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ABSTRACT. A rare complex dysraphic malformation, comprising segmental spinal dysgenesis 
with caudal agenesis, was found in a Holstein calf that was unable to stand and was slightly short 
at the lumbosacral spine with taillessness. The thoracolumbar and sacrococcygeal regions of the 
midline axial segments showed severe deformities. In the spinal cord, the thoracolumbar region 
showed severe constriction with myelodysplastic changes, and the sacrococcygeal region showed 
dorsoventral separation with connection to a neural mass. In the spine, vertebral anomalies 
according to the degree of the segmentation error were confirmed. The cervical and thoracic 
segments also showed milder dysraphic changes. These changes suggest a multisegmental causal 
insult impairing the early embryonic notochord. This represents the first bovine case definitively 
confirmed morphologically.
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Spinal malformations and spinal cord malformations are collectively termed spinal dysraphisms. Several varieties of spinal 
dysraphism exist, classified by neuroradiological features and embryological correlations [31]. These can be broadly categorized 
into open spinal dysraphisms (OSD) characterized by abnormal exposure of nervous tissues through a skin defect, and closed 
spinal dysraphisms (CSD) characterized by continuous skin coverage over the underlying malformation [24–26]. In cattle, the 
former are often reported as spina bifida aperta and the latter as spina bifida occulta [5, 8]. In addition, some rare cases of CSD 
have been reported, such as segmental hypoplasia in Holstein [3, 28] and Japanese Black [14], diplomyelia in Holstein [4], 
Japanese Black [18, 27, 33] and crossbreed (Holstein × Belgian Blue) [29] and diastematomyelia in Japanese Brown [30]. We 
describe herein a rare case of complex dysraphic malformation as a CSD in a calf, in the form of segmental spinal dysgenesis with 
caudal agenesis. Morphological changes of the malformed spinal cord and vertebrae were examined, and the pathogenesis was 
discussed from an embryological perspective.

The subject was a male Holstein calf delivered by a cow that received a fertilized ovum on November 11, 2011. After birth, he 
was unable to stand due to paresis and slightly short spine in the lumbosacral region with taillessness and rapid respiration. The 
calf was euthanized at 4 days old on the request of the owner, and postmortem examination was performed. The calf weighed 
32 kg at necropsy, indicating growth retardation. This was the third delivery of the 4-year-old dam, which had received annual 
vaccinations since birth against arboviral infections to prevent congenital abnormalities and had not been administered any drugs 
during the pregnancy. No common ancestor was evident between the maternal and paternal lines of the calf, and no similar cases 
were evident in the lineage.

During necropsy, the spinal column was observed to show a kyphoscoliotic curvature (KSC) from thoracic vertebra (T) 12 to 
lumbar vertebra (L) 4 and was missing caudal to sacral vertebra (S) 5. The spinal cord showed a constriction between L1 and L5, 
with particularly severe constriction at L2-L4 (diameter: approximately 3 mm) (Fig. 1). In the constricted region, the nerve roots in 
each segment were either missing or markedly reduced in number. At the L6-S2 level, the cord was bulky and thickened, and the 
conus medullaris was located more caudally (about the S3 level). The cauda equina was not fully confirmed. Moreover, incomplete 
dorsoventral duplication of the spinal cord within a single dural covering at the termination (about S4 level), corresponding to the 
tip of the conus medullaris and filum terminale, was identified. A neural mass was connected to the ventral part of the duplicate 
cords with a thin pia mater (Fig. 1).

Transverse sections of the cervical and thoracic spinal cords rostral to the KSC revealed the cavitations within the 
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neuroparenchyma in some segments (Fig. 2A). Histologically, these cavities of varying size affected both white and gray matters, 
and the walls of the cavitations were lined by poorly stained parenchymal glial and/or nerve fibers, indicating syringomyelia. In 
these areas, dilation of the central canal, indicating hydromyelia, was also seen. Occasionally, the syringomyelic cavity (SC) and 
hydromyelic cavity (HC) were connected. At constricted regions of spinal cord (T12-L5) mostly corresponding to the KSC level 
(Fig. 2B), histological changes, such as HCs and SCs, reduction in size or absence of the central canal, poor delineation of gray 
matter and absence of the dorsal and ventral gray horns, absence and partial penetration of the dorsal septum, and a ventral median 
fissure were confirmed. However, HCs and SCs were rare in the severely constricted segments (L2-L4). Caudal to the KSC, 
whereas the caliber of the bulky cord was hypertrophically large and associated with HCs and SCs, the H-shaped appearance of 
gray matter and median formation of the dorsal septum and ventral fissure were mostly maintained (L6, S1). In the terminal portion 
(S2-S4 level), a thin, horizontal, fibrous septum bisected the spinal cord into dorsoventrally asymmetrical duplicate cords. Each 
cord, with occasional HCs and SCs, comprised a slender, elliptical, ependyma-lined canal, the neuroparenchyma with ambiguous 
division of the gray and white matters and stray pia mater like the septa (Fig. 2C). Sections of the neural mass revealed a relatively 

Fig. 1. Constriction of the lumbar spinal cord from L1 to L5 with caudal bulky cord. Bar=5 cm. In severely 
affected segments (L2-L4), the diameter of the cord is 3 mm. Inset: Caudal terminal portion (about S4 level) 
after fixation. Bar=5 mm. The ventral part of the duplicate cords and a neural mass (NM) are connected with 
the thin pia mater (dotted arrow). *: Some artificial damage was incurred on removal from the spinal canal.

Fig. 2. Transverse and histological appearances of affected segments of the spinal cord. A: Some small cavi-
ties (small arrowheads) are formed in the neuroparenchyma at C3. Bar=1 cm B: Poor delineation of the 
gray matter (GM), reduction in size of the central canal (arrowhead), absence of the dorsal septum and 
penetration of fibrous connective tissue like a ventral fissure (arrows) are shown at the constricted segment 
(L2). Azan stain. Bar=1 mm C: A dorsoventrally asymmetrical set of duplicate cords is indicated at the 
terminal portion (S2 level). In each of the duplicate cords bisected by a thin fibrous septum, a slender, 
elliptical, ependyma-lined canal (white arrowhead), ambiguous division of the gray and white matters and 
stray pia mater-like septa are discernible. HE stain. Bar=1 mm
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large, ependyma-lined canal with flat shape lengthwise, discriminable gray and white matters, and dorsal septal and/or ventral 
fissural penetrations of the pia mater.

Serial sections of the caudal terminal segments (Fig. 3) confirmed a partial connection between the duplicate cords. The neural 
mass was connected to the ventral duplicate cord by thin, fibrous neuronal tissue. The ependyma-lined canal in the dorsal cord 
was continuous with the central canal of the anterior segments, and another isolated, small, elliptical/spherical cavity lined with 
ependyma was also formed. In the ventral cord, the ependyma-lined canal was cylindrical with an anterior tapered end and some 
irregular posterior branches. Furthermore, a dorsal branch connected to the ependyma-lined canal continuous with the central canal 
of the anterior segments in the dorsal cord through the partial connection between duplicate cords.

From a macerated specimen for identification of vertebral anomalies, fusion of the right vertebral arches (T2, T3) and fusion and 
deformation of vertebral bodies (T5, T6) with absence of the left vertebral arch (T5) were seen rostral to the KSC. Hemivertebrae 
at T12 fused to L1 due to loss of T13 with missing paired 13th ribs, mild wedge vertebrae (L1-L4) and stenosis of the vertebral 
foramen (diameter: approximately 9 mm) by hypoplasia of the vertebral arches (L2-L4) were confirmed at the KSC level (Fig. 4). 
Fusion of the vertebral arches (L6, S1) and of the vertebral arches and bodies (S2-S4) were formed caudal to the KSC.

As other findings, a fused kidney, extra-lobulated liver with fading, mild right ventricular hypertrophy and delayed blood 

Fig. 3. Illustration of the relationship of the incomplete duplicated region and neural mass with 
the distribution of the ependyma-lined canal (magenta) at the caudal terminal segments. A par-
tial connection (PC) exists between the duplicate cords. Thin fibrous neuronal tissue connects 
the ventral cord (VC) and neural mass (NM). A small elliptical/spherical cavity and a canal 
continuous with the anterior segments are formed in the dorsal cord (DC). The canal of the 
VC is shown as a roughly cylindrical structure with a tapered anterior end and small, irregular 
posterior branches, with the dorsal one connecting to the canal of the DC through the PC. *: The 
artificially damaged surface is demarcated by dotted lines. The posterior portion of the NM was 
omitted from the wavy dotted line.

Fig. 4. Spinal curvature and defects of segmentation between T11 and S4. Bar=5 cm. Fusion of 
the vertebral body of T12 and L1 due to loss of T13, mild wedged vertebrae between L1 and L4 
and fusion of the vertebral body between S2 and S4 are found. Inset: Anterior aspect of L1 and 
L2. Bar=2 cm. Vertebral foramen of L2 is markedly narrower than that of L1.
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coagulation were also seen. Neutralizing antibodies against teratogenetic arboviruses (Akabane, Chuzan and Aino) in serum 
samples were titrated to 256 for Akabane, 64 for Chuzan and 32 for Aino.

Generally, abnormal development of the spinal cord is referred to as myelodysplasia [19]. Hypoplasia is one of the major 
categories of myelodysplasia and is defined as reduced development of segments of the spinal cord [13]. Histological changes 
at the severely constricted lumbar segments of the spinal cord in the present case, such as dorsal and ventral septal disturbances, 
aberration of the central canal and structural anomalies of the neuroparenchyma involving distortion of the gray matter, are 
consistent with the characteristics of myelodysplasia [19] and indicate poor and abnormal development. From the range and degree 
of anomalous changes, the myeleterosis in the affected region would be diagnosed as segmental hypoplasia. Compared with similar 
reported cases [3, 14, 28], the grade and range of the constricted part in the present case were more severe. In the spinal column of 
these cases, although mild curvature [14] and mild lordosis [3] were present, markedly deformed vertebrae were not observed. In 
the present case, segmental vertebral malformations including hemivertebrae, fusion and partial agenesis of the vertebral body and/
or arches are associated in the affected regions. Defects of segmentation in the spine, such as perosomus elumbis [10, 12], complex 
vertebral malformation [2, 10, 21], short spine lethal [10], brachyspine [1] and spinal curvature [22], have been reported in cattle, 
but no cases of myeleterosis have been confirmed except in perosomus elumbis. In humans, segmental spinal dysgenesis (SSD) 
is characterized by focal agenesis or dysgenesis of the lumbar or thoracolumbar spine, with focal abnormality of the underlying 
spinal cord and nerve roots [26, 32]. SSD is categorized by complex dysraphic states in a closed spinal dysraphism without 
mass and is morphologically found as aplasia or hypoplasia of the spinal cord with vertebral malformations, such as agenesis or 
dysgenesis of the vertebral body, deformation of the vertebral arches and spinal canal stenosis at the affected segments [24, 31]. 
The morphological changes of the spine and spinal cord in the thoracolumbar segments (KSC level) in the present case would be 
compatible with SSD.

In the caudal duplicated terminal segments of the spinal cord, a thin fibrous connective tissue bisected the spinal cord 
dorsoventrally into two separate compartments. Regional separation of the spinal cord by a thin fibrous septum within a single 
dural tube would resemble diplomyelia, and the histological appearance of the duplicate cords was similar to the hemicord in split 
cord malformation [23]. On the other hand, since the split cord malformation, such as diplomyelia and diastematomyelia, would 
be considered to originate from splitting of the notochord and the overlying neural plate due to failure of the midline integration 
of the two paramedian notochordal anlagen along the rostral lip of the primitive node [23, 31], duplication of the spinal cord 
would be formed laterally and the affected site would be rostral to the coccygeal segments that ultimately comes to lie opposite 
the primitive pit. The caudal duplicated terminal segments of the spinal cord in the present case would not be considered to be 
embryologically correlated to the split cord malformation and would result from an insult to the secondary neural tube derived 
from the tail bud. The tail bud is a mass of pluripotent tissue from which the terminal portion of the spinal cord develops and is 
also responsible for development of the caudal notochord [9]. In the caudal spine, caudal vertebral malformations, such as absence 
of the posterior segments from S5 and fusion of the vertebral bodies between S1 and S5, were also seen. Caudal anomalies of the 
spine and spinal cord in the present case would thus be related to the developmental error of the tail bud and are compatible with 
caudal agenesis (CA), which refers to complex anomalies including partial and complete absence of the caudal vertebrae together 
with corresponding regions of the caudal neural tube [7]. In cattle, although sacrocaudal agenesis [16] and tailless [11] have been 
reported, the histological appearance of the spinal cord has not been described.

From the above mentioned description of the main pathological changes, the malformation in the present case of the spine and 
spinal cord at two separate segmental levels, i.e., thoracolumbar and sacrococcygeal regions, was diagnosed as a rare associated 
anomaly of SSD and CA, which represents the first bovine case definitively confirmed morphologically, to the best of our 
knowledge. SSD and CA are considered as abnormalities depending on notochord formation during gastrulation, and probably 
represent two faces of a single spectrum of segmental malformations involving the spine and spinal cord [24, 32]. They differ from 
an embryological perspective in terms of the segmental location of the derangement along the longitudinal axis of the embryo. 
In SSD, the intermediate segment is involved, as opposed to the caudal segment in CA [24, 32]. During gastrulation, prospective 
notochordal cells wrongly specified in terms of their rostrocaudal position are eliminated, so fewer or even no cells at all will form 
the notochord or tail bud depending on the segmental level of the abnormality [31]. From an embryogenetic point of view in the 
present case, depopulation of the prospective notochord in the thoracolumbar segments (KSC level) would induce neurulation of 
a depauperate neural plate, in turn resulting in severe hypoplasia of the spinal cord, and would affect development of the spinal 
column to result in vertebral malformations. Simultaneously, the causal insult would impair the terminal segments derived from 
the tail bud and would result in the dorsoventral duplicate cords and neural mass with aberrant canalization. Furthermore, the mild 
dysraphic changes at some segments of the cervical and thoracic regions might suggest multisegmental derangement of the early 
embryonic notochord. Other defects not involving the axial segments, such as fused kidney and extra-lobulated liver, might reflect 
impaired induction from the depopulated notochord to the affected organs.

Some cases of myelodysplasia have been associated with fetal Akabane infection [19]. However, no lesions in this case appeared 
associated with Akabane infection, such as non-suppurative encephalitis [15] or athrogryposis-hydranencephaly syndrome, which 
is a recognized sequela to infection during fetal development [17]. Detection of antibodies against teratogenetic arboviruses 
(Akabane, Aino and Chuzan viruses) in calf serum were very likely attributable to colostrum from the vaccinated dam. Intrauterine 
infections with bovine viral diarrhea virus induce a number of fetal abnormalities, including central nervous system malformations 
and skeletal deformities [19, 20]. However, no objective evidence was obtained of this viral infection, such as characteristic lesions 
including cerebellar hypoplasia, cerebral defects, ocular anomalies, bent front leg or jaw/head abnormalities, or clinical signs 
involving the respiratory and digestive systems in the dam during pregnancy. A simple genetic cause was eliminated from the 
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family line in the absence of a common ancestor or similar cases in the lineage. The etiology of SSD and CA in the present case 
remains to be fully defined. Modern findings for human neural tube defects, which support multi-gene predispositions together 
with a role for environmental factors, such as the diabetic milieu or folate status [6], have attracted our attention and will represent 
a future subject of investigation.

REFERENCES

 1. Agerholm, J. S., McEvoy, F. and Arnbjerg, J. 2006. Brachyspina syndrome in a Holstein calf. J. Vet. Diagn. Invest. 18: 418–422. [Medline]  
[CrossRef]

 2. Agerholm, J. S., Bendixen, C., Andersen, O. and Arnbjerg, J. 2001. Complex vertebral malformation in Holstein calves. J. Vet. Diagn. Invest. 13: 
283–289. [Medline]  [CrossRef]

 3. Binanti, D., Fantinato, E., De Zani, D., Riccaboni, P., Pravettoni, D. and Zani, D. D. 2013. Segmental spinal cord hypoplasia in a Holstein Friesian 
calf. Anat. Histol. Embryol. 42: 316–320. [Medline]  [CrossRef]

 4. Chiba, S., Fujisawa, T., Ishihara, K., Matsumoto, K., Yamada, K., Inokuma, H., Matsui, T. and Kobayashi, Y. 2012. Diplomyelia in a Holstein calf. 
J. Jpn. Vet. Med. Assoc. 65: 516–519 (in Japanese).

 5. Cho, D. Y. and Leipold, H. W. 1977. Spina bifida and spinal dysraphism in calves. Zentralbl. Veterinarmed. A 24: 680–695. [Medline]  [CrossRef]
 6. Copp, A. J., Stanier, P. and Greene, N. D. E. 2013. Neural tube defects: recent advances, unsolved questions, and controversies. Lancet Neurol. 12: 

799–810. [Medline]  [CrossRef]
 7. Dias, M. S. and Walker, M. L. 1992. The embryogenesis of complex dysraphic malformations: a disorder of gastrulation? Pediatr. Neurosurg. 18: 

229–253. [Medline]  [CrossRef]
 8. Doige, C. E. 1975. Spina bifida in a calf. Can. Vet. J. 16: 22–25. [Medline]
 9. Estin, D. and Cohen, A. R. 1995. Caudal agenesis and associated caudal spinal cord malformations. Neurosurg. Clin. N. Am. 6: 377–391. [Medline]
 10. Gentile, A. and Testoni, S. 2006. Inherited disorders of cattle: a selected review. Slov. Vet. Res. 43: 17–29.
 11. Gilmore, L. O. and Flechheimer, N. S. 1957. Tailless calves: studied in attempted to determine cause of abnormality. Ohio Fm. Home Res. 42: 

32–33.
 12. Hiraga, T. and Abe, M. 1983. A case of perosomus elumbis in a calf: absence of vertebral column caudal to the third thoracic vertebra. J. Jpn. Vet. 

Med. Assoc. 36: 277–281 (in Japanese).  [CrossRef]
 13. Hyttel, P., Sinowatz, F. and Vejlisted, M. 2010. Essentials of Domestic Animal Embryology. Saunders, Edinburgh.
 14. Imai, S. and Moritomo, Y. 2009. Segmental hypoplasia of the spinal cord in a Japanese black calf. J. Vet. Med. Sci. 71: 337–340. [Medline]  

[CrossRef]
 15. Kamata, H., Inai, K., Maeda, K., Nishimura, T., Arita, S., Tsuda, T. and Sato, M. 2009. Encephalomyelitis of cattle caused by Akabane virus in 

southern Japan in 2006. J. Comp. Pathol. 140: 187–193. [Medline]  [CrossRef]
 16. Kim, C. S., Koh, P. O., Cho, J. H., Park, O. S., Cho, K. W., Kim, G. S. and Won, C. K. 2007. Sacrocaudal agenesis in a Korean native calf (Bos 

Taurus Coreanae). J. Vet. Med. Sci. 69: 653–655. [Medline]  [CrossRef]
 17. Konno, S., Moriwaki, M. and Nakagawa, M. 1982. Akabane disease in cattle: congenital abnormalities caused by viral infection. Spontaneous 

disease. Vet. Pathol. 19: 246–266. [Medline]  [CrossRef]
 18. Koyama, M., Goryo, M., Chiba, S. and Okada, K. 1997. Diplomyelia in a calf. J. Jpn. Vet. Med. Assoc. 50: 153–156 (in Japanese).  [CrossRef]
 19. Maxie, M. G. and Youssef, S. 2007. Nervous system. pp. 281–457. In: Jubb, Kennedy, and Palmer’s Pathology of Domestic Animals, 5th ed. 

(Maxie, M. G. ed.), Saunders, Edinburgh.
 20. Moennig, V. and Liess, B. 1995. Pathogenesis of intrauterine infections with bovine viral diarrhea virus. Vet. Clin. North Am. Food Anim. Pract. 11: 

477–487. [Medline]  [CrossRef]
 21. Nagahata, H., Oota, H., Nitanai, A., Oikawa, S., Higuchi, H., Nakade, T., Kurosawa, T., Morita, M. and Ogawa, H. 2002. Complex vertebral 

malformation in a stillborn Holstein calf in Japan. J. Vet. Med. Sci. 64: 1107–1112. [Medline]  [CrossRef]
 22. Ogawa, J., Ando, T., Otsuka, H., Paku, T., Yoshioka, I., Saruyama, Y., Yamada, H., Iso, H., Oyamada, T. and Watanabe, D. 2007. A case of marked 

short-neck with fusion of cervical vertebrae in a Holstein cow. Jpn. J. Vet. Clinics. 30: 16–20 (in Japanese).  [CrossRef]
 23. Pang, D., Dias, M. S. and Ahab-Barmada, M. 1992. Split cord malformation: Part I: A unified theory of embryogenesis for double spinal cord 

malformations. Neurosurgery 31: 451–480. [Medline]  [CrossRef]
 24. Rossi, A., Biancheri, R., Cama, A., Piatelli, G., Ravegnani, M. and Tortori-Donati, P. 2004. Imaging in spine and spinal cord malformations. Eur. J. 

Radiol. 50: 177–200. [Medline]  [CrossRef]
 25. Rufener, S. L., Ibrahim, M., Raybaud, C. A. and Parmar, H. A. 2010. Congenital spine and spinal cord malformations: pictorial review. AJR Am. J. 

Roentgenol. 194 Suppl: S26–S37. [Medline]  [CrossRef]
 26. Scott, R. M., Wolpert, S. M., Bartoshesky, L. E., Zimbler, S. and Karlin, L. 1988. Segmental spinal dysgenesis. Neurosurgery 22: 739–744. 

[Medline]  [CrossRef]
 27. Seki, M., Sasaki, J., Kamishina, H., Yamagishi, N., Okada, K., Sato, S., Watanabe, T. and Goryo, M. 2010. Incomplete diplomyelia in a calf with 

improving clinical signs. J. Jpn. Vet. Med. Assoc. 63: 693–695 (in Japanese).  [CrossRef]
 28. Testoni, S., Mazzariol, S., Daniele, D. P. and Gentile, A. 2012. Ultrasonographic diagnosis of syringohydromyelia and segmental hypoplasia of the 

lumbar spinal cord in a calf. J. Vet. Intern. Med. 26: 1485–1489. [Medline]  [CrossRef]
 29. Testoni, S., Grandis, A., Diana, A., Dalla Pria, A., Cipone, M., Bevilacqua, D. and Gentile, A. 2010. Imaging diagnosis: ultrasonographic diagnosis 

of diplomyelia in a calf. Vet. Radiol. Ultrasound 51: 667–669. [Medline]  [CrossRef]
 30. Tokudome, K., Kawarasaki, T., Moritomo, Y., Kato, T. and Yanase, T. 2013. Abnormal formation of the spinal cord and the spine due to 

diastematomyelia in a Japanese Brown calf. Proc. Sch. Agric. Tokai Univ. 32: 1–5 (in Japanese).
 31. Tortori-Donati, P., Rossi, A. and Cama, A. 2000. Spinal dysraphism: a review of neuroradiological features with embryological correlations and 

proposal for a new classification. Neuroradiology 42: 471–491. [Medline]  [CrossRef]
 32. Tortori-Donati, P., Fondelli, M. P., Rossi, A., Raybaud, C. A., Cama, A. and Capra, V. 1999. Segmental spinal dysgenesis: neuroradiologic findings 

with clinical and embryologic correlation. AJNR Am. J. Neuroradiol. 20: 445–456. [Medline]
 33. Watanabe, T., Kikuchi, K., Miura, K., Fujimori, K., Yamagishi, N., Sasaki, J., Goryo, M., Pauk, C., Kakizaki, T. and Watanabe, D. 2010. 

Myelodysplasia with gait abnormalities in four case of Japanese Black calves. J. Livestock Med. 57: 265–270 (in Japanese).

http://www.ncbi.nlm.nih.gov/pubmed/16921889?dopt=Abstract
http://dx.doi.org/10.1177/104063870601800421
http://www.ncbi.nlm.nih.gov/pubmed/11478598?dopt=Abstract
http://dx.doi.org/10.1177/104063870101300401
http://www.ncbi.nlm.nih.gov/pubmed/23094595?dopt=Abstract
http://dx.doi.org/10.1111/ahe.12012
http://www.ncbi.nlm.nih.gov/pubmed/412380?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0442.1977.tb01747.x
http://www.ncbi.nlm.nih.gov/pubmed/23790957?dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(13)70110-8
http://www.ncbi.nlm.nih.gov/pubmed/1476931?dopt=Abstract
http://dx.doi.org/10.1159/000120670
http://www.ncbi.nlm.nih.gov/pubmed/1089035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7620361?dopt=Abstract
http://dx.doi.org/10.12935/jvma1951.36.277
http://www.ncbi.nlm.nih.gov/pubmed/19346703?dopt=Abstract
http://dx.doi.org/10.1292/jvms.71.337
http://www.ncbi.nlm.nih.gov/pubmed/19162275?dopt=Abstract
http://dx.doi.org/10.1016/j.jcpa.2008.12.001
http://www.ncbi.nlm.nih.gov/pubmed/17611365?dopt=Abstract
http://dx.doi.org/10.1292/jvms.69.653
http://www.ncbi.nlm.nih.gov/pubmed/7200278?dopt=Abstract
http://dx.doi.org/10.1177/030098588201900304
http://dx.doi.org/10.12935/jvma1951.50.153
http://www.ncbi.nlm.nih.gov/pubmed/8581858?dopt=Abstract
http://dx.doi.org/10.1016/S0749-0720(15)30462-X
http://www.ncbi.nlm.nih.gov/pubmed/12520102?dopt=Abstract
http://dx.doi.org/10.1292/jvms.64.1107
http://dx.doi.org/10.4190/jjvc2001.30.16
http://www.ncbi.nlm.nih.gov/pubmed/1407428?dopt=Abstract
http://dx.doi.org/10.1227/00006123-199209000-00010
http://www.ncbi.nlm.nih.gov/pubmed/15081131?dopt=Abstract
http://dx.doi.org/10.1016/j.ejrad.2003.10.015
http://www.ncbi.nlm.nih.gov/pubmed/20173174?dopt=Abstract
http://dx.doi.org/10.2214/AJR.07.7141
http://www.ncbi.nlm.nih.gov/pubmed/3374785?dopt=Abstract
http://dx.doi.org/10.1227/00006123-198804000-00021
http://dx.doi.org/10.12935/jvma.63.693
http://www.ncbi.nlm.nih.gov/pubmed/23039936?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.2012.00989.x
http://www.ncbi.nlm.nih.gov/pubmed/21158244?dopt=Abstract
http://dx.doi.org/10.1111/j.1740-8261.2010.01717.x
http://www.ncbi.nlm.nih.gov/pubmed/10952179?dopt=Abstract
http://dx.doi.org/10.1007/s002340000325
http://www.ncbi.nlm.nih.gov/pubmed/10219410?dopt=Abstract

