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INTRODUCTION 
 
Buffalo is the principal dairy animal of India. The 

estrous cycle length in buffalo is 18 to 22 days (Hafez, 
2000), which comprised of proestrus (2 to 3 days), estrus 
(17 to 24 h), met estrus (2 to 3 days) and diestrus (12 to14 
days). Maximum number of buffaloes comes into estrus 
during winter season (Tailor et al., 1990). The intensity of 
estrus is reduced by the high environmental temperature and 
makes estrus detection more difficult (Agarwal and Tomer, 
1998). Accordingly, higher conception rates have been 
reported in buffaloes during winter than in summer (Takkar 
et al., 1979; Tailor et al., 1990). Normal size and texture of 
genitalia is essential for optimal reproductive performance 
of the animal. Changes therein due to various physiological 
or pathological conditions may affect the functional status. 
Pathological lesions such as congenital abnormalities, 
tumors, cysts and inflammatory conditions alter the shape 
and performance of genitalia (Sane et al., 1964), the exact 
knowledge of which is very essential for undertaking 
corrective measures to optimize the reproductive 
performance. Conventionally, changes in the bovine 
genitalia during different stages of estrous cycle are 
monitored by trans rectal palpation (Roberts, 1971; 
Settergren, 1980), which however, is not accurate at all the 

times (Ott et al., 1986; Pathiraja et al., 1986; Ribadu et al., 
1994; Hanzen et al., 2000). Contrarily, ultrasonography is 
more accurate and reliable technique for diagnosing various 
ovarian structures than per rectal palpation (Ribadu et al., 
1994; Hanzen et al., 2000). The device allows the exact 
evaluation of the reproductive tract, which could not be 
ascertained even by the most skilled palpators (Reeves et al., 
1984). The technique has wide scope for the research as 
well as field application as it contributed to recent advances 
in understanding of follicular dynamics (Baruselli et al., 
1997; Manik et al., 1998), embryo production (Kitiyanant et 
al., 1995) and fetal development (Pawsche et al., 1994) in 
buffaloes. Application of ultrasonography has dramatically 
influenced our understanding of reproduction and its 
clinical management in different farm animals (Palmer and 
Driancourt, 1980; Pierson and Ginther, 1984, 1987, 1988; 
Kahn and Leidl, 1986; Makek et al., 1996; Battocchio et al., 
1999; Douthwaite and Dobson, 2000; Hanzen et al., 2000) 
but very limited information is available on the same in 
buffaloes. Therefore, the present study was undertaken to 
determine the correlation between measurements of the 
buffalo reproductive tract by ultrasonography and per rectal 
palpation and to establish the echogenic characteristics of 
uterine and ovarian structures.  

 
MATERIALS AND METHODS 

 
The study was conducted on eighteen normal cycling 
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buffaloes of different parities maintained at Dairy Farm, 
Department of Animal Breeding and Genetics, Punjab 
Agricultural University, Ludhiana, India. Estrus detection 
was carried out by parading a vasectomized bull. The size 
of genitalia was measured through per rectal palpation 
followed by ultrasonography at estrus (day 0), met estrus 
(day 2), mid diestrus (day10) and late diestrus (day 16) by 
the same operator. The echogenicity of genitalia was also 
recorded by ultrasonography. 

 
Rectal palpation of genitalia 

The genitalia were palpated per rectally as described by 
Settergren (1980). The cervix, body of uterus, right and left 
uterine horns were palpated per rectally to know their 
diameters. The length of each ovary and presence of any 
structures, viz. follicle, corpus luteum (CL), follicular or 
luteal cyst, adhesions etc. were recorded. The measurements 
were recorded in centimetres at fixed points as mentioned 
below: 

 
Ultrasonography 

Ultrasonographic examination of genitalia was 
performed with a B-mode ultrasound scanner (Pie medical, 
Scanner 200) equipped with inbuilt interchangeable 5/7.5 
MHz linear-array rectal transducer. The animals were 
properly restrained manually to avoid the image distortions. 
The fecal material was removed from the rectum before 
introducing the transducer. A coupling medium, K.Y. gel 
was applied over the transducer to obtain better contact with 
rectal wall. The transducer was placed over the cervix, body 
of uterus right and left uterine horns transversely to obtain 
the cross sectional image of the lumen. The ultrasonic 
measurements were done at the positions similar to those in 
per rectal examination. The measurements were taken using 
the inbuilt electronic callipers after freezing the image. 
Each ovary was scanned in several planes by moving the 
transducer along its surface to identify various ovarian 

structures. Representative images were printed with a 
thermal printer (Sony; Video Graphic UP-890MD). 

 
Statistical analysis 

The data obtained by per rectal and ultrasonographic 
examinations were analyzed statistically by student’s t-test 
with 95% level of significance (p<0.05) and by direct 
method of finding out correlation coefficient (Singh et al., 
1991; Gupta, 2000).  

 
RESULTS 

 
Size of genitalia 

The measurements of buffalo genitalia at four different 
stages of the estrous cycle are shown in Table 1. The overall 
mean sizes (n=72) of the cervix, body of uterus, right horn, 
left horn, right ovary and left ovary irrespective of the stage 
of the estrous cycle and parity were 2.70±0.43, 2.36±0.36, 
2.17±0.37, 2.12±0.58, 2.63±0.41 and 2.72±0.37 cm by 
palpation per rectum. The corresponding ultrasonic values 
were 2.10±0.40, 1.85±0.30, 1.73±0.36, 1.64±0.37, 2.16± 
0.36 and 2.29±0.38 cm, respectively. There was non-
significant variation in the size of reproductive organs 
measured both the techniques with respect to stage of 
estrous cycle. The correlation coefficient values between 
the size of the reproductive organs measured by palpation 
per rectum and ultrasonography are shown in Table 2. There 
was linear positive correlation (r=+0.87) between 
measurements by the two techniques.  

 
Ultrasonographic characteristics of genitalia 

Ultrasonographic characteristics of cervix and uterus of 
buffalo during different stages of estrous cycle are shown in 

Table 1. The size (mean±SEM; cm) of reproductive organs of buffalo at different stages of estrous cycle 
Estrus 

(Day 0) 
Met estrus 

(Day 2) 
Mid diestrus 

(Day 10) 
Late diestrus 

(Day 16) 
Organs 
(n=18)  

P/R U/S  P/R U/S P/R U/S  P/R U/S 
Cervix 3.00±0.41* 2.25±0.29 2.80±0.34* 2.26±0.39 2.52±0.39 1.99±0.40 2.50±0.37* 1.89±0.35 
Body of uterus 2.58±0.45* 1.98±0.28 2.36±0.33* 1.90±0.31 2.31±0.24 1.81±0.25 2.19±0.24 1.70±0.28 
Right horn 2.44±0.52* 1.98±0.43 2.14±0.22 1.73±0.28 2.08±0.25* 1.66±0.23 2.03±0.26* 1.55±0.31 
Left horn 2.31±0.41* 1.87±0.37 2.25±0.42 1.74±0.39 1.97±0.26* 1.51±0.28 1.95±0.23 1.41±0.16 
Right ovary 2.52±0.35* 2.05±0.27 2.58±0.42* 2.14±0.37 2.81±0.45* 2.36±0.37 2.58±0.34* 2.09±0.31 
Left ovary 2.67±0.37 2.29±0.46 2.72±0.34 2.28±0.27 2.83±0.33* 2.33±0.38 2.67±0.41* 2.25±0.36 
P/R=per rectal, U/S=ultrasonographic. * Values significantly (p<0.05) higher than corresponding ultrasonographic values. 

Part of the genitalia Measurement site 
Cervix Middle 
Body of uterus Just anterior to internal os 
Uterine horns At the level of bifurcation 
Ovaries Anterior to posterior pole 

Table 2. Correlation coefficient values (r) between the size of the 
reproductive organs irrespective of stage of estrous cycle 
measured by palpation per rectum and ultrasonography 
Organs Correlation coefficient (r)
Cervix (n=72) +0.88 
Body of uterus (n=72) +0.66 
Uterine horns (n=144; right and left) +0.81 
Ovaries (n=144; right and left) +0.87 
Overall correlation (n=432) +0.87 
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Figure 1 (A to H). Ultrasonographically, the tubular 
genitalia of buffaloes at estrus appeared as heterogeneous 
gray shades reflecting development of edema around the 
nonechogenic (black) central area representing the lumen. 
During met estrus heterogeneous gray shades were reduced 
indicating reduction in edema. The image was 
homogeneous gray without edematous development during 
mid and late diestrus.  

The ovarian stroma appeared as uniformly hyperechoic 
area throughout the estrous cycle in all the buffaloes, 
however, structures like follicle and CL altered the 
echotexture. The follicle appeared as a dark nonechogenic 
(black) structure surrounded by hyperechoic border of 
ovarian stroma (Figure 2I). The ultrasonic image of CL on 
day 2 was poorly defined irregular and grayish black 
structure (Figure 2J). The mid-cyclic CL (day 10) was well-
defined, granular, grayish, echogenic structure with a 
demarcation line visible between it and ovarian stroma 
(Figure 2K). On day 16, the CL was grayish white and its 
demarcation with ovarian stroma was faint due to slight 
difference in echogenecity between the tissues (Figure 2L).  

 
DISCUSSION 

 
Size of genitalia 

The observations on the size of genitalia, measured by 
palpation per rectum or by ultrasonography were in close 
agreement with the findings of Luktuke and Rao (1962), 
Bhalla et al. (1964), Dobson and Kamonpatana (1986) on 
slaughterhouse genitalia. The per rectal measurements were 
significantly higher (p<0.05) than the ultrasonographic 

values. However, there was a linear positive correlation 
(r=0.87) in the measurements by the two techniques. The 
tubular genitalia were largest at estrus than in other stages, 
however these size variations were statistically non-
significant (Table 1). The size of the tubular genitalia varied 
during different stages of the estrous cycle has also been 
reported in cattle (Zemjanis, 1970).The increased size at 
estrus might be due to increased vascular development and 
edema as a result of high estradiol concentration (Garverick 
et al., 1971; Roberts, 1971). The size of ovaries did not vary 
significantly during different stages of estrous cycle as 
measured by both palpation per rectum and ultrasonography 
(Table 1). The observed sizes of the ovaries measured by 
palpation per rectum or by ultrasonography agreed with the 
findings of Sane et al. (1965), Dobson and Kamonpatana 
(1986), Parkale and Hukeri (1989) in slaughterhouse 
genitalia of buffaloes. Non-significant variations in the size 
of left and right ovaries were in confirmation with 
observation of Parkale and Hukeri (1989). Minor variations 
observed in the size of the ovaries might be due to presence 
of different structures i.e. follicle or CL during different 
stages of estrous cycle (Roberts, 1971; Agarwal and Tomer, 
1998). 

Figure 1. Ultrasonographic images of cervix and uterus (A to H).
A and E- showing heterogeneous gray shades (E) reflecting edema
of wall around nonechogenic (black) central area of lumen (L) on
the day of estrus, B and F- showing reduced heterogeneous gray
shades (e) of wall indicating reduction in edema during met estrus,
C, D and G, H- showing homogeneous gray shades (h) of wall
around lumen indicating no edema of wall during mid and late
diestrus. 
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Figure 2. Ultrasonographic images of ovarian structures (I-L). I-
showing nonechogenic (black) follicle (F) within hyperechoic 
(white) ovarian stroma (o), J: showing CL on day 2 as grayish 
black structure (b) within ovarian stroma, K: depicting grayish 
granular area (g) as mid-cyclic CL and L: indicating grayish white 
structure (w) as regressing CL. 
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Ultrasonography of genitalia 
The ultrasonographic characteristics of tubular genitalia 

during different stages of estrous cycle were similar to those 
observed in cow uterus by Pierson and Ginther (1987). The 
echotexture of the follicle and CL during different stages of 
estrous cycle was similar as observed by Pierson and 
Ginther (1984, 1988), Pieterse et al. (1990) and Ribadu et al. 
(1994) in cattle. Rectal palpation is a convenient and 
economic method in spite of the fact that it over measures 
the size of the reproductive organs. Contrarily, 
ultrasonography records exact size and echotexture of the 
genitalia, which, helps in better perception of the changes 
occurring during the estrous cycle and thus has a wider 
scope for diagnostic and research purposes in buffaloes.  
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