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The question whether the inandible carries out a hinge-move- 
iiient (capitulum rotation6 only) or whether during inouth 
opening the condyles shift forward (tuberculuin rotatione) froin 
the very beginning, has been - and still is - widely discussed. 
It has been stressed9 that this discussion is mainly due to lack 
of precision of the problem. 

It has been shown that in huiiian beings the mandible can 
carry out an opening inoveinent to a distance of up to 20 inin 
between the incisors without any forward gliding of the con- 
dyle@. Unlike the habitual, "natural" opening of the mouth, 
such a hinge inoveinent is remarkably constant (movement path 
of an anterior reference point is reproducible) and although it 
is most readily produced passively, it can, with a certain amount 
of practice, also be reproduced actively9. 

Soine authorsl,4,5,8 have recorded a stationary axis of the 
hinge opening movement, which they consider of great practical 
importance for bite registrationg. 

McCollums used roentgenography of the inandibular joint with 
cassettes in the sagittal plane of two cadavers and considered 
that the shadows of the lead indicators fixed in the cheeks at  a 
site corresponding to the kineniatically found axis fell within 
the outlines of the condyles. 

Beyronl studied 10 cases toiiiographically in which the hinge 
axis had been determined by means of ltineinatic facebow and the 
sites of the condyles marked with metal indicators on either 
side of the face. Films were taken in the retruded position with 

1 Received for publication December 1955. 
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normal height of bite and a posterior opening of about 10 iiiiii. 

Be!lron found that the :ixial point of each condyle was located 
in a region round the iiidicutor, i.e. within the outline of the 
condyle, but not in any regular relationship to any definite part 
of the latter. In  one of the .5 cases illustrated the axis was close 
to the periphery of the outline of the condyle. 

\\‘KI‘TEK’S IN\’ESTIGATION 

A l l 1  O F  THb: 1st ES’lI[;A’YIOS 

It is :ipp:irent froiii the :ibove that :IS get no attempts have 
been made to determine the relationship between the outline of 
the condyles with the inouth open to the extent to which it 
has been denionstr:itedg possible without anterior gliding of 
the condyles. In addition, there is still divergence of opinion 
concerning the :iccurncy of deterinin:ition of the site of the itxis 
by iiie:ins of ;I kineinatic facebow:. It w a s  therefore thought 
worth while elucidnting these problenis hp iiienns of different 
inethods, iii:iinly hg profile roentgenogr:iriis. 

~ l . i l ’ ~ I ~ I . ~ I ~  AND METHODS 

l’rofile roentgenogr:iius were t:ilten of 1 7  male rolunteers 
( untiergrutluntes ) aged 20-29 and with al l  or practically all of 
their teeth presentg. Roeiitgenogi.nms were iiiatle of the mandible 
in the ( 1  ) retruded cont:ict position, ( 2 )  retruded position with 
:I posterior bite opening o f  about 20 nini, and ( 3 )  with maxiii1:il 
opening. Position 2 was fixed after graphic registration by m e m s  
of :I method previously describedg. 

For registration with the gn:ito-tesiameter’o (see helow) a 
further 2 subjects were used, n:iiiiely :I woinan aged 20 and a 
iii:tii aged 38, hoth satisfying the saiiie requireinelits :is to their 
teeth9 :is the students. 

Trcicing of the profile roentgenogrrinis 
‘I’lie roentgenographic outline of the most iiiiportant parts 

of the skull with the 1u:indible in the retruded contact position 
is traced onto t r m s p r e n t  piper. Tr:icing of the outline of the 



HINGE OPENING AXIS OF THE MANDIBLE 51 

Fig. 1 .  Mandible on rotable frame for checking of tracing of profile roent- 
genograms. The entire apparatus is shown in Fig .  2. 

mandible is attended by the following difficulties: ( 1 )  the upper 
outline of the condyles is, as a rule, discernible only when the 
mouth is fairly wide open or in the protruded position. It is usual 
to trace the entire outline of the mandible with the mouth wide 
open and transfer it to the position of the mandible with the 
mouth closed. This can be done accurately because the outline 
of the entire mandible except the condyles is distinct in both 
roentgenograms. (2)  Fairly often double contours occur especi- 
ally in the region of the rainus. As the roentgen rays are not 
exactly parallel, the distance between the contours will vary 
with the distance between the raini and with any asyniinetric 
position of the jaw. The latter disadvantage (2 )  can be eliminated 
by drawing a line intermediate the double contours. 

The accuracy of the nieasureinents of parts capable of giving 
double contours has been analysed by Bjork2. He found that 
reference points intermediate double contours gave the least 
measuring error. According to Bjork, the standard deviation on 
roentgen measurement from the point 'articulare'r to other re- 
ference points is between 0.3 and 0.8 mm, whereby it should be 
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Fig. 2. Apparatus for checking of tracings from roentgenograms. 
The degree o f  rotation around the vertical axle cnii he read from the scale 
(:I)  on the foot .  Rotation around tlic s:igittrtl axle (1)) cai i  be read from 

the frontal scale at ( c ) .  

observed that these errors appear a s  :I suniiiiittion of the mark- 
ing of two points i.e. one point besides the 'articulare' point. As  
far as the contour of the angulus is concerned, the midpoint was 
likewise found to be much iiiore accurate than either contour 
point. 

.Judging from these results, the iiiandibular outlines of parti- 
c u h r  interest, nniiiely those of the condyles, raiiius and iiiandi- 
bular b:ise c:in be traced with such :i high degree o f  :iccur:icy 
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Fig. 3. Roentgenomgram of the mandible in unrotated position. 

that forward-downward gliding of the condyles, for example, 
and small deviations of such a shift can be judged with satis- 
factory accuracyg. 

In order further to assess the accuracy of the tracing method, 
which is of great importance if the axes are to be constructed 
on the basis of such tracings, the following experiments were 
carried out: - -  

A mandible was mounted in a graduated frame permitting 
rotation round a vertical axle and round a sagittal axle. The 
vertical axle (F ig .  1 bottom) was a centimeter or so behind the 
intercondylar axis. The occlusal plane was horizontal. The 
shadow of the mandible appears also in F;g. 1. The sagittal axle 
crossed the vertical axle 14 cm below the mandibular base. 

Profile roentgenograms were taken first without rotation then 
with 2.5" and 5" rotation round the vertical axis and finally 
round the sagittal axis. 

The experimental apparatus ( F i g .  2) was arranged so that the 
central ray passed through both condyles. 
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Fig. 1. Ilocntjieriogriinis of tlic mendii~lc :it 5 left  rotation round thc Xcrti- 
cnl asis ( top)  ;ind right rotation (huttom). 

Trncinss were made of the roentgenogranis of the inode1 in 
unrotated ( F i g .  3 )  and in rotated / F i g .  4 )  position, the outlines 
of both sides :IS well as the niid-outline being traced ( F i g .  5). 
The tracing of the unrotated niodel fitted exactly into the mid- 
outline, hotli :it 2.5" and so rotation in either direction. Rotation 



HINGE OPENINS AXIS OF THE MANDIR1,E 

LEFT CONTOUR 
RIGHT CONTOUR - - -_- 

&GHT ROTA 7/0N 5 f&FT ROTAT/ON 5"  

-:p _ - _ _ _  
; '  

/" .............. ... ; 

Fig. 5. Tracing of the two profile roentgenograms shown in Fig 't. It is diffi- 
cult to show in the reproduction that the tracing of the roenigenogram in 
F i g .  3 coincides exactly with the mean outline. Two parts, a1 and a?, of a 
horizontal line through the ramus were found to be the same length in 

each tracing. 

of 5" round a vertical axle resulted in a niaxiniuiii distance of 
12 inn1 between the previously determined points in the region 
of the angulus. This is more than was ever seen in the roent- 
genograms of the mandible which, theoretically, should be sym- 
metric (like the retruded position, centric occlusion and mandi- 
bular positions with varying degrees of protrusion). 

Reproduction of the posterior hinge moiiement with cardboard 
pattern 
If the mandible rotates around a frontal axis passing through 

both condyles, any given point on the mandible must rotate con- 
centrically round the axis. This was checked by the following 
experiment. Cardboard patterns were made from roentgen trac- 
ings of the jaw with the mouth wide open. By means of con- 
centric cil'cIes6 marked on celluloid and placed 1 mm apart the 
approximate centre of the upper and lower contours of the 
condyles on the tracings was determined. The centre point was 
transferred to the cardboard pattern, which was then placed so 
as to coincide with the contour of the mandible in retruded con- 
tact position. By rotation of the cardboard model round a pivot 
at the site of the centre found, the contours of the cardboard 
should coincide with the contours of the mandible drawn from 



Fig. (in. 

Fig. 6 .  Experiment with rolation o f  a cardbo:lrd pnttcrn around the  liingc 
axis  found. Fig. 6c1 shows rotation in part, F i g .  6 6 .  complete rotation of the 
c:irdboard paltcrn. l'he. -. - . -l ine corresponds to a posterior bite opening 

of about 20 mm. 

the roentgeiiogr:inl of the jaw in the retrudcd open position re- 
gistered. This  was found to be so (Figs.  (i n m t I  b ) .  

E.rperimentci1 series ( 1 ) .  Gcornetriccil constrirction of t h e  hinge 
(1.ri.s /ram profile roentgenogrnrns 
The outlines of the iiiandible in the retruded contact and 

retruded open position besides the most iniportant outlines of 
the skull were traced on one and the same paper. According to 
the above line of thought, on rotation round a stationary inter- 
condylar axis a point on the anterior part of the inandible and 
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Fig. 611. 

a point on the mandibular base should move concentrically round 
the axial point. If the positions of the two points on the mandible 
be connected by a straight line, it will form a chord to the con- 
centric paths of the two points. As a point on the anterior part 
of the mandible an indicator point was selected as shown in a 
previous papers. As a point on the mandibular base a point can 
be marked, e.g. on the angulus, which is then transferred to the 
film of the mandible with the mouth open by allowing only the 
contours of the lower jaw to coincide in these films. However, 
it is probably easier to mark the points of intersection on the 
mandibular base with a compass. 

If inidpoint perpendiculars are drawn to the chords, their ex- 
tension must meet the axis of movement and then they must 
bisect one another at the axial point. In F i g .  7 the midpoint 
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perpendiculars have been dr:rwn to the chords, only the end- 
points of which are marked. 

It should be observed that any error in the marking of the 
points, and in the construction or drawing of the lines, incre:tses 
with the distance between the axis and the pair of points. 

This construction w a s  iiiade for 17  subjects. 

Experimentnl series ( 2 ) .  Asia1 points recorded by merrns o[ (1 

kinemcitic fncebom and checked by  profile roentgenogranis 
In 2 cases the kinematic facebow w a s  fitted to the subjects 

by means of reniovable splints. The axial points on the skin, to 
which the tips of the condyle pointers pointed, were marked on 
each side with metal indicators. A steel ball bearing 1.2 niin in 
diameter was fastened by adhesive tape to the left side and a 
sniall lead indicator the anterior tip of which coincided with the 
point of the axis was fastened in the same way to the right side. 
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Fig. 8. Constructed axis points, 17 cases. 

Profile roentgenograms were taken in the retruded contact 
position and in retruded open position. In one case profile roent- 
genograms were also taken in actively maintained retruded open 
position. 

Experimental series ( 3 ) .  I’ariations of the hinge axis forrnd by  
means of the gnato-tesiometer 
In a specially designed apparatuslo the model of the mandible 

in retruded closed position was fitted to the maxillary model. 
By means of the wax index taken in retruded positions with an 
average bite opening of 9 and 15 nini the degree of the shift 
could be determined. The experiment was carried out on 4 per- 
sons including 2 who had belonged to the inaterial in which the 
registration had been made by profile roentgenograms. 

RESULTS 

Fig. 8 shows the axes constructed from profile roentgeno- 
grains in relation to those determined by tracing of the condyles. 

It was found that the axial points lay within the outlines of 
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Fig. 9. Profile roentgenograms with an opening of about 15 mm. 'fhe man- 
dihle is in passive, retruded position. Uetal iiidirators a s  seen in the 
contours o f  the condyles haye becii fastened to the skin in the kinematic 

axial points. 

the condyles throughout, although in soine cases they were near 
the actual outline. A position slightly anterior to the midpoint 
of the condyles was recorded for two cases, in which the met:il 
indicators had been attached to the Itineinatic axial points on 
either side of each subject. 

Duplicate gnato-tesionietric iiiensurenients*o of four persons 
with a 9 111111 and 15 111111 posterior bite opening showed a standard 
deviation of about 0.5 nini for both degrees of opening. 

Two subjects were examined by all three niethods, and the 
results were found to agree with the Binenlatic determination of 
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the axis found for the entire material, viz. that the kinematic 
axis lies within the outline of the condyle. 

Three different experimental methods - none, of course 
without error - gave fairly similar results. This suggests that 
the posterior hinge movement can be regarded as rotation around 
an axis passing through the condyles. 

DISCUSSION 

The degree of posterior hinge movement, as measured on the 
roentgenograms, corresponds to an angle of 15" on the average 
(range : 12-18'). Therefore, the distance, for instance, between 
the two positions of the point on the mandibular base in the 
open and closed positions is relatively small, which makes the 
determination of perpendiculars less reliable. 

Although the experiments here presented suggest that the 
mandible carries out its posterior hinge opening around an axis 
passing through the condyles, it does not per  se imply that the 
axis can be precisely recorded by means of a kinematic hinge 
axis facebow. 

Even recordings in the articulator?. 7, which undoubtedly can 
be carried out with more precision than on the patient shows 
that the axis-determination entails a certain error. 

Finally, i t  should once more be stressed that a (posteriorj 
hinge movement is a type of movement which the mandible can 
carry out, but the path of nioveinent does not, not even in its 
initial phases, coincide with the habitual opening niovemenl 
which, kinematically, is much more complicated. 

SUMMARY 

As a continuation of an earlier investigation in which it was 
shown that the mouth can be opened about 20 inn] without 
anterior gliding of the condyles the axis of this iiioveiiient was 
nnalysed especially by means of profile radiographs. 

( 1 )  Geometric construction from profile roentgenograms, 
(2) axial points recorded by means of kinematic facebow and 

checked by profile roentgenographs, 
( 3 )  experiments in the gnato-tesiometer. 
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Esperiiiients carried out with these three different methods 
gave siiiiilnr results, viz. that  the (posterior) hinge opening and 
closing is :I rotatory n io~enient  around a frontal axis passing 
through the condyles. This is t rue for an  opening of :ibout 20 ~nii i .  

The sources of error of the various methods are discussed and 
the resui ts o f  the investigation coiiip:ired with those of other 
i n  v c s  t ig:it ors. 

It fisrm: 
AXE DE ROTATION DES MOUVEMENTS W0,UVERTURE DE 1.A 

MANDIBULE 

Coinine suite :I line dtude anterieure d a m  laquelle on :I montrtl. 
quc l a  bouche peut s’ou\?rir d’environ 20 ii i i i i  sans glisseiiient 
:intdrieur des condyles, 1’:rxe de ce iiiouvenient :t Ptd : inalp6 spt- 
ci:ilenient au nioyen de radiogrnphies de pi-ofil. 

( 1 ) Construction geonietrique d’aprCs des r:idiogr:iphies de 
profil 

( 2 )  Points axi:iux enregistrds :tu nioyen de 1’:irc facial cind- 
inutique et contrhlds :iu riioyen des radiogrupliies tie profil 

( 3 ) Experiences :iu iiioyen d u  ”gn:itho-t6sioii~~tre”. 
Les exph-iences faites suivunt ces trois nidthodes ont tfonn6 

des r6sultats concordants; elles ont iiiontrd notaiiiinent clue I’ou- 
verture et la  fernieture de I’;irtirulation postCrieure est un iiiouve- 
iiieiit rotatoire :iutour d’un axe frontal passant ii travers les con- 
dyles. 

Les sources d’erreur des diverses iiidthodes sont discut6es, et  
les r4sult:its de cette etude cornpar6s ii ceux d’autres cherclieurs. 

z ~ ~ s . 4 ~ I s l E s F . 4 s s ~ s ~  

EUER DIE ACHSE DER SCHARNIEROFFNUNG DES UNTERKIEFERS 

A l s  Fortsetzung einer friiheren Arbeit des I’erfassers, worin 
er  hewies, dass der Unterltiefer eiiie Senkungshewegung his zu 
einer Mund<iffnung von 20 inii i  ausfiihren konnte, ohne d a s s  die 
Iiondyleu sich vorschoben, is1 in der vorliegenden Arbeit die 
Achse dieser Bewegung untersucht worden. 

( I 1 Geonietrische Iionstruktion der I’rofil-Kiintgenaufnnhlne, 
( 2 ) Registrierung der Iiondyl-Punkte iiiit Hilfe eines 1tineiii:i- 

ti sc h en Ge si r h t s hog e n s, 1t on t r ol  1 ier t :I u f der I’ r o f i I -Riin t - 
genaufnahine und 
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(3) Versuch im Gnatho-Tesioineter. 
Die Versuche init diesen drei verschiedenen Methoden hnben 

gleichartige Resultate ergeben, namlich dass die hintere Schar- 
nieroffnung bzw. der hintere Scharnierverschluss eine Rotations- 
bewegung uni eine frontal stehende Achse ist, die durch die Kon- 
dylen verlauft. 

Die Fehlerquellen der verschiedenen Methoden werden disltu- 
tiert, und die Untersuchungsergebnisse werden init denen ande- 
rer Verfasser verglichen. 
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