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Abstract:
BACKGROUND: Analog radiography has been replaced 

with digital radiography for canine diagnostic imaging in 
many veterinary clinics. There is no data comparing these 
modalities in a veterinary clinical setting to detect bronchi-
al pattern signs in dogs. OBJECTIVES: In this study, com-
puterized digital radiography (CR) and analog radiography 
were compared for diagnosis of bronchial pattern in dogs. 
METHODS: Forty-five healthy (based on clinical examina-
tion and history taking) mixed breed dogs were divided into 
3 age groups: up to two, two-six and more than 6 years old. 
Each group contained fifteen dogs. DR and FSR in right to 
left lateral (RL) and ventrodorsal (VD) views were taken. 
Two expert radiologists interpreted the radiographs based 
on counting bronchial ring and tram line signs in a double 
blinded scheme. RESULTS: The statistical analysis of re-
sults, with Sign Test, shows that more bronchial ring and 
tram-like signs were counted with both radiologists using 
digital radiography. In addition, countable bronchial signs on 
right lateral position by digital and analog radiography were 
significantly more than in ventrodorsal view. In comparison 
with analog images, a greater number of bronchial ring and 
tram-like signs are associated with greater diagnostic confi-
dence in digital modality. CONCLUSIONS: This study shows 
superior ability of digital radiography for detecting details in 
thoracic radiography of normal dogs in comparison with an-
alog radiography. Since digital radiography is getting to be 
more commonly used by veterinary practitioners, it is neces-
sary to understand the shortcomings of current classification 
of pulmonary pattern approach in digital radiology.
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Introduction

Interpreting thoracic radiographs for pul-
monary assessment is challenging. One rea-
son is the excellent radiographic contrast 
that arises from the large volume of air in 
the lung which allows numerous small pul-
monary structures to be seen radiographi-

cally. In addition, heterogeneity of lung tis-
sue is another reason. 

There are a large number of factors that 
influence the radiographic appearance of 
the lung for each analog (also named as 
film screen or conventional) or digital mo-
dality. These include radiographic tech-
nique, encompassing exposure factors and 
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type of acquisition hardware, the effect of 
the position of the patient, effects of recum-
bent-atelectasis and respiratory phase. Al-
though careful attention to technical detail 
is important when radiographing all body 
parts, the complexity of the thorax makes 
this even more critical (Thrall a, 2013).

For better interpretation of lung radio-
graphs, pulmonary alterations are divided 
to few patterns in terms of whether they in-
volve primarily the alveoli, the bronchi, the 
interstitium or the vessels. These patterns 
indicate microscopic distribution of patho-
gens through lung tissue (Suter, P.F., Chan, 
K.F 1968).

Even experienced radiologists often dif-
fer among themselves about interpretation 
of thoracic radiographs. Using a special pul-
monary pattern for evaluation of lung radio-
graphs, which indicates whether a compart-
ment of lung involvement has undergone 
changes following a disease, provides a  
more accurate identification of pulmonary 
disease. Some patterns are expectable in 
special pulmonary abnormalities, causing 
more precise differential diagnosis (Reeder 
M. and Felson B. 2003).

The bronchial pattern occurs when the 
bronchial wall thickness is increased by 
cellular or fluid infiltration or when air in 
the immediate peribronchial space has been 
replaced by cells or fluid. Radiographical-
ly, this manifests as an increased number of 
“ring shadows”, created by an end-on re-
lationship between the abnormal bronchus 
and the primary x-ray beam, or an increased 
number of parallel lines, called “tram lines”, 
created by a side-on relationship between 
the abnormal bronchus and the primary 
x-ray beam.

Bronchial pattern emerges following al-
lergic airway disease, bacterial and fungal 

infections, chronic irritations, cardiogenic 
pulmonary edema and diffuse tumors. In 
normal conditions, a few rings and tram like 
shapes may be detected, due to some nor-
mal airways being projected directly end-on 
or side-on, but in a bronchial pattern, the 
overall number of ring shadows and tram 
lines will be increased above normal (Thrall 
2013 b). 

 Analog radiography is recently replaced 
by digital radiography in veterinary diag-
nostic imaging centers. Digital radiography 
represents better images due to wider dy-
namic range, optimization of contrast and 
brightness and edge enhancement tools. 
Moreover, digital radiography creates more 
explicit images of organs in which some 
parts may super impose on each other such 
as lung hilus, heart and diaphragm regions 
(Ganten et al.  2003, Konen et al. 2005). 

Drost (2011) stated that advantages of 
digital radiography compared with analog 
radiography include improved image qual-
ity (when used properly), ease of use (more 
forgiving of the errors of radiographic tech-
nique), speed of completing the study (es-
pecially for very ill patients), fewer repeat 
radiographs, less time looking for imaging 
studies, less physical storage space and the 
ability to easily send images for consulta-
tion. Because of these advantages transi-
tioning from analog radiography to digital 
is necessary.

As digital radiography is taking a more 
prominent role in veterinary medicine, no 
certain studies exist specifically to evaluate 
bronchial pattern in dogs using digital and 
analog radiography. It appears that more to-
tal visible bronchi can be detected by dig-
ital radiography than analog radiography 
in healthy dogs, causing bronchial pattern 
term to be challenging.
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The aim of present study is to compare 
visibility of bronchial lung pattern using 
analog and digital radiography in clinically 
healthy dogs.

Materials and Methods

Forty-five mixed breed dogs were select-
ed. The dogs were carefully clinically and 
paraclinically examined and there was no 
clinical respiratory abnormality in select-
ed dogs. They were divided into three age 
groups (15 dogs/group); younger than 2, 2-6 
and older than 6 years of age. Right lateral 
and Ventrodorsal (VD) analog (specific pul-
monary protocol including low milliampere 
second (mAs) and high kilovoltage (kV) and 
digital radiograph were conducted for each 
dog. All images were taken at inspiration. 
The analog radiography was performed by 
green-type film (Carestream Health, Inc., 
U.S.A.). Digital radiography was conducted 
by CR CLASSIC set (Carestream Health, 
Inc., U.S.A.). The x-ray machine (DC-12M, 
Toshiba, Japan) used in this study was the 
same in analog and digital ones. All images 
were separately evaluated by experienced 
radiologists. Digital images were observed 
by Clear Canvas software. Analog images 
were evaluated on standard negatoscope. 
The radiologists were blinded and indepen-
dent to dog ages and each other’s reports. 

All visible bronchi were counted through 
analog and digital images of lateral and VD 
radiographs separately by each radiolo-
gist. Finally, the results of both techniques 
in lateral and VD views were statistically 
compared by Sign Test. The frequency of 
visible bronchi in different age groups was 
analyzed by Kruskal-Wallis method.

Results 

The frequency of visible bronchi through 
analog and digital techniques revealed that 
total countable bronchi in digital were sta-
tistically more than analog technique in 
both lateral and VD radiographs by both ra-
diologists (Table1, Fig. 1).

 The results represent that the countable 
bronchi in VD radiographs were markedly 
lesser than lateral projection in both tech-
niques (Table 1, Fig. 1).

The number of measureable bronchial 
lung pattern was significantly different be-
tween the 1st and 2nd radiologist in the VD 
view and but it was significantly compatible 
in lateral view (Table 1, Fig. 1).

Among different ages, significant differ-
ence was only observed in the lateral pro-
jections of the analog images interpreted 
by just one of the radiologists in the 6 years 
old group which shows higher number of 
countable bronchi which was more than the 
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Table 1. Mean and standard deviation of recorded bronchi of dogs in right lateral and VD positions by digital and analog 
techniques.

Over 6 years oldyears old 2-6Up to 2 years old
Radiologist 1Radiologist 2Radiologist 1Radiologist 2Radiologist 1Radiologist 2
3.67±1.952.80±1.702.93±1.331.87±1.191.87±0.832.47±1.30AnalogRight Lateral
5.53±2.425.47±3.075.47±2.474.07±1.795.40±2.644.80±2.93Digital
2.33±1.721.60±0.912.13±1.301.27±1.331.73±1.531.67±1.11AnalogVentrodorsal
4.60±2.692.87±2.235.40±2.823.67±1.544.13±2.472.87±2.06Digital
6.00±2.824.40±1.965.07±1.983.13±1.923.60±1.804.13±1.73AnalogTotal (Sum of 

Lateral and VD) 10.13±3.728.33±4.8510.87±4.977.73±3.159.53±4.297.67±4.24Digital
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other age groups (Table 1, Fig.1). 

Discussion 

Based on the result of this study, two ra-
diologists reported higher rate of countable 
bronchi through digital radiography com-
pare with analog technique (Fig. 1).  Some 
features such as edge enhancement filters in 
reconstruction algorithms, Post Processing 
and Dynamic Range of digital radiography 
may be of the major differences with analog 
technique.

In present study, both digital and analog 
techniques showed dramatically higher rate 
of countable bronchi in lateral radiography 
than VD positioning which may be related 
to increased chance of observation of end on 

positing of the bronchi in the lateral view.
Meyer-Lindengerg et al (2008) compared 

six anatomical regions including thorax, ab-
dominal cavity, skull, femur bone, hip and 
elbow joints in dogs by digital and analog 
radiography, and demonstrated that digital 
radiography showed more obvious details 
than analog technique in all zones.

Rhodes and Reif (1996) and Lord and 
Suter (1984) claimed that age-dependent 
pulmonary histopathological alterations, 
including diffuse increase of interstitium 
diameter, pleural thickness and mineralized 
bronchi, can be radiographically diagnosed. 
Since these findings may be observed in 
chronic bronchitis and the majority of el-
derly dogs  suffer from such disease as well, 
precise assessment in radiographic interpre-

Figure 1. Mean rate of recorded bronchi in both right lateral and ventrodorsal positions through digital and analog radio-
graphs by two radiologists in each age group of dogs.
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tation of such dogs should be considered, 
therefore, the higher amounts of bronchial 
pattern detectable in the over 6 years old 
group by the 1st radiologist can be simply 
related to age difference.

Scrivani (2009) and Reed (1997) claimed 
that pulmonary patterns are not appropri-
ate for disease classification, and this kind 
of classification is no longer used in human 
medicine as well. Furthermore, macroscop-
ic pictures (radiographs) do not represent 
microscopic lesions exactly.

On the other hand, increased density of 
bronchial wall and interstitial bronchovas-
cular play a role in bronchial pattern emer-
gence, the latter of which is not commonly 
correlated with bronchial wall disorders. 
Presence of lymphatic and blood vessels of 
interstitial tissue in the vicinity of bronchi 
may give rise to bronchial pattern, when 
pathologically involved. But when respira-
tory air ways are involved, the bronchi may 
be filled by fluids which produce radio-
graphs with a density of small and circular 
soft tissue, representing pulmonary small 
nodules.

Radiographic diagnosis of pulmonary 
small nodules referring to metastasis, em-
bolic pneumonia or fungal diseases. Thus, 
differentiation of fluid filled bronchi is ex-
tremely difficult from pulmonary small 
nodules. Scrivani suggested bronchocentric 
term rather than of bronchial and believes 
that bronchocentric refers to macroscopic 
disorder in bronchovascular zone. He be-
lieves that making microscopic differen-
tial diagnosis list from affected structures 
through thoracic radiography is not suffi-
ciently  accurate.

Mathieson et al (1989) and Suter and 
Chan (1968) reported that conventional pul-
monary pattern used in radiographic inter-

pretation refers to microscopic distribution 
of pathogen or complications in alveoli, 
interstitial tissue, bronchi and pulmonary 
vessels. But, all radiologists do not have 
comprehensive agreement on such classifi-
cation.

Dunworth (1993) stated that the com-
mon pulmonary pattern classification needs 
essential changes, and determining the af-
fected zones as cranioventral, caudodorsal, 
focal, multifocal and diffuse is considerably 
advantageous in making a list of differential 
diagnosis.

Farrow (1995) reported that medical ra-
diologists have rejected this kind of classi-
fication because of low precision and less 
general agreement on diagnosis.

In Alexander et al’s (2012) study which 
was a comparison of computed tomography 
(CT), digital and analog radiography for de-
tection of canine pulmonary nodules, larger 
number of smaller pulmonary nodules was 
detected with CT, and CT allowed greater 
diagnostic confidence as to the presence or 
absence of pulmonary nodules. In addition, 
excellent interobserver diagnostic accuracy 
and agreement were seen with CT. Nies-
terok et al (2013) believed that in general, 
radiography still plays an important role 
as a screening method for the detection of 
nodular lung lesions but plane radiographs 
are of poor diagnostic value when concur-
rent problems exist which lead to increased 
lung opacity. They also showed that nod-
ules were better defined and more smoothly 
marginated on CT.

This study has a few limitations including, 
lack of knowledge about exact background 
clinical history of the cases because they had 
been gathered from a shelter or were home-
less dogs. The other limitation was absence 
of CT, histology or pathology of the lungs 
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parenchyma. However, all the selected 
dogs had been clinically and paraclinically 
healthy and without any respiratory abnor-
mality. Moreover, all dogs underwent radio-
logic exam by using the same X-ray unit, 
for digital and analog system which can be a 
positive factor for stable study condition but 
a limitation for comparing the results with 
other machines and modalities.

We recommend to continue this study by 
comparing these findings with other differ-
ent radiology systems and also abnormal 
lung parenchyma in different breed specif-
ic dog groups, confirming the results using 
CT.

According to extensive application of dig-
ital radiography in veterinary medicine and 
present study results, more recorded count-
able bronchi through digital radiography 
than analog radiography should not neces-
sarily make radiologists  diagnose respira-
tory air way disorders. Since digital radiog-
raphy is used more commonly by veterinary 
practitioners it is necessary to understand 
the shortcomings of current classification of 
pulmonary pattern approach.
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مقایسه رادیوگرافی دیجیتال و آنالوگ جهت ارزیابی الگوی برونشیال در سگ

امیر توکلی1 علیرضا وجهی1* محمد مالزم1 سارنگ سروری1 امیر رستمی2 مهدی حسن خانی2 داوود فسخودی1 

1( گروه جراحی و رادیولوژی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران
2( گروه داخلی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران

 )  دریافت مقاله: 20 آبان ماه 1396،  پذیرش نهایی: 28 بهمن ماه 1396(

 چکیده 
زمینه مطالعه: رادیوگرافی دیجیتال به تازگی در غالب مراکز تشخیصی دامپزشکی جایگزین روش های قدیمی رادیوگرافی شده 
اســت. هنوز مطالعه ای در خصوص بررســی و مقایســه رادیوگرافی دیجیتال و آنالوگ در تشخیص الگوی برونشیال ریوی در سگ 
صورت نگرفته است. هدف: در این مطالعه رادیوگرافی دیجیتال و آنالوگ جهت تشخیص الگوی برونشیال در ریه سگ های سالم با 
هم مقایسه شدند. روش کار: تعداد 45 قالده سگ نژاد مخلوط به سه گروه سگ های باالی شش سال، بین دو تا شش سال و  زیر 
دو ســال تقســیم بندی شد. هر گروه شامل پانزده ســگ بود که از هر کدام دو نمای خوابیده به راست و خوابیده به پشت رادیوگراف 
آنالوگ و دیجیتال تهیه شد و رادیوگراف ها توسط دو رادیولوژیست با سابقه ارزیابی شدند. نتایج: یافته ها نشان داد هر دو رادیولوژیست 
در رادیوگراف های دیجیتال به طور معنی داری تعداد حلقه و خطوط ریل مانند بیشتری شمارش کرده اند. همچنین تعداد برونش قابل 
شمارش در رادیوگراف های آنالوگ و دیجیتال تهیه شده در حالت گماری خوابیده به راست، به طور معنی داری بیشتر از حالت گماری 
خوابیده به پشت بود. اگرچه در تصاویر حاصل از رادیوگرافی آنالوگ نیز برخی از مقاطع برونش در سگ های سالم قابل شمارش بود، 
ولی در رادیوگراف های حاصل از تکنیک دیجیتال به دلیل ارائه تصاویر بهینه، تعداد برونش های قابل شمارش بیشتر بود. این مطالعه 
نشان داد رادیوگرافی دیجیتال در مقایسه با رادیوگرافی آنالوگ، جهت مشاهده مقاطع طولی و عرضی برونش ها در ریه سگ های نرمال 
قابلیت بیشتری دارد. نتیجه گیری نهایی: ضروری به نظر می رسد که با توجه به گستردگی استفاده کنونی از رادیوگرافی دیجیتال در 

دامپزشکی، عدم کارایی مناسب طبقه بندی کنونی الگوهای ریوی  در رادیوگرافی دیجیتال باید مورد توجه قرار گیرد.
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