
A NEW ”TRlANGLE TRANSFER” METHOD FOR 
STUDYING MANDJBULAR MOVEMENTS ON THE 
BASIS OF CEPHALOMETRlC ROENTGENOGRAMS 
PRELIMINARY REPORT 

Studies of the inoveinents of  the niandible have been of far-  
reaching iniportance in dental science as  n whole. To inention 
only one exaniple: the study of the opening :inti closing iiiove- 
nient and of  protrusion and lateral iiioveiiients has strongly 
stimulated the developnient of  the present theories of :irticul:i- 
tion :ind the designing of articul:itors. Special attention has been 
paid in dent:il literature to the physiological rest position of the 
iiiandible, the freeway-space and the path of closure froni rest 
to occlusion position. The rest position is very important especi- 
ally a s  a diagnostic starting-point and it is :I decisive factor in 
drawing up treatinent p lms  (e.g. the determination of the bite 
height of dentures). Scientific study of the freeway-sixice, and of 
the iiioveiiients of the iiiandible in fieneral, becollie possible after 
Broadbent :ind Hofrath, :it the s:iiiie time but independently of 
each other, devised the roentgenoloSic-ceph:iloiiietric method 
(1931).  This method of skull roentgenography has served chiefly 
the purposes of orthodontia, and on its basis several systems 
have evolved for the study of iiiandibular growth nnd develop- 
iiient and for the classification and diagnosis of anonialies. The 
question of the relation of the condyles to the inoveinent of the 
iiinndible froni rest to occlusion position has  been under dis- 
cussion for :I long time, and pertinent studies h:ive given highly 
contrasting results. Thus, for exaiiiple ‘I’hoi i i l”~~,  Mc C o l l ~ i i i  
and Ricltetts consider that the iiiovement froiii rest to occlusion 
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in ”norinal” cases is :I pure rotntion:tl iiioveinent the cenlre of 
which is the :ixis between the centres of the condyles (the so- 

called intercondylar axis) ,  :ind that there does not occur any 
gliding iiioveiiient of the condyles. On the contrary, for ex- 
ample I’rentiss, Lord, Hildebrand and Higley & IAop,:in consider 
this ;I conibined rotatory and gliding nioveiuent. Conipared with 
the study of the opening nio\~xnent, the interest aroused by 
protrusion and lateral inoveinents has been consider:ihly less. 1 

Fig. 1 .  Itougli xclicinatic drau irig of MI-called sIincio\\~ displacemcnt error. 
Path ol‘ condylr, A.1, its true direction, RB, erroneous change i i i  direction 

due to  shaclo\v ciisplacenient. 

h:ive found no single report of studies, by llie roentgenologic- 
cephaloinetric method, of the so-called anatoinical path of the 
condyle in connection with protrusion and lateral i n ~ ~ e i n e n t s .  

The inethods hitherto used in the analysis of inandibular niove- 
merits a s  seen in skull roentgenograms are alinost without excep- 
lion based on the so-called tracing method. In  evaluating this 
method attention iiiust be paid to three points: 

1 .  The so-called cuniululive sources of error. The boundary 
between h n e  and soft tissue is soinewhat diffuse also in :I good 
cephnlometric roentgenogram, and the tracing paper increases 
the inaccuracy. To place :I traced drawing accurately over another 
roentgenogr:un taken of  the saine skull is difficult and involves 
considerable possibility of error. The tracing of the outline of 
the mandible depends to a great extent upon the accuracy of 
the drawer’s eye and hand. If the mowment  is only slight, the 



definite limits of the new position of the iiinndible cannot 
possibly he seen under the tracing paper. 

2. The region of the condyle often :ippears unclearly in :I 

cephaloiiitric roentgenogrnin owing to :iddition:iI sh:idows in the 
soft tissues and the skull. 

3. The roentgen profile of the iiiandible, as well ;is of all ob- 
jects containing surved surfaces and having depth in the direc- 
tion of the exposure, changes its shape in the new position. This 
i c  termed the shadow displaceinent error (Fig. 1 ) .  

Because of these three sources of error the so-called tracing 
method rannot be considered entirely reliable. A proof of this 
is the vari:ibility of the results that have been obtained so far .  

To the author’s knowledge, only Thiirne has  niade measure- 
iiients direct froin roentgenogranis in studies of the rest position. 
However, his methods and results require checking. This will 
he reverted to Inter. 

The author’s method, so-c:illed ”triangle transfer”, differs in 
two respects froin the roentgenologic-cephaloiiietric methods 
hitherto used. 

I .  For accurate ineasurenient of the nmndibular displacement, 
a sinall lead pellet (dianieter 1.2 111111) is :ittached with wax to 
two teeth (incisor and niolar) in the test subject’s lower dental 
arch for the time of the exposure. The roentgen profile of the 
perfectly round pellets reiliains unchanged in spite of slight 
displnceinent of the lower jaw. 

2. The iiiandibular displaceinent is shown by inaking two 
successive exposures on the saiiie film (Figs. 2 and 3 ) .  

The round shadows of the lead pellets seen in the f i lm are 
pierced exactly a t  their centre with a sharp-pointed pin;  a 
iiiagnifying glass is used for increased accuracy. With the aid 
of the displacement of these siiiall dots on the film surface it 
is possible to determine the corresponding displacenient of any 
arbitrarily selected point in the iiiandible, using siinyle triangle 
transfer. Three-legged divider, Itnown by the nanie ”tripod” 
(Fig. 4 ) ,  has been devised specially for this purpose. 

A s  two successive exposures are niade on the same film, the 
head of the test subject must reniain iiiiiiiobile during the in- 
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Fig.  
t ion 

2.  Film obtained by two successive exposures. Skull unc1i:ingecl in posi- 
, mandibular displacement clearly shomn by the displacement of the 

lead pellets. Pliysiological resting position, occlusioii. 

terval, inspite o f  the iiioveiiient o f  the in:indible. ‘Hiis hiis hecn 
achieved hy applying :I tight h n d n g e  round the person’s 1ie:itl 
over the supports incorporated in  the cepha1ost:it. Control pellets 
are attached to the skin, for esninple to the tip o f  the nose, : ~ n d  
the immobility of their shadows is :I sign that the  1ie:rd has not 
111 ov e d bet wee n t he e x p o s u r e s . 

In tlie :iuthor’s opinion tlie new iiiethod relwrtetl :ibove h:is 
the following ndvnnt:tges: 

1. A s  the exposures :ire ni:ide on one mid the  saiiie film, the 
runiulative sources of  error associated with the tracing method 
:ire not present. The :iccuracy of  iiieasureiiient is also greater 
than when two filiiis are used. 



MANDIRULAH MOVEMENTS M. IM. - C. R.  297 

Fig. 3. Occlusion and protrusion. 

2. The actual displacement of any desired point in the iiian- 
dible can be determined, and there is no so-called shadow dis- 
placeiiient error. 

3. Exchange of casettes is not needed. Thus the possibility of  
a change in the position of the head between exposures is slight. 

Exposures can be iiiade not only in lateral projection hut :tlso 
in frontal and basal projection, and the lateral displaceiiient of 
the lower jaw, and of the condyle in p:irliculur (so-called Hennet 
iiiovement) can then be studied and measured. 

This iiiethod is being used in the author’s studies at present 
in progress; they are concerned with the physiological rest posi- 
tion of the inandible, the site of the centre of iiioveiiient of the 
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1ii:rndible from rest position to occlusion, :ind the paths of the 
condyles in  connection with closing, protrusion and lateral 
iiioveiiient s. 

Fig. 4. The three-lcgged dividers or ”tripod” devised for  tr iangle t ransfer  
method seen in position on  a ceplialomctric f i lm.  
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of the  Institute, including the  use of fi lms aud other material .  My thanks  
a re  also due t o  Dr. Iialcvi Koski for  much valuable advice in  the  field of 
ceplialometric mentgenogmphy, and to  Dr. Yr jo  Paatero fo r  greiit help and  
support in evaluating roentgenological problems in general. Hammasvl l ine  
O / Y  supplied the ”tripod” and  made all  required improvements i n  i ts  con- 
struction, for wliicli I wish to express m y  appreciation. 

Z I‘ S A hl &I EN F ASSL’NG 

NEUES ”DREIECKVERSCHIEBUNGS” VERFAHREN ZUR UNTERSUCHUNG 

METRISCHEN RONTGENPHOTOGRAPHIEN 

Vorlaufige Mitteilung 

DER BEWEGUNGEN DES UNTERKIEFERS AUF BASIS VON KEPHALO- 

I’erfasser heschreibt zuerst die Methoden welche liis jetzt bei 
der Untersuchung riintgenologiscli-keph~iloiiietrischer 13ilder all- 
gemein verwendel worden sind (Tracing-Methode usw.) sowie 
die Fehleryuellen, die in dieseii Methoden enthnlten sind. 

Hernach wirtl eine neue, die sog. Dreieckverschiehungs Methode 
erlautert welche a u f  folgenden Umstanden basiert ist. 
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1 ) Zwecks genauer Messung der Bewegungen des Unterkiefers 
wird fur die Dauer der Bildaufnahiiie an zwei Zahne des Unter- 
liiefers der Versuchsperson (Inkisiv und Molar) mit Wnchs eine 
kleine Bleikugel befestigt (Durchniesser 1,2 mi i i ) .  Das Rontgen- 
profil der fehlerlos runden Kugeln verbleiht unverandert trotz 
ltleiner Verschiebungen des Unterkiefers. 

2)  Die Verschiebung des Unterkiefers wird vermittels zweier 
auf einander volgender Belichtungen desselben Filiiies abgebildet 
(Bilder 2 und 3) .  

Der genaue Mittelpunlit der auf dem Rontgenbilde sichtbaren 
runden Schatten der Bleiltugeln wird mit einer scharfen Nadel 
durchstochen. Uni die Genauigkeit zu erhiihen, arbeitet iiian 
unter Verwendung eines Vergrosserungs~lases. Durch die Ver- 
schiebung dieser auf der Filnioberflache sichtbaren Iileinen 
Punlite, kann nian eine entsprechende l'erschiebung eines nach 
Belieben gewahlten Punktes des Unterkiefers vermittels einer 
gewiihnlichen DreieckverschiebunS bestiinmen. Zu diesein Zweck 
wird der hierfiir konstruierte Dreispitzenzirliel verwendet, wel- 
cher "Tripod" genannt wird (Bild 4). 

Nach Auffassung des Verfassers hat die oben dargelegte Me- 
thode folgende Vorteile: 

1 ) Da die Photographierung auf denselben Film vorgenoniiiien 
wird, werden die Ituinulativen Fehleriiiiiglichlieiten der "Tracing"- 
Methode eliminiert. Die Messungsscharfe ist auch griisser als bei 
I'erwendung zweier verschiedener Bilder. 

2)  Die wirliliche Yerschiebung jedes beliebigen anderen Punk- 
tes I rmn festgestellt werden, und sog. Schatteiivel.schiehuiigs- 
fehler treten nicht :ruf. 

3)  Die Photographierung geht schnell vor sich, denn z.B. der 
Kassettenwechsel erubrigt sich. So ist die Miiglichkeit der Ver- 
Gnderung der Kopfhaltung zwischen den Aufnahiiien gering. 

Ausser in Lateralyrojektion kiinneii Photos nuch in Frontal- 
und Basalprojektion aufgenomiiien werden, wobei die Lateral- 
verschiebung des Unterliiefers und insbesondere des Gelenli- 
liopfes untersucht und Senlessen werden liann (die sog. Rennet- 
Ikwegung). 

Diese Methode wird bei den zunei t  stattfindenden Unter- 
suchlingen Ierwendet, welche den physiologischen Freibewe- 
gungsrauiii (free-way space), die Lage des Mittelpunlits der 
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bffnunSsbeffejiiiiiK des Unterkiefers bei rerschiedenen Personen, 
sowie die Bewegungshnh~ien der GelenkkGpfe bei Protrusions- 
und I,ater:ilbe\\-el;un#en betrifft. 
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