen'l-genographic

cephalometryr was introrlucecl by the indepenclent efforts

of Rroaclbent ( I q:f ) ancl Ilofrath ( f q:l ) provj-cling investigators

with a pract,|cal method- of measuring craniofacial growth

and devcl,oprncnt "
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Plane s of 0ricr"rt¿rtion Ef fcctivc uti f .iz,ati-on of

rocntgcnograplric ccphalornetr.y in thc s1-ucly of grorvth arrcl

clevelopnrcni- r.equi-rcs the establislrnrcnt of a plane of

orientation. Little researcrr is reported, in ilre f ielcl

of cephalometric superimposition due to t,he difficufrv

involved in objectively ì-nterpreting and. comparing the

various methods of orientation. since most method.s of

orientation presently in ìrse are of untested. reliabilitv.

it would seern that results of studies d_epend_ent, upon these

methods are of questionable significance.

superimposition of lateral cephalograms facilitates

the analysis of local changes within a very limited. area

and analysis of more general areas or relations betrveen

different, regions. A basic problem is the difficulty in

locating any particular point or areâ that is without

modification in shape due.to growth and. development. For

ideal superimpositi-on, it is necessary to locate a rcference

plane void of changes not only in shape, but also in

position, during all stages of growth. The fact thar

diffcrent areas grow at different rates, which are not

proportional, suggests that a complcLcly acceptable meLhocl

of ori-enl,¿rtion wi-l] nevcr l:e founcl. Idith this in mincl. the
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best nrct hocl rvoulcl be to use that lincar 'cli-ntcnsion rvhich

best clcscr.ibes ùhe p:rr.ticrrlar area of intcrcsL ancl tvhich,

at thc saule tinrc, dentor-tstrates relativcly lorv variab-i1ity

within the craniof¿rcial complex.

þfininral- biological variation is critical to a plane

of orientation. Sclunidt (1876) studied the variability of

horizontal craniometric planes and ranked the planes according

to the ranges of the angles between them. His results

indicated that the Gottingen plane and Hís plane rvere the

l-east, variable. Koski and Virolainen (1956) investigated

the angular relationships between six lines of reference.

They concluded that each of the lines covering the whole

sagittal length of the slcull had a more constant relation-

ship to the other lines of reference than those which

covered only part of the sku11 base or face. They

recommencled the His line for studies involving the facial

area.

Bergersen (f961) studied the adaptabi-11ty of several

sLrperimpositj-on techniqlres to longitudinal cephalometric

research. Ile introduccd Itthe intersection point methocilt

which superi-mposes on the postcrior ext cnsion.s of the

incremcnLal- growth vectors of nasj-on and antcrior nasal
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spinc, hrlìcn thc cal-var.i¿rl orrtlincs ¿ìl'c concentr-ica11y

ccutred upolt onc ¿rnothcr. IIe founcl th¿rt Lhe irrtcr"*scction

point nletl-rocl clcscribccl facial changcs ntore accrrraùc1)¡

during grorvth than the nrore conventional nrcthods which

utilize sella-nasion (gjork, 1941, f947, Riedel, 1952)

or the registration point of Broadbent (1931, 1937).

l{ei (fqe S) studiecl five conutonly us'ed reference

lines and denonstrated that althoueh all the lines shorved

consi-derable variation" the nasion-se11a line was the

least variable, followed by the Frankfort Horizon1.aL

and the ethmoid-sel1a line "

Solorv (1966), in a stud-y of the patterns of cranio-

facial associations, demonstrated that the variability of

angular measu.rements between different reference lines

followed a definte relationship based on the geometrical

distribution of the landmarks definine these lines, He

confirmed a negative association between the standard

deviations of 1,he angles and the means of the reference

poínt distances of the angle arms. Thus, biological

factors alonc were not responsible for the variabilLty of.

most refcrcncc ljnes. IIenry ancl C1ea1l- (L974) confirmed

these fi-ndings j.n a rcpeated oricntation stucly on monl<ey
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ccplì¿r1ogt"¿ìils.

Reproth.rc j b:i lity of Ceplralon¡ctri.c LancLnarli-s - The

reproclucibility of the anatornical landnar-ks defining a

plane of orientation is of the utmost inrpor-tance. Bjork

(f947) nrentioned that stud.ies of the reliabilitv of

cephalonretric land¡narks rvere dir"ected torvards the erl-or

of the nethod, r,uhich he differentiated into:

( i) dif f erences betrveen trvo films of the sanle

subj ect

(ii) observed differences in locating the points

and

(:-ii) variations in measuring the distance betrveen

two marl<ed points.

His analysís of tl-re error of the method revealed larse

differences in precision rr'hen LocaIízi.ng different cranial

landmarks. However, wíth easily icientified- land-marks,

only minor errors were found and these ranged from 0.3 mm

to I " 4 mm in linear measurements ancl from O. 3 clegrces to

I"6 degrees in angular measurements. Richar.dson (1966)

found th¿lt most cranial landmarl<s hacl a marsi-n of error

of less than * 1.0 mm anrl he f ound lclnat, all an6çu1_ar
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mcaslrl.c¡tertts follorvcd thc var"i¿rtion tctrclctrcy of thc lancl-

mar.lt*s. Vcrtical clcvi-aùiorrs rosc rvhcrt anatortt.i-c¿rl cltrvc-s

r{erc i¡vol-vccl ( subspin¿rle and strpl-¿ìrìrcrt't al c) arrd horizont',¿rl

d.cviations rosc rvherr me¡rton, anterior nasal spine or tl-re

pLer"ygorn;rxi11ar5' fissure r{ere used.

Baunrrincl and Frantz (rçzr) found that each lancl-

mark hacl its orrrn characteristic pattern of errors and that

land¡rarks placed on cr-rrves with rvide radii were difficult

to locate, while those located on anatomically formed

edges or creases were easy to identify.

Mid-tgärd., Bjork and Sten-Lind-er-Aronson (L974)

studied the reproducibility of fifteen landmarks and the

errors of measurement in seven cranial distances. They

found that erl'ors caused by the radíography rvere slight,

while those created by the rìncertainty of the observer

in placing the landmark were greater. The reproducibility

was good- for all landmarks, except orbitale'

Ih" correct interpretation of bone structure has

treen stuclj-ecl try Yen (fg6O) ancl Van cTer Linden (tgZl) 
"

Van dcr Linclen, using sixty-four Asj atic Inclian skulls,

founcl that a number of landmar'l<s deviatcd from their

gencral-1y accepLerl defintions (prosth.i-on, infraden't-ale, mcnton

and gnathìon). Ile ¿rl,so conclu.ded that j-ndivj-rlual local
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variati-ons i' skclctal struct'r-c playcd a rore in tlic

locat-i-on of se11a, nasiort, pr"osth-i-on, inf r-aclc¡rta1c, rlcn1-on,

gnathion, and, especJ_alJy: point A.

Recent advances have bee' nrad.e in the uret,hod. of
quantifying data from ceprralonretric rad.iograprry in an

atternpl, to recluce the error of the method" in ord.er. to

identify subtle change. Actual tracing of rad.iograprrs

has been eliminated by the use of the strip chart

digitizer and key punch equipment and the use of compurer

programming for geometric and mathematical calculations
( 
". s. coorclinate analysis system c1eal1 and. chebib.

197a) .

Horizontal Planes of Orientation

Krogman and sassouni (rg sT) pointed. out that because

roentgenographic cephalometry d.evelopecl from craniometrv.

many of the points and planes of reference acloptecl for Lrse

were those clevisecl by c¡:aniologists for comparr._ng ad.ult d"y

skulls" Krogman (rgsr) publishecl a histo'ical survey of

the m¿rny plancs used in both craniometry ancl cephalomcrry"

I{e perrticularly 1it<c<1 t}re use of Irr¿rnkfort Iforj_zonLar

bccausc i'b maclc no diflferencc whc-l,her ctaníometrv or
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cephalorììctry \vcre ttscd" Prj-or",t,o trt,he x-raV cratt, tþe

Franhfort llor.i zontal rvas the ¡nost contntonly usecl horizontal

planc of rcf crencc. It was dcf inccl at t,hc anthropological

congress in Frankfort am I'fai¡r (1882) as passing through

the upper perifery of the external auricular canal and

the lol.est point of the left orbit. Sone authors have

chosen to use the cephalometric¡ of anatornic porion

(gtaj-r , L954; Craig, 1951; Higley, ]-954; Williams, 1955) ,

rvhile others have used machine porion (ejork, 7947; Moorrees,

Ig54; Ricketts, L952; Graber, 1-952). Frankfort Horizontal-

has the advantage of being fairly accessible and well

d.efined¡ âs well as coinciding with the true horizontal

plane through the cranium. Lüthy (fq¿B) reported a median

d-eviation of about 5.0 degrees, while Dorrms (tgSZ) found

the mean position d-eviated, * 0.9 degrees from 1evel'

Cleall (1966) founcl Frankfort Horizontal. to be close to the

true ;¡orízo¡,.La1- (gO.f d.egrees) at the normal resting

posture.

Broadbent (f93f, l.937) was among the first to

recognLze the problems of i.nLerpreting cephaTomeíric

ra<liographs on a longi{,u<linal l¡asj.s. Ile found the cranial

base Lo be a reLittiveTy stablc regj-on and used this as a
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basis f or. orie¡rtation.

hlcDorvcll- ( rg¿r) *sccr sc'cr"al rcfcre'cc poi'ts
(lanibcla, br"egrua a'd Bol-to' point) to or"icnt snccessivc

calvarial outlines.

Krognran (rqsr) suggested fo'r nrajor classifications

f or cr.aniof ac j a1 planes:

( i) Resting Horizontal planes rvrricrr rvere def ined
by the external anatomy of the skull and mandible and.

included Blumenbäckr s plane and von Baerr s plane.

(ii) planes using craniometric points rr,hich

corrected the deficiency of the first classification by

having precise def íntion of end.points. This group includ.ed:

Brocars plane, Hisr plane (His, LB64; Koski, Ig53, t956;
Koski et ar. , 1955; silversten and Hasund, r97o) , Martin,s
Plane, Huxleyrs plane, or the basicranial axis (rvelcher,

1B6B; Linclega'd., 1951) , Hamyrs plane, Schwalbr s p1ane,

schmidtrs p1ane, and the plane from g1abe11a to opisthion.
( iii) rlanes centering upon the External Auditory

Meatus, which includccl six planes: Camperrs plane, Von

rhringts P1ane, pycraftrs plane, Montaqurs p1ane, Franrcfort

trori-zontal and thc Krogman rrNasion-par.a11el_r 
"
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( iv) Rocntgcnogr"aphic Ccphalonrctric Pl¿rncs rvhj-clr

inclrrdcd t,lrc Ilroadbcnt P1¿tnc, thc Bro¿rclbcnt-llo-lton Pl.rrte,

thc }far"golis P1ane, and tlrc Bjork Pl.rnc.

The cranial base represents a phylogenetically

stable area of the sl<ull (Ntoss and Greenberg, 1955; Forct,

1958; Scott, 7-967; Moss and Salentyn, 1969; Sicher, 1970) 
"

Brodie (fg¿f, 1953) made use of the sella to nasion line

registered on sella as a method. of orientation because it

served as a division betiveen the cranial vault and face,

and provided a stabl-e reference base against rvhich sutural

f acial grorn'th could take p1ace. The Lrse of this plane

was supported by Bjork (rq+r, L947), Riedel (tgSz) steiner

(1953), and Bjern (1957). The use of sella turcica and

nasion as reliable fixed reference points has been criticized

in recent studies. Bau:ne (19 57 ) felt that the active growth

of the sphenoccipital synchondrosis and the pituitary

91and. caused variation in the posi'{,ion of the reference

points and Scott ( 1956) found

landmar'k nasion. Moore ( 1949)

on monkcys and found evidcnce

at nasion.

superior migration of the

used vital staining techniques

of apposi-tional bone growbh

DcCostcr (fgSf , 1,953) rcportccl l,hat thc cribj-form
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platc arrd planunr sphcno-iclalc conrplctccl grorv-bh at abotrt

seven ycar."s ancl suggcstcd thc Lrse of tlre cribifornr planc

as a supcr":i-or mcthod of supcrinrposition. Forct (f 953)

substantiated this constancv on dricd skull material.

Richardson ( 1966) found this area difficult to reproducc.

According to the Gernran school, the most conser'\¡ative

portion, phylogenetically and ontogenetically, of the

neural mass is the brain stem and, therefore, the most

conservative portion of the cranial base is the ceretrral

surface of the postsella portion of the skuJ-l base which

supports ùhe immed.iately overlying brain stem. lloss (1967)

suggested that when comparing trisomy 2I and control

populations, registration on the posterior cranial base

provided a more accurate characterizat,íon of certain features

of the trísomy 2I phenotype"

Vertical Planes of Orientation

The use of a vertical plane of orientation has been

sugges'becl by several investigators. Broadbent (fg:f )

suggcsted a vertj-cal axis of growbh wh:ich extcndcd from the

coronal suturc to the anterior bor<lcr of the pterygomaxj-Ll-ary

fj-ssr,rrc ancl crossccl the manclible closc to the anLigonial notch"
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Perez .rncl Bcauvicux (1922) invcstigal-cct thc

horizorrt¿rl scnr-icircular canal and the pctrotts bonc. As thc

senricirctrlar canals werc involvccl rvitl-r '1,hc scrlsc of

equilibrium, tl-rey fclt that an axis basecl on these canals

ivould have a meaningful relation to postttral orientation.

Beauvieux, Autissiere and Beltranri (1949, 1951) felt tliat

the axis of the senticircular canal t{as paralleI to the

nasion-opisthion line" Delattre and Daile (1950) disagreed

and Delattre and Fenart (1955) demonstrated variation

with age and species.

Eñlorv (l_969 , I97 3) investigated the P "M. Vertical

Plane ( posterior nasomaxilla) which rvas defined superiorly

by the point of intersection of the greater wings of the

sphenoid with the cranial floor and inferiorly by the

lorver¡nost point of the pterygomaxillary f issure " This

plane was said to be approximately perpendicular to the

l-ine of vision ancl so represented a reference line consistent

with the anatomically rtnelrtralrl posr'-tion of the head"

Feuer (f974) found thc P.M. Vertical Plane to have aî

average inclination of 9.0 degrces to thc verl,:i.cal, with

a stanclard dcvi.ation of 4 " + clcgrees. The rcproducibi f-i-ty

of the landmarl<s for this vcrLi,caL line was O.2 clegrees with
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s{,andar.cl dev'iation of O.9 clcgr.ces.

ÏIÏ " I'f ATURTTY INDTCATOIìS

The scientific investigation of dentofacial

deformities is dependent upon an accur-ate interpretation

of the facioskeletal grorubh pattern. physical grorr'th

and developmental manifestations cân provid-e useful

criteria for such an interpretation. such pararneters

as rveight, height, dental developrnent and skeletal

developrnent are frequently used in evaluating the gror,rbh

and maturational status of subjects"

Hereditary.: functional, environmental, sexual,

nutritional and. metabolic factors influence gror^rbh and-

development. Although the proportional effects of each

of these factors is subject to controversy: their collectíve

input tends to introduce signifr'-cant variation both within

an individual and between individuals.

Height and weight are the physical manifestations of

grow-bh and development which are probabry used most in

diagnostic proceclures, and in the asscssment of growbh ancl

developmeni.. Body wer'-ght is probabJ-y thc besi. index of

nutritj-on and growbh bccar-rse i'b sums up all increments in
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sizc ( r\usubcl, 19 58 ; Stuart et a1 . , 1946; \{atson ancl

Lorvry, 19 54 ) .

The devclopmcnt and erupt-ion of tcctlì are a par'{,

of the childrs total devcloprnent. Dental developmental

schedules are used as indices of gror,rbh and maturat,ion

during childhood since teeth develop and erupt in

characteristic sequ.ences and rvithin predictable age

ranges (Massler et al., 1941; Nelson, a959; Schour et

al., I94L; and \,{atson and Lorvry, 1954).

Of the various methods of expressing grorr.Lh time

t,hat, have been suggested as substitutes for, or adjuncts

to, chronologícal age¡ the progressive maturation of the

skeleton is the most widely used (Greulich, 1950; Johnston,

L963). The appearance and union of different skeletal

centres of ossification fol-lows a fairly definite pattern

and time schedule frombirth tomaturí1-y and a roentgeno-

graphic study of these slceletal matura-bj-ona1 processes

provides a valuable criterion of the childts level of osseous

maturatíon (Ne1son, Ig59t Watson and Lowry, L954) " The

carpa1- area provicles a useful indcx of skcletal matur¿rtion

and is freqr.rently utilj-zed bec¿ìuse it is easily accessible

and radj-ograph-s can t¡c tal<cn a1, a minimum of expense and
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tinre (Nelson, 1960).

Skcletal maturation assessments are ntacle by contpar-i-rrg

the individtralts l-rancl-rvrist radiographs rvith a series of

f ilnrs typical of various age groups. such pictorial standarcls

have been published by Wilnrs (1902), Rotch (1909), Flory

(r9:6), Greulich and Pyle (rqSo), and Flackav (1952) '

N{ore recently, a series of standard stages through

which each bone passes, has been establíshed (Acheson,

l-954 , :_966; Tanner and lrlhitehouse, l-g59t Tanner, Whitehouse

and Healy, Lg62). Each bone in the radiograph is matched

with the standard. stages, each of whi-ch has a numerical

score associated. with it, and the hand and wrist thus

scores a total of so many maturity points. This procedure

is termed the Oxford method"

The signif icance of this I'skeleta1 yardstick'r in

assessing the time of achievement of maturity was

investigated- by Green (fq6f). Ile studied- the correlation

betrveen the various maturity ind-icators ( dental a€e t

skeletal ãEe¡ weight a€et height age and chronologi-ca1

age) ancl founcl positive correLations between each,

suggcsting iv.. aí maturation and growLh go "hand-in-hanclrr"

Thus parameLcrs, such as skcletal development" are usccl
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in cornpar"ativc studics to i11r-rstr¿rte thc truc rclatiorrslr.i,ll

bctrveen thc santpl es 
"

Sex differcnccs at"c appar"cnt in sltclctal rttaLttratj-or-i

(Pryor, 19O5, 7923, l_g25t l*{enghi, 1954; Tautrcr t T962)

presumably related to the genes on the Y chromosorue

(Talner and others, 1959) o" to the genes on the X chrontosome

(Garn arrd lrfcCreeryr 1970). At birth girls are ahead by

a matter of rveeks, at midgror"th by months, and at

adolescence by trvo years (Tanner, 1962).

The Greulich ancl Pyle method for assessing skeletal

maturation tends to rule out sex difference by using a

separate set of standards for each sex. Tn contrast,

the Oxford. lrfethod-, having one set of standards for both

male and female subjects, reveals differences in maturation

rates related to sex.

IV. SKELETAL MATURATTON TN DO"\¡N I S SYNDROME

Inclivicluals with Downrs syndrome present a fairly

consistent alteration of growbh, in both timing ancl resu;_i-ang

morphol- ogy. Shuttleworth ( 1BB6) concl-udcd that mongoloì-ds

weÍ,e trunf inishccl chilclrentt an<1 Benda (fq0O) suggestcd that

thcy represented a rlcccf-cration of prenat'al growLh, Prcsumably
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tþcsc ¿rbnorm¿r1i't, j cs \vcre procluccd, cithcr clircctly or'

inclircctly, by {,þc aclclitional gclc{ -ic rtt¿rtcr'-i-al founcl i¡

chrorìrosolne 27.

Alteration in the skeletal developmrent-, of ntongoloicls

has been supported by previous stttdies. Ballard (fçff)

examined 25 children rvith mongolisnt and found delayed

skeletal age to be general. Hefke (1940) and Engler (1949)

reported- that bone maturation in mongolism approximated the

normal rate. Benda (fq6O) stated- that the appearance of

ossification centres lvas frequently retarded and irregular

among mongoloid children" iVatson and. Lorvry (f qSB t I973)

asserted that d-elayed. osseous deveS-opment was characteristic

in mongolism.. Menghi (1954) found delayed bone developmert¿,

especially among male mongoloids'

poszonyi et al" (1964), using the Greulich and Pyle

standards to investigate hand-wrist radiographs of 100

mongoloicl chilclren, found clelayed skeletal age present until

about B years of chonrological age¡ followed by an

acceleratj-on of t¡one development until the theoret'icaL norm

v/as surpassecl. Like Bencla (f q6O) , these investigators

founcl osseotrs maturation to termi-natc well in aclvance of

thc theorctÍcal normal. Thcir f incU-rigs suggestecl an
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int ¡ilsic rat e of aging rvhich rvas un:ique to Ùhc ntongoloi cl

and adv¿rnccd of thc nortll .

Rochc (1964), j.n a longitud1nal sttr<1y of osscolts

devcloprnent in Downts synd.rome, supported tþe findings of

Poszonyi et al. (19ó4). Using Greulich and PyIe stanclards,

he founcl a d.efinite diffcrence betrveen early and late

skeletal maturation rates.

Nevile (1973), in a cross sectional study of

maturation in Do\.^Inl s syndrome, found skeletal maturation

to be retarded in the youngest age groups, not different

from the control group in mid-childhood, and accelerated

in later age groups.

Developmental d-ifferences betrveen roLrnd and long

bones have been reported for both normal children (Robinow,

lg42; Garn and- Rohmann, 1959; Pyle and Sontag, L943) and

mongoloids (Nevile, !973). Nevile found Lhat carpal

development in Dorvnls syndrome was almost normal, while

epiphyseal development \das greatly delayed. This could

suggest clef icicncy in enclochonclral bone growth , a t'tteme

which has bcen supportecl l¡y Bcnda (fgóO), who dcmonsl-rated

clisorgan j,zed enclochonclr'al bonc growth and early f us |on

of the synchonclroses , anrl by Sommcr ancl Daton (1970) 
'
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wlìo dcscribccl a casc of trisomy 21 rvhcrc achondr.opl:rsiir

rsas thc most pronrincnt f catur.c. Alinrchanrl¿rni ( 1973) ,

in a cross sectional study of Dorvn I s synch'oure . using

postero-arrtcr"ior radiographs e f ourrd interorbital width¡

height of the ¡rasal cavity and rvidth of the maxilla to be

sntaller in the trisomy 21 groLrp than in the control gr.olrp.

These areas of the craniofacial complex rvère believed to

be largely inf luenced by grorn'th of cartilage.

CIinical evidence is also supportive for the hypothesis

of disturbed and deficient endochondral bone growbh, rvith

features such as decreased height, brachycephalic head,

short, blunted fingers and toes, relative protrusion of

the mandi,ble and decreased distance betrveen the vertebrae

and posterior aspect of the maxilla 
"

V" GROh/TI{ OF THE CRANIOFACIAL SKELETON

Bone and cartilage, being reaclily associated with

skeletal growLh and maturation, are intimately involved

with the clevelonmenl, of skeletal at¡normalities. A clear

appreci-ation of their differences and respective mechani-sms

of grorvth i.s imperative for an understanding of the different

reactions in dj-fllcrcnt parts of the craniofaciaL complex.
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Bone

Bonc struc'bure arrd bonc grorvtl-r arc dictatcd by

vari¿rtions in thc distributiorr of the conrponcnt-, parts

bone ce1ls, vascular canals, and lame1l-ae. These cornplex

factors emphasize the ¡narkecl lability ancl the dynanric

adapt,ability of bone as a tissue to the nrany different,

circumstances involvecl in skeletal grorvth and physiology.

Rate and extent of grorvth relate directly to the type of

structural patterns produced during bone deposition.

All parts of the grorving bone are directly involved

in the total growbh process. Enlorv (1968) described the

process in a lneat packaget when he suggested trvo mechanisms

of bone enlargement -- the addition of ners bone at the major

growbh sites (sutures, synchondroses and alveolar margins),

and remodelling of the remainíng parts of the bone to provide

structural adjustments necessary for the overall gror"th

process.

Bone formatj-on in cart ilage ( endochondral ossification)

or membranous connective tissue ( intramembranous ossj-f i-cation)

is accomplished by apposi-tion rather than hy intersti t'íaL

procluction of aclcliti onal subsl,ance. Enlow ( f.9 68) concl udcd

that {,hc calcif i ed na-t urc of l¡onc matríx creaLcd funrlamental
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d.iffcr.enccs in the grorvth mcchanisnts of l¡otrc ¿rncl c¿rrtilitgc"

Carti I agc

cartilage is a tissue readily associated rvith the

process of skeletal grorv-bh and rvitl-r the development of

craniof acial abnorntalities. Enlorv (f ç68) suggcsted that

the structure and- fr-¡¡rction of cartilage, like any connective

tissue, a:.e associated with the proportions in which its

component parts cel1s, intercellular matrix and ground

substance are combined.

Durkin (1968, I97r, 1973) ' in a studv of the

normal maturational changes of cartilage, found striking

similarities in the basic morphohistologic features of the

frembryonic cartilagesrr . The cartilaginous anlage of the

raiÜ long bone and- the epiphyseal and condyLar cartilages

were found- to have an inherent embryonic character, as well

âs,: similar responses to changes in the relationship of

their surrounding structures during development by a process

of aclaptivc remoclelling. In contrast, growbh plat'e

carl,i-lage was; founcl to be hi.ghly specialized and a unj-que

typc of carti lage specif ica1ly ad.apted to meet the clemands

of the primary growbh rcqui-rcments of aî arc^:-' RaÙher than

bcing a moclcl for comparison of aL7- othcr carti-Lages, Lhe
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grorvl.h. platc cartilitgc was to bc considcr"cd rratypicallt .

The nornr¿rl growbh and adapt j ve capabi-lities of

cartilagc have also bccn stuclied in a series of trans-

plantation studies. In vivo and þ vj.tro transplarrts

have shorvn that syrrchondroses and the condylar grorv-bh

centre rcspond differently from other cartilaginous grorrbh

sites (Koski, 1960, 1968; Koski and Ronning, f965, 1969, Ig7I1'

Ronning, ]_966) .

Sarnat (1968) has shorvn that the mandibular condyle

is a unique structure in the body, in that it has a fj-brous

covering under which the proliferating fibroblasts provide

a reservoir of ce11s for the chondroblasts. rvhich in turn

will complete the endochondral growbh process.

Petrovíc and his associ ates have demonstrated

conclusively that it is the fibroblasts, rvhich form a

Iayer beneath the fibrous'covering of the condyle, i._vhaL in

turn form what is l<nown as a prechondroblastic layer

(Char"lier and. Petrovic, t967; Charlier eL aL., 1968, LÇ6Ça,

7g6gh; Petrovic eL aI.r 1968, L973t Petrovic, L97o,1972,

L97 4) " It is this prechondroblastic Iayer Lhat ís clif f crent

in its response to extrinsic forccs. Petrovic (I972, f974)

anrl Meikle (I973a, 1973h) dcmonsLraLerl that undcr cerLaLn
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condj-ti.ons, thc fil¡rous capsulc covcrirrg thc conclylc coulcl

f or¡n eithcr" ostcocytes 01' chondroc)'Les.

Petrovj.c et al . ( 1973 ) strb j ectcd )rottnÉ5 . r'¿rts to

chincap {.her"apy for periods up to four rveeks and shorvecl

that the pressLrr"e brought about a retarctation of grorvth

of the ¡nandibular condylar cartilage by inftibiting the

ce11 proliferation of the prechondroblastic zorte. He found

that the articular disc of the temporomandibular joint

and- the ar.ticular zone of the condyle l{ere not affected

by the chincap and, thus, he felt that the extrinsic force,

to be successful, had to operate on a particular tissue al

a particular stage of development. This would agree ivíth

Durkints (Lg7I, Lg73) find-ings of an immature (hypertrophic)

form of cartilage which undergoes adaptive remodelling and

a more mature (non-hypertrophic) form of cartilage which

is less susceptibie to environmental changes.

That there is a maturational 1evel which seems to be

of significance in the response of carLiLage to extrinsic

and- intrinsic forces is found in the contradicl.ing results

of studies cleal,ing with the adapLabil"LLy of the temporo-

manclibular joint. Colico (fg58), Hinj-l<er and Ramfjord (1966)

ancl Ramfjord and Enlow (Lg7L) , uLLirLlzi-ng non-growing anj-mals,
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found. that thc 'bcmporonandibttl.ar joints \{crc exÙrcrttely

stablc and rcsist¿rnt to occlusal changc ¿rnd tratutt'¡ ' On

the other hancl, Breitner (fqgo, 1933, 1940), Ilar-rpl and

psansky (fçgq), I-loffer an¿ Colico (1958), Baunre and

Derichsrvciler (1961), Stockli and 1{il1ert (1971), Moyers

et a1. (fqZO) and Elgoyhen et al. (1972) ' using grorving

animals, dernonstrated. that compensatory tissue changes

occurred in the condylar cartilage follorving altered

mandibular functional Position.

petrovic et al. (1973) cut the external pterygoid

muscle, unilateralLy, in rats and found a reduction of

fibroblasts in the prechondrotrlastic zone" This implied

the role of extrinsic functional forces in the development

of the condyle. Petrovic, Gasson and. Oudet (L973) used the

combined- therapy of growbh hormone ( somatornedin) and

nranclibular hyperpropulsion on rats , to increase the

prechond-roblastic zone Lo almost twíce that of a control.

Accorcling to Petrovic (Lg7 4) , the administration of the

growbh hormone stimulated the differentiation of the

prechonclroblast into the chonclroblast and, hence, was

most eff ectLvc at a parl-icuLar stage of developmenL.
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Cr¿.rnial- Basc

Tþc cralial basc, nradc rrp of thc ctluuoid, spheno.i-cl

and occipit:r} boncs, rcprcscrrts thc junctional rcgiorr

betwecn the cranitln and face and might tre expectecl to shorv

a gr-or,rbh rate intermediate betrveen the neural pattcrn of tire

cianiurn and. the general skeletal rate typical of the f,ace.

Ford (1958) suggested that this was true of tl-re base as a

whol-e, but that its individual parts had either the neurâ1

or the general growbh rate, not an íntermediate one. The

area from nasion to foramen caecum and from sella trucica to

basion exhíbit the general grorrrbh rate, rvhile that from

foramen caecum to sella and from the anterior margin of

the foramen magnum to the posterior margin of the foramen

magnum have a neural grorn'th pattern. wilkinson (1940)

suggested the importance of the sphenoid bone as a control-ling

factor in f acíaI developrnent and Enlorv (J-973) suggested an

interrelationship between neural mass growth and cranial

base grow-bh rvith a controlling effect being ínjLía|,ed on

facial growbh"

Schuller (fçfA) ancl Keith an<l Campion (tgZZ)

suggestecl that crani-al- base growbh occurred aT, the

sphenoccipital, sphenocthmoídal and fron1,al sutures, while
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Bjork (1955) pointcd out th¿rt, rvhilc thc sphcnoccipital

synchonclrosis rvas a pri.nre grord-h ccntre, the clcvclopurcnt

of thc l¡asc as a rvhole r{as dcpendcnt on grorvth of thc four

crarrial fossae

llost researchcrsr such âs DeCoster (1952), Ford

(T958), scott (rqS¿, 1958) Bjork (1955) and. sassou-ni (rq0z),

agreed that anterior cranial base gror,v-bh: per s€: t{as

usually terminated rvith closure of the sphenoethmoidal

and frontoethmoidal synchondroses by the end of the first

decade. Bjork (1955), Sassouni (1958) and

Scott (1958) suggested'chat any elongation of the anterior

cranial base after the first d-ecad.e was d-ue to appositional

bone grorr'th at the g1abe1lar region of the frontal bone,

simultaneous rvith pneumatiza1,i-on of the frontal sinuses.

Sassouni (1958) suggested that since the sphenoccipital

s¡mchondrosis \4¡as active until adolescence, angular and

linear changes in the poster:lor cranial base could alter the

relationship between the lower face and miclface. Ricketts

(1955) and Bjork (1955) agreed t]nat, craníal- base rotation

could affcct the positioning of the Lemporomandibular

j oint .

Thc cranial base in hunans dcmonstrates a hj-gher degree

of f lcxurc of the cranial base anglc than any ctLher spe cJ-es.
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Senncvil-le et al. ( 19 50) f ou'cl t6c cr¿rui'rl basc angle to

rcntain constant fr.om tl-rrcc ntorrths inrautcrine Ùo birth'

lfoss (1955) also founct thc anglc to t'ctnain constant at

diffcrent levels. Bjor.k (1955), using the pituitary fossa

and the meeting of the anterior and- posterior cranial axial

lihes, gave a nlean value of the angle âs 13O.8o at 12 years

and. 131.60 at ZO years. He stated. thaù in some individuals

theangleincreased,rvhileinotlrersitdecreased.Ford

(1956) shorved that during fetal life, the cranial base

angle increased from 131.50 at l.O rveeks to 150'50 at birth'

scott (rgs8) felt that most of the change in cranial base

angleoccurredd.uringfetallifeandprobablydidsoatthe

post and presphenoid- synchondroses' Changes that occurred

inlaterlifewered-uetopositionalchangesinnasionand

the sphenoccipital synchondrosis'

Roche and Lervis (Lg7 4) f ouncl elongation of all cranial

ba'se measurements continuing into adolescence" They

attril:u'bed- this to five possi-ble mechanisms:

( 1) apposi-tion aL basion - thj-s must tre accompanied

byresorptionaLornearopisthion-andrepositioningof

foramen magnìlm because its antero-posteri-or. dj-mension does

not changc af.Ler ch1-l<Jhoocl (por<l, 1958; Koski, L960) '
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(2) repositioning of sella

or superior position by renrodelling.

( g) repositioning of nasion - the usual pattcrn

is apposition (Enlorv, 1968; Ford, 1958; Koski, 1960).

(4) change in the saddle angle.

( 5) apposition at the sphenoccipital synchonclrosis

bony fusion of the synchonclrosis occurs at about 15-16å years

in boys and 11-14 years in girls (Nelson, 1969; Powell

et a7.r 1963; Nelson, 1972), The age of fusion was found

to be closely associated with skeletal age (Konie, 1964) "

Dorvnl s Syndrome:

Early investigations by Benda (1940), using

histological data, and Rezk (1964), Kisling (rq00) and

Ghiz (L969), using lateral cephalometric nreaslrrements,

indicated that the sphenoccipital synchondrosis closed

prematureLy in Downr s "Urrd"o*". All of these authors

observecl that the cranial base was considerably shorter in

Downt s syndrome than in normals, and Kisling (L966) , and

Ghíz (L969) showed that the anterj-or craniaL base was

shortcnecl more than the posterior cran|aL base.

Rezk (L964), Kisling (1966) and" Gltiz (t969) found
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greatel" f lcxiol of thc cranial base angle in ntolgoloicls.

Sassouni et a1. (19ó4) and Kisl.ing (196ó) found this to bc

associatcd. rvith a lorvcring of seIla, rvhil-e Ghiz (1969)

suggested it could also be due to a change in direction

of grorv-bþ of the sphenoccipital synchondrosis and the

appositional gror,rbh patterns. Kisling (196ó) founcl ntuch

more flatteling of the central and lateral parts of the

cranial base while at the site of the mandibular condylar"

head, the flattening r{as hardly discernible. Thus, the

posterior positioníng of the middle and lower face, which

would. normally be expected in increased cranial base

flexion did not occur in Downr s syndrome.

The shape and síze of the sel1a turcica in mongoloids

has been investigated- by several authors; for example Clift

(Lgz3) noticed. a characteristic recess under the anterior

clinoid process. Engler .(1949) found the síze of sel1a to

be smaller in trisomy 2I, while Schiffer (1951) found sella

to be small and similar in sLze ancl appe alaîç;e to j|haj- of

the nor¡nal fatirler. Kislíng (fgA0) found the height of sella

to t¡e gfeal-eT in the mongoloid group, while the maximum

<liame{,cr and the enLry wcre sma1ler.
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Nasourax-i 1.1=ar"y Cornpl cx

T¡e l-¡asor¡axi11ary conrpJ-cx, ntatlc trp of thc llt¿'txil1ac::

the nasal troncs, the laryngcal i-urbinates and palatipc

borres and- their associated soft tissue elemcnts, forms

part of the craniofacial l"egion. As a result of gror'rbþ,

and. in general ternts rvhen considered fro¡n the lateral

aspect, this group of structur-"es seenls to betranslated in

a dorrmward and forrvard d.irection relative to the cranial

base.

Massler ancl Schour (a94Ð and Moore (1946), using

vital staining techniques rvith monkeys, concluded that the

oblique facial sutures were the primary agents of groiv-bh'

Wienmann and Sicher (L947) concurred with this hypothesis.

Scott (1954) felt that the primary grorv-bh stimulus

for the mid.face was the cartilage of the nasal septum rvhich

translated- the nasomaxillary complex dorr¡nward and forrvard

thus separating the facíal_ bones at the sutures and

inítiating a secondary gror^rbh stimulus at these sítes.

Scott (1958) pointed- out that the cj-rcummaxllLary suture

system allowecl the maxí7l ary complex to grol^/ forwarcl away

from the sphenoid bone" Thr]s system was acLive until age

seven years afLcr which tj-me the sul-urcs closed. Future
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growt h charrges were attribtrtcd to apposition in conjunction

with intcrnal rcsorpti-on to allorv for an increase in size

of t hc nasal cavity, tl-re air sinuses and the oral cavity.

Sarnat (1966) extirpated the septovonreral region in

rabbits and found severe facial demformation.

Moss (tgøZ) considered the ttfunctional matrixrr as

the primary grou.bh site., âû interpretation based on the

concept of ttfunci,ional cranial component,srt conceived by

Klaauw (I946, 1948-52). According to þloss, the orbital,

nasal and oral cavities and their viscera must be considered

as the functional matrix for the nasomaxillary complex.

Enlorv (fg0g) described nasomaxillary growbh as

rra composite process involving bone additions at sutures,

extensive surface deposition in specific regions and, at

the same time remod,elling growbh on all inside and outside

surfacestt. His histological description of the various

remodelling sites agrees with the results of animal studies

(Baume, 1962; Bjork, 1955; Cleall, L968, I97L; Craven, 1956;

Moore, L949) .

Ricketts (fg6f) found Lh,at the maxilla grew forward

at a similar rate as nasi-on. fn 100 non-orthodonticallv treated

chilclren observed over a Lt:'ree year period, t,his rela't ion-
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ship changccl very 1ittle. He specificcl that the maxill-a

drops vcrt ically abou'L onc-thirct of the toi,al f ¿rce he ight

increase. Landc (1952) noted that devclopntent of the

subnasal region generally kept pace rvith developrnent of

nasion. Bergerson (1966) demonstrated that' nasion,

anterior nasal spine and A point had grorv-th directions

closely rese¡nbling sùraight l'ine trends.

Brodie (Wq6) showed a high degree of constancy

in nasal height, and he found nasal height (nasion to

anterior nasal spine) to be 43 percent of total face

height" Wylie (L947) concurred with these findings"

Savarra (1968) described the height dimension as having

the most rapid growbh rate in the maxillary complex,

followed by length and width.

Downl s Syndrome:

Sassouni et al. (L964) and Rezk (f964) found the

midface to be markedly underdeveloped in mongoloids,

both in the vertical and antero-posterLor dimensions "

Kisling (f gO0) and Ghíz (tc¡69) observed a shorter maxilla,

however, one that was positi-oned normally relative to the

an{,erior cranial- base. Frostad (a97O), in a subjective
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appraisal of ceph¿rl-onretr.ic racliograplrs, srrggestccl that

although the an{,er.ior nasal spine, A po.in{,, .tncl the

dentition appear to bc in a nornral r.elationship, tl-re

frontal process of the maxilla appcarccl to bc urnderd.cvelopecl"

in an antero-posterior relationship, helping to give the

middle face a retruded appearance. Fink et al. (1975)

found a deficiency in the mongoloid midface, both in

gross area and in rel-ation to the endocraniar area. This

deficiency became progressively greater with age.

Benda (1956), Spitzer et al. (1961), Rezk (f9O+),

Kisling (tgîo), Ghíz (1969), and. Frostad (l_g7o) all found

the maxilla to be considerably smaller in Dor,rnrs synd.rome.

Kisling and Ghiz found the maxilla to be slightly more

inclined to the anterior cranial base than the upper

occlusal plane (rcisling, fg66). This was interpreted.

to mean that the intergroup differences in the dental and

a.lveo1ar heights rdere greater anteriorly than posteriorly

possibly due to a'rcypicar tongue position. Frostad (rgzo)

found t,hat vertícal growth of the maxilla occurred, with an

almost parallcl lowering of the pal_atal plane from the

antcrior cranial base, simílar to the conclitj-on found- in

the contr"ol group. Frostad (tglO) founcl a t,endency for a
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more rapid desccnt of t he m¿rxj-lla at thc antcrior encl in

the m¿rlcs of his stucly. unlike Kj.sling (1966), he dicl not

believe this Ìvas caused by abnor-nra1 1-onguc function,

because the same was not obscrved in f'ernales.

Kisling (rq00), Ghiz (19óg) and Frostad (rgzo)

found the anterior and posterior and dentofacial heights

to be underdeveloped in rnongolism, however, grorvth

occLrrred at a normal rate and. appeared. to accomrnod.ate

the changing f acial prognathism and occlu,sal plane.

Mandible

The classical concept of craniofacial growbh suggested

that the mandíble was comparable to the long bone, and that

the condylar cartilage and growLh plate cartilage had a

similar structure and function. A corollary of this belief

was that the condylar cartilage of the mandible was a major

growbh centre f or thai, bone.

Br.odie (1941) demonstral,ed a posterior direction

of condylar growbh and suggested that the resulting forward

projection of t,he mandible was a direct result of the

condylar movement. Masslcr ancl Schour (f944), using

alízarLne red, concluded that the condylar carLí7.age \4/as
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a majol" gror\rbh sitc. Moor"c (1949), also using vital

staining tcchniqLtes, suggcstecl thai, a par"al1c1 could

be drarvn betrveen Lhe grorr.th p1 ate ancl conclylar cartilagcs.

This id-ea rvas supported by the rvork of Jarabak et al"

(fqS¡), using autoradiographic techniques, and Levy and

Gorlin (1953), in a histological study.

Rotrinson and Sarnat (1955) described the condyle

as one of the most proliferate sites of grorv-bh resulting

in increased ramal height and that the condylar cartilage

was the most important growbh centre in the mandible. This

view rvas coincident with the thinking of Weinmann and Sicher

(1955), Craven (1956) and sarnat (1957).

More recently, a new line of thought has devei-oped

concerning growth of the manditrle" Moss (fg6o, A962)

advanced the functional matrix theory and suggested that

condylar growth was required to maintain the functional

unity of the temporomandibular joint.

As earLy as 1922, Keith and Campion, by means of

osteometry on human skulls, suggested that growth of

the upper face acted as a pace makcr to which mandibular

growttr ad:rpted. Scott (1953) stated that growLh of thc

contlyle was upward and bacl<ward, so as to maintain cont¿rct
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at tl-rc ternporon¿rncli-btrlar joint. Batutc et al. ( 1959, 19ó1)

ancl Koslci ancl bIäl<incn ( 1963) supportecl this hypothesi.s.

Bj orl< ( f 9 63 ) , usi*g 'retal_1ic ir.pIa.ts, f onnd that

the rnarrdibr,rlar base curved rvith grorv-bh clecreasing the

gonial angle and. that the direction of conclylar growbh

curved. l"fuch of tl-ris r{as suggested Ùo be purely adaptive,

add,ing littIe to the length of the mandiþular body.

Enlow (f q6¡) concluded that the condylar groiv-bh

mechanism tvas not the primary centre for grorr"th of the

entire manclible and rvas not responsible for regulating

overall mand-ibular grorv-bh. He suggested that its primary

role rvas to provid-e articulation with the cranium and

that its uprvard- and backivard gror'v-bh was coordinated rvith

remodelling activities in the neck and ramus of the mandible"

Enlow (1963) descriLred the mandible as a bone that

was rt remodelled-, reworked., reshaped and resized.rt The Constant

remodelling cluring the increase in síze of the mandibrle

was explaínec1 by the rtVrr principle, the precise direction

of changes being clepen<lent on the structural interpretati-on

of cortical zones and by the identificati-on of various

endosteal ancl peri-osteal bone cleposits '

Moss e1; a1. (Lg7Ð, j-n an exLensj-on of hj-s functional
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nlatrix hypothcsì-s, dcscribcd m¿rnclibular grorvth as bei.ng

allonletric and thus capable of graphic prcscntation as

a unii.ary logarithnric spiral. Also , hc dcscribcd this gr.orv-bh

as being gnornonic in that it nraintains its original shape

while increasing in size.

Dorvnl s Syndrome:

Spitzer and Robinson (1955), Sassouni et aI. (fq6¿)

Kisling (1966), and Ghiz (1969) found that the mandible

was underdeveloped in Dorrnrs syndrome, and that the body

and ramal lengths were smaller dimensions. Frostad (fqZO)

found mandibular síze to be more variable with ranges from

a smaller than normal mandible to one exhibiting extreme

prognathism. He suggested that such variability could have

a hereditary basis

The tt apparentrr mandibular prognathism characteristic

of Downls synclrome has been a solrrce of controversy among

investigators. Brorrn et al. ( f q6f ) suggested that a severe

midfacial deficiency makes the mandible appear prognathi-c.

Sassouni eL al. (ryOq) founcl the mand.ible to be normally

positioned relative to the anLeríor cranial base. Kanar

(tgZt) reportccl that ttre body and, ramus of the mandible
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rverc not significantly different front the control subjccts

in fornr, but that tl'rc labi¿rl arrcl linctruirl c:orttout's of t,hc

nrandibular s¡nnphysj.s rvcre significantly different in Lhc

mongoloid subjects giving the¡n the prorninent chin point.

Kisl-ing (1966) ancl Ghiz (1969) found ttre mandible to be

in a protrusil'e position relative to the anterior cranial

base. Raison, Le Poivre and. Ackermann (1966) suggested

an alveolar rather than basal mandibular prognathism"

Fink et aI. (L97 5) found the mongoloid mandible to be

relatively and absolutely smaller than the control group"

They suggested that the magnitude of the d,eficiency, both

in gross area and in relation to the endocranial area,

remained nearlv constant with age.

In surTrmary, an understanding of the factors which

determine the phenotype is a major area of interest in

modern medicine. Trisomy 2L presents a unique opportunity

to examine the abnormalities in the development of humans

by the adclition of a small but specific amount of genetic

ma1¿eríaL. As a result, investj-gations are bcíng conductcd

in a variety of disciplì-nes.
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The intcgration of c¡rbogcnetic, biochcuri.cal,

physiological and morphological stud:Lcs rvill augrnent

unclerstanding of the controlling rnechanisrns in the grorrth

and development of the cr-aniofacial complex.



METHODS AND MATERIALS



CTIAPTER ITI

METHODS AND }ÍATERTALS

The sample unde. investigation co.sisted of ar7

trisomy 2l individuals, which incruded 62 mares and 55

femafes. Each subject, had. been karyotyped and found. to
have an extra chromosorne nrunber 2I , and_ hence, a cyto_
gentically confirmed trisomy zr sample r{as obtainecl. Al1
mosaics and translocations were elininated. The sampre was

drawn from a group of srz mongoroid-s st,udied. by the Departrnent

of Medical Genetics, r{innipeg child.renrs Hospital, I{innipeg,
Manitoba, Canada, (Uchida, IgTO) 

"

The t,risomy zL sample resid-ed, in the province of
Manitoba where 65. r per cent were institutionalized. and.

34.9 per cent lived at home. No attempt was mad_e to andtyze

the data on an institutionar or non-institutional basis.
selection of the sample was entirely d-etermined- by the
cooperation in obtaining the necessary ractiographic recorcls.

The sample rangecl in age from 3 to 55 years. The

age and sex distri-bution can be founcl in Table f .

A control sample of normal caucasian ind_ivicr*ars

mat'ching, as closely as possibJe, the i,risomy zr sample in
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ag¿ and se ry. was col lcctccl by 1,he Depai..tnrenù of, Pr.evcntive

Dental Sciencc> iihr: Ur-r:i..¡ers:i-',bl¡ oi Þ{aniSol¡a. Tllis gl.oup

consi-sÈe cl. oi -L0O ir,rcli.¡i.clu¿r,ls r wlrlch inclttclcd 48 nrales ¿rncl

52 f,en¿Lies. Tire¡¡ wcrc randorrrly select,ecl and included

sturdenÈs f r"oni 't,he )iJni--¡ens;l-i;y oí' i'lan.ii;¡¡ba and -i ndividnals

residing i-n Èhe l4eùr"opclita.n tüj-nnipeg ai.ea. The age

and sex dj-st.¡:ibutic¡n of tlre r:ontrol sample j-s shor,¡n in

Table L

[ìttur:-c ba.ckground, economic status and other regional

di-fferences were not co¡:Lsic-ered bet¡,veen ùhe trisomv and

conf,rol- grou.ps, hr:rvever', i-+. wes felt that, a similarity in

backgrounds exj sted be.tr.¡een the "bwc grolÌps.

The record-s obbaj-n.ed- included hand-wríst, radiographs

and lateral cephal-ometric radiographs"

TABLÐ T

AGE AND SI]X DISTI{IBUTION OF SUI]JECTS

SAMPLE SIZE

SKELETAL AGE

GROUP IN YEARS
TRISOMY 2I CONTROL

TOTAL MALE FEMALE TOTAL MALE FEMALE

é-c Þ 3 15 o Þ

6-9 10 4 o 20 Õ 12

to-14 15 a 6 12 6 b

15-18 17 10 7 14 6 a

ADULT oo JJ Jó 39 19 20

TOTAL tl a 62 too 48
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I. RECOIì.DS

A"

I{and.-rvristracliograplrsanclsubscqtrcntassessrltents

of skeletal tnattrration, d.eterrnined for botlr trisonry 21 and

control groups by Nevile 1f073)' r{ere used in this study'

Lefthand.and.wristrad"iograplrsweretakenusing

the techniques suggested by Tanner and' \{hitehouse (1959)'

The oxford_ r.retl-rod (Tanner and. \{hitehouse, t959; Tanner,

\{hitehouse and- Healy, l- g62) rvas used for the actual

assessmentofskeletaldevelopnrentbecauseofitsaccuracy

and-thefactthatitd.ifferentiatesbetrveenroundbones

and long bones'

Therad-iographicimagesofeachofthetwentybones

of the hand- and- wrist were compared with pictorial and

verbal descriptions of the developmental stages for L1'a1.

particularbone,âsputrlisheclbyTannerand"Whitehouse'l-959"

The relative importance of each stage of a specific Lrone had

been previously assessed statistically to derive a score

î'oreachstageoftheincliviclualbone,byTanner,Wtritehollse

an<1 Ilealy, irg62' These scores were self-weighted and the

overall score was arrivcd at by aclcling the scores of 1'he

indivirJr-ral t:ones. The long bone 'score and the carpaL scor"e
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ly to t,hc total scol'c (Ncvile, 1973)'

of t-,ota1 0xforcl scorcs for itrclivicltr¿rls

control grotrps (Nevilc, 1973) Ittadc it

sample by skeleÙal age: rat'her tharr

Illinoís, U.S.A.
Lj-mitccl , TotonLo, On1-ari'o, Canad¿r

B. Lateral Cephal-ometr"ic Radiographs

The lateral cephalometríc rad.iogr"aphs \{ere obtained

fro¡n the orthodontic files of the Department of Preventive

Dental science, the university of Manitoba. T.he radiographs

were taken using the now conventional technique first

developed- independ.ently by Broadbent ( fqgf) and Hofrath

(fggf) " Three cephalometric x-ray machines were used'

A Broadbent-Bolton cephalometer was used on a portion of

the trisomy 2I groì-lp living in private homes. A Cephalometrix-)i

cephalometer was used on t'he control group and a portion

of the trisorny 2I group. Some of the trisomy group residing

in institutions were racliographed- with a specially built

portable cephalometer. This Latt,er machíne was built along

the lines of a conventional cephalomeLet ut'rLízíng a General

Electricl?')í 90 Kv. x-ray heacl ancl control panel, a stanciard
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ceplìalostat, ancl an easily disnt¿rntlec[ plyrvood basc. These

thr.ee sections wcre constructed to f aciliate casy transportat-i-clr-l.

ercction anrl dismantlirrg of thc ntachinc.

All machines had an approximate focal point to fj-1m

d.istance of 5 feet, 6 inches. Magnification factors for

each of the machines had been previously established

(Frostad, 1969). The magnification averaged 7 per cent

orr the Broadbent-Bolton and portable cephalometers betrseen

ind-ivid-uals. 0n the Cephalometrix cepl-ralometer, the magnifi*

catj-on averaged 9 per cent between individuals" At1 linear

dimensions were corrected for the magnification to absolute

units. Therefore, the linear dimensions for the three

machines were comparable. Angular measurements were not

influenced by magnification and, therefore, could be used

as absolute units of measurement "
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Figure l-" Ceph"alometrix Cephalorneter used in this s'bud-y.
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TI. SELECTION OF LANDI\IARKS

A total of 61 lan<ln¿rrlts rvel'c selcctcd to be ctigitized

f rorn the racliographs of tl-re trisonry 21- ¿rnd centrol sarruples.

These land:narks are illustrated in Figure 4" A detailed

description of the landrnarks is found in the Glossary.

The X and Y coordinates of each landnark l{ere

recorded in a predetermined order and transferred to fBlfìi

8O column computer punch cards, by means of ¿ ft¿5ç6¡n-)(-ìí-

logistics strip chart digitizer. Information from the

punch cards r{as then loaded into the University of Manitoba

IBlf 360-65 comput er system which mathematically computed

all the linear and angular measurements used in this

study, according to the method described by Cleall and

chebib (l"gll-).

Paíred landmarks not superimposed were bisected,

thereby effec'cívely reducing lateral landmarks to the same

value as midsagittal structures, where error is the 1east.

Itrhen any landmarks could not be accurately identified,

they were not recorded. SirnilarJ-y, manclibular landmarks

were excluded when i;he radiograph was not recorded in

centric occlusion.

-)i IRM, Don Mi11,s, Ontario, Canada
li-)í ft¿sç6m Logics Limí't,ecl, Iì.exclale, Ontario, Canad"zt
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The error of the mcasurentcnt hac'l bccrr previously

cal-cul¿rl,cd to range frorn 1-2 pcr cent (Ghiz, 19ó9; Irrost-,ard,

1970) . Certain lancLrtarl<s knorvn to be variable, such as

anterior nasal spine, posterior nasal spine, orbitale ancl

nraxillary ancl rnandibular molars, ranged from 2-3 per cent.

This degree of error was considered to be rvithin the range

of experimental error and so no correction lì'as attemptecl

in the statistical analysis.
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Figure 2. Digitizer and IBM KeY
the coordinates of the landmarks
radiographs.

7o

Punch-)i used to record
from the lateral- cephalometric

N
3

-.r*S

Fígure 3. Ru,scom logistics strip chart dígi-t'izer

ài IBM, Don MiJ1s, Ontario, Canada
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ILLUSTRATION OF THE LANDMARKS

USED IN THE CEPHALOMETRIC

ANALYSIS
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Figure 4" An illustration of the 61 points used ín the
cephalomctrj-c analysis .
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III 
"

INVESTIGATION OF TTIE VA,IìIA,BILITY OF CTìANIOFI\CIA,L PLANIJS

Thc invesùigation of cr"aniofacial gror"bh antl

development using roentgcnographic cephalonretry requircs

the selection of a plane of oricntation that dentonstratcs

minimal variability both biologically and geonretrical-ly.

To facilitate the selection of such a plane suitable for

use in a cephalometric study of the trisorny 2I phenotype,

the pattern of association between various components of

the craniofacial complex was studied.

Eleven linesr f€presenting various craniofacial

dimensions" were selected and their interactions investigated.

Six of the lines were defined by cranial base landmarks,

as illustrated in Figures $ and 6, while the remaining

five lines were definecl by facial andfor cranial landmarks,

as illustratecl in Fi-gures 7 and B. Some of these lines

covered the whole sagittal length of the sku11 base, while

others covered only a part of the sku11 base or face.

The methodology used in evaluating the relative

variability of the eleven linear dimensj-ons was similar

to that of Kosl<i ancl Virolainen (fqS6) and Wei (fO0A;.

The u="rrtpt/i-on was macfe that the stability of craniofacial

lines can lte assessed by cletermining the variabilíLy of
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Èhc arrglcs f oruiccl by their intcrsect,iorr poirtts. Tl-ris

varial¡i1ity can be recorclecl as anglc sl.arrclard dcviation

ancl, by -sturuuing thcse valuesr âfl estinration .of the

relative stability of each plane can be obtained.

In this study, the eleven lines of orientation

being ínvestigated- provided 55 angular cornbinations. The

standard deviations of the 55 angles were determinecl for

the individuals ivithin each age and sex subgrouping of

trisomy 2I and control samples. These subgroup values

were then pooled for each group trisomy 2I and control

to give representative angle standard deviations that

eliminated any age/sex effects. Subsequently, the pooled angle

standard deviations for each linear dimension were summed

to provide an indication of the relative stability of that

dimension in trisomy 2I and control groups. These results

can be found in the Appendix.

Solow (t966), however, suggested that the standard

deviation of the angles formed by the intersection of

various craniofacial dimensions had an invcrse relationship

to the length of the arms forming the angles. Thus,

biologícal variability is not 1-he only factor involvecl

ancl gcomeLrLc distrj-bution of the rlefining l¿rnclmarks is
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Figure 5. A di.agrammatic
points describing 't he six

CRAS{IAL BASE PLAh{E$ of ORIENTATIOhü

?-4 Ah{TER¡OR CR,AB{IAL EASE

?-29 POSTERIOR CRAF8IAL BASE

4-29 &{UX¡.EY'S 8¿q5!-€RA¡{¡A[ AX¡S

?-40 ET|.|MO¡DA[E-S&L¡.A L¡h¡E

2 - 54 5Er¡.4-SPF|ESÚO &TSIMOIDA!- .'|J${CTEO8{

5¡S-Só CRIEIFORM PtA${g

illustration of the
cranial base Planes

cephalomet'ríc
of orientation.



cRAhúlAL EASE PLAS{ES of ORIEô{TAÏ|ON

2-4 ¡EhüTERIOR. CRAhü¡At BÂSE

i,-?9 POSTERIOR CRANNAT 8Á{SE

4-29 FIUXIEY'S BASI-CRA$úIAL AXIS

? - 40 ETHMO¡DA¡.8 - 5&!.[.4 Lls$g

? -54 sEI.TA-sPÞIENüO ETF{MOIDAL JUhüCTION

55-5ó CRIBIFOR.M PLÂS{E
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of 1,he six cranialFigu"r'e 6 " A

base planes
diagrammatic illustra{,ion

of orientation.
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CRASü|OFAClAt PLA$üES of ORIENTATION

4 - 39 MARTIN'5 Pt¡Eh¡E

24 - 38 HIS' PIANE

ó. T FR,ANKFORT HORIZONTAT

6 -óO FRANKFOR,T ÞIORIZONTAT
(Anofomic Porlonl

54-26 PM REFER,EFICE TINE

( MACHINE-
PORTON I

Figure 7; A diagranmaLic illustration
points clescritring {,he five craniofacial

of t,he cephal-omeLric
planes of orientation.
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CRANIOFACIAI PIAB{ES of ORlEh,!T.AT|ON

4 . 39 NñAR,TIN'S PTANE

24 - 38 ÞilS' PtAh{E

ó-t FRA¡,IKFORT HOR¡ZONTAL

ó.óO FRANKFORT HORIZONTAT
(Anofomic Porion l

54.26 PM REFERENCE LINE

( ñ ACHtNE -
PORION )

Figure ð " [, dì agrammatj-c
pl-ancs oll oricnt¿ìl-ion.

illustration of the five cr¿rniofacial
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of s.i.g¡.ll'ic¿rncc. Th j s assruupt i-orr tvott-l.tl sr.rggc-s1. th¿tt t,lrc:

pr.cr',i-orrs1 y ntcnl-.j,onccl lnct-,lltlcl of ¿rsscss i,trg stab-i.1it¡' :i-s

qrrcsti.orrablc arrd, ¿rt bcst, b,i-;rsctl b)¡ tltc spatial- ar"t'¿ìtìg,-(lttlctrt

of tþc lanclnarl<s clcscr"ibing thc anglc arrtìs. \Vith thi-s in

m.incl, the effect-. of arnr length on the stanclard cleviatiorl

and/or. var-iance of an angle r{as investigatccl. An arrgle

ar¡ìr lerrgth is dct'inecl as the li¡rear distance betrvectl tlo

craniofacial landrnarks that define one arm of an angle.

For botir trisomy 2,I and control groups, âverage angle

arm length and the col'responding pooled angle standard

deviation and variance for each of the 55 angles hrere

collected and sutrjected to regression analysis. These

distances and their correspondi-ng angle standar-d

d-eviatj-ons/variarlces are listed in the Appendíx.

The regression analysis l{as used to determine the

relationship between the two variables - the dependent

variable. stanclar'd deviation or variance, and the

inclcpendent variable, the average reference poj-nt

clj-s1-ance. This inclcpcn<lcn1. varj-able js dcscribecl by 1,he

fornula:
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1l-l1 : --1 -z
--=-¿

tvlrer't::

î : 'Lhc avcragc rcfcrcucc poi-nt clistan'cc'

or avel"agc arlll length

lf : the length of one angle a1'nr

Tr : the length of i'he seconcl angle al'n

Regression arralysis lvas also performed on 1og

angle t,ariances with respec'L to average arm length to

test for the possibility of a curvilinear relationship

rather than a straight line relationship"

i) 3 and 4. Pol-nt An

To test the hypothesis that angles with a conrmon

point ( g point angles) woulcl demonstrate a somervhat

d-ifferent relationship rvith respect to a:rm length than

angles formecl by tno completely inclepend.ent lines (4 point

angles),the55anglesweredjvicleclin.t,othosedescribed

by J ancl 4 poi-nts ancl a regression analysis h/as performcd'

Averagcarml-engbhs,withtheCorrcsponclingstan<]ard

rlcviations and var:lanccs, fot 3 and 4 poi-nt anglcs are

founrl in thr: A¡l¡;cnclix"
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j i) Corrcct,c'd S'L¿rutl¡rrcl Dcv.i;tt, ior-ts

Irincli-ng tlt¿rb:rrrglc stancl¿rr"d <lcr'.i-;r't,-i-on tv¿ìs rcI.¿ti.<:tl.

to i-hc ¿ìl.nt lcngblis clcfini-ng thc arrglc, poolcct st.rn<l¿tl'tl

deviations hrere a<ljustecl to elirninatc thj-s arrrl lcngth

inf lucnce. This was done by re-calculating each starrd¿rrd

deviation to a com:non average artll lengt h, usirrg the

formula:

Si adi : Si rr(Ti - îl

rvhere:

S. adj : tlre corrected standard deviation
t_

S. : angle standard deviation of angle i
l_

b : slope

l-. average arm length f or angle i
f_

î : ntean average arnl length

Subsequent to the adjustment of the trisomy 2L

ancl control pooled angle standard deviations, the corrected

values tr'ere summe<l for each of the eleven linear climensions

provi-cling a more accurate stal:-i1ity ind-ex describing

thcir natural- or bi olog-i cal var:i abi l-il,y in the two

groups . Tables f or correcLed st¿rndarcl clcvi:r'Lions,

v¿trJ-anccs ancl 1og varianccs are founcl j-n thc Appendix.
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i.ii) SL¿rt i.stic;rl Ârra-l )/rì i,s

fn orcl<lr to 1-cst for sigl:i-fl-i-c¿rncc oll clil'flcr<>nc.r:s

bctrvccn thc sLabi-l-ity -i,ncli-ccs l.or t,hc cl-cvcn lincs rvi-t-,lr j,¡

eac.h tr"isorny 21 and contr"ol grolrp, ¿ì conrple'be l¡loclr

analysis of variance r{as per"forurccl on thc 1l x l:t

orientation planc inter-section matrix (see Figur"e 9) ,

each element representing the pooled log var-iance of thc

angle betrveen two lines. This sanle matrix rvas used to

calculate the stability indexes, each index being the

su¡r of one column. The results of the analvsis of

variarrce f or the trvo groups are f ound in the Appendix.

To test for significant differences betrveen the

stability indexes of the trisomy 2I and control groups,

a paired t-test was perforrned on each of the eleven

linear dimensions.
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11 x 11 Orientation Plane lntersection Matrix

2-4 29-2 29-4 ó-1 4-39 59-38 54-26 2-54 54'56 40-2 6-60

z-4
?9-Z

29-4

6-l
4- 39

59- 38

54-26

"-54
54- 56

40-z
6-60

Figure 9. The l-1 x 11 orienta.{'ion
matrix used- in the investigation of
craniofacial reference lincs '

plane intersection
the variabilitY of
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IV. CI]PIIÀLOI.II.ì,IIì:I-C ÀNAL]:S,I-S

A ccphtrJ_onrct,l"_i-c lrrr;r-l_ys-i,s rv¿ìs usccl to ct.¿lltr¿ttc,

bot h clurrnti.t-,at,ivc1y arrcl c1tra1 ì Ùitt j vcly, tllc tttor"phologj c

corrfÌ-i-grrra't,i-o11 and dcvclopnrcntal charrgcs associatccl rvith

Dorvnt s synclroure" A total of 23 nleast,rrentents h¡ere recorded

fronr each cephalogram, 13 angrrlar arrcl 10 1j-near. Both

angular and linear di-nensions al'e illustrated in Figures

10 and 11 respectivelY.

The selectiorr of a suitable plarre of reference

is extremely important in cephalornetric analysis and,

as mentioned ear-lier, should involve mininral variability

and maximal stability both from a biological and a

geometrical standpoint. The very nature of craniofacial

groiv'bh makes the selection of such an rr idealrr plane

impossible and our only recourse is to choose that

d-irnension rvhich bes{, fu.1fi11s this description and rvhich

best clescribes the part:i-cular area of interest.

This study i-s primarily concerned with the facial

regj-on ¿rrrc1 j-ts rel¿rtionshi-p to the underlyi,ng crant-aI base

morphology.

rcfcrrccl to

pl anc Lo whj

The b.rsion-na¡sion 1ine (na-N line) , a1-so

¿rs IIu;:.1-cyt s l¡asicranj-al- ax.j-s 2 rcprcsents a

clr ]:oth uppcr and. l-owcr f¿lcj-al arcas arc
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intinratc1.5' r'c'l-ltÙccl. Tlri-s l--i'nc i s "l 1'Lrf I cct' i'orr of th<-'

il t,otâl-il cr.ani-¿,r-l b¿rsc r"cgì.orl :rncl -i-t,.s gcotttt:tri-c¿1 r'cl'irt, iorrsh'i'¡r

to boLl.r -l,hcr ¿.rntcr":ior. ¡ln<t post;crr" j-or' ¡ror"tious . 
oll t-,hc cran i.¿r1

basc ( ctiagr.a'uuatically j t rcpl'eselrts t¡c l'rypotc*usc of

the cr.anial base t¡iarrgle defi-rrecl b¡' points nasion, basior-l

a¡cl sc11a trrrcica) is such tSat ca¡tilagcnou*s g¡oru'i'h

clisturbances in al1y area of tl-re cr"¿rtrial. base rvorrlcl be

minimized in the Ba-N line'

The origin for the cephalometric coordinate analysis

lvas formed t,)' dropping a perperrdicular" fronl seIla to the

Ba-N line ( point 61) and the directior'ì. \vas to nasion

(point 4).

The follorving are the various angular measurements

used in evaluating the facial region, rvith basion-nasion

usecl as the Plane of orientation:

Lateral Cephal ometric Aq l-ar l'{easurements

Angle

Anglc

An.gle

l\n¿g1,c

These measLLrements are illustratcd in Figure 10 "

1-i-ineangleformcclfrombasion_nasiontopoj-ntB

2 - the angle formecl from basi-on-nasion to point A

3 - thc angLe formcrl from b;rsion-n¿rsion to pogonion

4. - thc ang1.e formccl by 1,hc inLcrscction oll the

longaxj'sollmaxjl!a.rycen1-raJ.incj'sorto-l-lrc

l>¿rs:i on-nasi,r-¡rl P1- lrnc .
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Ll-rc angl.c I'ol"utccl l:)''t,hc -i-ntcrsr:ct,-i-otr of tlrt:

Y-¿rxi-s rv,i.t,l-r ùhc b¿rsion-rr¿ts.i-orì D-l-.rnc

the angl c f or'¡uccl f ront l¡¿rsi.on-scl1l-a 1,o n¿ts-i-t-rrt

tl-re angle forrncd by thc interscction of t,lrc

tangcnt to the posterior bor"cler of thc rantus

with the basion-rr.asion plane

the angle fonned by the irrter"scction of thc

palatal plane rvith the basion-nasion plane

the angle formed by the intersection of the

mandibular plane rvith the basion-nasion plane

the angle formed by thc intersection of the

mandibular plane with the tangent to the

Ä,ngJ c

Angle

6-

7-

Arrgle 8-

Angle 9-

Angle 10

posterior border of the ralnLts

Angle 11 the angle formed by the intersection of the long

' axis of the mandil:ular central incisor to the

mandibular plane

Angle 12 - the angle formed by the inl-ersection of the long

axis of the max.ill ary and mandibular ccntral

incisors

AngJ c 13 thc angl-e f ormccl from poi-nt A-nasi-on to p<-rint B

Although thc t¡asj-on-nasj,on 1:lnc is useful in

anal.yz),ng faci.al- arcas, i-ts val-ue in thc s't,ucly ofl thc
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Cephalometric Analysis
Angular &leasurements

Figure 10. A

cephalometnic
diagrammairic illustration
angular measlrrements .

of tl-re lateral
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ct ¿ìn:i¿ì1 b¿sc ltscl ll is clttcst,.iotlab Lc -i-ll th¿rt it -i-ttvolr'<:s

car.t-,-i-lag1-. attcl t-,hqs \\,orl:l-cl rlot l¡c srtil-¿rbl c: f or ntcâsur i.ug

alt;c:r"atious in thc pos't,cr'i or ancl ¿rubc|ior" cr'¿rrl'i-a1 b¿.rsc '

To assist in corrclaLir-rg facial rttorp[ology rviLh th¿rt of

the crarrial base, a seconcl lirrear di¡tcnsiol'L - the p6stcrior

naso¡raxilla ( fftf ) ver-tical plane ( Errlorv, 1969, 1973) -

trrâS selectecl. This ver"tical line extencls irrferior'1y fron

a point located. by the intersection of the greater rvings

of the sphenoi-d- rr,ith the floor of the anterior cranial

fossa to the inferior point of pterygomaxillary fissure

( pr¡r) . The plane is approxirnately perpendicular to the

line of visi-on ( Feuer , !97 4) , regardless of the rotational

positj-ons of various other planes, ancl is consistent with

the anato¡nically rrns¿f,¡¿lrr position of the head'

'The follorn'jng are tire various 1ínear measurements

used in correla'bing facial grorrrbh and morphology with

crar.-i_al- base grort'bh and morphology:

These mcasure¡nents ar.e j-llustratcc1 j-n Figure I 1.

Li-near lloriz. I - the pcrpencli-cu1¿r:: clist¿rnce ftom nasion

to thc vcrtical P.M" l-i-ne

LaLer aL Cephalome'br-ic- Linear" Measure{Lents
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¡-i¡1L:iìr" IIor.-lz. 2 - 'Lhc ilcl'llctrcl,i-cul lrl" <li-st¿ucc f rottt sc1 -l a

to tll<l vcr"t-ica-l P'Ii" l'i-¡rc

Littcl¿tlt goriz. 3 thc pcrllcrrclicrr.l.¿rl' <list-,¡lt-tcc f ront ¿rrt'i'c¡"rl.ar"c

to thc vclti cal P '¡l ' 1inc

[-inear FIoriz . 4 - the perpcnclicnlar disi'ancc frorn b¿rsion

to tl-re vertical P'l\{' line

Linear. I{oriz. 5 - the perpendicular distance f ron point Ä'

to the vertical P.Þf " line

Linear Horj.z. 6 - the perpend-j-cular distance from the

maxillar.y incisal tip to tlre vertical P.M. lir:

Linear Iloríz " 7 the perpendicular distance from the

mand.ibular incisal tip {'o the vertical

P .1"I. line

Linear lToriz. B - the perpend-ic'lar d-istance from the most

posterior-inferior point on the ramr'rs

to the vertical P'M' line

LLnear lloriz. 9 the perpenclicular distance from point B

to 'bhe vcrtical P'M" line

Línear lroriz. 10 - the perpenclicular distance from pogonion

'1,o thc ver4-ical P.M" line
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Cephalometric AnalYsis

Horizontal Linea¡ Measu¡ements

Figure I 1. A

cephalometric
d.iagram¡natic illustraÙion of t'he Lal'eraL
horizonl,al linear measLrrements'
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S-t¿rt, j st,.i,c¿rl _Ana.ì )'s i.s oll t-,lrc Drtt,¿r

Val,ucs llor- c¿rclr of tlrc,scl,cctcrl lrnglcs an<l <li-st¿tnccs

\vct'c c¿r1crrl¿rtcd flor inclj-vichr¿r1s in tlrc tr'-i-sour¡.2I ¿rncl

control groups, Lrsing a coorclirr¿r'Lc analysis pl"o91'arìt

(C1eal1 and Chebib, 1971), and the ¡neans ancl staucl¿rr"cl

devj-at,ions wcre produced accord-i-irg tG grolrp, sex and agc.

To investinate the di-fferences dtre to each of

these tl-rree factors. the data for each variable \{âs

subjected to a J-factor factorial analysis of variance,

the factors being group, sex and age.

The 216 degrees of freedom among the 217 subjects

r{ere allocated as shor',n in Table II. All the main ef f ects

and interactions lvere tested for significarlce by the

variance ra-tio rr Frr tables (Snedecor, ir946). The significant

variables r{ere then subjected to further statistical anal¡r5ig

using the multi ple range test.
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Degrees of Freedom for Eight
Sources of Variation to¡ 217 Subjects.

TABLE II

Source of Variation Degrees of Freedom

Between Groups
Between Sexes
Among Age Groups

1

1

4

Group X Sex
Group X Age
Sex X Age
GroupXSexXAge

I

4
4
4

Error (within cells) 197

Total 216
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Po.l.r't-:olr;rl Plol=-i l <:s

I\lc:¿rrr \¡al.Lrcs ob'i,¿rj-rrccl f rOnrbltc -st¿rtist':i c¿rI cl¿r'ba

rvc)l.c usccl to colrstr.ttct f¿'rcj-¿r1 po1yglons coltrllarj-ng t-'hc grotr't'h

arrcl clcvcloplttcnt of the c¡a¡iofac'Lal colttpl'cx in thc tr'-Lscxtt¡' 2l

an<l contr.of s groups, ät cach of thc fivc age rarlgcs sÙtrclj-cd'

This nrethocl of courpar-ison is sirnil¿lr to that usecl by

Bjor.k (1954) , Gl]Iiz (1967) and Frostad (rqzo). Grorr't'h

trends \{ere determined- by supel'irnposing tire polygons on

the linc basioir-nasion, tvith registration at the point of

intersectionofaperpendicularfronsellatotlrebasion_

nasion line.



RESULTS



Io INVI]STIGATION OII

CIIAPTI]II IV

II.DSULTS

CIìANIOIIACIA.L IIDIìEII iìNCI] LINIìS

Craniof¿rci,al Rellc¡r'c¡rce l.inesi) I¡1fl.1ier1çç of

The effect- of ¿ìngle arnr length on t,he relative

variability, i . e . standard deviation arrd/or vari¿rnce, of

arl angle defined by trvo craniofacial reference litres is

shown in Figures 12 and 13.

Linear. regression analysis, rvith sl-andard deviation

as the d_ependent varíable, re\¡ealed a multiple R value of

0.64. and. an F value of 37 "I for the co'trol group and a

multiple R value of 0.65 and an F value of 39.0 for the

trisomy 2L group.

as the

and F

gr oLrp

Similarly, the regression analysis, using variance

clepenclent variable, demonstrated a multiple R r.alue

\ralrÌe of 0.61 and.3l_.7 respectively for the control

ancl 0.65 and 38.7 respectively for the trisomy group'

These results, with reasonably high multiple R and

values signifj-cant at, 1-he O.7/" level, sugge,sUed a negairive

correl.¿rtion betlvcen thc tlo drlpen<lent var'iabl-es, st¿rndard

clcvi;rl-jon ¿rnd variance, and {,lrc ind.cpcnd.cnl, varialsJ,e,
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Figurc 12. Graphic illu.strat|otr of the cllf ect of angl'e ar:m

lcngth on thc st anc.larcl dcviation of: angl-cfi dcf-'incd Ï:y clcvcn
craniof ¿rc.la1 rcf'crcncc f .i.nes "
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Variance Versus Average

Arm Lengths for All Angleso
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Figur-e 1J " Graph:lc il]ustr¿rtion of the cf f cct of
1en¿41,h on thc variance of angles dcfinecl by clcven
re[.c¿renr:e lincs.

anglc arm
cr¿rni,of aci aJ
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avc)1"ågc ¿ìllglc al'tll l cngth. As thc irr.rìr lcng{, lr irrcr"cirsr:cl ,

t;hc-- iltrglc vat" iab j.1i-ty, i " c. sb¿rncl¡rr.cl. clc:vj-at,i,on or. v¿r..i a¡r.c,

clecl"c¡l,sccl.

rnf I.elìce of t,hc sp¿rt,i ¿\1 Arr.arrgc--'rt-.nt of po.int.s
Dcfining ¿rn Anglc - (3 ancl 4 point,ì,rglã$

The efllcct of the spatial arr.arrgeruerrt of the poi¡ts

defining an angle on the varial¡ili.ty, as indicated by

either standar.d deviation o1. r,ar"iarlce, r\ras i¡vest-,igatcd. by

dividirrg tl-re 55 angles int,o those d.efinecl by 3 and 4

poi'ts. The results are shorv. graphically in Figrrres 14, 15

16 and 17 .

For the J point angles, the regressj-on analSrsis,

u'sing standard deviation as the depend-ent variabli:, reveale¿

a rnultiple R and an F value of 0. óB .rncl 10. 5 r.espectively

for the control group, and- o.Tr and, rz.5 respectively for

the trisomy grolrp. i{ith variance as the clepenclent variable,

multiple R ancl Ir values of o " 62 ancl T . 6 respectively were

f ouncl f or the control g'oup, and 0.68 ancl 10.3 respectively

for the trisomy group.

For the'- 4 point, angles, thc linc¿rr r.cgression a¡alysis

revealecl a mulLi-pl-e R ¿rnd an Ir value of 0.65 and.28.6

rc:spe<:LLv.:Iy f or thc contror gro.rp, ¿lncl o.66 ancl zg.6

i-i.)
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Standard Deviation Versus Average

Arm Lengths for 3 Point Angles.

1o.00

9.OO

8.OO

7.OO
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Deviation
. 5.OOol
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3.OO

2.OO

r.00

o.o

1.50 3.oo 4,50 6,OO 7.50 9.OO 1O.50 t2,OO 13.50 15,00

Average of Arm Lengths (centimeters)

Þ-i.gr_rrc 14" Graphj-c il lustr¿r1;ion of the ef-f ect of aneilc
ar.m ,l cngt;h on 'bhc sb¿lnfl¿rrd dcv:i.ation of ant4l,es clef:lnecl
f)y cranj,of,r¿ìc.L¿11 r,cf-crcncc l-j-ncs with a ciomlnon rcf e¡encc
point (¡ Poirr(; anglcs).
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Variance Versus Average

Arm Lengths for 3 Point Angles.
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Irigurc :l 5" Gr,aphi c i1lr-rstr'¿rti,on oll 1,he c¡f 1cct: of ang'l-c a:r'rn

lcngth on l.he varj-¿rnce ol= anglcs rlcfìined by craniof¿rc-i,a1
r,ef ercncc lincs wit,h a common licf croncc point ( ¡ poin'{, angl es)
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Standard Deviation Versus Average
Arm Lengths for 4 Point Angles
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Figure 16 . Gralrhì c j l-lu,stration of the af f ecL of angle
arm lcngth on the stancl¿lrcl rlcvj.ation of ang1es clcfincrl by
f our sop¿ìra'bc cranj,of ¿rci,¿l-l 1¿rndmarlcs (+ poi.nt angles) .



100

Variance Versus Average

Arm Lengths for 4 Point Angles'
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Iligure 77 " Graph-i.c i-11ustral-ion oll tLrc cllf ect of angl e

arfl 1en¡çt,h on 1-hc vari¿]Ítcc of angles clcfinccl by four sep¿ìrate
crani c.rf ac j a1 l¿rncin¿rr'lcs (+ point anglcs) .



rcspcct,i-r'cly f or" thc tr"-i-sonry gr"oLtp,

rvas usccl ¿rs l-hc clcpcnclcn'b v¿rl j.¿rb1c.

clcpcnclcnt, r'ari¿rblc, r'a1.rros of 0 . Ó3

the control group, arld O. ó(r ancl 30.

:l0l

rvhcn st¿rncllrr"cl clcv i.it t,,i-on

\Vhcrr r'¡rr:i-¿lrrcc rvlrs t,lrcr

arrrl. 2 5 .1 \r'crc f ounrl llclr'

0 llor" t-,hc trisorìì)¡ gr"oup.

As notcd pr"eviously, an inversc rc1¿rtionshj-p rvas

deuronstr"¿rted betrveen the inclependent and dcpenclent varj-al¡les"

The nrtrltiple R and thc F vallres indicated that the inverse

relationship rvas sligl-rtly better defined in J point angl-es

than in 4 point angles, horvever, these differences lrr€r€ not

stat j-stica1ly signi f icant.

iii) Curve Fitting

A comparison of the various cLtr\¡es: e.9. 1og,

exponential , et,c. , indicated that the linear equation

Y : AX * B had the best rrgoodness of fitil for the mean

curve represerìting both cont'ro1 and trjsomv É'rorrps for the

depen<lent variables, stanclarcl devíation and variance,

ancl the indepenclent varíairfe, averlage arm lengbh. The

fo11ow,:',ng mathemal,icaf formulas werc ob'L¿rinecl as sholn

in the four equ.:rtj-ons:



ConLroJ. Grotrlr

S : -0.6;l L 0.32

R_

F-r'-

rvith nrultiple

\/ - -0.61 L 2"88

rvith nrultiple R :

F-

F-

\¡ * -0.65 L - 4.54

rvith nrrrltiple R -

F_

Trisonty

S : -O.6$

rvith ntrrlt:i-

102

Gr"ott¡l

L O.42

plc lì : o.

39

o.

37

0.

38

64

.1

(l-)

.0

0.

31

61

"7

o5

1

rvhere:

V

L

the angle standard deviation
,

the angle variance (o" S-)

the average reference poi-nt distance or

average arm length

It should- be noted that a multi-ple R value betiveen

O.61 and- 0.65 d.emonstra'l,es t,ha't, the mean mathematical curves

have f itted- the sample reasonably rve11. lnf ore specif ica1ly

it, means that R2 or al¡oui, 4o/" of the angle variability is

clue i;o var'iation in arfiL I ength.

f or the V¿rri,¿rl¡i l itj v) Ad..iu,st,c:r.l Va,l r-res

Thc var j-ab,i I i,'t,Y oll {,hc

rcf r:t'enct: l-:i,ncs was r-rsr:11 ¿rs an

ol= Cran-i.of ¿rc i.a1

by thc cr'¿rniofaci¿r1

Lhcj-r st;rlli 1-itY

:rn¡31es Jlormccl

i ncli c¿rt, i on o f

Ilef- r:rcncc: Li ncs



Varlabllity Betwcen Cranlotaclal Flelerence L¡nes
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variabilitY
trisomy ZL

Mcan
Los

Varlancc

1.5

t.4

r.3

1.2

o.o40224
o.042732

Figurc -lB" Graphic jllustra'tion
of eleven craniofacial- refercncc
and control grorlps.
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CRANIAL BASE P!-ANË5 of ORIENTATIOt'ü

2.4 ANTER,IOR, CRAN.{IAI BASE

2-29 POSTERIOR CRANIAL BASE

4-29 HUXIEY'S BASI.CRANIA.I AX¡s

2.40 ETHMOIDATE.SETTA IINE

2 -54 SELTA.SPHE${O ETHMOIDAT JUNCTION

55 - 5ó CRIBIFORM PtAh,lE

CRAnü IOFACIAL PIAÞ{ES of ORIES{TATlOlt{

4 - 39 MART|hl'5 PLAS{E

24-38 Hl5' PTANE

ó-T FRAh{KFORT HOR,IZOhITAL

ó -óO FRANKFOR,T HORIZOhITAT
(Anqtomic Porion )

54-26 PM REFEREhTCE LINE

{ wìACHtNE-
PORION }
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a11(i strit;ab,i1il-y llor sr.rpcr'.i,ruposi't,.i otr. Àcl jrrstccl r'¿r-l-rrcs c¿ì1ì

l¡c f orrrrcl i-¡ t,lte Apltcnrl.i-x. Signi,f i.can{, cl-i llf crcrìccs at tltc

O,I/" conf ,i-clc:ncc lcvcl ttrcrl-c ¡roi-cd [rc:t,tvcc:u t',]rc t-,rì.sortt¡' ¿trlcl

cont r.ol grotÌps for" all of tlre l-irrcs ull(lcl i-rrvesti-gation"

Usir1.g ;rngle 1og var--iancc as tl're ntcaslrre of variabiljty,

a rvitlrin grolp analysis of variance clcmonstl"atecl significant

differcnces in the sl,ability of the 11 lines ( Figure 18 ) .

For the control group, ninillial variation tr'as flouncl to be

clraracteristic of lines 29 -o 4 , 4O-O2 t and 6O-O 6 , rvh j 1e in

the trisomy 2L group, mininial r'ariation was characteristic

of lines 29-O4, 4O-O2, 6O-06 and O2-O4. Differences in the

variabilit¡' betrveen these lines and the other lines under

cons.i dera'bion were significant at 'bhe O.L/" level of

confidence

II. SKELETAL ANALYSIS

Derrelopmental ch'a.nges and'Lhe resul-ting crani-ofacial

morpholog¡r founcl in botir trj,somy 2l and control samples

were cvaluatccl in thc slcelct¿rl anal-ysi-s" The osscous

f acL¿tI st,ruc'brrrcs, tþe nasomaxj-I7 ary compl,cx ancl the

mancl jl-¡l <: , weÍ,e stur-lj ecl r,ising thc 5¿rsion-nasj-on (Zg-O+)

l-inc as Lhc p1;rne ot' superinlposi-tion, wL'Llt rr:gistration
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at thc poj-nt of i.nLci'scct.Lon of a 1;r:r"¡rclr<l.i ctrl.¿tr llront sc,l l¿r

( 02 ) t,o thc b¿rsiolr-n¿rs-i-olr 1-lne, IIor i zont¿rl. l. i-rre:¿rr ntcrtsul"cìrucnLs

to thc vcltic¿r1 P.¡l. f.i.rrc fronr botlr clani.;r-l b¿rsc attct 1l¿rci¿r1

larrcLu¡rr^ks r\rerc srrbscqr.ientl¡, usccl to intcrrcl-¿rte t,hc grorvt,h

and clcvelopnrental processes of these ttvo areas of the

craniofacial complex.

Resul'Ls of tl-re skcletal anal¡r5i5 rr'i11 be discussecl

under the follor"ing general headings:

A) cranial base

B) nasomaxillary complex

C) nandible

The means and standar-d errors for al : the variables

used in the skeletal ana15rsi5 can be found in the Appendix in

Tables XIX to XLIII. Sl-at istical data is provided for the

five age ranges, corresponding to the subgrouping of the

tr-j-somy Zl- and conLr'o1 samples by skeletal age.

A) ClanLql Þoee

i) Anter-i-or Crani,al. Base

TLi-is Iínlcar climens.ion h/¿ìs measur.'ed as thc

dist¿rncc be'Lwccn the anatomj.c points se11¿r ancl n¿rsj-on. The

tri-somy 2J- group bras founcl {.o bc sj6¡nì-fi-carit ly snallcr Lh¿ln
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the control group at the Ly'" LeveL of confidence. The

meafis for the trisomy and control groups were 5.9 cm.

and6"5cm.Jrespectively.Significantdifferences,at

1¿rte Lf" level, were also rroted between the sexes, with mean

values being 6.3 cm" for males and 6"0 cm" for females'

Amongtheageranges'asignificantdifferenceat

the T/" leve1 was found, as shown in Figure lq 'An

incremental growbh pa'Ltern was demonstrated by both

populations up to 10-14 years (e< o.or) and this was

followed. by a diminished incremental growbh in the older

age ranges" No significant group X age interaction was

d.etected.implyingthattirismeaSurementbehavedtheSame

in both groups (figure 20)'

ii) P""t""i"" lfgti"l B

This linear measurement represented -t'tre

distancebetweenanatomicalpointsbasionanclsella.The

trisomy 2L grolrp was significailbly smaller at the L% Level

with means for the trisomy and control groups being 3"8 cm'

and4.oCIil.:respectively.Sexd.ifferencesweresignificant

at t,he ll, Level of conficlence with fenales being smaller'

than the males.
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A.s shown in Figure 2I, significant d.ifferences at

1-}:'e I/" 1eve1 were found among the age ranges" Maximum

increase in the length of the posterior cranial base

occurred up to 10-14 years, after which there was little

noticeable change.

A group X age interaction, significant at the 5%

leve1 of confidence, is shown in Figure 22. It""".="" in

posterior cranial base occurred as early as 6-9 years

in the control group and continued to ages 10-14 years.

In the trisomy group, increase in this dimension was

d.e1-ayed until ages 6-Ç years and continued to ages 10-14

years. Continued gror,rbh in the control sample resulted

in adult differences between the groups being significant

at the L% level.

iii) Basicranial Axis or Ba-N Plane

This linear dimension was defined as the distance

between points basion and. nasion, and. its length is :

represerrtative of both the length and the degree and

direction of flexure of the cranial base. Differences 4

between grou.ps were significant at the L% level of confid.ence,

with mean values being 9.2 cm. for the trisomy sample and

9"7 cm. for the control sample. Females were found to be
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srìra:l :l ct. 't þ¿rn 'blrc nti.r1.gs, s.i gr-r i f :i.c¿.rut ¿tL tþc 1tr, levcl .

S-ig¡i.f icrrtt cl.i.f f crcrìccs ¿ìt, t,hc Ii¿ 1<--vc-L \vcl'c f otrrtcl

arnong t,lrc ¿ìge 1"arìgcs: âs .i .l-l tts''r,rat,cd in Iì-i-gtrre 23. Cll¿ìlìgc-s

j-rr thc IcrrgLlr uf t,he basi-cr"anj-¿tl, ¿rxis occt.tl'l'()(1 urp't,o thi:

age rangc 10-l-4 years, afl,er. rvhich \{erc \{as rLo significarrt

irrcrease or decrcase in this parallletcll'.

No significant higher or.cler interactions l\rere

found ancl the group X age interaction, shotr'n in Figr-rre 24-,

illustrated that i,his measnrement behaved the sanle in both

groups.

iv) Sel1a to the P.I{. Verlical Line

This linear dinension was defined as the

perpendicular distance from se1la to the posterior nasomaxilla

(p.Vf,) vertical line. Significant differences for this

clistance, a'b the L% level of confidence, we'"e found bctrveen

the'Lrisomy 2I gï'oulr, IIIeäIi value Z"L cnl ., and thc contrçll

grolrp, mean value 2.2 cm" Males vJere found to be larger

than f e¡ra]es signif iczrnt at the I% conllíclence 1eve1'

Among the ag.Ù rangcs a signific;rnt clj-fference at i;he

L% lcvcl was ll<_rrrnrl., as shown j-n Iri gure 2 5, l-ncreascs j-n

this l)¿ur¿ìmet,or wcrc obsr:rvcd bcl,rvccn ¿ìgcis 6-9 Lo l-O-14 ycars

(p ( O.O5) ¿rncl. bctwccn áìgcs 15-lB to arlult (p l-' 0'01) '
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Tlrc grorrl)

st-,at isti c¿ì:l-1\¡ s_ign

-ln grorr'th clrirngcs

\,) N as i.on

l:l 3

X ¿ìgc :i-ntcr"act,i.on rvr.ìs not; llorrncl to bt.

i,f-i-c¿rrrt srrgg¡cs'L i-ng ir rcl¿rt,-ivc ptrr.lr-l l c,l i.slu

flor. tlris l;ar.aurct-,cr. ( I.ì gur-c 2 (r) .

to l.lrt,: P.If. \¡clt,.i,crrl T.irrc

This nreasrrrenrcnt reprcscrltcd the perpencli-c*r ar"

dis{,ance fr"ortt n¿rsiorr. to thc ver"tical P.}1. 1ine. Di f f ercrìces

betrseerrf:hr: l-,r'-Lsoruy ancl c<t¡rtro1 g-roups \{er-e si_gnificant at

the f% level rvith nrean values being 3.3 cIn. ancl 3.9 cm.,

respectively. IÍa1es r{ere founcl -bo be larger" than the

f enrales at tl-re I% level of conf id.ence.

Amo'g the age ranges, a sigrrificant difference at

tlre r% 1evel rvas f ouncl, as shorvn in Figure zT . An incremental

growbh pattern rvas d-emonstrated by both populations Lrp to

10-14 yeal's , aft'er rvhich there r^/as a diminj-shed incremental

grolv-bh into the older age ranges.

A group X age interaction, signJ ficant at the S%

level, rvas founcl, as illustrated in Figure 28" Exarnination

of thc mearl ÍrleársiìJ-l:ements a'b the f ivc ¿tge rangcs inclicatecl

t'haL the trisomy 21- sample sholccl a small-er value for. this

paranctct' a,'b all age l.alrgcs.

v.i) IJasjon to thc P.M. Vc:rtic¡r]_ Ljn<:

Tl'ris Linrc¿tr d.-j.mcnsj-on l,vâs r()presentccl by tÌ-r<t
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perpendicular distance from the anatomic point, basion,

to the vertícal P.M. 1ine. Differences between gr.oups

were not found to be significant, hov'ever, sex differences,

significant at the 1-% 1evel, h/ere found indicating that

males were larger than females.

A significant difference at the L/o Level of

confidence was found among the age ranges¡ âs shown in

Figure 2$. Maximum increases in this dimension u/ere found

between the age ranges 6-9 and 10-1{ years

A group X age interaction was found to be significant

at the L% Leve1-: âs shown in Figure 30 " The multiple range

tests indica+-ed- that differences between the trisomv and

control groups at each of the five age ranges were not

statistically significant. Significant increases in this

dimension were observed for both the trisomy (p ( 0.01) and

control (p< 0.05) groups between the age ranges 6-9 and

10-14 years.

The group X age X sex interaction was found to be

significant at the 5% confidence leve1 (pigure 31) and

illustrated the chanees found. in each of the male and.

female subgroups for this parameter. The limited sample

size of trisomy 2L males, aged J-J years, necessitated the
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cl-i rnirr¿rt i on of th-i-s valttcr.

vi.i.) Cr'¿tn,i-¿r,l ì];rsc, _Ârrg] c:

TIr<> cr"an.LaI b¿rsc angl c \{¿ts dcl'.i-rrcd by po i nt,s

b¿rs j-orr, sc11u ancl n¿ts-ion ancl rcplcscrrLe tI Llrc irrrgl e f olrltctl

by thc ¿rirterior and postcrior corttponents of the crauial

basc. Thc trisorrrv 2L grolrp \vas f ouncl to be sign,Lf icantly

largcr, at the L% 1evel, than the corrt rol group, rvith

rncarl \ralues being 140.(t degrees and 132"2 degrees,

respectivefy.

The group X age interaction \rrâs not found to be

statistically significant, horvever, exanination of the

mean nleasurernents at the five age ranges indicated that

ttre trisony ZI group shorved a considerably larger value

for the cranial base angle aL all. age ranges ( Itigure 32 ) .

ts) Nasoma.::J .Ugf¿_ggrpl"ë

i) Poirrl, A to thc P.M. Ver:tical, Line

This linear measurement. recorded as the

pcrpendicul.ar d.istance from point rtArr to -l,he ver1.ícal P"M.

l-j-nc, r(-rprcsìentcd -t,he antcro-posterj-or l,engLh of the maxill-a"

Sign j-fì,i c:rn'b <1.:i l)f arc:n ccs, ¿rt thc 1.% 1evc1, were Jlound T¡etwcen

tri.sony an<i control- gror-rps;, 4-ln¡.ír mcan lcngths heíng [.2 cm"

an<L \"8 cm. , rcspr:c-t,ì-vcly.
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Ànrong tlrc ¿ìg'c 1'íìrlgcs, a s.i.gLi-lì-i-catr't, di-.{lfcrcnccr

¿lt t,ho LI¿ lcvcl of corrlÌ-i-clcnc.c, \{¿ìs lloturtl ( l'i grrrc- 3 3) . Â,n

i¡crcnrcrrt,¿rl- grolrrl,þ prrt't-,crrl \v¿ìs shotvtr. b¡' ¡o1.tt t ri,sclltt¡' ¿rrrtl

corrtrol slntp].cs up to 10-14 )¡cârs' Be¡'s¡1t1 this asc: llo

sì.gnif:lcant changcs occurred irr the a¡.tero-pos'bcrior

length of the ntaxilla.

ll"re group x age irr'l,el.¡ac'bion, signific¿rnt ¿rt tlre

f% level, was founcl, as illustrated in Figure 34"

Exanrirrat ion of the nlean measuretnents at the five age

rangesirrd-icatecltlrattlretrisonryzLgrollpwassnraller

for this parameter aL all age ranges'

ii) Angle Ba-N-A

This angular measurement was recorded as the

angle d-escribed by lines joining points basion-nasion and

por'-nt ilAil-nasion. The group analysi-s dc'rmonstrated that

thj_s paraneter 1{as sj-gnif:Lcantly larger in the trisomy 2I

group than in the control group (p { O.01), rvith mearì- values

being 6 5'0 clegrces ancl 63 . B clegrecs, respectively '

Sex ancl. age differenccs werc not found to lle

signi-f icanbJ-y clj f f crcrl[. S jmì lzrrly, Lhe v'rrious in'beract j-ons

of. grol'rl), agc ¿¡ncl sex l^rcrc not stat j st j ca'J-7y signi f- j-c anL,

a s:itu¿rtj-on cluc, in 1>a9L, 'l:o L]¡c l_argc v¿tri-itLj-on i-n c¿rch of
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tlrc glorrl)s llor t-,hc alrgrrlrtr' <ljulr:rls-i-on. Tlllc grotrp X agc

j,ntrrr'¿tc-t,iorr, i-1,1ust,r"¿tt-,c-'cl -j-n I¡-Lgrrrc 3 5, clc'rtons't r'¿rtcct 't-,lrcr

gr"orv-Lh paL1,t:r"ns of c¿rch of thc 'brvo grotrps. Itht-l bi il1c

range tcsts incl-Lcatcd no signif-Lcant charrgc in this ¿ìngle

at ân¡z of thr: five age ran€les for the trisoruy 2I s:rnple,

rvhile the control saniplc shorr,ed a clecrease, si-gnifj-carrt

at thc 5% ler¡el, betrveen the agcs 6-9 ancl 10-1d years.

This corresponded to the period of maximr¡n flexure of the

cranial base in the control grolrp. Trisomy arrd control

val¡-re-s for the Ba-N-A a1gle were significanlty different only

aL ages 6-9 anc'r 10-14 years.

ar_ l_ J Palat¿rl Plane to the Ba-N Plane

This angular rneasr-rrement, described by the inter-

sectj-on of lines joining nasion {,o basion and 'the anterior

nasal spine to 'Lhe pos'berior nasal spine, demonstrated the

inclination of the palatal plane", or maxill-a, to the cranial

base. The clifferenccs founcl be'bi,veen groups and betrr'c:err

sexes rverc not statistically si-gni-f i cant.

D i-f f crcnccs amori¡3 tirc age range,s wcre signif ícant

aL the 5% conflj-clcnce levclr âs shown i-n lr.i-¿;urc a6, An

j-ncrcnlcn'La1 gr'ow{,h lrzrttr:rn wzrs dc:nons{.raLccL. }ry both

lropu1;rt.i,ons un'i-,i..1, 10-l-4 y()dtîs ancl -t,tris wa,s fo1-J-owccl lty a
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cl-i-llr i ¡ ì.sltccL gr-or.tt,h 1t;t't,tt:r'tr. j.rl tlrc ol.clcl' ¿1gc r"¿1rìgcs.

Thc group X ¿1gc j-ut<:r"¡rct,-ì-on (lt'igrtrc 37) \v¿ìs

f orurcl '{,<-r l¡c si65n-i-f ic¿lrlL ;rt thc> 5"/" lcvcl of cotrll-i-<lcrrcc.

Tlte nrìrl-biple rangc tcs't,s dcntorrs{,r'atcd s:i.gn:i-f:Lcant}y

hig¡cr- \ralues (p < 0.05) for" thj-s pararttcte¡ in the co'trol

group fronl ages 15-18 years to aclul t '

ir') Uppcr fgs:i-sor to thc P.¡f . Ver"'bical L-i-ne

This horizontal linear distarrce \\ras measl-rred

as tþc perpenclicular fr-om the nraxillary incisal tip to

the vertical P.M. line" Betrr,een group differellces hrere found

'bo be signif icant at the 1% level, rvith mean di*st¿rnces f or

the trisomy ancl control sarnples bejng 4.8 cm. and 5.3 cffi.:

respectively.

Significant differences at the f% leve1 of confidence

were al,so founcl among the age ranges: âs illustrated in

Figrrrc aB. Tncreases in the dimension wer'e ol¡served 'Lhlt-rugh

age ranges 6-9 ancl 10-.ì 4 years, aftcr whj-ch t anY furthcr

changc:s were not f ouncl to be statistically sign j f ic¿rnÙ.

The group X agc in-beractj-on was found to be

sj-gnj-1'J,cant ¿-t-b 'bhc 1/" level ¿rnd is slown in lrigure 39.

Sígn j f .ic¿rn't j.ncrcascs in th j s clist¿rncc occurrcd j-n thc

contro-l- grollp rrp to a{l..cri l-5-l-B yc¿ìrsì, afl-cr rvhj-ch 7-il-'l:'Ic
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clrltngc 1-ook 1;,l,acc. llhc 1-l".Lsclrrry 2f sitlrtl.ll c ttrtclc:r'tvr:ttt, ¿ì

r"ap.i,<.1 ,i.ncrc:¿lsc -Ln t,lr i.s rl-i,nrc-ns i.on bc:t,rvcen thc' iìgo r'¿ìngL-,s

(l-9 ancl :l0-1.1 )ic¿Irs bcyorrcl tvll-i-clr no s.i.grrì-f i.c¿rnt, chang<rs

o c crtl'l'e (l .

v) IJPpcr Incj.sor t,o the B¿l-N P-1"'r:nc

This arrgle, fornted b). thc irrt,ersectiort of a Linc

representing the long axis of 1,he maxi-Llary central-

íncisols and {,lre }-rasion-nasiorr lirrr:" clescribed the

relaùive pr"oclinatior-r of the maxillar¡' irrcisors to the

basicranj-a1 axis" Diffel'ences bei.rveen groups were found

to be significan'i. at the f% leve1 of confidence. lulean

values for the trisomy 27 sample \r/êr€ 91.0 degrees and

for the control sample r4/ere 82.7 degrees.

Differences among the age ranges were found to be

significanl- at the L% levelr âs shorvn in Fígure 40. The

1 ^.----.t- :.--.--.-^^ :.- J-l-: --IaÌ'gest -Lncrease in thi.s. parauieLer occurred betrveen the

agc ranélcs 6-9 ancl 10-14 years.

Tl-re highcr orcler group X age interac1 -ion, shown

jn Fì-gi-rre 4f , was founcl to be signif j-canL ¡rt the l-% leve1

of conll:i.r-lcncr,:. Chan¡4ns i.n 1,hr'- pi'oc.'l'ina1-,i on of the maxil J ;.rry

inc j.sor's w()rc noL f ound to be si¿4ni lli c:lnl- ¿tl- any of 1-he

I ívct í,t(4c r¿tngcs f or thc control samplc. An íncrcitse ,
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s j gtì-i-f j.c;.rnt ¿r1. thc l'í' 1cvc.1-, \v¿rs fotrn<l l¡ctrn'clt:lr, t-,hcr ¿ìgc

r'¿ìtìgos 6-9 ;rncl 1O-i d yciìr's llor t,hr: tt'.i.sorn5' 2f sartt¡rJ.r:,

rcsrr-l,t,irrg j-n 1;rrger' \,¿ì1trr:s llor" t,ll.i-s partrrttctt:r" ( p < O. O:l )

in 1,hc tr-i-sonry gr"oull flout 10-14 yc¿trs to aclr-rlt t€lcs.

The increascd. pr-ocl,ination of tr-isorny nraxill¿rr"v

incisors corrcspond,ecl in tiure to their cr"rrption tinie

arrd to the period of nraxiururu crarri¿tl basc flexure in LIre

t r" i s ouiy gir oup .

C . Þf anclible

i) Mandibràla: flane Angle

This angle rvas recorded as the angle forrned b¡' a

tangent to the lower border of the mandible and the

basicranial axis (na-U line). Signifj-cant differences, at

the f% 1evel oll confidence, \^Iere found betrveen the trisomy

and control groups, wíth rnean values being 47 " 5 degrees

and 51 . O degrees, respectivel-y.

Dif f ercnces, signif j-cant at, the 5% 1eve1 ' \^tere

founcl among tlre age ranges, as shorvn in Figure 42. Multiple

1'¿ìrr.ge t,ests comparing ¿ìge groups j,nclj-ca1,erl I i"t,i,l e change

i n this v¿rri¿rb-l.c until {,he 15-.1 B year" àge r?\rrge. Subsc:quent

'to 'l-h)-s, a signì-fii-can{. clccl'casc at t}rc l/" 1cvcl of
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ccllifl i-clr,rncc hi¿ts tìc)t,c)(1 .

Noncr o[' tlrc hlgli<:1. orclcrr. .inLcl.¿rct,i_ons for. Llrt:

rur¡tncIi-btr-l ¿rl- pl.nne lrrrg-l c \vcrc st-,¿rt .i-st i.c;rl1y s ig-rr if i_crr¡1,.

i j.) Goni¿r-1. Ang] e

This angle \v¿ìs nÌeasurccl as the ang1,e defirred by

tire tangent to the lorvcr bor"dcr. of the nrarrdible ancl t,he

tangerrt to the posterior" bor"cler of Llre r'âtnrts. A sigrrifican1

difference, at the f% confidence leve1, rrrâs found. betrr,een

the trisonry 2r and control groLrps their nleans being

723 " 4 degrees aird 126.3 degrees, respectively. Males

r{ere found to have a more obl-use gonial angle than fenrales

rvith nrean values bei-ng I25.8 degrees ancl 124.2 degrees,

respectively, and significant at the 5% level.

Significant differences \dere noted in the gonial

angle f or t,he various age ranges , at the r% conf j-dence level,

As illustratecl j-n Figure {J, a slight clecrease in this

variable r{as noted bctwccn agc r¿ìnÉfes 3-5 years and 6-9

year,s., The only other signifícant cUffer.ence occurred in

Lhe ¿rdult age rangc whcn the gonj-:rl angle s j gnif ic artLLy

clccrc¿rse<1 ¿t1, a confi-c1c:ncc _l,evc;l_ of:' 1/".

Thc ¿goni:rJ an91c clcmonstr.r.l-cd no si-cnif icttnt

j,n1-cr ¿tc[,illn trtr grorrp,s , ¿\g() ¿rncl scx.
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ijj) Ânglc ll¿r-N-ll

ifll,i-s:.rlrgn1-lrr. ln()¿-tsut'(,-¡trt¡nt \vits cl<:11 -inccl bl'thc't.lrr.cr:

¿ru¡.t t,oltt-i. c:¿r1 1¿rrt<llttarlts bls:i orr, rr¡rs-i.on ¿rll<l po i.nt rt [Jrr . if llc

groLrp an:rl ysis clenrons't-,r.atccl th¿r'1. t,hj_s par.;rurc:tcr' tì/¿ìs

significantly largcr in the tr.isonry 21 subject,s (p < O"01).

I{ean value for the tr"i-sorny 2I gr^oup \v¿ìs ó+.g clcgr-ees ¿rnd

for the control grorlp hras 60.2 dcgrees.

Sex and age differences r{ere not for_rnd to be

statist,ically signif icanù, Similarly, the higher- order

interactions of grolrp, age and sex \{ere not signif ic anL,

a f acL attríbui,able to ùhe wide variation of this ane-ular

measLrreneni, in the trvo groups.

The group X age inter"action, shorvn in Figure 44,

illustrated the trend follorn'ed by the tivo groìrps at the

various age ranges. ltlul.tì ple range tesl,s among the

five age ranges, inclicated. no significant changes in thj-s

apgle for t,he control groilp, while the trisomy ZI group

cxperi-enced a si gnì-fìicanL increase in bhe angle (p ., 0 . 0 5)

bctrr'een the 6-c¡ and lO-I4 year age ranges. This corrcspondecl

witlr t,he per-i'.,ocl of nr¿rxj-mum Jll-cxure of the cranial b¿s.st., in

'Lhc Lr j--somy grolrp,
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i.') l'o i.nt-, rr Ilrr (,o t;lrr-r P .II . V<:r.t, i <:;r.l L, i nc:

Thc r"cl-¿rt.ionslri.p of ¡roint, rrlJrr 'l.o t,lrc p.¡T. vcrt,ic;tl_

li.ne i\¡as sttrdiccl Lr)' ute¿r*strr" irrg 'l,hc pcll)cÌì(l i c:rr-l-¡rr. <1 i.st;;rrrcct

fronr po:ir-rt rrßrr to th-is vcr.tical -l-inc. No sigrrifi.canL

cliffercnces \{ere for.rncl rvhelr cornpar"J-rì€f gror-rps and rvhclr

courpar'irrg sex differences.

The analysis of varj-alrce inclical-ccl a signific¿rnt,

difference at 1,he 7% level arnong the age rangesr âs shorvn

in Figr-rre {$. Horr'ever, the multiple range tests detected

significant differences only betlveen the age ranges 6-g

and 10-1/, years, at rvhicl-r tinre an j-ncrease signiflicant at

the 5% confidence level ri/as noted.

The interactíon of group X age tvâ.s found. to be

significant at the 7/" level of confidencc, and is illustr"ated

in Figure 46" This distance rvas f ouncl to be great er in the

trisorny groi.rp at ages 3-5 years. The trisomy and control

sampJ es cli d not dif f er signif icantly at, ages 10-14 ye¿ìrs,

lrorvever, the j-ncrcasc of 't,his v¿Ì-rj-ab1e between age r.anges

10-14 and 15-f B years, s j-gnif j-cant aL 5% , resul-t,ecI j n

signiflj-can't, rliJ=fcrenccs beirrg not-,ed Ï.;etrt'<:en trisomy ancl

conLr'ol- groupsi llr¡r' tl:lc a<IuIt, aLIe r¿]:ngic"
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v) I'ouotri,t-rtr to 1-,lr<,: P'II . Vcr"{,it:¿rl L irlcr

Th-i-s l.Lnc¿rr. cl .i-urcnsi-orr, rttr)¿tstrrc<l l'ts t,hc 1l<r.t'1-ltltr<l i.cttl.¿rr'

di-sùlncr. lìr.oru 'Lllc ¿rn¿rt,olnic¿r1 po i-n't, pogolì,i.oll t,o tlic vt:r"L:i-<:¿rl

f .i¡e, 1.r;ìs nr-¡1, si ¡¡ri 1Ì icantl.y clif flcr"ctrt eit.hc-r" llct.rur-:t-:rl fl..rorrl)s

or betrvccn se):es.

D.i_ffcr.err.ces antong the age rallgcs l{ere for-rncl to be

signif.icarrt at the L% 1evel of conficlcnce. The ntost sul¡starltial

i.ncr-ea.ses in length occurred betvr'een t,he age ranges Ó-9 t-'o

10-1{ years (p< O.05) and. 15-18 to aclult (p <- 0"05) r âs

shor.'n irr Figure 47,

The group X age interaction rvas found to be

significalt at the f/" leyel of confiderrce, as illustrated

in F1gure 4-8 . Thi s interaction rvas similar to that of

point nBrt to tire vertical P"þf . 1ine. Initial1y this dimension

rrras larger in the tri-sorny sample, however", increases during

the 15-l B year age range resulted in the control sample

hav-i-rrg -l arger v¿rlucs ¿rt aclulL ages"

The hieher order :i-nterac-Lion of group X age X sex,

slrown j n F'i-gg.re [Ç , further c:_atj f j ec] thc changes t'hat' occurrecl

rvi-'t,]r ¿\ge f or cach grorrp ¿rncl Sex. Tfre I jmj-ted samplc sizc: of

tr,ì.somy 2l- f_.cnl¿rl_es , ¿\ges 3-5 ye¿\rs, ncccss j-tatccl the

e.l i,rni,naLi-on oll tl-ris v¿rltrc. It was notcd. tkr¿rt fc¡nales

l¡ot,h {,r:.i-s<tnty ¿rnrl colrtr:<-ll- un<-lcr'wcnt grc:itl"<:r' j-ncr'r:ascs of
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ù[j s rl.i-¡tc¡,s i,ou bc1,rsr:cu ¿Ìg(] gl'ott1r irrg..s :l ()--l "l ancl 15--l I ]'",,t'*

t¡¿r1 t¡c:.i.1. lrt¿r,l,r: cotrut-,cr'1.t;rl'Ùs . IIotv()\¡(r1": 8t'ciltcr ittcl'c:rscs

i¡r t,hc lt¿r.l-e .satnltlc^s ¿ìt 1¿t'l,cr" Âg() gr"olì.1.) i.lìSìs rcstt,l t,ecl i rt

highcr vtlucs for this r,.arj-¿rb-l-c in ¿rcltrlt lìl¿ìl-L-s,

vi) Art-i.cu1arc to thc P.ltl. Vcrt,ica-l L-i-ne

This horizorrt-,al- linear nreasul"cnrcrrt hras recorclccl as

Llre per.penclicular clisÙance fronr ar"tictr-larc to the P.II"

vertical 1ine. Dif f erences l¡etrveen the ttvo groups tr¡ere

found significant at tl-re r"/" 1evel of confidence, rvith

tnean values being 2.Ç cnl. for the trisomy group and 3.1 cln.

for the control group" l'{ales, rvith a Inean \/alue of 3.1 cnl .,

r{ere founcl to be larger than females, rvitl-L a lnean value of

2.9 cni. (P <o.01).

Among the age ranges a si-gnificant difference of

f% \{as observed: âs seen in trigure 50. This linear distance

was f ouncl to increase -signif ican1.l y, at the I/" conf idence

level- br'¡trrrer.rn j:,he a8e ran[les ()-9 arrd ]-0-14 yea1"s.

The inber.action of gr:oup x age x sex was founcl to l:e

si grri f icant at, the 1/, level: âs shor.vn j-n Irigure 51" Trisomy

val r;,es, bol-h nralc ancl f cnal-e, we1'e ini-t j-a11y l-ess Lhan

conl.ro1 v¿ìl-ìtc,s. Incrc¿ìScs occu¡r'<:cl bctwecn thc ¿ìges 6-9

an<ì. I o-L4 ycÍìl.Éì, ancl con1,i-nucd in the trisomy n.,ilcs to 1-he
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-l-5-l 8 agc l"iìll[fc \\'lìc1'cì t hcy surp¿tssccl ccltrLrclI llt:nt¿r]-c t'¿t-l ucrs.

r',i-i) Gorri,orr t,o t-,ìrt: l'].II. Vcr''t',i.<-'¿tl Litrtr

This hclr',i-zorrt;r.1. -l-,i,nci,rr rìr(,-¿ìsrtt'crntcrtt, \rriìs t'ccolclr.:<l ¿.rs

thc pcr.perrcli-crrl-¿r cl.ist¿lncc frorrt thc nlost j-nllcrioi' ¿rn<l

postcri-or par.t ofl the l'¿ìrììtrs ofl the ¡n¿tncti.l¡l,c to the vcrtical

P .l'f . 1irre. Thi s di-sl-arrce \vas not for.r¡rcl to be -signif -i.c;rntl¡,

fl i.f f et"errt bctrgeerr the tris<tluy arrcl corlbr"ol giroLlps., Iìolr'eve1",

sex d.ifferences \{e1'e found- at the f/" conf-ldence level-,

rvith nrales (nrean value 2 "I cm. ) being larger than f ent¿rles

(mearr value 1.9 cm. ) .

As illusi.rated in trigure 52, significar-rt differences

at tJne L/" level were f ouncl among the var"ious age ranges.

Signif j cant increases tvere dernonstrated betrveen t,he age

ranges 6-9 and 10-l 4 years.

Thc¿ higher order interactions of group: age and sex

were not found to be statistically sígnificant and Fígr-rre JJ

shol^¡sr the rr:l a1-,i ve p:rl"a11,e1ism of Ch"rrrges r-ccordecl irr this

perramct er for each gllolrp.

vij j ) Loiver Incisor 1.o 1-hc P.l'f . Yer:Li'cal- L,i-ne

Tlri-s ]rrot'i-zontal l-i-ncar nrcaÍiul1 cmcnt warl rccordccl as

thc pcrpcnclj-cr.rl-ar dj,stancc l-'rom the incisal crJ.¡¿e of 'bhc

m¿rncli-lruf ¿rr <:r:nl,ra7, i nci-sor to 'Lhc vcrLical P.M. l-i-nc.



Gonion to P.ftfi. Vertical Line

14:l

dinrension

DISTANCE

(cM.)

Figure 52" I{ain ef
Gonion to the P.Þ1.

fect of age on the linear
vertical line.

DISTANCE

(cM.) 1.5

t.o

o.5

lÌ,f f c:cL c¡f age
v<:r'Li,c:¿tf- 1i-ne

Gonion to F.M. Vertical Line

on tlrr: l.i.lrcar t)

llor thc: 'brj.sorny
i.mcns Lon Goni-on
Zl and cont,r-r-¡l

3-s 6-9 ìo-14 15-18 ADULT

Age Ranges (in Years)

Fi-gurc 53.
to {.hc I'.M
g;rol-rps.

3 s ó-9 ìO-I4 15-18

Age Ranges (in years)

AD U I-T

TR I SOMY

CON TROL



r42

Dj-ffcrcrrccs foun<l bctrvccn 91'orrps arrcl llctrvccrl scxcs rvorc not

st¿l{, j s'l,i-calIy si gnif j.cant.

A signific¿rnt cliffercncc, aù thc Lf" confidcncc

level, was found amorrg the age ranges: âs shorr'n in Figr-rrc 54.

Sigrifj-cant increases rvere observed betrvcen the age rangcs

3-5 to 6-cl year.s (p < o.o5) ancl 6-9 to 10-14 ycars (p < 0.01).

The group X age interaction for this variable¡ âS

illustrated in Figure 55, I{as significant at the f% level of

confidence. The mul{,iple range tests indicated significant

increases in this linear diniension during the age rarrge

3-5 to 6-9 years in the control sample and fronl 6-9 to 10-14

years in the trisomy sample (p< 0.01) " Continued increases

for the control group resulted. in larger values for this

variable during the adult age range (p < 0.01).

i*) Lower Incj-sor to the_Mend:þqt_q1Bf_eng

The relat'i onship betrveen the lower incisors and

the mandibular plane was str-:.died by measuring the angle

formed by the long axis of the mandibular cent'ral incisor

and the tangen'b to the lowcr border of the mandible. This

varíable was foun<l to be significantly clifferent (P ¿- 0.05)

betwecn thc trisony and control- groups, with mean valucs

of 94,I clcgrecs and 93 " 5 dcgrccsr ricspecl,ivclS'. Signif i-cant

cliffcrenccs werc also founcl b<¡1-wccn the scxcs (f < 0.01),

wj-tlr fcrnalcs, mcan val-uc 95.9 d.egrr:cs, hrc:i.ng 1;rrgcr than
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x) Àrr¡¡.1 c r\Nìì

This ¿ngrr1 at' nrcl¿ìsul^crls:nL ¡ rlcsc.t' i-bt:rl. b¡, -l j-nr:s .i,l i nì.rrg'

point rr Àrr to rrasi.orr ancl poirrL rr Ilìr to nasiorì, clcnrorr.st-.r'¿rtcrcl

thc antero-posterior relationsh-ip of 1.he ur¿rxj lla to tirc:

manclil¡1e. Differerìces betr.'een thc tr"isomy ancl contr"ol

groups \vere for-rncl to be significant at tlrc f/" leve1 of

confidence the mean values being 1.3 degrees and 3.6 degrces,

respect ively.

Differences among the age rangcs ( nigure 56 ) were

f ound sr'-gnif icant at the f'% conf idence level. A substantial

decrease jn this angle r{as found betrveen the age ranges 6-9

and 10-14 )¡ea¡s (P.'- 0.01).

The hicher order interacti-ons rvere not found to be

statistical-1y significan-b, a finclJ-ng that corresponded to

the fÌindings of angles Ba-N-A ancl IJa-N-B. For eacir ol= these

angular dimens-Lons, the abscnce of significanL Znd ancl 3rd

order inberactions was attri bui,ed to 1,he ivide variation f ound

i n thc tlvo grou.ps. The mul-'b,ip1 c rang:a tes't,s among thc

f.i- vc a[:e r'¿ìrìgcs incli-cabccl no s j-gnif ic¿rrlt charr¿¡cs i:r :rn91-c- ANB

f or Llrt: conLrol, groìr.p, whll-e {.}rc trisomy 2L group rlcnrc.¡nstr-¿tLcó.

a s igrlj,f tc¿trtL <Jt:c:r'<:¿tst:, (L' ,-- 0.0:l-) be-t,lvccn thc 6-9 ¿rnd .l o--l 4

yea.t' a{te r'¿-Ìrrtj,c)Fì. S j ¡grr i-f .i-c;rnt, <i.j-f l) <:rc:nccs t .rl. l,lrc I/" f icv<:1,

wcrl() Jlcr-rncl l;c1,rvccn t-,hc t,wo gr'()r-rl),s f.r'on't lhr.. 1.(J*) 4 'l,r; {-,}rc ,'lrlrrl1.,

f .-. /ã\ít!.\() I'.'tlr/j(r,s (l l¡"ttt'r: ls/).
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CIIr\1) 1'Ili V

D]-SCUSS]-T)N

Pa,st inrrcsi,j-g¿rùì-ons oli I)orr¡nt s s)¡n(l1.oluc, us_i_ng

roeutgenogr"ilphic cephalornctr¡', hirve contr.ibutecl rnucþ t,o

our unclerst.rrrding of the nlongoloicl phenotype. These stucl1es

have l¡een prirnar"ily corìcernccl rvith rnor.phologi cal clescr._iptj-ons

and the findings oll most parameters have ilfustratecL

signif icant clif f er-ences f rorn acceptecl nornÌs. lr{ost of t}re

linear- measlrrements for these subjects have been found_ to

be significantly smaller than control subjects ind_icating

t'hat the overall size of the craniofacial comÞ1e-x rr,as

smaller than t,hat, f ound in t normal, individ_uals from ases

four years to adulthood. This fact,, coupled. rvith other

findings, indicates that trisorny za subjects present a

dis'ûinct phenotype.

Early investigati_ons of lateral cephalometríc

racliographs, traclitionally usecl the anterior cranial base

a,s thc¿ plane of ori.cnta.Lj-on llor compar,isons Jretrn'een i,rì-somy

and ccrn{,ro-l- groups. T}re sùurJ j-es were ch¿rracterj_zeð, bv

cross scct.ional sarn¡rJes gror,rpccl accor,cling to chrono.l-ogj-cal

agc. Thr: recc:nL cvirJcncc¡ oll Ncvj 1c (J.97 3) su¡4gcst j ng
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c[.i-f f cl'c:nt rrr¿tt,rrr';tt, iorr r'¿tt,<:s .i-n tr i-sclltt\' ¿tncl c:olrtrt:-l grc)ul)¡ì irncl

t-,hc ll-irr<l irrgs of So¡nnrcr' ¿rncl Ij¿rtorr ( 1970) , l\l ì-nrchlrrcl¿rnJ. ( l9;-3) ,

a¡rcl Ncv Ll-c 1 :L-07 3 ) , anrorÌg otlrcr.s, .srrlrp()r"ù-i,rrg thr: lì i-rr<1.ì ngs of

cndochonch"af gi'orvth clistrrrb¿rnccs in Dotvn t s -s¡rr1,1.t'.-rtu., ll¿lvc

sr.rggcst-,ecl a re-evaltratj-or-r of past, metlrocls of ccphiilorttct-,r'j-c

invesl-igation and, as rvcl-l-, have questiorred the signif i c¿ìnce

of f indings f r"onr pr"evious studies.

I. INVESTTGATION OII CRANIOFACIAL REFERENCE LINES

Solorv (f q66) suggested that rvhen trvo variables invof vecl

a conunon reference point, a correlabion between then could be

expected rr'ith 1-he magnitude of this correlation being determined

fro¡n the means and variabilities of the distances betrveen

the reference points. Similar correlal,ions occurred br,'brveen

variables that did not involve a conlmon reference poi.nt, but

did involve a comtnon reference structure. Thus, correlatioc

beLween varj-abl-es involvihg common reference points did not

necess¿tri1y indicate the preFjence of bi ological coordi¡rat j on.

It r^/as suggesLed that angul-ar varial-:j-liLy bett^,reen different

rcf crencc: l-i-nes flollowecl ^ dcf inite rc.l-a-tionship based on

Lhc gcomc:Lt:)-caJ- cli-str j llu'b j or-r of the I ¿rndm¿rrl<s clef i ni.ng

thcsc 1:incs.

The rcsu],{ s of t lrc pt:'<:scn'L i-nvc,stÌ-g¿rtj on of cl-r:vcn
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Cl'¿ltli,of ¿r<:-i.¿i-l t'()flct'olìcìc Li nc,s, srr¡l¡lor.t Llr<-: lì-i-n<l,i ngs o1. So.l orv

(19óó) arrtl llcrrr'.1' ¿rrrrl C-l<r¿rll (f 9i4) ¿rncl corr['i.r'ru ¿ì ncga{,ilc:

¿ìssoci ¿tt..i on lrt).(;tr¡c:cn tlrc' itlrgtrl itr rrar i,abl c.:s: st-,¿rrtrl¡rl.cl clcrr.i ¿rt-,.i_orr

a¡rcl var'.i-artce, atnd thc rcfcrcncc ¡:oi.nt clist,¿rnccs of l,hc ang:le

arnrs. Tlresc results are also suppor.tecl b)¡ thc stuclies of

Kosl<-i ancl \¡-irolainen ( 1956) , Äl¡orrt '+o% of the r¡ar"iaù j-on

in angJe variabili'1,5' 1u.* fotrnd to be due to r.ariatiorr in

the ar-n length.

The investigation into the effect of the spatial

arrangernerrt of reference points defining an angle for"med

by trvo reference lines includecl tire clivision of angles into

those defined by 3 points, rvith a conurron reference point,

and, those clefined- by 4 poini,s. Angular. variability rvas

not founcl to differ significantly betrveen the trvo groLrps,

although the inverse relationship between variation and

angle arrn length r^,'as sJ ightly better clef ined in the 3 pci nt

angles. The results of this study rvoulcl suggest that tl-re

spatial arrangement of poirrts clefin-Lng an angle j-s not one

of tire f actors resl¡onsihl-c for crani.ofacial associati_ons.

Ásscssrrc:nt of the b:i-ol,og,i-cal. si,¿rt¡-i l.itv oll crãrti ofacj,¿r1

plarr<:s must, -Lher'c:f or<:, a1,tcm¡;t t o f ;tcLctr out 1,hc cxtrancous

cf: f ccts of thc g<:omcLr') caJ- d j.s{,r' j }¡r-rt.ion of thc .l-¿rncJm;rrl<s
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clt:f i.¡r i,rrg tlrc l .i rrr:s . Àcl jrrstrrcl vrt-l rrcs nrrrst bc coruptrt,<rrl {ìor'

arr¡¡rr l ;tr' \'¿ìr-'i,¿rb i ,l i't,¡' LIr;rt, irt'ovi.dtt ¿ìrì ¿tcìcìrtì'¿ìt-,c i.rrclicitt. i rtrr

of, tltc b i-o.l o.g--i c r¡ar".i.ab j -l i t,1' 6{ì 'Llro cr'¿tn-iof'¿rci¿tl p1,:rrrcs.

S j-nc.c tlrc int rc-¡cluc'L j-orr oll ro<.:ntgcnogr"allh.i-c cc1;lr;rl outct,r'y

in 1.931, nrlnrcrolr.s investigator"s have attemptecl to e*stabl i-slr

the rr i,dcalrr planc of orientation for dcscrib-i.ng cr¿.ìniofacial

fornr. As car'1y as l8/(r, Schrnidt l-racl re¿rlized the intportance

of mininr¿rl biologic varial,ion to a plarre of orientation

and, rviLh this concept in ¡ni¡rd, Iltany diffcrent planes have

been sr-rggested for use irr the stud¡' of grorvth and

developmeni;.

The fj-nciings of tiris inver.tigation suggest that

several craniofacial reference lines denronstrate consistentlS'

lorr' variabilitv for both trisomy 2l- and control groups. Three

planr:s, closely associated wit-h the cranial base, were

|ncluded lenrling support to the suggestr'-on that the cranial

base r.epresents a phylogenet j-ca11y stal¡le area of the skull

( Ilorcl, 1958; Scoti- , 7967; l'{oss , eL aI . , f969) . The anterior

crani aI b¿rse ( sella-nasi on) has bcen u.secl as a p1ane of

superi mposi{;ì-on -in f-aLr:r'¿t 1 cc:ph;l1 o¡nr:tr'-i-c; stu<1j-e,s hy nztny

i-nvcsLi-g¿r't ors (Brocììc, 7941-; Iìjorl<, J.c)A,-I; R,i,eclcl , 1952; Rjr:r'n,

Lq57) , ll<:wc:v<:r', .i-t h¡-rs bccn c:r'jL.icizc:cl duc to varia.L:i'on in
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tllc l'erllrt, i vt: lros i,t i-ons clll ùlrr: l'r:f ct'<,:ncrc 1ro i rtùs ( IJirr,trrt:,, ,l 9 57 ;

Scot,{,, 1956). This st,rrrly tlocs rrot; cìi.sprrt,cr t,llr: v¿rri¿ì{,i(,)rì

t,lr¿rt occr.rl-s ,i-rr t,lrc spat,-i.a1 ¿rrl'itrlÉì(rucrtt, of iro,i,rrLs scl--1 ¿r ;rrrrl

n¿rs:i-orr, brrt, itr clocs strggest-, 't,h¿rb ilr sp.itc oil tlli s r'¿rr'-i.¿rt;i-on,

the anter.ior crarrial. b¿rse rcnraills orìe of the urost i'el-i¿lb-le

planes of or"ierrtatj-on. The ba-s,iorr-rt.rs'ion plane: or

b¿rsicranial axj-s, (Br"oaclbent, l.937; Ricltetbs, 1952, 1957)

and tlre ethnioiclalc-sell-a line (Kosl<i, a957; \{ei, 19ó8) rvere

al-so fonrrd to demonstratc lorv varial¡i1it5r f,i1¡- suppor-ting

the use of these planes for super"inrposition in cephalonretric

studies.

The Frankfort Horizontal, rsith anatomj-c porion as

the posteri.or landmar'l< (nlair, 1.g54t Craig, 1951; \{i11-i-ams,

1955) rvas also found to demonstrate rninirnal change. Significantfr-

increasecl variation (p ( 0.01) founcl in Franl<llort Llorizontal,

rvith machine porion as the posterior landmark, demonstrated

tlre necessi,ty for standard.izing tlnc cephalometric techniclue

and f or corti¡;1ete patient coopcra'1, j on wleen thj,s non-anatom-Lc

1¿rnclnark ivas usecl.

For each of t,hc cl-cvclr pl:rnes bcing cons i-dcr'ccJ.,

vari,at:i.on !vas sign:i lìi-c:rn1.1y gr'<:a'L<:r j-n thc tr':Lsomy 2l group

-Llr;rn i-n 1.Lrr: c:c:na-ro'J {-l'J'otlp ( p ( 0 . 01) . Tlhcsc lìin<Jj ngs c¿r¡'l },ic:
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cxp-l ¿t inccl , if orìc cons-i <Jcrs 't lrt-' ct'itrì i. iì,1 b¿tsc as ¿t t,¡.¡l<: tll.

tt h¡r1l't,-i.ng zorìctr b<,rt,rvct:¡r t;hc rìcrrr¿r..|, ¿rnrl f ac.i ¿r.l- c.l c:nt<:rrt-,s ;tnil

i rr r':i-eru of thc r.cccllt cr¡,i-rl<:lrcc ol- cl.i.sttu'br:<1 <-:n<1oc:ltontl r'¿t.l

bonc grorvtlr i-n tr-j-sonry 2L inclLr.i-rlu¿tl-s (S,;t,ttuct' ;trrd [ìa't,on,

1970 ; Alinchancl.rni, 1.97 3; Nev-i.1c, I 9 7 3) .

The present stucly tr'oul-cl suggc*st that thcrc j s no

reference l-ine compl-etel)' vojd of charlÉlcs in shape arr.d

position during growbh ancl this is inclicative of the

multidirec{,ional connec'bions rvi'bhin a }-rolistic system

(Vinkla, eL al., L975) " For each conrponent of the

cranj-ofacial skeleton the possibility exisl,s that there

nay be several rt governorsrr rvhich rnay. exel"cise their

influence singly or jointly, depending on the prevailing

circunstances. Koski (1957 ) found that cross sectional

studies resultcd in an apparen'û stability of the gror^rbh

pattern, rvhile j-nclividual grorv-bh pat-berns rvere qui-te flexible

up to L7 years. Correlations betlveen the various linear

ancl anÊu1¿rr dinrcnsions rvithin 'bhc crani-of.aci al skele1,on

\^te-Te gcneral-1y l-ow. Uncler thesc ci-rcums1.¿-rnccs

planc c:f or i,cni.al-:Lon or sìlllrir j-rnpositj on rtrou.l,d.

is int:im¿r{.cly rc1 aLccl to thc arcîr oll j-n-t crest

, Lhc: tr j-çlç¿l tt

bc th¿r1, rvhi,ch

anc7, at thc

of thcsamc 1.'i,mc, clcntorrstr¿rtcs l-ow v¿lr i-ab.ì,1-.i-t y t rcgilrr-l"l r:ss
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p.rìr-¿rilrc't,c1's r-lsccl to nìcl¿ì,srrrc t,lì.i-s; v¿rf i itb.i :l -i.1,5r.

lllrc r'o¡ìri-rì-n.ì-ng sc\¡Lrr-ì l'cflcl'cllcr: l..i rtcs cxlr i-b i-'Lc<1 ¿t

h,i.g-h (l()gr'cc oll r'¿.u;'-i-¿tt.i-c-¡n lncl unrch oll t, lr i,s carì l¡c ¿-rtt.r".i brrtr:<l

to courl:-i.rrat-i,orrs oll tllc f o1-l oiv.i-ng \¡¿lr. .i.¿tb.i cs: d-i-ill' j cu-ltv

in locating thc dcf ining f-anchuarl<s, thc gconrctrj-c or'

sp;r'bia1 v¿rr"ia't,i.orr ofl the landniarks, ancl t-.hcr l>.iologi-c

r.ari¿tti-on of the slteletal strtrctures irrvol\¡ecl .

II. SKELETAL ANALYSIS

Â. The Cranial Base

An over-all shortening of the cranial base irr Dorvrrls

syndrorne has been rvell doculrented in pas't inr.estigations

(ttezl<, 1964; Kis,.l.j-ng, 1966; Giní2, 1'969) , and the results

of the present str,rdy sr.r,pport these f indirrgs. Grouping of

the trisomy 27 and control samples by skeletal rather than

chronological age did not effectively alber the signifj-cant

diff erences previously observcd betrveen the trvo gror-rp.s and

the anterior craníaf- base was found to be short<;necl more

than the pos't,erior crani¿rl- base. Thc length oll the basicran.i-al

ax.:'-s' or B¿-r-N pJ-an<-:) !vas a1,so founcl l-c; be srnaller in thc

trisomy 2I grolrp .in sp-i.tc of thc: nìorc ob't use cr¿trt.i-¿.f. Ì:ase

itn¡¿Lt:" This j-llust,r'¿.rtcs thc si-gn.j-f''i-c¿rr-lcc ofÌ t,hc 1j-nr:ar

<l .i-f {'<:r'<:ncc:s of cr'¿tnt-¿¡1 b¿rsr: <li-nrcnsi.ons bctwccn thc
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the s:rnrpIcs.

Elorrgation of the cranial basc clcntcrrts is dcpcrrctcrnt

upon cnclochonclral l¡one fornratj-on at the sphcnocthrlroicl¿tl atrd

sphenoccipital synchondroses (Ford, 1958; Scott, 1958).

Elongation of the anterior cranial base has been founcl to

cease at about / years of age: rvhen the sphenoethmoidal

synchondrosis closes. Grorrrbh of the posterior cranial base

has been found to continue into adolescence rvhen the spheno-

ccipital s¡.nchondrosis closes at 13-16 years of age. Roche,

et a1, (L97 4) found elongation of all cranial base measurements

to continue into adolescence " In the present study, a

d.iscrepancy in the length of the anterior cranial base r{as

observed between the trisomy and control groups by the 3-5

year age range. Such findings would suggest that normal

development and differentiation are being interfered with at

an early a€e¡ possibly at the 8th to the loth week of fetal

Iife (Frostad, I97O). Subsequent development of this parametqr

occurred in a para11el manner to that of the control group

with Lhe initial discrepancy being mainl,ained.

The hori-zont,aL 1ínear measurements from nasion and

sella to the vertical P.M. line also support these findings,

with both parameters bcing significantly shortcr (p( O"01)
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in the trisonry 2I groLrp. This would suggcst an init,i¿rl

grorrrLh disturbancc, with subscqucnt dcvcloprucnt bcing

rrnormaltr or slightly retarclcd.

T'he posterior cranial base was found to have sinrilar

lengths for the trisomy 21 and control groups at ages J-J years.

subsequent increases in this parameter found in t,he control

group, rvere delayed in the trisomy 2I gr"oup until ages 6-ç

years, creating significant differences betweenthe trvo samples"

Such findings would suggest a disturbance in the endochondral

bone formation of the sphenoccipital synchondrosis occurr.ing

in the trisomy 2I group at ages 6-9 years. As with the

anterior cranial base, subsequent growbh of the posterior

cranial base occurred in a paral1el manner for the trvo groups

with the original discrepancy being maintained. Slight

increases in this parameter for the control group during

adulthood could be attributed to apposition at basion ( Ford,

1958; Koski, L960), repositioning of sel1a or latent

appositíon at the sphenoccipital synchondrosis (Roche, et aL,

L97 4\ "

The basicranial axis (na-U plane) reflectecl the

pattcrns of development founcl in the anterior and posterior

portions of 'Lhe cranial base. A similar discrepancy Lo
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tha{- found in the anterior cranial basc at J-J years l{as

also founcl -in thc Ba-N plane and this incrcased at agcs

6-9 ycars coincident rvith previou-sIy nrentioncd gr"oruLh

disturbances in the posterior cranial base. The differences

in the length of the Ba-N plane betrveen the tr,¡o groups was

reduced somewhat rvith the clockrvise flexure of the cranial

base angle, but it rernained significantly smaller than the

control (P < 0.01).

The trisomy 21" group demonstrated a more obtuse

cranial base angle in this study and this supports the

findings of Rezk (1964), Kisling (1966), and Ghiz (1969) 
"

The analysis of variance indicated that the group X age

interaction for this parameter was not signifianct, however,

the extreme variation found in the two groups, represented

by the standard deviations for each age range, could explain

this phenomenon" Similarly, previous studies grouped the

samples by chronological age and, with the developmental rates

being different between the trisomy ZI and control groups

(Nevil-e, I973), this methodology would effectively produce

more significant ínteracLj-ons for the various parameters.

The present stucly, t;LíLízj,ng skelctal age groupings, would

be expectecl 'bo dcmonstrate less significant differences for
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' Although variation
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studied 
"

in the two groups was high for the

cranial base angle, when mean values were used, a slight

d.ifference was present at J $ years (P< 0.05) and this increased

with age" The explanation of the alternate directions of

cranial base flexure between the two samples is uncertain.

It has been suggested that it could be associated with a

lowering of sella (Sassouni, et aI., 7964; Kisling, 1966)

or to a change in direction of g:'or'v-bh at the sphenoccipital

synchondrosis (Cfriz, 1969). The present study, suggesting

a disturbance of fetal development of certain cranial base

elements, could be interpreted to indicate differences in

the configuration of the original cartilaginous anlage of

the cranial base, possibly of genetic origin, which in turn

produces changes in the direction of growbh at the spheno-

ccipital synchondrosis, lowering of sella and flattening of

the central and. lateral parts of the cranial base (Kis1ing,

1966).

B" Nasomaxillary ComPlex

ln contrast to earlier studies of Dorrnts syndrome

uf-lLj.zíng the anterior cranial base for superimposition

(Sassouni, et al", 1964; Kisling, 1966; G]¡íz' L969)' the
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present invcstigation exarnincd the rclagionship of thc

nasornaxillary conrplex to tl-re basicranial axis (na-ll planc).

TIle linear dinrcnsion rcprcsenting nr¿rxill¿rry 1c1gt6

(point rrlLrt to the vertical P.II. line) was found, to be

significantly shorter in the trisorny group at arl ages

(p < O.01), thus supporting the findings of Bend.a (fg56),

Spitzer, et al., (fgOf), Rezk (fç6¿), Kisling (fg0O),

Gl¡.j-z (1969) and Frostad (1970). An initial size difference.

vuith the trisomy 2r group consistently smaller in this

parameter, was maintained with para11e1 gror,rbh trends in

the two groups until the age range 10-14 years, at which time

there was an early cessation of growbh in the trisomy grou,p.

Nevile (r973) suggested, that epíphyseal maturity was reached-

by the trisomy 2r sample approximately 2 years earlier than

the control group, and- this phenomenon was observed- in the

present study, in spite of grouping the sampl_e by skeletal

ages. This early stoppage of gror.rbh could be attributed_ to

interferences with cartilaginous bone formation as evid-encecl

by the shorter cranial base ancl recluced- size of the nasal

septal cartilage (Ghiz, L969; Frostad, LgTO; Alimchanclani,

a97 3) .

Parallel lowering of the palatal planc ín control
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populations, relative to the anterior cranial base, has

been well documented by Broadbent (rg37\ and Brodie (tg4t,

1953). Kisline ( ] 966) found the maxilla to be tipped downr+ard

anteriorly and he attributed this feature to abnormal

tongue posture in Downrs synd-rome. This was supported by

the findings of eueen (Lg7il " Frostad. (tglo) observed_ a

similar anterior tipping of the maxilla in the irisomv 2r
males of his study. rn the present investigation, the

inclination of the maxi11a, as measured. to the basicranial
axis, r^ras found to be similar for the two grolìps untir ages

10-14 years" subsequently, the divergence of the palatal
plane angie increased in the control group and- d_ecreased.

slightly in the trisomy zr g,'o*p. These changes in the

spatial orientation of the maxilla relative to the Ba-N

plane appear to be related. to the direction and magnitud.e

of cranial base flexure in each of the groups.

Although the midfacial area is unclerd_eveloped in the

trisomy 2L sample (r'ink, et aa., a97il, it is believed to

be normally positioned relative to the anterior cranial 
+

base (rcisting, 1966; Ghí2, 1969; Frostad, L}TO). In the
present study, the antero-posterior position of the maxilla

relative to the basicranial axis (ang1e Ba-N-A) was found



159

to be similar for the trisomy and, contror- groups at all
ages studied., with the exception of the 10-1{ year age range..
vühen the basicranial axis is used. as lhe plane of orientation,
the relative constancy of angle Ba-N-A in the two groups and.

the more obtuse cranial base angle in the trisomy 21 sample,

effectively changes the spatial orientation of the maxilla
to the rest of the craniofacial skeleton in the two gro'ps,
The result is a midfacial retrusion characteristic of the
trisomy 21 phenotype. The within group variation in the
cranial base angle for such a cross sectional stud.y as well
as the slightly divergent d.irections of cranial base flexure
in the two samples appears to have elirninatecl the effect of
the downward and for-ward- translation of the maxilla in
response to the nasal septal cartilage (scott, rgs4) and,/or

functional matrix (Moss, 1_96T) 
"

Maxillary incisors r^rere found- to be .more proclined.

relative to the Ba-N plane in the trisomy 21 group, which

concurred wit'h the findings of Frostad ( LgTo) who suggested

that increased proclination of maxillary incisors was related
to openmouth posture and a protrud.ing tongrre. This etiology
has a]-so been supported by eueen (1975). Significant

differences betrveen the groups occurred" at ages 6-,g years
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(p< o.01), coincidíng wit,h the eruption of the permanent

incisors. The linear measurement maxillary incisal tip to

the vertical P.M" line was found to be larger in the control

group at ages 6-9 and during ad.olescence and. ad-ulthood..

These d.ifferences, significant at the o.1 per cent confid.ence

leve1, appear to be a reflection of greater maxillary length

in the control group

C" Mandible

In view of the recent evidence suggesting cartilaginous

growbh disturbances in Downts syndrome (sommer and. Ea-Eon,

r97o; Alimchandani, 1973, Nevile, rg73), the cause of the
Itâpparenf,tt mandibular prognathism in these individuals is

uncertain" Previous investigations have reported. the mand.ible

in trisomy 27 samples to be smaller in size than normal

(Spitzer¡ et aI.r 1955; Kisling, 1966; G]nj.z, L969; Fink,

et al. , I97 5) " I{hether or not t,his prognathism is d.ue to

a severe midface deficiency (erown: et al., 1961), to a

mandibular prognathism relative to the cranial base (Kisling,

19663 Ghí2, 1969) or to a combination of the two is, as yet¡

unknown.

rn the present study, linear dimensions representing

the body of the mandible (ttgtt point, pogonion and. gonion to
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the vertical P.M. line) were fo.rrrå to be similar in the

triÈomy and control groups until ages 10-14 years. continued

incremental grorr.th in the control sample created. slight

discrepancies 1e< o.o5) aû adult ages. These findings

would suggest that mandibular growbh in Downr s syndrome

closely paral1e1s that of the control group until ad-olescence,

with their respective antero-posterior dimensions being

similar. Nevile (r973) demonstrated that skeletal maturity

was reached at an earlier age in the trisomy sample and- it

appears that subsequent growbh in the control gror-lp results

in a larger mandible. These findings agree with several

reports in the literat ure (Emmerich, ag69; penr.ose, Lg67)

which showed. no changes or an increase in mand.ibular sj:ze

in Downl s s¡mdrome, but they disagree rvith the stud-ies of

Spitzer., et a1. (1955), Thompson (f qOZ), and Fink, et al.

(L97 5) " An explanation of this apparent contrarliction could

be the different maturation rates betrveen the two samples

(Nevile, L973), with the present study, comparing gï"oups

by skeletal age¡ shorving less significant or even non 
4

significant differences between the trvo groups for this

parameter 
"

An explanation for disturbances in endochondral bone
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forrnation in the cranial base and n¿rsomaxillar.y colnplcx arlct

not in thc nrandible has trecn suggcsted in the i-nves{,igatj.ons

of Durliin ( f 9e 8, I97I, 19 7 3) , tte f ound. striking sinrilar-ities

i-n the morphohistologic features of thc embryonic cartilages

of, ühe rat, as rvel-l âs¡ similar responses to changes in the

rel-ationships of their surrounding structures during

development. rn contrast, growbh plate cartilages r{er-e found

to be highly specialized and a unique type of cartilage"

Sarnat (1968) further explained this rruniquen quality of

the mandibular condyl-e in that it has a fibrous covering

under which the proliferating fibrotrlasts provide a reservoir

of cells for the chondroblasts which, in turn, will become

involved. wíth end.ochond-ral bone formation. petrovic and.

his associates (1968, L973) have d,emonstrated conclusively

that these fibroblasts approximating the fibrous covering

of the condyle form a prechondroblastic layer that ís

responsive to extninsic forces. The results of this study

would suggest that the specializa1.i-on of a prechondroblastíc

zo^e ín the condyle provides this bone with a type of

rlauxíllary growbh potential'r which, in turn, differentiates

he effects of the genetic variation found in trísomy 2L

on the endochondral growbh of the conclyle from f-lnaí of the
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cranial base and nasomaxillary complex. Fink, et a1. (1975)

suggested that it was unlikely that the overall differences

in síze of the Downi s group subjects when compared_ to

controls was due to environmental effects, however, the

results of thís study would, indeed, indicate that it is

such environmental or extrinsic factors that play a

' significant role in the development of the mandible.

Nevile (L97 3) measured the rref f ectivert mandibular

length (condylion to gnathion) and found the trisomy 2I Sloop ,.

consistently smaller at all age 1eve1s. This measurement,

however, is dependent not only on the actual size of the

manciible, but also on the sirape of the niandible. Fink,

et al.. (L975) suggested that mandibular prognathism in

trisomy ZL is related- not to an increase in the mid.sagittal

area of the mandible, but to its shape. Angular measurements

used in this study to define mandibular shape would support

this hypothesis; at ages J-J years, the gonial and mandibular

plane angles in the trisomy 21 group h¡ere significantly smaller

than irr the control group (p< O.Of) and this contributed both
+

to a greater Itef f ective'r mandibular length in the control

group and to a prognathic skeletal pattern in the trisomy 2L

group" Subsequent remodelling of the mandible in both groups
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eliminatcd signj-ficant diffcrcnccs for thcsc paranrei,cr.-s,

howcver, corresponding ch:rngcs in thc configrtr"¿rtion of

the respective cranial l¡ases ( previously nrentioncd)

apparently contributed to the maintenance of the prognathic

prof ile in the trisomy sanrple. Early cessation of grorut,h

in Downrs syndrome (Nevile, Lg73j resurted in increased.

differences in size between the two groups in old.er age

ranges.

Kisling (1966) and G]níz (fg0q) found. the mandible

to be prognathic relatj-ve to the anterior cranial base in

the trisomy 2J- sample. This study supports these find-ings

!ùith It Brr point occupying a prognathic position relative to

the Ba-N plane, when mean values were considered. When

individual values for this parameter were considered, the

extreme variation characteristic of the trisomy zJ- group

became obvious with sma].ler than normal mandibles as rvel1 as

mandibles exhibiting extreme prognathism being evident. such

fíndings would appear to be related to the method of grouping

the samples, by skelctal a€et and coincide with the results

of Frostad (r97o) who suggcsted the variability coulcl have

a hereclitarv basis.

The spatial orientation of the mandj-ble rclative to

t,he crania]- t¡asc: âs illustratccl by angle Ba-N-B, clid not
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significantly change over the age ranges studied. in the

control group" rt would appear that the downward, and. forward.

translation of the mandible in this cross sectional samole

ü¡as offset by the slight reduction in the cranial base rr*r"

at 10-14 years and by the natural variation in this parameter.

rn the trisomy 21 group, a significant increase (p 40"05) in

the relative mandibular prognathism was observed. with age

and this can be attributed to a combination of downward. and.

forward mandibular growbh and a slight clockwise rotation

of the posterior cranial base. rn contrast to the naso-

maxillary complex, the antero-posterior position of the

mandible t'o the remainder of the craniofacial complex is

not affected- by t,he d.egree of cranial base flexure, as the

sphenoid and occipital bones are midline structures while

the occipital lobes are bilateral structures. Thus, when

the Ba-N plane is used as the plane of orientation, the

larger cranial base angle in the trisomy ZL group rr eff ectively'r

produces a more prognathic mandible, while the opposite

affect is observed in t,he control group. These phenomena, 
?

along with variations in t,he shape and. size of the mand.ible,

contribute to the prominent lower face in the Downr s

syndrome phenotype"
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The relationship of the *utt'd.ib.t1^" incisors to the

apical bases is felt to be influenced by the soft tissues:

t,he lips, cheeks, and tongue. The abnormally large,

protruding tongue and the openmouth posture frequently

observed in Downt s syndrome is felt to result in the

proclination of the mandibular incisors (Frost,ad, I97O;

Queen, f97 5) " The findings of the present study would

support these observations as the incisor inclination in

the trisomy 2I group was significantly larger than in the

control group until the 10-14 year age range (p4 0.01).

A subsequent reduction in angulation during the adolescent

and aclult age ranges in the trisomy sample eliminated

significant d.ifferences between the groups for this parameter '

Bjork and Palling (fgS¿) reported the decrease in angrrlation

occurred shortly after the age of L2 years. Frostad (1970)

suggested that uprighting of the mandibular incisors could

be related to skeletal growth which eventually provided space

to accommodate the large tongue. It also seems possible

that involution of the tonsillar and adenoid tissue in the

nasopharynx with age eliminated the necessity for the

functional compensation of mouth breathing and-, with it,

the lorv, protruding tongue position which is believed to be
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the etiologic factor

proclination (gueen,

The horizontal

responsible for lower incisor

r975) 
"

linear distance from the

of the mandibular incisor to the vertical P.M.

incisal típ

line was

greater in the trisomy 21 group at ages J-g years, however,

progressive mandibular growbh in the control group resulted

'in this sample demonstrating significantly greater values

for this parameter at later ages (p< 0.01).

D. Interrelationships of Craniofacial Components

Recent lateral cephalometric radiographic studies of

Downr s syndrome have, described a phenotype characterlzed by

a hypoplastic mid.facial area intimately reJ_ated. t,o ân

underdevelopment of the anterior cranial base (rcisling, 7966;

Glrí2, 1969; Frostad, I97O). The effectiveness of this

maxillary retrusion was felt to be magnified by an increased

convexity of the frontal bone (Frostad, I97O\ and an rrapparenttt

mandibular prognathism (rcisling, L966; GlnLz, J-g69).

The present study supports the findings of these

investigations and the Lrse of the basicranial axis (na-U plane)

as the plane of orientation assisted in clarifying the growbh

and developmental processes of the craniofacial complex, thus,

providing information on the influence of genetic variation on

craniofacial morphology and grorv-bh
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As w.as discussed earlier, shortcning of the arrtcrior

and posterior elements of the crani¿rl base is l¡elievcd to

be t,hc result of disturbanccs in endochorrclral bone fornration

in the sphenoethmoidal and sphenoccipital synchondroscs.

The tirning and magnitttde of these disturbances appears to

be variable, with earlier, more severe sl-rortening of the

anterior cranial base and. later, less severe shortening of

the posterior cranial base. This is supported by the

knowledge that the sphenoethmoidal synchondrosis closes

around / years of age (Decoster, L952; Ford, 1958; Scott,

l-954, 1958; Bjork, 1955), while the sphenoccipital

synchondrosis closes around 13-16 years of age: or

adolescence (Sassouni, 1958) .

Sassouni (1958) suggested that angular and linear

changes in the posterior cranial base could alter the

relatíonship of the nasomaxillary complex and mandible,

nelative to one another: âs well as to the rest of the

craniofacial complex. The larger cranial base angle in

the trisomy ZL group and the opposite directions of rotation

of the clivus relative to 1,he anterior cranial base appear

1,o be factors partly responsiblc for the different phenoLypes

of thc trisorny 2I and control szrmples.
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The anÙero-postenior relationst'hip of the maxilla

to the cranial b¿rse, representccl by angle Ba-N-Â in this

stucly, is sirnilar for the trisonry 2L and conl,r'o} groLtps'

tr{6en the basicranial axis is used as thc plane of oricrltation,

the more obtuse cranial base angle, the slight clockrvise

roÈation of the clivus, and the early cessation of naso-

maxillary gror,rbh ( Frostad" , J-97O; Nevile, 197 3 ) all contribute

to a mid.f ace retrusion in the trisorny sample. The

contrasting smaller cranial base angle, counterclockrvise

rotation of the posterior cranial base and continued

downward and forward translation of the nasomaxillary

complex contribute to a normal midfacial skeletal profile

in the control sample. Thus, it is suggested that although

the relationship of the nasomaxillary complex to the

cranial base is símilar for the two groups, orientation

on the basicranial axis effectively changes the relationship

of this midfacial area to the rest of the craniofacial

skeleton. This is shown diagrammatically in Figure 58.

The varíous linear dimensions used in this study

suggestecl that the absolute size of the mandible was similar

for the two groups until ages 10-14 years. Direct linear

measurements, from the cephalometric points pogonion,

nBtt poin1,, gonion ancl articulare to Llte vetLj.ca1_ P.M. line,
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were rlot fou¡rd Lo be statisb-ically *significant rvhcn

compar"ing trisorny ancl contt'ol sanplcs" On tlre othcr hancl,

variations in thc shape of the urancliblc at carly ages,

as measured rvith gonial and mandibular plane angles,

produced a prognathic skeletal profile for the trisonry 2I

group.

Positional changes in the mandible coincident rvith

cranial base flexure at 10-14 years, resulted in significant

differences between the trisomy 2I and control groups and

thus, assisted in explaining their respective phenotype

differences.

This study would suggest t,hat the 'r apparent'l

mand.ibular prognathism found- in Dornrrls synd.rome is the

result of a combination of developmental characteristics.

The underdevelopment of the cranial base and nasomaxillary

complex has been illustrated in many studies. fncreased

convexity of the frontal bone (Frostad, A97O) has the

effect of accentuating this midface deficiency. In

contrast to many studíes (Spitzer, et aL", 1955; Sassouni,

et aI., L964; Kisling, 79663 Ghí2, 1969; Fink, eL al., I975),

the absolutc síze of thc mandible was found to be similar

for the Lwo grou.ps until adolescer,cei this woul d be more
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in agreement with Frostad (tglo) and could be a result

of grouping the two samples by skeletal age rather than

chronological age. It appears that the shape of the

mand-ible and- of the cranial base ( cranial base angle) ,

coupled with a mid.face retrusion and increased convexity

of the frontal bone t ar"e among the more relevant developmental

characteristics that define the trisomy 21- phenotype. This

is shown diagrammatically for each of the 5 age ranges

studied in Figure 58.

Functional compensations assisting respiration, such

as extended head. and. neck posture (gueen, L97 5) could also

be significant in creating the ttapparenttt mandibular

prognathism.
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CTIAPTER VI

SUþßIARY AND CONCLUSIONS

This cross sectiorral latcral cephalomtetric sttrcly

was und.ertaken to gain a better understanding of the

phenotypic differences between a group of individuals

confirmed. by cytogenetic analysis as having a trisomy of

chromosome ntlnber 2I and a control sample. An investig;ation

into the variability of several craniofacial reference lines

!{as carried out to determine the most suitable plane of

orientation for a comparative study of the two groups.

This \^/as necessitated by recent evidence supporting

endochondral growbh disturbances in Dorvnr s syndrome which

questioned the suitability of the anterior cranial base

as a plane of orientation.

A cephalometric analysis, consistíng of angrrlar and

l-inear measurements, \das then used to evaluate and compare

the trisomy 2I and control- groups to determine if a distinct

phenotype existed in the craniofacial anea. The effect of

groupj-ng the {-wo samples by skeletal age rat'her than

chronological a€e: on the signif icant diJlf crences prevj-ous1y

neported for various parameters, was investigated.

The sample consisted of lL| t,risomy ZL j-nclividuals

and 100 control indj-vid.uals, bo{,h groups beíng diviclcd into
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five agc rangcs" Thc evalrration of the significant

d.iffcrences l¡etrvecn thc trisomy 2I santple ancl thc cotrtrol

sample rvas del,crntincd by a multivariant factorial analysj-s.

The findings lì/ere statistically evaluated and 1ed to the

folloiving conclusions:

1. The angular variability betr{een craniofacial

reference lines was found to þe significantly

greater in the trisomy 21 than in the control

gYoups.

2 " No craniofacial reference lines were completely

void of changes in shape and position during

growbh, and the most suitable plane of

orientation is one which is intimately related

to the area under investigation and which

demonstrates 1ow variabilitY"

3. Angular variability between craniofacial

reference lines was found to have a negative

association between the standard deviation

and variance of an angle and the mean of the

distances between the reference points for

each of its arms" Othcr factors affecting

variability were found to be the reproducibilLty
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of cephalonetric lancLnarks and the biological

variation of the skelctal sÙructures involvccl.

The spatial oricntation of points dcfining an

angle clid not siggrif icantl.y affect angtrlar

variation.

4" In spite of recent reports of endochondral

growbh d.isturbances in trisomy 2I indivicluals,

the cranial base was shorvn to be one of the

most stable and dependable areas of the cranio-

facial skeleton in both the trisomy 2I and

control samples. Three reference lines defined

by cranial base landmarks demonstrated minimal

angular variation for the trvo groLrps: the

anterior cranial base ( se11a-nasion) , the

basicranial axis (basíon-nasion), and the

ethmoidale-sella 1ine.

5. The Frankforb Hotízontal also demons'crated 1ow

variabiLiLy for bo.bh the trisomy 2I and control

groups, when anatomj-c porion was used as the

posterior l-andmark. The :u1.,i.1_Lzaíion of machine

porion resulted in significant increases in the

variation of this Ii-ne'
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6. In the cephalornctric analysis, grouping of

the trisomy 27 and control sarttplcs by sltelctal-

age rather than chnonol-ogical age did not

eli¡ninate significant differences previously

mentioned for most parameters, horvever, the

significance of many of the higher ord.er

interactions of group, age and sex were reduced

or eliminated altogether" Whether this

diminished sienificance is the result of

skeletal age grouping, the natural variability

within the groups, or to a combination of the

two, is undetermined.

7. Linear measurements involving the cranial base

and nasomaxillary complex of the trisomy 27

sample were significantly smaller than the

control sample, indicating an underdevelopment

of the mid-f acial region from J years to adulthood.

I{hen compared to the basicranial axis, the maxilla

of the trisomy 2I group was found to be in a

normal- antero-posterior position.

B. Thc anterior cranial base of ttie trisomy 2I group

was proportionatcly shorter in relaLion to thc
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posterior cranial base, suggesting a greatcr

retarclation of grorv'bh at thc sphcnoctlrrno-i-dal

ùhan sphcnoccipital syncl-rondroscs.

Linear nreasut'ements of thc lnandible tverc

similar for the trisomy 2L and control groups,

until the 10-14 year age range, suggesting

similar gror,v-bh increments f or the trvo groups 
"

Subsequent mandibular growbh in the control

sanple resulted in a larger absolute size for

the mandible of this group.

The shape of the mandible at ages 3-5 years

in the trisomy 2I group.r âs well as an

underdevelopment of the midfacial region, are

believed to be responsible for the prognathic

skeletal pattern in young children with Dorvnts

syndrome. Postural implications related to

mouth breathirig also contribute to the trisomy 27

phenotype.

10.

l-1. When the basicranial axis is used as the plane of

orientation, the direction and mag¡ritude of

rotation of .|.he cranial base angle aÍ'e beli-eved

to be involvcd with the phenotypic appearance of

trisomy 2I individuals,



t78

12 " The rrapparcnttt mandibular prognathisnt char'¿rctcristic

of Dotvrrls synclrotttc appcars i-o bc thc resttlt of

a combirration of dcvcloplttcnt clraractcristics,

inclucling the ttnclerdcveloprncnt of .thc cr"arrial

base ancl nasomaxillary cotttplex, increased

convexity of the frontal bone, and the shape

and size of the nandible and cranial base.

l-3. The maxillary incisors r{ere s1-ightly more

proclined in the trisomy 2I group relative

to the basicranial axis and the mandibular

incisors were more proclined relative to the

mandibular plane.
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TAI]LE TII

ÎÀBLE OF POOLED STANDÀRD DEVIATIONS FOR ÂNGLES BET'WEEN

REFERENCE LINES FOR TRISOMY

2-4

r-J o.0
:lo-:: s.O.t

3ù-J 2.18

o-l J. J5

.t- jù 3.33

iq-ji 2.79

;J-::o 6.89

r-;J 5.3q

;J-io 5.JJ

J{)-2 .1. {ì7

o-0r) j.3{)

:l lls 12 . J8

\ll,\\s t.25
\ lo

2-4

z_4 0.o
29-2 25.4t
29-4 4.7 5

ó-1 19.85

4-39 ll.06
59-38 7.78

54-26 47.42

2-54 29.O1

54-56 29.64

4o-z r3.4E
6-60 10.90

sur'rs 199,31

MEANS T9.93
fllo

29-4 6-1

2.18 4.45

3.r5 ó,13

o.o 4,46

4.!6 0,o

3.r5 4.78
2.20 ().0

6.37 7.54

5.76 6.74

5. ó9 ó.8ò

.1.O5 O.O

3 ,24 4.42

40.25 45, 40

4.o3 5.b7
108

54-26 2-5!

6. 89 5. 39

6,94 7 .o4

6.37 5.76

7.54 6.74

6.67 6.47

6.Lz 6, rg

o.o 8.r5
8.r5 O.O

8.60 9.O9

7 .7o 3. óo

6.80 5.8r

7r.77 64,23

7 .L8 6, t2
10 lo

54- 56

5.JJ

7 .37

5. oo

6.8E

5.80

5.3.i
I.i,o
a.oq

o.o
6.85

;.Eí

iìo.ol

Itl

2-54 54-56

29. 01 29.64

49.52 54.35

33.15 32.36

45.39 47 .28

41.85 33.69

38 .35 28.46

66.31 7 3.9 4

o.o 82.68

82.óE o.o
13.00 46.92

33,7 4 34.23

433.o7 463. 5ó

43 . 31 4ó.3ó
10 ro

JO-2 (ì-(,(l

3.ó7 .i..ltt

5.sr t.rI
{.05 i.:rl
o.0 J._ll
5'ot' .ì');
l. s3 (1. tl

t'.î(l o.'{ì

3.o0 ;..1
o.E5 ;..i
().O J.-ì;
J..ji (ì.tl

J5.;J J].]J

5.o5 J.;l

40-2 6-60

13 .48 rO.90

33.79 23.17

16.43 10. 5I
o.o rs.5ó

25.65 rJ.81
2t.45 0.0

59 . 3t !6.2r
13,oo 33.7J

46.92 3J. 23

o.o 16.q1

t8.9t 0,o

248.9t 2L2 .07

27 .66 23. 50
99

29-2

5. 04

o.o

3,r5
6. r3

4. 89

4.O2

1.94

7 .o4

7 .37

5.8r
4.8r

55.2r

5. 52
to

4-39

3.33

4. 89

J.I)

4.78
o.o
3 ,12

6 ,67

6.47

5. 80

5,o6

3.85

47.13

4.71
lo

59-38

2.79

2.20

o.o
3.12
0.0
6.r2
6. 19

5.33

4. ô3

0.o

34.4r

4. 30
I

TABLE IV

ÎABLB OF POOLED VARIANCES FoR ANGLES BEÎWEEN REFEREICE

LI}IES FOR TRISBIY

29-2 29-4

25.4L 4.75

o.o 9.95

9.95 0.O

37.54 r9.8ó
23.92 9.93
16.17 4.83

48 .1ó 40. 59

49.52 33,15

54.35 32,36

33.79 1ó.¡t3

23.17 rO,5r

321 .99 1 82. 36

32.20 L8.24
10 lo

6-1 4-39

19.85 11,0ó

37.54 23.92

19. Eó 9.93

o.o 22.89

22.E9 0.O

o.o 9,73

56.82 44,52

45.39 41'E5

47.28 33.69

o,o 25,65

19. 5ó 14. 81

269.78 23E ,o5

33. ó5 23. 80
E10

59-3E 54-26

7 .78 47 .42

16.17 48 . 16

4.83 40.59
o.o 56.82

9.73 44.52

o.o 37.47

37,47 0.o

38. 35 66,37

28 ,46 73,94
2L.45 59.31
o.o 16.2L

164,24 52O.81

20, 53 52,o8
ILo
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TABLE V

POOLÊD RESULTS READY FOR REGR¡JSSION ÀNÀLYSIS - TRTSOHY

ÂNCLE STDTJ\' VARIÀNCE ÀRM LEXGTH 1 ÀRM LEIGTH 2 AR}I LtìNGlH 3

5,o40 25,399ó
2.180 4.7 52r
3.326 11.O641
5.386 29.o13.5
4.455 19.8495
2.790 7 .7827
ó.886 47.4r?4
5.445 29.652r
3.672 13.4835
3,3O2 lO. 9oo1
3.155 9.9561
7.o3ó 49.5033
5.812 33.7804

. 6.727 37.5425
4.891 23.9241
4.o20 1ó.1ó35
ó. 940 48. 1667
7.3?3 54.3584
4.81¡l 23.L7 5?
3.151 9.9316
4.45ó 19.8571
2.r97 4.8251
6.37t 40.58ó1
5.758 33.1553
5.689 32.3653
4.o53 1ó.4308
3.242 ro.5124
1.123 r9.5ó55
4.784 22.8Br9
1.797 23.0113
7.538 56.8r7?
6.737 45.3893
ó. 87ó 17 .2814
5.309 2E.1810
3.119 9.7285
6.672 44,5140
6.469 41.8449
5. Eo4 33. ó817
5.Oó5 25.6529
3.849 r4.E153
ó, 121 37 ,4?OL
ó.193 3E.3521
5.33 5 28.1665
1.628 2'-.12tl
3.225 ro.3992
6.146 ó6.3ó07
8.599 73.9384
7 .70r 59. 31:t 36.798 46.2765
9.093 82.6843
3.óo5 J2.9995
5.809 33.? 4EE
6.8 50 46.92 56
5.8 51 34.2320
4. 3 5r 18 .927 3

;1 3 pojr¡1 anglcs

9
10
ll
f2

r5
1ó

1E
to
20

23

26

rÊ
29
3O
31
32
IJ

34
J5
3ó

3E
39
4O
4L

43
44
45
16
47
48
49
5O
5r

5.87 4
5.87 4
5.87 4
s.87 4
5.87 4
5.87 4
5.87 4
2. 335
5.874
5.8? I
3.8ró
3.8ró
3.81ó
3.816
3. 816
3. 81ó
2 .699
3. El6
3.8r ó
9.150
9. 150
9.150
9 .150
9.150
9.150
9.150
9.150
6.331
6.331
6. 331
6.331
ó.331
6.331
ó.331

14. 898
r.4. E98
1/t. E9E
14.898
14, 898
14.898
10,4oE
10, 4OE
10.40E
10, /tO8
10. 4o8
2.699
2.699
2.699
2.699

3.81ó
9, r50

14.898

6. 331
10. 1.o8
2.699
5.87 4
3.137
6.679
9.150

3. 437
ó.331

14. 898
10 .4O8

3. E16

6-679
14. 898
6.331

10, ¡loB
2.699
, t9.

¿.JJJ

3.437
6.679
6.679

14.89E
10.408
2,699
2.287

3.437
10. 4oE
2.699
2.287
2.335
3.137
6.679
2.699
t ,9a
2.335
3.437
6,67 9

2.335
3.137
6.679

3.43?
6.67 .o

3. 437
6,679
6 -679

4.845 +

7.5r2 +
lo, 38ú +

4.o80 Ë

6. 1O3
8.141
4.286
4.1o4
1.656 4

.6.277
6.483 {
3. O52 {
3.627 ï
5.07 4
9.357
7 .J.12

3.o7 5
5.248

12.O24 *
7.74L
9.779
5.92 5
5.7L9
5.7 43
6.294
?.915
6.5o5 +

10. ó15
8 .370
4. 515
4.309
4,333
4.884

L2.6 53
8.799
8. 593
E. 61ó
9. 1ó8

10. 789
ó.554
6. 348
6.37r
6.923
8. 544
2.493 #
2. SL1 x
3. oó8
4. ó89
2.311 *
2.862 "*
4. 483
2.886
4. 507
5.o58
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TABLE VI

TÀBLE OF POOLED STANDâRD DEVIATIONð FOR THE ANCLES BETIdEE}¡

I'TTE REFERENCÉ LINBS FÛR TRIS${Y

59-38 54-26 2'54 54-5ó

2-4
29-2

29-4
O-a

¡-10

59-38

54-26

2-54

54-56

40-2
6-60

29-4

3. 38

3. 81

o.o
4.95
6.7 4

3 .49

ó.15

5.4s

3. 80

47.r5

10
I'lEÀNS

N

2-4 29-z

o.o 4.83

4.83 o.o

3 .38 3 .81

4.30 5.57

ó.o5 6.02

3.44 4.26
6.02 5.6ó

4.77 5.88

4.50 6.03

3.3ó 4.96

3.22 4.32

43.88 51.34

4.39 5.13
10 10

4.30 ó.o5 3.44

5.57 6.02 4.26

4.95 6.74 3.49

o.o ó.41 5.54

6.4L O.o 5.55

5.54 5.55 0'o

6.76 7'58 6'L4

5.88 7.3o 6'14

6.02 ó. ó4 5.29

4.67 6.12 4.8o

5.o9 5.54 4.o3

55.19 ó3.95 48 ' 68

s.52 6.40 4.8?
10 10 10

6.02 4.77 4.50

5.66 5.88 ó'o3

6.15 5.45 5.39

6.76 5.88 6.02

7,58 7,3o 6,64

ó . 14 6. 14 5.29

o,o 6.69 7 'L6
ó.ó9 o,o 7.54

7.L6 7.54 o'o

ó,35 2.35 5.43

6.09 5.O2 s.o7

ó4. óo 57.o1 59.o7

6.46 5.7o 5.91
10 ro 10

4O-2 6-60

3.36 3 '22
4.96 +.32

3'97 3'80

4.67 5.09

6.12 5.54

4. 80 4. 03

6.35 ó,09

2.35 5.O2

5.43 5 'o7
o.o 3.79

3,79 0'o

45.80 45.97

4.58 4.60
10 10

-x Àdjusted for angle arû lengtt of 3 and 4 Point angles

TABLE VII

TÀBLE OF POOLED VARIANCES FOR 11IB A}¡GLES BÉTWEEN

THE REFERENCE LINBS FOR ÎRISOMY

2-4 o.o

zg-2 23.34

29-4 r.r.45
6-1 18, 50

4-39 36.62

59-38 11. 83

54-26 3ó ' 19

2-54 22.77

54- 56 20.28

4O-Z 11.31

6_ó0 10,35

suMS 202.64

MEANS 20.26
N10

2g-2 z9-4 6-1

2g.34 11.45 18.50

o.o 14.54 3t.oo

14.54 o.o 24.48

31.00 24.48 O.O

36.24 45.49 4L.o7

18.18 ].'2.2o 30.ó6

32.08 g7 .79 45.67

34.54 ?,9.73 34. s3

36.31 29.o9 36-29

24.58 15.80 21.E5

18. ó9 L4.46 25.94

269.o2 235,O2 3O9.99

26.95 23.50 31.Oo
10 10 10

4-gg 59-38 54-26 2-s4

36,62 11.83 3ó'19 22.77

36.24 18.18 32.o8 34'54

4s.4g !2.2o 37.79 29'73

4L.o7 30.66 45.67 34' 53

o.o 90.77 57.47 53'24

30.77 o'o 37.76 37 '65

57.47 3?.76 o.o 44.77

sg.24 37.65 44.77 0'o

44.Lo 27.g5 5L.22 56' 88

37 .45 23.02 40. 33 5. 50

30.72 :-6.27 37.o5 25'L7

413.18 ?'46.28 42o.94 344'78

4L.32 24.63 42,O3 34' 48

10 10 10 10

54-5ó 4o-2 6-60

20.28 11.31 10.35

3ó.31 24.58 18.ó9

29.O9 15.80 L+.46

96.29 21.85 25'94

44.10 37.45 30.72

27.95 23.O2 L6.27

5r.22 40.33 37 .o5

5ó.88 5.50 25,17

o.o 29.46 25. ó8

29.46 o.o 14.33

25.68 14.33 o.o

357.26 229.62 218.65

3 5.7 3 22.36 21 ' 8ó

10 !-o lo

r! Adjusùcd for angle arm length of 3 and 4 poi¡ìt snglee
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TÂBLL] VIIT

TABLE OF POOLED SÎANDARD DEVIATIONS FOR AI{GLES BETWEEN

REFËRENCE LIHES FOR CONTROL

2-4 O. O

29-2 4.9r
29-4 2.14
ó-r 3.98
J-39 3.ol

59-38 2.83

5t-26 6. 34

2- 51 4. 13

iJ- 5ó 3,82
{o-2 2.9b
ó..60 2.78

sut'ts 36. 89

3.69
l0

6-1 4-39

3.98 3.o1

4,29 3.52

3.1r 2.32

o.o 3.74

3,74 0.o
o. o 2,4o

6.ó3 5.88

s,42 4.r7
5,22 5.o3

o.o 3.ó5

3.14 2.65

35.53 3ó.39

4.44 3.ô4810

4O-2 6-tì(l

2.9ó 2.7s

5.o2 3.5i
3.25 2.ùI
0.0 3. IJ

3.65 2.(,5

3.7q O.0

ô. 30 5 .,t7

2,7þ J.O-ì

5.rt J.?o
0.0 .ì.ol
3.ol o.o

3o. 1t' .ì2 . (ì.ì

J.o5 .ì.;o!1 Ërt)t s
\

29-Z

4. 91

o.o

3 .13

4,29
3. 52

3. 53

6. 52

5. 42

6. 01

5.02

3. 57

45.91

4. 59
to

29-4

2 .14

3.r3
o.o

3.rr
2 .32

2.04

5. 94

4.o5

4. 33

2.OI

32.32

10

59-3 8

2.83

J.)J

2.04

o,o
2 .40
o.o
6. 01

4 .63

4.43

3 .79

o.o

29 .67

3.7r
8

54-26

6. 34

6. 52

5.94
6 .63

5.88
ó.ol
o.o

5.82
8.27

6. 30

5.47

63 .18

6 ,32
10

2-54

4. t3
s. 42

4.o5

4.17

4. ó3

s,82
o.o
6. 63

4.03

4?,o5

4.7 |
10

54- 56

3.82

6 .01

4.33

5.22

5.o3

4..f3
Â tr
6. 63

o.o

5. 11

{. 70

53.ó2

5.J('
10

TABLE fX

TÀBLE OF POOLED VARIANCES FOR frtiGLItS BE]'V'EEN REFERENCE

LINES POR CONTROI'

2-4

:-4 0.0

2S-2 24. 08

29-1 4. 58

ó-1 I 5. 81

J-.19 9.08

59-38 8'01

5.1-2ó 4(J,25

?-54 17 . 05

54-56 14.58

to-z L7 5

ó-ô(i 7.72

Sl.jll:i 149.9I

¡lEÂNS 14,99
NIO

29-2 29-4

24.08 4 ' 58

o.o 9.78

9.78 o.o

18.38 9.7o
12.38 5.38

12.43 4,18

42.46 35.26

29,33 16.40

36.r7 18.71

25.24 10.óO

t2.76 4.o3

223 .o1 118. 61

22.30 1r..86
10 10

6-1 4-39

15.81 9 . 08

18. 38 12 . 38

9 .7o 5. 38

o.o 14.OO

14.00 O. O

o.o 5,78

43.91 34.57

29 .34 17 . 40

27 ,24 2 5, 31

o.o 13,36

9. E9 ? .03

168. 32 144. 30

2r.o4 14.43
810

59-38 54-26

8.ol 40,25

L2.43 42.46

4.18 35.26
o. o 43.96

5.78 3+. 57

o.o 3ó.r7

36,17 o.o

2L.41 33.85

19 . ó5 68 .43

14.36 39.b4

o,o 29.95

L22,oO 404. 53

L5.25 40.45
810

2-54 5,r-56 4o-2

L7 .o5 14. 58 8.7 5

29.33 36.17 25.? I
16.40 18.71 lo.(ìc

29.34 27.21 0.0

L7.4o 25.31 13.30

21,4L 19.b5 11..10

33.85 o¡j.13 39'bJ

o.O 43'qo 7.ol
45'90 o.o 2("1'l

?.64 2( '1,1 (ì.0

16.2? 22.7r 13.02

232.59 :1o2.ú5 15s'i0

10
30,2rì 17. oJ
I0 (,
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TABLE X

P&¡LED RESULSS RT:ÀDY FOR RBGREgSION AI{ÀIYSIS - CONTROL

AÌ{GLE STD}.\/ \ÀRIÀNCi; ARM LEllclH I ARX LB}¡GTH 2 ÀRI'l LENGTH 3

1 ¿.9o7 21,0762 6.4óó
2 2.139 4. 5740 ó.4óó
3 3. oo8 9. 0492 ó.4óó
4 4.131 17.0ó87 6,466
5 3.9?6 r 5. 8054 6.â,66
ó 2.831 8.0138 6.466
7 6.314 40.2513 ó.4óó
8 3.819 r4.588r 2.74L
9 2.958 8.? 527 ó.4óó

10 2.7?8 7.7t6? ó.466
11 3.t27 9.7794 4.072
L2 5.4ró 29.3280 4.072
13 5.025 25.2504 4,(|72
14 4.287 18. 3820 1.072
15 3.519 12.3658 4.072
1€ 3.526 r 2.4348 4.072
r7 6.516 42.4563 2.753
18 ó.o14 3ó,1óó2 4.072
19 3.573 L2.7632 4.072
20 2.319 5.3772 9.óo7
2L 3 .114 9. ó99O 9 -607
22 2.044 ,t.r781 9.607
23 5.938 35.25ó6 9.607
24 ¡t.Oso 1ó.4011 9.607
25 4.326 1E.7154 9.óo7
26 3.255 10.5978 9.@7
27 Z.OO7 4.0284 9.607
28 3.143 9.8773 ó.83¿
29 3.742 14.oOO2 6.834
30 3.ó28 13.1635 6,E34
3I ó. ó3o ¿13.9511 ó.834
32 5.117 29.347 5 ó.83/t
33 5.219 27.212L 6.83¿t
34 4. EEs 23.8592 6.83¡[
35 2.104 5.7786 75.75?
3ó 5.880 34.5ó91 L5.7 57
37 1.r7r 17.3953 L5.757
J8 5.032 25.32OO 15.?57
39 3.ó55 13.3591 15.757
¿o 2.652 7.0338 t5.? 57
41 6.014 3ó.1641 12.197
12 4.627 21,40ó1 L2.197
43 4.433 19,6506 L2.49?
41 3.786 14.3525 L2.197
45 2.1t7 1.6977 12.197
46 5.8L7 33. 838 5 2.7 53
47 8.272 68.4238 2.753
48 6.296 39.6364 2.753
49 5.473 29.9519 2.7 53
50 6.626, 43.8989 2.3?o
51 2.764 7.6406 2.370
52 4.033 1.6.2(37 2.370
53 5.113 26.1445 2.?4r
54 4.765 22.7022 2.7AL
55 3. óo9 t 3.0252 3.5E7

¿.o72 5.269 x
9.607 8.037 +

L5.7 57 lt.1t1 *
2.370 4.418 *
ó.834 6.05o

!2.197 9.482
2.753 4,6106.166 1.6oi
3.587 s.o26 *
7.L9L 6.829
9.60? 6.840 {
2,370 3.22r *
3.5E7 3.829 +
ó.834 5.1 53

L5.757 9.914
L2.497 8.285
4.072 3.413
2.74L 3.407
7.r9L 5. ó31

15.757 L2.682 r
ó.834 8.22o.

L2.497 11.052
2.7 53 ó.180
2.370 5.988
2.711 6.174
3.5E7 6.597
7.r9r 8.399
7,I9r 7.O1" x

].5.7 57 11.295
12.497 9.6óó
2.7 53 4.794
2.370 4.602
2.7 1t i. zee
3. 587 5. 21o

12.197 r1.t27
2.753 9.255
2.370 9.0632.71L 9.219
3.58? 9.672
7.r9r LL.474
2.753 7.625
2.370 7.134
2.74L 7.679
3.5E7 8.042
7.191 9. E4/t
2.370 2.562 *
2,74L 2.?17 4
3.5E7 3.r7o
7.r9r 4.9722.741 2.556 *
3.587 2.978 a
7.191 1.780
3. 587 3. 164
?.L91 4.966
7 .r91 5.389

* 3 point ânglrJ6
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TABLE

*
TÀBLE OF POOLED STANDÀRD DEVIATIONS FOR THE ANGLES BEI'I{EEN THE

REFERENCE LINES FOR COIiTROL

XT

2-4

2-4 O. o

29-2 4.78
29-4 3.08

6-1 3 .83

4-39 5.13

59-38 3.60

54-26 5. 54

2-54 3 .68

54-56 3.01

4O-2 2 .7 4

6-60 2,69

suMS 38 , 09

ifEANS 3.81
N10

29-2 29-4

4.78 3.08

o.o 3.ót
3.ól o,o

3.7 5 3.48

4.43 5.05

3.91 3.33

5.32 5.ô4

4.50 3.ó9

4 .82 4 ,03

4.35 3.o9

3.1o 2,43

42 . 57 37 .42

4.26 3.7 4
10 lo

ó-1 4-39

3.83 5.13

3.7 5 4. 43

3.48 5.05

o.o 5,10

5.1O O.O

4.46 4.ó8

5. 88 6. 58

4.ó1 4.8r
4. 47 5.7 3

4.27 4.49

3 . ó9 4.o7

43.54 50.08

4,35 5'or
10 10

59-38 54-26

3.óo 5.54

3 .91 5,32

3.33 5.ô4

4.46 5. 88

4,68 6.58

o.o 6,18

6.18 0.0

4.74 4.65

4. óo 7.18

4.O9 5.o2

3.06 4.78

42.66 56.77

4.27 5. 68
Lo 10

54-56 4o-2

3,Or 2.74

4.82 4.3 5

4.O3 3.o9

4. 47 4.27

5,73 4.49

4, 60 4.09

?.r8 5.o2

5.46 r.76
o.o 3.84

3.84 o.o

4.o7 3.05

47 ,L9 3ó. 70

4.?2 3 .67
10 10

6 -60

2 .69

3.r0
2.43

3.69

4,07

3 .0ó

4.7 8

3.28

4 ,07

3.05
o.o

34,22

3.J2
10

54-56 4o-z 6-60

9.05 7 .5r 7.24

23.L9 18. 89 9. 59

L6 .2r 9. 56 5. 90

19.97 18.25 13.ô2

32.83 20.L6 1ó.58

2r.!7 L6.76 9.3 5

51.49 25,2L 22.87

29.?7 3.o9 10,76

o.o L4,7L 16.59

!4.71 o.o 9'33

16.59 9.33 o.o

294.99 143.45 121.81

23.50 14.35 1"2.ls
10 ro 10

2- 54

3.68

4. 50

3.69

4.ór
4. 81

4.7 4

4.65
o.o

5. 46

r.7 6

3.28

41.16

4. 12
10

r: Àdjusted for angle arm length of 3 and 4 point {ngles

TABLE XfI

TABLE OF POOLED VARIANCN$ TOP. THI ANGLES BETI{EEN THE

REFERBNCË I,INES FOR CONTROL

2-4

2-4 O.O

29-2 22.87

29-4 9.49

6-1 14.67

4-39 26.36

59-38 12.99

54-26 30.65
2-54 13.53

54- 56 9. o5

4o-2 7 ,5L

6-60 7.24

srJÈfs I54.3ó

ME¡.NS L5. 44
NLO

2g-2 29-4 6-1

22.87 9.49 L4,67

o.o r.3,02 14.08

13.02 O.O 12.09

14.08 12.09 0.o

ag.64 25.50 26.O4

15.29 11.07 19.90

28.30 31.81 34.óo

20,27 13. ót 21.22

23.L9 16.2r 19,97

18.89 9.56 18.25

9,59 5,90 13.62

r85.15 148.25 194.44

18. 51 14, 83 19 .44
10 10 l-o

4-39 59-38

26.36 ]-2.99

L9,64 15.29

25,50 LL,o7

26.o4 19.90

o,o 2r.94
2t.94 0.0

43.29 38.25

23,r2 22.42

32.83 2]-,r7

20.16 16.76

16.58 9.35

255.46 189.14

25.55 18.91
10 10

54-26 2-54

30,65 13.53

28.30 20.27

31.81 13. ó1

34.60 2L,22

43.29 23,L2

38.25 22.42

o.o 2L,62

2t.62 0,0

51 .49 29 .77

25.2L 3.09
22.87 LO.76

328.08 r79.42

32.8r L7 .94
to 10

Adjust.ed for angle arn length of 3 and 4 point angl-es



2-4

2-4 O.O

29-2 L,37

29-4 r, 06

ó-1 L.27

4-39 1.5ó

59-38 r.o7
54-26 1. 5ó

2-54 1. 3ó

54-5ó 1.31

4O-2 1, 05

6-60 1.01

SUMS 12.62

MEANS T.26
N l-o

29-2 z9-4

r.37 1.0ó

0.o 1,1ó
1.1ó O.O

1.49 1.39

1.56 1.66
r.26 1.09

1. 51 1. 58

1.54 L.47

1.56 1,46
1 . 39 L,zO

1.27 r.1ó

14 . 11 13 .23

1.41 r,32
10 10

ó-1 4-39

L,27 1 . 5ó

1.49 1.5ó
1.39 1.6ó
o.o 1.ó1
1.61 0.O

L,49 1.49

1. óó L.76
1.54 L.73

r. 5ó 1. 64

1.34 L.57
r.4L 1.49

14.76 16.o7

1.48 1. 61
10 10

59-38 54-26 2-54

L.o7 1.5ó 1.36
L.26 1.51 1.54

1, 09 1.58 r.47
¡. 49 1.66 1.54
1.49 L.76 1,73

o.o 1.58 r.58
1.58 o.o 1.ó5

1,58 1.ó5 o.o
r.45 L.7L L.75

1.3ó 1.ó1 o.74

L.zL l.s7 1.40

13,57 1ó.17 14.76

1.36 r,62 1.48
10 10 10

203

4O-Z ó-60

1. 05 t. OI

1. 39 L.27

r.20 r .1ó

1.34 1.41

L. 57 1.49

1.3ó !.2r
1.ó1 L,57

o.74 r.40
r.47 1.4r
o,o 1.1ó

1.1ó O.O

12.89 13.09

L,29 1.31
10 ro

TÄI}LE XIIT

îABLE OF POOLED t,OG (VARIANCES)+ FOR AI{CLES BETT'EEN

THE REFERE¡¡CE LI}¡ES FOR î}iISOMY

54-56

1.31

1. 56

r.46
1. 5ó

1.64
r.45
L.7r
L.l5

o.o
L,47

1. 4r

15. 32

1. 53
10

lr Adjusted fo¡ angle arñ length oÊ 3 + 4 point angles

TABLE XIV

TÀBLE OF POOLED LOG (VARIANCES)* FOR ÀIIGLES BETI{EE}I

THE REFERENCL I,I}¡FS FOR CONTROL

2-4

2-4 O.O

29-2 1. 36

z9-4 o,98
6-r r.L7
4-39 L,42

59-38 r..11

54-26 r.49
2-54 r.13

54- 56 0.96
,lo-2 0.88
6-60 0.86

sulrrs 11.35

MEÀNS 1.I3
N10

29-2 29-4

1.36 O. 98

o,o 1.11
r..11 0, O

1.15 l.O8
L.29 1,41
r.18 1.O4

1.45 1. 50

r. 31 1. 13

L.37 L.2r
1.28 0.98
o.9E o.77

L2.48 1L.22

1,25 r..12
10 10

6-1 4-39 59-38

I.L7 r.42 1.11

1.15 r.29 1.18

1.O8 1.41 1.O4

o.o r.42 1.3O

L.42 o.O r.34
r.30 L.34 0.O

1. 54 1. 64 1. 58

1.33 1.3ó 1.35

1.3o L.52 1.33

L.26 L.3o |,22
1. L3 L.zZ O.97

1 2.67 13.92 L2,44

1,27 1.39 L.z4
10 10 10

54-26 z-54

L.49 1.13
1.45 1.31
1.50 1,13
1. 54 1. 33

1.64 1.36
r.58 1.35
o.o 1.33
1.33 o.o
r.1L L.47
1,4O O.49

1,3ó 1.03

15.01 11.94

1.50 1.19
10 10

54-56 4o-2 6-60

0..96 0.88 0.86
L.37 1.28 0.98
L,zr O.98 0.77

1.30 L.26 1.13

!.52 1.3O L.22

1.33 I.22 O.97

L.7L 1.4o 1.3ó

L.47 0.49 1. 03

o.o l.L7 I.22
L.L7 0.o O,97

L,22 0,97 0.o

L3.25 10.95 10.52

L.32 1.10 I '05
10 10 10

¿? Adjusted for angle arE length of 3 + 4 point angles



o2-o4 29-02

0244 I .260 1.370

?9{2 r.37o l.4ro
29-o.l l.oóo 1.1óo
oó{r r.27o 1,490

o/t-39 1.560 r.5óo
59-38 t.O70 1.2óO

5t-26 r.5óO l.5lo
02-54 r. 360 r. 5ilo

5,t-5ó r.31o r,5óo
4o{2 1.050 r.39O
06-60 l,olo 1.270

2944 Oó-O1

l.oóo !,270
1.1óO 1. ¡l9o

1.32O r. 39O

r.390 r.¿80

r.6ó0 1. ó10

1.090 1.490
1.58O r. ó60

r.17o I.5¡lo
r.4óo r,5óo
1.200 r.340
r.1óO !,i!lo

04-39 59-38

r.5óo r.o7o
1.5óo L,26o

r.ó60 1.090

1.ó10 1.490

l. ó1o l ¡l9O

l.¡l9o r.3óo
L.7@ 1.580

t.730 1'580

r.ó4o 1.¡l5o

t.57O r.3óo
r.490 1.210

Â.ÈALrStS OP VÁAIÁSCE

54-26 02-54 54-56

1. 560 1.360 r, 31o

r, 5lo r.. 54O r . 560

r.58o L.47O 1.,!óO

1. ó60 1,54O 1. 5óO

L.7Ø r.73o 1.640

1.58o r.58o 1.45o

r.ó2o 1.ó5O L.7L0

r.650 1, /t8o r.7 50

r.7LO L.7SO r.53O

1.610 O.71O L.47O

r,57o 1.4OO 1.4rO

204

4O-O2 06-ó0

t,o50 r,oto
1.390 r.270
I.200 1. róo

r.3¡o l . 410

r.570 1.490

t.360 Ì.21o
1. ólo r.570
o.71O L4OO

1.47O l,¡lo
1.29o I . roo

1.1óo 1.3ro

T'ABLE XV

TEST FOR S¡G}IIF]CÂ$T DIFFtsRBUCBS BBAdBB$ RBPERE!¡CB LT}¡E STABILIîY WITAil

îRISCHY 21 SÀMTLD - ÀHALYSIS OP VARIAIÍCB

@gtee
R6pllcatløa

1ra6t66¡tB

Erp. Error

TotaI

Dcooôs of F¡eûd@

lo

sEs of Sssroa

r.77 554

r.77 554

r. ór655

5,L6763

¡loes Squ.l¡!'ea F vålue

o.t?7 55

o.r775' ro.984

o.01617

10

too
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TABLE XVI

CO}IIARISON OI: îREÀTMENîS - TRISOMY

5{-26 fs aË]]tR T}r^N 02-54
54-26 IS BETTER TTIÀN 06'0I
s4-26 rs B6TTEF. IHAN 29-03
54-2ó rs BDllÉR 1ilAN 59-3¡
54-26 IS BETTER ÎHAN 29-04
54-26 IS BETTER THAX 06-60
54-26 rS r:EltfR îtÀX 4O-O2
i1-26 tS BËTTER THÀN O2-O4

04-39 rS Br:llËR 'IHÀìi 02-54
04-39 r5 I'EÎîER ÎHÀN 06-01
O4-]9 IS BETTER THÀ}¡ 29-02
04-39 rS Dr:TlER TIAX 59-38
04-39 rs DEIIER THAN 29-04
04-39 IS BEÎTAR ÎHÀN 06-ó0
04-39 rS ¡ETÎÉjR lHNi 40-02
04-39 :f5 BEÎI'ËR I'HÀN O2-O4

54-5ó rs BEllER ÎHAN 29-02
i¿-so rs BÉrTER TRÀr 50-38
54-56 rs BETÎER TÌ,ÀN 29-oil
54-56 rS BEllER TttAN 0ó-60
54-56 rS BEÎTER ll.All 4O-O2

54-5ó rS n¡ìriER THAN O2-O4

oz-s4 rs. BE118R ÎHAN 59-38
02-54 IS BBTTER THAIi 29-04
02-54 ls BETTËR :tr,rì 06-ó0
02-54 rS ß¡ìTTER ltiÂN 40-02
02-54 15 BET]ER THÀN o2-o4

Oó-O1 IS DETîER TTAX 59-38
( t-Ol lt' tl!;IlER 1)r^ì 29-04
06-01 rs DETÎER lttAl¡ 06-60
oi)-ol IS BEllER THÀx 40-02
r,6-0t rs. f:ËT'r'tR Tl 

^ì. 
o2-o4

2t)-o2 [i nEll,ER T]lt\N 4O-O2
zt)-t:2 ts aHlT¡jR TilAN O2-O4

PNI:CENT LEVEL OF SIGNIFICANCE
PER(I:}.1 L'VEL C: 1:]GXIFICÁNCE
PERCENl LEVEL OI' SI(il¿IFICANC¡''
Í.ERCENT LEVEL OF SIGNIFICÂNC:
I.ETICE}IT LEVIL (IF SIGNIFICÂNCE
PERCEIIÎ LEVEL Of' SIG}iTFIC¡TNCD
T'IRCEIl LEVEL OF SIGNIFICÀNCE
PERCfl,'¡ | EVÈI. (:F SI(llr I l ICÀNC::

PERCENÎ LEVEL OI¡ 5r@llFICÂNCr
PERCT}1 LEVEL OF SIGNIFICÀNCU
fERCINî LÈVEL 0F 51(NrFrCÂllcE
PERCET{Î LEVEL 0F SrGlìrf l(.¡lictì
PERC!:t11 LEVÊL OF SrCAllFrCÀNCE
PERC:iÀ'I r.riVEl, (il SlGNrFl(:¡NCtì
PERCE}¡Î LEVEL OF SIG}¡IF](ÀNCfi
ltRcaì¡'r IEvÊ!. (ì! sro{rFrcAucE

PERCENT LEVEL ÓF STSiIF](I.\NCIì
PBRC!:ì,T LEVEL OF SIGIùIFICÀNCE
PERC!,ìTl I r\,LL (ll !ìlGìirÌ:l(:ANCE
P$RCHI LEVEL OF SIGNIFICÀNCT;
FERCEI¡l' LEV¡.I. (.F SIQ¡TFICÀNCE
PERCEHÎ LEVÈìL OF SIGNI}'I(..\I¡CE

FERCIì},1 LEVËL Of¡ SIC'NIFICÀNCE
PERCENT LEVÈI. O}' fIGIIIFICÀ\CA
IERCEHT LEVSL OF SIGNIFICI¡NCD
PERCIìIIT LtrVEI. ('F SIG}¡IFICANCE
PERCENÎ LEVEL OF SICIIlI'IC¡\}]CE

PÊll(:lrì'1 LEVIJ, ('F SIGNIFICANCE
PERCETl LEVEL (I:. fi]GNI}']CAì\CE
PERC:INÎ LEVEL OF SICNIFICANCi:
¡.ÌP(tN',r ì.ÌvEt, {'i srcl{ tFrcANcD
FERCEHT LEVEL OF SI(I¡IFICÀIiCL

PDRCIi}1 LËVEL OF SIGNIFIC¿NCI:
pEt+.c:il'I lEvril ( f sr6ìirFrcANcE

ÀT t'ltE
À1 lHE
A1 THE
¡T TH};
¡\f THE
A1 lHE
À1 lHE
Â1 THE

ÀT THÊ
À1 r'HE
AT l',t t,

À1 1'l E

ÀT T}IE
ÀT lHE
À1 lHE
ÀT THE

À1 1H8
À1 THE
Â1 Itrt;
À1 lHE
ÄT tfr!
AT 1'HE

ÀT THE
ÀT lHE
À1 lHE
ÀT THE
Â'l r ti ¡.

/r1 thE
A1 l't E

AT lllli
A1 lHE
Â1 THE

A1 THE
À1 Tfltì



o2-o4 29-02

o2-o4 l.l3o r'3óO

zg-o2 r .360 1.250

29-O{ o.gEo l.rto
06{)1 1.r7O r.l5o
oJ-39 1.420 1.290

59-38 l.llo l.l8o
5!-26 r.{9o r.45O

02-54 l.l3o l.3lo
5{-5ó o.9@ 1.370

40-c'2 0.880 l'2go
0ó-60 0.8óO 0.980

zg-oi 06-01 04-39

o.gEO r'17O r'42O

l.llo r.r5o r.29O

1.120 1.080 1.410

1.O8C L.21O l.',l2o

t,4lo 1.42O 1.39O

l O4O l'3o0 1.340

r.5oo r.5¡Ûo l. ó4o

l.l3o 1.330 1.3@

l.2lo l.3o{, 1.5?O

o.98O 1.2óo r.3oo

o.1?o l.l3o 7.220

59-38 54-26 02-54

1. lro 1.490 1.130

1.r8o 1.45o 1.3r0

Lo4o 1.50ò 1.13o

1.3Oo 1.54o 1'33o

1.34o 1.ó4O 1.360

1.24O r.58o 1.35o

1,58O r.5Oo r.33O

r,35O r.33o l'190
1,330 l'71o L'47o

L.22O L4OO o.49O

o.97O r.360 1. o3O
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54-56 4O-O2 06-ó0

0.960 0.880 O.8óO

L.37o r.280 o.98c

L,2LA 0.980 0.770

I .3OO 1.260 l. l3o

r.52O l.3oo r-2zo

r.33O 1.22A o.97O

t.7LO 1,4oo r.3ó0

L.47O o.49O l.c3o

L.32O 1.170 r.224

1.170 1.roo o-97O

1.22.u o.97O r'o5o

TAI]LE XVIT

TEST FOR SI@IIFICANT DIFPBREilCES BB?WBBN REFBRENCB LITE SÎÀBILI'IT IdITHIII

CONTROL SÀHPLB - ÀNÀLYSIS OP VARIA}¡CIì

AI{ÀLYSI9 OF VARI'.NCB

Sour(:e-of Våriatlon

Replicåtl6s

Ír'€atnenta

Erp. Frr(ú'

îda1

D€Fe€s of Fro6dø

10

10

100

su6s of squâres Means of squâre6 I-J3liS-

2. OO8t6 O.2OO82

2.O0816 O . 20082 ìl . 07(

r.8r41o o ' 01814

5.83043L20

TABLE XVITI

COMPÀRf SON OI' IRÉÀlN6HTS - C(INTROI'

;J-2o IS BËTTER THAÀ 5'I-5ô
íl-2o íS Btil l tìR ît ¡\\ 06-Ol
;J-26 IS RETTIR THAI¡ 29-02
5J-2(' IS BEÎTER TH^N 59-38
54-3Õ rs Btìl1'ER 'J[rÂN O2-5¿
5J-26 tS ItlilTËR THIrN O2-oJ

'1-26 
IS BETTER, THAN -'ç-O4

54-26 rs BETIEÊ IHAX 4O-O2

5J-2ó IS BÈ:'3}R THAN Oó-óO

0.1-39 lS BETTER ÎHÀN 06-0r
04-39 rS BETI'ER î'l:^li 29-02
o.t-3s IS ßrr1IER':ltAN 59-3E
04-39 rS BE1TER ÎHAN 02-54
04-39 IS BEllER THÀN O2-O4
o¿-39 rS ÊtìIÎDft 1HÀlt 29-04
04-39 rS r.ETrER ÎHAN 40-02
o.t-39 rS BEllER THAN 06-60

54-56 rS B¡;l',llH IH¡Ñ ol-54
54-56 rS DÌ;l'lER :HAN o2-O1

54-5ó rs BËTTER ÎHÀll 29-04
54-56 rS BETTER lHNi ,io-o2
54-5ó tS BË116R lrl'^À 06-ó0

Oó-OI IS ¡]ET'I¡;R THAN O2-O4
(ì6-0I IS BEÎTER THAN 29-04
o6-oL :rs BElll'F' l',H^¡ 40-02
06-0l rs B¡r'.rlrr ÎH^N 0ó-60

29-02 TS BEÎTER THÀN 29-04
29-C2 rS BEllER Î|^À 40-02
29-c2 IS bli'jlER ît,rì¡ 06-60

;9- .''8 ls BtT'tl;R ÎHÀN 29-o4
i!,-3i IS BEîTDR THAN 4O-O2
i9-.ll ts Dr;'I1 I.t 1lìAti 06-ó0

0t-;J fs lt¡,1 |r,R ltlAli (:6 6{l

AT THIÌ
AT lHE
A1 1l ¡
ÀT 1H!:
,,'t lHE
ÀT THE
À1 THE
AT THE
ÀT 1}D

AT 1'T E

ÀT THE
ÀT THE
AT THE
À1 THE
ÀT Tlr
t't 'rhE
Á1 TH!ì

¡1 lHE
ÀT THE
AT lHE
A1 lHE
ÀT 1l¡ E

ÀT lHE
À1 I'HE
¡'t 1l ,

AT !Hl:
Àt 'r'! E

A1 lHE

A1 lHE

¡'l THli 5 tI;RC:ll1 LEVIL ('F r:IGl¡IFICÀNCE
A1 lF[ì 5 PERCEN1 L}:VEI. OF S]CIiJFICANC¡
ÀT THE I I.I.RCI-I¡î I ¡ilEL OF SIGNIFICANCE
ÀT lHE I PËRCI¡\'l I livEl OF SlCNll l(:ÀNCE

PERCÊNT LEVEL 0f SfGNIfIC'\Nc!
PERt:ìrl Lli!l;L OF 5IGllrf f(ì¡ÀcE
PERCENT LEVEL OF SI(iIIfIIC,\NCti
PËRCETT LI.JI,TìI C.T SIGNIFICÀNCE
FERCE}¡,I !! .,I L CF STGìiIT.IC¡iI.CE
PEt{CE}¡T LEVEL OF Slclfi}',lc^NCÛ
PERCBNT LEVEL ('r SIGNIFICANCE
I'ÌRC8Nt LEVËL 0r srGNrflcANCl;
PIiRCENT LEVEL OF SiIGNTFICÀÀCE

PERCET¡T I til r | (it srGN tFrCÀ:{CE
PIìRCEN't t.tivf L of" srGNrFÌCANCrì
PERCE}IT LEVEL OF SIGI(II C,INCE

PERCE¡'I LEVEL GT' SICNIFICANCE
I'I:I]CE!¡1' I,[VET. Oi SIGNIFICANCE
I'ERCEN'T LEVEL OF SI(¡I¡IFICANC!;
PER,CENT LE'/EL O.I' 51GIi1F] CÀNCÉ

PERCTI¡'l ttVEl. (': SÍGNIFICÀNCE

I'E,RCi:II1 ¡ ¡'\'EI, OF SIGII] FICANCE
PERCENT tEVËL Of' Sl(lJfFIC,rICE
PIJII( ENT LEVEL OF SIGNIFICANCE
f fllt rl'1 LEvlìt (lF SI(ìll itlCANC:i
T'¡RCE}¡1 LEVEL OF SIGNIFIC,AÀ(ì!:

PERCtI¡T LEVEL OF SII'I¡l Fl(.\\(--¡
PER( tNT I I.:\'TI OF SIIìI¡IFICANCE
PERCLI¡T tDlrL 0F SIGNIFIC/tÀCf

PERCENT LEVEL OF SIGIìII']C¡.NC:¡
PE¡I(J:.1''i I EVIìI- OF SIGNIFICÀNCE
PERCENl LI;\'ÊI ('F SI('¡iIF'ICANCE

PERCENT LEVEL OF ST(|NI}]C.\NCIi
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TABLE XLÍ-

I-inear Diure¡rsion Sel1a-Nasion ( in Centinreters)

Me¿lns, Stanclarct Error and the Significarlc(ì of the:

Differenc<:s Between the Trisonry and Control Gr"oups

vn Signíf íc.a,r:L at 1.he 5% confidence 1eve1
)Á-),'ç Sigrrifi c,ant at the 1-% confi-dence 1eve1

),ç),r,'>! Signif icant at, t.lte O "7-% conf idence 1eve1

TRISOMY CONTROL

Group
Age

Meon
Slo n dord

Enror
Meon

Stondord
Error

Duncon Test
Differonco

3- 5 yrs"

6-9 yrs.

lO- l4 Yrs.

l5- lB Yrs.

lB + Yrs.

5,15

5.38

5"97

< Rr

ó,.O5

o"11

o.11

0"09

0. c)8

0"04

5"92

6 "77

o" 5/

o.05

6"82

o.og

0. 08

o"10

0. o9

o.o6

7 " 42 
'rr'E*

8 . ¡: li+ix-

6 . S6 -)í-)í-)í

9 .32 +il(l'1

L5"67 *-)ití-
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TABLE XX

Linear l):i-ntensi.on Basion-Sella ( in Centin:eters)

Means, Stancla¡:tl Error" and the Significance of the

Dif ferrrrnces Bet;rçeen Trisom5' ¿rnd Corrtrol Groups

l(- Signifi<-art at 1-.lir,' 5% confi-tlence 1evel
)k:* Sigrrific:ant at 1,he 1% conficlcnce l-eve1

2!c-)t)iç Significant at the O"I% confidence 1evel

TRISOMY CONTROL

Group
Age

Meon
Slo ndord

Error
Mesn

Stondord
E.r ro r

Duncon Test
DifferencB

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5- lB Yrs.

lB + Yrs.

3.38

a aaJ o ¿J

3"98

3.90

3 .93

0.10

o .09

o "07

o. o7

o.04

3"40

3. 63

4 "a7

/ ,IB

4 " ¿l-J

0.08

o "07

0.08

o.0B

o.05

0.28

5'06 x--)í{-

2'/t4

3. Bo -)íx-

1r .63



208

TABLE XXI

Lintr¿rr Dinicnsion Basio¡r-Nasion ( in Cerrtinrct,cr,s)

Mean-s1 St,andarcl Error. and the Significance of tlre
Difllerlencesr Bcltrvecn t,he Tri-sony and Control Groups

TRISOMY CON T ROL

Sto ndord
Error

Slondord
Error

Duncon Test
Difference

8 . oz

B"o7

9 .38

9 .15

9"t4

4 " O0 -)i-)il(

ñ nH
/"// 

-d-'i-'i

3 " B4 -v'-

6.88 -)i-x--x

71. 54 -)í-x--)i

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5- l8 Y¡'s.

l8 + Yrs.

o.l 6

o .15

o.7.2

o.12

0.06

8. 59

9.o8

9.88

9"98

LO"25

0.1 3

o.t1

o.14

0.13

0.08

{- Significant at
¿r--)i Significant at

)'ç-)(-)(' Significant aL

5% confidc:nce 1evel
1% conllic,'c:nce 1eve1
O "a/" conf idence 1evel

{,h e
the
the
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TABLE XXII

Lincar l)irne¡rsion Sel-la l,o the P.M, Vertical Ljne (in Ce,ntinretcrs)

Means, Stanclard Error ancl the Significance of the
Differences Rt:tween tlre Tri-somy ancl Control Grou¡:s

ìí Significarrt a-1, {.he 5F" 1evel of conficlence
),(')'ç Significant at 1,he f% 1evel of confidence

)"r).!)( Sì-grrif icarrt at {.he O "71, level- of confidence

TRISOMY CONTROL

G roup
Age

Meon
Sto ndo rd

Error Meon
Slondcrd

Error
Duncon Test

Difference

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5-lB Yrs.

lB + Yrs.

1.98

2,OO

LcL4

2,07

2 "IE

o. o6

o.o6

0.05

o. o5

0.02

2 .07

2 "17

2 .23

') tt

) 2Á

0.05

o"04

0.05

o.05

o. 03

1. 59

3 .39 -)i

o"16

3 " 09 -)',r

5.90 -)?-)irx-
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TABLE xxrrï

Linear Diruension N¿rs.ion to t ller P "Vt" Vertical Line ( in Cent,intc:ters)

Mcans, st,andarrl Err.<¡r ancl the Significance of the

Ðiffert:nces Bet',rvecn the Trisomy and contr"ol Groups

-)í Signific;anl, at ttre 5% confi-dence 1i.mit
tirÉ Significant at thr: l/,, cc¡nfitlerrce 7iniL

)i')().'ç S:i-gnificant at the O.I% confliclc¡rrce lirit

TRISOMY CONTROL

G roup
Age

Meon
Sto ndo¡'d

Error Meon
Stondord

Error
Duncon Test

Difference

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5-lB Yrs.

lB + Yrs.

z. 50

3 .01

3"34

3.46

3.49

o.l 3

0.13

o.l 0

o.10

0.0 5

3. 58

3. 59

4 "o4

4,03

4.1 6

0.11

0,09

o.az

0.11

o "07

8. B3 +{--)i-)t

5"23 -)+-x-i-

6.38 -)í-)r-x-

( (R -)i-):-)..,

11.63 -)i-Yr-)i
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-l''ABLE xxrv

Linear Dinrension Basion to the P.Þf " Vertj cal L,j ¡-re ( in Ccnti,rrreters)

Means, Standard Erl"or ¿rncl t,he Sigrrj.ficancc of thc

Differences Between tlie Trisonry' ând CLrrì'Lr'o1 Groups

1i Signifi-cant at the 5% c<¡nf:i.clence level
)'r+tç Significant at the 1-/" conficlc:nce J-c.:vel

-)í-)(-)i Sígnif icant aL Llne O "L/" conf i.dcncc 1eve1

TRISOMY CON TROL

G roup
Age

Meqn
Sto n do rd

Enror
Meon

Stondord
Error

Duncon Test
Difference

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5-lB Yrs.

l8 + Y¡'s.

a anJ"tI

3"52

4.24

4 "r5

4"23

0.14

0.1 3

o"11

o. l.o

o.o5

3"57

3.69

4. o3

3 " 96

4 "07

0"11

0"og

o.3"2

o.11

o.07

2"38

o.39

1.85

t "78

,IR
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T,ABLE XXV

Angular Dinrension Basiorr-ser r a-N;lsi.on ( in Degrees)
ÞIeans, standard Error and th. significance of the

Differences Betrveen the Tr.isomy .rrrcl contr.ol Groups

x Significant at the 5% confirJc:nce l_evel
)k)Á- Significant at tlre f% conficlence 1e:vel)k)i-)( Significant at the O "l% confj clence I evel

TRISOMY CON TROL

Gnoup
Age

Meon
Sto ndord

Enror
Me on

Stcndord
Error

Duncon Test
Difference

3- 5 yrs.

6-9 yrs.

lO - l4 Yrs.

l5- lB Yrs.

lB + Yrs.

139.53

138.I7

140 " 3B

139.61

r4L.36

1.67

1' 58

7"29

I.22

o.62

r32.6 5

134.39

r32.6 5

733 " 24

130.I 8

7"34

T "T2

7.45

r.34

2"85

4.55 v.ìr-)i

2.75

5. 6 3 )i-x-)Í

4 " 98 lí-7¡-)i

15.O8 -ts-)rìí
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TABLE XXVI

inear Dirnensiotr rtAil F oint t;o the P.l'1. Vertj cal Line ( in Centimeters)
Means, St¿rnr-!arcl Err-or' ¿ìrrcl the S:ignificancc of the

Differences Betrveen the Trisonr¡' ¿rr:cl Contr"crl Gr.cr,ps

+¿ Significant at the 5% confi-clc:nce l-evel
)*-)'ç S:igni ircar¡t a.1: tlne 1% confidence leve1

)'r)'()'ç Sjgn i f'i c¿nL ai- 1',1,r: O .7% c<>rtf -i <ierLce 1eve1

TRISOMY CONTROL

Group
Age

Meon
Slo n do rd

E nror
Meon

Stondord
Error

Duncon Test
Difference

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5- l8 yrs.

lB + yrs.

3.48

3.7 5

Å q4
4,2/

4"L5

4"32

0"10

o.10

o"o8

0.08

0.o4

4 "44

4. t8

4.6 5

5"01

5.o 5

0.08

0. 07

o, o9

0"oB

0"o5

,7

8

/1

1Cr

1,6

o 3 -)i-x-N-

48 +e-)i{-

4 5 -)rx-

BZ ,í-)i-)'r

l5 -)'¿'¿(



TABLE XXVII

Angular Dinrension Basion-N¿rsion

Meatrs, Stand-ard Error and the

Differences Between the Trisonty

2L4

n An Point ( irr Degrees)

Significânce of the

and Control GrouPs

TRISOMY CONTROL

Group
Age

Meon
Sto ndord

Ernor
Meon

Stondord
Error

Duncon Test
Di fference

3- 5 yrs"

6-9 yrs.

lO- l4 Yrs.

l5- l8 Yrs.

lB + Y¡'s.

63"67

o5.o/

65.59

65.24

64.94

1" 19

1. 13

o.9z

0.87

o.44

64. 54

65.01

6L.70

64.36

63"40

0.95

0. 80

1.03

o.95

o. 60

0. 81

o. 68

3 .99 -x-)í-)í

o.96

) o, -)i

+i Significant
)!()? Significant

lírÉ-)i Significant

aL the 5/" confidence leve1
at the L% confidence level
at the O,I% confidence level
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T'ABLE XXVTIT

ngìtlar Di¡nension Palatal Plane to t,he Basion-Nasion Plane (i¡r Degrees)
Means, Starrdard Errors and the Significance of t,he

Differences Betrveen the Trisorny and Contr-ol Groups

lr Significant, at the 5% confidence 1evel
-)i-)i Signifícant, at the I% confidence leve1

)'ç:,i-)'ç Signifícanr- at Llne O.I% conficlence level

TRISOMY CON TROL

Group
Age

Meon
Slo ndo rd

Ernor
Meon

Sto ndord
Error

Duncon Tost
Difference

3- 5 yrs.

6-9 yrs.

lO-14 Yrs.

l5- l8 yrs.

lB + Yrs.

22 .82

L J " +J

24. 44

24.r7

23"52

1"15

1" 0g

0.89

0. 84

o.43

22. 57

22.95

25.44

27 "34

25.43

o .92

o"77

1.00

o"92

0. 58

o .29

, 
^,)

1. O6

3.61

a naJ./J

-,i -,\-

-)i -)í
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rA BLE xxrx

,Lrrear Dinre¡sion Upper- ft:cisior t;o tlrcr I]"1\1. Vertical I.jrre (in Cent'imeters)

lleans; Stand,ard. Er.r"or' ¿rnrJ t lre S-Lgrri ficance of tlre

Diffcrcnce-q Betrveen the Trisony anct Control Groups

),t; Sigrrifi c,ant ¿rt thc 5/, conf idence level
ìi-)í Sigrrificant a.*: 1-he J-/" confj.cic-'rrcr: -1 evel

)!r->!r:,+ Si.en:i,ficant at the O.I/" conficlencc: l6:rrc1

TRISOMY CONTROL

Group
Age

Meon
Sto ndsrd

Error
Me on

Stondord
Ernor

Duncon Test
Difference

3- 5 yrs.

6-9 yrs

lO - l4 Yrs

l5- l8 yrs

l8 + Y¡'s

4 "02

4.t5

4 .97

4"83

5"08

0.1.5

o.14

o.lz
0.l l

o.06

A aa4oJL

4. 80

5"zo

5"74

5.7 3

o"72

o.1.0

0 .13

o.r2

o.07

2 "16

5. 19 -)'¿-):

1.83

t Rt -)i-)i-)i

9 .66 -)t-)'r-)i
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rA BLE XXX
\

\ngrrlar Dj-nension Upper Incisor to the Basion-Nasion PJane (:-.r Ilegre(js)

Means, Stan<larcl Error and the Significance of t,bc

Difft,l'rrrrces Retrccìcn the Tr'-i-sonr¡' ancl Control Groups

'-)'r Sigrri fi can1., at j-he 5% confi dence 1eve1
')êti Signific:rlt at tirc 71, confi.dencc 1evc.l

),!-)i'>? Sigrrificant at, the O"Il, conficlence 1e:vc'.1

TRISOMY CON TROL

G roup
Age

Meon
Sto ndo rd

Error Meon
Stondord

Error
Duncon Tesl

Difference

3- 5 yrs"

6-9 yrs.

lO- l4 Yrs.

l5- lB Yrs.

lB + Yrs.

84.52

8a"37

93"28

9I .64

92 "78

2.84

2 "84

2 .20

2.O6

1.16

77.o3

83"37

83"25

85.13

83.82

, ,n

1" 90

2"46

, t1

T"4t,

2"97 -F

o"83

4. 30 -)i-x--).

3"00

7 "25
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TABLE XXXI

MandiL,trl ¿rr Pl ane Angl e

Means, Stanc!.ard El'r"or anci t he

Differences Bet\vLren the Trisonty

( itr Degrees)

Signif icalìce
and Control

of the
Grcru Irs

TRISOMY CON TROL

Group
Age

Meon
Sto ndord

E rror Me an
Stondord

Error
Duncon Test

Difference

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5-lB Yrs.

lB + Yrs.

46"47

5r.7 7

48 "23

50.ç'5

+5./r

3.39

) /l(\

r "70

1.63

o "92

5,+ .7 6

51. 80

52"66

JL o +¿,

48.o0

1. 63

1"35

r.70

L" 57

0. 99

3.14 ->t-x-

o.01

2"67 -)í

o.g2

2.40

),'ç Signífi cant'
li-)t Signi Jlj canl-.

)'ç)Å')'ç S igni fj cant.

at the 5% confidence 1eve1
at tlre I% confidence level
a1. t,he O,L% conf íclence 1eve1
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TABLE XXXIT

Gonial- Angl er ( in Degr-ecs)

hfeans, st.and.ard. Error ancl the sigrril=icance of t,he

Ðiffer"ences Between the Tri-sonr¡' ¿rlrcl Contr'o1 Grotrps

{- Significant at the 5/" corrficlence le-:ve1
)i-'i!r Signifi cant at the L/" confidence leve:l

)'ç-)();' S:Lgnificant at t'l:.rc O "L/" conf idence l-eve.'l

TRISOMY CON T ROL

Group
Age

Meon
Sto ndo rd

Error
Moon

Stondord
Error

Duncon Test
Difference

3- 5 yrs"

6-9 yrs.

lO- l4 Yrs.

l5- lB Yrs.

lB + Yrs.

I2Z .1 0

L23 "87

L22 "81

r2(, " 29

L22,64

4. 11

2, go

2.O 5

1,.97

1.13

135.66

I29,04

t25" 59

127.34

r27"7O

r.97

1.63

2.O5

1. 90

1.15

4.2L ){--x--x.

2 "rg

1.35

o" 54

O.B2
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TABLE XXXITI

Angular Dimension Basion-Nasion ilBrr point (in negrccs)
Means, standard Errors and the significarlcc of thc

Differences Between the Trisorny and control Groups

-)'1 Significant at the 5/" confidence 1evel
-)í-)í Significant at, tlne A% confidence level

-)í-)?-)i Signif icant at the A,I% conf iclence level

TRISOMY CONTROL

Group
Age

Mean
Sf o ndo rd

Enror Meon
Slondord

Error
Duncon Test

Difference

3- 5 yrs.

6-9 yrs.

lO- l4 yrs.

l5- l8 yrs.

lB + yrs.

6L.28

60"4t

64"69

63"72

6 5.97

2. 18

L. 54

1" 09

1.05

o. 58

59 .87

60"34

58"7s

60"64

6o. 6o

1"05

0"84

1"Og

1. 01

o .64

o"B2

o.06

5.48 -)i-)i-)i

3 .01 -)i

8. 85 -:t-ri-;i
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TABLE XXIV

Linear Dimerrsion il Bil point tc¡ the p. pl. ysrlj 1:al [,ine ( in Ce'ntinretcrs)

Means, Stanclarcl Elrors and tlre Significance of the

Differenccs Rctrveen tlrt: Trisonr¡' ancl Ccrntrol Groups

+i Sign.ificar¡t at the 5% confidence level
)í-)í Sign:Lf icant; at i-he L% confi-dence leve1

-)itiì(' S-i,gn-i-fLc¿tr;l, aL Lhc O"I% confi-clence 1evel

TRISOMY CON TROL

Gnoup

Age
Meon

Sto ndord
Enror

Me on
Stondord

Error
Duncon Test

Difference

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5-lB y¡'s.

lB + yrs.

4"52

3.81

¡ zQ

4" 58

4.98

o ,34

o "24

o,17

0"16

0.09

3.92

4. 49

4.60

5. 1l

5. 19

o.r6

o.13

a"L7

o"r6

0.1 0

2.25

3. 52

1.03

3 "28

2"30



n, ,)

TABLE XXV

I-ir-e¿r¡ Diniension pogonion to ttre P.${. Vertical Line ( itl Cr¡ntintct;c'l"s)

Means, Stand.ard Errors anct tlre Sigrrificat'rce of the

Differences Betweerr the Trisom¡' ¿rncl Contlof Groupt;

)!r Si-gnificani-, at t,lre 5/" confidence leve1
liì( Si.gn,ificar¡t ¿rt the ll' confi-clence l evel

);')i)'r SiSnificant at Lhe t)"1/, confir,',ence le:'vef-

TRISOMY CONTROL

Group
Age

Meon
Sto ndord

Enror
Me ont

Slondord
Enror

Duncon ïest
Difference

3- 5 yrs"

6-9 yrs.

lO- l4 Yrs.

l5-18 Yrs.

lB + Yrs.

4"77

3.85

5. 09

4.92

5" 3E

o.42

o .29

o.zL

o"20

0.11

3 "87

4 .66

4.81

5"t.t

5 "70

o "20

0"r6

o.zr

0 .19

o "Lz

2"75 x-

3"43 -x-

1.35

?.47 -)r

2.84 -)?
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TABLE XXXVT

[-,inear Dimension Arti.ctr]are to {lre P.}{. Vcrrt,ical l,inc (in Ccntimeters)

Means, Stanclilr<l I-ìrror"s ancl the S-Lgnificance of the

Ðifferences Bet.rvcc:n thc Trisonr]¡ ¿rncl Control Groups

-)+ Signif i c:arrt at t'.he 5% confidence level
-i!ç-^ Sign.il'ica.nt aL t,he Il' conf:idencr: 1eve1

')!ç)!->!r Significant at the O.1% cc>nllic'rencc 1eve1

TRISOfulY CONTROL

Group
Age

Meon
Slo ndord

E rror Meon
Stondord

Enror
Duncon Test

Difference

5- 5 yrs"

6-9 yrs.

lO- l4 Yrs.

l5-lB Yrs.

lB + Yrs.

q t4¿'" 4J

2, 40

2 "98

3 . oB

3.o3

o.12

0. l.l

o.0g

o.0g

o.o5

2"69

2 "83

3.17

3.10

3"28

o.09

o .07

o. og

0 .09

o"o5

2.39

4 ' 46 -x--)í

2.07

o .26

4.8 4 -)í-)i
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TABLE xxxvi,r

Li¡cì¿ìr. Djnension Gonion to t,he P,Ff. Vertical fir-c (Ìn Cerrtj-nrete¡.¡

þlgans, stand.ard. Errors and the si-g'nifjc¿rncti of the

D:ifferr"enc.rr¡ Br:trvec'.n tlre Trisomy and Control Gr"oups

vK Sl-gnifi cant' at {.1'e 5/" conf:i.tl'r-'ncc 1eve1
v¡)? Significant at the 1% corif:Lclcr,ce 1e':ver1

)k)"çs,! Sigr,.if ic¿tr:!, aL the O"I/" confidence 1evel

TRISOMY CONTROL

Group
Age

Meon
Sto ndord

Ernor
Me on

St o ndord
Error

Dunco n Test
Difference

3- 5 yrs"

6-9 yrs.

lO- l4 Yrs.

l5-18 Yrs.

lB + Yrs.

1.3.(

1.67

2 "J.2

, )A

1.96

o .32

o .22

0 .16

0 "15

0.08

1"65

L.7L

2.22

1.93

2.r8

0.15

o.l2

o,16

0.15

o.0g

L"23

0"lg

o .62

2.O6

2. 54



225

TABLE XXXVIIT

rìear f)inren-sion Lorver Incisor to l,he P.M" y"¡'Ij-cal Ljne ( j.t, Ccnt-,j-rrtett:r's)

l'le¿rns, Standard Errors and the Signifi-c¿rnce of t,llc,

Differcnces Between t,he Trisomy ancl Corrtlcrl Gr'oups

'x Significant, at t,he 5% ccnficlence le'¿el
)'¿-)Ë S"lgnificarrt at the L% confidencc 1evel

),!r)'ç'Y Sir:nificant ¿1., tlne O"I% confidence 1eve1

TRISOMY CONTROL

Group
Age

M eon
Slo ndord

Error Me on
Stondord

Error
Duncon Tesf

Difference

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5- lB Yrs.

lB + Yrs.

4.55

4 "t4

4.93

4.92

5 " 06

o .27

0.19

o"l4

o.13

0. c)7

4.09

4.63

4.86

5. Jo

5.39

0.13

o.11

0"14

0.13

0"08

2 "L6

3.1'i ì(

0. 55

3. 47 x-

4 " 4(' 7'--)ê
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TABLE XXXIX

Angrrlal" Dimcrnsjon L(rr,,cr fncisor to Ffanclibular Plane (in Oegrees)

IÍean.se Startdarcl Errors an<1 the Significance of t,lre

Differt'c'nces Br¡trveen t,he Tri-somy and Control Grotrps

),!r S:Lgnificant aL the 5% conficLc¿ncc 1eve1
)i-)i Sigii:Lf ì c:rr-.t at t,lre l% conf i.dence 1eve1

)()i)( Significa¡¡l, at 1,1,e O.11, c:()r'rficlenc(, level-

TRI SOMY CONTROL

Group
Age

Meon
SÍo ndord

Error Me on
Stondord

Error
Duncon ïest

Differonce

3- 5 yns"

6-9 yrs.

lO- l4 Yrs.

l5-lB Yrs.

lB + Yrs.

99 " l-l

98 " 4.4

94. 8o

9 4.29

92 " 9,t.

3 .91

2"77

1"96

1"88

1.06

90. 52

91.85

95.48

93.86

94,7 5

1.88

1. 56

I .90

1. 81

1.l o

2 . 8C, -)+-.x-

2 '94 r'('-x-

0.35

O .2tt,

I .68
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TABLE XL

AnguJ ar Dinrension rrAtr Point - Nasion rrBtr I oint ( -tr, Dt'gr.trr:-s)

, Meansr'Stanclard Error and the Sigrrificance of the
Differencc--s Betrvecn the Trisorny and Control Grorrpsi

)k Signif ic;¿rnt at t.l,e 5% conficlence leve1
Itlí Sign-i fi cant a.t thc 1% confi-clence 1evel

)Á')'r)!ç Significant aL tlrc A.I/, cc¡rrficlencc: I c:vel

TRISOMY CON T ROL

G roup
Age

Meon
Sto ndord

Ernor
Meon

Stondord
Error

Duncqn Test
Differonce

3- 5 yrs.

6-9 yrs.

lO- l4 Yrs.

l5-lB Yrs.

l8 + Yrs.

5. 50

4.68

o"29

U " ¿Jtt

0. 99

7. 52

L "o7

o.7 6

o.7 3

o. 4o

4.69

4.67

2"97

a aaJ. / J

2"75

4.73

o. 59

o.76

o.70

o.r!3

0. 68

0.01

a rÀ
J. )4

4. 00 -x--)i

Á ar ),-
4,2,J
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TABLE XI,I

Linear lrleasurentent Basion to the P.If . Vertical Line

Ff ean and. Stand.ard. Error ( i.t Centimeters)

Age
Ro nge

TRISOMY 2I CONTRO L

MAL E F EM ALE MAL E F EM ALE

Meon S. E. Meon S. E. M eon S. E. Meon S" E.

3-5 yrs.

6-9 yrs.

lO- l4 yrs.

l5-lByrs.

18 + yrs.

3.68

3 .26

4.29

4"34

4. 39

0. 10

o "22

0 .11

o.0B

0.09

L.+J

3.70

4.L6

3 "87

4 "07

o.35

o.oB

o. 20

o.1B

0.06

J. oo

3.73

3 .97

,1 )'l

4.26

0.88

0.10

o.13

0.13

0.11

3 .39

3 .67

4 "09

3"78

3.BB

o.14

o "L2

0.10

0.13

0.13
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TABLE XLII

I-inear Ïrleasurentent Pogonion to the P.If . Vertical Line

Þlean and- Stand.ard. Err"or ( it Centinreters)

Age
Ronge

TRISOIVlY 2I CONTRO L

fu1AL E F EM ALE MAL E F EM ALE

Meon S. E, Meon S. E. Meon S. E. Meon S. E"

3 -5 yrs.

6-9 yrs.

lO- l4 yrs.

l5-l8yrs.

lB + Yrs.

3"96

4.02

5. 00

5.o4

5. 52

o.42

0.34

o"27

0. 30

o" 15

6"sg

3.68

5.2r
+. 54

5.2r

0. 10

0 .18

o"25

0. 81

0"14

3"72

5"04

4 .96

5"o4

6"oo

0.15

0.19

o .20

n 20

o .20

4.12

4.4r
4"66

5. 68

5.39

o"22

0.16

0.10

o"23

o .22
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TABLE X LIII

Linear Þleasurenretrt Articulare

Mean and Standard Error
to the P.Nl" Vertical Line

( in Centimeters)

CONTRO LTRISOMY ?I

Age
Ro nge

F EM ALEFEMALE

0.10

0. 0g

0.09

o.14

0. 0g

2.62

2.77

3.17

?oo

3.06

o .09

0. 0B

0. 10

0.15

o. 0B

0. 20

o .24

0 .10

0.07

0.08

o.25

o.0B

o. 11

0.06

0.06

a -aL./J

2 .94

3.17
a .rA
J. z1

3.50

r.BB

2"56

2.Bt

2.67

2"86

) 1/l

3. 10

3"20

3.10

3-5 yrs.

6-9 yrs.

lO- l4 yrs.

l5-lByrs.

lB + Yrs,
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GLOSSAIìY

L{N p}{ÀlìKS:

1. lt{aclt.i-nc Por:i.on

The rnost superior poin{, on the eal' rods of the

cephalosl,at and- believed to represent the Inid-

point on the upper edge of the external

auditory nleatlì.s.

2. Sella (s)

The centre of the sella turcica ( pituitary

fossa) .

3. efpnt"_lS

The most anterior point on the frontal bone

d,etermíned- by a perpendicular line from the

SN line.

4" Nasion

The micl-point of the fronto-nasal suture at

its most anterior margin.

5. Nasal TiP

The most anterior inferior poì-nt on the

nasal boncs.

Tlre clcepesL poi.nt on the infraorbita1- margín

of thc ltony orb:i-t.

6 " orb.il a.l e
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7 " Sclft Tj.ssrrt-. N¿rsion

The most anter.Lor poinl- on tlre soft tissrre

nose parallc1 to nasion.

8. Pronasalc

The most anterior point on the contour of the

soft tissue nose as neasLrred frorn the N-pog line.

9 . Soft Tissue rt Art Point

The most posterior point of the philtrtm

of the upper lip"

10. Labrale Superius

The most prominent point on the upper lip

measured perpendicular to the N-Pog line"

11. Stomion

The lowest point on the upper lip and the

highest point on the lower lip (Burstone,

7952).

12 " Labrale Inferius

The most prominent point on the lorver lip

measurcd perpendicu1ar to the N-Pog 1ine.

13. Soft Tissuc tt Brr Point

The most postcri-or poì,nt on the contour betwecn

thc l¿rbr¿rlc i-nferi-u,s and thc soft tissue

pogonion.
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14 " Sollt Tì ssrtc Pogon i on

Tl-rc most prouri,ncnt poirrt on tl'rc contour of

the soft tissuc covcring of {.hc ch j.n.

15 . trlcnt,on

The most inferior point on the s¡'rnphysis

menti of the mand-i ble.

l- 6 " Gnath-Lon

The most anterior and inferior point on

the contour of the chin.

17 . Pogoniojl

The most anterior point on the contour of the

chin.

18. rBr poin¿

The deepest point on the midline contour of

the mandible between infradentale and pogonj-on"

L9. The apex of the mandibular central incisor.

20. The j-ncisal edge of the maxillary central incisor.

21-" The incisal eclge of the mandibular central incisor.

22 " The apcx of the maxil1ary central incisor.

23 . rr Arr Point

The dcepest point on the midljne contour at'

the alvcol-ar procc,ss between the anterior nasal

spi.nc anrl thc alvcolar crc:sL oll thc maxillary

centr¿¡l incisor.
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24, Â,n{,cr".i ot" N¿rsal- Spi-rrc (nUS)

Thc nrcclian, slrarp bony proccìss of thc In¿rx-i-l'l-a

at the l.otver ntarg,Ln oll tllc arrtcr-ior n¿rs¿rl

opening.

25. Postcrior Nasal Spine (plUS)

The process for"med by the united proiecting

ends of the posterior bor"clers of the palatal

processes of the Palatal bones.

26, PteryÉ{omaxillary Fissure (pflt)

The proiected contour of the fissure formed

by the anterior curvature of the pterygoid

process and the posterior rvall of the tuberosity

of the maxilla. The cephalometric radiographic

point is the most posterior point on the

posterior wall of the maxillary tuberosity'

27 " Articulare (4")

The point of intersection of the external clorsal

contour of the manclibular condyle .and the temporal

bone. The miclpoint is used when the profile

raclíograph shows clouTrle projections of the rami.

28 . Con<lyl j.on

The most su¡:erì-or and- postcríor po:i-nt on 'l-he

manclibular conrlYlc'
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29" R¿ts:i-or-r (na)

Thc nrost fortuar"cl ¿rncl lorvcst, poi-rlt o¡r thc

antcrior- ntargiu of tlrc for'.rntcn llliìgrìtllll .

30. Distoþtrccal cr-rsp tip of the maxillar)' Ieft f irst nolar"

3l " Distobuccal clrsp tip of the nanclibular left f irst ntolar'.

32. The most inferior poirrt on the posterior" one-third of

the lorver- l¡order of the ¡nandible.

33 " Gonion (C")

The lorvest most posterior, and the most

outrvard point on the angle of the mandibular

base line and- the line tangent to the posterior

border of the ramrls.

34-37 " Anterior and posterior extensions of the palatal

plane used as registration points for maxillary and

mand.ibular superimposition techniques and permitting

an assessment of changes in the relationshíps of the

¿ental units (Chebib, C1ea11 an¿ Carpenter, in press) "

The micl point of the lorver borclcr of the foramen

magnlrm.

The most promincnt point on thc exLernal.

occip.i-ta1 protultc:rance.

38. opisl,h j-o_g

39 " Lni on
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4O. Iitlrrrro i <l;r-l_c

Thc poirrt of intcrscct,.i-orr of ¿ì t¿ìngcnt-, to tlrc

j-nfer"ior bor<lcr of the cr"j.b-illorrn p1atc.

41. The point of intersecùion of a tangent to the super,i-or"

border of the odontoid process of Cervic¿rl 2.

42 " The most postcrior inferior point on thc odontoid

process of Cervical 2,

43. The most anterior point on the anterior tubercle of the

at1as.

44, The height of the concavity of the anterior surface

of the second cervical vertebrae.

45" The most anterior inferior point on the second cervical

vertebrae "

46. The height of the concavity of the anterior surface

of the third cervical vertebrae.

47 " The most anterior inferior point on the third

. cervical vertebrae.

48. The hcight of the concavity of the anterior surface of

the fourth cervical vertcbrae.

49. The most an'berior inf erior point on 1-he f ourth cervical

vertebrac.

50-53. The most posterior pojnts on 1-he fourth, Lhi.r<J', second

ancl f' j rst cervi-caI vcr*l-c:bt'ae , respecl-ive1y.
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54. S. ll. Po.i rrt

The po int of j_ntcr"-sccti orr ofl thc shaclotvs olì

thc grcatcr rv.i-ugs of thc sphcno ld rvith thc

floor of tl-rc antcrior cran-i¿r1 fossa (r"cprcscnting

the bound-ary betrveen the antcrior and posterior

portions of the anterior cranial base as rvel1

as the bounclary bctrveen the anterior ancl

mid.dle endocranial fossae - Enlotv, ]-97L) '

55"Theposteriored-geoftlreolfactoryfossaidentified

bythecharrgeincontouroftlreanteriorcranialfloor

at this point ( Ðnlorv , I97 3) .

56. The anterior limit of the olfactory fossa located at

thepointrvherethecribiformplatejoinsthefrontal

bone. The roof of the nasal chamber also leads directly

into this point ( Enlorv, f97 3) '

57. The most anterior superior point on the endocranial

surf ace of the f ron'bal bone ( Enlow, ]_97 3) "

(8 " Srrneri.or Prosthion

The most anterior inferior point on the

premaxilla.

59 " That poin{, on the palatal planc formed by the vertical

extensj.onfrompoìnt|lAll(point2Ðpcrpendicu]artothe

palatal p1-anc ( Quccn , I97 4) '
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60. Anatorni c Pori on

The micl point o11 t-,hc Ltppcìl" eclgc of the

extcrnal auclitorY nlcat'tls '

6L. That pojrrt on t¡e basio'-¡rasion planc for'¡'ccl by t¡c

vertical extensior-r. from sella ( point 2) perpendicular

totl-rcbasion_nasionplarreandusedastlreoriginfor

superirnPosition techniques'
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CIìANIOFACIÂt, RNIT]lRIìNCtÌ LINES :

l-. Â.ntcri-or" Cr:ani-a1 ll¿lsc

As dcfjrrcd by ccpl-ralonretri-c poì.nbs sc1la

nasion (2-4).

2 " Posterior Crani-a1 ßase

As defined by cephalonretric points basion

and. sel la (zg-z) .

3 . Huxle)'r s Basi-cran'al Ax's

As defined by cephalometric points basion and

nasion (29-4).

4. Ethnoidale-Sella Line

As defined by the tangent from the cephalometric

point selIa to the lorvernost point on the

críbiform plate (2-40).

5. Sel1a-Sphenoethmoicl-a1e Junction

As d.efined'by the cephalometric point se1la

and the point of interscction of the shadorvs

of thc greaLer wings of the sphenoid wíth the

floor of the anterior cranial fossa (2-54),

6. Crihi {orm Plane

As definecl by t,hc anLerior and postcrior

l-imits of the olfactory fossa (SS-S0).



7 . F{ar"t i,nr s l'l arE

B. I{ist Plane
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As clcfir-rcd by ccpl'ralorrrctrj-c points n¿ìs:i-on

and inion (4-39).

As d.efined- by cephal'ometric poirrÙs anterior

nasal spine ancl opisthion ( z¿-¡8) '

g. F"u,lli@ (rnachine ¡rorion)

As defined. by the cephalometric point

orbitale and the nost superior point of

the ear rods ( 6-1)

10 " Frankf ort Horizontal ( anatornic porion)

As defined by the cephalometric point

orbitale and. the upper perifery of the

external auricular canal ( 6-60) '

11" P.M. Vertical Line

As clefined. by the poínt of intersection of the

shacl.ows of the greaLer rvings of the sphenoid

with the floor of the anterior cranial fossa

and- the most inferj-or point of the pterygomaxillar¡'

fissurc ( S+-26) "
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PURPOSE:

þf ETIIOD:

a)

b)

GI]NtsRA,L COOIìDINATN ANÂLYSIS

To st¿rnct¿rrcli-ze sets of coorcf i-nat'c points an<l to

calcul-ate angular ancl cl-i statrcc relationships

within thent.

For each of a group of N subjects' a set' of

M coordinate (*ry) points is read in' New points

may first be generated and' ad-d-ed to the original

ones.Eachsubjectlspointsaretlren''standardized'l

by having thern transformed to a conlmon x-y axis'

possibly magnif i ed- to bring them to rtlif e sr.zett '

and-f or converted fron inches to centimeters'

The N subjectî s original and standardized points

are optionally listecl and' the standardízed points

are optionally punchecl' Also an traveragert subject

is calculated, having as points' the mean values

of the group.

Then a serj-es of selection carcls is read' each

requesting a ceríai'.r_ operation to be performed

on selcctccl points jn thc N subject group and

traveragcrr subject' Thcse opcrations can J:e daLa

poin'b chccl<j.ng, calctrlatj'on of given angles or
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dista¡rces or rotation ccntcr"s, etc" À11 this

may be li-stccl anct/or punched.

The mean and standarcl deviation for each

selection operation are listed also ( and rnay

be punched if clesired) .




