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INTHODCCTION 

Cephalometric studies have rendered valuable information of both invebti- 
gative and diagnostic nature. The measurements obtained are relative, untl 
depending on various biological and methodological factors. The reproduci- 
bility of cephalometric landmarks has been investigated following strict, 
scientific procedures (Bjiirk, 1947 ; Berglund, 1963 ; Richardson, 1966). The 
variability of tracings performed for diagnostic purposes has received les. 
attention, however. In the present investigation measurements from lateral 
head plates determined for diagnostic analysis were evaluated. The cephalo- 
metric angles to which the study is restricted, are all commonly used in the 
diagnosis of malocclusions. Besides a comparison between operators with 
different levels of competence in clinical cephalometrics, the magnitude of 
the methodological error of the angles employed was also evaluated. 

MATERIAL AND M E T H O D S  

Lateral head plates from three young individuals were used. The plates werc 
x-rayed in a Bjorlc cephalostat in a lateral projection with a focus-M.S.P. tlis- 
tance of 160 cm and a film-M.S.P. distance of 10 cm. The head plates wert’ 

Received for publication, February 10, 1969. 



360 E. K \ A M  AND 0. KHOGSTAD 

selected from the Ijatient files, and were of an average good quality (Fig. 1). 
In the following, the liead plates will he termed case A, R and C. 

Eighteen participants traceil the same plates. The tracing was performed 
on sheets of acetate films. Each participant measured 8 angles from each of 
the three cases. Thirteen of them were regular dental students who had 
Im-ticipated in a short conrse of cephalometric tracing, in addition to the 
ordinary orthodontic education in the dental clinic. The remaining 5 w'ere 
t)os;t-graduate ptiidents of a two-years conrse of orthodontic training. The 
latter will be nnnietl post-graduates, while the former  ill he named students. 
?iont. of the participants Ilad any particular routine in tracing work except 
\\.hat they had learned during the case analysis of a restricted numher of 
their own patients. 

Both groups received printed definitions of the landniarks and reference 
lines which were to be used in the present investigation. A model of the trac- 
ing pattern was also available (Fig. 2). Convenient and identical supplies of 
ailequate light hoxes, T-squares etc. were available for both groups. Each 
1)articipant performed a complete, cephalometric analysis of the different 
films without access to the result of the others. 

Fig. 1. Profile radiograph representing Case A. 
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Fig. 2. The tracing pattern of cephalornetric roentgenogram ; for explanation see text. 

L)q finit ions 0 f landmarks 
cmtrrior nasal spine: The apex of the anterior nasal spine. 
grzathion : The lowest point of the mmdibular symphysis. 
nusion : The most anterior point of the junction between the nasal and 
the frontal bone. 
porioii : The mid-point on the upper edge of porus acusticus externus 
located hy the ear rods. 
ptc~r~gomaxillar~~ ; The point of intersection between the dorsal con- 
tiire of the tuber maxilla and the nasal line. 
orhitale : The lowest point on the infraorbitale margin. The mid-point 
is used. 
the sellu point : The centre of sella turcica. 
d s p i n a l e  ; The deepest point on the contour between the anterior 
ndral spine and the alveolar margin. 
suprainentale ; The deepest point on the contour between the chin and 
I he alveolar margin. 
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Figs. 3 4 Graphic illustration of the results of thr angular measurements. 
A = measurements from case A. 
B =  B I) >) B . 
c =  ) 0 r c .  
Stud. = dental student group. 
Sen. = post-graduate student. 
X = average values. 
S.D. = standard deviation. 
Max = maxinium measurements. 
Min = minimum )) 

The abhreviations of the various angles am- evplainetl on 11. 364. 
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Definitions of linrs of nieusuremrnts 

FH: Frankfurt horizontal - a line joining orbitale and porioii. 
I :  upper incisor line ~ a line through the incisal point and the a l ~ b \  of 

i he upper incisor. 
lower incisor line - a line through the incisal point and the a l ’ e ~  of 
the lower incisor. 
occlusal line -- a line from the mid-point of the line I)etueeii t he  iiL)I)er 
and lower incisor edges to pterygomaxillare. 

ML: mandibular line -~ the tangential line of the lower posterior hor(1t.r of 
the mandible to gnathion. 
the nasal line ~- a line connecting anterior nasal spine ant1 ”terygo- 
maxillare. 

Where bilateral structures were shown as donhle images, the rriitl- 
point was used. 
All angles were measured t o  the nearest 0.5”. 

~ 

1: 

OL,:  

NI,: 

NSL: the nasion-sella line ~ a line connecting nasion and sella point. 

Angular rneusurernrnts 
1. Subspinale-Nasion-Sella (ss-n-s). 
2. Supramentale-Nasion-Sella (sm-n-s) . 
3.  ML-FH: The angle between the mandibular linc and the Frarikfurt 

horizontal. 
ML-NL: The angle between the mandibular line and the nasal line. 
~ I-FII: The angle between the upper incisor line and the Frankfurt 
horizontal. 

~ I-NL: The angle between the upper incisor line and the nasal line. 
7-ML: The angle between the lower incisor line arid the niandihular 
line. 
1-1: The angle between the incisor lines. 

4. 
5. 

6. 
7. 

8. 

RESULTS 
,, Ihe  results of the angular measurements appear in Figs. 3 am1 1 in ~ h i c l i  
the average (i), the standard deviations (S.D.), maxirnurn dntl minirru~m 
values are included. 

If the results of the post-graduates (G4S.D.) are considered acceptable for 
a case analysis, the frequency of the students tracings which fell within thrse 
values were distributed as follows: 
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Table I 
Vumber of acceptah le and nonacceptnhle measurements performed by students 

-~ ~ ~~~~ ~~ ~~ ~~~ ~~~ ~ 

4nglc 1 2 3 4 5 6 7 8 
s-n-ss s-n-sm FH-ML NL-MI. 1-FH I-NL 1-ML I-i 

4rcrptable 14 14 15 7 17 15 9 11 
None acceptable 10 10 9 17 7 9 15 1 *s 

_ _  -~ ~- - 

The variance of the tracing results of each arigdar rneasurement of the two  

groups was compared statistically. Thus the hypothesis 
os2 = uv? was tried against os2 .> uv2 

When - > F 0.95, 12,4$ (at the 5Yo level)* a significant difference euist- 

hetween the two grou1)s. 

ss2 

5v2 

In 16 of the total 24 angular measurements, the post-graduate group showeil 
less variance than the student group. In 7 of the measurements there wah 
no difference. In only one case (case R, sm-n-s) the students had less varia- 
hility than the post-graduate group. The distribution of significant differ- 
ences reveals a significant inter-group difference in favor of the post-gractuatc, 
group. 

One might assume, however, that some of the students might be inore 
accurate than the otli ers in the procedure of diagnostic tracing. 

Table I1 
Percentage of acceptable measurements performed by emh student 

- ~- - -~ ~ _ _ ~  
Per cent of acceptable 
measurements 10-19 yo 20-29 30-39 yo 40-49 % 50-59 ",, 

No of students 2 2 4 4 1 
~~ ~- . -_ 

*) = theoretical standard deviation 
[Sv = S.D. of post-graduate group 
Ss = S.D. of student group 
F 0.95 = 95 percentile in the Fisher distribution 
12 and 4 indirate one degree of freedom in each sample 
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A similar estimation of the post-graduate group is of less interest because 
95 yo of the values will fall within the accepted variability due to the S.D. 
employed. The usability of their tracing must therefore be compared with 
other competent tracers, and the diagnostic value must also be considered 
in view of the variability of normative, cephalometric findings, i.e. biologics 
variahiIities lsithin a population. 

UISCUSSION 

Tlie use of cephalometric tracings for diagnostic purposes is based on the 
fact that the greatest source of variation is caused hy cranial differences 
between individuals (Hutton & Gruinger, 1958). This depends on a tracing 
procedure which is performed with a certain accuracy. 

When comparing the two groups in the present study, it appears that the 
S.D. of the students exceeded those obtained by the post-graduate group. 
Comparison hy thc statistical test also shows a significant difference between 
the two groups. 

The results obtained from the student group are characterized hy wide 
ranges, particularly when dental relations are concerned (Fig. 4). Similar 
difficulties are also reflected in measiirements where NL is involved. Thr 
variahility is reduced when the landmarks are more easily located. However, 
for ciiagnostic purposes the S.D. of a sample of observers is not the only 
thing of interest. The range of the measurements must also be considered. 
The wide difference between maximum and minimum values of the tracings 
performed by students thus generally rejects reliable diagnostic estimation 
of such tracings. As regards the tracing results of the post-graduate group 
I liese show less Variability. The values obtained in the post-graduate group 
can in niany cases be compared with those of more experienced operators 
(Bjijrk, 1947; Husund,  1966; SoZoul, 1966). The range of their measurements 
also includes values limiting definite diagnostic conclusions. The ohservation 
of the post-graduates must be characterized as usable for diagnostic purposes, 
with restrictions coherent to the method (Gmber, 1958). 

Differences in i he repeatability of various landmarks and angles have 
earlier been reported (Richurdson, 1966; lfiusund, 1967). Thus Hasunrl 
found a significant difference between t w o  investigators when evaluating 
the angles - I-FH and - I-NL. For diagnostic purposes the material is usually 
restricted to one head plate of each individual. Detectable errors are there- 
fore limited to landmark and measurement variability. However, partition of 
Ihe variability factors has shown that error due to the technical procedure is 
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small (Savnra et ul. 1966). All errors in this stndy refer to variability caused 
I)y locaiion of landmarks, and to measurement variability. No effort has been 
made to partition these factors in the present study. Many investigators have 
pointed out that the variability in landmark location is definitely greater 
than measurement variability (Richardson, 1966; Suvuru et ul. 1966). It 
seems reasonable, therefore, to assume that landmark location variability is 
responsible for the greatest variability seen in the present study. 

As pointed out earlier some differences exist between individuals as re- 
gards performing metric observations on casts (Richardson et al. 1963). None 
of the students in the present study had more than 60 94 acceptable observa- 
tions. It can therefore be stated that repeatable measurements requires train- 
ing and experience. Furthermore, all angles employed in the present stndy 
seemed to vary too much when measured by the students. The problem is 
therefore consistent with basal methodological problems and can therefore 
not be solved by rejecting some of the angles applied. Some of the variability 
in the present investigation might he avoided by applying the pinhole tech- 
nique, i.e. determining the landmark by pinholes whereafter measurement is 
performed. Methodologically this will introduce a systemic error (Bjork & 
Solow, 1962). From an educational point of view, it seems most pertinent to 
divide tracing procedure performed by unexperienced operators in two stages, 
whereof the first consists of a controlled localization of the landmarks, 
M. hereupon measurement and interpretation of the head plates may be per- 
formed. 

Acknowledgements. The authors are greatly indebted to Miss Grete Bergaust and Miss Thora- 
Lisa Nilssen for valuahle assistanre. 

SUMMARY 

iZ tracing procedure for diagnostic purposes consisting of 8 angular measure- 
ments performed by students and more experienced post-graduates has been 
estimated. The mean and standard deviation of measurements were calculated, 
and the groups compared statistically. 

The post-graduate group showed significantly less variability than the 
student group, and the results could he used with certain limitations. The 
student variability was too great in each of these cases to be used diagnosti- 
cally. None of the students was capable of performing an acceptable tracing 
procedure in any of the cases. Of the angles employed, none proved easy 
enough to be regularly used in the student clinic. Dento-facial relationships 
showed greater variability than the remaining angles, in both groups. 
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H I k U M k  

D I \  EHGENCES LORS DE L’kTABIJSSEMENT DES TRAC!% SUH CLICHGS DE PHOFIl. 

DANS LE DIAGNOSTIC ORTHODONTIQUE. ~ T U D E  M ~ T H O D O L O G I Q U E .  

Cette Ctude prbsente l’kvaluation d’une technique tl’Claboration des traces 
(jestinks A 1’6tablissement du diagnostic et consistant en 8 mensurations an- 
gulaires faites par des Ctudiants et par des cIipl6mCs plus expbrimentbs. 
La moyenne et l’kcart type des mesures ont CtC  calculCs, et line rompmison  
statistique des deux groupes a Cti: faite. 

Dam le grnupe des tlipl6niCs, la variabilitk Ptait nettement moins marquCe 
que dans le groupe des Ctudiants, et, dans certairies limites, les rCsultats 
Ctaient susceptibles d’Ctre utilisCs. La variabilite chez les Ctudiants Ctait dan!: 
chacun des cas trop marquCe pour permettrc une utilisation B des fins 
diagnostiques. Aucun des Ctudiants n’Ctait en Ctat d’effectuer des tracks 
acceptables, quelque ffit le cas considkrk. Parmi les angles employ&, auciin 
ne s’est rkv61C suffisammerit facile pour pouvoir &tre utilisb rbgiili&renient 
dans le travail clinique des ktudiants. Dans les deux groupes, les rapports 
dento-faciaux prksentaient 11ne variabilitC plus graride que les autres angles. 

ZUSAMMENFASSUNG 

METHODISCIIEN VARIATIONEN BE1 BEFUNDSAUSWEKTUNG VON SEITLICHEN 

FERNRONTGEN-AIJFNAIIMEN IN DEH KIEFEHORTHOPADIE 

Eine diagnostiche Auswertung des kefalometrischen Fernrontgenbildes, be; 
Verwendung von 8 verschiedenen Winkelmassen, wiirtle kritisch untersiicli 1, 

einerseits von Studenten, aridererseits von besonders erfahrenen Zahnarzteri 
in fachkztlicher Fortbildung gebraucht. Die Mittelwerte mit Standard Ah- 
weichung wurden ermittelt, und die beiden Griippen statistisch verglichen. 

Die Gruppe tler erfahrenen Zahnarzte zeigte weriiger Variation als die 
Studentgruppe. Der Unterschied war statistisch signifikant, i irid die Resultate 
konnten mit gewissen Einschrankungen benutzt werden. Die Variation tinter 
den einzelnen Studenten war in gegebenem Falle zu gross um die Auswer- 
t.iing diagnostisch zu verwenden. Keiner der Studenten war fahig eine voll- 
stindige Auswertung des Fernrontgenbildes vorzunehmen. Unter den be- 
nutzten Winkels war keiner einfach genug, um in der Hand von Studenten 
diagnostiseh zuverlassig gebraucht zu werden. Die ermittelten Winkelwerte 
zwischen Punkten im Zahnbereich iind Punlcten im Bereich des Gesichts- 
schadels schwankten mehr als die iibrigen Werte, in beiden Gruppen. 
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