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Abstract 

Rumen lesion can lower the performance of the 
animal and sometimes cause its death. Ultraso-
nography as a diagnostic method for the detection 
of lesions in the gastrointestinal tract is considered 
safe. In this study, three regions of rumen includ-
ing the dorsal blind sac, ventral blind sac, and pillar 
[0.5 × 0.5 cm] from 10 healthy sheep rumen were 
sampled. Histomorphometric study of all samples 
were performed in the mucosal, submucosal, mus-
cular and serosal layers. For ultrasonographic eval-
uation, samples from wall of rumen in 6 × 6 cm 
dimensions were used probe. The results showed 
that identification of all layers of rumen wall is 
feasible in sheep by histomophometry and ultra-
sonography techniques. Statistical analysis of the 
data showed no significant correlation between the 

parameters of the rumen wall in ultrasonography 
and histological study. The lack of correlation be-
tween ultrasonography and histological data may 
be due to the tissue changes which would occur 
during the process of preparing the tissue samples 
including tissue fixation, dehydration and clearing.

Abbreviations

L : Lumen                     
E : Epithelium  
Vi : Villi  
LP : Lamina properia 
ML-SM: Mucosal and submucosal  
MT : Muscular Tunica 
H&E : Hematoxylin and Eosin
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Introduction

Ruminant stomach has developed four sepa-
rate compartments, each with its own morphologic 
particularities. The first three parts are rumen, re-
ticulum and omasum; commonly known as fores-
tomach [1]. There has been considerable research 
into the organization of the stomach in cattle [2], 
sheep and deer [3], and goat [4, 5]. The rumen is 
itself sacculated by muscular pillars into what are 
called the dorsal, ventral, caudodorsal, and cau-
doventral blind sacs. The rumen has a keratinized 
stratified squamous epithelium. It is non-glandular 
and has no lamina muscularis. There are two thick 
layers of tunica muscularis, the inner circular and 
the outer longitudinal [6]. The anterior surface of 
rumen forms numerous papillae. The papilla can 
be long and foliated and pointed. They are up to 6 
mm in length. Animal fed on rough grass or in the 
dry season have longer papillae, whereas animals 
fed on digestible feed or in wet season have shorter 
papillae.

Ultrasonography is a diagnostic imaging tech-
nique based on the application of ultrasound. 
Compared to other prominent methods of med-
ical imaging, ultrasound has several advantages. 
It provides images in real-time, it is substantially 
lower in cost, and it does not use harmful ionizing 
radiation. Ultrasonography has been successful-
ly employed in commercial livestock for the past 
30 years to determine fetal number and gestation 
length, permitting more precise feeding and man-
agement during late gestation [7]. Ultrasonogra-
phy examination can also yield important clinical 
information of lesion in the chest [8], reticulum 
[9], forestomach [10], liver [11], bladder and kid-
ney. [12]. Ultrasonography is an ideal diagnostic 
tool for the investigation of bovine gastrointestinal 
disorders, the most common of which are traumat-
ic reticuloperitonitis, left and right displacement of 
the abomasum, ileus of the small intestine, and dil-
atation and displacement of the cecum [13].

In ultrasonographic images, rumen was seen 
in the vicinity of the wall of abdomen and its wall 
is seen as an echogenic thick and smooth line. The 
structures between its wall and skin body is clearly 
specified using this technique, however, identifica-
tion of rumen layers have not been reported [14].

Ultrasonographic examination of abomasum 
in 50 normal healthy cows showed that ultraso-
nogaphy is  a valuable technique for determining 
the size, location and content of the abomasum. In 

most cases, the wall of abomasum was seen as a 
thin line and also some of its folds were seen like 
echogenic line structures [15]. Ultrasonographic 
study of the abomasum in Holstein calves fed be-
fore and after the ingestion of milk showed milk 
clots with clear margin. [16].

The morphological changes in the reticulum 
were examined by ultrasonography and radiogra-
phy in 26 cows with traumatic reticuloperitonitis. 
Radiography revealed foreign bodies penetrating 
the reticulum of 12 cows and magnets in the retic-
ulum of seven cows. None of these foreign bodies 
or magnets could be visualized by ultrasonogra-
phy. Ultrasonographic examination to confirm the 
diagnosis in animals with unclear and abomasum 
displacement have also been useful [17].

Ultrasonographic examination of digestive 
system in 21 normal healthy camels provided 
highly useful information of ultrasonographic ap-
pearance of the digestive system which can be as 
a reference in suspected cases with malformation 
of the gastrointestinal tract. In this report, the dif-
ferentiation between the renal cortex and medulla 
was also clearly visible in the ultrasonograms [18]. 

Regarding the lack of ultrasonographic data 
about rumen layers, this study was aimed to as-
sociate histomorphometry and ultrasoniography 
findings in the rumen.

Results

In the histological images of the rumen, the 
different layers were determined such as, epitheli-
um, lamina properia, tunica mucosa and submu-
cosa, tunica muscularis and serosa (Figues 1, 2, and 
3). We concluded that highest average diameter of 
the mucosa and submucosa was seen in the ventral 
blind sac of rumen, the highest average diameter of 
muscle and serous in pillar, and maximum diame-
ter of the walls in pillar (Table 1).

In the ultrasonography, the mucosal and sub-
mucosal layers of the rumen were hyperechoic 
than muscular layer; the serosal layer was isochoic 
to mucosal and submucosal layer. Muscular layer 
was observed hypoechoic in the wall of the rumen 
(Figures 4, 5, 6). According to the ultrasonograph-
ic measurements of the rumen wall in its different 
areas, the diameter of rumen had the highest av-
erage in pillars, dorsal blind sac and ventral blind 
sac. The average diameter of the mucosa and sub 
mucosa layers was the highest in the ventral blind 
sac, dorsal blind sac and pillars and the average di-
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ameter of the muscular and serous layers was high-
est in the pillar, dorsal blind sac and ventral blind 
sac (Table 2). 

All measured data were normally distribut-
ed; however, there was no significant correlation 
between the histomorphometric and ultrasono-
graphic data.

Discussion

In this study, for the first time it was possible 
to correspond and match the layers of the rumen 
wall in ultrasonographic images with histological 
images. In ultrasonography, the mucosa and sub-
mucosal layers were appeared more hyperechoic 
than the muscular layer which was hypoechoic. In 
ultrasonographic images, distinguishing mucosal 
layer from submucosal layer was not possible. In 
this study, for the first time, thickness of the vari-
ous layers has been reported in the histological and 
ultrasonography images.

Statistical analysis of the data showed no sig-
nificant correlation between the parameters of the 
rumen wall in ultrasonography and histological 
study. This could be due to changes in tissue pa-
rameters during preparation (dehydration, clear-
ing and infiltration).

The average thickness of the rumen wall in his-
tological images was higher in the ventral blind sac, 
dorsal blind sac and pillar. The average thickness 

of these layers in ultrasonography was also high. 
The average thickness of mucosa and submucosal 
layers in histological images were higher in ventral 
blind sac, dorsal blind sac and pillar. Also, the aver-
age thickness of musculris and serosal layers tissue 
in histological images were higher in pillar, dorsal 
blind sac and ventral blind sac.

The most striking result of this study is the 
determination of all layers of rumen wall in sheep 
by histological and ultrasonography techniques. It 
is worth noting that this procedure has been per-
formed for the first time and can be helpful as the 
first step for future studies and research. 

Materials and Methods
In this study, 10 rumen from healthy sheep rumen were 

obtained used for histomorphometric and ultrasonographic 
examination. For histomorphometric evaluation of the rumen, 
the samples were taken from the three areas of the rumen wall 
including the dorsal blind sac, ventral blind sac, and pillar 
(0.5 × 0.5 cm). They were flushed with normal saline, fixed 
in 10% buffer formalin, dehydrated, cleared with xylene and 
embedded in paraffin. All samples were blocked by paraffin. 
Then, sections were cut at 6 µm thickness by a rotary micro-
tome (Leica®) and mounted on a glass slide and stained with 
Hematoxylin and Eosin (H&E). For ultrasonographic evalua-
tion, samples were cut in 6 × 6 cm pieces and they immersed 
in normal saline. Then ultrasonography was performed using 
an 8 MHz probe. The external layer of rumen was near to foot 
print of probe and by moving the probe near and far to these 
segments, ultrasonography at the highest resolution possible 
in the focal zone was obtained. The procedure was recorded 

Figure 1
Histological structure of dorsal blind sac. Lumen (L), Epithe-
lium (E), Villi (Vi), Lamina properia (LP), mucosal and sub 
mucosal layer (ML- SM), Muscular Tunica (MT), H&E, ×40.

Figure 2
Histological structure of ventral blind. Lumen (L), Epitheli-
um (E), Villi (Vi), Lamina properia (LP), mucosal and sub 
mucosal layer (ML- SM), Muscular Tunica (MT), H&E, 
×100.
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through all of the stages, digitally. Then, evaluation and im-
plementations of ultrasound and histological images of each 
specified area in rumen were confirmed. Mucosal and submu-
cosal layers, and muscular and serosa layers were measured in 
all samples in 5 parts of each slide by using the software of 
Image-J 1.47. In ultrasonogram, mucosal, submucosal, muscu-
lar, and serosa layers were evaluated in three points. Average, 
standard deviation, minimum and maximum for each of the 
measured parameters were reported. The normality of data 
with the help of Kolmogorov- Smirnov, Shapiro-Wilk and QQ 
plat charts were reviewed and approved. Histomorphometric 
correlation and ultrasonographic data based on the Pearson 
correlation coofficence with a significant level of p < 0.05 were 
evaluated.
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Figure 6
Ultrasonogram of pillar. Wall thickness (A), thickness of 
muscularis and serosal layers (B), thickness of mucosal and 
sub mucosal layers (C), muscularis layer (E), serosal layer 
(D).

Figure 5
Ultrasonogram of ventral blind sac. Wall thickness (A), 
thickness of muscularis and serosal layers (B), thickness of 
mucosal and submucosal layers (C), muscularis layer (D), 
serosal layer (E).

Figure 3
Histological structure of pillar. Lumen (L), Epithelium 
(E), Kerapreparationtine (K), mucosal and sub mucosal 
layers (ML- SM), Muscular Tunica (MT), H&E, ×40.

Figure 4 
Ultrasonogram of dorsal blind sac. Wall thickness (A), 
thickness of muscularis and serosal layers (B), thickness of 
mucosal and submucosal layers (C), muscularis layer (D), 
serosal layer (E).
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Table 2 
Ultrasonographic measurements of rumen wall.

SDMaximum (mm)Minimum (mm)Mean(mm)LayerRegion
0.746.013.134.21Mucosal/submucosal

Dorsal blind 

sac
0.714.251.012.34Muscular/serosal

0.988.234.486.64wall

0.866.432.984.43Mucosal/submucosalVentral blind 

sac
0.4531.081.80Muscular/serosal
0.998.044.376.26wall
0.694.061.462.60Mucosal/submucosal

Pillar 2.9415.756.0811.64Muscular/serosal
2.5517.849.9414.33wall
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