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Abstract
Background
In addition to age, body mass index (BMI), abdominal circumference, and parity, measuring the mother's
pelvic diameters is a non-invasive, cost-effective method that can assist gynecologists in determining the
optimal management of labor. Our study aimed to examine the associations between maternal age, pelvic
diameters, BMI, abdominal circumference, and parity with delivery outcomes and investigate differences in
pelvic diameters in relation to maternal age, BMI, delivery outcomes, parity, and episiotomy.

Materials and methods
The observational, cross-sectional study included 108 pregnant women in the active phase of labor who were
admitted to the Gynecological Clinic at the Clinical Center University of Sarajevo. During admission,
maternal data were registered: age, body height, body weight, abdominal circumference, and BMI. Using a
pelvinometer, pelvic diameters were recorded: interspinous diameter (DS), intertrochanteric diameter (DT),
intercristal diameter (DC), and external conjugate (CE). The Anterior Pelvic Index (API) was calculated by
dividing the DS by the participants' height and multiplying the result by 100. Data were analyzed using SPSS
Statistics for Windows, Version 17 (Released 2008; SPSS Inc., Chicago, United States).

Results
Women who underwent cesarean section were significantly older compared to those with spontaneous
vaginal delivery. A significant correlation was observed between maternal age, BMI, and delivery outcomes.
Obese women had significantly higher DT compared to women with normal or overweight BMI. Primiparous
and multiparous women differed significantly in CE, while other pelvic diameters did not differ. Women
with episiotomy had significantly lower DS and CE diameters compared to those without episiotomy during
vaginal delivery.

Conclusion
Maternal age, BMI, and pelvic diameters are significant delivery outcome determinants; our findings suggest
that these parameters deserve to be included in delivery outcome assessment as they provide substantial
information in the journey of achieving personalized delivery care and decision-making.

Categories: Obstetrics/Gynecology, Anatomy
Keywords: bmi, delivery outcome, multiparous, pelvic diameters, primiparous

Introduction
The manner of delivery, whether vaginal or cesarean, is influenced by various maternal and fetal factors,
including maternal anthropometric characteristics. Maternal anthropometric measurements, including
weight, height, body mass index (BMI), pelvic diameters, and maternal age, play an important role in
identifying maternal and fetal health status during pregnancy [1]. These measurements are important for
predicting possible complications, helping in clinical decision-making, and providing an outcome for safe
delivery processes. These factors are major determinants of short- and long-term maternal and neonatal
outcomes [2,3]. Since maternal measurements are critical for preventing complications and optimizing care,
as well as safeguarding the physical well-being of both mother and child [4], it becomes imperative to
understand the link between these maternal measurements and the mode of delivery [4].
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A general physical examination during pregnancy includes an assessment of constitution, height, and body
mass; an examination of the skeletal system; measurements of the pelvis; and the presence of edema. The
pelvinometer measures the outer dimensions of the pelvis. When these are known, they provide information
as to the state of the bony part of the pelvis, which is another important value when predicting vaginal birth
[5]. Pelvic measurement is important for predicting labor and safe childbirth. The dimensions and shape of
the maternal pelvis directly influence the ability of the fetus to pass through the birth canal during delivery
[6,7]. Proper evaluation of the anatomy of the pelvis helps healthcare providers to identify potential risks,
like cephalopelvic disproportion (CPD). This assessment is particularly important for decision-making
regarding labor management, including the trial of labor, the need for instrumental delivery, or cesarean
section [8]. Pelvic measurements from clinical and radiological examinations are a window into predicting
morbidities; therefore, they are important in alleviating maternal and neonatal morbidity and predicting
delivery outcomes [9].

Another significant factor influencing birth mode is maternal age. Age-related biological changes and social
and medical circumstances can affect pregnancy progression and delivery [10]. Younger mothers, particularly
teenagers, are at higher risk of complications such as preterm labor, low birth weight, and pregnancy-
induced hypertension, often due to physical immaturity or limited access to prenatal care [11]. Conversely,
advanced maternal age (35 years and above) is associated with increased risks of conditions like gestational
diabetes, preeclampsia, chromosomal abnormalities, and the need for operative deliveries [12].

The objective of this study was to evaluate whether these maternal factors (age, BMI, and pelvic diameters)
can predict the mode of delivery, thus allowing the identification of women at higher risk for cesarean
section or those likely to have a vaginal delivery.

Materials And Methods
This observational, cross-sectional study was conducted between September and November 2024 on women
admitted to the maternity ward of the Gynecological Clinic of the Clinical Centre University of Sarajevo. All
women participated voluntarily, with prior verbal explanation. Women consented to participate in the study
during pain-free periods between contractions. The authors guarantee the confidentiality and privacy of
data throughout the research work.

The study included 108 women aged over 18 years who voluntarily agreed to participate and satisfied the
inclusion criteria. The inclusion criteria were the cephalic presentation of the fetus and women in the active
phase of labor (cervical dilation of more than 4 cm with regular contractions, i.e., one to three contractions
in 10 minutes). Women who had a high-risk pregnancy or relevant previous surgical intervention (previously
more than two cesarean sections) that could have affected the outcome of labor were not included in the
study. Also, pregnancies with expected fetal comorbidities were not included in this study.

On admission, each woman's height and weight were routinely measured using a digital weight and height
scale (Model No.: FM-S120), based on which BMI was calculated according to the formula: "weight in

kg/height in m2." Height was measured without shoes, and the women were wearing underwear during
weight measurement. Based on BMI values, women were classified into three categories according to the
WHO classification: normal weight 18.5-24.9 kg/m²; overweight 25-29.9 kg/m²; and obese 30-34.8 kg/m².

Determining the external dimensions of the pelvis was done using a pelvinometer, which provided insight
into the condition of the bony part of the pelvis. When measuring the external measurements of the pelvis,
the pregnant woman lay on her back with her legs slightly bent at the hips and knees, while for the
measurement of the external conjugate, the pregnant woman lay on her side with the lower leg bent at the
hip and knee and the upper leg extended over it. The interspinous diameter was measured as the distance
between the two anterior superior iliac spines. Intercristal diameter was measured as the distance between
the two most distant points on the iliac crest. The intertrochanteric diameter was measured as the distance
between the two greater trochanters of the femur. The external conjugate was measured as the distance
between the middle of the upper edge of the pubic symphysis and the spinous process of the fifth lumbar
vertebra. The Anterior Pelvic Index (API) was determined by dividing the interspinous diameter by the
height of women and multiplying the outcome by 100 [13]. Abdominal circumference (AC) was measured
with a soft tape measure at the most prominent point of the abdomen, corresponding to the level of the
umbilicus.

Women with slow-progressing labor or irregular uterine contractions were given an oxytocin drip.
Cardiotocographic monitoring was performed throughout the labor. An experienced gynecologist decided to
conduct a cesarean section after taking into account all monitored parameters.

Statistical analysis
Data were analyzed using the SPSS Statistics for Windows, Version 17 (Released 2008; SPSS Inc., Chicago,
United States).. The Kolmogorov-Smirnov test assessed the normality of continuous variables. Results are
expressed as means (M) and standard deviations (SD) for normally distributed continuous variables or as
medians (Me) and interquartile ranges (IQR) for non-normally distributed variables. Differences were tested
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using the student's t-test for normally distributed continuous variables. In contrast, the Mann-Whitney U
test was applied for two independent groups with non-normal distributions and the Kruskal-Wallis test for
three groups. Qualitative data are presented as absolute values (n) and percentages (%) and were analyzed
using the chi-square test (χ2). Statistical significance was set at p<0.05.

Results
The average age of the women included in the study was 31.4 ± 5.9 years; the youngest was 20, and the oldest
was 44. Of the total number of women (n=108), 47 (43.5%) were primiparous, while 61 (56.5%) were
multiparous. In 57 (52.8%), the pregnancy ended in a spontaneous vaginal birth, while in 51 (47.2%) women,
the outcome of the pregnancy was a cesarean section. The median body height (cm) was 167.5 (164.0 -
171.0). The median body weight (kg) measured before delivery was 83.0 (75.0 - 89.75), the abdominal

circumference (cm) measured before delivery was 108.0 (103.0 - 112.0), and BMI (kg/m2) values calculated
before delivery were 29.4 (26.9 - 31.64) (Table 1).

Parameters Study cohort (n=108)

Age (years) 31.4 ± 5.9

Min. 20

Max. 44

Height (cm) 167.5 (164.0 - 171.0)

Weight (kg) 83.0 (75.0- 89.75)

Body mass index (kg/m2) 29.4 (26.9- 31.64)

Abdomen circumference (cm) 108.0(103.0 - 112.0)

Maternal parity - n (%)

Primiparous 47 (43.5)

Multiparous 61 (56.5)

Delivery type- n (%)

Vaginal spontaneous 57 (52.8)

Cesarean 51 (47.2)

TABLE 1: Characteristics of the overall study cohort
Results are presented as mean ± SD, median and interquartile range (25 - 75 percentile)

%: percentages; n: number of subjects

The age of women in whom the section was performed (33.1 ± 5.7 years) was statistically significantly higher
(p=0.004) compared to those who had spontaneous vaginal births (29.9 ± 5.7 years). A statistically significant
correlation was found between the age of the women and the delivery mode (p=0.011).

Women whose pregnancy ended with spontaneous vaginal delivery had significantly (p=0.045) higher BMI

values compared to those whose pregnancy ended by section (30.12 kg/m2 (28.0 - 31.96) vs. 27.77 kg/m 2 (26.4
- 31.4)). A statistically significant (p=0.017) correlation was found between BMI values and delivery mode.

No statistically significant difference was found in body height (p=0.106), body weight (p=0.301), and
abdominal circumference measured before delivery (p=0.095) between women whose pregnancy ended in
spontaneous vaginal delivery and those with section. Also, no significant correlation (p=0.275) was found
between the number of previous births and the delivery outcome.

A total of 22 (38.6%) women who delivered vaginally were primiparous, while 35 (61.4%) patients were
multiparous. Among women who delivered by cesarean section, 25 (49%) were primiparous, and 26 (51%)
were multiparous. There was no statistically significant difference in the number of deliveries and mode of
delivery (p=0.275) (Table 2).
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Parameters Vaginal spontaneous delivery (n=57) Cesarean delivery (n=51) p

Age (years) 29.9 ± 5.7 33.1 ± 5.7 0.004*

Age (groups) - n (%)

≤ 28 28 (49.1) 11 (21.6)

0.011*29-35 16 (28.1) 20 (39.2)

≥ 36 13 (22.8) 20 (39.2)

Height (cm) 167.0 (162.5 - 170.0) 168.0 (164.0 - 173.0) 0.106

Weight (kg) 85.0 (77.5 - 89.5) 80.0 (72.0 - 90.0) 0.301

Body mass index (kg/m2) 30.12(28.0 - 31.96) 27.77(26.4 - 31.4) 0.045

BMI groups - n (%)

Normal weight (18.5-24.9) 1 (1.8) 8 (15.7)

0.017*Overweight (25.0-29.9) 51 (47.2) 25 (49.9)

Obese (≥ 30) 48 (44.4) 18 (35.3)

Abdomen circumference (cm) 109.0 (105.0 - 112.0) 107.0 (102.0 - 111.0) 0.095

Maternal parity - n (%)

Primiparous 22 (38.6) 25 (49.0)
0.275

Multiparous 35 (61.4) 26 (51.0)

TABLE 2: Maternal characteristics by delivery type
Results are presented as: mean ± SD, or median and interquartile range (25 - 75 percentile)

%: percentages; BMI: body mass index; n: number of subjects; p: probability; *-p<0.05

No statistically significant difference was found in the values of the pelvic diameters (intercristal diameter
(DC), intertrochanteric diameter (DT), interspinous diameter (DS), external conjugate (CE), and Anterior
Pelvic Index (API)) and the way the delivery ended, vaginally or by cesarean section (Table 3).

Pelvic parameters Vaginal delivery (n=57) Cesarean delivery (n=51) p

DC (cm) 28.0 (27.0 - 29.5) 28.0 (27.0 - 29.0) 0.416

DT (cm) 35.0 (31.0 - 36.0) 34.0 (30.0 - 35.0) 0.190

DS (cm) 26.0 (25.0 - 30.0) 27.0 (25.0 - 30.0) 0.958

CE (cm) 19.0 (19.0 - 20.5) 20.0 (18.0 - 20.0) 0.813

API 16.25 (15.15 - 18.75) 15.9 (14.9 - 18.4) 0.301

TABLE 3: Differences in pelvic diameters and API between women categorized base on delivery
type
Results are presented as the median and interquartile range (25 - 75 percentile) 

n: number of subjects, p: probability; DC: intercristal diameter; DT: intertrochanteric diameter; DS: interspinous diameter; CE: external conjugate; API:
Anterior Pelvic Index

The external conjugate value differed statistically between primiparous and multiparous women (p=0.043),
while the DC, DT, and DS values did not differ significantly between primiparous and multiparous women
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(Table 4).

Pelvic parameters Primiparous (n=47) Multiparous (n=61) p

DC (cm) 28.0 (27.0 - 29.0) 28.0 (27.0 - 30.0) 0.250

DT (cm) 35.0 (30.0 - 36.0) 35.0 (30.5 - 36.0) 0.913

DS (cm) 26.0 (25.0 - 30.0) 28.0 (25.5 - 30.0) 0.154

CE (cm) 19.0 (18.0 - 20.0) 20.0 (19.0 - 21.0) 0.043

API 15.76 (14.94 - 17.65) 16.85 (15.2 - 18.75) 0.172

TABLE 4: Differences in pelvic diameters and API between participants categorized based on the
number of deliveries
Results are presented as: median and interquartile range (25-75 percentile)

n: number of subjects; p: probability. DC: intercristal diameter; DT: intertrochanteric diameter; DS: interspinous diameter; CE: external conjugate; API:
Anterior Pelvic Index

No statistically significant differences were found in pelvic parameters (DC, DT, DS, DE) and API values 
between women in all age groups (Table 5).

Pelvic parameters Age ≤ 28 (n=39) Age ≤29≥35 (n=36) Age ≥ 36 (n=33) p

DC (cm) 28.0 (27.0 - 29.0) 27.0 (26.25 - 29.0) 28.0 (27.0 - 29.5) 0.553

DT (cm) 35.0 (30.0 - 36.0) 35.0 (30.25 - 35.0) 35.0 (31.0 - 36.0) 0.529

DS (cm) 26.0 (25.0 - 30.0) 26.0 (25.0 - 30.0) 29.0 (26.0 - 30.0) 0.202

CE (cm) 20.0 (18.0 - 20.0) 19.5 (18.0 - 20.75) 20.0 (19.0 - 21.0) 0.467

API 15.88 (15.15 - 18.4) 15.84 (14.97 - 18.2) 16.85 (15.14 - 18.6) 0.534

TABLE 5: Differences in pelvic diameters and API between women categorized based on age
Results are presented as: median and interquartile range (25-75 percentile)

n: number of women; p: probability; DC: intercristal diameter; DT: intertrochanteric diameter; DS: interspinous diameter; CE: external conjugate; API:
Anterior Pelvic Index

Obese women had statistically significantly higher (p=0.013) intertrochanteric diameter compared to those
with normal body weight and compared to overweight women (p=0.035). The values of other pelvic
diameters (DC, DS, and CE), as well as the API values, did not differ significantly among the women
categorized based on BMI (Table 6).
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Pelvic parameters Normal weight (n=9) Overweight (n=51) Obese (n=48) p

DC (cm) 27.0 (26.0 - 29.0) 28.0 (27.0 - 29.0) 28.0 (27.0 - 30.0) 0.577

DT (cm) 31.0 (28.0 - 35.0) 34.0 (30.0 - 36.0) 35.0*♦ (32.5 - 36.75) 0.013* 0.035♦

DS (cm) 26.0 (25.5 - 31.0) 28.0 (26.0 - 30.0) 26.0 (25.0 - 30.0) 0.180

CE (cm) 19.0 (18.0 - 20.0) 20.0 (18.0 - 20.0) 20.0 (19.0 - 21.0) 0.094

API 15.29 (15.03 - 19.2) 16.47 (15.29 - 18.75) 15.82 (14.97 - 17.89) 0.301

TABLE 6: Differences in pelvic diameters and API between women categorized based on BMI
Results are presented as: median and interquartile range (25-75 percentile). *p<0.05-compared to women with normal body weight; ♦p<0.05-compared to
overweight women

n: number of women; p: probability; DC: intercristal diameter; DT: intertrochanteric diameter; DS: interspinous diameter; CE: external conjugate; API:
Anterior Pelvic Index

Women whose pregnancies ended in spontaneous vaginal birth with an episiotomy had statistically
significantly lower values of interspinous diameter (p=0.013) and external conjugate (p=0.019) compared to
those whose pregnancies ended in spontaneous vaginal birth without an episiotomy. Other pelvic
parameters (DC and DT), as well as API, did not differ significantly between women with spontaneous
vaginal birth with an episiotomy and those without an episiotomy (Table 7).

Pelvic parameters Vaginal delivery with episiotomy (n=23) Vaginal delivery without episiotomy (n=34) p

DC (cm) 27.0 (27.0 - 29.0) 28.0 (27.0 - 30.0) 0.216

DT (cm) 35.0 (30.0 - 36.0) 35.0 (31.75 - 36.0) 0.818

DS (cm) 25.0 (25.0 - 29.0) 29.0 (26.0 - 30.5) 0.013*

CE (cm) 19.0 (18.0 - 20.0) 20.0 (19.0 - 21.0) 0.019*

API 15.76 (15.0 - 17.14) 17.14 (15.3 - 18.8) 0.06

TABLE 7: Differences in pelvic diameters and API between women with vaginal delivery with and
without episiotomy
Results are presented as: median and interquartile range (25-75 percentile)

n: number of women; p: probability; *p<0,05; DC: intercristal diameter; DT: intertrochanteric diameter; DS: interspinous diameter; CE: external conjugate;
API-Anterior Pelvic Index

Discussion
The majority of births in the world end vaginally. Vaginal birth is the preferred method of ending a
pregnancy because it carries significantly fewer risks for the mother and the baby [14]. However, in certain
situations, vaginal delivery requires conversion to a cesarean section. The cesarean section is one of the most
common surgical procedures in obstetrics that saves both mother and child [15,16]. Many health centers
around the world, especially in rural areas, are not equipped to perform cesarean sections. Therefore, it is
important to assess specific maternal parameters that may indicate whether a vaginal or cesarean delivery
should be performed. Long distances, as well as poor local transportation, can lead to obstructions in labor
and uterine rupture [17]. Our study aimed to examine the associations between maternal age, pelvic
diameters, BMI, abdominal circumference, and parity with delivery outcomes, as well as to investigate
differences in pelvic diameters concerning maternal age, BMI, delivery outcomes, parity, and episiotomy.

In our study, women who had a cesarean section were significantly older compared to women who had a
vaginal delivery (33.1 ± 5.7 vs. 29.9 ± 5.7 years; p=0.011). This can be due to a combination of physiological,
obstetric, and social factors. Labor in older patients is often prolonged or not adequately progressing, a
condition known as dystocia [18]. This is becoming more frequent due to weaker contractions of the uterus
or structural changes in the reproductive system [19].
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In some healthcare systems, older maternal age is considered a high-risk category. This leads to a lower
threshold for performing C-sections, even in borderline cases, to minimize potential risks [20]. Our results
agree with Rydahl et al. and Richards et al., who found a strong connection between women’s age and the
cesarean section [21,22]. Dystocia during labor may affect its duration; however, the literature contains
conflicting results [23]. Greenberg et al. found that dystocia in older women prolongs the first and second
stages of labor, while Zaki et al. found that labor progresses more rapidly in older women, indicating that the
uterus still has sufficient strength to contract and complete labor [24,25]. Recent studies have shown that
the risk of cesarean section is two to seven times more common in women over 40 and that this incidence
increases with age [26]. Veenstra et al. stated that there are four best predictors of unplanned cesarean
section in women over 40 years old: high BMI, no prior vaginal births, spontaneous start of labor, and
number of days of cervical priming [27].

In our study, women whose pregnancy ended by vaginal mode had significantly higher BMI, compared with
those who had a cesarean section (p=0.045). At our clinic, it is a common practice to aim for vaginal delivery
in women with higher body weight as long as it is safe for the mother and the child. The reason for this lies
in the fact that obese women are more likely to develop cellulitis after a cesarean section, which requires a
more extended hospital stay and recovery [28]. On the other hand, obese women require more significant
amounts of anesthetic when undergoing general anesthesia, which increases the risk of giving birth to a
depressed child [29].

Women with a higher BMI have a larger pelvic capacity, which makes it easier for the baby to pass through
the birth canal. The dimensions of the pelvis are thought to be one of the factors determined by the
constitution of the body and play an important part in determining the mode of delivery [30]. In addition to
mechanical factors, pregnant women who are overweight or obese have been shown to have increased levels
of estrogen and leptin, hormones that can reduce the elasticity of pelvic ligaments and contractility of the
uterus [31]. Enhanced soft tissue compliance may support the natural progression of labor, thus facilitating
vaginal birth [32,33]. In contrast, some studies suggest that the emergency cesarean section delivery rate is
more often in obese women, which could be attributed to the more frequent deconditioning in women with a
high BMI [34,35].

In this study, it has been shown that women with higher BMI tend to have a higher intertrochanteric
distance compared to women with standard BMI values (p=0.013) and compared to women who are
overweight (p=0.035). Other pelvic parameters (DC, DS, CE) did not differ among different groups of women
according to BMI values. Bone is a dynamic tissue that remodels in response to mechanical forces [36]. The
pelvis bones, including the iliac crest and femoral neck, adapt to the increased fat deposits, which leads to
the outward displacement of hip bones [37]. As a compensatory mechanism to support the increased body
weight and greater fat, the greater trochanters of the femur move away, which results in increased DT
measurements [38].

We found no correlation between pelvic parameters and mode of delivery. A larger external conjugate was
registered in multiparous women compared to primiparous. The external conjugate of the pelvis, also known
as the pelvic conjugate, is a critical measurement in obstetrics, representing the distance between the pubic
symphysis and the sacral promontory. This measurement plays a key role in determining the adequacy of the
birth canal and is crucial in assessing whether a woman can deliver vaginally [39].

One of the key hormones secreted during pregnancy is relaxin, which plays a key role in softening the
ligaments of the sacroiliac joint and the pubic symphysis. In this way, relaxin facilitates passage through the
birth canal [40,41]. The effect of relaxin is more pronounced in women who have given birth multiple times
because the pelvic ligaments do not return to their original state of tightness as they did before pregnancy.
This may lead to permanent changes in pelvic width and be the reason why the external conjugate is greater
in women who have given birth multiple times than in women who have given birth for the first time.
Repeated pregnancies and deliveries can lead to pelvic remodeling, which alters the shape and size of the
pelvic cavity, including the external conjugate [40]. In our study, we did not find a significant relationship
between the method of delivery and the number of previous births or whether the woman was primiparous
or multiparous (p=0.275). The lack of statistical significance in delivery mode between multiparous and
primiparous women can be attributed to a variety of factors, including sample size and power limitations,
clinical and medical practice standardization, confounding variables, and the complexity of biological and
psychosocial factors influencing delivery decisions [42].

Our study observed statistically smaller values of external conjugate and interspinous diameter in women
who delivered vaginally but with the help of an episiotomy compared to women whose delivery was also
completed vaginally but without an episiotomy. Radnja et al. found a significant frequency of episiotomy in
primiparous women with shorter perineal size and anogenital distance [43]. A smaller interspinous diameter
and smaller external diameter are significant risk factors for obstructed labor because they limit the available
space for the baby to descend and rotate properly [30]. This study has several limitations that should be
acknowledged. First, the cross-sectional design limits the ability to establish causal relationships between
maternal anthropometric measurements and delivery outcomes. Second, the relatively small sample size
may reduce the generalizability of the findings to broader populations. Additionally, the study was
conducted at a single institution, which may not reflect variations in clinical practices across different
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healthcare settings. Future studies should consider these factors in larger, more diverse populations to
validate and expand upon these findings.

Conclusions
Our findings suggest that maternal age, BMI, and pelvic diameters play a significant role in determining
delivery outcomes, with obesity being associated with larger DT. While pelvic parameters, such as DC, DT,
DS, DE, and API, did not differ significantly between delivery methods or age groups, certain factors, such as
parity and episiotomy, influenced specific pelvic measurements. These results highlight the importance of
considering maternal anthropometric measurements and pelvic diameters in the assessment of delivery
outcomes, offering valuable information for personalized care and decision-making during pregnancy and
labor.
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