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~ ABSTRACT

_Three—dimensional forensic Eacial reconstruction involves
the building up in clay of the soft tissues of the human :
face onto an unidentifiea skull to suggest the identity

of its owner.

Early reSearchéfs'physically punctufed'the facial tissﬁesz
of cadavers at'knoﬁn anthtopolngical laﬁdmarké tb.maasﬁre_
their'depth Later wbrkers-used'radiography, 1traﬂono~-

.graphy and magnetlc resonance imaging for collecting both.

depth and. surface data on the head and face,

. The. aims of this study.had three major thruats'
1. To form a new measuring system using radiography and:
| ultrasound for measurlng the depth of the soft tissues
in the face..Thts was named the Depth System. _
2. %o creata_a geémetric head—centré'supporting a polar
coordinate system thgt can'be used for lddating and
measuring hard and soft tiSéUE PIOfi1ES.Of the;skull
. mad face in.terms of Small-linked 1ine~segments.that
can be transformed énd.manipulated,.This was the
Profile Systcem. | | |
3. To produce soft tissue norms fqr the'living adult male:
Zulu. These wezre a tuble of mean facial SOft'tiSSUe.
.depths and a set ﬁf standard hard and:abft face pro;'"'
files. - | | |
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-The sample con51sted of 55, healthy, live Zulu males aged.
20 to 35. |

'ffqm their-lhterﬁl and obliqﬁe.céphalcmetrio radiogféﬁhé'
tonHiffe:ént'Sets.of daﬁa'ﬁeﬁé”coliected:-é set of soft
‘tissue depth measurements atffixed-ghthﬁmpblogical land-
‘mafks for the.depth system and a set of:Sélected'signif14
cant geometr . polar co-ordinate points located along the_
_ hard and soft tissue prnfiles for the profile system.
'Diagnostln ultrasound was ugsed to augment the data for
the depth system by measuring depths of the. interven:ng

soft tissues between_the_rad;ographic ‘planes.

~ From the aata-é table was compilad of. méan soft Eiésua
_ thicknesses at 57 selected landmarks for the depth system
and a set of standard hard and soft prcflles ‘for the male
Zulu face for the profile- aystem. Methods vere devised to
adapt the standard soft tissue préﬁzﬁe_to an -unidentified
skull and to construct an estimated soft tissue profile

from a table of regression lines.

To test the effectiveness of the profile system, a visual
‘perception test was carried out. This clearly indicated
| that the Profile System'hdd a distinct advantage oVer"the

Depth System.
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- CHAPTER I

SUBJECT AI:!D LITERATURE
A, SUBJECT MATTER

Fssentially Ehis Study is cbncerned-with examininglthe
thickness and the form of the soft tissues of the human
face and how these tlssues are spatially related to the

| underlying skull.

A detalled knowledge of this interactive dependancy is of
value in treatment planning in the fields of orthodontics
and maxilloQEacial prosthetics as well as cranio-facial,
maxillo-facial and plastic surgery. In thesle disciplines
one must be able to predict the effect of tooth and bone
' repositioning, or its removal, upon soft tissues. This is
.pérticularly important when the end result is to be both
functionaliy:and aesthetically avceptable. Also resting
heavily on this knowledge is the practise of forensic
:facial reconstruction. This is the science of reproduéing.
~ che facial features of an indifidual fdﬁ_the'purposes_of

.identificatipn.

Porensic facial reconstruction can be divided_into four -

categories (after Caldwell, 1986): the repositioning'and _

replacement of damaéed'or;distorted'soft tissues onto a -



skuil; the use of'photogfaphic transparencies and draw-
ings iﬁ@ﬁﬁ-identikit—type,syétem; thg'techniQue of super-
imposition; which is tﬁe cbﬁparison'of twO'knoﬁn images;'
aﬁd three dimensional récohstfuction of_a.face over the

skull-by'using.mdﬁelling c1éy;
1. Replacement of tissues

;Readapting damaged cr.distorted tissues back onto a gkull -
can either be carried out on the recently dead by patho-
| iogists and morticians, or on the long dead by skilled
experts. Exémples o¥ the férmer are seén-iﬁ the works 6f
Spitz et al. (1970) and Drake and Lukash (1978). Fleming
gg_gl;_ngzgl £qﬁnd that the identification of a murdéred'_'
 victim was faailitatéd when they fitted artificial eyes
‘and spectacles to the badly distorted fa&e, Work on the
‘long dead i typified by the work of Wilder (1904) and
{Giliman (1934) who rehydrated mummified tissues. @he&e'
forms of seconstruction though of distinct value are only

distantly related to this study.
2. Identikit-type gystems

In identikit-type systems an attempt is made to recreate
the facial likeness of a person, resting entirely on the
verbal descriptions of a'witness. Systems of'this type

have become quite sophisticated and depend on the use of



&raﬁn.or photographic overlays of featufgs or §n=§ketché$_:'
rendered by an artist. Although there have been o&basions
where drawings have been Fitted to unmeﬁtifieé skulls

(Haglund and Reav, 1992) the technique is usually applied
to ide}xtificatioﬁ of the living, as in a search’ fdr an.

aSSaiianﬁ or a missing_persdn{.T

The method depends heaviiy fof its success on'a'nﬁmbér.of”
factors. Firstly the clarity éndfthe.recall of the menfa;
' image %;m%:by the~witne35;_This is:pftgn registeréﬁ_undEr-
-donﬁitiBﬁé_of great 5tfess. It can.also be dulied through
time. Then there is the ability of the &iﬁne:s to-vefba1~
lY'éransfer thié-image to a pqlice artist or technician.
Even if the witness'ié.edﬁdated and perhaps even eru&ite,
words can never be a match for a visﬁal image. The verbal
"descriptidﬁ must ﬁbw be translated by the artist into a
menta1 iﬁage ﬁf his.bwn. If the end reSuit’is a drawing,

~ the final.image_will be directly dependant on the talent

| and skills.of the artist; Shoﬁld the system use photogra-
phic oveilays of features the technician must then éélect
a. series of images that when compbsea will best match his
awn'menﬁal concept of the face. At the end of the session
the witness mﬁst in turn decide if the photographié comp—
osite or drawing.conforms with the origiﬁal inge he had

in mind.



Finally if both are satisfied the picture may bhave to be
'dircuiééed and an appeal made to others to go th:ough the
- same ﬁental and_Qisq}i process of identifying the person
beingiscaéht. Systems of this kind depehd-entifelyipn-the
 translation of subjective impressions into objective con-
“i61u31oh$,_a natbriously-&iffiﬁult;un&ettéking. Except for
- the commcn function of_visua; recall, aﬁ the géft'of the
witness, theve is little relationship between this type

of”reconstrucﬁion-and that.invesﬁigatEd“in_this study.
'~ 3. Superimposition -

Two—diﬁensional-superimgpsition_techniques-are considered
 reconstructions in that they attempt to supply a face for
a found skull 5Y cbmﬁarison and matching of two_alreaﬁy_
existent images, one of the skﬁll aﬁd the other of a face
that iS-thoughtﬂto bglpng-to-ﬁhe.owhef of the skull. Aﬂ_
attempt is'made.to'establish a close enocugh correlation 
between the images to.state with a reasonable degree of
confidence that both belong to the same individual. The
method;isuane of comparison rather tﬂan reconstruction.
Nevertheiess, a‘numbex af the.5ystems f6r measurement and.
quantification are of inteiest, when compared to_thdSe
suggested in thisg thesis._The subject of superimposition

ig therefore included'infthe_reviéw of the_literatﬁré.



4. Facial reconstruction

Three diﬁensiénal or plastic facial reconstructidn:on.the
other.haﬂd is éﬁreﬁfoducfiﬁe'proqess'fﬁat bhil&s up the
appearance of a face frqﬁfthg skull, It is'cqnbernea with
one knbﬁn.factcr-ahd ch¢ ﬁnanwﬁ @ne,:andfcatwpe defined =
as the modelling in clay of the soft tiséueéa;%ithe face .
" and head on an unidentified skull ih an attempt to repro-
' ducé the likeness of its owner. The-method:is dependant
on a knowledge of thefsignificande df cerﬁain'morphologi-
.éal features of the skull, as well as thé use of .tables .
of mean values_of facial sof£ Eissﬁe thidkneéﬂes measuréd"
- at selected énatémical landmazks. Rhine gfgagl.suggests
ti_ta-t the terrﬁ recdnstruétioﬁ shoold be replaced by the
word reproﬁubtipn;3Thefe is vaiidity'ih his argument but
until such time a# this replacemenf gains ground the more
 -£ami1iﬁr-and accéﬁtéd_word reconstrugtion will be retain-

ed throughout this study.

Many.anthropologists have femodelled the faéiai features
'Qnto_the-skullsféf prehistoric'man and famous personages.
_ With4experience:one can aétermine the race group and sex .
of skﬁllS'quite:accuratgly. Estimating age is a little
more'difficﬁlt; Repﬁodubing a face thaE'resembles that of
its previous owner is quité-anbthér matter. Neave (1989%a)
menﬁibns that_in the past-art#sts-have offnedessity been'

"supported and.championed by a senior.member of the medi-



cal proféSSion"f-In the field of faéiai reqbﬁs£ructidn |
_the anthropologist ana the sculétoi have often forméd.a
-partnership where Lhe artlst acted under the 1nstructmons'
c“ the scientlst. Examples of these “paired experta as

ggngrt !1972! calls them are {(name. of artist is secon&)

 ﬂ 5 g nd Seffnﬁr Kollmgnn and Bgchlx. ggmﬁ and McCuel

syOﬂ_anQ ggtligf, Stewar; and Steggat

B. REVIEW OF THE LITERATURE
_ﬁ.' Superim?oéition

}According to ﬁ;.a_atﬂ'_awlm}_: superimpositmn |
;was used as early as_ 867 by Hglcker. Brown (1 983) quotes'
.Eg;g_ahg_gnd nggmotq-(13671 as zdent;fying the owner of
a skull b&_réﬁﬁnstruction and Qupefimpcsitioﬁ as early as
11925, and Pearson {1934} as using superimpdsition during
~ the years 1926 to 1934,

In retrUSpedt, superimposition can be seen to have passed
thfough three phasesf The first made use of fiéwiug boxes
slidé projectors énd overhead projeéto:s. The next phése
introduced video hechndlogy &nd'its power to electronic-
. ally superimpose. The thzrd lncorporated the analytlcal

potentlals of computer graphics



:_Ih all systems of superimposition two imageﬁ are inv¢1ved
in the process. The first is of the unidentified skull,
| ‘The second image, that of" the face, can be. derived from

many sources, the most common being the photographic

_ ortraa.t (Mg&engg at Q - 1983; ___g,"‘g_i:_g. 1983 Mgl_(_ggna.
| - 9§5, Pegce Dglfinfj et al : ]
_ elmer, 1986a, __9_&'?51: Seta and Ygghinot 1988; .____,__
| gBBb; golgnna et ai., 1988a, 1988b). Glaister and Brash_ -

41937) used a handpainted portrait for the source. Radio-
" graphs caﬁ_a;SQ be ﬁSed for the second image (Cai and
Lan, 1988). Zassouni (1959) advocated the storage of
cephalémetric fadiographs of ail military_persqnnel for
purposes of idéhtifying'the ﬁarédead. One unusual source
for a face image:was a death mask or face impression left
- in the clay ina which the deceased had been buried !Iﬁen, '
1987). Pearson and Morant !123.4! used busts, masks _&nd.
painfed portraits for a fa&ial'recohstructicn of Oliver
Cromwell. A three-dimensional faéial reconatructipn was
used foi comparison by-Koe;meger in 1982. A photographic
image'bf a face was'projected onto the skull of éichild
by Malinowski aﬁﬂ Porawsky (1970) and a réalistic &cupo
“ture of Jean Paul Jones made by the'sculptor'Houdin was
‘used by Eckert, in 1882 as the source of the face :mage

for superimposing over the skull image.

As computer technology improved it rapidly took its place

in the field of superimpositian.'Techniques of graphie



1maging employed specialised software Euch as the package

_ 'designed for Shape Analytlc Morphometry !Pescg Delflno et

© al.. 1986a, 19872, 1987b. 1988, 1989; Colonna ef al

1988). Ubelaker .‘D.nne'. 1992 placed tigsue depth'.
dmarkers on the skull Then, ontc a chputer image of the

e-skull, they added thy soft parts of the face harvested
dfrom-an FBI database of hand drawn featufes. Credibilily
of the system was tested by using the method'on.human '
femains in a collection at fhe'Smithsonian'lnstitute

Ubelaker et al;, 1992).

The comﬁlexity of the egvipment setup varies considera-
bly. iten (1987} used S§i;£—plane video superimposition
with two camerazs and a mixer.with three monitors, dﬁe-for
each of the cameras and a third for the reeultmng mixed

image whmch was recorded onto V1deo tape. Doxrion (1983)

- putlined three methods of super1m9051t10n. Two involved
the use of beam.splitteﬁs, front-surfaced mirrors, still
and #ideo_cameras. In the third a life—sized traﬁsparency
was mounted directly in front of the skull and the coﬁhi—
" nation photbgfaphed PeSce.Delfino et al, (1988) and
Helmer and Beutne; (1987@, 1988a, 1989c) used software

controlled v1deo~computer interfacing.

Before comparing any common features in the two images,
~ certain primary geometric demands have to be met. The
images must represent views of the Subject taken from the

same angle. They must have the same magnification, and



should preférably_ha#e.the samé lightiﬁg iﬁ'each-casé;
‘one of.the'fundaméntai difficulties in superimposition is
the-orientatiqn of the skull to match that of the face iﬁ 
the.second image. Some clever sétups have'been suggééted.
Iten (1987} ﬁevlsed a method of determlning the antero-
.posterior tllt of the head by relatlng the subject s eye
level with his external auditory meatus. He ‘decided the .
-turn_of the head by the ratio of*the dlstances between
the centres of eﬁdh'eye and Ehe-midsagittal'plaﬁe;'Thef
photographic distange was caiculated by the amount of
perspective distaﬁtidﬁ, and the:size was decided bw'*hf;f
- zooming ability of thé_vid&o cameré. Chandza §gkhaﬁ§ﬁ
{1973, 1988b) Orieﬁtated.the skull as follows: antero-
:pOSterior.tilt was'dete:mihed by.relating two horizbntél
' lines drawn on the photograph of the side view of the'
féce'(at the.outer caﬁﬁhus of Ehe eye and the external
auditory meatus) to two éarailel wires on . a mechanical
device.held against thé'skull. Thelleft-to~right tilt was
calculated by measuring the aﬁgle'between the'midsagitﬁal
and the vertical plane..In.19§§z Seta and Yoshino mounted
skulls and adjusted their spatial orientationIthraugh-the .

use of a remote contol joy-stick. McKenna (1988) utilised
a specially designea'goniometer to mount skull and camera
in a twin relatibnship for obtaining correctly orientaﬁéd:'
photographs of the skull Brockelbank and Holmgren 119§§!
built a jig based on the Royal Berkshire Hospital halo -

frame for positioning the skull.
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To coriectly matcﬁ skuil eﬁd.face.imaées, Eoth'eheuld be
| the.same'size. Lan en& cai (1988) used.eomputer-technoa
logy to determine the photographlc angle and size of the
head, maat {1983! dzseussed the pos:tloning and magnlfl-
.cation of faces and skulls g;g15;___ggg_§;ggg_1_g§_14_

' rinsloe {1953) and. Janssgns et g (_2 8} ‘used the knOWn
| sizes of various objects in the photograph to scale the.
face. Sognnaes !1980[ and McKenna-et al, {1983} used the_'
 known Sizeeﬁof'anterier teeth in a found skull to decide

the-magnifidefion fact6r for a photogfeph-of'the deeeesed
~showing front teeth. After further study McKenna {-9& !._“

convluded that rhotographic superim9051tlon based on

1andmarks and measurements of the dentition can have a
9031tive value in personal identiflcation. ghee agﬁ Cheng
_(1982! used the knowyn size of 1nterpupzllary dlstances

for scalxng.

In assuring that the iighting in the two images corre-.
spond Seta and Yoshino {(1988) controlled the angle and
" intensity ¢f lighting by the use of 34 fluorescent tubes.

-Importaﬁt_sites for compzrison are the auditory canals,i
eyeseckets, cﬁeek bones, jawbene,.:oct of nose, teeth,
chin, skﬁll eontdur;:"end others" (Iten, 1987). Hglmef
{1987h) cempared head proportidns and lendmarks for eyes,

nasal apertures, mouth and external auditory meatus. An
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intereSting addition was the-estiﬁahion of what the over-

- lying tigsue thicknesses should be, by using the wooden

depth markers employed in three-almensional reconstruc—

© ktion. Chai et a8}, (1989) speolfied 34 landmarks lying on

eight reference 1ines common to the skull and face

 validity of superimposition

..In an attempt te quantify a comparison, Cockg (1970) ﬁSéd“
a simple method of comparing triangulated anthropological
points marked on the face photograph and skull. Brown in
1983, correctly peinﬁs out'that-finding-the points on a :
face photograph can be difficult and this could result in
migidentification. Helmer and Grilner 'i_BTb compared the
distances and axes rather than points of simiiar;ty'and
Helmer et al.'(19§9b 19&991 quantified'the_individuaiity
of human skﬁlls by.usiﬁg craniometric measurements end-
their-probability distribution on 52 European skulls. In
all cases they feel that skulls are comparable in their

individual .ty to fingerprints., Cai and Len (1988) correl-

“ated facial markings'with the underlying skull and ex--
pressed the relationship in.terms of correlation indi-
ces and regressien equations. In a computerised approach

Colonna et al. (1988a}), and Pgsce Delfino (1987 87
1988, 1989) employed Shape Analytxc Morphometry This

provzded coefficients of upper degree equation, their

standacd deviation and standard error and variance and
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cdvarihnda-matrices Accessory rbutiheS-Supﬁlied the
standardisatzon of pogitioning, normalisation and the .
gize of the image to be analysed. N:ckersgg ; {1991)
utilised digital superimpositlon to compute 2 near opti— o
- mal fit between a three-dimensional skull Surface ‘mesh

and a two~d1mensional dlgmtised photograph of the face,

" Commenting on the wak;df the time De Vore (1977} claimed

thét photographic superimposition was of better use- in
_exclusibn rather than iﬁcluSion; On a more promiéing_note
Brown et al. !1381) inform us that the Aﬁét:alian courts
accepted videa-auperimposition as an identifiéation tool.
t i;can (1988a) in his comprehensive summarf'cf the majaf
works on forensic’ anthropology quotes (Krogmgn and i;ggg,
_l as pointing out that a skull—tc—photograph super-
1mposztlon-is an important conparative technique whose
" origins go back to the 1880s when family portraits were
superimposed on skulls. Although electronic video-super-
imposition is the technique of choice, Iscan still claims
it to be at best a supplemental form of i&entificatioﬁ.
Cai_and Lan‘(1388} on the other hand feel that their
qorrelation.indices_and regression equations are an
.attempt at-prcducing superimpositions basedton legally
acceptéd anthfbpology-thus-ihcreasihg their acceptability

in the courts.
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' In a study on 224 subjects Chan ot al, (1989) feel gimi-
larly about théir.workland the acceptance of the court.

1-§9g;mgx§;;l13§gl pro&&ced a video-recording of a.sﬁperA_
imposition that led to it being éecepted'by the court as
.cdrrobbrative.evidence for'esééblishing.idgntity. Iscan
(1Q§Bb1'warns US.thaﬁzthe ﬂiééblve sequénca bétween the |
| skuli image and the facé image must be shown to the court -
in such a wai that the examiners are able to discern the
felatimnships between the two images rather than simply

the one image merging into the other.
2, Facial reconstruction

There have been many_rQSeardhers working in different
fields ﬁho have contributed useful infoxmaﬁian on the
threé—dimensional spﬁt;al_rélﬁtionShip between.the skull
and the soft tissues of the face, Pertinent 1it;e;.?ature on
this extenaive;stbjeot.is therefore reviewed under.the

“following headings:

!

- Anthropological evaluation

Clinical examination and open dissection

t

Puncturing methods of measuressnt

i

Ultrasonic methods of measurement |

Radiographid methods of measutemént

Magnetic resonance imagiag methods of measurement
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a. Anthropological evaluation

The anthropology of the head ana.facé of Man is a vast
'fiela Since this study revolves around the Negroid sub-
| gect only a small part of the related llterature is e~

viewed in this section.

The atudy,nf_the_Americén Negroid skull and face has.
recelved much'attention over the Yeaxg.ﬁg; §k§z~ gggi_ R
Todd_and Tracy, 1930). ‘Cobb (1842} g p thdf: the
American Negroid_is a8 blend of thregh_ﬁacka; the african
Negroid, European White and Amexicar-:naian. He auggested
‘that because of this variability in the combination of
bhysical traits one .gcannot describe a typiﬁal American
Négroid,_and a survey of Central African and Wesi Coast
African pepples was therefdxe indicated as a more sound
'basis for further analysis bf:the rather complex Ameriqan3

- Negroid,

In the Southern African context there have been numercus
studies conducted into the skull characteristics and the
- facial appéarance of the various Negroid groups. Some
workers studied the Negroid race as a'whole_gPearscn.
1926; Gear, 1929; Shaw, 1931; Orford and Wells, 1936;
Dart, 1938; Galloway, . vi1li
1968) whlle others ccnducte& comparatlve studies between
_different Nngroid types lgggggl gt g .t 1243‘ Keen 7*
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ightmirg‘ 1970). Still other researdhehs'investigated

-the anfhrupolagical characterlstlcs of sPeczfic groups of

Negromda (Sh;gbggll, 1828, gag, Braom. 1923; Pearson .and
Davin, 1924; Todd and Trggv._1931: Dart, 1937 gallgwag,

b. Clinical_axamiﬁation and open dissection

' As faf?as surface_méééurements go, Earkas (1981) is known
for his work on external facial dimensions and ﬁrderw

" tions, Pdwell,ang.ﬂumphrexg !1gﬁ4i'fdr their delibera-
 tions on face proporticns, and Patterggn ghg Powell
(1974} for their facial analyses in cosmetic-surge:y‘

Ereihoffer (1980) recorded intercanthal distances 6f 100
patients as varying between 28 mm and 35 mm. This repre-
sents a 12.5 pércent-range'either side of the mean and

emphasises the wide variation in Man's measurements.

*he calliper has long been establishéd as aﬁ.efficient :
tool for measuring skulls (Pgarsgng 1Q§_l.:However the -
someﬁhat crudé_méthod of pinching a fold nf skiﬁ_with
callipera'aﬁd reading.off its thickness falls_short of
the-accuracy'demandéﬁ by facial fedbnstruction (Chumlea_

. Reports on the

preference for using sklnfold callipers as opposed to .

ultrasound, advocated by Borkan e g 1. g 1982), were based



'_ cn the need to measure the émount of subcutaneous fat in

loose skin folds (gggth et al., 19686). Closely adapte&

tissues like muscle cannot be meagured for depth in thms

. way.

Many wor, ars havé~ih§é§tigated the anatomy'and'thickness -
of soft tlSBu&S as seen thzough open dissection. Research
into the support Qf the nose was carrled out by z;;gggﬂ~
- L_ﬁ_gl who dlssected.the nasal cartilages. _ghg;;;_ilglgl"
examinéd the relationship between the external ﬁoSe, bony
nose and the nasal cartilages in Caucasoids and Negroids.
Mahglaﬁcbis {1928), in hig search for standardisation in
_meaSuring the living, quotes Martin (1914) as claiming

- that in the subjects-ﬂartin_investigated, the nasicn'was
situated at same.donsiderabie distance above the most de-
pressed part of the nasal bridge. Montagu (1935) conduc-
ted fﬁrther study into the relationship between the soft
- and hard tissue nasions. Straatsma and Straatsma (1951)
dnvestigated Ehe anatomical relationships between the
1ateral'nasa1 cartilages, nasal bone and_cartilagenous

nasal ééptum. Klaff (1956) dissected_and.describedzthe

'hasic.anatomy'of the nasal septum and Qlanville-(1969)

examined the relatiqnship betWQEn'the.nasal.shape, prog-
nathism and the maxilla in both ‘Negroids and Caucasoids,
- Mooney and Slegel (1986) studied the racial varlation in

the anterior nasal spine. Meng et g;, 11985) and Burke
and Hgghes-iawggp {1989) reported on the growth changes
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in nasal proflle of young girls and buys and ﬂgﬁﬁmgg_gt_
‘al, (1991) recorded new data on the relatzonship between
1nter—alar'w1dths and pyriﬁorm-apexture wldths of adult
-Caﬁcasoid:males..gg;tgg*Ligﬁgl measured the thickness of
thé soft:tissues ovérljinthhe bony éygions of 208 c&da-l
' #ets,'He fohhd that'in 92 péreent of cases the dverlyihg 
soft‘tisSﬁe wag in exéess of that.lafed down in ﬁhe iit?
erature, namely 6mm. It is gatherea that the writer was
referring to tha flndings of Kollmann and Buchly Wweidjs .
" and Hillen-[1986[ and Gionhaku-and,pgwe 519891 examined

' the'relatioﬁship between jaw muscle volume and cranio—.
facial form. Dykes and Marks (1977) measured skin thick-
ness at the histological level and Dumont !1935} examined
mid-facial tissue depths in children. Lebedinskava (1957)
using open dissection described the relationship between
the eyes and their sockets. Whitnallff1g11} first discug-
- Séd the'tubércle on Ehe'malar bone fcr'thé attachment of
the tarsal plates. This was followed up by the work of Di
Die (1942) on the tubercle. Stewart (1983) discussed the
significance of Whitnall's tubercle in relatian to facial
reconstruction and- hgnd;g Sggharan {(1988a) examined 95
Indian skulls, concluding that Whltnall.s tubercle 11es
at 10,55 mm_(with a deviation of .96 mm ) Erom the point
at which the zygomaticu—frontél suture qiosses the later-

al orbital margin. .
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in nasai profiié of young girls andnbpys-an& Hbffman §§ 
al. {1991) iecbrded new data on the ielationship Setween'
' intef—alar widths.énd pyfifbrm aperture widths of adult
_Caucasoid males‘ suttgn {1969) measured the thickness of
" the soft tissuea overlying the bony zygions of 208 cada—
vers. He found that in 92 percent of cases the overlying
' soft tissue was in excess. of that 1ayed down in the lit- -
erature, namely 6mm, It is gathered that the writer was
referring to the findings of Kollmann and thhly. Weiis
and Hillen (1986) and Gionhaku and Lowe §19391 examined
£he relationship between jaw muscle volume and cranio-
- facial form, Dykes and Mgrks {1977) measured skin thick-
ness at the hlstolcglcal leval and umgnt (1 95&! examlned
mid-facial tissue depths in children. Lebedinskayva (19 57)
‘'using open dissection described the relationship between
thﬂ;eyes and their sockets. Whitnall (1911) first_diécus—

'sed the tuberdle on the malar bone for the attachmaht of

the tarsal plates. This was followed up by the work of pi

Die (1942) on the tubercle. Stewart (1983) discussed the
signifidance of_Whitnall's'tubercle in relatian to facial
reconstruction and Chandra Sekharan (1988a) examined 95.
- Indian skulis,-conCIuding that Whitnall's.tubercle lies
~at 10.58 mm (with a deviation of .96 mm) fxom the point

at which_the zfgomatico—frontal suture crosses the 1a£er-

 al orbital margin.
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‘¢. Puncturing methods of measurement

Certain woikers-used'a variety of piercing instfumenfs.
to physically penetrate and vecord the thickness of soft

tissues at gelected sites on the face.

.ﬂelckgf'§1§§zF_1881, 1883) is generally accepted as”béing
the first to register soft tissue depth measurements in
this way. He used the thin blade of a dohble—edgéd'knife
to pénetrate the tissue, On encountering bone, the tissue
- depth was indicated on the biade (prdbably-by uging the
thumbnail) and recorded. Thig routine was performed at
seven anthropologically éignificant landﬁarks and a table
of a?erage soft_tissﬁe depths was compiled:from a sample
of 13_Caucasoid;cadﬁveps; From these measurements Welcker
51883;71ﬁ§8} modelled the faces of Schiller and Kant ovei
their skulls; His (1895) working with Seffner, an artisﬁ,
rebuilt the facial features af'Johann Seﬁastian Bach. He
~ acquired hisz data on depth-measuremenﬁs by using a thin
~ sewing needle fixea_ihto.a handle as a depth gauge. Much
 like present day réamers used in endodcnﬁic tre&tﬁent,_
the shaft was fittéd with a rubber stopper. As the oiled
needle:was insefted_into the tissues the stopper was dis-
placed up the shaft and away from the tip by-an_ahount
equal to theftissue'depth'ét that point. The 24 cadavers
'used:fpr these measurements'wexe Caucasoid males and

females, aged 17 to 72 years. .
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oliman {18 231 worked with the sdulﬁébr Bﬁchly -Théy
also elected to use a needle for measurzng tissue depfh _
but omitted the rubber disk Instead the needle shaft _
was blackened in a candle £lame before belng 1nserted |
.into the txssues. The amount of carbun_rubbed_off the ”
needle by the moist tiséues gave an indicatioh of the._
depth of penetration. Although tha'mosﬁ useful reference
.paints for measurements ﬁere originally establisheﬁ'bf
welcker (1883) and His {1895) it is the standards based
on the work by Kollman and Biichly {1898) that are today

st111 80 . well known tn reconstructionlsts.

Addiﬁiﬁnal small batches of measurements of soft tissues |
_were.recordea by B irkrer'(]agﬁi-on 6 behéaded.chinese”

-crlminals, Fischer (190b) on two Papuans and lgg_gggg;;gg'
{1909} on 2 Hereros. Harslgm—Rl emschneider (1922) added

further data for another 14 Papuans and Melanesians, and
Zeidler_QJQZLL foﬁ.B African Negroids. In a rather mixed
collection of data, Stadtmiiller (1925) supplied measure-
ments_qn.z Neﬁ Hollan&ers;_1 Javanese, 13 Melanesians,

- and 2 Camaroons.

Not contributing to facial tissue measurements but never-
theless offering helpful advice and suggestions for the

modelling process of reconstruction were a number of

‘workers, two of whom were Holl (1898) and Wilder (1912).
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.In 1914'21rghgg (1914) reconstructed one side_bfvthé face
~only in order ko check ch thé:thiékness of the modelled
side. Gerasimow:41971i offered-usefu; information on how
to ascértain from'dlose examination of the skull surface
just where and by hbw much to build up the facial_sbft .
tissues, His methods rely heavilf onlpersona1 experience.

and artistic ability.

Workexrs in the field of facial reconstruction gradually
.be&ame aware that it.was_necessary to.mount specialiged
studies into récording the fadial soft tissue depths aﬁd
facial form of.the three major groups of:Mang Mongoloid,

Caucascid and Negroid.

In 1948,_Suzuki_collected data on the thickness of the
soft parts of the dapanese~face, recorded on 55.cadavers
19 male and 7 female). Ages and states:ofzhgalth.at'the.
time of death were varied. Measuremehta of tissue thick—- 
nésses were takén at the same:places as.fhose'used_by
previous workers with a extra sites ad&b?' ﬂﬁndmarké at
the'triehion, pteryion and the superio#;L w"Jra1 line -

wereé new. These sites are normally covered by hair.

Rhine and ggmgbgl; {1980) measured facial soft tissue
depths for 59 American Black male and female cadavers
ranging widely in weight and of varying ages in.orGEr to

- Vsample from. the broadest_ﬁossible range". Like'SuzuEi
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they meagured ﬁoints in the cheek area.in an attempt to

" gain information in that somewhat unpredictable "terra
incqgﬂiﬁa"-&S-the authors so appropriately descrihe it.
In addition, they watched for changes in the different
age groups and 5y recd:ding bilate:al'sets of points they o
'hoﬁed'to'ascertain.whether or not any asymmetry éxﬁgted.
‘Results showed greater tissue thickness in théir'sagple

| than was obsexrved in ﬁhitéa; In addition é symmetryﬁhias-
Was-indicéted-in favour of thicker séft tiSsueS on the

right side of the face.

Using the same landmarks as they applied to the Negroid

 face, Rhine and Moore (1982) updated the méasurements on
Caucasoids. They collected data on 73_American'White male
and female cadavers of widely different ages ranging £rom
emaciated tﬁ_obese. Although not tightly controlled the..
study and ﬁeasurementSHWere welcoméd, aé-pfevinus figures
-oﬁ Whité faces dated back to Kollman and Biichly's work in
1898, Robetti et al. (1982) added to this information on
tissue depths measurements, at 12 points on the £acés of

200 Caucasoid cadavers, aged from 11 to "over 55 yéars".

On the question of what measurements to use when dealing

~ with subjects of mixed population groups, Aulsebroock an
¥an Rensburg (1988) suggested an approach to the remodel-

1iﬁg of what théy'called.composite faces. These are cases

where the features of the skull are a progeny of two (and
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éerhaps msre)zdifferen#_Pépulation'groups. Iﬁ the case’
"stu&ied,'the_cémposite faée'ﬁhs a mixture. of Negroid and
Caucasoid features. Questions arose as~t§ which of the

' sets of mean tissue depths shbﬁid be uséd, CauCasoid or
:Negroid, and whether or not the two sets should be comb—
ined. and recalculated to form a new set of 1ntermediate
mean values for Coloured persons. Instead it was. decided
that the two sets of figqures should be used sepaxately in
Lhuse areas where they wers con31dered most apprnprxate.
Firstly an"anthropometric'gvaluatioﬁ of the skull was
carried out to détérmine.ﬁhe.racial tendency of any one
areaian_the.skﬁll. Theﬁ_the appfopriate set of soft tis-
éue depth values.was Selécted for restoring_that parti-

cular area.
d. Ultrasonic methods of measurement

Yiegnostic ultrasound was first introduced into the world .
of medicine in the 1950's. Its initial use in biology was

for measuring fat in livestock (Whittingham (1962),

The 1ongitudinal waves of pltrasound are different from

other electronmagnetic-waves in_that phey require a solid

or a liguid mediur for their fransmission (Gianggr;o,.-
974; Jones and Frogt‘ 19541. Zhls makes them sultable _

-for 1nvestigat1ng the amount and type of soft tissue

{(Booth et al.. 1965; Haymes et al., 1976: Rukavina and
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Mohgg,~1g?9;.Lieb rman, 1979; Baker and Krau e, 1981;

' -Erom a_literature.seafch_iﬁ aﬁﬁeafa thaﬁ Lébgdihékgga et
al. (1979} first utilised.ultraéound fox measurihg soft
_ tiésue depths of the.face fbr the purposes cf_facial
recoﬁstructibn, Hodson'ét_gl. {1985) measured depths at
20 standard anthfépometric gites on 50 healthy Ameridan'.
| White children, aged 4 to 15 and grouped according to sex
and age. Hell (1989) utilised ultrésound for obtaining
toﬁographic slices of information of facial sdft tissues

prior to surgery.
¢. Radiographic methods of measurement
Two dimehsional cephalometric_radibgraphy studies

The radiographic cephalumeter was introduced;to dentistry
.by Broadbent (1931). Orthodontists soon began using it
for the study of aberrant dentofacmal patterns. A com-
prehenquE review by Moss gjg 2) of 20 years of cranial
'analysis between 1950 and 1880 covers a time during which
cephalometric radiography played a major role in ortho-

‘dontiecs.

| Relating to 6rthodontics,_n wng (1956), Subtelny (1859
- Bassouni (1955, 1969 ), Buxstone (1959), Rickels (1968),
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the prolific writers who -have ¢ommented on the-effecﬁs of
.bone anﬁ'tdoth repositioning on the soft tissue of lips,
chin and the nose. ‘Much attentlon has bes n:given_to'the_

-stady of the nose 1? ' . '
_2&2_1. Contrihutians like those of M hj 286. g__l

gnd George (1987), are examples of the constant-search

for a formula for reconstructing the nose. Chaconas |
;igﬁgl_conﬁucted a radiographic study into the ralation-
ship betweeh the growth of the nose-énd thé positioning-.
of ﬁaxilla and mandible and Qii; et al. (1988) examined
the racial identity of the mid-facial skeleton in both
American Indians and Whites. There is little doubt that
cranio-facial and plastic reconstructions in cosmetic
surgery have benefitted much from improved ?adiégraphic
planning (Broadbent, 1957;: Sgttgnsgiél,.JgﬁiL. In gues-
tioning ndrmal aesthetic values and ethnic-ncrms ggg;g;_

_ jlggll,pcinted out that the computerised analyses of
Bidrk {1947 .téiner 19 _and Ricketts (1960) show.
considerable individual differences, depending on the
derivation of the original_patients. Sagsouni (1969) in
trying to avoid normal values, simplisﬁically'classified
faces into feur.typesi two with vertical'dispréportions
and two with anteronosterior disproportions. The amount
of woxrk done on the physical relationship. of the skull to
the facial tissues in the field of orthodontics is udn—
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.siderable. Since this typelef_reSeereh'ie fundamentally
geare&'to orthadontic.anaiyses and tooth reposifionihg in
'the young patient it is not pursued any further in this
review except perhaps to refer the reader to the work of

Peck et al. (1992).

Gradually more extensive yet concentrated studies were
carried out on the facial hard and soft tlssueﬁ of the
major race groups, as well as certain nationallvees

Eggel and Speltgr-(1981) suggested-cephalometrxc and -

vizual worms for a Japanese population,. Park 1
.{1982) examined the ceghalograme of Korean adults and
Cooke and Wei (19889) layed down cephalometric standards

for Souvthern Chinese and British Caucasoids.

._ cespite.theiccmments of gobh g194g)'on.genetic'cemﬁlexity'
Q;gmmend_[19691 set out means and normg for the American
Negroid based on his cephalometric analyses. He compared
themeto:establiehed-equivalents for Americah:Caucasoids
and noted that in the Negroids-there is a distinct-bimak—
illary dental protrusion, a bony maxxllary protrueion, a
large etrong tongue and locse flaccid lips. Many womkers _
have noted_the racial-characteristice of the Ame;;can
Negroid faeaL-AltEMue_112§§l duplicaﬁed BﬁrStone's'study
gggggtgne‘.19581fand~ar:ived at.a'conclusiph that Blacks
had larger mean values than the other face groups-in all

areas except for glaheila, menton, and'inciéien..Stomion
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and subnasala-were thinner and the soft tissue chin ex- -
tensions were similar to Caucasoid values. Fonsera ﬂgd
Klg;ng;n_1978 and ghomas in 1978, conducted cephalometric
evaluations of the hard aﬁd soft facial profiles of the
'American Blagk woman where_as Conner ag&'-Mgg"hiri (1985}
layed doﬁn.oéﬁhagnathic.suxgical normé for Ameridan_siack 

patients.

_1_chggggg_1197§) emplcyed cEphalometric radiographa in &
stﬂdy of the cranio-facial skeletal pattarn-of the South
" African Negroid. He compared the prognathism and ramus

height of 55 Negroid and 55 Caucasoid SubJPCCS

More.within.the £ield of reconstruction Caldwell (1986)
rafers to fhe Masters Thesis of a'researcher:aléo'hamed
'leQWell 119§1)-wherein the latter discusses the featurés
of the whole face as they relate to the skull; and Macho
-!12§§; 1939) posed some helpEul guides for reconstructing :
the nose. ergginskazg et al, (1988) examined 3000 sub-
jects representihg-12-e£hnic groups in the Soviet Union.
They found that a number of stable correlations existed

between certain facial features and the underlying skull.

TWO radiographic contributions to facial reconstruction

are worthy of detailed-descriptioﬁ. Walker and Xowalski

© {1971) and again Wall: - (1972, 1976) described the use of

the lateral cephalometric radiograph to produce 'ccn_'ri]piui:ez:-«~
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_generated hard and soft tissue profile, The outlines nf
1nﬂlv1dual bones of the skull were tracad from the radiow

graph. Each bone or element was allocated a flxedﬁnumber_

.- of points along its outline;'The_pdihtS'were mapped in a

glockwise dixectiOQ'and always in the same Sequencé; They
_were.ef two types: conventional anthropdmetria landmarks
and selected points lying'ﬁidway between. The.latter'wére :
L calculaﬁed by-dividing-the'outline~between the iandmaxks
into two, four ox even éight sections depending on the
distance between the léndmarkg. For each skull 177.pdints
: were'recorded. These wefe-digitised into the computer and
- converted to x and y Cartesian coordinates. The tracings
of successive head £ilms wére_then'superimposed over each
 other and centred on'the'sella tﬁrcica. They were orient-
ed to match a line from the base of the 0qdi§ital bone to
the centre of the palate; Information on lines, planes,
_projections and angles was arrived at through coordinate
"geometry and the daha were statistically analysed where
needed. Hundreds of people ranging from ‘childhood to old
~ age have been measured in this way. This provides a:data |
bank for future study.bf soft tissue depths and average
Faces for thé various ages and raéefgroﬁPS'are available.
‘Statistical and predictive methods have been developed to
£ind "the most prabable“ profx;e for a skull. It is quite.
evident bhat the work of Walker provides us with valuable
information on hard and soft tissue outlines. However,f

the points that are ﬁsed.fo: creating the profile are not
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pbaitioned in a way, that-facilitates the undérsténding of
Andividoual faatures and the manipulation of thezr smaller

| shapes

ggnfge iﬁ 1987, used_lateraiicephaldmetric_r&diogr&phy@to '
measure the facial profiles bf.54'AmeriCan Caucasoid men
~ and ﬁdmén”ranging.ih_age f?oﬁ:14-td.36.years} He traced
théir_harﬁ and soft profiléS'onto a sheet of graph paper
and mEasureé the distances betwéen Ehe Btandard anthropd;
'iogical ¢rania1 landmafks.and the equivalent soft tissue
points. Sets of mean values for the distances. were-drawn
up fd#-males and”femalés.'Cephalnmetric.analyses.were
then-éarxied'qut to determine the facial proportions and
skull type. A set of mean soft tissue depths was fitted
 £o the hard.tiasue outline of the new skull and ail the
'pqints connected by lines. The stepped angular outline
thus produced was given a curvature by freehand dfawing,_
which Geofge terms "humanising”, This intervention, plué
. the need to-“hatmdnise" the'ﬁkull by adjustirg the shape
'of'the lines in accordance with age, race and séx expect~
ancies permits. artistic liaence to. 1nf1uence the result

' of ihe technique. However, a geometric method is offered '
for the-planning the nose, lips and chin. George feals .
'_sure'that the lateral craniographic method provides an
effective reséaxch tool for collecting data on tissue
‘depths. e aﬁtends-to tissﬁe'depths and shapes.as locél_

happenings only. As with the work of Ghafari (1987
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Moorrszes meshes, George had no need for @ centre from

‘which measurements can be registered.

Since the same éfinciples'appiy to.measuring cabrdinates
in'the tLree diméﬁsibﬁal.wbxid;as apply to.those in the
£lak or twa_dimehéion&l*:adiggraph (except for tﬁe édded”
# 66oidinate) only a brief survey of the literature will

be éreseﬁtad under the nexﬁ*thrée headingsf
Pseﬁdbethree~dimensional radiography studies.'

Thrée”dimensiona; coordinates can be derived from two-
dimensional_raaibgraphs-of the head and face !Bagmrind' _
and Millert.19803 Baumrind et al.; 1983). in'coﬁparison
with computed tomography, the method is simpler and iné'

-volVés low radiation.aoses. Brown and abbot (1989} use
radiographic¢ eguations based on geometry of a biplanar
systéﬁ;to predict the location of a?reference_pointuon
one'film.ffom its location on the other. Three-dimengion-
.al.cbordinates cf the reference points are calculated and
sto:e§ for subseguent retrieval when théy can be uéed'for'
metrié'anaIYSis or for thé display of simple_wire—frame
modelé of the ékull. gfazsdn et ai. (19881 a;so employed
:existing céphalostat%based data.sets to derive tertain

analyses of three-dimensional form..
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mrgdmé et al, (1990) feel the bipianar ¢ephalométric_.
stereoradiograph?-fECSRJ.technique praveﬁ:to be. aﬁ |
.accurate method for measurements in three almen51ans‘
'-Supportmng this confidence and working with Q;gzgg__g,_
~al. (1 sga) and Cutiing: et al. (WQBG), ggksteig et al,
- {1991) also conclude that the three-dimenslonalgcephalo—”
_:graﬁ, or.biplane reconstruction asg theg.gal;:it, is | -
 sufficiently accurate for routine clinical and surgidal”
applivation. The thre'eadimensidnal method supports all
: the'uaua;.Biometriﬁs of 1andmark 1ocatiqns and takes |
advanﬁage of a normative &éta base that is suitable for
semiéautomatic analysis of syndroﬁid data. Howe&er, as
with the method described by Chevrerud (1983) using |
finite element scaling, Ehe.main drawback of all these
systems ié'their inahility.ta represent'curvedJSurfaces
in three diménsions. Attempts to improve on the above
methods have been made by the added use of Ste:eophoto—
_ grammetry jBurke.__ﬂg*l Moire fringes {Kanazaga and -
amiishi. 1978}, the combined use of models, photographa'
and radiographs {anibqnda; 1983) and the use of hundreds
of grid points projected onto the face by Motoyoshi et
al. (1992). |

_ Thraeedimensipnal radiégrapﬁy studies

4 change in concept occured when measurements in three

dimensions were introduced into head and face reconstruc-
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' tion {Marsh and. Vannier, 1983; zgnnigr gt al,, 19841.
Cutting et a1, {19861 and ﬂ gg.gg 1, (1988) used compu—'
ter. images for their surgical plannxng

.Argidge”etfal, §39§5['créatéa'their'thrée—diménsianal
reconstructlons by uslng a fanned laser beam and a- uele-
 vision camera for data acquisltlon. The outlines of the _
.sadial.and_skeletal surfaces were stored as spatial co- |
bfdinates an” were placed in :fgistration with each othex
‘to produce a rdtétahle and.dissectah;ethree-aimensionali

simulation of the head.

Moaddab et _al. (1285! produced three-dimensional shaded
images of ke temporo»méndibular joints from the sagittal
CT scans of five cadaver heads and ﬁg;xg;_g;_gl*_ng_gl
reconstriucted faces fnr pediatric patients §___g§§§;hg;g_
(19831 used computer simulated three—dimensional images
- for cutaﬁays-and for the isolation and movement of three-
dimensional objects iﬁ the pianning and désign_cf surgi-
dal pro_sthESeS._ Addiﬁ_icmé.l benefits are reduced storage
fequirements, the rapid display of simple surfaces and a |
far more realiétic_appearance of the smooth refleative.
Surféces. Matteson (1989) compared measurements taken
from a real skull with thoss taken on & comptter simula-
‘ted three—dimensianul'image“and measurements-of a thfeé—
planar yadiographic reconstructlon of the same skull and

| faund tha measurements taken from CT to be the bettex of
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the two radicgraphic methods. Accuracy of m&aaureﬁents
will 1mprove as radiographzc enhancement gains grcund :
' ' nkm 1988) and data

- #edundancy reducticﬁ will allow more égonamic~storage'of
data ggargh et al., 1986). More recently the process has'
bean_ﬁaken-a-Step further when computer~generated three~
.'diﬁensianai_images ﬁere ﬁranslated into three%&imenéional

forms (CAD/CAM), some examples of which are noted in the :

' .Writings of Haske11 et al. {1986), Lampbrecht and Brig;
 (1988) and Guyuron et al. (1989).

£. Magnetic resonance imaging methods of measurement

The work.dbne on MRI in collecting data on the head and
faée is already voluminous. Since the aame_princip1es of
' measurément in three dimeﬂSions apply to CT-gathered data
and MRI images, the 1iteraturg.cn MRI is not reviewed in
this.thesis'exdépt perhaﬁs to ﬁention that Lam et al.
{1989} Ffound the orofaciél soft tissues of 26 subjects
scanned with MRI to be clearly imaged. They saw _&iStir_ict- |
_disadvantages-in.long BXposure tiﬁesi.the danger of metal
objedts and the presence of pulse-makers. In addition the
internai bone detail was lost. Fortunately this latter
'prbblem does not matter in facial reconstructioﬁ as only.
the outer table of the bone needs to be clearly visible.

As an example of the use of MRI in measuring facial soft

tissue the reader is referred to Helmer et sl. (1986b).
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Validity of facial reconstruction

'Even if the only contribution of - some was critlclsm, at

least the spatiight was brought to bear on a subjeet that

was controversial at the tlmef g;ekanqwsg* (1907) and von _
"gggelihg (19091.wgré good sources of comﬁent.durmng their
 time. There will always be.sceptiés like §gg“jjjggiLJggQ_ .
'rgeé jigﬁgl who-Were not convinced that the técﬁniqué of
Eacial reconstruction was reliable enough for the serious

subject of establlsh$ng 1den+ity. Montaqu (19471 in his

comments on the work of that period went so0 far as to say
that since the character of hair, eyes, nose, ears, eye—

béows-and_skin creases were impossible to reconstruct, it
was desirable that facial reconstruction be “dropped" as.
it could do "réal-harm“..niedgl:!19572-wa§_of:the opinion

that thé.skeletaliand soft tissue profiles weré'cldsely

related. Burstone (1958) on the contrary was concerned
that because there is such variation in the soft tissues
covering the skeletal face, this felationship could not
exlst As knowledge and ab;lity improved, those with far- .
81ghtedness like Krogman {186 ), §§~m§rt (1939)._R§thh3£

- {1984} hegan to discover merit in the subject. Charney
and Wilber (1980) at least grant reconstruction a modicum

"of value when they claim it as "a. 1ast ditch attempt. .

when all else has falled“
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Uatil recent1Y £he.efforts of forensic Ffacial recanstruc%'
tion had never been subjected to any form of testing or
evaluation. The first attempt at anything like a scienti-

fic testing was by Snow et al. (1970). The results they

_ obtained were heartening enough to rekindle interest in

- approving the value of facial reconstruction.

| In 19B§, Aulgebrook sand van Rensburg condudted_an=épprai~ _

sal and comparison of two different facial recqnstrﬁctidn
- technidues. The. face of a cadaver was photographed énd;
the facial soft kiggues were removed from the skull hy an
assistant, Ak no stage durlng the remodelling process was
the reconstructionist. (Aulsebrook) allowed to see the
face or the photographs ‘Tywo dlfferent methods of facial

recontruction were usged. In the first (a morphometrlc

method) the tissue depth tables of R hing and Moore (1982)

wera consulted as sole guide to the remodelllng process.
:En the second_(a morphoscopic method) a sense of the
sculptor's_talént was encouraged, fqliowing the style of

- Gerasimow (1971). Here the only clues to the amcunt of
tissﬁe to rep1ace were the bony morphoscopic characteris-
‘tics on the éurface of the skull. The resulting facial
‘reconstructions were photographed. Thef were then masked
in such a way as tb reveal sither forehead, ﬁcsé,'lips or
' chin and reuphntOgraghed. In judging the photographs it
became possible to say'which'of-the two methods ﬁas more

' successful at gaining a likeness of individnal parts of
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the faCe;'Thefphctograﬁhs3df the CQﬁpletely,reveaiedfahd:
o partially feveaied_faées ﬁere-evaluated'by-zs artiSts-and}
" 25 engineers. Their task wag to ﬁeterminaawhiéhqﬁf'fhé .
- two reconstructions more closely resembled thﬁ face af
- the cadaver. The results indicated Geraslmow s techn;que -

to be the more effactive.

'g 1986'ﬁe§ve.cohductedfa test to compare the resu1ts of
the independant werk of 2 reconstructionists in modelling
thedr versions of a face over duplicate casts of the same
'skull.-?hotagraphs of the reconstructions and the deceaSa
ed were given to a paiiée-&rtist.for.comparison and scor-
“ing ugingiihe'Identikiﬁ sfstem. In gcommenting on anohher
successful case Neave (1988}.states that the success of a
facial reconstruction depends as much on the circumstan—l
ces of the.investigation_as on the accuracy of the tech-

nique.

Hg;meg'et.al,!jggsb* 1989a, 1988b) conducted a-douhle-
blind triai'in-whiﬁh two examiners reconstructed the soft
‘tigsue on Casts of_12 skulls. They worked independently
of éach ctherfafter.héving been given information on the
age, Sex aﬁa constituﬁion.of the pexson in gquestion.

Results indicated varying degrees of Similarity ranging .
from:"approﬁiﬁaﬁe' to “far—reaching“ with one exception,

that of & “little similarlty“
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Rhine (1984) reviewed the status of faciai reprodﬁcﬁidn |
in the eyes of the dOuxt. Eg;1igg;1132g1 has little doubt
that Scientific.teétimuny will_impxess a jury..Howevef;" .
‘when all is said ahd doﬁe the fﬁnétion of farensid facial
reconstruction in the process cf human idéntiﬁicaﬁian is
a distinctly adjunctive one. Just as with identikit-type
systems and superimposition techniguesg it acts only in
support of other mqré quantitative ﬁathoda of identifica—
 tiom likg”dental.bharting, compariéan of sinus tracings
_ and:palatal rugae., gg;;gﬁgy-gtf§;‘.119901 explain that
although the forensic anthropologist is an expert witness
‘the technigues he uses are governed by rﬁles establighed
" by the legal sysiem rather than.thasé 6nmmonly accepted
by the scientific and.academic communities. The forensic
anthropologist needs to move between these two spheres.
If carried ouk by an expert, facial reconstruction can
 gertainly assist in confirming  the identitj-of aﬂ indi~'
vidual or even in excluding a suspect. At the very least
it can help in narrowzng down the number of llkely can-

dmdates in’ a list of missing persons

***w***%****
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' CHAPTER IT
AIMS AND OBJECTIVES

It can now be appreciated thaé theréjére'tﬁo fundamental
approaches to measuring Ehe amount and f£orm bf the soft
tissﬁes of ﬁhe_face;.The first is concerned with record-
ing the single sdft tissue depth measurements at isolated
sites on the face. This wiil be refered to as-the ”depth_
system". The.second is canaerned wiﬁh recording the con-
tinuous outlinES_of_hony ané.soft_tissua profiles. This.
will called the "grofile system'. Four other. terms should
also be defined. The hard ahd.soft-tissue'outlines.seen
on the cephalograms are the "hard.profiie“-and £he "soft
profile" respectively. Clearly defined_anatomical_regions
Like the ear, chin, nose, forehead and cheek are recogni-
sed as “features", whilst a "sub~feature“ is:a smaller
‘part of a feature such ss an ala, nose tip, glabella of

the bulge of a commissure (Figure 1).

This study has three primary aims and a number of object-

ives.

A. AIMS

In short, thasé.aref

-_'tq create a new deﬁth systém
‘= to create a new profile system

- to establish facial tissue norms =
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SOFT PROFLLE -

L SUBFEATURE
{Nose-tip)

. FEATURE
{Lips)

HARD PROFILE

FIGURE 1 - Features and sub-features of the hard and
. soft profiles. : _ : : :

The face in profile can be-horizont&lly divided into four
distinct modules, each one representing a feature. Each
feature in turn, is comprised of three sub-features.
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1. A new depth system

It was decided to use the proven modalities of diagnostic
ultrasound and-ceﬁhalométric radiogfaphy,'coupled into a
dual’ measurement system, for determinlng the thlckness of

facial soft tissues.

_Many of the landmarks used in the new depth system ware
the same as those layed dﬁwn by prevmous WOTkBrB; thus
ensuring aomparabillty_of data, En.addition, a number_of

extra landmarks were planned to éxpand'the'coilebtion.”In

' the main the ultrasonic landmarks were selected to lie at

similar horizontal levels to the 1andmarks on the 1atera1_
| and ohlique radjographs. Whether measured d;rectly on the
face during the ultrasonic measurement_phase or taken_off'
:adiographs, the landmarks wera-chdaanzﬁé bg_atmthe tops
_ of_feéture bulges and in the depths of &eﬁregsions and
:grooﬁés (Figure 2). This sets the maximuﬁ:and.thé minimum
_extrémes.of tissue thickness for thaﬁ'lodﬁlity, There was
also a need_for.infqrmatioh on the size and shape of the

more complexly sculptured features such as llps and nose.

a. The use of diagnostic ultrasound

Sound waves outside the range of human hearing (20 Hz to

20,000 Hz) are classed as ultrasound. Medical ultrasound
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FIGURE 2 - Surface contourq that detexmine landmark
'selgctlcn.

Certain anatomic bulges and grooves are common to all
faces. In front view the features of the face can be
clearly demarcated: (1) Forehead (2) Nose (3) Lips
(4) Chin (5) Eyes (5} Cheek (upper hard cheek, a 4
lower soft cheek) (7) Temple (8) Jaw (9) Ear.
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‘ranges from 1000 Hz to 10,000 Hz. The_operaﬁiona1 mbdes'-
:_ of ultrasound used in ultrasonography aré A-mbde,_vaaae,"
M«mode, Real time, and Doppler-mode ell (19891 using'.'
' B-mode ultrasonlcs for examining. soft tlssuesiundergolng

'-maxlllofac1al surgery, emphas:sed that althau&h B-mnde :

scanning produces goud tomographic 1nfoﬂmation ﬁt does S0  "

at the gost of detailed information produced hy A»moﬂe
'pxobing. This study makes use of the pulse-echo system of

A-mﬂde
1. Accuracy’ of ultrasound

- stguffgr;;igséz_found that ulftrasound was comparable in
accuracy to radlographic methods.and-that-other mechani- -
cal.methcds Like the ruler-probe weﬁe.not.as.acQurate as
rad:mgraphy and ultrasound. Al xander ~Millér

used an unfocussed transducer in a waterbath placed unﬂer
" vacuum to establish close contact with the skin of the
forearm and then employed A-mods ultrasound with optimal
refléctions_for.ﬁeasuring_the thickhesﬁ'ofwthe-ékin;'The..
data were'compare&_for adcuracy-agéinst_equivalent data
taken ffdm radiographic measurement of thé same gites. A
correlation. coefficient of r=0.39 was obtained. Alexander
and_millér concluded that ultrasonic methods of measure-

mend campared favourably with radiographic @methods.
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ii.'Bielogicaleeffect&-of ultrasound

ﬁigh_ﬁeseslnf.ultxaeoéhd cen cause a_lodaljelevetien-of:
temperature due to moleculaf_egitatiOn,-cavitation iﬁ the
_forma&ionﬁef_tiny gas bubbles and free radicles, aseweill
_as*vieeous stresses within the tissues due to the inter-
action between the different vigecogities of the adjacent
tissues. The effects on the t ;@8 are local changes in
macromolecules and the d;sxuption=°f membranes and eells.
None-of_these effects haﬁe_been noted.when using diagﬂos—.
‘tic levels of ultrasound that fall within the intensity
range of 1 to 10 mwfem“-(nggheng, 1385)..The effect of
cavitation only oecurs with.a 2. . times greater dosage
level than that employed.zn me .1 applmcatlons. In 1977
Communications ot thg American Ingtztgte of Ultrasgund in
Medicine xssued a statement regarding mammalian in vivo f
ultrespnie effects: No demonstrably significant biologiw
eaieeffects:had keen hqted'in mammalian tissues that had
been exposed to ihtensities belew-100.mﬂ/em*.'ﬁest diag-
_npstic~instrements operate at a safe level of less than

84) feel -

15 perceht of this figure. : gt |
that diagnostic ultrasound hasethe advantage of being
non~invagive withoﬁt_any known deleterious biological
effects. The vee of the word now-invasive invites.comé'
ment..U;ﬁfaseund does in fact invade the tissues in the
‘true sense of the word. More correetLy ultrasound should

be claimed as being “iaw;riSR“'iHodsbn:et al., 198%).
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* b. The usa-of‘cephalometric'radiography o

Not as low-risk as ultrasound, cephalometric iadiography
is nevertheless an accepted modality for the measurement
and apalysis of linear dimensiqns_ahd-angleé ih:the-head

and face.
i. Accuracy of radiography

According'ﬁo Preston (1986), enlargement factors become
important when the alteration in linear dimension is
'Significaﬁt'enbugh to affect the closenéss of accuracy

required for the study.

The accuracy of cephalometrid fadiogréphy iz related to.V
collimation, focus-subject-film distances, contrast and
resclution. One constant factor that affects the trueness
of the result is image magnification,-Qhurow_ngzll\indiw
'cated that in.radiography;the'image sizé;is always larger
than the objec£ size. This is due to an inherent property
of rqeptgeh iays to radiaté outwards from the anode. The
| réys are névar'parallel. Diverging from their source they
'magnify the image of the object through ﬁhich they pass.
The radiqgraphic image must therefbra.be_corredted Fox

magnification,
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ii. Biologlcal effects of'radiography_'
The biologlcal effects of x—rays are reduced by the use

--of reliable and frequently tested equipment, narrowed

- collimation, a long cone, effective paLient shieldlng, a

high kVp and fast thh*Yleld £ilms Taylor et al
In a study on the use of rareuearth screens _zggg;;_g;_
al. (1988) concluded that the substantial reductlon'ln :
expcnure-asSociated with_these teghniques warrants the
use of rare-earth sdreens, beam-filters, flat-grain

technology £ilm, and soft tissue enhancement methods.
2. A new profile system

: In.the depth systems previousiy mentioned, the landmarké
for measuféménts were tp6 few in number and were located
over established and familiar anthropological landmarks
that were not at all desériptors of shape. ﬂéasurem@nts
were isolated and répreSénted iocal'information onlf. The
-amount'and'Shape of soft tissues between iandmarkS'were
ﬁnknown; To a dégree; reconstructionists were guided by
familiariﬁy with the anatomy of the area and by closely
folloﬁing the contour of.the vigible boﬁe. Nevertheless
a problem could arise if a presumption was made that the
~ soft tissue between one depth marker and the next was
evenly graded in thickness (Figure 3). In certain areas

1ike the Fforehead and scalp this may well be so. Howevér,
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(a)

'.-_(_b)

(c)

 FIGURE 3 - Soft tissue variability between’ depth
markers, ' : ' _

In (a) the clay has been built up in an evenly diminish-
ing thickness from the depth marker on the left to that
on the right, In (b) the real contour shown by the thick
line has been increased by wrongly adhering to the method
of making a straight line between markers. In (c), there
is an error in the opposite direction.
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dn ueing this standard apprbach for remodelling tissues
'between sub-nasale and tooth tlp for example the sculptor
could 1and up produclng a flattened upper llp. Being an
unlmkely shape for a lip he could in error 3ust1fy the
use-of.artzsticilicense and adjust the lip contour to
produee a morg "natural look". For example George {(1987)
t?aeed.the outlines of.a.planﬁed_recqnstruetien'anto a
sheet Qf draWing paperiaﬁd "humanised" it by softening
.the line. He mentions the subtle nuances of facial ex-

' pression that identify a face.and_there'is no doubt that
subtleties de play”a part.iﬁ typing an individual. But_it
would_be dangerously mislea&ing if the erng-assumptions:

‘were made of shapes between pe&nts {Figure 4},

. The problem of determlning intervening soft tiSSue shape
:cen never be resolved within the confines of the depth

- mpystem, The depth system will always remain a colléc»lan7

of isclated data on depth with guesswork and assumptlen

in the 1ntervenxng areas.

Movers and Bookstein {(1979) inform us thatglandmarks by
" themselves do not define the curvature of a shepe. They
merely lie upon the shape. They also feel that any scheme
involving landmarks but lacking information ab&ut curva-

ture is inadeQﬁate in principle.
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FIGURE 4 - Two different'prbfiles runﬁiﬁg through the
- same points. _

In the absgence of.controi_pointsftwo gquite different face
outlines can be drawn through the same. set off points,

i Crm e e e .
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-,The captufe of shape reqﬁires a quite different approach.
_Important o know ig, not how thick the facial tissue is .
“at an 1sclated 1andmark butr how the entire soft proflle'

relatss to the entire hard profile. At first it may seem

that this study is a repetition of previous studies that

- have examined trauéd_profiles of subjects. This_is_nbt

_the case.

Simply producing hard and*gbft profiles by linking as
Rany cbbr@inates'asfpossible is not aé useful to fagial
temoaelling'as mighﬁ-fifgt bé thdught.'An ﬁh&Erstanding
of precisely what uanétitutes £ha.higb1y characteristic
appearance of a pefsbﬁvis not accompliéhed by the mere -

tracing out of a profi.a.

.The new profile system. re@uirés a different cvnceptualé
isation tm thoae of tne profile systems digcussed in the
Jiterature survey it 1nv1tes a perceptlon of the hard
and soft profiles as being composed of distinct, aiscern~
able, sﬁaller shapes that can be captured and stored as -

simple geometric objects. .

As fér back as 12&3L“Thom9§gg noted ‘that mathematical'
.énalysis of discreet.measurewents was not tha way Eo
understand or 1nterpret form, He. reallsed that we reach '
Athrough mathematical analysis to mathematlcal synuhesis._

In doing so we are able to discover certain identities



that were obscured by our very methods of aescfiﬁtion,
-rather than revealed by them, Preferable to- the peraep--
tion of farm in a statlstzcal sense is a concept of the
dynamic forces that give rise-to that form. Th*s involves
| Seeing bulges and dents a8 intagt and entire shapes, that.

is, the geometrlc objects mentioned above._

Kogki (1973) agreed when he claimed that although studies.
employing points, lines, distances and angles may be good
'bfrom a purely statistlcal pcint of view they are not well

suited to reveal cranlofaumal blology.-

The profile system proposed in this study will incorpo-
‘rate the basic principles of mdrphdmetrics,-ggghg;gig_
(1982) neatly sums up the eSsehtial qualities-éf morpho-
'metricq when he deflnes it ag the empirical fusion of
geometry with biology and that its methods must take into
account  two dxst;nct saurces of information: geometric
location and'bimlogic homoloyy. He feels those workers
practising-morghometrics fér.comparative'purposeé should
be acquiring their informaﬁian from the geometry of hio-
logic shape. The:writer égrees-and'is certain that it is
in £he fie1d.Qf biosystematicslqr numerical taxonomy that
. basic morphometrics can offe::a'contrihutidn towards the
- advancement of a scientific approach to forensic facial

reconstruction.



6G

It must be eﬁphasiﬁed Eh&t'the ?reSeht study}is'éolely
aimed'ét_establishing'a ﬁathdd of recording the hard and
soft profiles of the face. It makés'no claim whatsoever
; to having'lbcatéd a new growth centre. Nor doeg it make
'_any attempt at replacing any of the current concepts on
transfurmatlon grlds and blolcglcal homologles, or any of

the finlte element analyses.-

Ali-ihformation'réquired_for the profile system is to be
found on.the'cephaldmetfic radiogrﬁphs. The system will
be illustrated on the-hard and soft prafilés ay seen ohi
the 1étera1 r&diograph. The same procedure can be adapted

to the oblique radiograph.
For a complete description cf a shape we need to know:

- Its 1o§ation.in space-with_respedt to the measufing
 system. | |
- Its griegtatiog Wlth respeck to the three planes of
' space.

'~ Its size in measurable and finite quantities.

- Its ghape in respect of its outline and contour.

This requirés that:we firsE select a frame of reference
in which to position the head of the subject and which
for this study shall be called a "head world".
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Next. we must choose a 1acat1ve system that w1ll allow us
to record the positznn of any. point withln the ‘head world

- by a pair of cocrdinates._

Flnally we must decide how to select, record and store .
(archlve) as well as retrieva the coordznate pairs that

:represent the locations of.the.aigniflcant points which

describe the simple geometric shapes within the hard and
saft profiles of the face.

 a. Selection of a "head world".

Determining the proper position for the head in'sﬁéce has
intrigued many, from artiste like da Vinei (Gggldi 1975)
and Direr (Strauss, 1972).to the pure scientists of the
'preSEﬁt.'It is eccepted Ehat when viewed from the froht,
the head should be poeitioﬁed with the inter-ocular axis
parallel to the floor, Seen from a lateral viewpoink the
horizontal positioning or the antero-posterior tilt seems
to be dependent on what it is we are trying to prove.
ICephalometrists of the calzbre of. groqman {1962), and

' Bassouni (1955) recognised the effect that orientation.

and reg;stratlon of head pasitlon can have on an inter-

- pretation of qephalograms They feel £hat aSsesements-of

the profile can become significantly different depending
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" on the position of the head in the cephalostat, This out-

iook'on the need fof a-frame'of reference is suppbrted by

gogrgees gné K g {1 ggg) in their EValuatlonS of the face _

'_profile._

'The'Frankfort.SEandard'Hnrizontal (FSH)*piéne has.héen.
_accepted.ﬁs_the principle anatomical determinant of head
.orientaﬁian siuce_1882. Movers and Bookstein (1979) point
out that the Frankfort plane_passés through the top of
the porions and the bottom of the left orbitale, yet
."top ‘and "bottom' are themselves defined in terms of the_

orientation of that one subject to earth.

. One of the uhéllengers to this standard head placemeunt,

iz the "natural head pogition" iMbor;ees and Kean, 1955, ;

{o) and T llgren 1977 8 ndh Duva {19
gngkg and. ﬂei, 1287; Huggare {1 gggx, Lundst;om ang

Eielgeg and §Q ow (1582 ! founnd the natural head positlon
(NEP) to have sufficient reproducibillty {a mean of 2. 3

‘degrees cff the true vertical). They claimed this was_of
clinical valﬁe in the study of head posture as relating
to orthodontic treatment. Unfortunately the natural head

position is not the same from person to person.

-~ Another contestant_to'tha FSH ig the alamtragusaline as
| described by the Dutch anatqmiat Campex (1794[,_anﬂ
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commented upon by geger !1959:. In 1985, van Niekerk et
“'_,l, made the valid observatlon that the ala-tragus iine

' is_diﬁferently defined by different authorities.

in-orientating the_heaa prior to taﬁing radiographs it

~ was decided not to use the FSH or the NHP. Instead the
ala;tragus lihe as mbdified by Spratley (1980) was chosen
. as the horizontal. This line runs From the centre of the

ala ta the centre of the tragus.

In.orienfating the cephalogram, the hd:izqnta; wasg taken
as the line that.represents Campér's plane (as defined-by

Salzmann in 1974). This is the 1ine'between the centre of

the bony external audztory meatus (EAM) and the acanthion
{aC). For the purposes of this study thlS line has been
given the name "external auditory meatusﬁacanthion" line

or EAMAC line.

Since the calibrated rings of the earposts will always be
superimposed upon eﬁch other, theirICOmmon centres will
represent Ehe.ends of a transversé axis passing through
the head, the middle of which is the centre of the polar |
| coordinate system to be discusséd-belcw, The head is_thﬁs
registered on-the transmeaﬁal.axis and ié orientated wiﬁh
the EAMAC 11ne placed. parallel to the hormzontal plane
_This horizOntal plane sets the orlentatlon of the other

two ];:J.a;mees{.r the coronal and medlan.
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The choice of these two locators, EaM and AC, may seem
controvérsial'to some. Nevertheless there exiﬁtS'suPpprt

for their_selection. :

Some may'argue that the centre of the external auditory
ﬁéatus is.a'landﬁérk in spéce; The landmark is no more
difficult to maxk than the sellion (alsc lying in space)

used in orthodontic studies.

ancther criticism may be that the thickness of the cart-
_ilagenoﬁsllining of fhe.bony.extefnal auditOr_'cahal is
‘not equal in amount throughout, and that the centre of
the hard and soft meatusus are therefore not quité the -
samE..ngtre; (i1974) alsc used the EAM as a centre for
his Fourier-analyses 6f cfaniai vaults; He'found that the
diffetenCe i7i the EAM centres of the dﬁsts and the radio-
gréﬁhs_hé studied was quite smalliwhereas the difference
betﬁegn craniums was appreciable. In the light of this it

- was :ealiséd that providing the earposts.were well seatéd_
within the patient’s earholes this fractional difference.._

could be discounted.

There could also be concern by some that since there is
asymmetry between the locations of the twe meatuses on
the skull the median plane cannot always be the same as

the anatomical mid-sagittal plane. This is of course
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'true. However this variation has had to be accepted in N

_ all.dephalomet;ic analyses.

The acanthion has been accepted in radiographic studies

by workers siach as Todd agg grks {1981}. A strong point .

in favour of the_acanthmon and anterzc; nasal Splﬁe.ls »
that unlike the orbiﬁale, one of the determinants of the :
.Frankfort_pléne; botﬁ'ére.midliné structures and éaﬁ ha
located with_eése providing a radiographic profile filter
is used to prevent burn ouf.of the soft EiSSueé and the -
thin bony. tip. In this study the acanthion is prgferred 
to the anterior nasal spine. The latter'is aﬁ anatomical
structure whereas the acanthibn is a landmark on that
.structure. Salzmann {1974) supports this when he definesl
the anterior nasal spine as the median sharp bony process
" of the maxilla at the mower margln of the nasal openlnd,_

 and the acanth;oq as the tip of the anterior nasal spine.

" b. Selection of a coordinate system

Once the head'worid had been eStablished. with a centre
point from which mea5uremen£s'cduld-be made, a codrdinate'
gystem had to be;seiected for describing the profiles. At
this stage in the development of the profile system all |
QEasurements were to Be taken in two dimensions. However,

the system can accept a third dimension at a later stage.
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In seleotingso.coordinate ofstém,'iho spheriool shaﬁo of
the head suggested that a radial polar coordinate sygtém"
~1w¢uld.be ideally suited for dealing with curved surface

elements of ﬁhé faco and featufes. It-would in faot'be :
preferable to the more popular rectangular or Calt381an p
:coordznate system. Tgﬂd and Marks (1981) eleched to use
 optimal poLar coordinstes for thezr_studles of the_human :
heaﬁ anﬁ.Holloﬁazo§1981i.edmputed meaﬁlépheriool coordin_
ates (in a three dzmenalonal polar coordinate system) in

" his study of braln endocasts.

‘Registered with its center at the midpoint of the trans-
‘meatal axis and its zero line orientated on the EAMAC
line a measuring #ystem'is now set'hp to locate aoy point
dn the two-dimensional radiographic profiles by using the”

polar coordinates of one angle aod a distance {Figure 5).
o, Selection of points

In selecting the points that offectifely describe tﬁe o
hard and soft profiles of the face as_seeo on_the radio-
graph, reference wao made to ookstein's (19821'remarks
on existing systems that record anatomlc points. He feele
that all the schemes he had commented upon had archlved
-points with one or two points of_:e&undanoy. He funther;
étates that the samoling of lines on:forms_in ﬁwoodimeno—'

ions or circles touching twice would be of preferencs, as -



57 P

FIGURE 5 -~ "Headworld", showing polar vectors and EAMAC

This series of drawings shows how the head can be dealt

with as a sphere. It can be sectioned to show the planes
and axes for orientation. A polar coordinate system with
its origin at the center of the head is used for record-
ing the position of any point within the headworld..



58

Tthese.geometric 6bje¢ts-cften'quéntified'the meaningful
features of form ﬁuch more directly. In looking fer_thegﬁ'*
éeametric cbjects within hard and sbft faclal profiles .
attentlon must be pa1d to those subtle but nevertheless
alearly dmscernable 51gn1f1cant points along the proflle
where the llne alters direction and character. The turn-
ing'points mark the beginnings and endings of geometri~
cally szmple shapes' lznes, angles and arcs of C1rcles
which are in themselves Smele to record, economi&al to -

.store and are mathematically tractable to compare_and to

transform (Figqure 6},
3. Establishing facial tissue norms.

it_was intended to recofd two sets of norms for the'group |
of subjects'seiected for the study. The firaﬁ wae-an ex—
panded table of facial soft tissue depths. The second was
a set of standard hard and soft tissue=@rofiles..1t was
.realised that as the numbers of subjects stedied.in this
way increase over time the norms would have to be altered

accordingly.

The subjects used in this study were living adult male
Zulus. The.living subiject was chosen because in:the'dead
the effects of pressure and gravity produce changes in
the distribution of facial tissue fluid. The vesulting

. post-mortem distortion can occur soon after death §Snow.
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FIGURE 6 - Geometrical "objects" c0mpriSing the
proflle‘__ - :

The outllne of the face can quite readily be subdiv;ded
into smaller shapes. Though they may at times be straight
{forehead #nd bridge of the nose) these line-segments are
generally curved shapes, effectively represented by ares
of varylng radius and length, .
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et a;,;'1g7g1 There are other advantages to measuring
living subjecte. Firstly, in studying how features like
the 1ips or the cheeks are related to the skull there is
- the reguirement that'ﬁhey_be :eléxed and.iﬁ thei; normal
position as deﬁérmined by the.puli'of gravity. Thé dis-
torted and unyieldlng soft tissues of the supine dead are
not true representations of the reactive full tissues of
the erect living. Secondly, when required to identify a
person from a facial_reconstrﬁctioﬁ hased on scft-tissue
depths from cadavers, the identifier\must conjure uﬁ a
projected mental image of how the person would most iike~
1y appear in death. The identifier would surely be more
comfortable comparing the reconstruction to a memory Of

-~ the face as_it.was during life,

The Zulu is a member of the clcsély-knit Nguni tribe of
African Negroid. The large databanks of tissue depth |
.measuremeﬁts_oﬁ Neérnid faces that have been collected
for forensic purposes are those on the American Negroid
by Rhine and Campbell (1980). snd Walker (1976). It is

necessary that more applicable information be collected -

for the Southern African Negroid. It is also reasonable
to assume that reconstructions of Zulu faces frdm“locally
- derived tissue measureﬁents would be more apprdpriaﬁe
than reconstructlons made from depth measurements taican
of the Amerlcan NEgrozd face. In time, the databank of

Zulu faces should be enlarged to amplify the possibility
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of fiﬁding characteristic and individual types. As far as
van bhe determined by the writer, the Natal Nguni people
‘have not yet been investigated in the light of foremsic -

recoustruction.

 If'meaeuremeﬁts'are recorded in Subjecﬁs having a variety
of racesr ages, wemghts and health the results would of
:-course be representative of the human speeles iu general
Howeveﬁ; the_equation for explazning Man s dxverbity.ef
appeaiance, if indeed there'is'oﬁe,-is alreaéf“cemplex-
_enouwh without further compoundlng it by aCcepting a
broaa dlverelty of subjects and states of health xf any
‘system for predicting the lineness_of'an individual is to
be effective it should first be looked for in creatures
 .5£ genetically similar blueprint'and the characteristic
patterns.of that gkouﬁ dissected out. In supéort of this
.concept Saﬁraxgggwéﬁ Schiegel (1987) emphasize that we |
should_evaluate all available data to find standards that
are '"valid for Specific.ethﬂie groups”. In the case of

mixed population groups where there is interbreeding of

- different strains the motley distribution of features can

add to the confusion of the'reCOnsfructionist, These very
often perplexing arrangemente will be better understood
if the structure of Ehe'smaller compenents (the features
and sub-features}) of each population group become more
 £amiliar_to us. This base-line approach requires that we

begin the study with a sample that has been selectively
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;;éontxolled in regard to the age, race, sex and even the
'health of the subject. In this case, the gubject was a
" healthy adult male Zulu, | | |

' OBJECTIVES

1. To compare data obtained from ultrasonic measurements

- on the faqe,;égainst data of acceptable accuracy taken

from radiographic measurements at the same landmarks,
in order to check the reliability of the ultrasanic

tedhnique &9 a measuring tool. -

To as@ess the potential value of combining these two

~ techniques into a measuring system that can be used

for future wvesearch of this type.

. To determine standards of soft tissﬁe thicknesses at

established landmarks on the faces of live, healthy,
adult Zulu males, hitherto not yet studied for this

purposé.

. To introduce a system of selecting points on the hard

and éoff profiles, traced from the laterél cephalo-

- metric radiograph, that best describes their shape

through the use of simple geometrical arcs énd 1iné—

. segments.



| 5.; TS emp]cy a system of relating hard and soft t:l.ssue
fpo;nts to each other and f;xzng ‘them as sets of polar

'_qoordinates in space,

6. To aevelop a system of connecting the - sets of haxd and
- soft tissue coordinates by a system of arcs and lines

to.p:oduce hard and soft face profiles.

1. To assemble from the ﬂollected data a table of average
coordinates, from which standard hard and soft tissue

profiles for the male_Zulu face can be-plotted.

8. To compare profiles of faces reconstructed from the
above newly acquired data for the.Zulu,'wiﬁh profiles
constructed on the same skulls, from exlstlng avail-

ble measurements on American negraes

KRHRE K KR
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CHAPTER III

~METHODS: METHODOLOGY
~ A. EXPERIMENTAL CONCEPT

Apart from age and colbur,'ﬁhexunique facial identity of
‘an individual is a combination of the size and shape of
 thelr features and the sPaﬁial relationship that exists

between those features.

In addition, certain cutlines of the face are Simple and |
yet surprisingly déscriptive'of a-perSOn's'likenESs.,For
example if:a subject is backlighﬁed by positioning him ih_
front of a well illuminated Screen,.é cameo silhouette is
produced. As the subject's head is rotated about a verti-
'qal axig it displays a continuous, changing dark outline
against theliightEd-background. Soﬁe'nutlihes'(prbfiles)
are more.aharacteristic of that.peréon than_éthers, The
least typical of these is the profile of the head in the
cdronal plane. The most charécteristic outlihes of thé
face are the side view.aﬁd.the thfee—quaxter,view. Thesé
are the profiles seen on the lateral and obliéue_cephalo—
3metric-zadiographs;-The-latefal view reveals a major out- 3
line of the face often ﬁsed iﬁ.poliae_identifiﬂation. It |
- is also commonly used for plamning and assessment of the

aesthetic results in surgery and orthodontic treatment. -
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Seén ffoﬁ the'froht,zkhe edge'that*aescrihes the'laterai_
proflle is a stralght 11ne The Oblique prnfile on the |

¢ther hand is. the wavy line that follows the undulating _'
_houndary between the front and the side glanes planes of_ 
‘ths head ( iggrg 7). This profile presentscan Qutline so-_“
typical of a peraon that without it a4 portrait palnter .
COuld fail to render a good likeness jggrrv. 1977; QJELL_'

1@63; Raznes. 1979, 1981). A face seen from the front and .

modelled by side llghtlng dzsplays a shadow the edges of
which follow the course of thisz obligue profile This

gives rise to the term shadow modelling. Many a success—
.ful caricature has been created by the sole use of theSe

two simple deSGriptive proflles (Figure. 81

In an effort to gain as muéh infofmaﬁiaﬁ as 96931513 ik
_fwould'Seem wise to pfabe the enﬁirﬁ'extent of the soft
tissues lying betwaen the two proflles, using ultrasound,
In doing thls, many soundings would return as distorted
and even uselessuinformation. Ult:aSQnic soundlngs over
'atg_sockétﬁ, p&riform apertufe.éng'the complex caverns
iying betwéen the maxilla and.ascending ramusIWOdld'be-
simply absorbed by the deeper tissuesf_Puises iéfledting
 off irregular bony surfaces would be scétfered and tﬁeiﬁ
‘echoes may never even'be-returned to the probe. This sug-
gests that the sites for measurements should fulfil a set

of requirements:
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FIGURE 7 - Shadow lines_én_the face-and_skuli.”

Portrait artists are Ffully conversant with shadow lines
~cast onto the face by obligue lighting. The turning point

of light as it is often called by artzsts can be seen on
the faces and the skull above.
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FIGURE 8 - The use of profiles to draw caricatures.

Using only these cardinél;outlines, the laveral profile
and the three guarter profile, a good artist can capture
'a likeness of his subject. A study of facial reconstruc-

tion should involve a examination of these characteristlc
profiles. -
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1. The landmarks should be positmoned 0ver flat bone
wherevar 90551b1e. ' '_ _
'2« The same 1andmarxsféhould be used for all subjects.
3. They should be in similar positions to those used by
other xesearcheré so that they may be:compared. |
4. Landmarks Shoﬁld-be planned 40 lié-at the summiﬁs of
prominences such as the upper cheek, angle of the jaw,
thn, or glabella, or in folds like naso~labial fold,
1abio~mental crease and soft nasion, They could also
be situated on the maximum curvatures of lips and
..lower cheeks ~provided thare is a reflective mony or
dental surface pregent benesath them., A list oﬁ-the
landmarks selected in accordance with these require-

ments is to be found in Chapter 5.
B. SELECTION OF SUESECTS

Prior to commencing the study a written approval_and_a
certificate of clearance was_obtained ffbm the Committee
for Re3earch on Human Subgects of the University of the

Witwatersrand, Johannesburg..

The sample comprised fifty five Zulu males, ranging in
age from 20 to 35 years and in good health. They weré_
selected from patients attending'the-Oral-and Dental
Training Hospital, Durban. As far as could he.asdertaih—

ed, all were representative of an ethnically homogeneous
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population group arawn to nurban from all over Natal
_Subjecte were chesen Erom the following. those requlring'
-proethetic replacement oF an aye ov an ear; assault.and :
trauma cases in whom the areas to be measured were not
affeeted, patients having sialolethlasns, 51nualtis and
other dental pathelogies; and_any other conaihﬁues where
the problem could mot distort the areaa to be 'iiﬁ;.-éi'éi‘xréa.
Early exclusions were people having damaged or dlsfigured

. facial soft tissues, facial bone or both.

A Zula staffnurse acted as an assistant and interpreter

throughout the study.:Thie assured the patient's compleﬁe

undefstanding-of questione and previded aceurate an5w3rs.'
The extentlof the research investigation waS'carefully

| explained to the patient and he was aeked to sign an

.infarmed consent form. This was modelled on an example .

recommended by the above mentioned Committee for Research

on Human Subiects,

The patient was first weighed on a medical balance scale
with shoes and outer heavy clothing removed. The balance
was checked using a known weight and.was.adjusted at each
new weighing. The subject stood exect with feet together

and the head in the naturai head posture. In the absence f
of appropriate height- to—welght tables for Negro;ds those
established by the Metropolltan L;fe Insurance Company |

were censulted.



T0

The aﬁefage'ihdividual rarely maintaiﬁs.a coﬁst&ﬁt.weightf
and 1& 15 therefore 4ifficult to collect subjects with an.-
1dera h31ghtwto-weight ratio. A small variation in weight-
is generally dispersed throughout the body and does not
necessarily reflect in the face. The factors constituting
likéneSS-are mbre dependant on propoﬁtion than on finite
measurementS-and are not destroyed by a small variation
in wéight.-Thé height of a pérson has of course little oxr
no bearing on soft tissue Ehickness.'Taking this iﬁto
account only thosé'differing.by_less than 190 percent on
gither Side &f the stipulated average ratio were used as

subjects.

A standard questionnaire on medical history and past and
present heélth status was completed with the help of the
interpreter. Iﬁfﬁtmétion not c0vered'by the'questionnaire
waS-noted_dn-a.seéarate sheeE,_The_Eype cf“conditibn that._-
would exclude the subject from the sample at this_stage '
was a metabolic disturbande such as'diabeﬁeﬁ, or a debil- -
itating condition like tuberculosia oxr bilharzla, as well

as cortisone and other endocrine theraples;

A physical examination of the oral cavlty, face and neck
was carried out by the writer, Swellings, fractures, dis-
tortions,.malformat:ons_or_severe-asymmetrles in the area

tp.be measured,'npt noticed at thE'time of the'écéeptance
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of the'patienﬁ,'ﬁere.nnw_xEQbrdéd..If:tod_ééﬁ?re the casé_
.waa rejected as a.suhject; Even the administfation-of a
. local anaeéthetiﬁ.for'a dentai”tréatmént can.aistort the
- ﬁissue thfoﬁgh_swel;ing and_flacdidity and éo dan'render
.tha{casefunsuitabie_for-measnfement;_Othei:reasons for
exélﬁsiqn;wetetSubjécts.haviné miséiﬁgﬁanierior-téeth or
._ thoée'who were edenvulous. These éﬁates'produde an alter-.
ed lip support and a distﬁrbed-ve:tical'dimenéion respec- .

tively_-.'

The blood'prgésure waé recorded to excléﬁe-those with a
'possib;qﬁcaidié—vascular problem and a-biaod sample and
:ufihe sample wéré”delivebed to 2 pathology laboratory for
testing. The éerologicai tests carried out were platelet
count, full blood couﬁt, a'differenﬁial white blood cell
eount and an erythrocyte'sedimeﬁtation rate. These were
_seléctéd to reveal conditions like ¢hronic iﬁfEGtipns or
chronic bleeding that could cause_a”ﬁeight.loss.which.may-
be small enough to allow the subject to be within the
acceptabie heighﬁ—ﬁoaweight ratio set for the study, But
_.neverthelesé be unnatural to the patient's normal ratio.
The urine was tested for pH, glucose and albumen to check
for diabetes ox possibly.ajrenal.disease thaﬁ.might cause

-weight lese through water loss. -

- Microscoplic examination was only carried out if parasite S

’inféction_was suspected. Any alteratmons_inﬁthe norms for
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* the above tests did nct necessarlly result in the rejec~
tion of the subject unless fuither 1nvestzgations showed

' sufficient We1ght change

In this Qtudy.ﬁhe overall aCQéptcncé of the subject.wac
E left entirely to the Qiscreticn of the writer, and was
basc& on the analysis of findings and the rigid parame—
ters sct by_the c;ite:ia. In extended studies where the
.examiﬁatiohcic COndcctcd.by different researchers it is
Sﬁggcstéd that a quésticnnairé be-decigﬁed listing the
conditions that can affect facial ccnfiguraticn and an
_ accompanylng explanation as to the significance of each.
In this way the examinerﬂ“‘lll be consistent in their.

selection of subjeots for study.

N L T2 1 ]
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'CHAPTER IV
METHODS: CEPHALOMETRIC RADIOGRAPHY

A. EQUIPMENT .

The'céphaiomatric equipme#t used in this study was fhé -
Gendex wacéph Counterbalanced Cephalometer System, made
by.the Gendex Corporation, Milwaukee, Wisconéin, Usa. It
has a vertically movable iockable hnrizqntallarm support-
_ing the tubehead,.al;gned'to_Ehe~head~positidner/cassette
~ holdex. The tubehéaﬁ.;s'pfcvided with a_coliimater-that.
 rotates from a vertiéélztc_a horizontal pqsition.w' f;=
alloWS-matching'cf theicoliimater format with that of the
.cassette holder. Provision is made for close alignment of
the ear-posts with each other. Nasion rest and.corréction

scale are available if required.

The rédiographic film used Was_hgfarGevaett.Curix R.P.I
X-Ray fiim (20.3 cm X 25.4 cm) houSed-in Curix.MR4OO .
'cassettes with HifP;us intensifyiné-sareens. They were
_'prddessed in a VBlopéx_Extraex Autﬁmétic K-Ray PrdcesBor
. made bf'Medivanceg Harlesden, London, England, usiag a
Photra~Cronex High St&bility Daveloper Premix and Malti
Process Fixer Pﬁemix, Other'materials and inskruments'
used were an-artistfs paintﬁrush;_barium-suiphéte_paste,

‘a skin cleanser (Skin-Prep), a wall mounted mirror placed
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opposite the cephalometer, a centimeﬁre'ﬁeasuring rule
with radiographically visible centimetre and millimetre
gradudtions, a custom designed ala-tragus spirit level,

and a skin marking pencil. .
'B. METHOD ‘OF TAKING RADIOGRAPHS

.'Before Eeing plaeed in the'cephéiosﬁat.a cehtrai vertical
‘strip of the subject's face from below the chin ﬁp to the
hairling about 2 ¢om wide, was carefully cleansed with a
Square'ofISkinmPrep gauze to remove any greasy deposits.
A thin line of bariuﬁ?sulphate paste 2. mm wide was then
paintéd down the.middlefoffthé face to show up the skin
surface on the radiogtaph.1gggg;_ggﬁ_g;g;;iggl_lgﬂgl. If
'ﬁhis ig not done the opérator can so easily measure froﬁ
what is apparently the §Uﬁface but what ié in zeality the
projection of the soft tissues on either side of a dent
‘An the midline. Examples are in the midlihe between both
brow ridges where the.supraéprbital soft tissues project
beyond the mi&liné crease at the level S ﬁhe_glabella: |
 the midline of the philtrum where the heights of the two
lateral philtral ridges give a spurious impression of the
tissue depth in the ﬁidline; and a chin cleft or dimple
which-is'always'superimpbsed upon by the outline of the

surrounding chin.
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 'Two radiographs were exposed foﬁ this‘stﬁdy: a'Standard

' lateral cephalometric radiograph as;uséﬂ in'arthédontic

analysis, and a ééphalameﬁric'radiograph taken with the

subject's head rotated ﬁorizontaliy through 45 dégrees.

‘Both films were able to contain within thear boundaries
€20.3 ocm x 25,4 om) the full area for measurement of the
face (hairline to beneath the chin) when the radiograph

was mounted upright iﬁ_the holding frame.

- In order to clearly delineate the éoft tissue profi;e.ah
aluminium wedge was positioned in front.oﬁ the_colliﬁatbr
to attenuate the X-rays. If this is not available a wedge
of plasticine may be substituted. In their study on soft
tissue enhancement Bunel and Sterling (1269) showed that

when an enhanced cephalometric radiograph was compared to

a non~enhanced one they both pbssessed the same level of
diagnostic valﬁe.-Howevex the enhanced goft ﬁiSSue’image '
" is clearer and identitication of landmarks and measure-
- ments are easier., They also discussed the various methods

-of soft tissue enhancement.

The 1étexﬁl aephalbmetric radiograph was the first £0 be
exposed, The subject was poaitiohed in the cephalostat,

- an@t the earposts were lowefed into placa'and seated as
deeply into the meatuses as comfort péxmittéd.-xt.is pre-
 ferable not to use the nasion rest as it indents the soft

 tissue precisely where an important depth measurement-ih]_
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to be made: The Subject-ﬁas asked ta'look-directl? ahead

'intd the reflection of his eyes im the mirror befors him.

Tt i importaﬁt'that the facial features are not altersd

-by postural strain cr discomfort The lower jaw should be

':relaxed} If it is not, and the te&th are in- occlusxon,_a'

strained unnatural clenched look is imparted to the lower

third of the face. Short lips-fﬁrced to close when they-
‘are normally partéd beéoﬁe ﬁursed and prbau&é an undesir-
able puckering of the dhin. These distortions_are foreign
to a normally relaxed face and represent soft tissue in

-adtion rather than'at rest,

A levelling device was devised ﬁo relate the alawtragﬁs
line to the horiZOntal'plane. A.perSpek'strip 16 cm long
by 3 om wide and 5 mm thick was heated and curved to Zd_
degrees at the three quarter mark (Figure 9a). A plastic
spirit 1evel was fused to the outex surfaae of the strip
to 119 parallel to its upper bordar. The centre of the
tragus and centre of the ala on the right side of the

' face were marked with a skin-marking pencil. The level-
ling device was pbsitioned with its upper border in line
with both marks; and the head plus device tilted up and

| down until the bubble imdicated they were level thh the.

floor (Figure gg)

To establish a reference for magnificaiion the metal rule

was suspended from the rim of the cephalostat and lowered
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(a)

ey e d L L L

)

' FIGURE 9 - The alantragus sp;rit level

Thxs specially designed and construuted Bplrlt level (a)
is used to ensure that the ala-tragus line of the subject

is parallel to the f10or‘ It is positmoned as seen in (b).
ahove.



78

in front of the farehead. It shcwed up on thu radiograph
and ‘the magn:ficat10n faator could be calculated from the
enlarged_millmmete: markings.~Being frealy suspended, it

also indicated the true vertical.

The Gassette holder was positioned so that its £ilm plare
was 15 ocm from tha.subjects?s mid—sagittal_piane and the
._ £ilm w&s éiposea'at between ?5 and 85 Kv accoxding to the.
" bulk of the head: All radiograpbs wera *u; ?:cheﬁked

-~ No film wasy aaqepﬁad unless it shawe 1£hf rﬁgit{oning,
suff*cinnt-contrast and auceptahlp r 3-‘utadn wi*h clear

definltlon of harﬁ aad soft tissues.: The subjcr was then
allnwed to wash his face to remove the barium pas#e as it

was not requlred forx the next radmograph.

Fdr the-bblique-raéidgraph the head-holding device was
locked in the 45 degree position; The subject was then
positioned, requested to look at his mirror image and the
ala~tragus line adjusted to Lﬁﬁhorizdntal; The horizontal |
alignment of the head must be the same in both lateral
and oblique views in order that measurements at common
horizontal planes may be compared. The f£ilms were then

' exposed,-quality—checked, given a filé_number and sﬁored

in envelopes.
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. ¢. ACCURACY AND ERROR CONTROL .

The pbésible errors that can affect the.aCCuracY of the

measurements may be system induced or operator induced; 
1., System error

‘Electronics technicians'were'asked to ﬁest the equipment
and-check-that: the alignment of ear-rod copper rlngs was
correct; the central heam was at.right angles to Ehe £ilm
plaﬁ&; the cephalostat centering mechanism was'adjﬁstEd
SG'that5ear—roﬂs were equidistént from image plane; the
magnificatlon of the image was constant and the coverage

of the tissue filter was adequate.

The magnificaﬁion'factoi was calculated as previously
mentioned by éomparing the distances between the markings
on the rule with thelr magnified imagéé on.film:and'was

- found to be 10 percent. As a further check the magnifi—.

cation factor was mathematically calculated.

Focus-to-subject distance (FSD) between t1be and centre
of the cephalostat (the image plane) is fixed at 150 cm.
_Subject~to-film distance (SFD) thouth adjustable was kept
to a standard 15 cm. This produced an overall Zocus—ta-
film.distance (FFD)-of 165 ocm and a maghification factor

of 10 per¢ent, arrived at by applying the formulai:
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Magnification = mmmmmmee %1000 - 100
"~ FFD - SED |
165

—  x 100 = 100
150

it

10 percent

AL the_analy&is phase, individual magnifiéd readings were

adjusted by a correction factor derived £rom the formula:

100 percent
Correction Factor = S e

100 percent + percentage magnification

'In this instance the raw radiographic data were simply
" multiplied by 0.9091 in order to produce the corrected .

measurements.

Referring to Figure 10 it is evident that there are in
fact two radimgraphiq planes to be seen on the obligue
radiojraph. Since the planes:are at different distances

- from £he soufce pf X~rays (maximum 3 cm), the structures
" at these twb levels have different degreeé of magnifica~
tion. Tigsue meaéurements.made on plane (ii) in Figure 10
(the lower ﬁalf of the face) should be adjusted by making

use of a correction factor of 0.0155 less than that used
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FIGURE 10 - Lateral (a) and Obllquﬂ (b) radlographic
planes. .

A schematic diagram relating the positioning of the head
for radiographs and the profiles seen on the radiographs.
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'~fpr_plane {i). If'not_accounﬁed fbr;_this difference in
magnification will translate into an error of sOft_tissﬁé_
meagurement, Qaryihg'frdm.D.OS mi to 0.24 mm depending on
. the tiSsﬁe thickness.:ﬁowever, this is.of sugh low magni-
‘tude that it has little or no significance during the

practical phases of reconstruction.
2. Operator error

Qut of the 55 1atefa1 cephalométrid radilographs, ten #ere
selected by a-computex:prbgramme'that generatéd réndom
numbera.'These radiogréphs had their name tags'cavered.by

. the assistant so that they cduld not be identified by the

 operator,

Aacurate'superimposed alignment of the radiographs and
aéls was essential,.Tﬁe"modified radiograph viewing bax
. {see technique mentioned belbw uh&er "Recording radio-
graphic.measurements“) was used. The radiograéhs; cels
and paper sheets were punched out with a paper punch at
the mid—ieft border._sdth holes matched thoge of the peg-
bar. The radiographs were put in envelopes and numbéred
one to 10, The computer wés'requested to select 10 num~
bers.in 10 different batches.-This_ordering'differed in
each of the test runs and determined thelsequencé in
 which the envelopes would be taken from tﬁe pack and

given to the operator. A test of.aécuracy of landmark
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1dentificat10n and a test of canstancy oE linear ‘measure-
‘ment were carrled out. '

“a. Accuracy of Llandmark identification

' The:radibgraph plus-aﬁ 0verlying acetaté.cel were firmly
Seated'ontO'the peg-bars and. locked by the covér;caps

Ten radiographic 1andmarks were chosen from those used in
the main study to best represant the different types of
landmarks, for example a point at the maxxmum curvature_
on a vertical-curve and on a horizontal curve, the deep—.
~est point in the dip of a bony contour, a spiny'pbint, a
flat SUrface; and a notch in the bone. All landmarks were
recorded onto the protecﬁive.cel with_a'fine pencil.-Thé-
radiograph was then replaced by é sheef.of_stiff carding
(approximétély 2 mm thick) and a sheeﬁ of white pﬂper'was
interposed between the'caidbaard and the cel. Taking care
not te shift the cel, the paper (cushioned by cardboard
béﬁking) was pricked through the cel at the pencil dots.
The paper.regora_was removed, the tiny puncturé points :
were marked with a fine fibre-tip pen and the record was

. handed to the assistant for numbering_aﬁd storing.
b. Constancy of measurements

The same set of points that were selected for the above

landmark study, were used in the test on the constancy of
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linear measﬁremeﬁt' Therradiograph to be measured was
Cagain seated on the pegs, overlayedqby a new acetate cel
~and locked into place with the cover caps The selected
landmarks were registered on the cel with a finely sharp—
.ened pencil One mark at the bony 1andmark and one at the
suf_t—t:l.ssue surface together formed a pair betwee_n wh:l.ch_
the depth’measnremenﬁ was taken; Care was taken to "aver-
age.oﬁt" the radiographicaliy“fuzzy.bdny border; wheh'it..
'was present, by taking the mean value between inner and
the: outer extremes of its edges._On the lateral radio—
graph the soft-tissue landmark was more cleaxly discerned
as lying et the.junction of the barium sulphate paste and
the skin surface. All readings were taken under constant

lighting tonditions and te an accuracy of 0.02 mm.
¢. Aralysis of operator error

Statistical data were processed by the Institute for
Bio-statistics, of the Medical Research Council, on an
IEM computer through the use of the BMDP Statistical

Software package (copyright, University of California).

he error control tests in the present study were aimed
at establishing the reprodueibiiity cf.measurement by the.
observer, in other words, the preclslon with which the

measurements were taken.
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‘The 10 data'points of 10'suhjédts on five different days
' totalled 500 observations, which were summarlsed by their
: coefficients of varzatlon ' "

standard varlatlon

COEffiClent of variation S — eae % 100
R

Observations

1. For'squect numbér one it-Was_bbservéd that. the V. for
‘a specific'landmark ranged from 0.56 percent to 2;4'
percent (Table 1).

2. Table 2 shoﬁs all 50 observations made over 10 land~
: marks_an any one individual face, summarised in 10
.éoefficieﬂts of variation. The minimum and the maximum
ImPans for those 10 coefficients of variatlon were 1.4

percent and 2.2 percent respectlvely.

3. Plotting mean CQefficients_of variation against number

of patients resulted in an overall CV of 1.6 percent;

These résults indicate that the radicgraﬁﬁﬁc system of
| measurement as performed by the operator in this test re-

presents a stable method of'data callection,
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-ITABﬁF-1 - Radiographic operatof erxor

_ Operator error as reflected by the ccefficlents of ;'
- variation For radiographic readings taken on subject No 1,
at 10 landmarks, over 5 days. - _ _

-:".Lanéma:k_iﬂb;aays J:ﬁeah'_—;g;n;fffafv.'1 ;;;;_.ng.
|  5'_:»'  ' 5 7.76 . 0.13 1.69 7.55*%.é.§a”'
S B
B 5% 709 0.07 0.92 7.05_;!7.20
_ c' _ﬁ 5 886 0.09 1f05 13;73_“-9.00
> s 4.45.___9.05__ 1.72 a0 4.58 -
E 5 .13579' 0.22 1.63 13.52 14.00
F s '14,43 .0.08._.0.56¥.1{.35- 14,56
6 5 19;?8 0.19 0.97 19.60 2@.03
H 5 6.70 .'0.11__ 1,52 | 6.60 6.87
I 5  10.$5 0.11 '1;09' io,%o 10.98
J 5 . 6,74 0.16 '2.40** 6;56  .é.$L -.
T Note: * = low  ** = migh
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TABLE 2 - Range for crefficients of'variaﬁion

Coeffleients of varlation for radaographia observations
at 10 1andmarks '

Eomme e s e e s s e e e e s e e i e i S R

- T Minimﬁm-'ii © ... Maximpum
B. '0.8_'_' f  - - 3.1
Cf. S '-ﬁgﬁ L | 2.6
. e s
E. a7 R T
. | .0;5 | o 1’3._”:_
u, - 1.0 | s 3.0
I - '.0-9 . d o - 1.7
a. . | | ' ...1'.-0 _ ” . 2.‘7 |

et ek e i Y o At it g o, ., . o o e [ i e P A i e k4 s bk Y . i s S s

C.V. = Coefficient of Varlation

— e ] - [y . [y - Sp——
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'D. LANDMARKS FOR THE DEPTH SYSTEM

Landmarks'for soft tissue deﬁtﬁ.meésurements were located
'Qn the 1ate£a1 and thg oblique'radiag:aphs. Radiographs
were Grientﬁted with'the-EAMAC_line as the horizental
axis and a perpendiculax to this line at the external
bony meatus as the vertical axis. The radiagraphic land—
.-marks were coded LR.7 to LR.196 on the lateral_ra&iogxaphg
and'03.1 to OR.20 on the obiiQue.radiogrépha; They wére

also given desoriptive namEs:dgrived either from the name

. of a pony landmark or a surface feature.

Unless otherwise stated Lhe soft tissue landmarks were
established on the radiographs as follows: a tangént wés
_drawn to the curve 65 outer surface of the bone at the
bony landmark. A line was thén drawn pérpendicuiar.td the
tangent at the hard landmark énd extended outﬁards to |
meet.the face profile. The ﬁeeting point with.thé skin
 surface was registered as the equivalent soft landmark.
To avoid having to mention the method each time it is :'
-referxed to below as by pérpendiaular". A point on "the
deepest curvature“ or "the maximum curvature“ refers to a
point on. the maximum contour of thaL ourve, whether it is -
concave_or convex. It relates to the curve itself and is

not selected in'relation to a horizontal or a vertical
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axis. For a visual apprecia:*bﬁ of these lahdmarks:the'

- reader is referred to Figures 11 and 12.

1. Landmarks an.the lateral cephalogram

 LR.1

ILR.2

LR.3

IR.4

Suprauglabella

ggg@* On the outer surface of the frontal bone, at

‘the deepest curvature of the dlp {or if there is
.no dip, then midway) between the maximum curva-

'tures.of glabella-énd frOntal eminence.

Soft: by perpendicular.

slabellaf

g g. A point on the maximum anterior convexitles'

of both hard and soft~tissue glabellas.

Soft: by perpendicular

Nasion

The hard and the soft-tissue nasions are defined

‘in the Glossary of Terms.

Mid-nasal
Hard: A point lying midway-betwéan nasion and
rhinion. - |

Soft: by perpendicular,
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FIGURE 11 - Rddiological Landmarks lateral
Cephalogram
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FIGUk. 12 - Radiological landmarks. oblique '
cephalogram :



LR.6

LR.7

ILR.8

IJR. g

CLR.10

421
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Rhinion

Hard* The lowest point on the inuernasal suture.

Soft: by perpendicular.

Anterior nose tip

ﬁard~ The acanthion.

'Soft A point on the most anterior curve of the :

nose; often called.prqnasale.

Inferior nose tip
Haxd The ‘acanthion.
5 ft: A point on the lowest curve Of the nosge tip.'

Mid—columella bags
Hagd: The acanthion.

oft: 'The deepest point in the curvature iying at

the base of the columella, often called subnasale.

.Mid-philtrum
Hard The landmark is the orthodontlc polnt called

Puintwh or subspinale.

e} L by perpendicular, or if that - is not feasmble
a point lying midway between “midwcolumella baseﬁ

(LR.B) and "mid-upper-lip margin"_(LRQ10).

Mid-upper-lip marg;n

Hard: A point on the max;mum labial curvature of
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the crown of what appears on thé radiograph to be
the more anterlorly placed upper central inclsor.

If the surface is flat, then on the outer surface_3

}at the midpoint of the anatomical crown length.
SBoft: On the maximum_ante:ior curvature of the

. upper lip margin, often tatmed_labrale superiﬁs.

Mid-1lipline

| Hazd: A polnt on the max:mum lower curvature of

the incisal edge Qf what appears on the radlograph

- to be the more anterzor of the two upper central

LR.'IZ

'1nclsors, or if the edge is worn down. then midway
-between the anterior and posterior edges of the
wear facet of that tcoth.

Boft: The-polnt at the red-line junction of upper

and lower lips, often called stomion.
Mld-lower~llp margin

Hard A point on the maximum lab1a1 curvature of
the_crown of what appears-on the radiagraph to be
the more anteriorly:placed 1dwer_qentra1 incisor,

If tlhe surface is flat, then on the outer surface

at the midpoint of the anatomical crown léngth.

Soft: tisgsue point is on the maximum curvature of
the lower lip margin, often called labrale

inferius,
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LR.T4

LR,15

LR,16 .
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Mid-labio-mental

. Hard: Equivalent to Point—B or supramentale.

Soft: The deepest point in the 1abiomenta1 crease.

Anterior symphyseal -

 Hard: h-point is on the maximum forward curvature

of the mental prominence, called pogonion.

. Boft: by perpendicular.

Intermediate symphyseal

Hard: A point on the outer surface of the bone
midway ‘between anterior and inferior symphyseal

points (see LR.14 and3LR.16).

‘Soft: by perpendicular.

Inferior symphfseal
Hard: A point at the lowest p01nt on the curve of_'
the bony chin, at the menton. |
Soft: by perpendicular.

2, Landmarks;cn_the oblique cephaldgxam

As_previously explained the obligue soft tissue profile

'is not a stralght line but'ﬁ stepped and broken line. In

Figure 7 it was seen as two disdohtihuous vertical shadow

lines in both face and skull.
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Thé reason for_this is made_clearer wheﬁ consulting
Figure 13(§! which iliustrates-a schematic_ﬁop view of

. fhe 'cu:i."vatu_.:r;'es of the frontﬁi hone; “maxilla and ménd'_ibl'e.
' The arcs are not meant to be in anatomiéél relétioﬁship_
with each[other'but_raﬁher superimposed an& regiétered on
- a common mid4point to:shdw the relationship betﬁeen their
conﬁex curvatures. The érrqwé'indicake'the'paft df.éach_
ard that is seen on a 45 degree radiograph. Each lies in
a different plane (1 and ii) as each arc has a dlfferent
_radlus of curvature. Thls means measurements are recorded
on slightly different but parallel 45 degree planes: the
top half of the face is further from the radiograph tube

B than the lower half. This difference in magnifications

- was accounted for.

Ldoking at.this on the cephalograﬁ (Figure 13b) we éee-

tkat:in the upper set of profiles the bony-outline:(in '
the:stipiéd aréﬁ) runs down the forehead;.aloﬁgside the
. bohy eye sqﬁket,'and afbund-the border of the zygbmaﬁic
bone until itfdisapﬁears from view behind the protruding
maxillia. Its SOft-ccunterparE foilows the éame path from
the forehead and eyesocket until level with the bottom

edge of the zygomatic bone,

In the lower set of profilles the bony oufline starts
again at the pyriform aperture and follows the outline of

maxilla, teeth and side of the mandible to curve around
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FIGURE 13 - Translocated Meridia of the face.

In {a) above, the “urves represent'ing.the.foreheadir the

‘maxilla and the mandible are superimposed for comparison.

This results in the two different 45 degree profiles of
the face seen in (b): one for the forehead (stippled),
the other for the maxilla and mandible (hatched). '
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~its lower border (the hatched area). The corresponding
. soft timsue profile follows the outline of the maxilla as
the upper lip and the profile of the mandible as the low~

er lip. It then continues as the side of the soft c¢hin.

However there is another lower soft profile to béTsQEn on
'.the'obliqﬁe radiograph. In the same plane as the upper_
profilé-it’ié'the oﬁtline of the side of the soft cheeﬁ
continuing dqwnwards behind'the'protruding lips and chin
(the thick dashed line) to the side of the mandible. Ex-
cept for that part'oflsoft-profilé that is éupported Sy'
" the sidé of the body ©of the mandible, the rést appears
‘not to ke related to any vigible underlying bone. In fact
_this part'of.the soft cheek is supported by the side of
the maxilla and ihe ramus which cannot be seen on the
cbligque radiograph. However the depths of the soft tigsue
at those landmarks which can be seen (cbde& OR.16, OR.18
and OR.20) have been retainéd because of their value in
making an @bliqﬁe profile template (see Chapter 7 for the

construction of the midline profile template).

It can now_be appreciaﬁed'why'the barium pasﬁe 1iﬁe coul&
not be.drawn on the skin prior to taking the fadiograph.

| The "turning poinkt of light" is not a'sha:p edge but é
‘wavy curved surface between the front and the Sidg—facing

planes of the face,
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--Latexal frontal _
"Hard' A deepest point in the dEpression between

:the frontal eminence and the maximum.curve of the :

supraorb;tal-margin;alf the bone is'flat:the:point

iz on'a horiZGntal'lavel with'the="supra%glabella"

-landmark (LR 1) as seen on the 1ateral radlograph

Soft by perpendicular.:

Lateral supra-orbital
' Hard: A point on the maximum curvature of the

.supraorbitél ri&ge.

Soft: by perpendicular.

Lateral orbital

Hard* A point at the deepest curvature {when it
is pre&ent) of the 1ateral orbztal margin, or
else midway between OR.2 and OR. 4,

Soft: by perpendicular._

YLateral zygomatic

Hard: A point on the'maximum, most lateral curva-

ture (as séen on the radiograph) of the #?gamatic

bone.

~Soft: by perpendicular.

Y
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OR.6

OR.7
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S 3
Lateral alar

This is not a measurement of tissue depth but of

,juét'hdﬁ far the outline of the nose tiﬁ projeéta”

beyond the oblique proflle It is used as a. guide3

:to estlmate the positmon of the side of the nose

tlp.. |

'Hard A pOlnt locateﬁ on the outermust maximum
curvature of the zygomatlc bone. |

Soft A point 1ying on the maxxmum Curvature or

the nasal soft tissue projection, whetherfthatl'

. point be on the nose tip or the wing of the nose.

Inferior border of zygomatic
Hard: The lowest point on the inferior durvatufe

of the zygomatic bone as seen on the oblique

: radiograph

Soft: The equlivalent point is on the skin Surface

and at the same level as the bony p01nt.

Sub-zygomatic

Hard: A point at the deepest indentation between

the zygomatic bbne and maxilia as seen on the

oblique radlograph

.'_§ ft: 1ts outer point 15 on the surface of the

cheek o a level with the bony point.
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Sub—alar

‘Hard: A point on the outer curvature of the

maxilla halfway between inner points of OR 7 and |
OR 9.

'Softi_By pempendicular.ﬂ_

'Latexal-upper—lip"margin_

Hard: A point on the maximum labial curvature of
the crown of the upper canine.

Soft: A point on the max;mum anterlor curvature of |

'the_upper 1ip margin.

Angle of mouth
ard: A péint on the maximum curvature of the'
rounded incisal tip of the canine or if abraded

the mmdpoint hetween outer and inner wear facet

' edges.

Soft: The maximum outer curvature of the modiolus.

Lateral lipiine

Hard: As in OR.10.

- Soft: The red-line junction of upper and lower

lips.

Lateral lowermlip margin
Hard: A point on tho maximum labial curvature of

the crown of the mandibulax canine.
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 Boft: A point on the maximum anteriof curvature of

the lower lip margin.

Lateral labio-mental

. Hard: A point 19inq at the vecpest curvature of
_thé nandible as seen on the oblique'radidgraph {on
‘about the same level as the bony Point 8 of LR.
:13, sden on 1atera1 radiographs)

. Boft: ‘The deepest point in the labio—mental crease

as seen on the outer saft proflle

Lateral point B

Hard: The same as fé: OR.13 {an apparent hard
landmazk. "

gggt On the outer soft profile, at the same level
as the bcnv point. '

Lateral.méntal

Hard: A point on the méximum lateral convexity of
the-mental-prntuberance as seen on thé radiograph.
59_5' The landmark is at the same level, on the

outer smft profile.

cateral mandibulax
Ha;d: The same as for point OR. 15
Soft: On the cuter soft. profile at the same level.

.. as the bony point
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Tntermedinte mental

Pard: A point dh_the maximum*convexity of the body

" of the mandible, halfway-betwéén the bouy"points

‘OR.18

OR.15 and OR.17.

Soft: By perpenaiculaf;

Intermediate mandibular

Haxd: The same as OR,17

. Soft: By ﬁerpendiCukar.

 OR,19

OR.ZU_'

Iinferior mental

Hard: A point on the lower border of the mandible,

on a vertical line running at right angles to a

line that passes horizontally through OR.15.

Soft: On the orter soft profile on the same

vertical line as OR.18.

Inferior mandibular
Hard: The same as for OR.19;

Soft: found vertically beneath this on the oﬁte:-

. soft profile._.

E. LANDMARKS FOR THE PROFILE SYSTEM

In the

depth system, measurements were recorded between

hard and soft landmarks. In the profile system the so-
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called iandmarks are the-ﬁlaqés along the hard andhsqft
 profile where the 1iné alte£§.its character. Thése piaées
are called boints7and the'liﬁé linking any two poinfs_is
. termed a”line—ségment.'important-ﬁu-femember is that a
point is a locus in'spacé whereas Fha cooédinates that -
 record its posmtlnn are not in themselves points. They

are. the instructions ;Mazgrs and Bgokgtglg, 1273}
1. How to locate a point

in order to record the path of the profile line, we could
simply regiétér a series of evenly spaded points on that
profile and iink_them together with short straight lines.
racial profiles have often beén reproduced in this reckti-
linear fashion. The greater the nunber of ﬁoints ﬁsed.the
HSmﬁother'the line appears. Most computerisédfsystems_cﬁh
request that curves bé drawn between points to produce a

variet? of differently shaped line-segments.

‘In Figﬁre 14 the poinks A and B represent the end-points
| of a line-segment Relative to each other they are in the
game 9031t1qns in each of the four drawings Four curves
of quite different shapes can be seen to pass between the
two points, each constructed from different mathematicél
_ calculations; In (i); an arc of_a'circle interpdSes A and
B. The curves between A ‘ahd_B in (4i) and (iii) ‘are con-

structed_by_the use of polynomials of degrea 2 and degree
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FIGURE 14 - Varieties of curves.

Various curves can be made to pass between two identi-
cally positioneéd points, (A and B): (i} an arc, (ii) a
polynomial ourve (degree 2), (iii} a polynomial curve
{degree 3}, and (iv) a parametric cubic £it curve.



108

3 respectively. In (iv) a parametrlc cubic. spl;ne curve

'1inks ‘the two pomnts.

:LeStgg; (3974) was of the opinion that the_coﬁ?entionai
metric approach to recording and d95c£ibing shape by ﬁhé
use of linear measureménﬁa;-prdpbrtidné and indigés, has
its'serious'defidiencies. Liké_Inoug (199bf he advdcated
the use of Fourier analyses. Admittedly cubic B—splines
and Bezier cufves, used in engi#eéring, can rendef very
fine details. In forehsic facial :eéonstruction_hcmever_
those barely discernable details are not that important
_for the recogniﬁion of idenﬁityi-séva:a (1972) sumg this
up well when he points out that if the object ig merely |
to fit the best possible curves to the data then polynoé..
miéls or a.Fouriér analysis will give the best results.
However the object of simulation is ﬁo develbp.a mathema-

tical model that not only flts the data but has meaning-'

ful parameters.

Fdr our purposes we can be content wiﬁh aﬁ easier, mdre
manipulable system. In geometrical germs thé simplest:of
_the.ﬁour curves shown in'ﬁigg;g-14'is the arc. All curved
shapes can be constructed from arcs of circies, or as a
series Of connected and different sized arcs. Newman a |

) Qroull (1981! concur that a shape that cannot be descrl—
bed by a single~arc can often be described by several

aves joined together (Eigure 15}.
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(b) |

FIGURE 15 - Slmpllfying compound Jusves wmth s;mple
arcs. o .

The relatlvely ccmplex perimete" of an amoeba (a) and a
~ tooth (b) can be simplistically described ky the use of
linked arcs of appropriate length and radius.
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?01nts are of two types The first type are those that “_'
| mark the places alang the prof;le where the line clearly_
changes its geometryf Thaugh their 1ocation5:must_neces~
_'sarily differ fram pgrson tO'perscn:theré afe alWéYs the
same number 0f polnts in each face where magor c%anges in
shape occur In ccmputer graphics nomenclature they are

| 'termed "jo;nts . Figure § shows a ot pound lzne that haé

. been divided into the smmple shapes of an arg¢, an angle
© 'and a line. Each line-segment is . geometr;cal_"object"
o iﬁookgﬁg' in, 1982), iriéSpectiive df ﬁhether'_-it"'ié a? 'cu'r*_ve,.'
an angle or a straight line. All objects have a stafting-
point and an ending point (joints). If line—segﬁents are
joined'togethEr'end to end into one cdntinnous.prqfile
the end of one liné—segmént beccun . “he starting point

for the next juxtapose? one.

The second type of point lies between joints and is known
“as a "gontrol point", The shape of each of the curves in
Eiqure 14 is deternined by these control points, In (i)

and. {ii} there is one ‘control point, whereas in (114} an&

oo

(iv) there are two each; Note also that a control point
can be on or off the line it controls. It is defined as é.
point in space that has a decided influence in the shap-
ing of that line.

‘The control point (sometimes called_é node) for an arc is

easily located. it is gaﬁﬁétxiﬁally plbtted as being the
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FIGURE 16 - Shape divided into curve, angle and line.

Parts ofia geonetric circle, triangle and squaré can be _
used in the form of an arc, angle and line respectively,
to help draw complex shapes, ' ' ' :
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midpoint between'two joints;'Thus for each 1ine—segmgpt
or bbject we hﬁve two joints and a node. Since everfj
line-segment interﬁolates.a'trio'of points the trioc has
bgen-given the name “a_trip1e“ when :efe:e& té in'the_

measuring stages.
2. Points on the soft piofile

If the linear profile Qf.the soft tissues.is fOIiowed
down the-fade from whefe the hairline starts (ttichidﬁ)V
to just beneath the chin, its path will ha?e_traced the
outline.of'four major features: forehead, nose, lips and
chin. The soft profile can thefefore ba conveniently
..divided at Ehe;ieveis of soft n#sion; subnasale, and the
‘curl beneath the lower iip, iﬁto_fgaﬁures or."feature'

modules" (Figure 17a!,

'The outline of each féatdre can Be c1eariY subdivided
‘into four distinct sma;ler simpie geometric shapes: a
curve, an angle or a.stfaight line (Figure 175}. Since
the last line-segment of the chin reaches down into the
‘neck its triple has no final.third point.-qu convenlence
its control point is its end point and the line~-segment
is theréfqre a.straight line. In total both hard énd;soft
| profiles can be furﬁher divideﬂ into 16 small shapes or

' line-segments, the last being a straight short line,
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(b')

| Control point |

FIGURE 17 - Feature Modules and Shape'Triples;

In (a}, the face in profile can be conveniently divided
into four “feature modules" (compare Figure 6)}. The hard
- and soft profile outlines in each module are then further
divided to produce short line segments or shapes, as can
be seen in {b). These are marked T1, T2, T3, etc. and are
‘termed "triples", as their shapes are determined by three

. pairs of coordinates. ' '
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‘Although the joints separating line-segments are selected
by éye;-the control points that decidé.theii shapes havh.
"to be precisely located on the profile. This is’ accomp-

~lished thfough the use of the_tﬁc speciéliy.designéd_énd
handmade instfumehﬁé; thet“arc Determinator" and the
ﬁCDntrol.Point Locator™. These are illustrated in Fiqures

18_and 19, respectively.
a. Marking joints.

The Arc Determ;naﬁor (hD)_ié'a”thin (1 mm)_Shéef_cf clear
plastic on which is inscribed afsefies of circles of in-
creasing radius, ali'registereﬁ on a commcn cehtfe;_The
last few outef'circleé-are incomplete and drawn as arcs. .
Once the'prafileZOﬁ the cephalogram has been subdivided
into'geometric.line—segmehts and the_jbints marked off,
the nodes must be régistered. The:AD is.biaced over the
tracing énd aligne& sp.thaﬁlone of its curves éxactly

- matches the arc being measured dn the tracing beneath.
‘This means that the arc of the line segment wili have the
same centre as the.circle that matches it on_thé AD--A
pencil dot is marked on the traciﬁg through the centre
‘hole in the AD. A pair of compasses are used to scribe a
circle with its centre point on the pencil dot and its
circumference superimposed on thé'cu:ve of the line- 
seghent,'A jqint'is'where-the'arcs'dr circles meet or

Cross eabh other. If two adjacénﬂ circles do not overlap
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FIGURE 18 - The Arc-Determinator (AD).-

Made out of 1 mm thick clear acetate, this overlay is
placed over a curve on the traced cephalogram. The centre
of the circle that corresponds to the curve, is then

- marked onto the tracing by a pencil point through the
"hole in the centre of the AD. " o L
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(a)

FIGURE 19 - The Control Poiu’ Locator (CPL).

The locator is used to establ’ sh the exact centre of cur-
ved line segment or arc, oy aligning the "in" and "out"”
points {the joints) of the arc along cone of the hatched
lines on the CPL. The centre-point of the arc is then °
marked through the slect. This point beqoumes the "control
point" of the line segment and decides its degree of
curvature, ' . '
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then the point at which the circle leaves the. profile
:curve is. marked as the joint {sees_ Figu;g g[ If the :
profile arc is flatter than any of the arcs on the AD

then the line-segment is taken to be a stralght line.
b. Marking cpntrol:boints.

The COntxol ?oint Locator (CPL) is another sheet of thin

_ plastic, 7 om % 11 em x 1 mm. Its surface has engraved on-
it a tall triangle. Running across the trlangle from the
base tc_thé apex, is a mounting serieé:of parallel 1ine§_-
1 mm apart. A bevelled verrical.slot 1 mm widé extends
_the full height of the triangle running up the middle. It
is wide enough to admit a fihely shérpened pencil point:
Figure 19{(a) illustrates the CPL. Figure 19{b) shows how
'it.is édapted.to'a 1ine-ségment. The CPL is layed over

~ the cePhﬁlbéram and pointed in the diredtion of.thé.liqa—
segmenf. The tip of che triangle is slid between the two
joints uniil a pafallel line on its surface reaches frdm
one joint to the other, The control point is marked ¢ &
the underlying arc (or straight line) through the opan 
slot of the CPL. | |

3. Points on the hard profile

The method of selecting points is much the same on the

hard tissue profile. Thé corregponding hard feature mod-
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FIGURE 20 - Relationship between circles th&t'form;
curves, o - o

As the circles that act as the basis for the curved pro-
file line approach and even overlap each other, the com-
plex curved line that they generate, alters in character.
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- ules are_the_frontal bone,; nasal-bonQS-plﬁs nasal carti-
lage, maxillé plus both upper éﬁd lower. téeth and bany'
chin of the mandible. The hard Qroflle can again be con-
venlently divided 1nto four at the bony 1andmarks Qf
nagion, acanthion, and point-b. In the same way the hard.
_ profmle can be separated 1nto tnessame_number of triples
as the soft profile except for 6hé @ifference. Because
there are no hard points at the level of nasal aperture
the acanthion hecomes a common ‘hard point to the 3 soft
'tiSSue 901nts {Flgure 21). The coordinate sets or soft
: and hard proflles are now equally matched and can be R

properly related tu each other in space.
4. Coding the Triples

unlike 1andﬁarks of the depth system those in thﬁ.profiie
: system were not given descriptlve names. Instead they
..were coded by letters and numbers. The hard and soft 7
codes have similar letters and numbers except that the
'.hard codes are brefixed with the letter 'H' aﬁd the soft
- with 's'. The total number of siwteen triples are coded :
' from the top down as T1 to TiS. The entry point (joint)

- of each line—segment is 1abelled 'a', the control point:
'b! and.the exit point (also a joint}_is 'c’. Note that
‘e’ of one triple has'exadtly thefsame_cbordinatefvaluas
as 'a' of the next triple. This avcids ﬁnnecesSarf dupli-

cation of coordinates in storage.



117

FIGURE 271 - Acanthion and its three soft tissue points.

Each soft tissue 'triple has a corresponding hard tissue
triple except in the case of the nose tip triple. Heve

the three soft points all relate to the acanthion, which
in turn represents the three hard points as one poing. -
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F. RECORDING RADIOGRAPHIC MEASUREMENTS

®or the depth system'both the iéteral and'the'obliqué:
' radiographs ﬁere required for taking measurements whuxeas

.in_thé profileisfsﬁem only the lateral radiogf;ph wﬁs:
-needede.H&wever; the methdds 6§_mounting, Vieﬁing_énd

tracing the rﬁdiographs were the same for both systems.

_Thé instrumeﬁts.u§ed_were'a.sharﬁ pencil:capablé of draw- .
ing a liné of at ﬁosﬁ'ﬂ.zlmmﬂthick' a cléaﬁ engineer's |
dial calliper with fine jaws and graded to 9.2 nm (made
- by Mitutﬁyo Manufacturing Company Limited;_ﬁapaﬁ) and a

thin sewing needls mounted in a_dental'brpach holder.

A standard'radicgraphic ﬁiewihg béx.'(with'Bé em by 44 cm
opalescent viewing screen) had attached tc its left side
a panel to which was affixed cartoon animatcz's ﬁegbars
.together with cdvercaps._wné pegs aré_conically,shapea so
as to permit ffiction Seating of the punched fiim.ﬁThey_
have near zero_toierance and therefore prevent lateral
glide. This assured the precise'superimposed alignment of
the radiographs with overlying acetate cels. Tha viewing
apparatus is illustxated in F1g gre 22.

With a precision paper punch two holes were punched in

the radiographs and cels at nid-left border. Both ﬁbles
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FIGURE 22 - The viewing and tracing of radiographs.

Fitted alongside a conventional radiograph viewing box is
~ a platform, holding a cartoonist's "peg-bar" with locking
caps. These allow the punched radiographs, overlay cels
and tracings to be precisely related to sach other at all

times. o : B
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matched those of the pegbar-in_distanceian& in béee dia-
.'meter.ihny lines used to plot the-loéatidn,of a point
were drawn on-the'overlyiﬁg acetate cel and'not'en.the

* radiograph, Theépencii'dots were~lightly.marked.on the
eels and acted as.pointers for finding the points.on the
underlyzng radiograph. Dlrect measurements were made off
ehe rediographs itself The thznness of the cellulose
 acetate cel (0 02 mmn ) precluded it from-lmparting refrecé
tive distertion to the radlograph;c 1mage and acted as
“sketch pad as well ae protective covering for the film

against ecratches from the calllper
;1.:Meesuremeﬁts'for the depth system

On-the laterei_radiogiaph the measuremenﬁ.of'eoft—tissﬁe_:
thicknesses'between.the hard and soft tissue;lehdmarke.is
straightforwerd and was taken by'vernie: callibers, Th;ee
of the sdft tissue landmarks (the most pretrﬁsive poinﬁ
on tip of the nose (LR.G),ea point on the lowermost curve
of the nose tlp (LR 7) and the crease at the base of the
columella (LR 8) were all measured for depth from a com-
mon point, the acanthion (Fzgure 11}. Loosely speakzng
IR.6 is found.on a Lline in which the_anteiior nasal spine
points. LR.7 is often found in line with with the EAMAC
line and LR.Q,is generally about the same angle below

LR.8 as LR.7 is above it.
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On the oblique radiogrﬁph all'ﬁeasﬁ“ﬂmeﬁt'of soft tissue
thickness in upper and lower sets of hard and soft pro—
_Ifxles were taken w1th Vernler calllpers as were the 1ower
set of measurements between the maxllla and mandible and
soft lips and chin. It was found that more care had to be_
.exercised in recording the. soft ‘tissues depths at land-'

.maxks OR.18, OR.18 ang OR.ZO.
2. Measurements forsthe_profile eystemi-

_ﬁo record the joints and nodes markea:off on Ehe haid an&:
soft tissue.profiles in a_pelar'cocrdinete_eyetem, two
pieceq of'infermation-abeet.each point wexre requireé: an
angular bearlng taken from the centre of the headwarld
and a measurement of the distance of the poznt from the
.centre. Both values were measured off the tracing using
~ an ultra thin p:eéracter andea-ruler graduated in 0.5 mut
divisiens (?iggre 23). A measuring device epecifically_
designed for fhis puiéoSe has recently been comstructed
to allow the abovejmeASurements to be carried out with

| greater.ease (Figure 24).

The record sheet in F gg;g- 25 makes probieion.for 128
entries: 32 p"irs of hard and 32 palrs of soft tissve

'polar coordlnates,

R
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FIGURE 23 - The use of fhe protractof and ruler.

- These are used for locating and measuring hard and soft
points as polar coordinates. The centre of the ultra--thin
protractor ig placed over the centre of the external aud-
itory meatus with its zero point on the EAMAC line. An
equally thin rule is then used to determine and measure
off the coordinates as angles and distances.
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FIGURE 24 - The Polar Coordinate Plotter (BCP).

This is a'specially—designéd instrument. It is used in a
r manner to the more simple device seen in Figure

simila
23,
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' HAHD AND SOFT COUHD[NATES FOH THE PROFiLE SYSTEM
- ' (ﬂr WA Aulssbrock)

- TH;pLE" HARD COORDINATES | SOFT coonnmm:s j

| Nos ANGLE _ DISTANCE

 ANGLE | DISTANCE

T2

T3

1 T4

s &
Il

& -

N T7"
| T8 |-

Case No: ... Name: wcwcocrcsse - Dater i

FIGURE 25 - Record sheet for radiographic profile data.
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| | - CHAPTER V'
s . WETHODS: ULTRASONIiC PROBING

A. EQUIPMENT

The diagnostic ultrasound equipment used was the Ocuscan-
' 400 Real-Time Ultrasound Contact Scanner with a coupled
10 MHz fixed short-focus transducer, made by Cilco/Sono-

‘metrics, Huntington, West Virginia, USA.

The transducer .or probe 5eliversfén_ultrasoniCubUISe that
is generated from eleotrioal ohexgy by a piezoelectpic
synthetic crystal_bﬁili_ihto its head. The echoes_are.at—'
tenuvated during their passage through the soft tissues by
absorption, scatter and reflection. As the ﬁﬁlsé_r&aches.
each iaﬁel_or interface between the various tissues a
porﬁion of the pulse is_bouhced back again towards its
soﬁroe and is recorded eléotionioally as a measurable_
peak on a cathode ray tube or oscilloscope screen.. The
dlstance between blips (sometlmes called spikes or peaks)
is proportional to the distances between 1nterfaces and
is thus an indication of the depths of the various soft
_tissues.overlying the bone at that point. Each tissue

- through which the ultrasound passés has its own density
and_compréssibility, termed its acoustic impedance. At

the time of calibrating the equipmént'it is neuy.sary to
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_gét the overall impadance-tb a mean:éalﬁé'of all of the
sbft tissues likely to be-encountere&;-This is equivalent
to an.adﬂustic 6&1OGity d£ heﬁweén 1§0O and 1580 m/sec._'.
- Echoes are returned at the acousticninterface between'aﬁy
two tissues. A géod deal of practice-is_ﬁeéded toﬁﬁétect_
the_ﬁeak.thatﬁrepreséntsjthe critiﬁal_bqnefsoft~tigsﬁef.
interface. 3 | a |

Oﬁﬁeﬁﬁmﬁteriala used;were§ EEdiéTrace,_a contact jelly;
ma@éfby Graphic¢ Controls éagada ntd., Gaﬁanaque,.Ontarib'
'(qétional); liqaid'paraffin for ;ubricétida aﬁd.as aﬁ_-
aﬂternative'contact medium for the probe; "Skin—Prep"'tq
.qiééu the face; skin mafkingfpencily tissues; protective

f_apvering for the subject.
B. PRELIMINARY ULTRASONIC INVESTIGATIONS

Before describing the landmarks and the method of taking |
ultrasonic soft tissue depth'readings it is necessary to
déﬁidte a moment, in order to describe three:ult:asonic _
' Eests that were cairied out by the writer prior to embar-
k¥ing on ultrasonic measurements'af the main study. There
.were certain queétionsfthat needed answering:

- Hoﬁ SRilled waglthe operator in the use 6f;u1tfasound-_

and how accurate and error-free was the system?
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- wa'sure-could'the dperator be-qL *dcating the .exact
 $ bony_ulﬁrasdnic landmark and how muchfdepthfvaxiation '

‘is there around a landmaxk?

- How accurate is ultrasonic measurement compared to the
known accuracy of radiographic measurement? This was

oue of the objectives listed in Chapter 1,
1. Accurasy and error'control

_Iﬁ-uLtrasonic measuring there are four possible sources
for error: system error, assistant error, operator ervor
and landmark error. The last erxor will be discussed in

the next.sectian-(section 2).

System error _ _

The uitraéonic apparatué was checked by the agents.at
their warkshops..ﬁhe hand-held probe was replaced by the
latest model and the system was pronouhcéd by the company

technician as accurate and in good working order.

Agsistant error _
There is always a possibility that -the depthfmeasurementa_
called out by the operator for the assistant to record on
the data shéeta can be either héard wiongly or recorded
incorrectly; Quite unbeknown to the aséistaﬁt a test was

' carried out to estimate her recording accuracy. In the
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_firét five and the last five cases the data délled out by
the bperatqr weré'recérdéd_by'a hidﬂeh'tape.feGOrder;=At
the end of each session of measuriné; thé febording was
played back ahd_the.values heard_én the tape were checked
against those recorded on the data sheet. Every case had
been-ccfrectly recotded..The gocd-results were attributed
. to the alertness:anﬂ'attention of the.assistanﬁ_and the

clarity of verbal reporting by the operator.

Operator error

. Correct use of the ultrasonic probe requires considerable
practice.1Hodsgn et al. (1985) suygest that a researcher
using diagnostic ultrasound should-acquire.prior-traihing
'in-ﬁhe use of ultraabund. Alternatively,ﬂhe should employ.

 the services of an experienced ultrasound technician.

In drdér to redﬁce inter-observer error the writer eiec;
ted to do all the measurements himself afﬁer acquiring
the necessary skill, Initial practice had been gained by
measuring the thickness at various points of irregulér |
slices of steak layed over ox-bone, firsk by ultrasound 
then with callipers. In another test a midsagittal sec-
tion of a cadaier head was marked with an indelible pen-
¢il at selected points on the soft tissue ocut edge. The
depths wére-meaSured_first'by ultrasound theﬁ-with a -

- Vernier calliper.;when the resuits_currelated well the

writer practised on living tissuve (at first on his finger |
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then on his face) in order to dévelop the'required sense

of touch and pressure. Finally, the controlled test. fhat_ o

'is described below was conducted on the faces of lzve

subijects, .
2. Variation in dept!s readings around a landmark

The operétor should be_abie to locate a landmark £hrough:
his knowledge of anatomy toéether with a thorough visual
and téctile examination of the face. Thetefis such wide
variation in human anatomy that i£ the operator ghould
.mEasure just slightly away £rom the anatomical point he
is looking for, the measurement would then nﬁtnbe truly
.réprasentativé at that landmark. It was decided to inﬁes-
tigate the varxation in depths of t1ssues in the 1mmedi-

'ate vlcinity of landmarks,

For the purposes of the test, the landmark itself was
referzed to as a "central data point"” {CpP) and the four
“test points arounﬂ the CDP were termed "reg;onal data |

points" (RDPs)

The RDPsfwefe marked on the face at a's mm distance from 
the CDP and were.located superierly;.inferiorly; distéliy
and medially to the CDP. & special template was.ﬁade_fgr'_
_this purpose {Figure 261. It consisted of a clear acrylic

disc; cast as part of the end of the shaft. The disc was
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(b)

FIGURE 26 % Regional Data Point (RDP) disk and its use
~on the face. - :

The disk is applied to the skin of the face, with its
central hole over the soft tissue landmark and its three
notches and one hole in the 3, 6, 9 and 12 o'clock posgi-
tion (b). Marks are made through the holes onto the skim
to register the central data point and the four regional
data points. ' ) : : ' :
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pierced'by_a;eentxal'hoie 1 mm in diameter. Avound the
?eribhery we%e thteg 1 mm diameter semicircular notches
and a 1 mm hole at.the.junctiOn of the shaft and_disct
The notcﬁes aﬁd holes were placed at_right angles to each

other.

 The'£irst 10 subjects of the sample were used for the'f
Eesﬁ;lihe'disé was positioned over the landmark and the
CDP.was marked.thrbugh the péntral hole. The RDPs were |
thén marked at the peripherai ndtches and.holew Depth.
readings &t the CD? and the four RDPs were taken for.éll-

18 prescribed landmarks on the 10 subjects.

 From the data collected a "traversion map" was drawn up
- {Figure 27). It shows a face with circles placed at the
18 CpPs. Radiating from the centre of each circle are

| 9hort 1inés that run up, down, left or right.

The CDP is the correct focus for measurements, but the
advantage of using RDPs is that a guide éan be drawn up |
that will iﬁdicatefthe'directioh and distance we may
deviate from the CDP and yet stiil maintain an acceptable
measurement for the study. The data were converted to
mean values for all the RDPs ahd then calculated as a

g pg:@enﬁa§e de§ia£iah fram;the-cnp'valué. Whethér this was

‘above the value of the CDP o= below it did not matter.
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FIGURE 27 - Traversion Map

The circles surrounding the central data point have lines
‘and dots in them that represent the direction$ and extent
- that the recorder may deviate in his measurements whilst
s5till retaining & valid measurement.
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It was decided thet enyfﬁeﬁietion_heYQnd 10 perbenf.ﬁqul&.
" be represented on the traversion map disc.as the absence
of a line and the placer int of a dot, indicating that the
| :meesurement et'thiszpdine was critical, Values between 10 |
percent and Eive percent deviation would be depicted by a
-Bhort line running half the distance between the center |
of the disc and its circumference. Values less than f:ve
percent were shown by a line runhihg Ehe full redius of
.the disc. Th1s implied a greater leeway for locatlng the
- CDP, The final result was a map of ' stop - caution - go "

indicators to guiﬂe the operator when the CDP reading was'_
a lattle aifficuli to lacate.'

3. Comparing aecuracy of ultrasound with ra&iography_f

In testing the eccuraej of ultraeeﬁic measuremenﬁs as
compared to radiogrephie measurements the readinga.mﬁst-
be taken at the same poihts on'the-faee._lf has already-
been'mentioned that the pulse echb'ie best reeeived when
it is returned-from a flat surface.'Similar flat surfaces
fbr thejteet measurements were found on the radiogfaph.
Again, the first 10 subjects of the sample were used as .
N test subjects Measurement sites selected for the test
were on the forehead in the miﬁline, where both the. skin
surface-and_undexlyung bone are flat an& where surfaces

are'nearly parallel to each other._
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The CDP for the sbft-fiasﬁa nasion was found and'marka&
The method described by Montagu [19351 shows 1t to ba on
the level of the palpebral folds of the upper eyel:l.d in -
the midwsaglttal plane. w:th this as a starting point
three more midline po;nfs were meaSureﬁ out and marked on
‘the forehead at 2 cm, '3 cm and 4 cm up. from the na51on
mark. Ultrasound depth readings were taken at thwﬂ; four

positions.

On the cephalometrid radiograph'tha softatiqsué nasion'

- was. marked as baing 1n 1ine with the superimpased images
of the palpebral creases. If thxs methoﬁ was found to be
unsatlsfactory the soft nasion was taken as being ?t”the
site described in the Glossary of Terms. Points labelled '
A, B and C were then measured off upwards from the soft’
nasion in units of 11 mm (since the radiographic image
' had been magnified by 10 percent) and the depth of the
soft tissue at each of the pbinté_was measured and recor-

ded by the method described in section C below.

A copy of the record chart is seen in Eigg;ﬁ_gﬁ. It shows
'a drawing of the face ﬁith humbered_measuring sites, the
nameé cf the central data points and a series of blocks |
for recordlng the data. It is necesqary to famllzarlse
‘oneself with the description of the landmarks and to keaep
the traversion map-{Fzggre 211 on_hand whaa_measur;ng.

Three measurements were taken at each CDP and entered on



135

ULTRASONIC DEPTHS MEASUREMENTS
{Dr W A Aulsebrook)

Code: ... tormneren Name: ... Date: .uccne
US 1 FRONTAL
US 2 LATERAL GLABELLAR
‘US 3 SUPRA-ORBITAL
US 4  LATERAL NASAL
LS 5  INFRA-ORBITAL
"US &  MID-ZYGOMA
US 7 ROOT OF ZYGOMA f
US 8 PHILTRUM RIDGE 3
US 9  SUPRA-LABIAL N~
US 10  SUPRA-COMMISSURAL f
US 11  COMMISSURAL X

US 12 MID-MASSETERIC

US 13 SUB-LABIAL

US 14  SUB-COMMISSURAL

US 16 MENTAL TUBERCLE ANT.
US 18 MENTAL TUBERCLE LAT.
US 17 INSERT MASSETER ANT.
INSERT MASSETER POST.

)

oM

FIGURE 28 - Ultrasonic data record sheet..

At each of the landmarks three readings are registered.
The largest is taken as the final reading. Blocks A; B
and C are for recording the test readings.
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'_the record'sheet instead of taking the meah’bf the three'
| readings the highest was choaen as the correct one. This
measurement represented the lightest contact of the probe
"'wmth the skzn surface. If the skin contact with khe probelu
is 1nterrupted and there is still a seal between skxn and
'.prabe, the thickness of the contact mfxlum is shown by an

.additional peak on thﬁ-oscilloscope In this case slight-__
1y more pressure is applied to the probe s0 as ko renew

"contact with the skin.

out of the T7e&ata'points normélly.meaSure& on the face,
ﬁ;10 ﬁare selecte&las-beiné-reﬁresentative of the.differeﬁt
.types of surface-to-bone combinations that could pnésibly
be'encbﬁﬂtered by the operator. A volunteer was used as
the testnsubject. Poinks were measured in random order,
five tlmes in a mornming session, five times in the afterw
noon on five different days, five days apart. This resul-
~ ted in_SDO_observations. Data were processed by ‘che South
African Institute for Biastatistics (Medical ReSearch |
Counczl) on an IBM computer, using the BMDP Statistical 5?

/ o

‘Software package (Copyrzght, UniVersity of Callfornia),
Obgexrvations:
1. In Table 3 it can'be seen that on the first morning

for example, the. coefflclent of varzatlon (CV) ranged

between 0.3 percent and 1. 8 percent.
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TABLE 3 - Ultrasonic operator errar

Showing coefficzents of variatlon for Day 1 (Monday}

Day Point Readg;;;z;; Mea;x S__."D:- -“(-2?-;_ ) IM:i..n"":’ Max.,
1 1 s £.97  0.05 1.04 4.90 5.01
() __ 497 0.05 | |
2 5 5,17 0.04 0.77 5.16 5.20
3 s 5.31  0.07 1.38 5.20 5.40
¢ 5 7.15  6.10  1.37 7.03  7.27
5 5 '3.33 0.05 "1.60 3.20 - 3.42
6§ 5 3,12 0.06 1.76%% 3,04 3.18
7 5 9.03  0.14 1.59 8.8 9.19
8 5 12.39  0.10 0.78 12,28 12.50
9 5 16.26 ©  0.05 0.30% 16.19 16.32
10 5 18.70 0.13  0.67 18.52 18.81
1 1 B 4,90 0,06 1.23 4.84 4,97
(pm.} . . - o
2 5 5.04  0.04 0.80 4.98 5.09
3 5 5.45  0.05 0.83 5,39 5.49
4 5 7.25 0,15 2.10 7.04 7.39
5 5 3.3 0.13 4.00 3.20 3.53
6 5 3.17  0.10 3.16 3.05 3.29
7 5 8.93  0.21 2.37 8.63 9.22
8 5 12.53 0.07 0.53 12.45 12.60
9 5 16.25 0.08 0.49 16.19 16.38
10 5 18.96  0.42 2.21 18.65 19.69
‘Note: * = low  *% = high
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2.. Over fzve days, thp lowest CV was 0.1 percent and the
. highest was 6 percent | o
-3,.Plotting morning agalnst afternoon readings, on the
f;rst ‘day the mean CV over 1andmarks for the mornzng _
was 1.12 percent and for afternoon 1. ?6 percent shown-'
in Figg; 29, '
4. Thls same trend was evzdent on the subsequent four
days. | |
5. Colledtivély over the £ive daya thé-morning mean cV'_
'wﬁs'1;35.peréént and the afternbﬁn, 1;48'pér6ent'1§§g_
Flgure 30). = o |
If morning'readings.were similar folafterﬁdcn réadings; -
their obseﬁvatidns would be evenly diStributed.around the
45 degree line in Figure 30. In this case this was not
s0. The afterncon readings were higher than thbée takeﬁ |
in the morning. Tt seems therefore preferable to take all
ultrasonig_readings in the latter half of the day. F;oﬁ_
the_abové reéults.it is also quite evident that good
correlation exists hetween the mdrhing and the afterncon

measurements taken on different days.

~ The ultrasonic methcd of measﬁremént employed in this

test thus rep:esants'a stable method of data collection.
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'FIGURE 29 - Ultrasonic error.

Plot of morning against afternoon readlngs on the first
day together with the line of perfect agreement, passing
through the origin and hav1ng a slope equal to one.

- MEAN - 8.D.
X: 0.01125 . 0.00484
¥: 0.01764 0.01186



140

PM
0.0489 .

2.0467
0.0441
g.0d2] o
o460y 1
- 0.0387
Coa3ei R '3

oo34] | : ,f
0.0321 : . .. jj L
0.030' 3 _
oms| 33
0.0261
0.024 1
0.0221
n.020%
- 0018
0,0187
0.0141
0012
00107
v.008"
. 0.0b8
0,004
- b02Y
0.000°
0.00 0.01 .02 0.05 ‘004 0.05 0.05

N =5  R=.65 P < 001

FIGURE 30 ~ Ultrasonic error.

Collectively over flvé days, the mean coefficients of
‘variation were 1.35 percent for the morning and 1.48
- percent for the afternoon. _

X: 0.01353 . 0.00996
¥: 0.01485 0.01021
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C. LANDMARKE

Landmarks were eoded with the prefix US (ultra~snmnﬁ) and
ranged from US.1 1‘:(3 us, 16 Some of the landmar]-‘s Were
-readily located by relating them to a sucface feature ef
'; the faee. Others could_enly be determined by first palpa-
ting the underlying bone and then marking the skin. All

landmarks were named according to their surface location.

- When mention is made of vertical or horizontal alignments
they are in relation to Camper's Plane (with EAMAC line
parallel to the floor). The landmarks are illustrated in

Fi g;y;rg 31.

us.1 'Frontal
_A,polnt on the forehead in a vertical line with
the pupil of the_eve and:on the ‘game herzzontal

level as radiographiq peipts LR.1 and OR.1.

05.2 Lateral glabella
- A point on the soft tissue supracrbital ridge on a

vertical line with the inner canthus ef the eye.

Us.3 Supra~orbita1
2 point on the soft tissue supraorbital ridqe 1n

vertical alignment with the pupll of the eye.



142

FIGURE 31 - Ultrasonic landmarks on the face.

Landmarks for ultrasconic depth measurement of the face, . .
are located along vertical meridis, and horizontal paral-
lels. Ultrasonic landmarks are always the same in every .-
face, and are named according to suxface anatomy (see
figure 10). - :



us.4

Us.5

us,6

Us.7

Us.8
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:Latemal nasal _
A poiﬁt on the side of the bri&ge:oi the nose at
. the same horlzontal 1evel ‘as LR.&-and on a vertz—

cal iine with the innex canthus of the eye.

Infra—orbital

This point is located after palpatinn of the 1Dwer P

bgny orbztal margin. It is on the flat plane lying
just below the lower rim Of tb o epckeh;and_gs

in ver*i«al aligmenb with t? ” }m; - the eye.

Mid~zygomatic ' | . A
A point overlying the bony zygimn, on thaiﬁaximum
horizontal and vertical outer curvatuvre of-thé :

zygomatic arch,

Root of zyyoma
A point on the skin surface immediately above the

mandibular cbndyle'aaﬂ superficiél to the postér-

ior root of the zygoma.

“Philtrum ridge

A point on the lateral ridge of the philtrum mldu
way between the base of the columella and upper

lip maxgin,



Us.9

Us. 10

Us. 11

us.12

US.13
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Supra-labial

Over the maximum bulge of the canine eminence mid-.

way between the;angla_of the mouth and the root of 

the alar cartilage.

Supra4caﬁmissural I R
A point on a horizontal level with US.9 and on &
vertical line with US,11. It is p051tioned over

the root of the flrst premolar

Commigsural
A point on a horizontal level with the cheilion

and 1mmedlate1y paste:ior to the commlssural bulge

‘It is frequently superficial to the crown of the

first premolar.

Mid-masgeteric

A point on the skin surface lying over the centre
of an area bounded by the lower borders of the
zygomatic arch and mandible, the anterior fibres .

of the masseter and the posterior border qf the

ascending ramug.

Subwlablal S . W _
A point within the labiomental creas - in vertical

- . alignment with US.9+
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'_US.14 Sub- commissural
A point in a vertmcal line with US.10 lying on'a
horizontal level with.US,13.

US;15 Mental tubarcle, anterlnr
. "he most prom;nent point on the later«l bulge af

‘the chin mound,

US,16 Mental tubercle, lateral
A point posterior to US.15 above, on the same
horizontal level and in vertical alignment with

U8.10 and US.14,

US.17 Insertion of masseter, ant?(hntérmeaSSeteric)
Detexrmined by palpﬁtion, this point lies at the
ankerior edge of the insertion of the masséter

‘muscle into the mandible.

US.18 Insertion of masseter, post.(PosteronméSSeteric)
Similariy found, this point lies at the lower and
posterior edge of the insertion of masseter into

“the mandible, just anterior to the gonion.
D, RECORDING ULTRASONIC MEASUREMENTS

In order to set a standard, as well as for the benefit of

future_workers.wishing to make use of this eéuipment, the
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procedure far taking a ultrasonic readlng is described in

a fair amount of detail.

'Thé.subject is'dxaped with a neck-to-knee plastic apfon-
to pxoteat his clothlng. ‘His face is wiped with spirits
to remove Qily deposxts. These can prevent the landmarks

£rom being registered on the fage by the skin—pencml.

The subject is.Seated with his face level with the opera~
'tor'ﬁ hand. The fook control-which_"freezes" the screen
ik placed underfoot._Though-thére should.be sufficient
light falling on the subiect's face the screen should be
fading away from the light to prevent reflected glare.

_The equigmént is switchéd on and the adjustable meaguring
scale on the oscilloscope is centered, using.thailateral-
- shifﬁ-control; To do this'the graph peak signifying the
probe-contact medium interface (which on contact with the
skin will become eqﬁivalent to p:obe—skin interface) is
positioned at zero position on the xwaxis:df:the screen

' gfid;'The.light-intensity.Of the screen is adjusted and
‘the two cursors are narrowed from horizontal dashes to
small dots. mhéir intensity is Set to be brighter than
the graphic display. The measuremént féad—out time is

- adjustéd td rapid and is checked on screen, Equipment,
operator and patient are now ready for marking landmarks

and recording data.
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So that the duntinuity_betweén the:u1tras0un&'prpbe and
- the bone surfacé is not broken, é-contact medium (in this
case pﬁrified 1iquid'paraffiﬁ) is inﬁérpdéea between the
tip;df the_probé?ané skin surface. The'prohe is cleaned.
wi£h spir¢£s_aﬁd its tip ligbtly dippea'into the liquid
paraffin. The.aﬁount'retainea oﬁ the probe:tip.is.enough_

to £ill the cup-shaped deprsssion at its end.

The probe is.held against the skin, directly over the
1andmark..The angulation of the piobe is important. The
central beam should be directed at right angles to the
bone and the:probe must maintain contact with the skin
without depressing it. Too little pressure will cause thé-
thickness of the cbntact medium to be added to the meas-~
;xement;.lf too much préssure is used the soft tissue is
indented prqducing an_incorréct reduced depth. Diﬁferent'
pressure:is_applied-at edch measuring point. For example
ihe chéek is easily dispiéﬁgd inwards even ﬁhoﬁgh.the
skin itself may not be compacted and a very light cdhtact
touch must be employed in this region. On the other hand
~the soft tissue over the forehead is dense and can wiith- -

stand firmer pressure before distbrting.

Figure 32 illustrates the va:ying angulations of probe ta'_
skin surface and the resulting angles of the echo. It is

quite permissable to circumduct the probe (with the data
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FIGURE 32 - Angulation of the ultrasonic probe to the

Proper relationship of the probe tip to the skin is
¢ritical for securing relevant and agcurate measure-
ments. In cases 1, 2 and 3, the angulation and position
of the probe iz: correct in {a), incorrect in (b} and
adjusted in (c¢). ' : ' '
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point as'cehtre} until ah'echc is received. However there

should be no wandering off the tariet in order to find a

- more suitable spot unless-lt.is.within the ! reglonal data | .

 area". Wﬁndeziﬁgjcan.easily-odcur unihtehtionally as
there is a need to watch Ehé'bséilloscope'screen - For
this reagon it is wise to chack the contact position of '

" the probe before taking a read;ng.

When the probe is correctly positioned on the skin, the
screen diéﬁl&fs a line gféph”bf the tissue interfaces
thidugh which the.ultrasonic pulse passes. The bone to .
'soft-tissue interfase is represented by a strong peak.
It is unwise to rély on a solitéry_feading.Voniy"ﬁheﬁ a
number of attempts indicate the bone intérfa¢e peak to be -
1n”the'same place on the screen, should a further three.
readings be taken of the point, Sbmétimes as in the case
of the cheek it takes a while to find the right location.
It is importént on these occasions to resist the desire
to sée a peak where there is none, or to accept the "next
bést".'oniy when there is a definite and distinct spike
denoting the soft tissue-bone interface should the foot
control be'depresseﬂ thereby."freezing“ the image of the
graph on screen. The value in millimetres is dzsplayed to

an accuracy of two decimal polnts

ARRARRIRANN
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-  CHAPTER VI
RESULTS: DEPTH SYSTEM AND PROFILE SYSTEM

In keeping with the aims and objectives of this study,
 the results of the radiographic and ultrasonic measure-

ments are examined under the following headings:
Depth System

1. Accuracy of ultrasdund_coﬁpared to radiography
_(objecti&é #1}. | |

2. A.dual_mEasﬁring system of radiography and-ﬁltrasoupd
(chjective #2). o | o

3. Establishing standards fox soft tissue depths
(objective #3). | |

4. chpariﬁg American (Usa) standards.of'tissﬁé depth

with those of the present study. -
Profile System

1. The standard profile (cbjectives-#i ' #6 & #7).
2. The estimated profile. T )

Satisfying objective # 8 (results of the visual test) is

covered in Chapter 7 on the application of the regults;'ﬁ
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' A. THE DEPTH SVUSTEM

1. Accurécy of ultrastund as compared to radiogréphy

A test to'detérﬁine the accuraéy-bf ultrasound'dbﬁpatea"

to the known accuracy of ra&iography was descrlbed in

H_hggggg_g Analysis of tlhie data yielded the following
results. ' . '
ObservatiOns

a. In Figgre 33, ultrascnic measurements of point (o}
(ULTRAC) are plotted against radlographic measurements
of_point c 1BADIOC), The scattergram indicates that
there is a strong linear relationship_betﬁeeh the two
methods of measﬁremant, The ultrasonic measurements
are slightly lower than the r&diographic'measurements
{the 45 degree 11ne, ma:ked in ;igﬂvg_ﬁg indicates
where y = x).

b. When expressing the ultrasonic readings as a percen—._

| tage'{PULTRAB) of radiographic reaﬂings.corfeéted frgt
énlargement {RADIOB), it can be seen from the scattéf

'_diagram'in_Figu;e-gé that a correctibn factor of -
 0.9560 should be introduced. D

c. The mean correction fadtor of 0.9560 was derived by
adding £hef00rrection'factors df'ﬁ, B_and.c and ﬁivid—

| ing.by 3,.  | | N



152

UUTRAC
87
*
St
/
v
7 4
. 2 +
¥ ¢
;
P +
| + .-'.‘-‘
2N
81 _ N _
L 3
‘-t e ‘
R t o+ R
4 . ¥
+ N fi.
+
L 'S e %
51 :ﬁ
+
* 4
L B
+
o
../‘
£
4 S N
e
v/
3‘[!'1!t‘.uuu“tlll‘l‘||n--'r|.nlllll!."il!! T l'
K] ' 4 5 8 7 B
© RADIOC
N = 55 R = .804 . P < .00

FIGURE 33 - Radiqgraphics versus ultrasonics #1.

Scatter diagram shows a strong linear rélationship
between the radiographic and ultrasonic meisursments.

MEAN - .&,D.
X: 5.78976 0.85872
Y: 5.4973 . 0.81009
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FIGURE 34 - Radiographics versus ultrasonics #2,

Scatter-diagram shows the ultrasonic readings as a
percentage of the radiographic readings, indicating a
need for the use of a correction factar (see text for

detalls)
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Discussion _. S _ S ST

_'It is thus evident that_for both methods ef meaSuremenE

“the reedinge réduire-adjuStMent.before they can be used

‘as real measurements: .

a. Raw fadiographic_date-had heeﬁ magnified'by'10_per0ent.

" and had conseguently toebe.adjusted either by multi-
plying byea correction factor of 0.9091 or dividing by
1.9 | |

b. Raw ultrasanic data also had to be ad3usted according—.

ly by a correction factor of 0. 9514

Provided these correqtiohs are made to the raw data we
are in a position_to employ them to establish a set of

mean values of the soft tissues in the human face.

2. A dual measuring system of radiography and

‘ulkrasound

The combination of the two systems of measurement into
one composite mensuration system suggests no numerical:or
statistical analysis. Instead; an appraisal of the merits

of the combined system is in order,

Dlscussaoh _

' Providing the necessary adjustments are made to the data

acquired by both methods, the meaguremenis can be read to
an accuracy.of two decimal.places, Neither of the systems

is difficult to use, providing the operator acquires the
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necessary skills. Each medality has different ad!antages

'whiah can be explolted sn as to gain optzmal results. -

_'ultrasound measures the depths of tiseue on flat eurfaces'.'

bast and radiography on edges and crests Working on live

.'-subjeats, the safety of the low risk ultrasonlc component

of the system becomes a dea;rable feature Not only does -
the dual system gather information at_the same landma:ks.
seiected py other workers but it re%erds edditional data .
around the eyes and lips. The extra sngular reaﬂinge add
the element of direction to the depth measurements; This
allows the previously d:fficult-t0~establlsh landmarks: of

nose tip anﬁ 1ips to be plotted in space. .

| For the present ot least, data collected by the combined
depth system is of value to those workers who are well
versed in the uee of the depth system of foren51c facial

‘reconstruction.
3. Establishing standards for soft tissue depths

_Frem both the radiOgraphie and ultrasonic measurements of
facial seft tissue thleknesses of 55 subjects, a Set of
mean depth values was - established for the 54 1andmarks on'

= the face; The results are refleeted in Tables 4,5 and 6
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TABLE 4 -~ Mean ﬁepths, standard dEV1atinn5
m1n1mums and maximums fcr this 3tudy

(nateral radiographic measurements)

- LR

_ane - Name of pmint Mean - §.D.  Min.  Max.
IR1 Sﬁpraglabeila 5.21 0.92 ©3.36 7;13“
IR 2  Glabella ~  5.76 ~ 0.88 3.35  7.62
IR 3 Nasion 7,03 1.1 416 9.36
IR 4 Mid-nasal 4.82  1.04  2.96  6.96
IR § ®himion  3.08  0.58  1.91 - 4.80
IR 6§ Ant. nose tip 25,40 - 6.34 20.27 30.25
LR 7 Inf. nose kip  18.13  1.93  15.31  24.10
R'8 Mid-col. base  12.80  2.44 .9.66 24,01
IR 9 Mid-philtrom  12.10  1.63 8,12 - 16.99
LR 10 Mid-U lip marg. 14,61 , 2.17 10,43 21,05
IR 11 Mld-lipline 7.04 2,24 2,60 13.67
IR 12 MiG-L lip marg. 16.38  1.96 11.16  20.49
LR 13 ‘Mid labio-ment. 12.87  1.65 ~ 9.09 15.95
IR 14 = Ant. symphys. 11.66  1.79  7.18 15.79
IR 15 Intermed.symph. 9.19  2.61  5.58  17.42
IR 16 Inf. symphys. 7,26 1.98 444 1558

. —————-'——-——qﬁ.w\—muu—m o b, i s o R - it Tt o — ————

Key. iR = Lateral Radlograph (0 degree)
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TABLE 5 ~ Mean depths, s*andard deviations,
: ‘minimums and maximums for this study

(Obligue radiographic measurements)

Code Name of point  Mean  §.D. Min. Max.
OR 1 Dateral frontal 5.37  1.01 3.41 8.00
OR 2 ILateral supraorbital 6.18  0.98 4.15 8.46
OR 3 Lateral orbital 3,71 0.76  2.40 6.41
OR 4 I;étéral_ z.ygbmatic - 7.97 1,77 .-4_.._44' 13_.25
OR 5 ILateral alar 8.18  3.28 2.32 16.20
OR.E_ Inf.hbrder of zyg. | 13.22 2;55 ?.27- 20.00
OR 7 = Sub-zygomatic 18.74 3.07 8.33 26.72
8 Sub-alar 10.22  1.18  6.62  12.62
OR 9 Tat. U. lip marg. ~ 11.73  1.40 .40 15.19
OR 10 Angle of mouth 11,76 1.85 7.94 16.46
ﬁR 11 Lat. lip.line _f7.85 1.44 5.45 11.91'
OR 12 Lat. L. lip marg.  13.06  1.88 - 9.09 17.68
OR 13 Dat. labiomental  12.08 1,59 8.43 15.73
OR 14 Lat. point B 7.49  1.68 2.95 12.37
OR 15 Iateral mental 10.42  1.63 7.27 15.18
OR 16 Latersl mandibular  5.43  0.85 3.95 8.56
OR 17 Intermed. mental 8.65  1.67 5.23 12.16
OR 18 Intermed. mandib. ~ 4.40  0.88 2.73  6.82
' OR 19 Inferior mental 7.36 5.43 4.42 12,21

 OR 20 'Inferior'mandib. 3.5 119 2,23 10.43

Rl ke itk o ks e e e . e i e e e v e et i e R e 2 A e A At

—— st i s — A Bk b e Y e ek i Pt it e i



 TABLE 6 - Mean depths, standard deviations,
minimumg and maximums fqr this_study._
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(ulttasonic-méasurements)

—r— —

- Code Name of poant

e A e g

. US
. us:
us
us
us

us
us -
us
us 1
us

-'Frontal

1
2
3
4
5
Us 6 Mid-zygoma
. _
B
9
1
1

Lateral giabellar
Supra-orbital
Lateral nasal

Infra-orbital

Root of zggoma
Philtrum ridge
Supra-iabial

0 Supra-commissural

1 Commissural

Us 12 Midumasééteric

USs 13 Sub-labial

“US 14 Sub-commissural -

US 15 Mental tubercle ant.  8.99 -

US 18 Mental tubercle lat.  8.61

us ]7 Insert. masstr ant. - 9.47

US 18 TInsert. masstr post. 15.38

s A o il o it s ey ot i

B e e ] o]

.

Xey:

_ffﬁean." S.D.fﬁﬁmin. NQ;T
.79 0.72  3.27  6.79
§.53 0.88 3.89 8.43

6.05  0.87 4.48 8.49
£.80 0.59 2.86 7.36
6.56  1.88 3.45 12.42
7.02°  1.05 4.99 11.26
5.91 1.35 3,15 10.34

- 9.79 1.68 4.15 13.46
9,52  1.44 6.86 13,07

12.64 3.02  2.45 17.45

13.07 ..1.86 7.57 16,33

18.05  1.69 14.85 21,21

10,30 1.42 5.90 13.67

11.54 1.66  8.05 15.29

1.87  5.33 13,41
1,50  5.44 12.72
2.16 4,72 14.23
2.60  8.27 20.46
EE'Z uxtSQSSSIS" R

-
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-:Qiscuss;on S ' 'ﬂﬁ' S
The mean soft tissue depths werd measured te the second
dec1mal place. This degree of f,ne measurement has been
retained &uring the statlsticalaphases of the study )
However, when it comes to the practical stages of recon-
tsuctionethesf;gures.may be taken to the nearestgo.s min
~ because ef'the'relative'efﬁdeness af”manﬁal control in

.m06611ing;

‘4. Comparing American (USA) standards of tissue'depth

with those of the present study

-~ A major difference between the South African IRSA) and
American (USA) measurements gathered”eh the smericans.
Negroid face by_gging:ang_ggmghgll (1980) was that in the
present study there are a number of extra measurements in
both lateral and the oblique plahes. It should be noted
that there are no correspon&ing'valtes for these extra

~ landuarks in the study by Rhine and Campbell.

.-Table.T compares data gatbered in the median plane.'There
sre édditional measureﬁents at the landmarks LR. 4 “LR.6;
LR 7, LR.8, LR.11 and LR.15. Measurements at forehead
glahella and naslon in the two studies exhibit a “cross-
. over" or reversal of values In one sample the thickness
of forehead tissues is greater than in the other whereas

the reverse is true of tissues over the glabella.
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. TABLE 7 - Comparing American standards of tissue
_ ' depth with those of tha present study -

(Lateral rad;ographic measurements)

L e . T i, St b

che Name of point

RSA mean (mm)

. USA mean (mm)

IR

LR

IR 1 Supraglahella . . 21 T ET}s o
IR 2 Glabella 576 6.25
IR 3 -~ Nasion 7.03 6.00
LR 4 Mid nasal - | 4.82 -

LR 6 Rhinion | 3.08 3.75
_ﬁR_G : Nose tip Front 25,40 =

TR 7 Nésé'tip'ﬁottom 18.13 -

IR 8 Nbse;nasé | 12.80 -

IR 9  Mid-philtrum 12.10 - 12:25°

LR 10_-'Up§e£'1ip margin 14.61 14.00

LR 11  Lipline 7.04 -

IR 12  Lower lip margin 16.38 15,00

12 Chin-lip fold 12.87 12,00

LR 14 Mental eminence' 11.66. 12;25_3

LR 15 Mid-chin 9.19 -

IR 16 Beneath chin 7.26 8.00

T et - Republis of Seuwth Africa

‘USA = United States of Amerilca

e o, R i LA T, VY e e et k. et M b ] W Mg e k. 4 Tl A s e e kB s e o e ik el i . WA s s s e o o T )



Tables 8 compares data of the present study gathbﬁtd at
the 45 degree meridian with thoge USA 1andmarks that also
'happened to be placed in the game meridian. There was
only-one Amermcan landmark available for-comparison

(OR.2) with the 20 of the RSA study.

Iable 9 compares the ultrasonic data of the present study
v,th_the'remainingf aandmarks in the American study. Here

o RS EE = . o e _
there are six American landmarks for comparison with 18

in the RSA study.

In total,_thioughqut the face, the pfesenﬁ study measured
54 tissue depths per half-face, compared to the 21 in the
American stddy (four of the USA landmarks are not compar-

able to any of those of the RSA study),

:ﬁiscussion
The present study indicates certain diffefences_bétﬂeén
- the tiSSue'measﬁrements of Zulu and the.Aﬁérican Negroid.
In evaluating these differenoes one should hear in mind

the following.

- the study was conducted on live subjects, undistorted
by either disease or death. '
- it was a tmghtlywcontrolled study done on, males within

a 15-yea: age span at a prime physical time of the:r
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TABLE 8 - COmparlng American stan&ards of tissue
depth with those of the present study

{Oblzque radiographic measurements)

Code Q;;e 6E.paint - ngq;;;;fE;;) : USE&mean (mm)_—.
OR 1 'yatarél_frOntal _ | 5.37 -
OR 2 Latefal supraorbital  6.18. ._' | 13.00
OR 3 Léterél orbital 3. - Tz
OR 4 Lateral.zygoﬁatic o ?;Bf o .' -
OR 5 -ﬁaferai aiar ;-."' 8.18 '_. e =
- OR 6 Ihf.Bbrder.of-ng;.- 13.22 _: -
QR 7 Sub—zygomaﬁid' 1&.74 _ 2:—'
OR 3. Sub—alar ' | 10.22 ' -
dR 9  Lat, U. lip marg. 11.73 -_' S =
~OR 10 .Anglé of mouth S -
on-11 Tat. lip line 7.85 -
OR 12 Iat. L. lip marg.  13.06 -
"OR 13 Lat.'labiomentai _ 7.49 ' _. S
OR 14 ILat. peint B  12.08 -
OR 15 Tateral mental - 10.42 .
OR 16 Lateral mandibular  5.43 -
OR.17 Intermed. mental 8,65 -
OR 18 Intermed. mandib. 4.49 -
OR 19 Inferior mental _ 7.36 : -
OR:ZO' inferibr man&ib- 3. 95 - T -

- Key! OR = Obllque Radlograph (45 degree)_
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TABLE 9 - cOmpafing american standards of tissue
depth with those of the present study

‘Ultrasonic measurements

— —m-_..—y-.—-m—_——-.-u i — . Py PP

- us.

" tode Name of point  RSA mean.(mm) USA m mean (mm)
us 1 Fromtal 479 8.25
Us 2 Lateral glabellar . s.53 I

3 JsﬁpraiOIbitai- . s.08 4,75
US 4 Lateral nésal ' 5.00 ' -
US 5 Infra-orbital = 6.56 o 7.50
US 6 Mid-zygomatic 7002 . 8.75
US 7 Root of zygoma | 5.91 ; : - 11.75
US 8 Philtrum ridge 9.79 -
US 9 Supra-labial - 8.52 | -
Us 10 Supra-commissural _12;64- R -
us 11 chmissura1_ ' . 1307 - -
UsS 12 Mid-masseteric- - 18,05 | -
US 13 Sub-labial - . 10.30 -
Us 14"Sub~comm155ura1' 11.54. o -

| US 15 Mental tubercle ant. 8.99 -
US 16 Mental tubercle lat. 8.6 | -
US 17 Insert. masstr ant. = 9.47 3 —
‘US 18 Insert. masstr post. 15.38 | 14.25

 Key: US Ultrasonic
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lives; Al1 subjects.weré healthy, w2ll fé& and natur-

_ aily tuscular. | | N | | o
- the subjects ali belongéd;to a homogenous popﬁlation

group. The'Zulﬁ nation has lived under danétaﬁt'eﬁviré

onmental conditions for generations.

This indicates a controlled study with far less sample
variation than the american study. Rhips and Campbell
(1980) do not mention the age_rangé of their 44 subjects
but_da state that no-attempt was made to eiiminate the
'thin b: the'amply.endowed. Thei:'intentian was. “raﬁher,

to sample from the broadest possible range'.

When the data of this study are compared with the data of
£he American study there is no way of knowing whether'the.'
- American differences in tissue.thickness are due ko the
_ different_sample of subject”salected or whether fhey.are
- produced by tﬁe saﬁple variation,'disease-qr death. If - |
tissue depths are greater at one landmark it could well
be that the American Negroid is fatter at that point. On

the other hand a difference in thickﬁeSs could also be
due to post-mortem distortion. A more significant and
.possibly ﬁseful observation-is the distinct crossing over
_of,dgpths.measﬁrements at forehead, glabella and nasion
in the two studies. At this stage of the study there is
no evident reason to assume that these differendes are

. characteristic of the-sampla'types.
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Generally, given that both types of informatimn are of
similar tgye, it is safe to asaum& that the more the

._amnunt of information collected ‘the butter the chanoes'
will be of a sucoessful reconstruution. The collection of -

. bilateral data in the American study 1ncrea$es the total

amount of data available but tends to produce mean values*'

with a b;as towards one side having thioker soft tissues
~ than the other. This is most oertalnly a valld statist;—
cal observation, However,_if a bias had not heen presant
in the face of the individual being'recohstructed.Oriif
it was present but was on the other gide of the face, the
forced enlargement because of the statistlcal bias would

'be misleadlng

"In the abseaze of aﬁy'data on the nose-tip in tﬁe'Rhige
and Campbell {1980) tables, it is not possible %o compare
f£indings in this region. What cén be said is that a nose
 constructed from the RSA data would be based on the data

' acquired fromua carefully-defined and locol saﬁble-of

sﬁbjects rather than made from a general “"rule of thumb".
B, THE PROFILE SYSTEM
The data from 55 sub}ects was displayed in the form 6f

- sets of polar ceocrxdinate pairs for hard and soft tissue

'profiles. A completed reco:d,sheet ig in Appendix a6.
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"The data was organised with two gﬁals'in mind: to produca
& standard faca for the adult male Zulu and to calculate
estimated soft proflle for zan unknown skull utilising

‘regression lines created from the data.
1. The standard profile

~ The standﬁrd.prcfila is @ composite of the standards or
norms-established for measurements hetween the 34'hard
and soft tissue polnts of all the subjects For example

| » point T1(a) four values were calculated the mean
skull_angle, the mean skull distance, the mean soft
tissue ahgle and the mean soft tiésue distance‘-In.the
same waf measuremenhs'fOr-all.the 34 soft and 32 hard

_ points were réduced tb'mean values, a list of whiéh'can

be found in Table 10.

biscussion

The bland androganic standard'fabe profiles produded from
the sets of mean values for hard and-sbft tigsue profiles
above act as . a form of neﬁtral generlc face. It is'doubt—
'fﬁl if anf.facé sould exactly fit the parameters set by'
the sténdard-ﬁrofile. As the collection of data recorded
by this method grows,.the-ﬁrofilés of the standard face
will of course change. The standaxd face profiles act as
a common yardstick for measuring and GOmpaxing.bthei maie

‘taces nither within the same sample, the Zulu race in
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TABLE 10 ~ Polar ccnrdiﬁates for the Standard Face

18

e Tl 3 o e . A i e e

Hard coordinates

R Triple
No. Angl
T a 61*5
b 54.5
72 a 47.5
b 430
b 34.0
T4 a  30.5
b 28,0
a 25,0
b 21.5
TG B 18.
b Q.
b 0.
a a.
b" ’-3-
T a -5,
b -7,
' . b w12,
™1 a -6
b -18
™2 a  -21
T3 a4  ~24,0
b —28u0
T4 a -31.0
b -33,5
™ME & -36.5
. b -39.0
s e -41.0
b ~46.0

tn Un:_:' MO Mo o0 Qo oo

e Distance {mm)

PR e} —t b

— ok
(=

-3

-
LIy

A s -
Iy

S
oN N NN

- Soft. ccordlnates
Angle Dlstance {mm}.

[ T = W =] — -

- =i ik oo o0 [N =] Qo
- .S ) L ) i O N W N Q

4 = . . * w

* &

LI

SO WO DO My OO0 oW UIYT OuUl. o Ot oW ;IO oo uu O

- 60.5 "139.0
54.0 - 135.5
47.0 - 130.0
4%.5 125.5
38.0.  12Z.5
32,5 118,58
28.0  113.0
26.0 109.5
23,5 . 109.0
20.5 . 110.5
17.5 113.0
13.9 118.5

9.0 125.0
3.5 128.5
-2, 116.5
-5.5 123.0
-7.0 128.5

"'11.0 13110

«14.5 126.5

-16.0 . 134.0

~19.58 136.0

-20.5 133.0

-22.0 131.5

-24.5 132.5

~27.0 134.5

-31.0  138,5

~35.0 139.5

~39.5 136.5

-43.5 129.5

"'5.11-5 . 116.0

oy o Sk T e e A S i kS
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general,_ar'the'males from the same age group Of any
_other:r3¢e.-TheY are aﬁsb'emplo?ed*inlthe.visual.test'

discussed?iAJChggte;;§}3
2. The estimated profile

:Thé reéonstructionist ié pi&sented with a found skull.and_
zequested to remodel a soft face to it. It would be help-
ful if he could méasuxe aertain ecqrdinates pn-ﬁhe_gkull
‘and then consult a table that would list the equivalent
soft tissue coordinates from which ﬁE'CBuld construct a

‘soft facial profile for that gkull,

in an effort to investigate this possibility a s&stem-was.
devised. to construct what was termed'an.“estimatEd soft
profile". Ideally, one would measure distance and ‘angle
of any of the signiticant haxd points £rom the.centre of
the measuremént system and then derive the softltiasue 
distance and angle by consulting a lineér regressidn.' 
. line. In eonstructing such a line the soft values were

. estimated From the hard. The skull &istance ana.ahéle
bécéme ﬁhe independantior x—§ariabie in each caée.'The
two variables to be related were the two distances and
the two angles. There was no need to cross relate angle

to distance.
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 Bi~variate scattergrams were plotted from these values, -

éxamﬁlés'of which are to bn found in Figqureg 35 and 36,

The foliawing'infaxmatiop:appears.beiow both graphs: N,
 £he samplé siﬁe; R;;the corrélahiqn doefficienf; the P
valﬁé,.which'if less than 0.05 indicatés that there is a
'signifiﬁant 1iﬁear relationship betWeeﬁ the variables;.
fthe regression line'fofmula, the m&an &alues for X and Y .
and their sfandard_deﬁiations;'The.regfeSSion line is of
'_the form: | | o o N

Y = constant + regression coefficient x x'

where Y ig the tissuesanglelof distance, and X is the

skall angle or distance.

The_graph_shows the relationship between the two values
thus enabling the soft fissue point to be estimated. 1£ |
this procedufe.is.carried sut for all the hard tissue
:_anglés and distances, a_complete'set of'equivalent gsoft
points can be'estimated from the hard. The points can

then be linked to form a soft profile.

- Discussion

- We will remember that Bookstein (1382}_£elt fhat coordi-
nate pairs_aré not thémselveé good.variablés and thus ére
not donducivg to statistical anaiysis; However, ilnstead

- of draping a mean face over a highly individual skull,
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 the idea of producing an estimated face'pxofilaiis an '
- atfempt at -';Einding a reliable‘”relati-ons‘hip be{:ween the
.morphology of: the soﬁt tissues and their bony support.

Its effectiveness as a reproducer of 1dent1ty 1s examinadf;?'

in Chapter 8.
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~ CHAPTER VII
RESULTS: FACIAL RECONSTRUCTIONS

A, REcoﬁSTRUCTEON'GSING.THE DEPTH SYSTEM
1. Reconstruction using RSA data (from this study)

In the past all reconstruétions-for_the Southérn African
Hegroid'fadé'have_had to be based on the measurémentsaof_
the American ﬁégroid, A modified technique of forensic
facial reco.struction using the increased data collected
in'the_present.study as seen in (Tables 4,5 and 6), and

| base&'qp a method described by Gatliff (1984) w{11 be

briefly descrlbed To assist in the visualisation of the

technique the various stages are illustrated in Fiqur g _
37.

It is assumed that the found skull is that of a Southern
African Negrbid male aged betweenuzu and 35, The cleaned
skuil with its mandible fixed, is mounted on a sculpture
 stand. The eye sockets are fitted with acrylic artificial
Eefes (following the method laid down'by'Gatliff, 1984). A |
series of depth markers is cut from a balsa wood strip (2
. omm x. 2 mm cross section) to match the measurements in the
table of tissue thicknesses. The markers are stuck onto

. the ékull at the 1éndmafks shown on the.chart. Flattened

strips of clay of 1 cm width with thickness ranging from



FIGURE 37 - The stages in
facial reconstruction.

In {(a}, 2 artificial eyes
are fitted and depth rods
have been attached to the
skull at landmarks. Stage
two in {b) shows islands
of clay plus intervening
clay strips. In (¢}, the

enipty areas are filled in
“and in (d) except for the
features the face is now
covered. Finally, in (e)
the head is cast in stone
and painted.
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the height of one depth indicator tq'the ﬁextaare-aﬁplied'
‘to the skull between the depth markeis.-Inter%ening'empty-
areas are filled with clay and the surface of the face is
smoothed off and texturised. Because in the past there .
was no informalion on tissue depth:in_certaiﬁ areas like
the 1lips and nnSE;'the-fbrm of these features had to be.

:modelled using the'judgménﬁ-of a sdulptof, the advice of

an anthxopoiogist and the "rules of thumb" described by
Gerasimow (1971} and Gatliff (1984). .

A significaht improvement can be mad¢ to the.above-method
.of facial reconstfuction. A sﬁahdérd engineer's contdur '
gaugé_is applied to the midline of the skull. The contour
thus formed is traced onto a sheet of stbut_carding'to
produce a midline profile of the skull.irigura_gg_l. The
' cérdihg is cut along the profile iine diﬁiding it inteo -
'posiﬁive and negative_p:afiles and thé positive'profile
is discarded. Soft tissue depth measurements are marked
off onto the negative cutout (Fiqure 3851 and the”paints
linked to make a soft tissue profile. This_is also'cut
out and this time the new negative prbfile is discarded.
The remaining.carding is.a-étfip of varying ﬁidth bounded
‘on one edge by.the skullloutline and 6n the other by the
soft tissue outlire (Figure 38c). The template is stuck
to the skull where it acts as a guide to the placement of
clay eithef gide éf the midline (Figqure 38d). Once it has

gerved ite purpdse'it.is removed and the gap is filled.
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@
Negative ~. Negative
profile

' profile

 Positive
profile

B _(f:)_ |

s
r

FIGURE 38 - Making the midline template

“(a) the soft profile traced out on stiff carding.
-{b) the negative profile plus depth measurements.
"~ (e} the rémaining soft tissue thickness template.
- {d) the template attached to the skull's midline.
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' 2. Reconstruction using USA data ("American profile");

'fIn essency, the American Negrold soft #issue thickness'
'measurements were applied to the South Afrlcan Regroid

skull,--

The mean-soft tissue aepths of the USA ﬁegroid soft.
tzssues at the mldsaglttal plane were plotted onto the _
| lateral profile of the RSA skull {drawn from the autllnes.
.produced by an engineer 8 profile gauge). The wolnts ware
joined by lightls drawn straight lznes and then ccnverted_.
to cuxves that were more in keeping vith the expecte&ﬁ'
shape of the soft profile. In the table of soft tissue |
depth measurements cempiied by Rhine and ggmgbgll ngggl_.-
. there are no deta'fo?:the thickness bf.the soft tissues
of the noss. The nose had to be fubricated by depending

. on~the jﬁdgement.of the wfiter and the already mentioned
rules of thumb One of these for locatlng the posxtion of
the nose.—tip was suggested hy Ger §§ imow (1 Q:Z 1). cn the
trac;ng a line was drawn tangential to the terminal third
of the outline of-the.nasal bone and extended downwards
and forwafas 2 second line was @tawn upwards-ahd for-
wards as the central axis to tha anterior nasal &yine.
Where the two. lines met Was the estlmated positmnn Fox .
the tip of the nose. Anuther aomewhat diffieult point to
estimate was the position of the lip.ﬂargxns.=hlthough
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there is a certain amount of information bn'tﬁe thickness
of the lipse in the tahles-ﬁhere was nq-way:of.kﬁawing the
..angle.at which to build out the iip tissues. The complex

'unduléting crease between*uﬁpér anﬁ«lower lips also had

to be judged by eye.
'B. RECONSTRUCTION USING THE PROFILE SYSTEM
 1;_ Constructing standard profiles

The puipose here-ﬁas to prodrge a pair_gf.hard and soft'

profiles that woulﬂ'répresent the averﬁge male Zulu gkull
“and face. They were to be_ﬂerived froﬁ the mean values.of
the hard and soft coordinates for all 55 faces. This was

carried out in two stages:
a. Stage I

A clean sheet of A4 boﬁa papér was taped to an architeci
drawing board_and-iuled with a horizontal line at mid- :
'page. At 4 cm from*the_ieft edge bf'the=paper a vertical
axis was drawn td extend the full heighﬁ of the paper.
The intersectibn-of'vérticalland_horizontal.lines was the
centre of the ﬁeasuring'system and was labelled 'C', An
‘ultra-thin (so as to reduce optical aberration) plastic
geometry protractor graded-in half degrees was positioned

with its centre on C and its 0 degree line superimpased
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‘on the horizontal line. It was taped to the paper. The
half-degree divisipﬁs_on'the prqt:actbr read f£rom 0 to 90
degraes upwards (a positive'value) and 0 to 90 degfeés

. downwards (a;negative value)..Maintainiﬁg the zerc-point
. over the qentre of the prdtxa¢tbr-an equally~thiﬁ_fulet
'alsp g:adéd-to 0.5 mn Was angled upwards and outwards to
the right.to measure off both the aﬁgle and diétance of
the first two hard coordinates. The.poiht was maxked and
labelled. In this way all hard and soft points above and

below the horizontal 0 degree axiz were registered.
b. BStage II.

The second stage.of the transfer process was to comnect
the_points £o form two continuous'profiles.zrhe ach
determinator was pbsitiqned-over the dotted outline and
the three points of the first soft profile triple.ﬁere

-1 1odated to lie on one of its many arcs. A pencil mark ﬁas-
- made through the centril hdle onto the paper. With that
as a centre an arc was inscribed thét-passed through all.
three points of the triple. Whgn_arcs are required that
are butside the limit of the instfument_they.arc for the

_ putpqses_df facial reconstruCEioﬁ cansidered as flat and
may be represented oh the drawing as a straight line .
drawn with a ruler. By drawing all 1ine~segménts in:this
way the hard and soft profiles eméfged as.two-céntinuous _

outlines {(Fiqure 321..Thé spatiomorphic adcurady_af this
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WV

FIGURE 39 - The standard Zulu face (male Zulu).

Hard and soft tissue profiles.
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gystem (within 0.5 of a degree, and 0.5 mm in diStancé)__
is perfectly adequate for the purposes of the present -

- study.
? 'chihstructing a mean profile

In reality, the forensic scientist is:presented_with a

‘found skull 6f unknown identity. A face must be built for
the skull. The data that are used to construct the stand-
ard_féce profile are now employed to ¢reate-what iz here -

tE:med'the'mean profile.

The unknown skull is placed in the cephalostat as if it
_were a patient. Tt is prevented from rolling'baCkwaras to
seek-its.centré'of gravity by 1ocking the'nasion rest in
place, A fa&iograph is taken at an:exgosure setting that
is appropriate for the density'ofﬁ%he.skull. The hard
_ profilé is traced off the_cephalogréph and the points |
along.the profile are selécted:and marked in exactly the
same wayjas_ﬁith a test subject. Fbr.deSctiptive purpoées
this will be termed the tracing. At each bony peint on
the tracing a line is drawn across the paber, parailel*to_
the EAMAC line. A photostat copy is made of the standard
prafile and a set of similar horizontél'lines'are drawn
Ehrough its hard pdints.'This will be called the photo-
¢opy. The tracing is now aligned over the photocopy to

place the first hard point of the tracing over the first
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 hard pomnt of. the photocopy, at the same time ensuring
that both the horzzontal lines at these hard poznts are
also"exaotly superlmposed upon each other. The 9051t* .
of the flrSt soft tissue point of the photo"opy is nﬁ
marked onto the tracing. This transposes the soft point
from photocopy to traclng at the ‘mean distance and the
mean angle for that pair of standard poants All tha soft'
p01nts are plotted in the same way The next stage, of

1ink1ng the points is the same as-describeazabove in -

§action-Bf1.
3. Constructing an estimated profile

The idea behind making an estimated face profile was.that'
one oould plot the hard tissue'ooints and then from_aiset
of regression lines (Tsble 11), predict the distance and
the angular bearing of the soft tiasoe points. As with )
the standard faoe the main axes were drawn on paper and
the centre of the polar coordinaLe measuring system was
marked. The points for the hard profile of the unidenti- .
fied skull wera then plotted on paper_in the same way as

above However, the procedure for marking the.soft tissue

pomnts ig somewhat dltferent. A hypothetical exampla wxll N

serve to illustrate.

For the first hard point on the skully'ﬁ1:

- Let distance of the hard tissue point = 129 mm

- Let angulation of the hard tissue point = 62 degrees
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> TABLE 11 ~ Table of reégression lines
(For estimating soft tissue distance and angle)

~-6.29140

E Note: Data marked (*) are. usad in the text as an example
Point __.lnlstance ' _ Angle |
o Intercept Slope Intercept : Slope
™ a _6,2483 0.99009 © 0.94252 . 0.97250%
b 15.9430 0.91417 0.17261  0.98328
T2 a 8.2177 . 0.97813 ~ 3.25500 0.91581
b 17.8500 0.89953 . -0.39485  0.99544
T3 a  12.8800 . 0.94331  4.89250  0.85798
b 19.8590 0.87774 -0.68822  0.94097
™4 a  24.5150  0.82615 ' 2.95360  0.82111
‘B 12.8750 0.93988 -0.26682 0.94020
‘T5 a  9.9608 0.96563 3.62990 0,79315
b 7.7814 0.87713 -3.31550 1.12010
™6 a  12.3240  0.92887 ~0.76276  1.02680
b 24.9750 0.89971 4.44310 0.9314¢
T7 a  23.1720 0.98830 - -
b 23.0810  1.02210 - -
T8 a  18.98990 0.98285 - -
b - 25.5660 0.88725 = =1.29600 0.20908
TS a 22.0310 0.93240 -2.16760 0.26256
b 26.4960 0.88444 1.01350 0.87933
T10 a 31,2990 0.86140 2.15520 0.90754
b 33.7240 0.82608 1.37400 0.97206 .
711 a 30.4590 . 0.80053 -1.18580 0.82365
b 27.3320 0.89820 -3.19980 = 0.67532
T12 a  17.8730 1.00050 . -4.21880  0.71401
b 12.5460 1.60950 -3,88450 0.73258
T13 a . 11.8160 1.01160 ~3.89230  0.75022
b 18.8120 0.95227 -4.75270 0.70681
T14 a 32,2380  0.82968 -8.97720 . 0.57723
b 29.4900 0.86037 ~4.80900 0.77971 .
T15 a - 25.9120 0.88124 ~6.33340 0.79647
b 24.0320 0.880714 ~5.54560 0.86871
™6 a 29.4780 0.81557 ~4.00420 0.95698
" b 22.3610  0.88534

0.98471
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What is needed for the position of the soft pointlis:
- The predicted distance of the soft tissue point

?'Thefpredicted_angulatibn_of the soft tissue point

~ calculation _ |

-(1} The regressiﬁnflineﬁdeécfibing'the dafa repréSented~
in tﬁe écattar plot shbﬁn in Figure 35; was obtéinedvby
plotting the_distancesF(fbr all 55.casesi of the.firSt
soft point (T1DISTA) against distances'of'tbe.firsﬁ hérd 
-point (TiDISSA), Below the graph, a soft pgiht distance
is repfesented by "Y' ﬁnd a hard point dist&ncéubf XL
The former value can bé derived from the regression line .
by ﬂnowing the hard point distanée-and-theuiappiying Ehe '

formula:
Y = 6.2483 + 0.99009 x X

(2)Therefore, in the example above:

Soft distance = 6.2483 + (0.99009 x hard distance) -

- 6.2483 + (0.99009 x 129)

133.97 mm

(3) Similarly in Figuxre 36, the:scft'tissue angle (YY) can -
‘be calculated by knowing the.hgrd angle (X) a@d uéing the
formula: |

Y = 0.94252 + 0.97250 x X
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{4} Thexefore, in Ehe-egample above:

fr

Soft angle = 0.94252 + (0.97250 x hard angle)

= 0.94252 + (0.97250 x 62)

61.24 degrées.

'Theﬁestimatéd valﬁes for the distance and angié of the

first soft point are transferred to paper.by.cnce again
using the thin protractor and rulér. The_ﬂbordinatesifor B
all 34 pﬁintsiof the soft tissue profile are similarly |
estiméted from their own particular regressicun lines .
!ﬁaken-from.Tagle.11[ and thén transferred in similar

fashion. In each of the profiles.the triples are turned

into shapes and the sequential'shapes linked to'form a

continuous cutline, again as described in Section B.1.

KhEKKKFTKIRKE
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CHAPTER VIII
RESULTS: VISUAL PERCEPTION TEST

To assess the values of the new profile system a visual
test was devised to compare a real profile with profiles |
created by the new profile sYStemjand a profiie made by

the depth system,

A. CHOICE OF SYSTEMS FOR COMPARISON
S 1
In deciding which of the systems to use for comparison we

need to ask ourselves three questions:

1..Which_is preferable: continuous iine information froﬁ
the start or single depth information linked by.lines?
2, Which are_more.reliabie ih creatihg the face profiles:
geometrically constructed lines or hénd~drawﬁ 1ines? '
3. Which are more appropriate in reconstructing a Zulu
~ face: Ame:ican\megroid measurements or Zulu measure-

ments?

Iﬁ will be remembered.that the object of creating a new
nrofile system ﬁas.to displa?'its:advantages over the
depth systém and the reason for.selecting the Zulu as a

- subject was to demonstrate that localiy dérived data were’

'more'applicable than data from another population group.
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- Bearing these factors in mind it was decided to compare

the'reai facial proﬁilea_df fiﬁe living subjects Wit
. facial profiles created for their skulls by'three'prafile :
systems generated.ln Chapter 7 the American profile, the
mean proflle and the.estimated.prnf;le;'~

The Ameriéaﬁ profiie waBIChusen'Because_it.was"produc&d
by a depth system uéing Aﬁerican EEgroia data and it wag
 hand drawn. These qﬁalities-&re-diametrically opposite to
thé probable answeﬁs to the three questions_above;-ln ad; o
dition it was considered important to decide which of the
ﬁwo profiles was better able to produce.a-resemblancé-of'

the real face: the mean profile or the estimated profile.
B. DESIGNING THE TEST

.In essence, the test required that.the three fabricated
profiles be compared with the real profile of a face. The
four prbfiles were to be preSEnfed as silhouettes to a
group of viewers who would then be.ﬁsked to indicate

- which of ﬁhe th:ee profiles'most.looked like the real
profile. This same procedure was to be followed fér five

different faces,

_In planning the test it was evident that the final proof

of the success of a technique of this nature would lie in- =

the v1sual assessments that are made. by human beings. A
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‘set of perception tests was designed that would require a
"yes" Ur."no“ type reacfion and a simple'fofm of rééord—-
ing the result,_The test should allow far two dlfferent
ways of loocking at the profiles that were to be compared.
: The-f;rgt_lnwwlved an assessment of the whole p:otile. It
islan ovéiall uéuaily instantly gained opinion which is
often deltrayed by dellberation. The second mode of eval-
vation is a -more consxaere& analytical one. It is taken
over time and;logi¢ally processed. Although.the analytl—
cal method ﬁay seem td be more thorough and therefore the
methﬁd of preference there_ate_soﬁnd'reasons for includ-

ing the overall method of assessment in the test.

Tt is well known that we are able to rEGOQniée_someone at
a distance. This is probably because the larger parts Qf
the person's face afu"arrahged in a characteristic con-
figuration and na.matter from which angle we may view the _
persqn they jog our memory. Thom (1975) tells us that
though a given object can exist in different guises, we
never fall to recognise it. Similarly, though with the
opposite resulﬁ, we could mistake a'person'for someone -
else if we happen to be short sighted, but only if the
two pebple have the.same general assembly of fha lgrge _
cdmponents. Another aspect to this type of recognition'is
that it iz instantly processed. This unity of ail the.
individual parts of the face into.a whole is what occurs

when someone exclaims "I recognised him at a glance". In
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' the word "glance" we un&erstand twio essential quaiitiés
_.that_&escribe.this method of assessing thé_total profile:
overall anﬁ“rapidf This primarg_opinidn_is a strong_one
and could aléo_be the way a viewerﬂmay gain a first and

often persuasive_jﬁdgement cf_a.redonstruction;

Since the object of Ehe visual test was to evaluateaan:
outliné it may 5& felt by some thaﬁ iine.drawings should
'have beeﬁ HSed-ins£Ead of a'501id'éilhcuette. owéll-and |
: gzgg (1962!, Mgrrifielg (1966) and many other workers
have evaluated the face prolee for its aesthetmc value.
In-thza-study it was declded to utilise face silhouettes.
Berg (13701 pr6&Géeﬁ camneo profile éards'fo: his patients

as records of their facial coutours. De Smidt and Dermaut

(1984) used silhouettes minus the hair style and neck in
27 profile photographs presented for testing profile pre-
"ferenceg. Barrer and Ghafari (1985) also_preferred using
silhouettes. They feel that the silhOuefte is better than
a line drawing. It is easier to:relate fo and has more.of'
a human shape since it is much like a shadow or.ﬁ face
~outlined against the light. They CDncentréted'on'the face
-profile between the hairline and chin (as in the present
study) and agreed that the use of a profile elimiﬁates
the need for information on skin and hair colour, ‘air
Btyle, make up, expressibn and even some of-the-effects
of time. The only dlfference in the presenc study was

that as with the study done by Lines et al. 11978} the
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choice was for ﬁiwhite:silhouette'on blaék_instead of a
black are oﬁ wﬁite;_Hershon and Giddon (IQBQl_eﬁQlGYed_a
useful modification in their tests. Subjects were asked
_tb'adjust four'horizdﬁtally'movéabie face components (the
.forehead, nose,_liés and:éhih)_into what thgyffelt was a
simuiatioh.cf“théir_own'profiles;7after which they were
.reQuir%& to construct an ifeal profilé."This.mo&ification”'
was uﬁéd to advantage in the:3ecdna-part of visual test

in ?ﬁis study (see Chapter £). -
C. 'DRAWING THE PROFILES

:five_adult'male Zuiug, all within the parameters set by
the sémple, were selected as subjects for the test..Trac—
ings were made off their 1atefal cephalograms of hard and
soft tissue profiles. These were photostatically reduced
5? 17 perdent.to:a0count_for magnifiaation;'Three photo- -
_copies_df each hard profile and bne_of each soft profile
were made. A method of making a set of fbnr profiles for
a single case will be_described.'whe same.proceduxe was

- adopted for,all five cases.
1. Making the real profile
A photocopy of the real sbft-prdfile was cut out to form

a silhouette, running from'hairline to ¢hin. This was |

- stuck onto a black mcunting car&.
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2; Making the American prafimg

On one of the hard pfcfnle photocopies a. soft profile was

drawn using the mear. tlssue thlcknesses of ﬁhe American _

:Negroid (taken from Tables 7 8 ggd 9} using the method
‘outlined in Chapter 7. The result;ng soft profile was
traced off onto white paper, cuh-out and mounted onto a

black background.
3. Making the mean profile

The mean readings from the standard soft profile were
uged to create a mean profile (made by the method out-
lined in Chagter.? and the readings £rom Table 10) foxr
the.secohd téaaing of the ékull._This was consﬁructéd_on
" the second photocopy and also converted intc a white sil-

houette mounted on a black background.
4. Making the estimated profile

- Onto the third phbtoccpy'cf the skull profile an estima-
ted profile.was made, ca1culated-and drawn by the techni;
que described in Chagtgr 7 and using the data from T __Q;__
11 It too was cubt out from white paper and mounted on a

black card.
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'l

5. Making the test booklet

Reﬂuded ﬁhotocopies ﬁere made df'the-four siihbuettes on
thear black ‘backgrounds. These were paeted onto a common
Ad sheet of white paper in two horizontal rews (Flggre
'_*#L. The tap Tow of four proflles was unaltered In the
gsecond row the feur preflles were divided by hoxlzontal_f'
lines into four feature modules of forehead, nose, lips
- end_ehin._hll.five teet caSee-Weie handled in the_same“
way. fhe_five-pages, one of.each_test-case, wetg stagled '

together with a coversheet to form a booklef.
D. SELECTING THE TEST SUBJECTS

_Mﬁchzhas been_written on the type of teet_eubjeet to use
for visual ﬁerceptibn'tests.'ﬁgrdgg (1992) tells us that
no two-obserQere see the'eame thihg, even'though'their_
eyeSighte are nermel.ahd they are aware of the same arti-
fact. ﬁgrgtoﬁg {19'h1 and Golgman.(1952! asked'artiets to
judge their results and Riedel (1957) and Eggk ang Pegg

1_2_91 used the general public. Sushner ( gz_l felt that
the concept of beauty is subjective enough that Blacks
should have facial stenderde_of their own. Thomag 197
decided to use both Black and White subjects to assess
the aesthetics ef:their profiles;.Foetgr (1973) found no
significant difference between the scores of the various

- groups of peeple_who participate& in the investigations.
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FIGURE 40 - Example of the visual test sheet

(see the text for a full explanation)
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iLineg et al. (1978) decided to make use of professidnal

'peopie divided into-thfee-categbries:_moderately traine&_
subﬁects'fdr example orthodoﬁtisﬁs; slightly trained sub-
ﬁects such as oral surgeons and untrained subjects like
_ dehﬁists, students and ndn~professionals. Ragsqn et al,

| {1971) found that in subjective evaluation, reliability
existed_when_sevéral dentists uséd_the same evaluative:
characféristics.and their resﬁlts were avéraged. Cox _and
Qan der Linﬁgﬁ §fg?1!'used é'combiﬁatiOn of ten ortho- |
dontists ‘and ten lay persons to judge silhouette photo—
graphs and found a sound agreement between the Ewo
groups. Albino et al. (1984) discovered that a patient's

' pérueptian'(or'for that matter‘a layperson's perdegtion)

- and a dental or professional pérceptinn were somewhat
different. They noted that a patient's view was;charéév
"teriséd by attentioniﬁc_narrow_aspects cf.appEarance.and
at the same time by a global sense of acéeptability or

non-acceptability.

. This latter ubservation £its in well with the two modes
of assessment mentiohed'abdve; namely the bverall.assessé
ment and the analytical énalysis. Becauge of this and
since most peopLe'judging a facial reconstruction are |
likely to be hon—prafessionéls, young malé ana feﬁale
pupils of mixed race, in the same class and aged_betHEen
15 and 16 years; were'Seléctad to take.pért in thé visual -
perceptlon test. ALl scholars were studying art,_scien“e

oxr both subgects together.
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' E. CONDUCTING THE TEST
~ The pupils were told that the pu:i;pc.ls.e; of the test -..was a
series-df cdmpariéons éf siihoueﬁted Profiles_ofsfaceé.
_ Thé.method of conducting the test was clearly'éxﬁlaihed '
| ﬁbeforéhand and”the:ﬁay fhey.should'sdore.thé Shéets_ﬁas
~demonstrated on:a'mbqkuuPJSheet_af profiles not_inclﬁdeﬂ
.'in their baocklets. The'pupilﬁ.ware-assured that-excépt_
for the'reél profile, ﬁhich ﬁés;always to be Fouxd on the
left of'the pége; the ather faces for éomparison on the
right were layed ocut in random order. They were there-
| fore not to waste tima'by'lookiﬁg far a pattern for the
positioning of the faces. Thelr only task was to decidé
which of the-thrée face profiles on the right of the
$heet mbst_ciosely resembled the real profile on the left
of that sheet and to regiéter'ﬁheir answers by placing a

cross inside the white silhouette of their choire,

It was also explainéd tﬁat;in the top row of profiles
they were to carry out én overall and rapid scanning and
‘should record their first_general impreséioﬁ of'uhiah
face was best. It was impressed upon them not to lingexr
and become critical. The hottom row of ﬁaces that. were
subdivided WEreﬂthe facés tha£ were to be subﬁected to
analytical-scrutini;'Ea¢h frature module waé to undergo
examination_anﬂ be marked accordingly. This‘meant that

~ every page had to eventually bave five drosseS'on it aé



19?

| 1g.was'not permitted to omit a'pfbfile¢.ﬁlthag§h'they '
were not-alloweﬁ ﬁq-alté:mtheir,snap'&ecisiﬁn in the
upper row;fthe méiks in the hdftdm rows (since they'were y
the result of crltical analysis) could be erased if made
in error and a new dec131on could be. recorded. The. view~
ers were afforded a reasonable time in whiah to make :
.-their chozcea whereafter thelr forms were shifted one to
the.?ight sclthat'thé scholar on the-righf could check
his.'class.mate's. paper for any omissi'on's. 'The last person
on r”“mright of the row handeé his_paper to the first
pergbﬂ.iﬁﬁthé same row. At the end of the session the
papers'ﬁére collected and those with 6missions were given'
back to the scholars concerned to be reviged under the
same.cohditions as £he test.. Althoﬁgh this took up a bit
.more tlme it reduced the number of syoiled papers which

in any event was a mere 1.2 percent._
F. RESULTS OF THE TEST

Table 12 summarises the results of the visual perception
tests carried out on 114 pupils. The raw data are the

values-ln each block of the table. They represent the

number of decisions made by the pupils for any one pro- |
."file.ip all of fi&e differenE faces. They ﬁnrefnumbered |
by their case numb6£s 18, 24, 37, 42 and 44. Every pupil
was allowed only one vote for any choice that they made.

~ In the case of the undivided face they could vote once -
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" TABLE 12 - %esults of the Visual Perception Test

(£ .r: éxplanatic'm'— consult text )

A et W, A, B et 4t et W e sl Bt s e

. CASE: 18 24 42 a4
=ESH==.-'-'..—=="'_-‘:=._=='“““"_.““"===“‘"_'"—f—"“"“ —*ﬁ=—§;==#£:=====ﬂﬂ==
_ ‘A 108 45 56 36 .98
TOTAL . S :
FACE B 5 1 50 B4 12
e 3 68 8 1a "
s -.‘-‘..====="=='.==;======"'=-——-—==="""“--..-.="-—“—======;=======n==
. a 93 8 40 51 56
FOREHEAD B 0 5 55 53 39
" ¢ 21 101 19 10 19
' 81 . 32 a4 13 - 80
NOSE e .10 8 50 25
18 12 62 51 9
A 80 55 35 49 92
LIPS B 15 0 71 56 19
¢ - 19 59 2 9 3
A 35 10 22 25 a1
CHIN ‘B i) 4 75 16 24
c 9 40 17, 13 9
1 =1 ..x::c--——-z'-—-=====a==‘==::—.’=.'::u’:==q=l===u==.—...==:==‘_-.=m===2===ﬁ
CKEY: "A = mean profile '
B = American profile .
| C = estimated profile _
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for only one of the three methods. In the subdivided face
“they could again only make one vote each, for the four
‘subdivisions for any ope of the three methods. The under-

" lined values wex€ éonsidered to~ha§e-beén_the ﬁinners.

_'The'létters'ﬁ,;B.&ﬁd c iéspédtive1y (2§bL£@1g).représéht
‘the mean profile, the American profile a£a'the estimatéd_
profile. Looking at the ﬁotal a‘EElu:'.e..cmly_Jr we-Sée that for
faceé 18 and.44;-prdfiie A has scdred well. In the case
of'féce 37 both_profiles derived frem:meén_valués,.that
is the mean profile and the American_prbfilg;(a and B},
have similar scores. ﬁbwevgr, profile A étillawins. The
other two wins in the total, face are profilé C in face 24
and profile B in face.42; The final score then is three
for profile A and one each fdr profiles B and C. Based
onl& on these five obser#ations the_tendéncy would be to
claim that the mean profile is best as far as the total

face is concerned.

‘In judging the subdivided face there are four categories

to consider, forehead, nose, lips and chin.

Lﬁoking at the forehgad there are two big winhers. They
are ﬁrofile A in Face 18 and profile C in face 24. The
regt of the scores all seem rather mérgiﬁal..?rofilé B
had similar scores for faces 37 and 44 and.were close to

the score for profile A in face 44. It appears from these



200

threé'scdres that there is not wuch to choose from here.
_However if one were ta select one Qf thesa three proflles.
ﬂt must again be profile 3, for two reasons. It had a.

Jmarginal win in face 44 and a marg1na1 ‘defeat in face 42

.iS'far asiﬁhe nose is ﬁcﬁcernéd'there.ﬁeré égain twﬁ gcdd
V1ctories for profile A in faces 18 and 44. P rofile B
seemed not to do teo well in the first three faces though“
”1t.v1ed.£qr a win with profile C in face 42, In fact pro-
file € did quite weil iﬁ faces 24 and 37 and attained a |
marginai win in face 42 ‘Thus profile ¢ preformed better
in three cases and profile A in two. If a choice were to
| be mada based on this sample of five faces the preference

: wauld have'to-fall on profile C,

In the case of the lips there were two strong victorieé'
for profile A in faces 18 and 44. Profile B had a good
win in face 37 and a marginal one in 42 . There is only a
marginal win for profile C over profile A in favce 42

thus - making little to choose from becween the two
profiles. On looking at the score for'prbfile A in this
category there_is'als¢ not.that'much difference'bétween
the acores er_profiles of_A and_B, in.faée 42, Once
again, the two'out—riéht victories ﬁlus the-twd marginal
‘defeats of profile A make it the profile of choice for

. thellips..
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Finally; dn‘iﬁSPecEing the-data in tﬁé'éhih-dafegdryf it
can be seen that there were three quite_heélthy-victbriEE
_fOr.profile B (in faces 18, 37 and 42) as;bpposed_to.two
nqnaliy-healthf'ﬁins far profile A in fécéa 24 and 44;_I£
we were to make a chaice based- or:. thls sample only it
‘would lean towards proflle B. Here is a goad example of a
SItuation that_aquld gagily be changed by an increase in

the test sample size,

The final scare in this test shows_’he following prefer—

ERCES b4

‘profile A {mean profile)

t

whole face:

profile A (mean profile)

i

Subdivided face: forehead

b

noge profile ¢ (American profile)
- Lips - prpfile'A (mean profilé)
chin - profile B (escimnited profile)

_CQunting the wins only it can he seen that the mean pro-

file scores the hlghest of the three.
G. DISCUSSION

In evaluating the results,  the value of a "win" must be
‘examined. A win does not nedessarily have to be a higfpne
to be of value. A "marginal victory" or even a "marginal

defeat" have distinct inferential values. Also, a posi-
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five score for a profile daes'nat'imply Ehat=the:prafile_
166ks-just'1ikeﬂthe real face. It merely informs us that
the pupil is of fhe opinion that the profi1e he has just
_scored looks more like the real face than do the other |
two pfofiles. This'type of'evaiudtion=is quité accepb~
able. If the teitt were to be constructed to deciae”which.
profile looked like fhg real face, it may well have'got
no scoring. No matter how good a:fédanstruction-is, there
will always be some difference of opinion as to exactly

what constitutes a likeness.

Refering to the scar’ng abover it will be seen that there
was a preference £oi the mean profile. Yot the scoring of
the subdivided profiles indicated that no one technigue
was best at rendering every feature. This is.significant
as it 5uggests that until our aatabanks of faces recorded
lln this way are- fuller, we could perhaps combine methods.
In so doing we may find that speciflc.methods nmay be more -
guccessful for certain parts of Ehe face, or even for
certain types of face. This thought gave rise to the dOné

structicn_offa composite face (see section H).

The estimated'prnfile was.a'mathematigally derived éne

- and so could have been expected to give the bést'resulﬁs.
It did not. Once again we must realise that statistics
baée& ¢ﬁ single ehtities_a;e not what we should be exam-

~ ining. Tt is probable that there will be the occasional
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-face'where the estima£éd profile will prddude the best
‘results. This will most likely occur in thcse skulls that
most closely resemble the standard akull Where the estl-
mated profile éid do well was in the case of the nose.
:'Possibly by using stat:stxdally estimated values, some

structure was_brought to the-nose.-In_est;mating the nose -

we made provisions for subtle variatiohs in that partica- :_'

lar face. Whatever variations are fquﬁd; they are going
to be different for every skull and that inforﬁétionfis
~going to be Lak&n 1nto account every time the nmse is
estimated. The mean fnose on the other hand ir iy to
look the game in every casef This value in itself nay be
a good encugh reason to include the estimated profile in -

a combination of the systems.

It was_evident that the faces.bdéed on mean #alues in‘ail :
cases showed the best results. The RSA profile did better
- in all likelihood because it was derived £rom local data.
If the number of tlmes 1n whlch the American face was the
winner is examined, it will be seen to be by far in the
minority, whereas those that won were the RSA prbfiles‘
irrespective of whether they represented mean or estima-
ted profiles‘ The overall points winner however was the

.mean proflle



H. FURTHER CONFIRMATION

For the sake of'intefest'only,.the tracings of the fabrif
lgateﬁ.profiles wefé superimposed over those of the real
face profiles to determine which full profile of the
fabricated face profiiés rest matchea_the_full'real face
profile, and which individual featurs of the fabricated
face_pfofiles best'matched'iﬁs’eqﬂivaient in the feal
face profile. The results confirmed those of tﬁe stﬁdent
visual tests both in the choice of full profile and part

profiles.

" aAlthough not forming part of the visual test it was de-
cided to.conStruct_a composite pxbfile, bﬁilt up from the |
assembled parts of those'féatures f:dm each fabricated_ |
profile that had.pexfbfmed-bgst.'ﬁ_sheet_bf tracing paper
was placed over tracing A (the real Pfofile) and the |
forehead traced out from hairline to down to the dip at
the soft tissue nésion;“To Eﬁis trzcing wére added the
ncselfwom tracing C (ﬁhé American:profile) the lips frbml
traciﬁg A_agéin'and the chin from tracing B (the estiha—
ted Profile). The reSultant CUmppsite prbfile is compared

to the drawidg of the real face profile in ?iggre'41, -

Quite clearly,'at-least'until our databanks are fuller,
_ the composite profile appears to have no ad%antage over

any of tﬁe othEr.fabricated periles..When_it was supoer-
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(a)

FIGURE 41 - Comparisbn nf Real and Composite profiles

The real protila (a) is on the left and the composite

rrefEd Ta ki [P T TN R YO T
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imposed'over the real face pfofiie it.had é similarly
~poor fit. This should not act as a deterrent. On the
.contrary it supports the view that 1t is the qeneral
assembly of the face that is of importance in identi-
flcation. Tt is certalnly of greater value than the sum
..of-the parts. Thig summative effect supports the theory_f"
of “Gest&lt“ (tﬁévcommdn_Germén'name for shape or fofm)"
as it applies to perceptiﬁn.in-the ﬁorld of.. art;.zt 6nCe
again. J.ays stress on the fundamental need to inves{::l.gate

'underlying structure and relative po51tioning.
I.  CONCLUSIONS

It general it was felt that a geometrically'created [oT0) ¢ T

- tinuquSaprafiLe.ganerated_by_the profile syétem using RSA
.data, wag preferabls to é prcfile'that is hand draﬁn from.
gingle depth measureﬁents-taken from the American Negrdid
when it came to reconstructing an adult male zZulu face.
The mean profile waa consgidered the overall best at pro-
ducing an identifiable face. None of the systems evalua-
ted by the test have in-themselvés all the answers that
wére sought. Indeed thié test was not expected to isclate
any one sfstem as being the best. At this early stage it
was designed to &eveal just where the strong poiuats and
weak points of each of the 9ysﬁeﬁm otcur. Suggestions. for

improving the test can be found in the next chapter.

RRRdR kRN
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CHAPTER IX.
SUMMARY, CONCLUSIONS AND SUGGESTIONS

A, SUMMARY
1. The depth system

‘the depth system had its.deficiencies: the landmarks for
. the collection of data on the face {they were too few and
not'&lwayS-at a-sigﬂifiCant site); the tvpe of data (they
'weré distance measurements-with no angular'ﬁeadinés); and
the method employed for establishing outlines of the soft -
'profilés-(aftistio'retouching can permit the ihtfoduction
of error). ’I‘he.se- shortfalls of the depth system somewhat
lessened its.valua'esPecialiy when it was compared to the.
‘profile system. Despite thiﬁ.ﬁhefdepthjsystem of facial
récoﬁstructionahas beeﬁ used for many years and in many

cages quite successfully.

ﬂhaﬁ can be claimed is that because of the pzesemt $tudy.
the depth system has now been enriched: there are extra

- standards available for difficult arsas such as nose and
iips; the data have been acﬁuired from living subjects;

_ahd we now have standard measurements f£or the adult males
of:a-iacal'pmpulation groﬁpf Should taxonamic.compériscns _
of facial_tiSSAe thicknesses néed to be nmade between the.

various race groups, the data from this study can be used
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since many of the landmarks are the same as those used in

- other studies.
2. The profile asystem

Tha §tahdaxd profile has two values. It is é'standaéd.“
against which fﬁces-bf the same group of people can be
‘compared,; and 1t is the origin for a mean pxnfile which
.can be adapted to a tracinq of the h ﬂ‘:.‘le of an
 unidentified skull,
The mean prqfile also has valuablefﬁtﬁributes. It can be
iﬁcdrpérated into other depth‘sysﬁemé.in'presenﬁ use, Fof
example it can be turned into a cardboard cut-out which
caﬁ_be.stuck to the midiine of a found gkull, where it
acts as a continuous depth indicator for modelling the
soft'tissues in.thﬁt_plane; The mean ptofile keeps Eo.the
middle path of.soft'tissue depths, neither 1eaning tod'
heavily to excess nor to deficiency. This concept is in
keeping with the cautious approach of forensic facial

reconstruction.

It has already been mentioned that Bookstein (]25 ) feels
coordinate pairs are not by themselves good varxables and
therefore not conduqive to a statistical analysis. This
 view is suppofted_by the writer. However, it should be

clearly poiﬁtedxout that the points used in this study
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are not the same points referred to by Bookstean, namely
 gingle and 1solated meaningless anatomical landmsrks. ':
They are polnts ‘that may not have value_as s;ngularltias
‘but have become ppwerfully'desc:iptive when combined intb
Qroups;(ss in the.cass of triples). The coo#dihsté{paifs
for a single landmark desgeribe the.positiaﬁ'of onanoint
in space or one point along a line. The triple, howevex,
lg a uoilectiOn of cobrdisate pairs that togsthsr-create

a formula for a shape.

It is the shapes we should_bs"manipu;ating, Eransforming

and comparing, not the points.

Newman and Sproull {1gg1l.point out that any scheme for
modelling curves and surfaces should be mathematically

tracﬁable, camputationslly-cgnvenient and economical of
storage. The.arcusesking system used in this study meets

_ those requirements most satisfactorily.

sThs cutcome sf the visual.test summarises and underlinés
the value of this study. It foints nui'that there is dis-
tinct merit in using the mean profile Tﬁé mean profile
was rated higher than the estimated profale, in all pro-
bability partly due to the wide variation 1n soft tissue
thickness and\partly dve to a small sample size. In time
as the ﬂatabank of information increases it is possible

 that the estimated profile will be far better able to
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predict facial shapes. In that case it may well replace
the mean profile, However, until that time the mean pro; __

file will remain a useful and safe alternative.
B. CONCLUSIONS

1. The accuracy of diagnostic ultrasound in measuring
. the thicknesses of the facial soft tissues and the known
accuracy of radiography as a measuring instrument have -

been shown to be equally matched.

2. Employed as a combined mensuration system radiography
and ultrasonography have yielded informﬁtioﬂ on the depth
and shape of the soft intgr;j'umeht of thé face of a nature
that has not before been acqﬁired with needle-puncturing
techniqués. It can be éonéluded that this combined system
has a place as a valid research tool for meésuriﬂg soft

tigsue depths in the face.

-3, A table:of mean soft.tiséue depths of,the male Zulu
face has been compiled. This was compared with a table of
similar measuremsnts on the American:Negroid. Comments
were made in an attempt to explain the differences of the
measurements at similar landmarks. This relationship will
alter as the sample size increases. The comparisons made
between the data of this study and those of the Amerdcan

study'shawed that the former was beﬁter controlled, more
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| appropriate to the.liVing,-and-yiélded_a wider range of _
information. It was also considered more applicable to
the Southern African Negro;d, and in particular the young

Zulu male.

4.-'The.nEW'pfofiie system ﬁas-described for recﬁfding'
the hard and the soft profiles off the la-eral cephalo—
\gram ‘It was able to captuze, record and reproduce those.
coordlnates that are sign;flcant for describing the shape

of the profiles in a simple and effective manner,

5. From the data collected a set of standard hard and

soft faca profiles has been ﬁerived.

6. Meﬁhods for plotting a mean profile and for calculat-
ing an estimated profile for a found skull have been sug-

gested,

'?._ Fabricatea profiles were subjected to a perception
test of visual comparison with the real profile and the
results_were evaluated. From.ﬁhe test results it can be
safely concluded that the profiles that'werg'thE'mbstf'
successful were the RSA profiles whether they were made
from mean values $r e#timated_values. This in itself jus-
tifies why new Sduth African standards were necessary..

In the light of the above is felt that the aims of this
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‘study have been successfully accomplished. A proposal is .
advanced that funds and resea:éh opportunities be made |
available er'the further investigation and expansion of

these standards.
C. SUGGESTIONS FOR FUTURE STUDIES .

In all future studies the maximum efforts must be made to
keeﬁ the sample.as.geﬁetically pure as'p555ible,.hs an -
~ example, in stﬁdying the Zulﬁ not even members of'dlosely
related tribes like the Swazi, the Ndebele or the Xhosa

were accépted for the éample.jExEremes'in weighf and size
and ény abndrmaiity in shape or health are of necessity

strbng'exdluding factors in future primary studies. At a.
later date when core standards have been forﬁed secon&ary

stu&ies-can always incorparate extremes and combinations.

The most comprehensive method of collecting informatioﬁ
is of COufse-the imaging of_the whole head and neck com-
‘plex. This total evaluation of the craniofacies in order
td_capture structure and surfaces has already been accom-
plished by the use of computed tomographf and maénetic' |
_;eSonance-imaging,'The nﬁmber of data poinﬁs for_describ—_ 
ing éhépe gntrap#ed in'éallecﬁions of:informatign guch as
‘these is emormous. In 1988 the writer conducted a study

:at the REsearch_Instituhe-of-Biophysics (at Tygerberg

Hospital in the Cape) to iﬁvestigate the use of magnetic
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résooance_imaging for'pfofile'capture. The images that
were'gathorad_were“ideai sourCES of the_joiﬁtsoand)zon«"'
| trol.points:montiooed in thisg =study. Thé_adaress of any
datum point can be located iﬁ space by the ihgtruotions
embedded in'tho.threo'oOIar ooordihatés: two'angles and &
_'distance from the centre of the measuring system. W:th
'tho image capture afforded by MRI these coordinates can
be.r&ached for in any direction desired, outwa;ds from
the geometricallyfpositionea'head center'Whioh ig conven-
iehtly_registerablo by MRI. The ooordinates inothreo di-
mensions can be cross_felated through the use 6f computer
°  graphic functions, thus allowing the simulation of three-
dimensional form. A computer programme is'alreadyoin-the

making for just this purpose.

At the outset it is evident that the more data we gather

hhe'finer,will bhe the image. However we.shouid cautiously

- gua:d against the mistaken belief that if we were armed

with the coordinates of all the tissuesg in the head {(an
impossible situation anyway) we would automatically be in
a position to understand the spatial relationship between
soft and hard tissues. In order to create a characteris-
_tio regsemblance of.a_faoe we must understand just what
foature goes wheﬁe.-An aocomplishé& artisf knows it is -
not how much detail you afaw that captures likeness, but
what you draw.aod what you leave out. If we can transpose

this selective attitude to the present study: it is not
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the amount of data collected thétaig important but the
type and location of data, rated as being significant,

that matters.

Further caution should be exercised when we aim studies

o at'establishing mean values’for'faces. There is no such

" animal as a mean-valued human being. Admittedly the mean
gives us a startiﬁgupoint from which to work, but Man in
all his.variétf shbuld preferably be seen as'fittinéfinto'.
ranges of measﬁrements or similar groups 6f'appearancés.'
Zyvlin ﬁki et al, 3'99_) support this when chey advise us
that a "ratige of values, rather than means, ‘should be

used in clinical cephalometric evaluatlan .

In border to determine just what are significant data and
what are not, we fequire a-better_understanding'of the
mathematical rules that determine the structure of the
smaller shapes composing a feature., We must also uncover
the factors that govern the spatiomorphic relationships
| between features, thus enabling us to fit the'shape of a
‘subfeature into tha£ of a feature and a féatﬁre_intb the
face. It wiil be then that we will begin to undérstand
identity. It may well surprise us to find that the amount
.of déta we require ta.piot the basie uhderlying;rules'of'
structure, giving rise to and supporﬁing*the.topolagical
coﬁtours_of the soft part of the fade,.is.very little.

That is with the provisor that the information we stalk
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is'the corréct iﬁfo:mation. it'ié"often Séen in sculpturé'
that a few critically placed lines, lumps or dents can

_ “pﬁli" the face togethér.fEséenEially we require sﬁrpris—
ingly llttle vxsual 1nforﬁat10n o prod the vzsual memory )

into recognising a face

: Ih'is su§gested thaﬁ an improvement in the use of visuai
éerceptioh tests, would be to aSk.candidateS'td rank the
-1silhouette'prcfiles'iﬁ order of their grefereﬁcefrather
than requiringﬁthem to eleét a winner on a single_vqte,
If further expanded and honed this test could act as a -

model for fukure testing systems of this type.

The powerful role of the computer in this type of wprk.
cénnot be overemphasised. Without the computer a spatial
investigation of this type would be not just formidable
" but veritably 1mp0351b1e. In fact, in the future 1t could
be the scientist using his computer who W111 produce an

acceptable rendering-of the human face.

.Finally, if the end result of all futﬁré‘@ork of this

nature still only achieves one purpose;'théﬁxof narrowing
down the numbér of suspects in a miSsiné'persons 1ist, it 
will atill have accomélished a valuable function. Perhaps:

this fundamental goal is not as elusive as we think,

ek eded Kk
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285
GLOSSARY OF 5.
-MaSt-of'these-terms have been defined in'dohsultation'

with the works of accepted authoritles like Stewart
' !39 §!, Hrﬂlicka 11947!, Mgntagu (1960). quqman !19§2[, :

Linden (1971), Salzmann (1874), Jacobsen and Jacobsen

1980}, Rakosi (1982) and Rbgers {(1984}. Some are terms

coined by the writer for defining new-landmarks or to
-give a more ﬁeScriptive name to a set of circumstances.
Others are Short descriptions or explanétions. UnleSs
_otherWJSe stated any reference to position is related to

the Frankfort Standard Horizcntal plane.

HhkdokRkfekkik

A-mode: The mode in which the ultrasound probe is used to
régister singular probings and depth readings of changés

in tissue density.
A-Point: See.Subspinale.

Acanthion : Salzmann (1974) simply defines the acanthion .
ag the tip of the anterior nasal spine. The acanthion is
the summit of a peazk of bone formed by the meeting in the

midiine of the curved lower borders of the pyriform aper-
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ture, the forward prolongatlon of ﬁhe upper border of the
vertical plate of. the palate, and the upward sweep of the

" raised midline crést of the intermaxillary suture.

Ala-traqus ling:-This'is the external eguivalent of what
is called Camper's line. There seems to be some confusion

over the exact location of this line, The Glossary of

Brosthodontic Termg states that it is the line from the

| inférior_ﬁorder of the ala of the nose to the superior
bordexr of the tragus of the'ear..sQratie2_§1g§Ql claims
it runs from the centre of the ala to the centre of the

tragus. Ismail and Bowman {1968) refer to it as the llne

bekween ala of nose & . the centre of the tragus. ggg

Niekerk et al, (1985) deflned the ala—tragus line as

‘running from the base of the ala to base of the tragus.

- Spratley’'s modification is used in this study.

Anterior nasal spine: The median, sharp bony process of
the maxilla at the lower margin of the anterior nasal

{pyriform) aperture_(see Acanfhion};

Ag;gggggigg: The reduction in beam intensity occuring
with'&epth-in tisgue, caused by absofption, scattering

and beam divergence.

| Bmmgdg The methad in which the ultrasound pzrobe is used

to produce contlnuous scans of tlssue configuratiOn
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ngoint: See sgupramentale.

Camge;‘s.line: Defined bf Salzmann (1974) as a 1ina from

the tip of the anterior nasal spine (acanthion) to the¥
external audxtory meatus. It is calleﬁ tha EAMAC line in
this study and shauld be understood in conjunction with .
‘the definition of the external ala-tragus line of Caumper

as modified by;Spratley (1980).

Camper's plane: The-tip of the anteriof'nasal spine (the
_ acanthion) to the centres of the bony external auditexry

'meatuses on the right and left sides.'

Central Data Point (CDP)}: Is a point on the surface of
the skin of the face that is a landmark for ultrasenic

depth measurement.

 Centric Qceclusion: Centric occlusion is a static posi-
tion. It is the extreme or maximum occlusal and incisal
'"ddntact position of the teeth in the maxillary and man-

" dibular arches.

Cheilion: The lateral terminus of thg oral slit, ie, the

outermost corner of the mouth aperture.

* Contour; The path described by a line travelling over the

surface of an cbject.
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Fornm: Thé:three-aimensional'bulk Gf-an bbjth'dE5Grib3d .

.by its outer surface (compare this to the two dimensional'

. dESﬂriptlon of Shape)

| Frankfort:HOrizontgi Plangf.hlthOugh involving both orbi-

tales in it's original concept, the Frankfort Hbfizontal
Plane (alternatively Frankfort Standara'norizontai-'an)
~ bas become accepted as the plane passing through both

porions and the left orbltale.-

Glabella: The most anterior point in the median sagittal

'plane of the bony prominence joining superciliary ridgeé,

Gonion: The most lateral external point of the junction

of the horizontal'and-asﬁ~'ﬂing'ramuses of the mandible.

Infradentale: The highest intefdental_point on the alveo-

- lar mucosa between the mandibular incisors.

 Interfuce: The contact surface formed by the juxtaposi-
tion of two different media or tissues, for example |

muscle and bone.,

Inter-porionic axis: The transverse line joining both

porions. Also termed:the'binporiOnic axis. .
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~mggiag_s§gi£ta; ngne;-OEten calléd the median piane.a:
mid-sagittal pléne, it is the plane which passes th:auéh
the mid-point of the frnnté—ﬁasai suture (nasion) and

| both extremities of the sagittal suture. In some cases
”oﬁing-tb asymmééry af_thé cf#niﬁm‘it may not be perpené

“dicular to the other ¢ranial planes.

‘Menton: The lowest point on the chin from which face

height_is measured. It is-soméwhat forward-tp'gnathion.

Nasion: The mid-point of the_fiontOwnasal Sﬁture.'

‘Nasospinale: The point at which a line tangent to the.
lower margins of the pyriform aperturs is intersected by
Ehé mid-ﬂégittal plane, or thé midpoint of the anterior
margin of the pyrifmrm'aperture at the base of the ant-

erior nagal spine.

orbita. 3: The lowest point on the inferior margin of the
 orbit. |

Piezo-eluctric crystal: A crystalline material such as
'zéuartz, that'dseillates.in unison with the changing pol-

arity of an elacfriaal signal applied to it. The c¢rystal

vibrates méChanically; producing sound waves of identical

frequency to the electric signal.
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Pogonion: The most anteriox midpoint_bf_the-bony chin.

' xign‘ The highest point on the. superior margin of the

wbony external auditory meatus.g
gxggggglg:ﬁwhe*ﬁost.ante:inr point of the nasal apex.

gggsthlon The lowest interdental point on the alveolar
rucosa in the madian plane between the max;llary central

incisors.

Pglge—EqQ_* The 1apid vibration Df the.transducer face '
for three to five cycles produces an emitted pulse, the
"pulse—echo“, which is received by the same transducer

after a time delay.

Regional Data Point (RDP): One of four points, positioned
superiorly, inferiorly, distally or mesially to the cen-

tral data point, and 5 mm away from it.
Rhinion: The lowest point on the internasal suture.
Bella: This is_the cephalometrist's'term for the centre

 of the sella turcica as seen on the lateral cephalometric

radiograph.
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. ghape: A perceived two-dimensional area separated from
~ its surroudings by its perimeter, whether that be defined

by a change'in value, colour or Eextufe (see Form).

Soft-tissue Glabella: This is the most prominent midline
‘point on the skin surface between the eyebfows; 1yin9

superficial to its hony counterpart on the frontal bone.

Soft-tiseye Goniop: Difficult to locate, it is determined
by palpation. It is the ost latersl point at the mandi-
bular anglerdn the skin shrface directly superficial to

the bony gonion.

Soft-tissue Nasion: This;is.a.midline point;iﬁ the dip
between the bridge of the nose and the forehead. It is
located more or less over the bony nasion, at the root of
the nose. a;g;;ﬁggwiiagiJ claims the point to be always

_ above the line that udnnebt9~the two inher cénthi. It is
perhaps conveniently located by the method desoribed by
Montagu (1935), namely, lying in the;mid;line-om a line
joining the upper limits of the two upper eyelid folds.

Soft-tissue Orbifale: Identified by palpation and lies
superficlial to the bony.érbitale._
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Soft-tissue Pogorion: Is the.mdst-anteridrimidpoint-of
' the chin located on the skin surface, lying directly in
front of its bony counterpart on the mandible. It may lie

within a soft tissue cleft.

fsoft—missug_Porign:_The highest point on the upper houder
of the cutaneous external auditory meatus.

- Soft-tissue Zywion: Tt iz the most}ffﬁﬁ.;.ﬁppiniﬁpn the
zygdmatiq aﬁch”lring directly ove - - Jby.s wygion.

Standard Horizontal glgng: Anothe ™ name for Lne_Frﬁnkfort

Standard quizontﬁl plane or FSH.

~ Standard Transverse Plane: The plane passing through the
‘bi-porionic axis perpendicular to the Frankfort Standard -

Horizontal.

Stomion: This is an imaginery point at the junction of
the vertical median plane and_the.hdrizontal interlzbial
figsure between gently closed lips, with teeth in centric

relation.

Subnagale: The midpoint of the columella base at the apex
of the angle where the lower border of the nasal_septum.'_
and the surface of the tpper lip meet. This point is not'

identical to the bony nasospinale.
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gghggigglg: Thié corresbonds.tonpoﬁnQJ A;Pcint éﬁd is the
deepest point dﬁ thé'midiine-cohtaur_pf'the'alveolgr-pfd-
cess between the anterior naSal'sPiﬁéiand the prosthion¢
It represents the anterior limit_af the maxillary basél-

arch as seen on a 1atera1_c¢phalometric f&dibgraﬁh;

‘Supramentale: This corresponds to Downs' E—Eaiﬁt and is
thé'déepest.point Or the~cent0ur.cf the alvedlar process
between iﬁffadéntale'and pcgonion; It_répresents the ant-
eridr.limit of thé*man&ibﬁlaf basal arch as seen on the

lateral cephalometric radiograph.

Surface: The phase change that_acdurs between a three-

- dimensional object and thé_sufroundinéﬂmeéium._

Togglggx:'The study of the continuity and connection of

surfaces.

. Transmeatal axis: A line running between the centres of

the two'external.auditory meatuses.

Traversion Map: A diagram of the face'ﬂhowiﬁg regional

data points (with their central data pqints)-displayed.as
circles. Lines within the circles indicate directions and
distances from the_centralldata point where measurements -
- may be made without any significant differences in the

depth reading.
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' mrichion: Is the point on the hairline in the midline of -

the forehead, or its equivalent on the balding head.

Zygion: Is the point dﬁ the'zygomatia arch such that it
is fu +hest from a correspoﬁding'point'cﬁ the'appdSité _
~ zygomatic arch in the same coronal plane. This point iz

detérminea, not by anatomical relations but'by t#i&l"

- 'méasurements of the maximuwn bizygomatic breadth.

TN
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HEALTH QUESTIONNALI

Mavie - Sex S o hee

Addreés ' . | : . . - I

Telephone _ . Height - : _ Weight

Date . . Oceupation e ' Marital sbatuq;_____
Directions . '

Ir your apswer is "YES“ Lo -the queéticns, put a circle around "YES".
" TP your answer is "NO to the questions, put a cirele around "NOY,
. Ansyer all'quEst tong and £ill in blank spaces when indicated.
Anzwers to the fmllnwing questions are for our records onlr and will be
conaidered confldential. '
* Are you in good health _ ' ' YES NG
a) Has thers bsen any change in youﬁ general health within ‘the past

}"ear‘ -'llb.|.-Il.‘--Il‘l:lococicccno.toinhi"p.l.-e.c.‘od m NC!
2. My last physical exsmination was on. . .
3. Are you now under the care of 8 physfedan .covvvesriocsinvas IES NO

a) IF 50, what is the condition being breated

4. The neme anhd addresa of my physician is

‘5, Have you had'any serious iilness or operation L.vieissanes.. YES Ho
a)l If sa, what was the illness or operation '

5. Have you been bospitalized or had a serious 11lness with the past (5) .Five:

.yeafs_ l'IOlvbtqv.o;qlilp.t--.ncc-anhilt-‘!'nnu-ltc.‘_nctolnuﬂl' YES NO

al . If so, what was the problem

7. Do you have or have you had any of the following disesses or problems:
2) Rheumaktic Fever or vrheumatic heari disease R { _No .
b} Congsnital heart 18510N5 saerrerievarvonsearrstnernenss YRS . NO
¢} Cardiovascular disease (heanrt trouble, hearb attack, coronary insu?ficiencv,
corenary occlusion, hiKh blocd préssure, arte"iosclerasgs,

T P .24 - N
1) Do you have pain in chest upon eXerbioR .visessssavainsa YES . o
'2) Ar: you ever short of bresth after mild exerclse ....,.. YES o
3) Do your ankles SWELl ariessearxeesrriosesesronenensnras  YES ke
4} Do ynu &2t short of breath when you lie doun, or do you require extra
~ pillows when you S128p ...iiuiciqaricirsiiraa-ininaanes TES i)
L B - O I Ho
) Asthma ar DAy FeVEr .iiviisivarnenienssarnscartasssnnnss TES NO
£l Hives or 2 skt ragh  .aviiiiiivicrreavinarnarnrsscicess IB3. “No
Bl FEInting $p2lls or SelZUPES .eveecensessrerssssaseescns YES NG
hj Diabetes ,,..,.........u........,.......‘...{..,.;..... Y3 0 NO
2fuan

APPENDIX A2 - Health questionnaire
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Hava ybu'had ahbnernal bleeding asad&iatéﬂ with previhus.axtractions, surgery
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26

Do you have to urinaie (pass water} more than siX bimes a

day P T L T R L L A L I P

-Are you thii"sty much Qf' the t‘ime ....--a.a.iqc-.vn_«-'.---

Does your mouth frequently become dry S

Hepabitis, jaundice or liver diseage .v...sersvricaes.
‘Arthritis ......‘.-.;..;..............-.....;.,.‘,‘...
Inflammatary rheumabism (balnful swollen jcintél.'.....
Stomach ulcers. .,.........;..,...f...........;.;...‘.-
Kidney EPOUBLE  wvuvniavrvnvnusensscatsvansiveohasasnrns

Tuberculosiu sevrstiusnissrevenstuaermvanaisnnraanens

- Do you have 4 perslstent tough or cough up bloed ......
Low Blood pressif€  awuvivserssassrrssrnrsasnurdssnroins

Veneral diSE2SE .eeviasuscerrsindiiiianisgaionaisanins

Other

¥ES
¥ES
ris

YES

- YB3

YES
RS
IES
YES

YES -

YES

YES

MO

[
NG

¥o

No
NO

NO
No
Ho

or LTalliBt . oeriansvarataasaunrrrrociririiransncnrrnyras=s LIBS e
“a) Do YOU bruise £8s11¥ .i..evsscessceracssassscssrensenss YES NO
b} Have you ever requirsd a bloud transfusion.............. 1ES NO-
If so, sxplain the circumstances
Do you have any blood disorder such as anemla .-...-e.s.vess YES No
Have you bad surkery or x-rey treatment for a tumor, growth, or obbep
condition of your mouth or ESps ...viviisvvrienirivacacaras YES O
Are you taking any drug or medicif® ...vecnvernreareensasae  YES No
- If so, what - . '
Are you baking any of the following:
a) Anbibiobics or SULFE PUBS +eiveveriessesassrsrvonansas YES No
b} Anticoagulants {blood thinrers! ...viiveeeserrscivesees YES NO .
Medicine for nigh blood PrESSUNE . i.ccusevaranseriaaans YB3 No
d) Cortizore {SLerolds) ..rsseciiiinnaiirnierairnoriaarirs TEs - . MO
€) TranquUiliZars suecvserveactssttstvairacvansnnssrnaveree YES  HO
Tl OASDIMIN wivuisamranetanavrertonraniaantonsssrnesnsnnss YES HO
g} Insulin, tolbutémid& (Orinase), or similar drug......... YES HO
hi Digitalls or drugs far heart trouble .oeeeivsansnnseens YES " NO
'Nitrdglycehin D ¢ T NG
Othar . .

3.
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3.

13.  Are you _allergac ‘or have you reacted adversely to: o
] LoCAl ANESLRSLICE veeaiesesereissmiasssenncnesarasinsees TES - NO
B) Peniciliin or other antibiotic ..uuseesecsssvassasneans YES . MO
c_.)”_Sulfa. QPUBS  ,vveeucccinentonerassissiosssenscavnssssssey YES - NG
d] Barbiturates, sedstives, or sleeping pill® «..eve.neses. YES - NO
8) ASDIPLN veraeiuaverermnsvraseasnasiiiereanesnenarinieons YES 0 WO
£] ZOUINE  +uvressssensinrenesnsacsriansssnarasransasacsares YES N

g Other ' - '

_14.. " Have you had any serious trouble associated with any pr-ev:ious dental

 PEEMMENT  yavenrsieenaicneeresiaiationestacrnaionnoireneeie,s YES MO
It so, explain ' '

15. o ‘you have any disease, cpndiizion; or problem not listed above that ydu .t.hink
T should know 2Bou  «.aeescrvneerinenaseeansrionsscsnsiasns YES i
If so, plezse exulain ' ' ' a

16, Are you employed in any situgtion which exposes you regularly Lo X-rays or
other lonizing radiation .eicssosiciociiisanenntnesoasennn, "YES . NO

17. Are ¥SU DrEBROE  vievnvisisvsnuarssvessanernnensasesiinanass YES Mo

18. Do :fou-_have any pr-obiams associated with your menstrual period.YES _ [ij4]

Remariss

. STGHATORE OF PATIENT' - . SIONATURE OF STUDENT
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o o DR MR AULSEBROOK

- INFORMED CO’\ISF.NT
L UNIVERSIT‘[ OF DURBAIT—WESWILLE
ORAL & DENTAL TRAINING HOSPITAL
I, ...-....-...;........;........c.;.....;,..,.,............. (Lnsert namﬂ nE ﬁubjeat)
aged ... years, cpusent to the follnwmg procedure being parfnrmed &n nyse.lf, namely:
. Lateral and Oblique Head Radwgraphs, Ull:rasnm.c Tigsue Depch Maasnremen:s, Phnl:ngraphs
" of Head and Nack, Au:hmpomecrm Head Measuremencs. . ) : :

Dr. W.h. Aulsebrnok through an m‘cerpreta: has fully expln.med l:ha pmcedure a.nd its

purpusa, and I understand and appreciate - it

- @.~  sguch poss:.bla hamful efr.ar.j:s :.m:ludzng pain oz d:.scomfart as may al:cerd:.ng
to medical know] edge be involved; .

‘w.~  the degree of likeliliood according to medical knowledge of r.ha oceurrenca of
- any such effects} mnd

Ce.~ to what exrent (if any) the prucadure may be cons;dered of beuefu: to myself. '

! also appreciate that my conseat teo the abovre cund:.t:mns may be withdrawn ac £
] :my L me, ’ |
d.-  That my permissfbn to use apd publist any pho!:ographs of myseif is hereby also .

gram:ed ta Dr. W. a Aulsebraok only.

WITSHESES ;

P P N R T IS

{signature of Subjdct)

asrsrETIms s I rrRARAR YA AT TR AR TR R LA

], Be. WA, Aulsebrook, declara that I have Ffully explained the. a.Ba've-proceéure, its
puepose, such possible harmful effeets. inélﬁding pain or discomfort .as. majr accﬁrding
to medical knowledge be -imvelved, ths degree of likelihoorl according to medical know-
*ludge of the oecurrence of any such effects, and to what extent (if any) tha p:ocedure
mity be congidered of benefit to the sthent.

T imriig believe my e_xplanal:ion, and that given by m:,' interpreter, ko have been ful]-.&
undvratood by the consenting pactias. '

P N N S N R RN RN R N

{Sighature of Doctor)

APPENDIX A3 - Informed consent form
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An example of a filled-in sheet of data

APPENDIX A4 - Ultrasonic error control
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CEFHALOMETRIC HADI’OGF{APHY‘ DATA
{Tissue depths at 0 and 45 degrees)
Dr W A Aulsebruok .
0 DEGRI:E MEP.ZEA&E

LANDMARK : . ~ POSITION ; VALUE

LR1 | SUPRAGLABELLA . . .| . N RNt
LR2 | GLABELLA ' TN  L&woe
Tra | nason 638
LRa | MID NASAL BONE 8- 3
LRS | END NASAL BONE 299
LRE| NOSE TIP FRONT. | 2810 |
LR7 | NOSE TiP BOTTOM 0. 00
LAE | NOSE BASE _ Yoetity

{the'| MID~PHILTRUM - .3k
LR10] UPPER LP MARGN = _ i8.59]
LR11] LIPLING L 22R
LR12| LOWER LIP MARGIN . 1 e 00
1LR13] oHIN-UP FOLD L]
LR14] MENTAL EMINENCE 134 A5
LRis| MiD-cHIN T
LR16] BENEATH GHIN qas
_ | 45 DEGREE MERIDIAN- | |
OR1 ] LATERAL FRONTAL . . 1 usy|
OR2 | LATERAL SUPRAQRBITAL : ' - €28
OR3 | L ATERAL ORBITAL o o o YAkl
OR4 | LATERAL ZYGOMATIC ' 1 4411
ORS | LATERAL ALAR i ool
ORH | INF. BORDER ZYG. 11308
OR?7 | SUB-ZYGOMATIC Lzl
QR& | BUB-ALAR 11e.81
ORS | LAT. L. LIP MARGIN .68
{or1u| ANGLE oF MoUTH M-36
ORT1{ LAT.UP LINE 4.4¢
OR12| LAT. L. LIP MARGIN 1R
OR13| LAT. LOWER MOLAR 13.%9
lor14] LAY, LABIOMENTAL X2
‘lor1E] LATERAL MENTAL & 1
{ORTe! INTERMED, MENTAL EX
OR13| INFERIOR MENTAL g.la
OR14| LATERAL MANDIB, | RS
ORt5| INTERMED, MANDIE, : yal |
OR18, INFERIOR MANDIE, - | [ Ye |
Case Mo} Name 5. ':LE..WM La. . pate JE0EY

APPENDIX A5 - Radiographic data sheet (Depth System)
An example of a filled-in sheet of data
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HAF{D AND SOFT COOHDINATES FOR THE PROFILE SYS"'EM

281

{Or W A Al 2 ::-Jrook)

_ TRIPLE HARD COORDINATES || SOFT COORDINATES |
No: }| AnGLE DISTANCE ANGLi:. : DISTANCE '
i | _és,a faSeoll et o | [28. s
~ ' />/.8")| S0 | /235.0 1"
To SR D LG O //;é 0
o oo ||« o 3. o

o VA2 -]
T3 L0 s fog o
T4 s O Fazi- 23w I
2/ 5 - feR. K5 1 -
] . =28.8 [06. 5 |
3 /O & M S
T o, o W43 LE N
_ @, & G5
T8 2. O //‘?‘a
" -, .o
9 u —to | —0, /. ©
o s ML 1 ug.o
Tig fpbo=F-¢ | togo} —5.0 | J25.0 |
N e pl@ | JIBST 85 {ZX].0
Ti1 —/G. © [79: O H —yto O L2 3_! o
| 50 | o002\ /20 | /RS
| 7o L—2o.8 | /30.8 1| —/5.0 (2fa0 L
| ~n2:0 | .S || /6.0 | _/33. &5
T,!a .-_}_2-5 /12 X --/7'6 _/____3__/. g
3o L S S )| fS | f32.5
Ti14 -y /3. 5 —22.0 (33 - £
) —28.0 /e, || ~D6.0 | I42.0

2 | T15 | —3ws | /3.0 —3/0 | I4S5 .0
=362 | /33.x| ~3¢.0 | fe3.o
T16 ~37.8| /3o j —39.9 ) /39.0

| —gr.0 | tog. = 1 — 475 | [T o :
Case No 7.. Name $ NX"(M‘*"' | Daie /5 0{87

APPENDIX A6 - Ra&:.ographz.c data sheet\Profile System)
An example of a filled-in sheet of dat



_ 282 -
ULTRASONIC DEPTHS MEASUREMENTS
{Dr W A Aulsebrook)

Cade: ... Hl ..... Name: ..$..-...NXM/1’.!:‘5‘(—.-A- _ Date: ]Slﬁé’i

1 FHONTAL
US 2  LATERAL GLASELLAR
&  SUPRA=ORBITAL

us LATERAL NASAL
us INFRA - OREITAL
us MID-ZYGOMA

4
5
8
US 7 ROOT OF ZYGOMA
8 PHILTRUM RIDGE
¢  SUPRA-LABIAL
- 10 SUPRA-COMMISSURAL
US 11 COMMISSURAL .
US 12. MID-MASSETERIC
US 13 SUB-LABIAL
US 14 SUB-COMMISSURAL
US 15 MENTAL TUBERCLE ANT.
US 16 MENTAL TUBERCLE LAT.
LS 17 INSERT MASSETER AMT.
US 18 INSERT MASSETER F ST.

o 4l
kN

&~l-J

s b
g—:_nq

A
19

L jenr
Ials
-

APPENDIX A7 - Ultrasonic data sheet (Depth Sysf.e.m_)
: An example of a filled-in sheet of data
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