
NOTE Surgery

Pilot Study of Bovine Interdigital Cassetteless Computed Radiography
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ABSTRACT. Twenty-one limbs of bovine cadavers (42 digits) were exposed to interdigital cassetteless imaging plate using computed radiogra-
phy. The radiographic findings included exostosis, a rough planta surface, osteolysis of the apex of the distal phalanx and widening of the 
laminar zone between the distal phalanx and the hoof wall. All these findings were confirmed by computed tomography. The hindlimbs (19 
digits) showed more changes than the forelimbs (10 digits), particularly in the lateral distal phalanx. The cassetteless computed radiography 
technique is expected to be an easily applicable method for the distal phalanx rather than a conventional cassette-plate and/or the film-screen 
cassetteless methods.
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Bovine lameness has major financial implications for 
farmers [1]. Lameness causes direct and indirect losses 
through decreased milk yield, decreased fertility and in-
creased treatment costs [2]. Therefore, reducing the inci-
dence of lameness will bring substantial benefits to farmers 
and improve animal production [3]. Surveys have revealed 
that most (90%) lameness problems involve claws, regard-
less of breed, use and stabling [7]. Early detection of ab-
normal changes allows for appropriate treatment and may 
prevent the lameness from becoming a chronic problem that 
could affect the welfare and productivity of the animal.

Conventional cassette-plate radiographs of bovine digits 
have been used for years [4, 6]. However, the conventional 
cassette-plate is too thick to insert in the interdigital space, 
resulting in superimposition of the lateral and medial digits 
in the lateral view. The cassetteless imaging plate (IP) is 
thin and can thus be easily inserted in the interdigital space, 
and subsequent imaging reveals the individual details of 
each medial and lateral digit unless they are superimposed. 
Computed radiography (CR) was developed by Fuji Film 
(Tokyo, Japan) and has been in use since the 1980s. The 
basic components of this system include an IP for acquiring 
the image, a device to read the IP, an analog to digital con-
verter and a computer and software to process the digitized 
image. The first step with CR is image acquisition, and a 
standard X-ray exposure of the patient is made. A flexible 
IP containing photosensitive phosphors is used for image 
capture. Photosensitive phosphors have a complex crystal-
line structure containing halogens and activators. Following 

X-ray exposure, the flourohalide and activator act together to 
capture a latent image. Electrons in the crystalline phosphor 
are exitted to a higher energy level where they are trapped 
at various sites in the phosphor. Then, the latent image is 
processed by the reader [9]. The present study was designed 
to evaluate the interdigital cassetteless technique using CR.

Twenty-one limbs (42 digits) of Holstein and Japanese 
Black cows (10 forelimbs and 11 hindlimbs) of different 
ages were randomly obtained from animals slaughtered at 
the local abattoir in Obihiro, Hokkaido, Japan. Cassetteless 
CR was performed with a 70 kVp, 2.0 mAs radiography 
unit (Hitachi Sirius 125A, Hitachi Ltd., Tokyo, Japan) with 
a 70 cm focal film distance. IPs (25.2 × 30.3 cm, 100 g, 
Fuji film, Tokyo, Japan) were taken out from the imaging 
cassette (Fuji IP Cassette Type CC, Fuji Film) used in CR 
and covered by a commercially available hard black plastic 
bag (Heiko, Tokyo, Japan). The appearance of IP is shown 
in Fig. 1. Dorsopalmar/dorsoplantar, interdigital, medial and 
lateral radiographs were visualized using a CR system (FCR 
CAPSULA-2V, Fuji Film). Computed tomography (CT) 
was performed to confirm the radiographic findings (Asteion 
Super 4, Toshiba, Tokyo, Japan), and sagittal images of the 
digits were reconstructed. The acquisition settings were 135 
kV and 250 mA with a 1.0 mm slice thickness. The Virtual 
Place Advance workstation (AZE Ltd., Tokyo, Japan) was 
used to view images and select optimal windows for struc-
tures of different densities.

Twenty-five radiographic abnormal findings of 42 digits 
(21 limbs, lateral and medial) and 29 CT findings from 42 
digits were obtained. Most of the radiographic findings were 
consistent with the CT findings, except for the enthesophytes 
of the extensor digiti minimi insertion (4 digits), because 
interdigital technique is sufficient for the distal phalanx, but 
not for the medial phalanx. This is an anatomical limitation 
of the extensor digiti minimi insertion, which locates proxi-
mal to extensor process of distal phalanx. The radiographic 

*CorrespondenCe to: Yamada, K., Obihiro University of Agri-
culture and Veterinary Medicine, Inada-cho, Obihiro 080–8555, 
Japan.

 e-mail: kyamada@obihiro.ac.jp
©2013 The Japanese Society of Veterinary Science



E. EL-SHAFAEY, T. AOKI, M. ISHII AND K. YAMADA1504

findings of the distal phalanx included exostosis (Figs. 2, 3), 
a rough planta surface (Fig. 3), osteolysis of the apex of the 
distal phalanx (Fig. 4) and widening of the laminar zone in 
the dorsal surface between the distal phalanx and the hoof 
wall (Fig. 5). The cassetteless technique is considered as 
an advantage over the conventional cassette-plate because 
of the thin imaging plate, which can be easily inserted in 
the interdigital space. Furthermore, film-screen radiography 
is often overexposed/underexposed when taken at a farm 
site because of improper imaging techniques, which in turn 
affects imaging quality of the radiograph. Therefore, the 
film-screen method has not been widely used at farm animal 
clinics. However, CR is not dependent on the imaging tech-
nique, because the technology compensates for improper 
exposure and focal film distance. Improved contrast resolu-
tion and computer digital reformatting make it a valuable al-
ternative technique to the film-screen method. Furthermore, 

the CR does not require a dark room and thus facilitates 
X-ray examinations at the farm animal clinic. While, there 
is a disadvantage of cassetteless technique. IP is not covered 
by hard cassette and therefore may be fragile. Handling IP 
should be careful, especially in the field.

In our study, the hindlimbs (19 digits) showed more CT 
changes than the forelimbs (10 digits). The lateral digits (17 
digits) were more affected than the medial digits (12 digits), 
particularly in the hindlimbs. These results were consistent 
with a previous report [4]. Higher incidence of disorders in 
the hindlimb than in the forelimb, because of greater expo-
sure of the hind hooves to a dirty environment; furthermore, 
the hindlimbs are more susceptible to disorders, because of 
the size and weight of the udder [4, 6]. The lateral digits 
showed a higher prevalence of severe radiographic changes 
than the medial digits, particularly in the hindlimbs. The 
causes of overload and predisposition of the lateral hind 
hooves to disease are poorly understood. Even after trim-
ming, the cow’s weight is not evenly distributed between 
the hindlimb hooves; thus, the lateral hooves carry consid-
erably more weight than the medial hooves [8]. The lateral 
hooves of the hindlimbs may present particular anatomical 
characteristics that predispose them to chronic overload and 
disease [5].

We believe that the cassetteless CR technique may be an 
easily applicable method for imaging of the distal phalanx 
compared with the conventional cassette-plate and/or film-
screen cassetteless method. A clinical trial should be the next 
step.
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Fig. 2. Interdigital computed radiography (a) showing exostosis at the level of the distal pha-
lanx extensor process (arrow) and a sagittal computed tomography (b, WW: 609, WL: 348).

Fig. 1. The appearance of cassetteless method of a imaging plate 
and a commercially available hard black plastic bag.

http://dx.doi.org/10.1016/0167-5877(94)00411-B
http://dx.doi.org/10.1016/S0301-6226(97)00051-1
http://dx.doi.org/10.1016/j.livprodsci.2005.11.021


INTERDIGITAL CASSETTELESS COMPUTED RADIOGRAPHY 1505

 4. Kofler, J. 1999. Clinical study of toe ulcer and necrosis of the 
apex of the distal phalanx in 53 cattle. Vet. J. 157: 139–147. 
[Medline]  [CrossRef]

 5. Muggli, E., Sauter-Louis, C., Braun, U. and Nuss, K. 2011. 

Length asymmetry of the bovine digits. Vet. J. 188: 295–300. 
[Medline]  [CrossRef]

 6. Sogstad, Å. M., Fjeldaas, T. and Østerås, O. 2005. Lameness and 
claw lesions of the Norwegian red dairy cattle house in free stalls 

Fig. 3. Interdigital computed radiography (a) showing exostosis at the apex of the distal 
phalanx (arrow), a rough planta surface (*) and a sagittal computed tomography (b, WW: 
600, WL: 380). Enthesophyte of the extensor digiti minimi insertion (arrowhead) was not 
visualized on the radiograph. This is the anatomical limitation of interdigital technique.

Fig. 4. Interdigital computed radiography (a) showing osteolysis of the apex of the distal 
phalanx (arrow) and a sagittal computed tomography (b, WW: 1600, WL: 300).

Fig. 5. Interdigital computed radiography (a) showing widening of the laminar zone in the 
dorsal surface between the distal phalanx and the hoof wall (*) and a sagittal computed 
tomography (b, WW: 1600, WL: 377).
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