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 ABSTRACT: The educational value of three-dimensional computed tomography (3D CT) volume rendering 
imaging was compared to conventional plain radiographic instruction in a veterinary radiology class. Veterinary 
radiology is an important subject in veterinary medicine and has been well-recognized as a primary diagnostic 
method. Many junior and senior students have difficulty interpreting two dimensional radiographs that depict 
three-dimensional organs. A total of 158 junior veterinary students with knowledge of anatomy, pathology, physiol-
ogy, and other basic subjects were divided into two groups; Group 1 (n = 45) received conventional radiographic 
instruction using normal and representative abnormal canine thoracic and abdominal radiographs followed by 
repetition of the same one week later, while Group 2 (n = 113) received plain radiograph instruction as in Group 
1 followed by volume-rendered 3D CT images from the same canine patient one week later. The evaluations were 
performed at the end of each instruction. In Group 1, the majority did not understand the radiographic signs and 
no significant improvement was observed. In Group 2, 13% and 20% of the students learned only from radiographs, 
and understood the thoracic and abdominal radiographic alterations, respectively. After studying the 3D CT 
images, more than 94% of the students deduced the reasons for the radiographic alterations on the radiographs (P 
< 0.001). These results strongly suggest that 3D CT imaging is an effective tool for teaching radiographic anatomy 
to veterinary medical students.
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Because traditional radiology provides only flat 
images, it is often difficult to arrive at the three-
dimensional configuration based on them. This 
requires integrating knowledge of anatomy, physi-
ology, and physics of imaging. It was reported that 
a lack of radiographic anatomy instruction can lead 
to errors in interpretation (Lamb et al., 2007). This 
implies that sufficient knowledge of anatomy is an 
important element in the interpretation of radio-
graphs. Various teaching methods for radiographic 
anatomy and gross anatomy have been developed 
(Reidy et al., 1978; Erkonen et al., 1990; Scrivani et 
al., 2000; Croy and Dobson, 2003; Vandeweerd et 
al., 2007; Jacobson et al., 2009). In particular, teach-
ing both anatomy and radiology simultaneously has 

been shown to yield positive results (Erkonen et al., 
1990; Croy and Dobson, 2003; Linton et al., 2005). 
In addition, 3D CT (3-dimensional computed to-
mography) rendering of virtual images has been 
used in a surgery curriculum (Mastrangelo et al., 
2003), as well as in surgical planning for human 
medicine (Brown et al., 2001; Mastrangelo et al., 
2002; Cimerman and Kristan, 2007; Edelson et al., 
2009). The primary approach to teaching veterinary 
radiology has been through lectures with textbook 
assignments and teaching cases. In this report the 
feasibility of 3D CT imaging was investigated. We 
evaluated radiographs with or without 3D CT 
imaging in a basic veterinary radiology class as a 
teaching modality.
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MATERIAL AND METHODS

Experimental design is described in Table 1.

Participated students

Three classes with a total of 158 junior veterinary 
medical students participated in this study. The stu-
dents were divided into two groups; Group 1: 113 
students who received repeated explanation of plain 
radiographic signs and Group 2: 45 students who 
first received instruction with plain radiographic 
signs, which was then followed by 3D CT imaging 
education (Table 1). The students have completed 
a basic curriculum including classes in anatomy, 
physiology, and pathology. They had not previously 
undergone instruction in radiographic anatomy.

Group 1

Instruction with Plain radiograph. Initially, 
plain thoracic and abdominal radiographs of a 

normal dog and corresponding radiographs of a 
canine patient with a heartworm infection showing 
an enlarged pulmonary trunk and a canine patient 
with splenomegaly were presented to the students. 
Mainly, the radiographic findings showed normal 
and abnormal cardiovascular systems in the tho-
racic part and a summation effect of the spleen in 
the abdomen.

1st evaluation. Right after the instruction, evalu-
ation was performed to analyze how the students 
understood the normal radiographic anatomy, as 
well as the representative radiographic findings 
of an enlarged pulmonary trunk on the thoracic 
radiograph and summated splenic image as well 
as radiographic signs of splenomegaly on the ab-
dominal radiograph.

The anonymous evaluation sheet consisted of a 
multiple-choice questionnaire to determine how 
the individual student understanded the normal 
and abnormal radiographic findings. The sheets 
were collected immediately and then analyzed. The 
possible answers to the questions were as follows; 

Table 1. Experimental design

Number of students Instruction Assessment

Group 1 45
with plain radiographs 1st evaluation 

with the same plain radiographs one week later 2nd evaluation

Group 2 113
with plain radiographs 1st evaluation

with 3D CT imaging one week later 2nd evaluation

Figure 1. 3D volume-rendered thoracic images of a dog with a heartworm infection. A = left lateral view shows the 
enlarged pulmonary trunk (arrow) and its truncated tortuous tributaries (asterisks). B = front oblique view shows the 
enlarged pulmonary trunk at one to two o’clock (arrow)
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1 = did not understand, 2 = somewhat, but not fully 
understood, 3 = full recognition.

Repeated instruction with Plain radiograph. 
Plain radiograph explanation was made repeatedly.

2nd evaluation. Identical assessment was per-
formed as in the 1st evaluation.

Group 2

Instruction with Plain radiograph. Same in-
struction as was given to Group 1.

1st evaluation. Identical assessment was per-
formed as in the 1st evaluation for Group 1.

Figure 2. Threshold and opacity-adjusted 3D volume-rendering image mimicking the thoracic plain radiograph of 
the same dog in Figure 1. A = left lateral view shows enlarged main pulmonary artery (arrow), faintly observed on 
the lateral thoracic radiograph. B = cranial view displays the enlarged pulmonary trunk at one to two o’clock (arrow), 
corresponding to the bulge presented in the ventrodorsal radiograph

Figure 3. Threshold and opacity-adjusted d 3D volume-rendered abdominal images reveal clearly the entire spleen of 
the same dog from Figure 1. A = left lateral view shows enlarged spleen running through midabdomen (arrow). B = 
front view shows the whole splenic shape apparently wrapping around the left kidney (arrow)
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Instruction with 3D CT image. Right after the 
first instruction and evaluation, 3D CT images 
from the same dogs were shown to the students. 
The CT data was reformatted using commercial 
software (Rapida, Infinity, Korea). The principal re-
constructed 3D images were produced using a vol-
ume rendering technique used in student teaching. 
The 3D CT images displaying an apparent enlarged 
pulmonary trunk and splenomegaly was given to 
the students (Figures 1 and 3). Additionally, the 
summation effect observable on the plain radio-
graphs was reemphasized by showing the thresh-
old and opacity-adjusted volume rendering images 
(Figures 2 and 4).

2nd evaluation. Identical assessment was per-
formed as in the 1st evaluation.

Statistical analysis

A one-way ANOVA test was used with SPSS 12.0 
software. A P < 0.05 was considered to be statisti-
cally significant.

RESULTS

Group 1

Instruction with Plain radiograph. Most of 
the students did not fully understand the radio-
graphic findings in regard to the enlarged pul-
monary artery and spleen at the first instruction. 
Only 13% and 20% of the students completely 

Figure 4. Threshold and opacity-adjusted 3D volume-rendered image mimicking the abdominal plain radiograph of 
the same dog from Figure 1. A = left lateral view shows accentuated triangular splenic shape (arrow), compatible with 
the summation effect shown on the lateral abdominal radiograph. B = front view displays the triangular spleen on 
the lateral side of the abdominal wall (arrow), corresponding to the summation effect presented in the ventrodorsal 
radiograph

Table 2. Cognitive rate comparison between plain radiographs and 3D CT images of canine thorax and abdomen in 
Group 1

Score
Thorax Abdomen

instruction  
with  radiograph

repeated instruction  
with same radiograph

instruction  
with radiograph

repeated instruction  
with same radiograph

1 11 (24%) 9 (20%) 13 (29%) 11 (24%)

2 31 (69%) 30 (67%) 27 (60%) 25 (56%)

3 3 (7%) 6 (13%) 5 (11%) 9 (20%)

Total 45 (100%) 45 (100%) 45 (100%) 45 (100%)

Score: 1 = did not understand; 2 = somewhat, but not fully understood; 3 = full recognition
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comprehended the changes in the thoracic and 
abdominal regions, respectively, after repeated 
instruction. A majority of students, 67% and 56%, 
partially understood the changes in the thoracic 
and abdominal regions, respectively. And 20% 
and 24% showed no understanding of the respec-
tive changes (Table 2).

Repeated instruction with Plain radiograph. The 
results of repeating the instruction with plain radio-
graphs were not significantly different compared to 
the previous instruction. Most of the students were 
not helped to fully understand the radiographic signs 
on the plain radiographs after repeated instruction. 
Thus, repeating the instruction with the same plain 
radiographs did not have a positive effect on student 
learning in this study (Table 2).

Group 2

Instruction with Plain radiograph. Most of the 
students did not fully understand the radiographic 
findings in regard to the enlarged pulmonary artery 
and spleen. Only 13% and 20% of the students com-
pletely comprehended the changes in the thoracic 
and abdominal regions, respectively. A majority of 
students, 65% and 52%, partially understood the 
changes in the thoracic and abdominal regions, re-
spectively. 22% and 28% showed no understanding 
of the respective changes (Table 3).

Instruction with 3D CT image. The students 
who did not fully understand the radiographic find-
ings on the plain radiographs were able to see the 
pathologic change after instruction with the 3D CT 
images. More than 94% of the students complete-
ly understood the radiographic alterations on the 
X-ray films (Table 3). Only a small number of stu-
dents, 6% and 3%, displayed a partial understand-

ing. None of the students demonstrated a complete 
lack of understanding after being shown the 3D CT 
images (Table 3).

DISCUSSION

Three-dimensional CT images were shown and 
explained to veterinary medical students in a radi-
ology class in order to improve their understanding 
of radiographic anatomy. Interpretation remains 
an important faculty for veterinary medical stu-
dents. Plain radiography is easily accessible and 
cost effective. However, an understanding of other 
advanced imaging modalities, such as computed to-
mography, magnetic resonance imaging, and even 
nuclear medicine, is becoming more important to 
veterinary students. Because radiology is based on 
a sound knowledge of anatomy, and a good under-
standing of anatomy is required in order to properly 
interpret any imaging modality. Individual or small 
group studies of images would be an ideal method 
for radiology instruction. Also, having instructors 
present is helpful even if the students are working at 
their own pace. Realistically, this method is not al-
ways possible due to demands on both the student’s 
and faculty’s time. With these limitations in mind, 
the effectiveness of radiology instruction has been 
found to be greatest when computer-assisted teach-
ing programs are available in addition to traditional 
teaching methods (Goldberg et al., 1990; Scrivani 
et al., 2000; Croy and Dobson, 2003; Mastrangelo 
et al., 2003; Vandeweerd et al, 2007).

Although an effective educational environment 
provides students with knowledge of radiology and 
gross anatomy simultaneously, many students will 
not entirely understand the radiographic anatomy. 
Therefore, it is often not easy for students to com-

Table 3. Cognitive rate comparison between plain radiographs and 3D CT images of canine thorax and abdomen in 
Group 2

Score
Thorax Abdomen

radiograph 3D CT image radiograph 3D CT image

1 25 (22%) 0 32 (28%) 0

2 73 (65%) 7 (6%)* 59 (52%) 3 (3%)*

3 15 (13%) 106 (94%)* 22 (20%) 110 (97%)*

Total 113 (100%) 113 (100%) 113 (100%) 113 (100%)

Score: 1 = did not understand; 2 = somewhat, but not fully understood; 3 = full recognition
*P < 0.01
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prehend complex anatomy based on a traditional 
teaching system with film-based radiographic im-
ages.

Though learning depends on a student’s ability to 
absorb the knowledge presented in a complicated 
medical course, improved teaching techniques can 
certainly aid in the learning process. Instruction 
using the 3D CT volume-rendered images as an 
adjunct to traditional radiology teaching showed 
dramatic results in a radiology class.

The 3D CT technique is used for the preopera-
tive planning of complex diseases, such as pelvic 
and acetabular fractures, craniofacial anomalies, 
and laparoscopic surgery (Dahlen and Zwipp, 
2001; Mastrangelo et al., 2002; Gaia et al., 2005; 
Cimerman and Kristan, 2007).

Initially, most of the students had great difficultly 
understanding how organs, such as the heart, great 
vessels, and spleen, are displayed on the X-ray films. 
A great amount of effort must be devoted to under-
standing three-dimensional organs presented on 
two dimensional radiographs. Few students were 
able to understand why the pulmonary trunk was 
shown in the one to two o’clock position on the 
ventrodorsal thoracic radiograph. Consequently, 
it is easy to see how an enlarged main pulmonary 
artery, which can indicate a heartworm infection 
or right-sided heart problem, cannot be easily 
detected. Similarly, understanding the triangular 
shape of the spleen on the X-ray films was difficult 
for the students. Although the summation effect, 
which shows increased radiopacity, can be under-
stood by the students, the summated triangular 
splenic silhouette could not easily be explained 
to the students. Most of the students who under-
stood the simple anatomy of the spleen were not 
able to understand the configuration of the spleen 
on the radiograph. Although the same instruction 
was repeated one week later, a majority of students 
still failed to fully understand. While repeating the 
conventional instruction with plain radiographs 
did not improve the degree of student comprehen-
sion significantly, most of the students were able 
to completely understand the normal radiographic 
anatomy after instruction using 3D CT volume-
rendered images of the thorax and abdomen. In 
particular, threshold and opacity-adjusted 3D CT 
abdominal images showing the entire spleen clearly 
are very helpful for students to understand the ex-
act radiographic anatomy as well as gross anatomy. 
Moreover, adjusted 3D CT images which mimic 
plain radiographs could facilitate understanding as 

to why the spleen has triangular soft tissue opac-
ity on abdominal radiographs. An explanation of 
why the spleen appears much larger would be even 
easier (Love and Berry, 2002). In conclusion, this 
easily understandable teaching material, 3D CT 
volume-rendered imaging, substantially supports 
students in learning and comprehending completely 
radiographic anatomy and abnormal radiographic 
findings as well as gross anatomy. Therefore, 3D CT 
volume-rendered images might be very useful and 
helpful for both students and teachers in veterinary 
radiology classes.
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