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Abstract: Background: The current study aimed to determine the most strongly correlated variable of pelvimetry with the 
parity in our native breed Egyptian buffaloes.  

Methods: The study was conducted on 36 female buffaloes (nullipara, n=14, primipara n=6 and pluripara, n=16 with 2-4 
births) aged between <15 months, n=15 and 65 months, n=21. The internal and external pelvic measurements were 
obtained using the rice pelvimeter and Freeman’s measuring tape.  

Results: Strong positive linear relationships were found for the distance between ischiatic tuberosities and the distance 
between sacral tubercles with the correlation coefficients of 0.64 and 0.62, respectively. The conjugate diameter 
increased progressively with the age and number of births, with a correlation coefficient of 0.96. The pelvic area had a 
very strong positive linear relationship with a correlation coefficient of 0.89. The linear combination of the predictor 
variable (conjugate diameter), to predict the number of birth was developed successfully. 

Conclusion: The strong relationship between the conjugate diameter and the number of births could be employed to 
predict the dystocia and estimate the age of female buffalo. Furthermore, these findings could be aid paleontologists in 
studying buffalo fossils.  
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INTRODUCTION 

Buffalo (Bubalus bubalis) plays a prominent role in 
rural livestock production in Egypt. In buffaloes, the 
incidence of dystocia, difficult parturition is higher than 
in cows [1]. Calving ease may be influenced by the 
level of development of the pelvic area and 
reproductive organs, especially in heifers [2]. Studies 
were shown that the internal pelvic area is one of the 
best predictions of dystocia in heifers and the best 
method of dealing with calving problems is to avoid 
them [3]. Pelvimetry is one of the most important tools 
to consider in a breeding program. Pelvimetry means 
the measurement of the dimensions and capacity of the 
pelvis, either externally, internally, or both [4]. The 
pelvic sizes of cows vary according to their 
reproductive stage [5,6]. Close correlations between 
calving ease and pelvic measurements and its shape 
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were observed [7]. Dams with larger pelvic areas 
practice less calving difficulty, and a narrow pelvis can 
disturb the delivery, making it difficult to expel the fetus 
[8,9].  

The pelvis is a multiple function osteoligamentous 
complexes [10]. In ruminants, the pelvis is classified as 
dolichopelvic because the sacropubic (conjugate) 
diameter in females is larger than the median bi-iliac 
(transverse) breadth [11]. The bony structure of the 
pelvis consists of the sacrum and first three coccygeal 
vertebrae dorsally and the coxal bones (left and right) 
formed by the fusion of ilium laterally ischium, and 
pubis ventrally [11]. The articulation between coxal 
bones (right and left) is an amphiarthrosis called pelvic 
symphysis [11]. Pelvimetry represents an applicable 
versatile indicator to reduce dystocia, especially for 
heifers, minimizing commercial losses [10]. The pelvic 
measurements can successfully identify abnormally 
small or misshaped pelvises [2,3]. Two measures are 
fundamental for pelvimetry for pelvic classification: true 
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conjugate (sacropubic) diameter and median 
transverse (bi-iliac) breadth. The occurrence of 
dystocia can be reduced by evaluating mainly the two 
measures since the fetus must be smaller than or equal 
to the pelvic dam capacity for a normal delivery [9,10]. 
There is limited usage of pelvimetry to predict calving 
difficulty. So, the prospect for analyses to evaluate the 
clinical efficiency of the pelvimeter to predict dystocia is 
highly needed [9]. 

Forensic age estimation from unidentified corpses, 
fossils, and skeletons for identification was an innova-
tive feature of forensic science and paleontology. The 
significance of the bones is the keeping identifying 
features for an extended period, so the bony features 
are included in the indicators that reliably characterize 
the species, age, and sex belonging to the object of 
research [12]. The most informative thing to determine 
the species, time of death, and age is the skeleton 
because changes in the bones are stored for a very 
long time, while soft tissue is subjected to rotting [13]. 
To our knowledge, there is a sacristy of information on 
pelvimetry and parity in Egyptian buffaloes. 

The present work aimed to throw the light deeply on 
the relationship between the pelvic measurements and 
the number of births of Egyptian buffaloes. This study 
will focus on pelvic measurements and how to use 
these measurements to estimate age and determine a 
prediction equation for the number of birth. The internal 
pelvimetry (Conjugate and transverse diameter) was 
used to determine pelvic area and its association with 
dystocia. The research question is, what are the most 
strongly correlated variables with the number of birth.  

METHODOLOGY 

The study was conducted on 36 buffaloes of native 
breed (nullipara, n=14 and pluripara, n=22 with 1-4 
births aged between <15 months, n=15 and 65 months, 
n=21). The animals were apparently healthy, and the 
management record and breeding history of the 
animals prior to slaughter were fully known. 
Immediately after slaughter, each carcass was 
eviscerated, and all soft tissues were removed—
additional cleaning of the intact pelvis comprising the 
removal of genital organs, urinary bladder, and rectum. 
Skin and flesh were manually removed using dissecting 
tools. The internal pelvic measurements were obtained 
using the Rice pelvimeter (Lane Manufacturing Inc., 
Colorado, USA) described by Rice and Wiltbank [14].  
 

The measuring tape (Tailor’s tape) was used to 
determine the external pelvimetry. 

Ethical Statement 

All experiments have been conducted as per the 
Institutional Animal Ethics Committee guidelines, 
Faculty of Veterinary Medicine, Cairo University, Egypt. 

External Pelvimetry 

The distance between two ischiatic tuberosities and 
between sacral tubercles was measured. The distance 
between the acetabulum and coxal tuber and the 
dimensions (length and width) of obturator foramen 
were recorded. Length of pelvic symphysis was taken. 

Internal Pelvimetry 

The transverse breadth (pelvic width) was the 
horizontal distance between the shaft of the ilium at the 
widest part (psoas tubercles), and conjugate diameter 
(pelvic height) was measured as the distance from the 
cranial end of the pubic symphysis to the junction of the 
third and fourth sacral segments [15]. The pelvic area 
was calculated by multiplying the pelvic height with the 
width, which results in an ellipsoidal area which was 
calculated as such whereby: Ellipsoidal area = (width + 
height)/2 x π [14]. 

Statistical Analysis 

All statistical analyses were performed with SAS® 
version 9.4 [16]. Statistical significance was set at P 
<0.05, and all data were presented as the mean ± 
standard error of the mean (SEM). To test correlations 
between the number of birth and each of the predictor 
variables, each variable was analyzed for normality 
through Shapiro-Wilk's test. When bivariate normality 
was verified, data were analyzed through a Pearson 
correlation (correlation coefficient = r). Results that did 
not follow this assumption were analyzed using a 
Spearman rank correlation (correlation coefficient = ρ). 
All multiple testing p-values for correlation analyses 
were adjusted to control the false discovery rate (FDR) 
using the Benjamini‐Hochberg procedure [17]. 

A multiple Poisson regression model (with log-link) 
was developed using the PROC HPGENSELECT 
package in SAS with a backward elimination technique 
to select the set of predictors that could best estimate 
the number of births. In this model, the number of birth 
(followed Poisson distribution) was considered the 
response variable, while age (in months) and nine 
pelvimetry measurements were considered predictor 
variables. 
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Table 2: The Correlation Analysis Tests between the Number of Birth and each of the Predictor Variables (n=36). 
Significant Results at P <0.05 if (1) 

Predictor variables Spearman rank (ρ)1 p-value 

Age (months) 0.96 < 0.0002 

Conjugate diameter (cm) 0.96 < 0.0002 

Pelvic Area (cm2) 0.89 < 0.0002 

Transverse diameter (cm) 0.74 < 0.0002 

Distance between ischiatic tuberosities (cm) 0.64 < 0.0002 

Distance between sacral tubercles (cm) 0.62 < 0.0002 

Distance between acetabulum and coxal tuber (cm) 0.57 0.0004 

Length of pelvic symphysis (cm) 0.50 0.0024 

Width of obturator foramen (cm) 0.35 0.0427 

Length of obturator foramen (cm) 0.19 0.2644 
1All P‐values were adjusted to control the false discovery rate using the Benjamini‐Hochberg procedure.  

RESULTS 

The age of animals used in this study ranged 
between 13 and 62 months. Descriptive statistics of the 
pelvic measurements are presented in Table 1. The 
pelvic ellipsoidal area of the buffalo cows ranged 
between 6.43 and 9.00 cm2. The pelvic height was 
typically larger than pelvic width by about 40%. The 
variable “number of births” was not following normal 
distribution (Shapiro-Wilk: W = 0.83, P <0.0001). 
Therefore, Spearman rank correlation was used to test 
for correlation between the number of birth and each of 
the ten predictor variables (age and nine pelvimetry 
parameters). Results of correlation analysis tests are 
shown in Table 2. 

External Pelvimetry 

Strong positive linear relationships were found for 
the distance between ischiatic tuberosities and the 
distance between sacral tubercles with a correlation 
coefficient of 0.64 and 0.62, respectively (Table 2). The 
width of obturator foramen had a weak relationship, 
while the length of obturator foramen had no significant 
correlation of 0.19. The distance between the 
acetabulum and coxal tuber and the length of pelvic 
symphysis had a medium positive linear relationship 
with a correlation coefficient of 0.57 and 0.50, 
respectively. 

Internal Pelvimetry 

The pelvic inlet in the Egyptian buffalo was oblique 
in the caudoventral direction. There was a significant 

correlation (P <0.05) between the number of birth and 
all internal pelvic measurements (Table 2). The 
conjugate diameter and pelvic area had a strong 
positive linear relationship with a correlation coefficient 
of 0.96 and 0.89, respectively, while the correlation 
coefficient for transverse diameter was 0.74. 

Prediction of Number of Birth 

Multiple Poisson regression was performed – using 
a backward selection method – to ascertain the effects 
of age and nine pelvimetry measurements on the 
number of birth. The selected model was statistically 
significant (χ2

(34) = 11.33, P < 0.0001; adjusted R2  
= 0.86; Table 3) which consisted of intercept and 
conjugate diameter (cm). The following linear 
combinations of predictor variables can predict the 
number of birth.  

Natural log (number of birth) = (0.4803 x conjugate 
diameter in cm) - 13.97 

Figure 1 provides the distribution of the predicted 
number of birth in each observed number of birth 
categories. Using the selected prediction model, the 
predicted number of birth with the associated 95% 
confidence limits for different conjugate diameters 
(ranged between 25.5 to 32.5 cm) is presented in 
Figure 2. 

DISCUSSION 

The pelvic area is commonly calculated by 
multiplying the pelvic height with the width, which 
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Table 3: Analysis of Parameter Estimates for Multiple Poisson Regression Tests using a Backward Elimination 
Technique to Select the Set of Predictors that Best Predict the Number of Birth. Selected Effects were 
Statistically Significant at P <0.05 

Parameters Estimate SE Wald 95% Confidence 
Limits 

Wald 
χ2

(1) P-value 

Intercept -13.98 2.34 -18.57 -9.39 35.61 < 0.0001 

S
el

ec
te

d 

Conjugate diameter (cm) 0.48 0.08 0.33 0.63 40.35 < 0.0001 

Age (months) -0.02 0.07 -0.16 0.11 0.13 0.7198 

Transverse diameter (cm) 6.06 11.70 -16.86 28.99 0.27 0.6042 

Distance between two sacral tubers (cm) -0.11 0.18 -0.45 0.24 0.37 0.5446 

Distance between two ischiatic tubers (cm) 0.00 0.07 -0.13 0.13 0.00 0.9677 

Length of pelvic symphysis (cm) 0.03 0.21 -0.37 0.43 0.02 0.8831 

Distance between the acetabulum and coxal tuber (cm) -0.02 0.03 -0.08 0.04 0.33 0.5672 

Length of obturator foramen (cm) -0.12 0.37 -0.84 0.60 0.10 0.7508 

Width of obturator foramen (cm) 0.06 0.43 -0.78 0.91 0.02 0.8805 

R
em

ov
ed

 

Pelvic area (cm2) -37.43 73.26 -181.01 106.15 0.26 0.6094 

 

 
Figure 1: Box plot for the predicted number of birth in each 
category of the observed number of birth. Vertical lines refer 
to median while black dots refer to mean. Error bars around 
the dot refer to standard errors of the mean. 

 

results in an ellipsoidal area [14,18]. That means the 
pelvic height is typically larger than the pelvic width. 
Similar results were found in Murrah, Jafarabadi, and 
Mediterranean breeds of buffaloes; these animals have 
a conjugate diameter larger than the transverse bi-iliac 
breadth, presenting pelvis with a similar anatomical 
form to an ellipse with a main vertical axis [19]. 
However, differences between the height of the pelvic 
inlet and the diagonal diameter of the pelvic inlet are 
not significant [20]. These different results may be due 
to the approaches used; pelvimetric dimensions  
 

achieved in carcasses and in vivo may lead to 
substantial differences. Although these differences are 
significant, it is very small for possible diversification of 
obstetric conduction during dystocia [21]. This signifies 
the reliability of the results obtained in animals when 
using the rice pelvimeter. The pelvis development level 
in heifers had a positive correlation with the advancing 
age of the buffalo heifers [22] and cattle [23]. In our 
study, the conjugate diameter increased progressively 
with the age and number of births. To our knowledge, 
this is the first study to outline the correlation between 
pelvimetry and the number of births in Egyptian 
buffaloes. 

 
Figure 2: Predicted number of birth, upper and lower 95% 
confidence limits as estimated by Poisson regression model 
with the conjugate diameter (cm) as a predictor variable. 
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Pelvic area measurements can be divided by 
standard pelvic area/calf birth weight (PA/BWT) ratios 
to predict deliverable calf birth weight [24,25]. Recently, 
pelvic area/heifer weight (PA/WT) ratios were used as 
a test to select "easy calving" heifers, thereby 
increasing pelvic areas without increasing the size of 
the heifer [24]. Another way reported to be useful for 
predicting the dystocia of cattle at the time of calving is 
using a calving prediction equation that includes pre-
calving maternal pelvic area and fetal hoof 
circumference [26]. The score calculated from this 
equation is designed to help producers decide which 
animals need assistance during calving. 

CONCLUSION 

In conclusion, the internal pelvic measurements 
positively correlate with the number of births and age in 
Egyptian buffaloes. Assessment of the pelvic area 
using the formula proposed for the internal pelvic area 
is important since it can confirm statistical differences 
in the areas of pelvic components between animals in 
different parities and ages. There is a very strong 
positive relationship between the conjugate diameter 
and the number of births. The larger the conjugate 
diameter, the higher the number of births. Thus, the 
age can be estimated depending on the conjugate 
diameter.  
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