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INTRODUCTION 

The morphological changes in the jaws after tooth extraction and the wear- 
ing of dentures have hitherto been studied longitudinally be means of x-ray 
cephalometric technique with the application of lateral projection (Atwood, 
1957, 1962; Hedegdrd, 1962; Wictorin, 1964; Carlsson & Persson, 1967; 
Carlsson, Bergman & Hedeg&d, 1967 ; Carlsson, Ragnarsson & Jstrand, 
1967). The image sharpness of radiographs using this projection depends 
on the relation of structures to the median sagittal plane. Thus, whereas a 
useful reproduction is obtained of the anterior parts of the jaws, the varying 
distances of the lateral regions to the median plane of the head results in 
a reproduction of these areas with an overlap of the two sides, with increased 
blurring and creation of double contours in the distal parts. Consequently, 
these investigations have in most cases been limited to the anterior parts 
of the jaws, and in only one investigation have attempts been made to study 
the changes in the lateral regions of the lower jaw (Czrlsson, Ragnclrsson & 
Jstrand, 1967). 

Both sides of the jaw can be studied separately by means of a projection 
where the median sagittal plane of the head is turned at an angle of 45" to 
the film plane (Margolis, 1940; Cartwright & Haruold, 1954). In exposures 
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at this oblique angle, the premolar and molar regions will be reproduced 
without considerable overlap from other structures. 

The image of the jaw area with this projection differs from the lateral 
one by its lack of a joint median sagittal plane. The structures will be re- 
produced with varying distortion, depending on their distance from the 
film plane. An investigation of the magnitude of the distortion within the 
jaw area has proved that it need affect the dimension of the image only to 
a low degree - in  the lower jaw with a rriagnitude of u p  to  5 %, in the 111)- 

per jaw of up LO 8 yo (Barher, Pruzansky & Kindebsperger, 1961). 
The oblique 45" projection has previously been used as a supplement 

to the lateral projection, mainly for clinical studies of molar eruption and 
for evaluating the results of serial extraction therapy (Barber et al., 1960; 
Gruber, 1966), and for comparative studies of the interrelationship of a 
number of structures in the lower jaw (Hatton 82 Grain,gcr, 1958, Isruel, 
1966). 

On the other h a d ,  this projection does not seem t o  have heell used for 
longitudinal studies, although radiographs of the jaws with oblique projec- 
tion have the advantage of a large image area and a reproduction with a 
distortion of the same or smaller magnitude than in the lateral projection. 
The varying size of the distortion implies in longitudinal studies that the 
structures in question must he maintained in constant relation not only to 
the focus of the x-ray tube and to the film plane, but also to the central ray. 
The technique also requires special measures in other areas, since a deviation 
from lateral projection involves the disappearance of the anthropometric 
measuring points employed till now. The application of metal implants is 
an obvious solution, since their value as reference points has heen proved 
in studies of the growth pattern of the jaw skeleton (Bjiirk, 1955, 1963, 1.964). 

The purpose of this paper is 1) to tlescribe a reproducible radiological 
technique using the oblique 45" projection, and 2) to analyze periodic ex- 
posures with this technique using implants, in order to evaluate the applica- 
tion of obliqiie cephalornetric radiographs to longitiidirial studies of the jaws. 

MATERIAL AND METHODS 

7 men and 8 woiiien were used for the present investigation. 
These persons were chosen with a view to later investigation of the influence 

of the bilateral free-end saddle denture on the lower jaw. Selection was made 
between patients who attended the School of Dentistry at  Aarhus during 
1965. The following criteria were applied in their selection : 
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1) The general state of health of the patient had to be good judging from 
the case history and the clinical inspection. 

2) The upper jaw must have been edentulous for at least one year, and 
have heen provided with a full denture during the edentulous period. 

3)  In  the lower jaw an entity of remaining teeth had to be present, at 
most from 5- to -5, at least from 3- to -3. After completed periodontal 
treatment, the marginal bone had to support at least 50 yo of the rooth 
length, estimated from intra-oral radiographs. The single teeth should not 
show increasing mobility. 

4) The patient should have had instruction in periodontal care, and should 
be able to show a clinically sound gingiva after six months control. 

14 of the patients fulfilled the above mentioned criteria. The 15th, a 
77-year old man, had an entity of remaining teeth consisting of 3+ ,  4 and 
3-3. 4, 3- and -3 carried a fixed bridge replacing 2, 1-1, 2. 

Implant technique 
After previous x-ray examination of the jaw skeleton, each person was sup- 
plied with ten implants of tantalum (dimensions 0.5 x 1.5 mm, one end 
pointed) in agreement with earlier descriptions (Bjork, 1955, 1963). Fivz 
implants were placed in the mandible: one in the mid-line of the submental 
region, two bilaterally below the apex of the canine or first premolar, and 
two bilaterally below the temporal line of the mandible in the retromolar 
area. In  the upper jaw, an analogous position was chosen in the subnasal 
region, bilaterally in the canine area, and bilaterally in the distal parts of 
the tuber-area. Where the position of the maxillary sinus did not allow the 
placing of the posterior implant, an alternative position was chosen in close 
relation to the implant in the canine area. 

After insertion of the implants a radiographic control was made of their 
position. Most of the implants turned out to be stable during two months 
of observation. Only in two cases was loosening and migration with later 
rejection observed, apparently because the implant had been placed at an 
nsufficierit bone depth. In these cases, new implants were inserted. 

Radiographic technique 
During exposures the subject was placed in a modified Evald cephalostat 
(Harvold & Ralling, 1962). The position of the head was controlled by 
adjustable stabilized nose and neck rests which were engraved with milli- 
meter scales in order to enable a reproducible position of the rests to be 
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Fig. 1. Supplementary equipment of the cephalostat. a) adjustable nose rest, b) adjustable 
neck rest, c) transversal strengthening bar ensuring positional stability of the rests. d) sta- 
bilizing metal plate in position on holder of the ear rod, e) removable ear plug, f )  adjustable 

chin rest. 

obtained. (Fig. 1, a-b-c). Rotation of the head was prevented partly by 
strengthening the vertical arms carrying the ear rods with metal plates 
(Fig. 1, d) and partly by using individual acrylic ear plugs with close fit 
to the ear holes and the ear rods. (Fig. 1, e). The horizontal arms, carrying 
the ear rods, were provided with millimeter scales to control the position 
of the latter in relation to the median plane. The position of the lower jaw 
was controlled by an adjustable chin rest with similar engraved scales on 
its horizontal and vertical arm (Fig. 1, f). The lower jaw was immobilized 
with an individual acrylic base-plate fitted to the upper jaw, with contact 
areas against the retromolar pad areas and the incisors. While in contact, 
the jaw was held in its retruded position at a level corresponding to bite 
height. 

To ensure corresponding positions for both sides of the jaw in the oblique 
projection, the following procedure was used : 
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The patient was seated in a hydraulic chair with the face turned to the 
film and the median plane of the head aligned in the direction of the central 
ray. The ear rods of the cephalostat were kept in a tight, but not unpleasant 
position for the subject, in alignment with the upper wall of the ear holes. 
The Frankfort plane was kept horizontal by marking the porion and the 
orbitale on the skin and by orientating the marks with respect to a horizontal 
beam of light projected across the face. This position of the head was main- 
tained by the nose and neck rests. Impressions for the acrylic ear plugs were 
then made with alginate by re-setting the ear rods to their former position. 

This frontal position was used as the initial position and adjustment to 
the oblique projection was established by turning the axis of the head and 
body 45" to the right or to the left. In all cases, the right side was exposed 
prior to the left. 

X-ray equipment with fixed tubus, rotating anode and fixed focus was 
employed. Further, a constant film-focus distance of 168 cm and a constant 
distance of 18 cm between the film plane and the median plane of the cepha- 
lostat was used. The exposure varied between 65 and 80 kV, at 200 mAs 
for 0.6 sec. To reduce secondary radiation a primary diaphragm of lead 
with an opening of 5 x 5  mm was used, only permitting exposure of the jaw 
skeleton. A reproduction of the mandible with a definite demarcation be- 
tween radiopaque and radiolucent structures was hereby obtained. The 
strong filtration of secondary radiation in the maxillary area resulted in 
several exposures with too weak a contrast. In these cases, supplementary 
exposures were made with a reduction of 5-10 KV. 

Kodak Blue Brand films were used. These were exposed in aluminium 
casettes mounted with high definition intensifying screens with a 2 mm lead 
foil backing in order to absorb the x-rays and to avoid secondary exposure 
of the film (Harvold & Rdl ing ,  1962), A vfine-grain)) developer (Gevaert 
G. 230) was used for 5 min. at 21°C. Fig. 2 shows the size of the reproduced 
area of the jaws. 

The oblique projection involved shading of the peripheral parts of this 
area, mesially by the opposite ramus of the mandible, and distally by the 
upper servical vertebrae. Due to the reduced secondary radiation, the main 
contours of the jaw skeleton could still be determined in most of the shadowed 
area (Figs. 2 and 3). 

Measuring technique 
The measurements were carried out directly on the cephalogram, and the 
values applied at the ensuing analvsis were mean values determined after 
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Fig. 2. A 45" oblique radiograph demonstrating the extent of the image area and the position 
of the implants. 

Fig. 3. The reproduction of alveolar bone level with 45" oblique projection. Pointed areas 
indicate sections reproduced without any interference from bony structures. Hatched areas 
indicate sections with an insignificant degree of interference. Cross-hatched areas indicate 
sections with a degree of interference making a safe delimitation of the alveolar bone level 

impossible. 
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Fig. 4. Measuring sheet. 

duplicate measurements. For the present work, a spreading caliper with a 
dial gauge, with a reading accuracy of 1/10 mm was used. Use was also made 
of a sheet of cellophane with a traced system of coordinates. Parallel with 
its y-axis a number of accessory lines were traced, dividing the system of 
coordinates into two parts, with a line interval of 1.0 and 2.0 mm respectively 
(Fig. 4<). The sheet could be accurately orientated by means of the implants 
on the cephalogram, using its x-axis as a reference line and the zero point 
of the system of coordinates in a definite relation to one of the implants. 

The accuracy of orientating the sheet was examined by means of duplicate 
exposures. Measurements were performed by orientating the x-axis of the 
sheet in a definite position to two implants, and thereafter by measuring the 
distance from the axis to a third implant on one of the accessory lines of the 
sheet. The error of the method - s (i), cf. the statistical section - was cal- 
culated from a set of 25 measurements, to 0.10 mm. 

Anal>sis .f the radiogruphir technique 
By means of the measuring technique described above, the ability of the 
radiographic technique to reproduce the alveolar bone level was examined 
on periodic exposures. Paired sets of exposures from each person were used 
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Fig. 5. Orientating technique of the measuring sheet on the radiograph. 

MAXILLA 
dsht a u w  Wt .I& 

Fig. 6. The extent of alveolar bone level exposed on 45" oblique radiographs. Hatched and 
cross-hatched signatures are used analogously with Fig. 3. Unhatched signature correspond 
with pointed signature in Fig. 3. Remaining natural teeth in the lower jaw are indicated by 
the central cross-hatched area. Vertical black marks designate the position of the posterior 

lower implant in the retromolar area. 
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for the investigation, comprising both right and left side exposures. The 
exposures were made at an interval of 8-14 days by using an identical radio- 
graphic technique for each person. The image quality of the mandibular 
areas enabled an analysis of the jaw to be made for all persons, while an 
analysis of the corresponding areas of the maxilla had to be postponed in 
four cases. Prior to the measurements, the contour of the alveolar process 
was marked on the cephalogram with a thin pencil. The anterior and pos- 
terior implants of the jaw side in question were used to orientate the measur- 
ing sheet, the anterior implant indicating the zero-point of the sheet. The 
position of the bone level relative to the implant-determined x-axis was then 
determined by measurements on the acessory lines, with an interval of 2 mni 
(Fig. 5). First, the primary exposures were measured, thereafter the cor- 
responding control exposure. The extent of the measured contour in relation 
to the total area of the alveolar process and the corresponding tooth-bearing 
area is shown in Fig. 6. 

Statistical methods 
The following statistical parameters were employed (cf. Solow, 1966, tab. 7). 

z ' x  
N 

Arithmetical mean X 

Variance s2 

Standard deviation s 

Standard error of the mean s(x) 

Error of the method s(i) 

Correlation coefficient r 

N - 1  
1- 

Values of parameters significant at the 5 yo or 1 yo levels are indicated 

The calculations of the statistical analysis were performed on the electronic 

Analysis of the collected data was carried out in the following way: 
1) The corresponding data from the two exposures were analyzed for 

systematic errors by a Student's t-test. This analysis showed no deviation 
significantly different from zero at a 1 % level. 

with one and two asterisks, respectively. 

computer GIER. 
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2) The error of the method - s (i) - was then calculated for each jaw 
side on the individual subject (Table I A). 

3) The method error - s (i) - was calculated for the material as a whole. 
The amount of data allowed a calculation of the error for areas reproduced 
with and without interference on the radiographs, cf. Figs. 3 and 6 and 
Table I B. Distribution of the values in the two areas was compared by a 
SNEDECOR's F-test. 

4) 30 exposures from Table I A were then used to analyze the influence 
from errors of projection on the size of the s (i) value. The exposures were 
divided into three groups representing low, intermediate, and high s (i) -- 
values (Table 11). 

The displacement of corresponding implants on the periodic exposures 
was chosen to express the size of projectional divergences, using the dif- 
ference between the measurements as variables. The following implantal 
relations were measured : in the sagittal plane (1) the intermaxillary distance 
between the anterior implants in the upper jaw and the lower jaw, and (2) 

Table I. 
Determination of alveolar bone level in periodical radiographs in the 45 degree oblique 

projection. Errors of the mzthod in mm 
A .  Individual values, according to sex and age of the material 

MAXILLA MANDIRULA 

sex age N right side N left side N right side N left side 

9 32 21 
Q 47 15 
? 49 16 
Y 51 
Q 56 22 
'$ 56 27 
s! 57 24 
Y 62 

0.169 
0.206 
0.165 

0.127 
0.134 
0.122 

- 

21 0.106 18 
14 0.165 20 
16 0.162 22 

16 
19 0.196 20 
24 0.142 14 
19 0.137 23 

21 

0.138 
0.141 
0.134 
0.189 
0.112 
0.204 
0.103 
0.129 

19 
21 
21 
15 
21 
16 
14 
15 

0.142 
0.155 
0.139 
0.174 
0.132 
0.105 
0.126 
0.190 

d 32 23 0.334 21 0.255 26 0.123 23 0.162 
d 48 - 17 0.133 14 0.169 
6 48 - 21 0.145 23 0.219 
d 52 19 0.129 17 0.274 25 0.206 25 0.158 
d 57 20 0.150 24 0.198 16 0.143 25 0.194 
6 66 20 0.179 18 0.129 26 0.241 28 0.185 
d 77 22 0.184 30 0.160 22 0.193 17 0.204 

N = Number of measurements on each radiograph. Italic boldface types denote the use of 
the corresponding radiographs for the measurements in Table 11. 
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B. Main values of the material, related to absence orpresence of interfering bone structures 
in the area of measurement of Fig. 3 and 6 

Areas Areas 
N without interference N with interference F 

right 121 0.139 109 0.220 2.51* * 
side 

left 135 0.132 88 0.237 3.28* * 
side 

Maxilla 

F 1.13 1.15 

right 184 0.136 123 0.194 2.06* * 
side 

left 183 0.159 114 0.173 1.07 
side 

Mandibula 

F 1.36* 1.41 * 

Table 11. 
Variation in head position in the 45 degree oblique projection. Positional changes of cor- 

responding implants on periodical exposures. Values in mm. Further details, see text 

Intermaxillary 
variation 

Intramaxillary 
variation 

Grouping Sagittal plane Sagittal plane Transversal plane 
according to s (i) N range mean (X) range mean (x) range mean (X) 
values 

1. Low values 
(0.130 mm) 10 0-1.00 0.31 6 0 . 1 0  0.06 CLO.30 0.19 

11. Intermediate 
values 
(0.130-0.190 mm) 9 0-0.50 0.15 0-0.15 0.09 0.10-0.50 0.30 

111. Large values 
(0.190 mm) 11 0-0.60 0.20 0-0.30 0.09 0.10-1.00 0.45 
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the intramaxillary distance between the anterior and posterior implants on 
the same jaw side. 

In the transversal plane (3) the intramaxillary relations between, on the 
one hand, the anterior and posterior implants and on the other hand, the 
implant from the opposite canine region were examined by use of the mea- 
suring sheet. In  this case the vertical displacement of the latter implant  as 
used as a variable (Table 11). The dispersion of the values in the three groups 
was analyzed by SNEDECOR’s F-test. (5) The connection between the s 
(i)-value and the error of projection was examined by a correlation analysis. 

RESULTS 

Table I shows the size of s (i)-values for each side of the jaw for each indix id- 
ual. The values range between 0.10 and 0.33 mm. Table I B shows the cor- 
responding values for the material as a whole. The values for analogous 
regions showed differences between the right and the left side, which in the 
maxilla were not statistically significant, whereas in the mandible they showed 
a significance at a 5 yo level. A comparison of the values for the shaded and 
unshaded areas in the same side of the jaw showed constantly higher values 
for the shaded areas. Except for the left side of the mandible this differ- 
ence was statistically significant at a 1 yo level (Table I R). 

Table I1 shows the size of displacement of the implants in the sagittal and 
the transversal plane, related to the size of the s (i) values. In  the sagittal 
plane, the intermaxillary displacements showed moderate averages within 
the three groups. The corresponding values for the intraniaxillary displace- 
ments were lower and of a magnitude corresponding to the accuracy of the 
measuring equipment employed. The mean value in the transversal plane 
showed a tendency to increase in agreement with the size of the s (i)-value 
for the group. This increase turned out to be significant, Fi7 = 6.7**. This 
tendency was thereafter examined by a correlation analysis, i n  M-hich the 
size of displacement showed a low positive correlation with the correspond- 
ing s (i)-values, r = 0.14. 

DISCUSSION 

The use of metallic implants in the present study has made it possible to 
analyze the radiographic technique with greater precision than before. By 
virtue of their stable position and radiological contrast, these indicators help 
to reduce error in x-ray cephalometric studies, where difficulties in identi- 
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fying the anthropological measuring points have hitherto represented the 
greatest source of error (Savara, Tracy & Miller, 1966, Carlsson, 1967). 
Consequently the size of the error is lourer in the present study (Table I B) 
than in earlier investigations (Fictorin, 1964; Carlsson, 1967; Carlsson, 
Bergman & Hedegcrd, 1967). 

This accuracy in measurement permitted an analysis of divergences origi- 
nating from the oblique projection, and an evaluation of their influence on 
the size of error of the method. In  the literature, projectional errors are 
ascribed a considerable importance as a source of error (Bjork, 1947, Koski, 
1954; Nawrath, 1961; van Aken, 1963; Carlsson, 1967), even though pre- 
sent recent investigations have given contradictory results ( Wictorin, 1964; 
Carlsson, 1967). 

Mainly because of the risk of projectional errors, the oblique 45" projec- 
tion has not yet been used for longitudinal studies (Barber, Pruzansky & 
KindeZsperger, 1961). In  the present investigation, the radiographic tech- 
nique only involved minor movements of the persons, judging from the 
small displacement of the implants on the periodic exposures. The signifi- 
cant relation between the error of the method and the mean of the displace- 
ment in the transversal plane may have arisen from minor changes in the 
patient's position during exposure. i'ariations in the position of the head 
had no significant influence on the size of error, since the positive correla- 
tion beheen  the size of the s (i)-value and the displacement in the trans- 
versal plane was small. Thus, the accessories used as stabilizing elements 
in the cephalostat technique %ere able to minimize the influence of pro- 
jection errors. 

The improved precision in the present study indicates that the main 
source of error originated from local factors. The range of the s (i)-values 
in Tables I A and I B shows that the use of a primary diaphragm and vary- 
ing exposure values in the radiographic technique was insufficient to equal- 
ize the individual variation in the bone density of the jaws. The central posi- 
tion of the lower jaw in the image area means that the effect of these mea- 
sures is greater for this jaw, as reflected in the greater uniformity of the s 

(i)-values in Table I B, while the position of the upper jaw in the periphery 
of the image area, in connection with the strong filtration of secondary ra- 
diation means that a uniform reproduction with sufficient details is difficult 
to obtain. The measures taken to resolve this problem proved to be of only 
limited value, since approximately a quarter of the exposures of the upper 
jaw were useless for detailed studies. 

Thus the study demonstrated that the image obtained by the oblique 
projection is primarily suited to reproducing the lateral segments of the 
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lower jaw. This is in agreement with its main use in most earlier studies 
(Barber et al., 1960; Hatton & Grainger, 1958; Isruel, 1966). As regards 
the corresponding areas of the upper jaw, the study has demonstrated the 
limited value of oblique projection on edentulous persons. 

In previous studies of the changes in face height on denture wearers, it 
has been demonstrated that changes occur to a larger extent in the lower 
jaw than in the upper jaw (Tullgren, 1966). The lateral projection has only 
been able to register changes in the anterior part of the lower jaw (Curls- 
son & Persson, 1967), while studies of the lateral regions have been coni- 
plicated by large errors in method and lack of the possibility of analyzing 
the changes in each side (Carlsson, Ragnarsson & Astrand, 1967). 

The oblique 45" projection is suitable for investigating these inaccessible 
structures. By means of the present technique, it is possible to perform an 
analysis of more specific areas and at an earlier stage than before. 
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SUMMARY 

An X-ray-cephalometric study using the oblique 45" projection has been 
carried out in order to establish the size of the image area obtainable by this 
projection and the applicability of oblique projection to longitudinal studies 
of edentulous jaws. 

The study was carried out on 15 persons with edentulous upper jaw and 
a reduced natural dentition in the anterior part of the lower jaw. Tantalum 
implants were used as indicators in both jaws. Exposures were made in a 
cephalostat supplied with strengthening ear rests and adjustable nose, neck 
and chin rests, enabling a reproducible position to be maintained. Individual 
acrylic ear plugs and bite plates were used as supplementary stabilizing 
equipment and a standardized radiographic technique was employed. 

By means of the technique applied, detailed and uniform exposures of 
the lateral regions of the lower jaw were obtained. In the upper jaw, the 
image quality was more variable and a quarter of the exposures were un- 
fitted for detailed analysis. The reproduction of the bone level of the alveolar 
process was analyzed on periodic exposures made using an identical radio- 
graphic technique. A measuring sheet with an orientating accuracy of 0.10 
mm was used. Error of method showed values between 0.13 and 0.19 mm 
in the lower jaw, and between 0.13 and 0.23 mm in the upper jaw. 
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The influence of projectional errors on the error of the method was an- 
alyzed on the basis of a series of measurements of positional changes of 
corresponding implants on the periodic exposures. Only a weak correlation 
was found between these factors and the magnitude of the error of method. 

The study has proved that the image area in oblique 45” projection can 
be emplyed successfully in longitudinal detailed studies especially of the 
lateral regions of edentulous lower jaws. 

R ~ S U M ~  

D ~ T E R M I N A T I O N  DU NIVEAU OSSEUX DANS LES R ~ G I O N S  L A T ~ R A L E S  DES MA- 
CHOIRES ~ D E N T ~ E S  

NOUVELLE M ~ T H O D E  C ~ P H A L O M ~ T R I Q U E  PAR RADIOGRAPHIES UTILISANT UNE 

Une Ctude cCphalomCtrique par radiographies utilisant une projection oblique 
B 45” a CtC pratiquCe dans le but de determiner 1’Ctendue de l’image qu’on 
peut obtenir avec cette projection et d’8tablir dans quelle mesure la pro- 
jection oblique est utilisable pour les Ctudes longitudinales sur les mdchoires 
CdentCes. 

Cette Ctude a port6 sur 15 personnes prCsentant uiic mlchoire supCrieure 
kdentke et une denture naturelle rCduite dans la partie antCrieure de la md- 
choire infkrieure. Des implants de tantale ont CtC utilisCs comme repbres 
dans les deux mlchoires. Les clichCs ont CtC pris en utilisant un ckphalostat 
comportant comme renfort des appuis-oreilles et des appuis rCglables pour 
le nez, le cou et le menton, ce qui permettait de maintenir une position 
susceptible d’&tre reproduite. Des plaques d’occlusion et des tampons pour 
les oreilles individuels en acryl servaient A stabiliser ultkrieurement la posi- 
tion; les clichCs Ctaient pris suivant une technique normalisbe. 

Grlce B la mCthode utiliske, on a obtenu des clichCs dCtaillCs et uniformes 
des rkgions IatCrales de la mdchoire infkrieure. A la mdchoire supCrieure, 
la qualit6 des clichCs Ctait plus variable et le quart des clichCs ne pouvaient 
pas se pr&ter B l’analyse dCtaillCe. La reproduction du niveau osseux du 
procbs alvColaire a CtC analysCe sur des clichCs pkriodiques pris en utilisant 
une technique radiographique identique. La feuille de mesure, utilisCe per- 
mettait une prCcision d’orientation de 0’10 mm. Les valeurs de l’erreur like 
A la mCthode Ctaient situkes entre 0,13 et 0’19 mm B la mdchoire infbrieure 
et entre 0’13 et 0,23 mm A la mdchoire supCrieure. 

L’influence des erreurs de projection sur l’erreur liee A la mCthode a CtC 
analysCe en se basant sur une sCrie de mesures des dCplacements d’implants 

PROJECTION OBLIQUE A 45” ET DES IMPLANTS M~TALLIQUES 
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correspondants sur les clichks pkriodiques. On n'a trouvb qu'une faible 
corrdation entre ces facteurs et la grandeur de l'erreur like ti la mkthode. 

Cette Btude a prouvk que l'utilisation de l'image obtenue en projection 
oblique i 45" permet d'obtenir de bons rksultats dans les ktudes longitudi- 
nales dktaillhes intkressant en particulier les rkgions latkrales des mlchoires 
kdentbes. 

ZUSAMMENFASSUNG 

ZUR BESTIMMUNG DES KNOCHENNIVEAUS IN DER SEITENREGIONEN ZAHNLOSER 

KIEFER. EINE NEUARTIGE R~NTGENZEPHALOMETRISCHE TECHNIK BEI ANWEN- 

DUNG EINER SCHRAGEN 45O-PROJEKTION NEBST IMPLANTATEN 

Ein rontgenzephalometrisches Methodenstudium wurde zur Erhellung des 
betreffenden Gesichtsfeldes und dessen Anwendungsmoglichkeiten bei lon- 
gitudinalen Studien des zahnlosen Kieferskeletts mittels Aufnahmen in der 
schragen 45"-Projektion durchgefuhrt. 

Die Untersuchung wurde bei 15 Personen mit zahnlosem Oberkiefer und 
einen reduzierten restlichen Zahnbestand im frontalen Teil des Unterkiefers 
vorgenomrnen. In beiden Kiefern wurden als Indikatoren Tantal-Implantate 
verwendet. Die Aufnahmen wurden in einem mit unterstutzten Ohrenhaltern 
und verstellbarer Nasen-, Nacken- und Kinnstutze versehenen Zephalostat 
gemacht. Als erganzende Stabilisierungsausrustung wurden individuelle 
Akrylohrenstopsel und Akrylplastron fur die Kiefer angewendet. Es wurde 
eine standardisierte, reproduzierbare Einstelltechnik benutzt, und die Ex- 
ponierungen wurden bei 65-80 KV und zwar bei Abblenden der ausser- 
halb des Kieferskeletts gelegenen Strukturen vorgenommen. 

Mittels der angewendeten Technik wurden von der Seitenregionen des 
Unterkiefers detailscharfe und gleichmassige Aufnahmen erzielt. Im Ober- 
kiefer war die Bildqualitat etwas ungleichmassiger, und 27 % der Auf- 
nahmen erwiesen sich als ungeeignet fur eine Detailanalyse. Die Reproduk- 
tion von dem Umriss des alveolaren Prozesses wurde auf periodischen Auf- 
nahmen in 8-14 tagigen Abstanden analysiert. Zur Untersuchung wurde 
ein Messbogen mit einer Orientierungsexaktheit von 0,lO mm benutzt. Der 
Methodenfehler bei Messungen im Unterkiefer ergab Werte von 0,13--0,19 
mm und im Oberkiefer Werte von 0,13--0,23 wobei die hochsten Werte 
auf die knochenbeschatteten Partien der Aufnahmen entfielen. 

Der Einfluss der Projektionsfehler auf den Umfang der Methodenfehler 
wurde auf Grund einer Serie von Messungen von den Lagenanderungen der 
Implantate auf den periodischen Aufnahmen analysiert. Es ergab sich eine 
nur geringeKorrelation zwischen den beiden Faktoren. 
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Die Uritersuchung tut der, dass die Bildflache der schragen 45"-Projec- 
tion Lei longitudinalen Studieri verwendbar ist, und dass die angewendete 
Technik zu Detailstudien von den Seitenregionen des zahnlosen Unterkiefers 
wohlgeeignet ist. 

REFERENCES 

Aken J. van, 1963: Geometrical errorsin lateral skull x-ray projections. Nederl. T. Tandheelk. 
70: 18-30. 

Atwood D. A .  1957: A cephalometric study of the clinical rest position of the mandible. 
Part 11. The variability in the rate of bone loss following the removal of occlusal con- 
tacts. J. prost. Dent. 7: 544-552. 

-))- 1962: Some clinical factors related to rate of resorption of residual ridges. J. prost. 
Dent. 12, 441-450. 

Barber T. K., S. Pruzansky, A .  Lauterstein & R. Kindelsperger, 1960: Application of Roent- 
genographic Cephalometry to Pedodontic Research. J. Dent. Child. 27, 97-106. 

Barber T. K., S. Pruaansky & R. Kindelsperger, 1961: An evaluation of the oblique Cephalo- 
metric Film. J. Dent Child. 28, 94-105. 

Bjork A., 1947: The face in profile. Svensk tandl. T. 44): suppl. B. 
-))- 1955: Facial growth in man, studied with the aid of metallic implants. Acta odont. 

scand. 24: 9-34. 
-o- 1963: Variations in the growth pattern of the human mandible: Longitudinal radio- 

graphic study by the implant methods. J. dent. Res. 42: 400-411. 
--o- 1964: Sutural growth of the Upper Face studied by the Implant Method. Trans. Europ. 

orth. SOC. 49-65. 
Carlsson G.  E., 1967: Error in X-ray cephalometry. Odont. T. 75: 99-129. 
Carlsson G.  E., B. Bergman & B. Hedegdrd, 1967: Changes in Contour of the maxillary 

Carlsson G. E. & G. Persson, 1967: Morphologic changes of the mandible after extraction 

Carlsson G-E., N. Ragnarson & P. Astrand, 1967: Changes in height of the alveolar process 

Cartwight L. J. & E. P .  Haruold, 1954: Improved Radiographic Results in Cephalometry 

Graher T. M., 1966: Orthodontics. 2. ed. Philadelphia-London. 
Harvold E. P. & S. Rolling, 1962: The use of high kilovoltage and logetronic prints in ce- 

phalometry. A way to improve detail definition and reduce radiation. Trans. Europ. 
orth. SOC. 204-107. 

Hatton M-E. & R. M. Grainger, 1958: Reliability of measurements from Cephalograms at 
the Burlington Orthodontic Research Centre. J. dent. Res. 37: 8 5 3 4 5 9 .  

Hedegcird B., 1962 : Some observations on tissue changes with immediate maxillary dentures. 
Dent. Pract. dent. Rec. 13: 70-78. 

Israel H., 1W: Radiogrammetric Replicability and direct validity of small mandibular mea- 
surements in the 45-degree Projection. J. dent. Res. 45: 1570. 

Koski K., 1954: Kefalometrisessa rontgenkuvauksessa esiintyvien projektiovirheiden merki- 
tyksesta rnittaustarkkuuden kannalta. Suom.hammaslaak.toim. 49: 8 5 4 9 .  

alveolar Process under Immediate Dentures. Acta odont. scand. 25: 1-31. 

and wearing of dentures. Odont. Rev. 18: 27-54. 

in edentulous segments. Odont. T. 75: 193-208. 

through the use of High Kilovoltage. J. Canad. dent. Ass. 20: 261-163. 



72 SVEND KAABER 

Margolis H. I., 1940: Standardized x-ray cephalographics. Amer J. Orth. 29: 725-740. 
Nawruth K., 1961 : Moglichkeiten und Grenzen der rontgenologischen Kephalometrie. Habili- 

tationsschrift, Mainz. 
Sauaru B. S., W. E.  Tracy & P. A .  Miller, 1966: Analysis of errors in cephalometric mea- 

surements of three dimensional distances on the human mandible. Arch. oral Biol. 

Solow B., 1966: The pattern of craniofacial associations. Acta odont. scand. 24: suppl. 46. 
Tullgren A., 1966: The reduction in face height of edentulous and partially edentulous sub- 

Victorin L., 1964: Bone resorption in cases with complete upper denture. Acta radiol. 

11:209-217. 

jects during long-term denture wear. Acta odont. scand. 24, 195-239. 

(Stockh.) suppl. 228. 

Address : 
The Department of Prosthetics, 
Royal Dental College, 
Vennelyst Boulevard, 
Aarhus, 
Denmark 




