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Abstract

Background: In cattle, the lingual diseases are primarily diagnosed postmortem by histopathological examination
of the affected tongues obtained after the death or during necropsy. In humans, ultrasonography has been used to
provide differential diagnoses, and for preoperative or intraoperative planning of glossectomy in various lingual
diseases. This is a bovine clinical case report, in which ultrasonography for sudden swelling of the tongue, which
was possibly caused by snake bite, was utilized as a preoperative indication to perform a glossectomy.

Case presentation: An eight-month-old female Japanese black calf presented with sudden swelling of the tongue
with well-defined discoloration in the cranial region. A 10-MHz linear probe on a portable-type ultrasound machine
(MyLabOne VET, Esaote Co., Genova, Italy) was applied to the ventral surface of the tongues in the affected case,
and also in five healthy calves under sedation to observe normal tongues. Ultrasonography of the swollen tongue
in this case revealed that the ventral lingual muscular layers were severely thickened compared with those of
normal tongues. However, the muscle layers were regularly aligned with the echogenic muscular fibers. This
resembled the lingual muscular architectures of normal tongues. Color-flow Doppler ultrasonography revealed that
blood flow was weakened in the small peripheral vessels in the spaces between the lingual muscular structures,
and was lacking in the deep lingual artery between the apex and base of the tongue. This finding was very
different than that of normal tongues, which exhibited weakened or rich blood flows. Based on ultrasonographic
findings, this case was treated with glossectomy. After recovery, the calf grew up normally with a normal appetite
and rumination, and did not exhibit mouth pain behavior. Histopathologically, hemorrhagic necrotic changes,
together with focal formation of fibrin thrombus in the lingual blood vessels in the affected tongue, were noted.

Conclusions: To the best of our knowledge, the present report is the first description of lingual ultrasonography
performed in cattle. In this case, ultrasonography enabled visualization of decreased vascularity, which might be
associated with hemorrhage or formation of fibrin thrombus in the suddenly swollen tongue presented.

Keywords: Cattle, Glossectomy, Snake bite, Tongue, Ultrasonography

Background
Severe and sudden swelling of the tongue is rarely ob-
served in cattle. The most common cause is infection by
Actinobacillus lignieresii, resulting in development of a
granulomatous swollen tongue known as “wooden

tongue” caused by actinomycosis [1]. The other primary
cause is various types of tumors arising from the tongue,
such as ameloblastic fibroodontoma, mast cell tumor,
melanoma, rhabdomyosarcoma, and squamous cell car-
cinoma [2]. Snake bite is another possible cause of lin-
gual swelling, based on a previously reported case in a
camel [3], although this has not previously been reported
in cattle. The cause of tongue swelling in cattle has his-
torically been diagnosed by clinical symptoms, various
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laboratory tests, and most commonly by histopatho-
logical examination after death or during necropsy of
the animal [1, 2]. To our knowledge, ultrasonography
has never been used as an antemortem diagnostic
method in bovine practice, despite previous postmortem
use for bovine tongues and clinical uses for other ani-
mals [4, 5].
Ultrasonography enables the visualization of the shape,

position, and movements of the tongue [6]. In addition,
Doppler ultrasonography has been utilized to evaluate
the vascularity of lingual cancers and pyogenic granu-
loma [7–9]. The purpose of this case report was (1) to
compare the affected tongue with normal tongues based
on the blood flow and visual state of the structures, (2)
to present the diagnostic process using ultrasonography
and the subsequent performance of glossectomy on this
bovine case of sudden swelling of the tongue, and (3) to
discuss the role of ultrasonography in diagnosis of lin-
gual diseases of cattle based on its prior application in
human case reports.

Materials and methods
Ultrasonographic imaging procedure for the bovine
tongue
Ultrasonographic examinations were carried out using a
portable ultrasound machine (MyLabOne VET, Esaote
Co., Genova, Italy). A linear probe was used with an
ultrasound frequency range of 10–13MHz. The meas-
urement accuracy of the probes was 0.1 mm. Bovine ton-
gues were examined the following ultrasound
conditions: scan depth 40mm, dynamic range 79 dB,
and the highest level of time gain compensation (Gain
100%). The probe was applied longitudinally (apex to
base) on the ventral surface of the tongue, which was
pulled out manually from the mouth under sedation
with intravenous injection of xylazine hydrochloride (0.2
mg/kg) in five healthy calves and the affected calf with a
swollen tongue. In addition, the probe was applied on
the dorsal surface of the tongue of the affected calf in
standing position (without sedation).
Ventral muscular thickness (VMT), distance between

the ventral surface of the tongue and the deep lingual ar-
tery (DSA), and the width of the colored region on the
Doppler image of the deep lingual artery (WD) were
measured in the middle and ventral regions of the
tongue.

Healthy calves
Five Japanese black calves bred at the Tottori University
farm and aged between six and 8 months were used as
healthy controls. Examinations were performed after
sedation in the recumbent position. Soon after the 5–10
min procedures, intravenous injection of atipamezole
hydrochloride (an α2 adrenergic receptor antagonist;

0.02 mg/kg) was used to reverse the sedation, allowing
rapid waking in all five animals followed by normal be-
havior, including eating hay and concentrates without
any abnormal movement of the tongue.

Affected calf
An eight-month-old female Japanese black calf pre-
sented with sudden swelling of the tongue for 5 days
prior to admission. Two small holes were present in the
apex and ventral surface of the tongue on immediate
examination, but had disappeared by admission. Discol-
oration of the lingual mucosa was noted along the entire
circumference of the cranial half of the tongue (Fig. 1a).
The discoloration exhibited clear and oblique border,
separating it from the normal lingual mucosa on the
caudal half of the tongue, and extended towards the base
at the right edge of the tongue. The discolored lingual
mucosa was dry, and was easily peeled off manually. The
softness in the discolored region was the same as the
normal mucosa. The tongue was swollen in the dorsal-
ventral direction, and could not be normally put into the
mouth. The cranial half of the tongue drooped outside
of the mouth. The calf could not use the affected tongue
for eating food or drinking, despite a strong appetite.
Continuous administration of antibiotics did not reduce
the lingual swelling or improve clinical signs.
Hematological examination revealed moderately ele-

vated white blood cell count (15,000/μl; reference value:
6500-11,500/μl), and normal platelet count (79.5 × 104/
μl: reference value 68.1 ± 25.2 × 104/μl) [10]. Highly ele-
vated creatine kinase (1629 U/l; reference value: 29.8–
302.5 U/l) was evident on serum biochemical examin-
ation [10].

Results
Ultrasonography of healthy bovine tongues
The bovine tongue architecture could be visualized more
clearly using as ultrasound frequency of 10MHz com-
pared with the higher ultrasound frequencies. The ven-
tral muscular layers exhibited multilayered echogenic
lines running along the ventral surface or obliquely (Fig.
1a-c). Small vessels were present periodically within the
spaces between the echogenic muscular fibers. Three
hyperechoic lines ran between the apex and base along
the deeper edge of the ventral muscular layers. Of the
three hyperechoic lines, the deeper linear structure ap-
peared to be thicker and more hyperechoic when com-
pared with the closer two echogenic lines. The spaces
between the three lines were comparatively hypoechoic
relative to the ventral muscular layers. The deep lingual
artery ran along the deeper hyperechoic line. Color-flow
Doppler ultrasonography revealed that blood flow was
rich into the deep lingual artery in four of the five nor-
mal tongues (Fig. 2a,b), but was weakened in one of the
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five tongues (Fig. 2c). Lingual structures deeper than the
hyperechoic lines disappeared due to a reverberation
artifact. The average TSM was 12.5mm (range, 10.0–15.0
mm). The average DSA was 14.6mm (range, 11.6–16.9
mm). The average WD was 4.4mm (range, 1.2–7.1 mm).

Ultrasonography of the swollen tongue
When the probe was applied to the dorsal surface of the
swollen tongue, the dorsal muscular layers ran uniformly
and obliquely from the dorsal-base to the ventral-apex
direction along the discolored mucosa on the cranial half
of the tongue, and resembled the muscular layers

present along the normal mucosa on the caudal half of
the tongue. However, echogenicity in the cranial half of
the tongue was clearly decreased compared to the caudal
half of the tongue. Examination of the base and ventral
surfaces of the tongue was difficult without sedation, as
the calf moved and retracted the tongue during examin-
ation. When the probe was applied to the ventral surface
of the tongue, there was no obvious destruction to the
ventral muscular layers. Multilayered echogenic lines
were observed running obliquely, and were identical to
the normal lingual structures (Fig. 2d). The VMT was
17.8 mm, indicating that the ventral muscular layers in

Fig. 1 Sagittal ultrasonographic images of the tongue ventral surfaces in three of five healthy calves (a-c), and the affected case (d). a,b Normal
ventral lingual structures exhibit 1) muscular layers in which the echogenic muscular fibers are regularly aligned, 2) two hyperechoic lines, which
include homogenous hypoechoic structure, and 3) the deep lingual artery running along the distal hyperechoic line. Lingual structures deeper
than the hyperechoic lines disappear due to a reverberation artifact. Rich blood flow is noted in the deep lingual artery on the Color-flow
Doppler ultrasonograms. VMT: ventral muscular thickness. DSA: distance between the ventral surface of the tongue and the deep lingual artery.
WD: width of the colored region on Doppler image of the deep lingual artery. c Blood flow is weakened into the deep lingual artery, but is
comparatively rich in the intramuscular vessels on the Color-flow Doppler ultrasonogram. d The ventral lingual muscular layers are thicker than
that of the normal tongue, but retains the regular alignment of the echogenic muscular fibers. Blood flow is not evident into the deep lingual
artery on the Color-flow Doppler ultrasonogram. Scale: 10 mm

Fig. 2 Gross appearance of the tongue at 5 days after onset of swelling (a), and soon after surgery (b). a The severely swollen tongue is
discolored in the cranial half (asterisk). b The tongue is shortened due to removal of the discolored cranial region
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the tongue of the affected calf were thicker compared to
normal bovine tongues. Color-flow Doppler ultrasonog-
raphy revealed that blood flow was present in parts of
the small peripheral vessels in the spaces between the
oblique-running lingual muscular structures. However,
lack of blood flow was detected within the deep lingual
artery between the apex and base of the tongue. The
DSA was 22.0 mm. The WD could not be measured, as
the colored blood flow region was not evident on the
Color-flow Doppler ultrasonogram of the artery.

Treatment and clinical outcomes in the affected calf
Ultrasonographic findings indicated that lack of blood
flow might contribute to the discoloration observed on
the cranial half of the tongue. Therefore, a glossectomy
was performed according to a previously reported surgi-
cal procedure [11]. Briefly, a tourniquet made of nylon
string was applied proximal to that cranial half of the
tongue for which resection was recommended based on
gross and ultrasonographic examinations. The tongue
was transected in the proximal region rather than on the
border between the discolored and normal lingual mu-
cosa. However, a portion of the discolored lingual struc-
ture in the right edge of the tongue could not be
removed, because it extended towards the base. A slight
hemorrhage was present on cut surface. The transected
cut surface was trimmed to a V-shape such that the dor-
sal and ventral aspects were protruding, rather than the
center portion of the tongue. The ventral and dorsal cut
surfaces were fixed together to cover the center with
interrupted horizontal mattress suturing using an ab-
sorbable suture material (MAXON 3–0, Davis & Geck,
USA). Final closure of the ventral and dorsal surfaces
was achieved by intradermic suturing with an absorbable
suture material (Fig. 1b).
Immediately after surgery, the animal could put the

tongue back into the mouth, and close the mouth. The
animal was treated with seven-day intravenous adminis-
tration of antibiotics postoperatively. The animal was of-
fered hay on day three after surgery, followed by a
gradual provision of concentrates. The animal could grip
hay by rolling of the shortened tongue, and eat concen-
trates by burrowing the lip into the food. The animal de-
veloped a normal appetite and rumination without
exhibiting mouth pain behavior; and grew up normally.
The excised portion of the tongue was fixed in 10%

neutral-buffered formalin and embedded in paraffin wax.
Sections were cut at a thickness of 5 μm, and stained
with hematoxylin and eosin. Extensive diffuse
hemorrhage, degeneration, and necrosis were evident in
the muscular fibrous tissues (Fig. 3). The necrotic mus-
cular tissues appeared to have partly regenerated. Necro-
sis was also observed in parts of the mucosal
epitheliums. The muscular fibrous tissues were

extensively infiltrated with inflammatory cells such as
macrophages, neutrophils, lymphocytes, and eosinophils.
Calcification was present with the infiltration of inflamma-
tory cells. Fibrin thrombus was present in the peripheral
vessels within the muscular structures (Fig. 4). The
thrombus adhered to the vascular walls, and was accom-
panied by fibroblastic cells. No area with the shape of an
inflicting snake fang was detected histologically. These
findings supported the diagnosis of extensive hemorrhagic
necrosis of the tongue.

Discussion and conclusions
Severe swelling of the tongue has rarely been observed in
cattle, but is a typical clinical sign of various lingual dis-
eases, such as actinomycosis and lingual tumors [1, 2].
Lingual snake envenomation was initially suspected in this
case, as the lingual swelling was acute, and two small

Fig. 3 Histopathology of the swollen tongue The submucosal tissue
is edematous and a marked necro-hemorrhagic lesion in the glossal
skeletal muscles is noted (HE). Bar = 500 μm

Fig. 4 Histopathology of the swollen tongue. The thrombus is
adherent to the vascular walls, and is accompanied by fibroblastic
cells (HE). Bar = 1000 μm
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punctures were present on the ventral surface of the
tongue at the time of injury. In addition, the clinical signs,
such as the well-defined discoloration in the cranial half of
the swollen tongue, resembled those of a previous case of
a camel with lingual snake envenomation [3]. The diagno-
sis of snake bite is commonly obtained from the gross dis-
covery of snake fang punctures or histopathological views
of the shape of the inflicting fang [12]. However, this
histopathological finding is difficult to detect in snake bite
cases, as the lesions are very small relative to the size of
the tongue [12]. The application of ultrasonography for
this case clarified the lingual pathological changes due to
suspected snake envenomation.
In humans, ultrasonography has been performed in

the investigation of cases with abnormal speech, and for
the diagnosis of lingual diseases [6–9, 13]. Application of
ultrasonography in lingual diseases of cattle has not been
reported, although previous postmortem use for slaugh-
terhouse specimens as a model of human lingual dis-
eases was reported [4]. Because this prior report did not
describe the ultrasonographic appearance of normal bo-
vine lingual structures [4], the present case study is sup-
ported by additional assessments, including a point of
technical view and normal ultrasonographic appearance.
Our scanning technique, in which the probe was

placed directly on the ventral or dorsal surface of the
tongue, differs from other previously reported tech-
niques, in which the probe is placed on the submental
skin surface in humans and other animals [4, 5]. How-
ever, in cattle, the larger size of the mandible could
interfere with visualization of the lingual structures by
the submental approach, as evidenced by a prior finding
that the submental technique did not allow visualization
of the tongue apex in horses due to the strong acoustic
shadows generated by the mandible [5]. When ultrason-
ography was applied to the standing, non-sedated calves,
the lingual structures of the dorsal surface could be visu-
alized, but the ventral surface and base of the tongue
could not be visualized. Tongue movement precludes
visualization of the ventral surface and base of the
tongue, even in humans [13]. In addition, artifacts
caused by motion of the tongue frequently prevent clear
visualization of the lingual structures in humans [13].
The ventral surface of the bovine tongue could be rec-
ommended as the ideal diagnosable location, as applying
the probe allows visualization of the deep lingual artery.
The deep lingual artery runs closer to the ventral surface
than the dorsal surface of the bovine tongue [14]. The
deep lingual artery is bilaterally present within the ana-
tomical space between the dorsal muscular layers (work-
ing as the intrinsic muscles) and ventral muscular layers
(mainly consisting of Styloglossus muscle working as the
extrinsic muscles) in the middle and base, and com-
monly terminates by an anastomosis of the right and left

deep lingual arteries in the apex of the bovine tongue
[14]. Therefore, the probe must be turned gently toward
the left or right from the midline of the tongue for
visualization of the bilateral deep lingual arteries. In
addition, the blood flows in the deep lingual artery can-
not be visualized on the Color-flow Doppler ultrasono-
grams without exactly placing the probe on the ventral
surface of the tongue [13]. In one of the five healthy
calves evaluated, Color-flow Doppler ultrasonogram
might have detected weakened blood flow in the deep
lingual artery due to handling instability and failure to
place the probe in the exact scanning position toward
the bilateral structures. Thus, sedation is recommended
for ultrasonographic examination of the bovine tongue
to allow efficient handling of the applied probe, improv-
ing visualization accuracy of the deep lingual artery via
the ventral surface of the tongue.
The primary color-flow Doppler ultrasonographic

characteristic of the affected tongue in this case was lack
of blood flow in the deep lingual artery, which might
have been caused by damage to the artery, resulting in
extensive hemorrhage and local thrombosis of the lin-
gual structures [15]. The decreased vascularity might
have contributed to the well-defined discoloration in the
cranial half of the tongue. The discoloration resembled
findings of local lingual thrombosis and infarction fol-
lowing the progression of necrotic changes in previous
human cases [16]. In addition, damage to both deep lin-
gual arteries running parallel to the tongue is a possible
cause of lingual necrosis in humans [15]. Unfortunately,
it could not be concluded whether both deep lingual ar-
teries were damaged, as it was not clear as to which of
the two arteries was visualized on sagittal scanning, and
both arteries could not be visualized on the same
ultrasonogram.
Lingual snake envenomation, as the possible cause of

this case, could have induced extensive overall damage
to the blood vessels of the tongue. Gloydius blomhoffii,
commonly known as mamushi, is a venomous pit viper
species endemic to Japan [17]. The venom causes in-
creased capillary permeability, resulting in internal hem-
orrhages and thromboembolisms associated with
damage to the vasculature [12]. Unilateral or bilateral
changes to the vascularity of the deep lingual artery due
to angiogenesis and changes of vessel width with vessel
compression is characteristic of lingual tumors [8, 15].
This leads to an imbalance of vascularity and vessel
width between the two deep lingual arteries of the
tongue [7]. This abnormality can be visualized when the
ultrasound probe is applied transversely to the tongue
[7]. Hence, when the bovine tongue requires examin-
ation with ultrasonography, the ultrasound probe must
be applied both transversely and sagittally to the surface
of the tongue.
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Ultrasonography did not allow discernible visualization
of the hemorrhagic necrosis of the lingual structures in
this case, as the lingual muscles maintained regular
layering of the echogenic structures on the ultrasono-
gram. When ultrasonography was previously applied in a
bovine case with a swollen mandible due to snake en-
venomation, the extensive necrotic lesion exhibited ir-
regular hyperechoic parenchymal structures, including a
large heterogenic hypoechoic focus on day eight after in-
jury [17]. The echogenicity of the necrotic structures
could vary with time after injury or the healing process
after any primary cause, including thrombosis and snake
envenomation [18]. The five-day interval between swell-
ing onset and examination in this case might have been
too short for the development of extreme destruction in
the lingual structures.
The most common cause of swollen tongue in bovines

is infection with Actinobacillus lignieresii, resulting in
the development of a granulomatous changes [1]. Lin-
gual tumors lead to the formation of nodules within the
lingual structures, or protrusions from the lingual mem-
branes in cattle [2]. If ultrasonography is used for these
cases, nodular and granulomatous structures would
likely be indicated by a well-marginated mass in the
muscular fibers aligned irregularly, as in previous human
case reports [8, 9].
Glossectomy was performed for the present case, as the

lingual lesion was presumed to be irreversible based on
the ultrasonographic findings indicating lack of blood flow
in the deep lingual artery, as well as the clinical history
and gross severity. Surgical excision and refreshment are
considered to be one of the most successful treatments for
swollen tongues caused by glossoplegia, lingual trauma,
and snake bite in large animals [3, 11, 12]. However, surgi-
cal excision might not be recommended for treatment of
bovine actinomycosis-induced wooden tongue associated
with granulomatous changes [1].
Ultrasonography is an imaging tool applicable to the

preoperative differential diagnosis process for various
lingual diseases, as it can visualize the internal structure
and vascularity of the lesion [13]. For this application,
lingual vascularity should be assessed by objective evalu-
ation methods, such as pulsatility index and ultrasound
velocity, instead of the subjective method performed in
the previous and present reports [8, 9, 18].
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