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I n  recent years increasing interest has  been showm in ceph:ilo- 
metric radiography a 5  :I suppleinent to  the iisuul methods of 
orthodontic examii1:ition. I<nowledge of the dentofacinl rela- 
tionships prepares the way for an analysis of the individual case 
with respect to c1i:iracteristics of the f:ici:il skeleton :inti the 
structure of the jaws. The purpose of the study reported here 
has been priin:iriIy to  derive :I norm for 1:iteraI x-ray :iiialysis 
lor the use at  this Dental School. 

Since 1791 when Cninp~~r  made cr:inionietric studies of pro- 
gnathism ~1nthro~)oIogists have devoted attention to the facial 
profile. Simon ( 1922-25 1 and Hcllmcrn ( 1927 ) atteiiipted by dif- 
ferent paths t o  find :I univers:il noriii that  might be of value in 
dia g no si 9. These in ve s t ig a t i on s were g n n t h c) s l a  t i c . 

The problein of cranial radiography w a s  solved in  the e:irly 
1920s by Pticcini (1922) :ind others;  the ~xtliograph then eli- 
iuinated the necessity for relying on the ineuact reference points 
of the soft parts. 

I n  1931 Hrotidhent ill Ainerica and  H o f r n t h  in  Geriii:iny pu- 
Mished :iliiiost siinultnneously :I procedure for radiographing 
the skull with the aid of :I ceph:ilostat and long distance x-rays 
(focus to  f i l i i i  distance 5 feet) .  This marked the  :idvent of :I nen 
era, and the cephnlostat became :I highly v:rlued instrument i n  
dental research. 
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Rrodie (1941 ), Rjork (1947) ,  Rroridbent (1948) and other\ 
used it for studying the growth and developiiient of the craniurn 
:ind the jaws. The clinical application of cephaloinetry has been 
:I problein that h:is occupied the attention of innny research 
\vorlters, among theiii Rrodie, 1938; Thompson, 1941, 1946, 1949; 
Jlrrrgolis, 1947 ; Downs, 1948; Rirshro, 1947 ; 7 u ~ e e d ,  19.52 and 
R i d e l ,  1952. Over the years ;I number of ceph:ilometric :rnalyses 
and systems have been evolved and more recently JItrrgolis, 
Domiis kind Riedel have published p p e r s  of particul:ir interest. 

A difficulty inherent in the cephalometric orient:ition o f  the 
~ R W S  is the location of the base plane in the craniuiii. Anthro- 
pologists have long used the Frankfort horizontal ( orbitale - 
porion) -- a natural choice. There are, however, several objec- 
tions to the Frankfort plnne for ceph:rlouietric purposes; the 
orbitale is difficult to locate and experience shows that the porion 
is rather inexact :IS ;I cephalouietric point ( R j o r k ) .  It is alniost 
impossible to position the ear rods identically twice in succession. 

In his investigations of developmental changes in children 
Rrorrdbrnt 1937)  considered the Frankfort plane insufficiently 
stable. He required a plane located in a part of the crnniuin 
where the growth was :I ininiiiiuiii. From numerous ine:isure- 
iiients on crnni:i he established that ”l:indm:irlts” in the cranial 
base :hove the face were relatively more stable :ind therefore 
inore fixed than those in the more rapidly growing lower face. 
On the basis of these and other investigations performed o \e r  
seven years Brondhrnt reached the conclusion that the I3olton- 
insion pl:ine is :I st:ible plane of orientation, and the p i n 1  K 
in the region of  the sphenoid hone the reference point of the 
head. 

dltrrgolis tried to use the nasion-R plmc1 :IS a basis for coiii- 

paring two lateral r:idiogr:iphs. He, :IS Hroodbent, concluded that 
the ceph:iloiiietric plane of orientation should lie on the cranial 
base. The iiiaxiiiiuiii growth takes place anterior :inti posterior 
to the hasil:ir suture hetween the sphenoid and the occipital bones 
\I’ he re the ref ere nce point was p 1 aced. 

Bjdrk niade a systematic study of the errors of ineasureiiient 
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for :I nuiiiber of reference points. He found that the orbit:ile, 
porion and Bolton points were unsuitable, the points foriiiing the 
Bjiirlc cranial base triangle - the nasion, sel la  turcica and the 
articulare - being iiiore appropriate. 

Rirdel published a n  investigation entitled ”The relation of 
maxillary structures to craniuiii in iiialotclusion and in  normal 
occlusion”. He used the nasion - sella turcic:i as  base plane 
instead of the Frankfort horizontal and after having tested 
several angles he concluded that  only a few were necessary for 
defining the relation between the jaws. Those specified by Rietiel 
appear to be of practical value and for this reason some of them 
were used in  the present study. 

MATERIAL 

The study group comprised 3 1  subjects, 15 of thein boys and 
16 girls, all with ”anatomically correct occlusion”. They were 
pupils of elementary and secondary schools in Stockholm. 

The 16 girls coinprised 10.8 per cent of :I group of 149 exwinin- 
ed, and the It; boys 6.9 per cent of 216 examined. They were 
selected :iccording to the following criteria : 

(1  ) All teeth present f r o m  the first inolars, :it least. 

( 2 )  Noriiial lateral relntion. Over-jet in the molar  region (first 
iiiolars ) not exceeding 3 iiiilliiiietres. 

( 3 )  Overbite in the anterior region not exceeding 3 millin1etres. 

( 4 )  Sagittal relation: anterior - -  overjet not exceeding 3 iiiilli- 
metres; lateral - iiieasured at  the first iiiolars iiiaxiiimin 
deviation 14 cusp distally or  I/i, cusp mesially. 

( 5 )  Some crowding perinissible in lower anterior region 
not in the‘ in:ixilla. 

Illt 

Accordingly, children of ages 13 to 16 years were chosen - 
the period when shedding of the deciduous teeth is norinally 
finished and the most important stages of the development of 
the dentition are coinpleted. 

The age distribution is given in Table 1. It is evident that both 
sexes display close uniformity. 
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l‘he study was carried out with 21 inodified Broadbent cephalo- 
st:it (Ldnhpry ,  1951 ) .  ‘l’he x-ray :ipp:irutus was  I Schiinnnder 
JIR-8, t he  exposures being of  :j& second, with 100 IiiilliaiiipCres 
:It 7 0  to 80 Kv. 24x36  ciii film W I S  lo:ided in  cassettes with 
double intensifying screens. 

The r:itliogr;ighs were all t:ilcen in rioriii:i luteralis. The central 
ray (focus to filin dist:ince of 5 feet)  passed through both ear 
rods perpendicul:ir to the iiiedian plane. ‘l’he head w a s  set with 
the  iiiedian plane pr:ilIel to the film and :it ;I distance o f  90 
inilliinetre\, irrespectile of the individual size o f  the head. The 
tlistnnce froin the filiii to  the  iiiedian plune is based on I,rrndbor~y 
c t  I,intiPr’.s ( 1926)  investigations of the head width. ‘The iiie:111 
n id th  of  :I Swedish group W:IS found to  be 150.11 i 0.02 iiiilli- 
metres with :I standard deYi:rtion o f  5 . 1  0 iiiilliinrtres. Three tinies 
the stund:rrd deviation gives :I iii:ixiiiiuiii of  one half the head 
width o f  82.9 iiiilliiiietres. The focus-filin distance o f  5 feet give\ 
:ipproxiiii:rtely :I six per cent en1:irgeinent. This is o f  little iiu- 
j)ort:ince in respect o f  poitits in the iiiedian plane :IS : in en1:rrge- 
iiient of the radiograph does not affect t h e  size o f  the angles. 

The patient, seated in :I hydraulic chair, \V;IR :itl:rpted to the 
ceph:ilostnt. The chair W I S  raised until the left external auditory 
c.:rn:il IWS on :I le\el with the ear rods. ‘These were placed inlo 
the upper p r t  of the external ear with gentle pressure so :IS not 
to  interfere with the :irticuInr process and thus  disturb the posi- 
tion of the iiimdihle. ‘I’he ear rods were centred so that  the 
iiiedinn plane was :it the  centre o f  the  ccph:tlost:rt. ‘I’he head W I S  

then set in rel:ition to the Frankfor1 plane. 
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The patient was required to bite together and to close the Iiljs. 
Two deterliiinations were iiiade of the occlusal relationship. 
Between these the patient was encouraged to  speak so :IS to  
change the closed position on the last radiographic exposure. 
The patient niaintained the s:iiiie position in the cep1i:ilost:It 
throughout. 

The reference points a ~ i d  the plane\ u\ed in the r:idiogr:iphic 
analysis of the profile were the following: 

N nclsion : The suture between the frontal and nasal bones. 

S sollrr fzircicrr: The centre of the s e l h  turcica. I t  w u s  iii:irl<etl by 
eye on the profile r:idiogr:iph of the saddle. For serial 
radiographs the point w a s  transferred froin the first pic- 
ture  to the others by superimposing the sell:\ turcica of 
later r:idiogrnphs on that  of the first. 

O r  orhitcilr: The lowest point of the infr:iorhit:il ridge. If both 
left and right ridges :ire recorded on the r:idiograpli the 
orbitule is defined :IS :i point iiiid-w:iy between the lowest  
points o f  tach contour. 

Po p r i o n :  The highest point on the eiir rods .  

I’ pogonion: A point where :I line 1~erpentlicatl:ir to the 1;1~:1111\- 

fort 1iorizont:il touches the anterior part of the sgiiiphysis. 

Sp The point of the  anterior n:is:il spine. 

I’r prosthion: A point :it the junction o f  the  crown of the ino\t 
pro 111 in e 11 t u p  pe r i 11 c i sor :I 11 d the :i I veo 1 ii r p roces s . 

Ifr infru-denfc/Zr: A point a t  the boundary of the niosi proiiiinent 
lower incisor crown and the alveolar process. 

A (sribspintdr) : Upper apical base point. The point of inter- 
section of the  profile and  the longest nornial to  the profile 
from the line connecting the :interior nasal spine and the 
pros t hi  on. 
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1% ( srtprtr-mentrrZe) : IAo~ver  kipical base point. The intersection of 
profile :tnd the longest norm:rl to profile froill :I line join- 
ing the pogonion and infr:rdentale. 

1, incision snperior: Incisal edge of the most proniinent upper 
incisor. 

I ,  incision in fer ior :  1ncis:il edge of the  iiiost proniinent lower 
incisor. 

Gn gnfIfhion: Lowest point on the syiuphysis of the iriandible 
through which in:iy be drawn :I t:tngent to  the lower 
in:trgin of  the body (inandibular pI:ine). 

I< The point inid-way between the two points where lines through 
(hi touch the most posterior par t  of the lower left and 
right borders of the  body. 

Co The point mid-way between the inost dorsal points on the  
articul:ir process through which inay be drawn ;I tangent 
to  the posterior inargin of the :iscending ranlus. 

The point mid-way between the tangent points o f  the lines 
through C o  and the inost posterior left and right parts of 
the ascending r:iiiius at  the angle. 

Go p n i o n :  I’oint o f  intersection of the  lines C o  -- R1 and Gri -~ K. 

S - N sella ~~ nasioii : line, drawn through S and N 
Fh Frankfort  horizontal : 

111 21 iidi bu I :ir 1 i 11 e : 
facial line: N ” 1’ 

f Or ” 1’0 

Gn ” Go 

7,  

9 ,  

The angle measurements carried out  by Riedd (1952) provided 
the basis for the writer’s profile analysis. The  angles concerned 
were: S N A ,  S N H ,  A N B ,  + 1 + S N ,  + l + F h ,  +1+-1-. 
Gn Go N S (Fig. 1). Other angles used mere: S N Fh, S N I,, S N Ii ,  

I, N Ii, S N P, Fh N P, Gn Go Co (the mandibular angle). 

Two base planes were used, viz. the sell:i - nasion (S -~ N )  
and the Fr:inltfort horizontal (Fh)  i.e. porion -- orbitnle (1’0 - 
Or) .  



Gn 
Fig. 1. The ;ingles a n d  planes used i n  the 1:iteral radiographic analysis. 
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‘I’he iiieasureiiients were perforiiied oii tracing paper placed 
over the r:idiogr:iph. After :I test series on both boys : ~ n d  girls 
it \v:ts found that  the results of the second iiiensureiiient were 
considerably inore accurate. This iii:iy be ascribed to the practice 
gained in the interpretation of r:itiiogr:iphs :rnd for this re:Isoii 
new iiie:isiireiiieiits were in:icle for the whole study group. The  
coiiiplete series of first r:idiogr:iph\ w a s  treated, followed by the 
others. This procedure possilhly reduced the influence of the first 
placing of each reference point on the second. 

IIESULTS 

‘rd)le 2 gives the angle values grouped according to \ex, v i t h  
i i iem error, st:indnrtl deviation, am1 experiiiient:iI error. There 
w a s  no significant difference betneen tlie iiie:ins :ind range\ for  
1)o) s :inti girls, so tli:it the results mere expressed in teriiis of’ 
one tiie:iii for the whole study group. The experiiiient:il error w:i\ 
c:ilcul:ited for boy\ :ii ici  girls together. It w a s  siii:ill enough to  1)e 
negligible for pixctical purposes. A possible shortconiing of the 
method which 11i:iy have  affected the results was that  the p;itient 
w a s  not reinoved froi i i  the cephulostnt between the espo\ures. 
It is aliiiost iiiipossiible to repl:~ce the patient i n  :in identical 
position. \2’1ien only  one occ1us:il rac1iogr:hph is t:ilten Ihere is  
clr;irly the likelihood of :in error due to the  setting of lhe 1ic;itl. 

To deteriiiine whether  this setting error iiiiglit influence the 
experiiiientul error ;I special study mas m n d e  of nine p t i e n t s  
( 4  boys :inti 3 girls) froii i  the  s:inie study group. ‘I’wo occlus:~l 
r:itliogr:iphs were taken for each p t i e n t  who \\:IS released f r o m  
the cep1i:ilostat between the exposures. ‘Hie existence of :I setting 

error \xis tested by the fortiiula F = SE/S:, where F = \ariance 
ratio (with 9 degrees o f  freedoin in the 1iuriier:itor and 31 i n  the 

cienouiinator, sJ-: = squ:ire of the esperiiiientul error for tile $) 

p:itienis cxa~niiie(i, S: = squore of the experimental error for the 
3 1  patients ex:iiuitietl. No significant vnlue of  F wxs obtained 
(Table 3 ) ; ( the value of 2.47 for + 1 +SN is allnost significant, 
but this 1n:ry be neglected :IS due to  justifiable chance in 15 
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Table 2. 
Mean (r), mcaii error "z), dispersion (s) anti standart1 error for the angle 

mensurements. 

x e ( x )  S S: 

S N - F H  

S N A  

S S I  
S 

S N I <  

S N I  
i 

A N R  

I S S  l i  

s N I' 

+ l + - S N  

+ 1 + --1- 

d 
P 
Total 

p" 
Total 

(3 
? 
Tot :I1 

d 
P 
Total 

d 
Y 
Total 

d 
? 
'Total 

d 
P 
Total 

d 
P 
'I'otnl 

d 
9 
Total 

c 
Total 

7.32 4 0.76 3 .0 
5.41 4 0.78 3.1 
6.44 0,56 3.1 0 . 5 8  

82.65 4 0.83 3.2 
X1.98 4 1.00 4.0 
82.31 k 0.64 3.6 0.36 

81.78 & 0.82 3.2 
85.09 & 0.86 3.5 
84..94. 0.59 5.3 0.53 

79.68 * 0.69 2.7 
79 .m * 0.76 3.0 
79.84 2 0.51 2.x 0.37 

X2.83 & 0.85 3.3 
X3.27 & 0.88 3.5 
83.06 & 0.60 3.4. 0.33 

2.97 & 0.42 1 .ti 
2.50 k 0.53 2.1 
2.73 & O..YC 1.9 0.27 

1.92 * 0.12 0.5 
1.86 * 0.09 0.1 

XO.38 * 0.64 2.5 
80.80 & 0.79 3.2 
80.60 & 0.50 4..8 0.40 

104.65 & 1.43 5.5 

128.13 & 2.35 9.1 

1.89 0.07 (1.4. 0.24 

102.67 1.62 6.5 
10.3.6.3 * 1.ox 6.0 0.56 

131.39 & 1.70 6.8 
129.81 1.44. 8 .0 11.78 

1 - GnGo d 96.03 4 1.35 5.2 
93.89 2 1.40 5.6 
94.93 & 0.98 5.4  0.70 

P 
Total 

GnGo -- NS f3 30.75 * 0.90 3.5 
Q 31.61 + 1.3ti 5.1 
Total 91.19 E 0.82 4.5  0.32 

124.92 4 1.45 5.(i 
125.94 t 1.43 5.7 

5.6 0.69 

G n G o  -- c o  
Total 125.44 & 1.00 

d 87.28 & 1.08 1.2 
9 85.92 + 0.77 3.1 

F H  - N1' 

Total 86.58 4 o.66 3.6 (1.52 

+ l + - F H  111.52 * 1.82 7.1 
108.08 1.73 6.9 

7.1 0.75 
Q 
Total 109.74 & 1.27 
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Table 3. 

Study of tlic setting error when placing the hc;itl in the ceplialostat. 

S N - F H  
S N A  

S N B  

A N I3 

s N I’ 
+ l + - S N  
A l + - - l -  
~- 1 - (;n(;o 
(;n(;o -~ NS 
G n C o  - c o  
F H  - N P  + 1 + -FH 

s N I \  

S N I i  

I \  s I i  

0.0117 
0.1528 
0.1111 

0.1 528 
0.0972 

0.0556 
0.04 17 

0.1389 
0.7778 
0.9028 
0.6 3 89  
0.1528 
0.7639 
0.0139 
0.4308 

0. 3 3  4 7 
0 . 1  290 
0.1089 

0.1371 
0.1089 

0.0726 
0.0565 

0.0887 
0.3145 
0.6008 
0.4879 
0.1048 
0.4798 
0.26 6 1 
0.5  5 6 5 

0.12 
1.18 
1.02 

1.11 
0 .89  

0.77 
0.74 

1.57 
2 .47+  
1 . 5 0  
1.31 
1.46 
1 .59  
0.05 
(1.77 

coiiip:irisons). The setting error was thus small enough for the 
dispersions S in Table 2 to  be considered for pr:tctic:iI pi i ipses  
:is :in estimate of the dispersion between the true values of the 
1x1 t i  en t s . 

A grouping of the patients according to age for  cnlcul:ition of  
the significance between the iiieans for the various age groups 
gave 110 positive result. The iiuiiiber of cases in each group was 
sinall, however, and :I larger study group might disphy such :I 

difference. 
A coiiipnrison between siinilor investigations m i d e  on patients 

with aiiatotuically correct occlusion by Zhrons 1948), Rirslirtr 
(1R4X), iIltr!yne (1!)48), and Hiedel (19.52) showed thnt the dif- 
ferences between the wirious iiieaiis and dispersions :ire siiiall -- 
especially in the case of Hietiel  and the present writer. l‘hiirne 
(1961) found that the values obtained by Downs (20 patients 
aged 12 to 18 years), LZusIim ( 2 0  subjects aged 18 to ti7 years! 
and Mugnr (50 cases aged 18 to 36 years) for the facial angle 
N P  - Fh, the tn:indibul:~r p lme  angle (Gn Go - F h )  :ind the 
inclinntion of the occlus:il pl:ine to the Frankfort horizontd were 
strikingly similar. The v:ilues of Hiedel and Werner agree fairly 
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closely while those of Dozmns show soiiie differences. A we. ‘I I (ness 
in such coiiip:irisons between different study groups is thiit the 
authors do not define their teriiis clearly. A n  exariiple is the 
concept ”norni:il” or ”an:itoiiiically correct” occlusion used by 
sever a 1 :i u t h or s . 

It is  clear from these investigations, however, that  there is :I 

large variation within the liiiiits of the nornial. They demonstrate 
that  the value of one angle in the profile analysis does not give 
sufficient information; only when the :Ingles are seen in  :isso- 
ci:ition with one another does the analysis iissuiiie its proper 
value, 

~: l i l ’HAI.OMI~’I’HI(:  O I ~ I l ~ N ’ I A ‘ ~ I O N  01‘ I’HE J A \ \  S 

s x - -  F H  ’ 
S N A  I 
S X B  
A N 1% 
FH S I’ 
s N I’ 
+ l + S N  
f l f F H  

- 1 - GI1 Go 1 
G i i G o N S  1 

I 
I 

T 1 + - 1 - -  

6.5 

78.0 
2.8 

80.8 

- 
- 

103.5 
110.0 
130.4 
93.5 

’ 52.2 - -  

- 
3.1) , 
3.1 
2.3 
- 
- 
5.0 ’ 
4.9 
7.2 
5.8 
4.7 

- 

G.3 
82.3 
79.8 

2.7 
8G.6 
80.G 

103.6 
109.7 
129.8 

94.9 
31.2 

3.1 
3.6 

I 1.9 
I 3.G 

G.0 1 7.1 
8.0 

4.5 

1 ’2.8 

1 2.8 

’ 5.4 

SITRlRJAliP 

A study was made of the position of the j:iws in relation to 
the cranial base in 3 1  subjects, 15 boys :ind 16 girls, with ana- 
toiiiically correct occlusion. The primary purpose was to obtain 
:I Swedish standard for lateral x-ray :in:ilysis a t  the Royal School 
of Dentistry in Stocldioliii. 

‘lhe base planes used were the sella - - n:isioii (S -- N )  and 
the Frankfort  horizontal ( F h )  i.e. porion - orbitale. The results 
lor the two sex groups were coiiibined to give one iiiean. 

Table 2 gives the values of the angles, the means, the disper- 
sions and the standard errors. The  calculation of the values was 
bused 011 double determin a t’ Ions. 
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Comparison between the findings and those of other investi- 
gators e.g. Doinns and Riedel show that the values obtained in 
the present study differ little from Kiedel’s b u t  more fronl  those 
of Downs .  

There is :I large range of variation within the liliiits of nor- 
niiility. 

ROSUhIR 

DfiTERMINATION DE L’ORIENTATION CBPHALOMfiTRIQUE DE LA 

Une investigation de la position des dents en relation a la base 
du crBne a CtC ex6cuti.e de 31 cas ( 1 5  fils, 1 6  filles) avec ”occlu- 
sion :inatoiiiiquenient correcte”. Le but du  travail a 6td prin- 
cipalement de trouver une rbgle pour les suCdois a eniployer 
coinine inodkle de notre analyse radiogr:iphique de profil a I’bcole 
dentaire. 

Coiiiiiie plan de base I’auteur emploie le plan Sella Nasion 
( S  - N )  et l’horizontal Francfort (FH) ,  Porion - Orhitale. Les 
rksultats aussi bien de fils que de filles ont ktC groupks 5 une 
nioyenne. Dans le tableau 2 les nioyennes et les valeurs de dis- 
persion des angles exaniinPs sont retrouvkes ainsi clue l’erreur 
de iiiCthode de l’auteur. (La calculation des vnleurs diffCrentes 
est bashe sur des ddteriiiinations doubles. ) 

Enfin I’auteur a fait une coiupariiison entre s:i proprc in- 
vestigation et des autres du  In&ine genre (entre autres Down et 
Riedel). Alors il a revel6 que les valeurs de Riedel ainsi que 
celles de I’auteur s’accordent :issez bien tandis clue les valeurs 
de Down tendent h diverger un peu. La compiimison montre qu’il 
existe tine grande possibilitk de variation dans les liinites du  
nornial. 

M ~ C H O I R E  SUPBRIEURE ET INFERIEURE 

ZU S ABI M EN P h S S UNG 

DIE BESTIMMUNG DER CEPHALOMETRISCHEN ORIENTIERUNG DES 
OBER- UND UNTERKIEFERS 

An Hand von 31 Fallen (15 Knaben, 16 Midchen) niit ”anato- 
inisch korrekter Okklusion” wurde die Luge des Gehisses in 
Relation zur Schadelbasis untersucht. Zwecli. der Arbeit war in 
erster Linie einen schwedischen Standard zii bekoninien, der als 
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Norm f i r  unsere Profilriintgenan~ilyse en der Hochschule dieneu 
lconnte. 

Als Basisebene beniitzte der \'erfasser die Sella Nasion--Ebene 
( S  - N)  und die Frankfurter Horizonhle ( F H ) ,  Porion -- Orhi- 
tale. ALIS den Werten fiir sawohl Knaben als auch Madclien 
wurde pin Mittelwert errechnet. I n  'I'abelle 2 findet 1ii:in die 
Mittelwerte der untersuchten Winkel, ihre Streuung und der 
iiiittleren Fehler der Methode des \'erf;issers. (Die Berechnung 
der verschiedenen Werte isi auf Do~~)ell-)estiiiiiiiungen hasiert.) 

Schliesslich vergleicht der Verfasser seine IJntersuchungen iiiit 
anderen hhnlicher Art (Downs und Riedels) . Dabei zeigte sich, 
dass die Ergebnisse Hiedels init denen des 1'erf:issers relntiv gut 
iibereinstininien, walirend die Werte Downs etwas abweichen. 
Der \'ergleich zeigt, dass eine grosse \':iri:itionshreite innerhalb 
der Grenzen fiir das Normale vorhmden ist. 
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