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Optimal parameters for lateral oblique radiographs of rat

mandibles
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Objective: To establish optimal exposure parameters for lateral oblique radiographs of rat
mandibles using an intraoral X-ray machine.
Methods: A positioning apparatus, previously tested for its reproducibility, was used to
obtain radiographs of four heads of formaldehyde-preserved Wistar rats. Radiographs were
exposed at 50 kV and 8 mA using four size 2 films (Insight, Ektaspeed Plus, Ultraspeed and
D-Speed; Eastman Kodak Co., Rochester, NY), two focal distances (30 cm and 60 cm) and
seven exposure times (0.6 s, 0.7 s, 0.8 s, 1.0 s, 1.5 s, 2.0 s and 2.5 s). The radiographs were
evaluated by two examiners and scored for image quality: 1, very poor; 2, poor; 3, fair; 4,
good; and 5, excellent. The evaluations were repeated at 30 days.
Results: Intraobserver reproducibility was substantial (kappa 5 0.798 and 0.667). Also, the
two examiners showed substantial agreement (kappa 5 0.726). There was a significant
difference (a 5 1%) between the scores for the films under study. At a 30 cm distance, E-
speed films had mean scores of 4 and 5 at 0.8 s and 1 s exposure times, and D-speed films, at
1.5 s, 2 s and 2.5 s exposure times. At a 60 cm distance, the best results were found for E-
speed films at 2.0 s and 2.5 s exposure times.
Conclusion: The films under study did not show any significant difference in the quality of rat
mandible images as long as exposure times were adequate to their sensitivity and focal distance.
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Introduction

The use of animal models is fundamental to establish
the scientific bases of the research process. Of several
animal models, rats are most often used because they
are low cost, easy to manage animals.1 However, the
radiographic procedures usually adopted to obtain
linear measures of larger animals and human beings
are complicated in rats because of their small size.2

Moreover, low-power X-ray machines have to be used
to record detailed images of anatomical structures, such
as the cementoenamel junction,3–6 and a positioning
device has to be used to ensure reproducibility of
radiographic exposures in the same animal.5 However,
few studies in the literature3,5 report attempts to
establish geometric standardization of the process of
obtaining radiographs of the mandible of live rats.

Because of the difficulties posed by in vivo radio-
graphs, experimental bone resorption studies are often

conducted with radiographs of necropsy material,
which can be used for cross-sectional studies but limits
longitudinal evaluations.2,3

Fontanella et al7 developed and tested a positioning
apparatus for oblique lateral radiographs of the
mandible using five formaldehyde-preserved heads of
rats and dental films. The tested apparatus ensured
standardization for the detection of subtle bone losses
using digital subtraction of images. However, it is still
unclear which radiographic parameters provide the best
results. Therefore, the purpose of this study was to
establish the optimal parameters of exposure time, focal
distance and type of film for radiographs of rat
mandibles using an intraoral X-ray machine.

Materials and methods

The positioning apparatus tested by Fontanella et al7

was used to obtain the radiographs. Each rat head was
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positioned and fixed by three metal clamps placed in
the interincisal space of the upper central incisors
(occluded), and the right and left auditory canals. The
midsagittal plane of the head was parallel to the film
packet and the X-ray tube was adapted to a support so
that the vertical angle was 230˚ (Figure 1).

Four heads of formaldehyde-preserved Wistar rats
were used. Radiographs were exposed at 50 kVp and
8 mA (Spectro II; Dabi Atlante, Ribeirão Preto, Brazil)
using four types of film (Eastman Kodak Co.,
Rochester, NY), two of which were D-speed films
(Ultraspeed and D-Speed) and two E-speed films
(Insight and Ektaspeed Plus), at seven different
exposure times (0.6 s, 0.7 s, 0.8 s, 1 s, 1.5 s, 2 s and
2.5 s), two different focal distances (30 cm and 60 cm)
and a vertical angle of 230 .̊ The combination of these
parameters resulted in 56 radiographs of each head,
totalling 224 radiographs. The films were processed
using the time–temperature method and fresh proces-
sing solutions (Eastman Kodak Co.).

An X-ray film viewer was used to analyse radio-
graphs randomly in a darkened room. Two examiners,
both experienced oral radiologists, used a magnifying
glass and classified image quality according to a five-
point scale: 1, very poor; 2, poor; 3, fair; 4, good; and 5,
excellent.

The evaluations were repeated at 30 days and intra-
and interobserver reproducibility was calculated using
kappa agreement. The Kruskal–Wallis test was used to
analyse the scores assigned by examiners and to

determine the optimal combination of exposure para-
meters.

Results

The analysis of reproducibility showed substantial8

intraobserver agreement (kappa 5 0.798 and 0.667).
Also interobserver agreement was substantial (kappa
5 0.726). Median scores assigned twice to each image
by the two examiners were used for the analysis of
parameter combinations (Tables 1 amd 2). A signifi-
cant difference in scores was found in the comparison
between the films under study (non-parametric
Kruskal–Wallis test). At a 30 cm distance (Table 1),
Ultraspeed and D-Speed scores were different from
Insight and Ektaspeed Plus scores, except for the 1.5 s
exposure time. The images obtained with D-speed films
were significantly worse at shorter times and signifi-
cantly better at 2.0 s and 2.5 s exposure times than the
images obtained with E-speed films. At a 60 cm
distance (Table 2), film speed did not show statistically

Figure 1 Rat head positioned in apparatus

Table 1 Results of Kruskal–Wallis test: comparisons between films
and exposure times at 30 cm focal distance

Film n
Mean
score

Standard
deviation

Mean
rank P

0.6 s time
D-speed 4 1.3 0.5 5.1A 0.024
Ultraspeed 4 1.3 0.5 5.1A

Insight 4 2.8 1.0 12.4B

Ektaspeed Plus 4 2.5 1.0 11.4B

0.7 s time
D-speed 4 1.3 0.5 3.9A 0.012
Ultraspeed 4 1.8 1.0 5.9A

Insight 4 3.5 1.0 12.2B

Ektaspeed Plus 4 3.3 0.5 12.0B

0.8 s time
D-speed 4 2.0 0.0 4.50A 0.005
Ultraspeed 4 2.0 0.8 4.50A

Insight 4 4.5 0.6 13.50B

Ektaspeed Plus 4 4.0 0.0 11.50B

1.0 s time
D-speed 4 3.0 0.0 4.00A 0.005
Ultraspeed 4 3.3 0.5 5.25A

Insight 4 4.5 0.6 11.25B

Ektaspeed Plus 4 5.0 0.0 13.50B

1.5 s time
D-speed 4 4.3 0.5 9.0 0.193
Ultraspeed 4 4.8 0.5 12.0
Insight 4 4.0 0.8 7.7
Ektaspeed Plus 4 3.5 1.0 5.2
2.0 s time
D-speed 4 4.3 1.0 11.50A 0.005
Ultraspeed 4 5.0 0.0 13.50A

Insight 4 1.3 0.5 4.50B

Ektaspeed Plus 4 1.3 0.5 4.50B

2.5 s time
D-speed 4 4.0 1.4 12.25A

Ultraspeed 4 4.5 0.6 12.75A 0.004
Insight 4 1.0 0.0 4.50B

Ektaspeed Plus 4 1.0 0.0 4.50B

Mean ranks followed by different letters differ significantly (P , 0.05)
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different results up to 1 s exposure time. At other
exposure times, the use of E-speed films resulted in
statistically better images than those obtained with D-
speed films.

The images with the greatest scores indicated the
optimal combination of film type and exposure time for
each of the distances used. At a 30 cm distance, E-speed
films had mean scores of 4 and 5 at 0.8 s and 1 s
exposure times, and D-speed films, at 1.5 s, 2 s and
2.5 s exposure times. At a 60 cm distance, the best
results (mean scores: 4.5 and 4.8) were found for E-
speed films at 2.0 s and 2.5 s exposure times.

Discussion

Radiographic studies help in the early detection of bone
tissue changes in animal models. When radiographic
procedures are standardized, variations in mineral
content can be detected using digital subtraction
radiography.9

The standardization of radiographic exposures in
animal models has been investigated, but procedures
still require high-cost equipment and are time-consum-
ing.3 Radiographic studies with rats have used mam-
mography films,5 dental radiography films,10–12

intraoral4 or oclusal,12,13 and low kilovoltage X-ray
sources.14–16 These studies do not seem to have reached
satisfactory results – as they were not employed in more
recent studies – and other methods to obtain images,
such as X-ray absorptiometry, bone densitometry17–21

and micro X-ray CT22–25 have been investigated.
However, these methods require special installations
for their use with animals and have a high operational
cost. Therefore, several studies with rats do not perform
radiographic evaluations to obtain longitudinal mea-
sures and assess bone density.

The term ‘‘radiographic image quality’’ describes the
subjective analysis of images, directly affected by
density, contrast and sharpness or by the level of detail
observed in the images of target structures.26 The lack
of standardization in these parameters further restricts
the interpretation of bone gain or loss.27

In the present study, D-speed and E-speed radio-
graphic films are not significantly different, not even in
terms of diagnostic efficacy in human patients,28 as
long as exposure times are adjusted.29–30

The results of this study revealed that at a 30 cm
distance and 1.5 s exposure time, D- and E-speed film
images are similar. At short exposure times, D-speed
film images are worse (too light) than images obtained
with E-speed films. At longer exposure times (2.0 s and
2.5 s) D-speed film images are better than images
obtained with E-speed films, which were too dark. At a
60 cm distance, E-speed films had the greatest scores at
2.0 s and 2.5 s exposure times.

In conclusion, this study found no significant
difference in the quality of the image of rat mandibles
among the four films when exposure times were
adjusted to the film and focal distance. The best quality
images were obtained using 30 cm distance, Ektaspeed
Plus film with 1.0 s exposure time, and Ultraspeed film
with 2.0 s exposure time.
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