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Contribution 

What are the novel findings of this work? 

• The increase in the angle of progression at maternal pushing at term before the onset 

of labor is associated with a shorter active second stage of labor. 

• In about 15% of women the fetal head regresses in the birth canal with Valsalva 

maneuver. This finding however is not associated with adverse labor outcomes. 

What are the clinical implications of this work? 

• The present data increase our understanding of the role of maternal pushing 

efficiency, which seem to be detectable before the onset of labor, in the mechanism 

of birth.  
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Abstract 

Objectives: The aim of our study, was two-fold; first to evaluate the association between 

the change in the angle of progression (AoP) with maternal pushing and labor outcome. 

Second, to assess the incidence and clinical significance of the reduction of AoP under 

maternal pushing. 

Methods: We recruited a group of nulliparous women with singleton pregnancy at term. We 

measured AoP at rest and at maximum Valsalva maneuver before the onset of labor. The 

difference between AoP at Valsalva and that at rest (∆AoP) was calculated for each woman. 

Following delivery and data collection, we assessed the association between ∆AoP and 

various labor outcome, including cesarean section (CS), various labor duration, APGAR 

score, and admission to Neonatal Intensive Care Unit (NICU). Lastly, the prevalence of 

women with reduction of AoP at Valsalva maneuver (AoP regression group) was calculated 

and its association with the mode of delivery and labor durations was assessed. 

Results: Overall, 469 women were included in the analysis. Among these, 273 (58.2%) had 

spontaneous vaginal birth, 65 (13.9%) had instrumental delivery and 131 (27.9%) underwent 

CS. Women in the CS group were older, had narrower AoP at rest and at Valsalva, had a 

higher incidence of epidural administration and lower APGAR score at 1 and 5 minutes in 

comparison with the vaginal delivery group. ∆AoP was comparable between the two groups. 

On Pearson correlation, AoP at rest and at Valsalva had a significant negative correlation 

with the duration of the first stage of labor. ∆AoP showed a significant negative correlation 

with the active second stage of labor (Pearson’s r -0.125, P value=0.02). Survival outcomes 

based on Cox-regression model showed that ∆AoP was an independently associated with 
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the duration of the active second stage (hazard ratio 1.014; 95% C.I. 1.003 to 1.025; P = 

0.012) after adjusting for maternal age and BMI. Lastly, AoP reduction with Valsalva 

(regression) was found in 73 (14.7%) of women. In comparison with women who showed no 

or positive increase in AoP under Valsalva, the regression group did not demonstrate 

significant difference as regards maternal characteristics, mode of delivery, epidural 

analgesia, labor durations, APGAR scores or NICU admissions. 

Conclusions: In nulliparous women at term before the onset of labor, narrower AoP at rest 

and at Valsalva, reflecting fetal head engagement, are associated with a higher risk of 

Cesarean delivery. Greater change of AoP from rest to Valsalva, reflecting more efficient 

maternal pushing, is associated with a shorter active second stage of labor. Fetal head 

regression with maternal pushing is present in about 15% of women and does not seem to 

have a clinical significance.  
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Introduction 

Fetal head descent assessment in labor by digital examination is a fundamental skill 

in obstetrics, and remains the standard of care for the monitoring of labor progression 1, 2. 

However, many studies have questioned its reliability3, 4. Digital examination has an error 

rate for fetal occiput position determination that ranges from 20 to 70% when considering 

ultrasound as the gold standard 5. On the other hand, clinical examination for fetal head 

station assessment is subjective and poorly reproducible3, 4. The use ultrasound in labor has 

been suggested as an accurate and reproducible complementary tool to digital 

examination6-8.  

Many transperineal ultrasound (TPU) parameters have been suggested to assess the 

degree of fetal head engagement in the birth canal 9-19. Among these, the angle of 

progression (AoP, also called the angle of fetal head descent) is one of the most studied 9, 

17, 18, 20-22. Intrapartum measurements of AoP strongly correlate with labor outcome, such as 

cesarean section and failed instrumental delivery 20, 23-26.  

Most studies measured TPU parameters in labor at rest, while the dynamic change 

of fetal head engagement has been rarely investigated 13, 18, 25-28. Efficient maternal pushing 

is normally associated with descent of the fetal head in the birth canal. Very recently, in a 

cohort of nulliparous women undergoing instrumental delivery, it was demonstrated that the 

fetal head regresses under maternal pushing efforts in some cases.29 This phenomenon is 

not well-understood and has been rarely reported. 

The aim of our study, was two-fold; first to evaluate the association between the 

change in the angle of progression with maternal pushing and labor outcome. Second to 
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assess the incidence and clinical significance of the fetal head regression under maternal 

pushing as measured by the angle of progression.   
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Materials and Methods 

This was a prospective cohort study. We recruited a non-consecutive series of 

nulliparous women with singleton pregnancy at term gestation (37-41 weeks). Women were 

recruited before the onset of labor during their routine visit at term at our University Hospital’s 

outpatient clinics. We excluded women with any of the following criteria: non-cephalic 

presentations, previous uterine surgery, regular uterine contraction or ruptured fetal 

membranes. In addition to standard outpatient visit including vaginal examination and 

transabdominal scan to assess fetal biophysical profile, recruited women underwent a 

transperineal ultrasound before the onset of labor and immediately after the routine 

outpatient clinic assessment.  

Transperineal ultrasound scan (TPU) (Figure 1) 

Ultrasound was performed using a two-dimensional (2D) convex transducer covered 

by a sterile glove. The transducer was positioned on the midsagittal plane using a machine 

(Voluson P8 Ultrasound System or Voluson 730 Expert, GE Healthcare; Zipf, Austria), 

visualizing the pubic symphysis and the fetal skull. The angle of progression (AoP) was 

measured at rest and under maximum Valsalva maneuver, as previously described 

(videoclip 1) 9. The angle of progression is included between two lines, one passing through 

the long axis of the pubic symphysis and the other starting from the inferior edge of the pubic 

symphysis and passing tangential to the lowermost edge of the fetal skull. Images at 

maximum Valsalva were obtained following verbal instructions to the patient and education 

with the aid of visual feedback if needed 30. The change in AoP from rest to Valsalva (∆AoP) 

was calculated (∆AoP=AoPValsalva – AoPrest). ∆AoP was used as an index of the efficiency of 

maternal pushing. We postulated that fetal head regression was present when the AoP 
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during maximum Valsalva was less than that in the resting state, thus having negative values 

of ∆AoP. This group was called “AoP regression group”. Women with no or any increase in 

AoP with Valsalva were called “AoP progression group”.  

Following delivery, investigators consulted women’s medical records and collected 

the following data: mode of delivery, birthweight, gestational age at delivery, the use of 

epidural analgesia, duration of first, second and active second stages, APGAR score, and 

admission to Neonatal Intensive Care Unit (NICU). We then compared AoP values at rest, 

Valsalva and ∆AoP between women who delivered vaginally (spontaneous vaginal or 

instrumental delivery) and women who underwent a caesarean section (CS). We also 

assessed the correlation of AoP measurements and ∆AoP with various labor durations. 

Lastly, maternal characteristics and various labor outcomes were compared between the 

AoP regression and progression groups. In our hospital, vacuum is the only instrumental 

delivery performed. 

Statistics 

Mean, median, SD, range and frequencies were used as descriptive statistics. 

Differences between women who delivered vaginally and those who underwent CS were 

assessed by unpaired two-tailed Student’s t-test for continuous variables and Fisher Exact 

Test for categorical variables. Similar analyses were applied in the comparison between 

AoP progression versus AoP regression groups with Valsalva. The correlation between 

various AoP values, including ∆AoP, and labor durations were assessed by means of 

Pearson correlation. Lastly, multivariate Cox regression analysis was used to study the 

association between ∆AOP and labor durations. Cox regression analysis was adjusted for 

factors found to be associated with labor durations on Pearson’s correlation for continuous 
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variables and Student’s t test for categorical variables. The statistical analyses were 

performed using 21.0 SPSS version (SPSS Inc., Chicago, IL, USA), and two-tailed P-values 

< 0.05 were considered statistically significant. 

Ethics 

The protocol of the present study was approved by the local Ethical Committee and 

a consent form was signed by each eligible patient in the outpatient clinic. 
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Results 

Overall, 469 women were recruited for the purpose of the study. Population 

characteristics of the study population and the characteristics subdivided according to the 

mode of delivery (CS vs. vaginal delivery) are reported in the Table 1. Among the study 

population, 273 women (58.2%) had spontaneous vaginal birth, 65 (13.9%) had instrumental 

delivery and 131 (27.9%) delivered by CS. Indications for CS were abnormal findings in fetal 

heart monitoring (CTG) in 77 (58.8%) and dystocia in 54 (41.2%) women. Indications for 

instrumental delivery were CTG abnormalities in 42 (64.6%), dystocia in 13 (20.0%) and 

maternal exhaustion in 10 (15.4%) women. Regarding maternal characteristics, women in 

the CS group were older, had narrower AoP at rest and at Valsalva, had a higher incidence 

of epidural administration and lower APGAR scores at 1 and 5 minutes. No significant 

difference in ∆AoP was found between the two groups. No significant difference was 

observed between the two groups in the other population characteristics including rate of 

induction of labor, ethnicity, maternal BMI, birthweight, gestational age at ultrasound and 

delivery, or admission to NICU. 

Results of the Pearson’s correlation analyses are displayed in table 2. Both AoP at 

rest and at Valsalva had a significant negative correlation with the duration of the first stage 

of labor. The change of AoP from rest to Valsalva (∆AoP) showed a significant negative 

correlation with the active second stage of labor (Pearson’s r -0.125, P value=0.02). Survival 

outcomes based on Cox-regression model showed that ∆AoP was independently 

associated with the duration of the active second stage (hazard ratio 1.014; 95% C.I. 1.003 

to 1.025; P = 0.012) after adjusting for maternal age and BMI. The more the increase of AoP 
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from rest to Valsalva the shorter the active second stage of labor. The 25th, 50th and 75th 

centile of ∆AoP were 2.2°, 8.2°, and 14.0°, respectively. 

Table 3 demonstrates the data on AoP reduction with Valsalva (fetal head 

regression). AoP regression was found in 73 (14.7%) of women. In comparison with women 

who showed no or positive increase in AoP under Valsalva (the progression group), the 

regression group did not demonstrate any significant difference as regards maternal 

characteristics, mode of delivery, epidural analgesia, labor durations, APGAR scores or 

NICU admissions. Lastly, we analyzed the effect of epidural analgesia on the mode of 

delivery within the AoP regression group (Supplementary table 1). In the regression group, 

women who were administrated epidural analgesia were more likely to deliver by cesarean 

section (18/47 versus 3/26, P=0.017), whereas no significant difference was found regarding 

spontaneous vaginal or instrumental delivery. 
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Discussion 

Our study provides original data on the evaluation of the dynamic changes of angle 

of progression (AoP) before the onset of labor. This is the largest cohort of nulliparous 

undergoing transperineal ultrasound for the assessment of AoP before labor. Due to the 

large recruited population, we were able to analyze the significance of AoP values both at 

rest and at Valsalva, in addition to AoP change from rest to Valsalva. We demonstrated that 

narrower AoP values at term before the onset of labor (reflecting a higher pre-labor fetal 

head) both at rest and at Valsalva’s maneuver were associated with a higher risk of cesarean 

delivery and with a longer first stage of labor. Interestingly, only the change of AoP from rest 

to Valsalva, reflecting maternal pushing efficiency, correlated with the duration of the active 

second stage of labor. This is the first study that analyzes together the values of AoP and 

the change in AoP before labor for the prediction of labor outcomes. According to our results, 

fetal head station and the change of station with maternal pushing seem two different and 

independent mechanisms needed for childbirth. Fetal head engagement, as assessed by 

single AoP values, reflects the interaction between fetal head dimensions and the maternal 

pelvis. On the other hand, the maternal ability to improve fetal head descent by pushing 

seems essential for the duration active second stage of labor. 

The role of the angle of progression as an index of fetal head engagement has been 

investigated by many authors23, 26, 31-33. Intrapartum measurements of AoP was found to be 

associated with the mode of delivery and labor duration9, 18, 20, 23, 26, 31. When performed 

before the onset of labor, ultrasound findings have been found to correlate with labor 

outcome10, 34-37 . In fact, narrower AoP before the onset of labor were found to be associated 

with a higher risk of Cesarean section 38, 39. However, static AoP alone before the onset of 
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labor do not seem to be accurate enough to be applied in clinical practice. Providing a 

reliable predictive model of adverse obstetrical outcome before the onset of labor may be 

useful in counseling women about their future delivery. The change in AoP from rest to 

Valsalva added to the prediction of the active second stage duration but not to the mode of 

delivery. 

Another original finding of our study is the analysis of the fetal head regression with 

Valsalva. In order to achieve efficient pushing, women should be able to increase their 

intraabdominal pressure and relax the pelvic floor. Recent studies have shed the light on 

the correlation between the pelvic floor function and childbirth. Various studies have found 

a correlation between smaller levator hiatal dimensions at rest and Valsalva with longer 

second stage of labor.40-43 Recently, in a multicenter study on women before instrumental 

delivery, the authors found that some women showed a higher fetal station with pushing in 

comparison with that at rest.29, 44 The authors speculated that this phenomenon of fetal head 

regression with Valsalva may be due the phenomenon of pelvic floor contraction rather than 

relaxation with Valsalva, known also as levator ani muscle coactivation.45, 46 Levator ani 

coactivation was previously found to be associated with less engaged fetal head at term and 

with longer second stage of labor.42, 43, 47 However, fetal head regression with maternal 

pushing before the onset of labor has not been previously studied. In our study, fetal head 

regression was present in about 15% of women and it was not associated with the mode of 

delivery nor the various durations of labor. The lack of association of fetal regression with 

labor durations, contrary to what was previously found with levator ani coactivation, suggests 

that these two phenomena are different entities. 
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In the regression group, we observed a higher incidence of cesarean delivery in 

women who administered epidural analgesia. Epidural analgesia may lead to partial 

relaxation of the pelvic floor muscles which may theoretically counteract a pelvic floor 

hypertone if present. However, our data suggest that women who do not push efficiently are 

unlikely to be helped by epidural analgesia. When interpreting these findings it is important 

to consider two points. Firstly, although it is hypothesized that fetal head regression with 

pushing is associated with levator ani muscle coactivation, there are no solid data to prove 

this association. Secondly, many women especially in our hospital, require or are offered 

epidural analgesia when they already have a slowly progressing labor which may lead to 

selection bias.  

Our study has some limitations. Labor is a complex process, and fetal head 

engagement before labor, although is associated with labor outcome, is unlikely to be 

clinically useful when used alone. This also applies to the association between the change 

in AoP with Valsalva and the duration of the active second stage of labor. This association 

was statistically significant although it is unlikely to be strong enough to reach clinical 

significance. Further studies integrating transperineal ultrasound with other predictors of 

labor outcome may be needed in order to obtain a clinically useful predictive model. 

Secondly, although we found an association between the change in AoP and the active 

second stage duration, we could not comment whether it is a modifiable factor. Previous 

studies have shown that visual feedback may improve pelvic floor relaxation and maternal 

pushing efficiency30, 43, 48, 49. Further studies assessing the efficacy of interventions aiming 

at improving fetal head descent with maternal pushing (e.g. by using visual feedback) on 

labor outcome are needed. In the present study women with no change in AoP with Valsalva 

This article is protected by copyright. All rights reserved.



 
 
were allocated to the AoP progression group (n=10). This choice may be debatable. 

However, we repeated the analysis by assigning these women to the AoP regression group 

with no change in the results. Lastly, it may be argued that women with cesarean or 

instrumental delivery due to fetal heart monitoring abnormalities should be excluded as it is 

unlikely that ultrasound indices of fetal head engagement can predict these events. In our 

study, we analyzed the data following the exclusion of operative deliveries due to CTG 

anomalies and we found no difference in the results. Consequently, we reported the results 

of the whole population as this would increase the external validity of our results. 

To sum up, we found that narrower AoP at rest and at Valsalva, reflecting fetal head 

engagement, are associated with a higher risk of Cesarean delivery. On the other hand, 

higher change of AoP from rest to Valsalva, reflecting efficient maternal pushing, is 

associated with a shorter active second stage of labor. In our population, fetal head 

regression with maternal pushing occurred in about 15% of women and did not seem to 

have a clinical significance. 
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Figure legend 

Figure 1. Technique for the measurement of the angle of progression positioning the 

ultrasound transducer in the midsagittal plane transperineally (A) identifying pubic 

symphysis and the fetal skull (B). The angle of progression is measured as the angle 

between two lines: the first one running along the long axis of the pubic symphysis and the 

second one extending from the most inferior portion of the pubic symphysis tangentially to 

the fetal skull contour (C and D).  

 

Supplementary table 1 Comparison between the mode of delivery in women with and 

without epidural analgesia in the regression group (women with reduction of the angle of 

progression at Valsalva). Data are given as mean (± SD) or n (%).  

 

Video clip 1 Transperineal ultrasound before the onset of labor from rest to maximum 

Valsalva maneuver.
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Table 1. Characteristics of the study population. Data are given as median (interquartile 

range), mean (± SD) or n (%). Data on the first stage and second of labor were available for 

370 and 345 women, respectively. (AoP= angle of progression; BMI: body mass index. 

∆AoP= AoP Valsalva – AoPrest , NICU=neonatal intensive care unit) 
 

Total 

(n=469) 

Vaginal 

Delivery 

(n= 338) 

Cesarean 

section 

(n=131) 

P-

value* 

Maternal age (years) 33.0 ± 5.0 32.4 ± 5.0 34.6 ± 4.7 <0.00

1 

BMI (Kg/m2) 26.7 ± 4.0 26.5 ± 4.0 27.2 ± 4.3 0.093 

Induction of labor 128 (27.3%) 88 (26.0%) 40 (30.5%) 0.356 

Ethnicity     

Caucasian 442 (94.2%) 319 (94.4%) 123 (93.9%) 0.827 

African 10 (2.1%) 8 (2.4%) 2 (1.5%) 0.733 

Eastern Asian 7 (1.5%) 6 (1.8%) 1 (0.8%) 0.417 

Southern Asian 10 (2.1%) 5 (1.5%) 5 (3.8%) 0.151 

AoP at Rest (°) 95.5 ± 14.8 96.8 ± 13.9 92.1 ± 16.3 0.004 

AoP on Valsalva (°) 104.3 ± 16.5 105.9 ± 15.9 100.3 ± 17.2 0.001 

∆AoP (°) 8.6 ± 9.9 8.8 ± 10.1 8.1 ± 9.5 0.481 

Gestational age at ultrasound 

(weeks) 

40.0 ± 1.3 40.0 ± 1.3 40.0 ± 1.3 0.34 

Gestational age at delivery 

(weeks) 

40.4 ± 1.1 40.3 ± 1.0 40.4 ± 1.1 0.629 

First stage (minutes) 278 ± 200 262 ± 188 425 ± 251 0.001 

Second stage (minutes) 72 ± 62 70 ± 60 133 ± 76 0.028 

Active second stage (minutes) 49 ± 38 47 ± 36 104 ± 69 0.053 

Birthweight (grams) 3321 ± 422 3316 ± 398 3334 ± 482 0.683 

Apgar at 1 minute 9 (9-10) 9 (8-10) 9 (7-10) <0.00

1 

Apgar at 5 minutes 10 (10-10) 10 (10-10) 10 (9-10) 0.002 

This article is protected by copyright. All rights reserved.



 
 
Epidural analgesia 288 (60.9%) 185 (54.7%) 103 (78.6%) <0.00

1 

Admission to NICU 20 (4.2%) 11 (3.2%) 9 (6.9%) 0.077 

* Student t-test was used to compare continuous variables, whereas Fischer’s exact test 

was used for categorical data. 

This article is protected by copyright. All rights reserved.



 
 

Table 2 Correlation between angle of progression (AoP) at rest and Valsalva and change 

from rest to Valsalva maneuver (∆AoP) with the duration of the first, second and active 

second stage of labor. Data on the first stage and second of labor were available for 370 

and 345 women, respectively. 

  
First stage 
(minutes) 

Second stage  
(minutes) 

Active second  
stage (minutes) 

AoP rest Pearson’s r -.107 -0.016 -0.015 
  P value 0.041 0.768 0.78 
AoP Valsalva Pearson’s r -.123 -0.055 -0.093 
  P value 0.018 0.307 0.085 
∆AoP Pearson r -0.036 -0.058 -.125 
  P value 0.488 0.285 0.02 
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Table 3 Comparison between women with reduction angle of progression (AoP) at Valsalva 

(regression group) versus women with no or positive increase AoP at Valsalva (progression 

group). Data are given as median (interquartile range), mean (± SD) or n (%). Data on the first 

stage and second of labor were available for 370 and 345 women, respectively. (BMI=body 

mass index, NICU=neonatal intensive care unit) 

  Regression group 
(n=73) 

Progression group 
(n=396) 

P-
value* 

Maternal age (years) 33.0±4.9 33.0±5.0 0.967 
BMI 26.2±3.2 26.75±4.194 0.22 
Gestational age at delivery 40.2±1.3 40.4±1.0 0.39 
Spontaneous vaginal delivery 41 (56.2%) 232 (58.6%) 0.7 

Cesarean delivery 21 (28.8%) 110 (27.8%) 0.86 
Vacuum Delivery 11 (15.0%) 54 (13.6%) 0.75 
First stage (minutes) 289±185 278±204 0.70 
Second stage (minutes) 81±67 70±61 0.26 
Active second stage (minutes) 58±52 47±35 0.13 
Birthweight 3332±429 3321±422 0.85 
Apgar 1 9 (8-10) 9 (7-10) 0.003 
Apgar 5 10 (10-10) 10 (9-10) 0.02 
Epidural 47 (64.4%) 239 (60.4%) 0.52 
Admission to NICU 1 (1.4%) 19 (4.8%) 0.18 

*Student t-test was used to compare continuous variables, and Fischer’s exact test was 

used for categorical data.  
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