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Radiogrq)liy of the teiiilioroi~iaiidi1,ular joint is used iri diagriosis of I inthologic 
states s ~ c h  as futietioiial tlisortlers of the joint and fractures ant1 ni(irp1iologic 
changes in the region of the joint. Hecnuse of the anatomic roriclitions the 
joint is difficult to radiograph. The upper aiid lower ravities i i ~ l  the s r p -  

rating cartilaginous disc are not visualized unless an opacifyiiig inediuni 
is injected. Tlie position of the condyle in relation to tlie fossu has therefore 
become an iniporltint property in diagnostic rocliology, and certain tlefiried 
positional relationsliips hetween these two anatomic features are usetl. They 
are represented by three intermaxillary relations, namely, occlusion, the 
rest p s i l i on  arid die fully open position. The pattern of condylar movement 
between these positions has been the subject of discussion. Limdbcrg (1963) 
found that the condyle dropped vertically hetweeii occlusion ariil the rest 
position, whereas Nevahari (1956) analysetl this condylar rnot,ioii as a coin- 
bined rotation antl trarislation. From occlusion to niaxirniini o1)eiiiiig the 
condyle cxcc:utes a conihination of a trotislation antl a large rotation. 

The craniolateral projection is commonly used in analysis of the iiiovenient 
of the temfioromaritlilrular joint (Fig. 1). The I~cam re[mxluces laterally 
located structures of tlie fossa and tlie condyle from a1)ove ant1 tlie side. 
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A B 
Fig. I .  Craniolateral projrction of the temporo-mandibular joint. 

A. Transversal plane B. Horisontal plane 

11 niimher of projection methods have been reported. Updegrave (1957) 
clescribed a standardized method for this projection with the patient's head 
lying on an inclined table. The superior and posterior angles were both 
15". Linrrlbloni (1960) used an octhogoiial projection technique with ;in u p  
right seated 1)alient with 15" for the superior a i d  15" for the posterior ang- 
le. ICludsen (1966) has reported a method in which the patient was recum- 
hent; the head was turned to one side and the projection to the joint region 
was 25" for the superior angle and 15" for the posterior. To further improve 
the method he proposed a change in the posterior angle to between 0" and 
15". In a method described by Campbell (1965) the position of the condyle 
in the fossa is determined with the patient seated and a superior angle of 
25". Supplementary tomography was also recommended. 

Radiography of the temporomandibular joint has been used for both 
quantitative and qualitative evaluations of the fossa condyle relationship, 
and a number of Irojections have been used, but only limited analysis of the 
incurred projection error has heen made. Since the position of the condyle 
in the fossa is to a large extent used as a basis for appraising the condition 
of the joint, it is of importance to know how the radiographic image and 
the fossa-condyle relationship may be affected by the angle of projection. 
In addition, more information on the relation between the radiographically 
recorded and the actual movement of the condyle is required. This study 
was accordingly undertaken with the purpose of analysing the linear error 
in craniolateral radiography of the temporomandibular joint. I t  was designed 
as an experimental method study, the projection error for 3 given distances 
with known projection angles was examined in 3 defined intermaxillary posi- 
tions, namely, occlusion, the rest position and the fully open position. 
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%ATERIAL AND MEI'HOD 

Tlic tc'st inodel comprised a crannini whose j a w  striic tiire rind tcetli \ p t w *  

in gootl rondition. In one of the teml.'ororn,indibular jointi iritlicators v o i i -  

' ting of steel sptiercs 1.0 mni i n  clianieter were inicrtetl- 3 in the fossa ant1 
3 in corrcsponding podions  in the condyle (Fig. 2). Tliey nere ,111 pl:ic-cvl 
in the saitie sagittal plane, tliroiigh the latrral part of the j o i r i i .  The coniy1,ic t 
hone structures in this x e a  ‘ire clearly tlefiiietl in the roerit~:eriopr,iiiis 
o1)tinecl. To enable direct optic-a1 rneasarenients to be in'itle tl ic sI)kieres 
Mere half exposed (Fig. 2). 

1 he rranimn M ~ S  rriountecl i r i  a specially tlesignetl stand, i t 1  M ~ I H  11 i t  c o r i l t l  

he oriented ant1 ddjlistetl diiring the radiographic registration. To rcl)rodut v 

the de.;ired position of the condyle in the fnssa in the 3 1)o"itioni 3 piirs 
of discs and 2 h e  indexe5 bere made in acrylic. He\itle\ replacing tlw 
natural articular tlisc., these acrylic tliscs here intentLetl to l\eep the ( oritlylr 
in tlie required position of relation to tlie fossa (Fig. 3 and 4). Tllc bitr 
inclcxes set the jaws in the desired intermaxillary relationslily ) to rey)rodnc e 
the i)ositions of the c.oiitlyle cor r rspnding  to the rest and fu l ly  open poiition* 
of the j m s .  

Within the cranium a metal grid was inounted and, perpendicular t o  it, 
an arrylir rod with an imbedded steel sphere 10 rm from the metal grid SO 

, >  



Fig. 3 .  'Thv rranitnn niountrd in the stand with acrylic disr and hite index. 
Rest po5ition. 

tli'it ail orthogonal projection of it ohtailled for a craniolateral projectioii 
nith d superior angle of 20" (Fig. 5). The grid and sphere were mounted 
w Illat for ilre craniolateral registr'ition of tlir terriporoi~iaiidihillar joint tlir 
+plierc ~ 5 d 5  reproduced in the grid. This  as firmly fixed at 80" to a sagittal 
j h i e  of tlic cranium .ind t he  h a i n  was thus approximately perpendicular 

Fig. 4. The cranium mounted in the stand with arrylic disc and hite index. 
Open position. 



Fig. 5. L)iagrmii diowing the, joint. metal grid and arrylic. rod. A tlt~rwti~s 
the  indivator. 

Fig. 6. Roc~~tgmograi i i  of the tcrriori)manttil)iilar joint in craniolatcral projrction ( s u p t ~ i o r  
iinglt, 22 ). From l e , / t :  OIIIYI position. rt-st position, occlusion. 
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Fig. 7. Roentgrnograni of thc tenipor~)mandil)ular joint in craniolatcral projection (superior 
angle 25'). From le f t :  oprn position, rest position, occlusion. 

the largest sy<temalic error wci\ found to be 0.03 mni. The central r'ify cod11 
he i e t  'it different angles to the vertical filin plane, which \$'is 1)arallel to tlic 
rrirdiari plaric of the cranium. The craiiolateral projection \\'is such that thr, 
h a m  pssed  in a frontal plane through the condyles and forined a siiperioi 
angle, with the iritercondylar axis. This angle ranged froni 16" to 25" (16, 
18, 20, 22, 25") uithin Nhich iriter\,il most c1escril)ed craniolater'il projection- 
lie. 

Measruc~twnt ~rwthodb 

1. Dircct m~a~i~re iner i t \  071 the ciurizuru. With tlie various ,icrylic (11 
hitc indexes in place the clistances betmccii the splierc~s mid tlie sphe 
1-47 2-5 ant1 3-6 Here izieasurtd directly on the cranium (Fig. 2). 4ftcr 
orienting tlie cr,iriiuni on the Irie,isuring talilc the iriCcisiireirieiiti were 
pcrformed in an Antograf A 7 with '1 -tereomicroicopic attcicliinent (Tor I c -  
gzrd,  1967). Tlie crmiuin u a i  oriented on tlie irieasuriiig t'ible by inean- of 
the 3 fixed indicator- in the fo-+d. The 3 positions of thc condyle Here 
registered by means of  he tli m t l  hite indexes. After measuring thr 6 
indicators in a n  iriterinavillary position the discs and  hitr iridexe- M t w  

changed a i d  tlie c ~ ~ i n i u n i  was oriented again 011 the measuring tnblc. 
The roordinates of the sphercs (1, 3 ,  z )  were tletrrrriincd for the point 

on the spheres that was located nearest ihr corresponding sphcre of tlir ])ail. 
This wa5 possihle because alioiit one half of the indicator was ewp05ed. For 
each interinaxillary position the 3 coordinates of x, y m d  z \$ere thus o1)t'iiiieil 
for each of the 6 indicators. Tlie distance n hetween the indicators 1-4, 
2-5 and 3-6 ucis calculated from the expression a2 = 

The coordinates for the 3 interrnadlary relationships mere ohtainetl after 
repeated orientation of tlie cranium in the stereoinicrosroI)i(, 'ittachrricnl. 

+ y2 + / 2 .  
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Fig. 8. The coordinate system after transfnrmation. The XY system rep- 
resents the transversal plane, and the ZX system the sagittal plane. 

' I l v  c.oordiiiate systems used in the rest and fiilly open p i r  sitions ' ' w-ere trans- 
foriiied to the system used for the position of occlusion. This was (lone Ly 
iisiiig a three-dimensional coorrliiiute traiisforniatiori. It was performet1 on 
the 3 indicators 1-3 in the fossa. The transformation con 
adjustments by means of 3 translations and 3 rotations a,  7, E and a scale 
change. The coordinates of tlie occlusal position then represent the given 
values. The calculations were performed with computer C D 3600. All the 
ctrorrlinates were transformed in this way to the same coordinate system. 
The standartl error of unit weight for the coordinate transformation, so, 
was calculated as a measurc of the accuracy of the transformation. The results 
of the coordinate transformation are presented in Fig. 8. In the X-I' systeni 
the Iwsitions of the indicators in the transverse plane can be examined in 
tlip respective intermaxillary positions. In  the Z-X system the corrr- 
spunding Iwsitioiis can be exarnined in the sagittal plane. 

Error of the  method. Since the 3 indicators in the fossa may he regarded 
as f iwt l  in relation to each other they --ere iised as referelire points. Tlir 
rrror in the i-nordinate determination and orientation after the cworciinatc 
transformation was calculated from the expression 

where I' denotes the residual discrepancies. The stmdard error of iinit weight 
-o was 0.071 nim between the occlusion and opening position\. This error 
roinprises tlie residual geometric discrepanciei hetu eeii the coordinatc 
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2.6 in111 in o~clusioii to 8.6 inm in tlie fully open poiition, a traiis1;tioii of 6.0 
inin.  Hetween these ~ m i t i o n s  the condyle rotated tlirougli 8.3" in tlie lateral 
plmc.. Tliew \. alueb 'lie ccil(daterl from the nicasiircnients on the craniurn. 
ii in tlie fully open position, the highest point of the coiitlyle cl i t l  not 1 i a s  

1)eporitl tlie tul~erculurri xticulare. The mopenlent of the condyle from 
o c  c 1 i i w ) r i  t o  inciairiiurn opening might he considerecl t o  correspond to a 
( o i u l y  le i i i o ~ e ~ n e i i ~  in ~ihysiologir opening. 

T,it)le I1 4 0 ~ s  the clistances hetween t h t b  nulicators 1-4, 2-5 arid 3-6, 
nir,isiiretl on the radiographs arid in the c~-ariiurri. Talde I11 s l i o ~  s the tlif- 
ferrnc.es l w t ~  eeii the \.allies obtained in the craniurri and on  radiogralilis 
for the 3 clistaiicei, ant1 tlie projection anglei. I n  occlusion the differences 
1w1 M e m  tlie cliitances on the radiographi expo5ed with different projections 
ii i n d l  m t l  lie Mitliin the liniits of tlie method error. For all the projectioii 
mg l r \  in  the rest poiition tlie distances 2-5 and 3-6 were smaller in the 
( r~iiiiiiii. For t h e  diitarices the lines joining the indicators are f'iirly vertical. 

open  isit it ion tlir differences nerr slightly larger on the 
racliogral)h\ tlian in the cranium for all the projection angles; the largest 
cliffcrencci for the 3 clist~inces were obtaiiietl for 25", 22" and 20". The largeit 
differences (>1 mrn) bet n the distances meaisiiretl on the film and 
thaw o1)taitietl in the craniuni also rclatetl to their projection anglei for thc 

In tlir full\ 

Table 11. 
Ilistcirwes in rrzni I -  4, 2- -5 r z r i d  3--6 measured o n  the rucEiogr-czpl~s a r i d  in /he cruniunb. 

DisIunres ohtnined f o r  the projection ungles 

Distiincc Projection anglcs 

Cranium Occlusion 22" 25" 16" 20" 18" 

1 - - 4  
2--5 
3--6 

2,60 2,42 2,47 2,52 2,49 2,26 
2 , l l  2,15 1,99 2,oo 1,07 1,05 

2,54 2,44 2,42 2,48 2,40 
~ 

2,35 
~ 

Rest Pcisition 

1 - 4  1,63 1,70 1,61 1,62 1,Sl 1,47 

4,71 4,32 3-6 

Full) oprn ~iosition 

~ ~ ~~ -. ~- - 

2- 3 4,26 4,3s 4,24 4,28 4,24 3,82 

- _- -~ 
4,60 4,69 4,67 4,67 

-~ ~~- - -- 

~ ~~ ________ ~ - _ _ ~  

1 --4 3,40 3,56 3,41 3,34 3 3 4  3,03 
2 5  7.76 7,75 7,61 7,44 7 3  6,56 

8.60 8.60 8,31 8,27 8,25 7344 , 3  6 
~~ ~ - -  _. . 
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Table 111. 

2-5 mil 3-- -6 with the rtrrious projection cing1r.T. 
1XJferernc.e hetween rmliogruphic and cranial meiisrmnients ( t r i m )  CIJ' the ilis/iiric.e.s 1 1. 

18 

0.2 
0.1 
0.1 

0 
0.4 
0.4 

o..i 
0.H 
0.0 

distances 2-5 atid 3-6. Their lines were largelv 1 ertic-a1 in the rest ant1 
fully open positions. 

DI5CUSSIOV 

Radiographic registration ii one of the moit  irnport'int diagnostic. aid. ill 
the analysis of pathologic condition< of the temporo~nandibular joint. In 
the case of anatomic change5 in the joint3 that may 'iri5e in inflammatorv 
c onclitions and niusc*ular tlysfunrtion the positional relation 1 ) e t ~  eeii the 
fowi  and the condyle is used in the evaluation of the state of the joint.. 
I he relatively conil)leu aiiatorny of the joint arid itz position in the crariiiini 
presents some tliffirulty in olitaiiiiiig 'I radiographic iinagc of tlw foss'i ant1 
cwndyle without projection errors cd interfering o v e r d i a d o ~ i ~ i g  of I tir 

ineclially located bone structures. As these new nietlio(1s h a ~ e  1)reri (*on- 
sidered to provide a greater amount of information ant1 of a niort' re1Lil)le 
nature, J. nimber  of ratliologic Iiietliods have hren tleveloped. Tlicsc, l i o w e i  er, 
have not a l ~ a y s  bren subjected to scientific tests of reliability; nor (lo anal, 
of the geometric errors scem to h a w  hecn performed for different Iirojrction.. 
on a test inode1 ~171db~07rL (1960) investigated the linear error of the cnranio1- 
ateral projcction at 15" 2" wperior and poiterior angle. The tlifferenccs 
tiieasuretl M ere cwniitlerrd to ha\ e no prcictiral influence of the lincw er 

r ,  

The reason for iiiing a cmnium instead of a phantom motlel for thv arid> 
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of the geometric projection error is that, by virtue of its anatomy, the cranium 
shows directly those conditions in the actual joint and intervening bone 
structures that complicate the projection. The individual anatomic structures 
of the cranium were used only for decisions relating to the projection, and 
did not affect the magnitude of the measured distances. 

By means of a special orientation system mounted within the mediolateral 
part of the cranium it was possible to  orient this so that a high level of repro- 
clucihility of the 3 positions of the joint could be obtained (Figs. 6 and 7). 
From the values of the standard error of unit weight (so) it would seem that 
the method is satisfactory for both direct optical measurement in the auto- 
graph and for measurements on radiographs (Table I). 

Because the indicators were located in the lateral part of the teniporo- 
Inandihular joints, moreover, their position could be measured directly 
on the cranium, and hence the distances on the radiographs could be compared 
with the ))true)) cranial values. 

Since the cranium must be removed from the object table of the autograph 
between each series of measurements, and since the orientation in the auto- 
graph was relative, the values of the coordinates from the 3 series of measure- 
ments in the occlusion, rest and open positions are not directly comparable. 
It was therefore necessary to transform the coordinates to one and the same 
coordinate system by a three-dimensional coordinate transformation. This 
complicated calculation was simplified by the use of standard programs for 
photogrammetric absolute orientation. The coordinate systems in the rest 
and the open positions were transformed to the coordinate system in the 
occlusal position (Fig. 8). The residual error in fixed points 1-3 is small. 
In the XY system the position of the indicators can be examined in the 
transverse plane. The transverse displacements of indicators 4-6 in the 
condyle between the different positions is small. The movement of condyle 
is practically confined to the ZX system, that is, the sagittal plane. From 
the above, it would therefore seem that the experimental design and proce- 
(hire are suitable for analysing the problems under consideration. 

The results show that for the radiographic method the projection error 
is relatively small. Errors of a probably significant magnitude (> 1 mm) 
were obtained when the superior projection angle was at least 20", and 
this should thus be the maximum value of this angle in practice. The distances 
for which the largest errors were obtained are 2-5 and 3-6 in the rest 
and fully open positions. Because of the caudalward movement of the condyle 
the lines 2-5 and 3-6 were mainly vertical. With the craniolateral projec- 
tion the error incurred in vertical movements of the condyle will be larger 
than for the corresponding horizontal movements. 
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In an andlysis of the function of the teinl)oroinantlibiilar joint hy e\ditLiting 
thc positional relatimihip hetkseeri tlie fossa mcl condyle cantion is there- 
fore inrlicdtetl in eitimating iertical niovernents. In r,idiogrqilis lal\eii with 
the c’ranin1,iterd Iirojec,tion the repro(lucet1 dist,iiic (1s cCin he too largtx. ’HIP 
superior angle slionltl therefore be a s  sinall ‘xi I)ossil)lc, though Jslt lr  tlne 
regard to i h t ~  m,ttornic coiitlition~ arid the coniequciit ri& of o\crsli,itlo\\ing 
b y  1)oiie struc’tures lorcited medidlly to tlie joint. 

SCMM4RE 

Crdriiolaterdl ratliogralhy of the ternI’or0niandibiilar joint ha3 1)een *tritlietl 
in vitro. On a craniuni si\ 5trel  spheres were insertetl in the foss‘i ‘tiit1 in 
the condyle in correspontling p i t i o r i s .  Three pair of (li m d  Iiitr intlv\e- 
\\ere mdtle t o  rel‘tte the inanclible in desired interni,i\illdry p i i t i on .  The 
Imsitiori of the ileel splicrei in the t c r r i ~ ~ o r o - ~ i ~ t i ~ l i l ~ i i l ~ i r  joint \+‘is regi+lcrctl 
1 ) ~  tlie craniolateral projection. Superior angles r m p  Ixtn een 16”--25”. 

Tlie coordinates of the steel s1)herc.i in the cr,iiiiuiii and t h  cwor(lincitc* 
of the iplieres on the rdiographs were determined. 

Tlie coordinate syitenii used in rcst d i d  fnlly o1)en position of the i‘i. 

M ere trmsforrrietl to tliat of occlusion. 
The differences of the distances between the inclic,itors ineasuretl on I l ip 

rraniurri m d  on I lie racliograplis ilion tlidt for n( ( liision ‘ind rest 1 )os i t i o r i  
the tlifferrncei were srndll. The largest tiiffereiic es nere ohtairietl for 1iro- 
jecting anglc bctneeii 20”-25” in the fully olwii po+ition. 

H B s u n l B  

N(;I,E UE l’l(I).IECTION SUR L’ERKEUII L I N i 4 I K E  DhNS LA 

RADIOGHAPIIIE CR.iNIOLATkRA1.E DE 1,’ARTICULATION T E ~ ~ I ’ O R O - M . 4 N D I U U I ~ h I K E  

Uiic ktnde stir la ratliographie crlniolatPralr tle l’articrilation teiiil)oro- 
Jtiiiiidiliiilaire a 616 effectu6e in vitro. Stir nn criinr, 6 sIilii.res cl’iicier o i i t  616 
fis6c.s duns la cavitt! gl6noide et h i s  le condyle (law tles Iiositioris c-orres- 
1)oridantes. Trois paires de diqiies et, tl’iiitlicatmrs tl’oc:cliisinii ont i.t6 con- 
fectionn6es pour placer la inandibiile rlans les rapports iiitcriiinxillaires 
tlc‘sirds. La Iiosilion c1t.s sphbres d’acier dans l’articiilaiion tem~iort i - ir i~rt i~ l i l~ i i -  

laire a dtk eriregistr6e en projection criiniolatkralc. T,es angles supbrieurs 
allaient tle 16”-25”. 

Lcs coortlonnc‘es des sphi.res cl’acier dans le crbne et lcs coordoiinkcs (Ies 
splii.res s u r  les ratliographies ori t  Ctt! dkterminkes. 
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1,~s systi.ines t l e  coordonnPes ntilis6s a11 r e p s  et en Imition granrle ouvrrtr 
t i n t  616 ratnenbs 5 celui de la position en occlusion. 

Les clistanccs mesnrbes entre les indicateins snr le crdrie et stir les ratlio- 
griililiies I)rbseiitaient senlement de  petites diffPreiices en ce qui concrrriai t 
la 1)ositioii tle r e p s  et l'occlnsion. Les tliffbrences les plus grantlcs orit 616 
ol~trnues 1)oiir 1111 angle tle I)rojection riitre 20"-25" rii position grairtlv 
ouvrrtr. 

ZUSAMM ENFASSUNG 

DIE EINWIRKUNG DES PROJEKTIONSM INICET, AUF DEM LINEAHFEIILEK IN l \ R A N I O -  

LATEIIALEN RnNTGENhLiFNAIlMEN DES l<IEFERGEl.ENI<ES 

'l'ratisltranirlle Riintgenaufnalimen der Kiefergelerike wurden in witro 
anspefiihrt. An eirieni Schiidel wurtlen seclis Stahllcugeln einander gegeiiiiber 
eingcpasst, drci in der Gelenltfliiclie nntl drei in dem Gelcnkkopf. Drei Paar 
Akrylscheiben urid drei Bissinilrxe wiirden hergestellt, uin den Unterkiefer 
in gew iinscli i en I n  terokltlusalabst :in d en zu halt en. 

Die Lage tler Stahlkiigeln im Kiefergelenk wurde durcli die kraniolaterale 
Projektion tlargestellt. Der Winlccl zwisclien SchBdelhorizontale1)eiie u r r t l  
Zrntralstrahl variierte z lien 16"-25". Die Koordinaten der Stohlkugelii 
in1 Scliiidel nnd die 1G)ortliriaten cler Stahlkugeln auf den Rufnahnien 
w i d e n  ermittelt. Die Koorrlinatensysteme, die in der Rnhelage nntl hri 
der Riihrlage und bei der riiaxinialeri Mundiiffnung henutzt wurden, wurderi 
zii cleni System tler Oltltlusion transformiert. 

Drr  Un~ersclried der Ahstiiride zwischen den Intlikatoren, die am ScliBdcl 
urid auf tleri Aufnalimen gernessen wurdcn, zeigten class (lie Unterschirdr, 
zwischen Oklclusion und Ruhelnge kleiri waren. Die grnssteri Unterschieile 
wurclen fiir Projektionswinkel zwischen 20" bis 25" in der maximalen Mund- 
ii ffnun g gefund en. 
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