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Abstract

Objective- The aim of this study was to determine the normal ultrasonographic and morphologic
appearance of mammary gland and teat in Caspian mares during lactation and dry period.

Design- Experimental study.
Animals- Seven mature Caspian mares

Procedures- Using a 6.5-8.5 MHz linear transducer the ultrasonographic appearance of lactating and dry
mammary glands was determined in 7 mature Caspian mares aged from 5 to 12 years. In macroscopic
study, parameters of length and width of teat, length and thickness of udder were evaluated by a caliper.
During the ultrasonography, the ultrasound probe was placed in horizontal and sagittal position related to
the examined subject. Two methods of examination were used — direct (transcutaneous ultrasonography)
and immersion of the examined organ in water (“water bath” method).

Results- The teat was best scanned in sagittal position, whereas the mammary parenchyma — in horizontal
probe position. The application of the “water bath” method was more effective when examining the
mammary papilla, and the transcutaneous method — when examining the structures in the other areas of
the mammary gland. Mean teat measurements by ultrasonography including teat canal length, teat cistern
diameter, teat wall thickness and middle cistern wall thickness were 8.87, 10.37, 1.75 and 6.44 mm
respectively. No significant differences were found between the mentioned parameters of fore and hind
glands in one udder.

Conclusion and Clinical Relevance- There were differences in the visualizations of the separate
structures of the udder, depending on the presence or absence of the milk. According to the results of
present study it is recommended to perform ultrasonography of mare’s mammary gland during lactation
period.
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Introduction

The Caspian horse is a special breed and is believed to
be the direct descendant of the earliest equine.! This
breed is probably the most direct ancestor of the oriental
breeds and subsequently of all light horse breeds.” The
Caspian miniature horse was re-founded in the northern
part of Iran around the Caspian sea in 1969.° The
conformation of the Caspian horse is similar to that of
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the horse (Equus caballus), and apart from the height,
there are only a few minor anatomical differences
between this animal and Equus caballus.” Subsequent
studies confirmed the visual picture osteologically and
proved that the Caspian is a miniature horse, not a
pony.*?

The mammary glands of the mare, in common with all
mammals, are modified apocrine sweat glands, both
developing in uterus from a common precursor. The
udders of the Caspian mare are two in number. They are
situated along the ventral midline in all mammals in a
varying number of pairs. The mare normally has four
glands, two larger cranial ones and two smaller caudal
ones, though six glands have been reported in the
occasional mare. Each of the two mammary glands is
completely independent, with no passage of milk from
one quarter to another.’ They are separated by and
contained within a fibroelastic capsule and supported by
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the medial suspensory ligament, running along the
mare’s midline. Each udder half, either side of the
midline, is made up of two quarters and the openings
from these two quarters exteriorize via a single teat. The
mammary tissue itself is made up of millions of alveoli
and connecting ducts.’®

Adequate secretion of milk (including colostrum) must
take place at the appropriate time for normal growth and
development of the foal. Lactational abnormalities are
rarely encountered in mares. Yet when a particular mare
is involved and her foal is at risk, these problems are
highly significant to the mare’s owner.’
Ultrasonography is a simple, reliable, non-invasive
imaging technique without side effects. Nowadays,
ultrasonography can be seen as an extension of the
clinical evaluation of different structures or masses,
providing information on their anatomical or
morphological features.® Sonographic breast imaging,
along with mammography, is currently used as part of
the standard procedure in the diagnosis of human breast
masses.”!'"  This rapid, simple and non-invasive
technique provides wuseful information on the
characteristics of a tissue, using a grey scale and two-
dimensional image. The use of ultrasonography in the
study of the mammary gland has been also developed
for farm animals.”'*" Ultrasonography has important
applications in the bovine mammary glands. Ultrasound
studies have characterized not only the normal
ultrasonographic appearance of the mammary glands
and teats but also some pathologic lesions of the
mammary glands.'* The potential of ultrasonography for
examination of various physiological and pathological
conditions of the mammary gland has been thoroughly
studied for cows,'>!>!® buffaloes, !’ sheep,lg'20 camels,21
mares 2 and carnivores.”? However, to the authors’
knowledge, few studies have been published on the
sonomorphological characteristics of the Caspian mare
mammary gland. Therefore, the aim of the present study
was to establish a ultrasonographic appearance of
Caspian mare mammary gland and teat during lactation
and dry period.

Materials and methods
Animals

The experiment was carried out in seven healthy
registered Caspian mares, according to mammary gland
examination and complete blood cell evaluation (CBC),
with normal reproductive histories. Age ranged from 5
to 12 years, height from 100 to 120 cm and weighing
between 160 and 230 kg at the beginning of the study.
All examination was done in the dioestrous period of
the crude acceding to ultrasonographic scaning of
reproductive tubules and ovaries. During this study the
animals were corralled outdoors at the Gharran Caspian
breeding center in Bahramjerd, an area located 50 km
from south Kerman, Iran (latitude 29°50°°N; longitude
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56’50’E, altitude 2860 m above sea level, with an
annual rainfall of 0.4 mm, an average temperature of
27.3 °C and a relative humidity of 20%). Diets were
formulated to meet or exceed NRC requirements. The
ultrasonography examination was performed in milking
and dry Caspian mares.

Ultrasonographic scanning and measurement

Ultrasonographic imaging of the udder and teats was
carried out on Caspian mares in the standing position,
2hours after sucking by foals, with an ultrasound
scanner (SONOACE 600V; Kretz-Technik) equipped
with a 6.5-8.5 MHz (7.5 MHz median frequency/60 mm
foot print) linear array multi-frequency, waterproof
transducer. For documentation of the data obtained, a
black and white thermo-printer (SONY Inc., Tokyo,
Japan) was used and pictures printed on UPP-110S
Type I Paper (SONY Inc., Tokyo, Japan).

Two examination methods were used including “direct
method” or transcutaneous ultrasonography which the
probe was placed on the skin after using of a contact gel
and immersing the examined organ in warm water or
“water bath” method.”* In order to implement the
second method, plastic cups of various sizes were filled
with warm water, with the transducer being in contact
with the vessel or inside it. To prevent deformation of
the teat and to ensure complete presentation of the tip of
the teat, the teat was dipped in a water-filled. During the
scan itself, the transducer was positioned along the
length and width of the mammary gland, designated,
respectively, as sagittal and horizontal positions.
Initially, the echo-structures of the mammary papilla
were outlined (e.g. papillary orifice, teat canal, the
Furstenberg's rosette, the papillary part of the cistern
and the separate layers of the papillary wall). After that,
the mammary lobes were examined. The parenchyma,
the gland cistern and lactiferous ducts were observed.
Teats were examined by sagittal planes and the probe
was positioned equally at all times during the
experimental period. When characteristic structures of
the teat and teat canal as described by Franz et al'?,
appeared, and the picture showed a satisfactory quality,
it was frozen at its maximal size of the height and width
diameters were measured with integral electronic
calipers, and it was printed out."” The teat canal length
(Furstenberg’s rosette was included; TCL), teat end
width (TEW), teat wall thickness (TWT) and teat cistern
diameter (TCD) were measured in ultrasonographic
scans while the teats were immersed in warm water
(Fig. 1), as described by Enda and Ding,.** In gross
study, parameters of length and width of teat, length and
thickness of udder were evaluated by a caliper.

Statistical Analysis

The data were expressed as means + standard errors of
mean (SEM). SPSS Version 17 was used for obtaining
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mean and standard deviation of measurements and the
data comparison for TCL, TEW, TWT, TCW and
MCWT were analyzed between anterior and posterior
glands by Paired Sample T-test at P< 0.05.

UET CLINIC
FR- 21.5

Figure 1. Ultrasonographic teat measurements: TCL,
Teat Canal Length; TCD, Teat Cistern Diameter; TWT,
Teat Wall Thickness and MCWT, Middle Cistern Wall

Thickness.

Results

The teat is short and cone-shaped and somewhat
flattened from side to side. Table 1 shows the results of
mammary gland parameters in lactating and dry Caspian
mares. Appearance of udders was significantly different
in each group (Table 1), and ultrasound images of the
mammary glands varied at the different stages of
lactation (Fig. 3A and B). There was no significant
difference in findings between left and right udder.

In Caspian mares, B-mode ultrasonography with 6.5-8.5
MHz linear array transducer in the sagittal plane,
showed that each mammary gland was consisted of two
distinct glands, each leading to a separate gland cistern;
and each gland cistern connected to the teat cistern,
which were completely separated from each other. In
the lactating animals, the papillary duct and orifices, teat
cistern, annular fold, gland cistern, lactiferous ducts and
mammary parenchyma were imaged easily(Fig. 2 and
3A), while in dry animals the duct and orifices were not
detectable (Fig. 3B).

Sagittal ultrasonographic examination of the teat in the
lactating mares indicated that the wall of the teat could
be divided into 3 layers, a hyperechoic outer layer
(skin/epidermis), a homogenous and thick median layer
with moderately echogenecity (muscle layer) and a thin
hyperechoic  inner layer (mucous membrane)
respectively (Fig. 2A and B). The papillary orifices of
the teat were visualized as a small anechoic formation at

its tip. Directly above it, the papillary duct appeared
unclearly as a linear steria, bordered by the sonographic
image of the adjacent teat wall and monitored at the
front and behind sides of line dividing teat cistern.
Furstenberg’s rosette was determined as a homogenous
hypoechoic structure between papillary duct and teat
cistern. Multiple small anechoic areas were observed
within the middle layer of the teat wall on the images
(Fig. 2A and B).

The small anechoic areas within the middle layer of the
teat and in the area of the annular fold observed in the
present study were consistent with blood filled vessels
known to be the plexus venousus pempiniferous (Fig.
2B).

In lactating examined mares, teat cistern which filled
with milk was monitored as an anechoic image. The
base of the teat and the annular folds appeared as a
hyperechoic linear structure extending into the teat
cistern. The boundary between the gland cistern and teat
cistern included large round anechoic structures (blood
vessels from the Furstenberg's venous ring (Fig. 2B).
The cisternes of the gland appeared as an anechoic area
which continued with the teat cistern. The lining of the
wall of the gland cistern appeared as mixed hyper to
hypoechoic areas within the hypoechoic material of the
glands (Fig. 3A).

Examination of the mammary gland parenchyma in
lactating mares was performed primarily by horizontal
scans. It was homogenous and appeared as a
hyperechoic structure (Fig. 3A), with anechoic zones,
parts of blood vessels or lactiferous ducts. The milk
secretion in the cistern gave an anechoic image with
single echoic particles. The large lactiferous ducts
within the cisterns were clearly visible and anechoic as
well (Fig. 3A). The gland cistern appeared as a
homogenous anechoic area that continued with the teat
cistern. The lactiferous ducts were elongating anechoic
branches in hyper-echoic mammary parenchyma.

The results of the ultrasonographic measurements of
lactating Caspian mares udder parameters examined are
shown in Table 2. Measured parameters were not
significantly different (P>0.05) between fore and hind
gland in mare udder. In dry mare teats, a measurement
of the teat parameters was not possible.

Table 1. Length of the udder and teat (mean+SEM) in lactating and dry Caspian mares (n=7)

Teat width(mm)

Udder status and direction Teat length(mm) Udder length(cm) Udder width(cm)
o Right 11.250.49° 9.25+0.16° 9.19+0.21° 8.25+0.28"
b T Ef=s) Left 11.00+0.42" 8.25+1.00" 8.94+0.22° 8.12+0,24°
Dry(n=3) Right 8.00+0.22° 6.83+0.31° 6.42+0.35° 7.43+0.32°
ryin= left 8.17+0.60° 6.50+0.22° 6.25+0.33" 5.92+0.24°

The values with different alphabetical superscripts differ significantly (P < 0.05) within each column.
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Table 2. Ultrasonographic measurement (mm) of teat parameters (mean=SEM) in 4 lactating Caspian mares

Parameter TCL TCD TWT MCWT
Fore teat 8.87+0.29 10.37+0.32 1.75+0.16 6.44+0.32
Hind teat 8.50+0.43 9.50+0.27

TCL, Teat Canal Length; TCD, Teat Cistern Diameter; TWT, Teat Wall Thickness and MCWT, Middle Cistern Wall Thickness. No
statistical differences were observed between fore and hind gland parameters. Measurements were obtained during longitudinal scans,

peripheral to the teat.

Figure 2. Sagittal scan of the milking Caspian mare teat (A) and glands (B) in a water-bath. SC (streak canal), FR
(Furstenberg's rosette), PP (plexus pempiniferous), TC (teat cistern), GC (gland cistern), P (parenchyma), FVR (Furstenberg's
venous ring). Three layers of the teat wall can be identified: OL (outer layer), ML (middle layer) and IL (inner layer). The
sonogram was obtained with 7.5 MHz linear array transducer.

Figure 3. Sonogram of a physiological gland parenchyma with medium homogeneous echogenicity and isolated anechoic
lactiferous ducts and vessels in a milking (A) and dry (B) Caspian mare (horizontal scan): P (glandular parenchyma), LD
(lactiferous ducts), BV (blood vessels). The sonogram was obtained with 8.5 MHz linear array transducer. The udder skin is
on the top of the ultrasonogram, the dorsal portion of the udder is to the left, ventral to the right.

Discussion amenable to sonographic imaging because of their
superficial location and the technique has the potential

Ultrasound examination as reported by Neijenhuis et  to diagnose different conditions of the organ.
al,” in cow’s and Franz et al.'’ in sheep’s is a very  Ultrasonography is an efficient way of monitoring
useful tool to measure teat and teat canal structures. The ~ changes in  the intramammary  structures.

26,27

method is also relatively easy to use, repeatable, safe ~ Ultrasonographic scanning of udder and teat can be
and noninvasive. This makes the ultrasound scanning a ~ performed by direct contacting the transducer with teat

useful technique to study the teat and udder of Caspian  or in a water-bath. Direct contact can be easily applied;

mare.”” The B-mode ultrasonography technique as  however, the shape of the teat may change because the
described in this study seems to be reliable for  teat wall near the probe and Furstenberg’s rosette area

determining the anatomic features of the udder and  cannot be seen completely.”’ ’
measuring the teat parameters of the Caspian mares.  In our previous report Abshe;rzlas et al.,” and also in
The normal appearance of the udder and teat are  agreement with Gungor et al.,
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using a 7.5 MHz linear
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ultrasound transducer, showed two visible hyperechoic
lines in the images of the papillary duct of camels and
mares which were also observed during our
examinations of Caspian mares. Seeh et al® reported
that an image with a satisfactory quality could be
achieved via direct contact of the mammary papilla with
a 3.5 or 5 MHz probe, whereas Abshenas et al.,*' and
Will et al.,” achieved better visualization using a
different method by the “water bath”. The plastic “water
bath” containers should be smooth in order to ensure a
good contact and to conduct ultrasonic waves.'®*"**
Cartee et al®® observed that the use of the water-bath
increased the acoustic impedance difference between
the teat wall and the surrounding medium.

The presence of milk in the teat cistern acted similarly
as a "window" of acoustic impedance difference for
imaging the deeper structures and far wall of the teat '’
Ultrasonographic findings of the udder of Caspian mars
were similar to ultrasonographical findings of Gungor et
al.,”? but, in contrast to the previous reports in mares,
differences between fore and hind teat parameters were
not significant in Caspian mares. However, hind part of
the gland in Caspian mare had enough growth and we
did not observe any significant difference with fore-
gland in teat parts. In the present study, no significant
differences were found between parameters of fore and
hind glands in an individual teat, which was in contrast
with the findings of Gungor et al.,”? and Freeman, °'
who found differences in mammary gland structures.
The boundary between the gland cistern and teat cistern
is marked by the annular (cricoid) folds. The gland
cistern is anechoic, as is the teat cisterns lumen, even
when filled with milk. If milk is not present in the teat
cistern, the lumen cannot be discerned. The rosette of
Furstenberg appeared as hyperechoic circular area in the
centre of the teat. The small anechoic areas within the
middle layer of the teat and in the area of the annular
fold observed in the present study were consistent with
blood filled vessels known to be the plexus venousus

papilllaris and the circulus venosus papillae,
respectively.'®!7
Similar to the studies of Cartee et al.,* Gungor et al.,”?

and Franz et al.,'’, our examination on structures of the
mammary gland’s parenchyma showed better results
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