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Précis:  20 

Decreased ultrasonographic echogenicity of the puborectalis muscle in the first trimester is 21 

associated with increased cesarean delivery for failure to progress. 22 

 23 

  24 
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Abstract 25 

Objective:  To evaluate the association between mean echogenicity of the puborectalis muscle, measured 26 

using transperineal ultrasound, in women during their first pregnancy and the subsequent mode of 27 

delivery. 28 

Methods:  This is a secondary analysis of a prospective observational study on the association between 29 

stress urinary incontinence and levator muscle avulsion after delivery of a first pregnancy. In this study, 30 

280 nulliparous women with a singleton pregnancy were examined with transperineal ultrasound 31 

examination at 12 and 36 weeks of gestation. Patients were recruited from an obstetrics practice 32 

associated with the university medical center in Utrecht, the Netherlands. Their mean echogenicity of the 33 

puborectalis muscle values were measured at rest, on pelvic floor muscle contraction, and on Valsalva 34 

maneuver. The subsequent mode of delivery was classified into five categories: spontaneous vaginal 35 

delivery, instrumental vaginal delivery, elective cesarean delivery, cesarean delivery due to nonreassuring 36 

fetal status and cesarean delivery due to failure to progress. Mean echogenicity of the puborectalis muscle 37 

values  according to mode of delivery were compared by analysis of variance and Tukey's post-hoc test. 38 

Results: Of the 254 women included 157 had a spontaneous vaginal delivery, 47 underwent a cesarean 39 

delivery (11 elective, 36 emergency) and 45 had a vacuum operative vaginal delivery and in 5 patient files 40 

the mode of delivery was not recorded. Of the analyzed women, those who delivered by cesarean 41 

because of failure to progress had a significantly lower mean echogenicity of the puborectalis muscle on 42 

pelvic floor contraction at 12 weeks of gestation (mean echogenicity of 116 ± 14) than women who had a 43 
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spontaneous vaginal delivery (132 ± 21; Tukey's post-hoc test, p = 0.03), instrumental vaginal delivery (138 44 

± 21; p= 0.004) and cesarean delivery due to nonreassuring fetal status (139 ± 20; p= 0.02).  45 

Conclusion:  Lower mean echogenicity of the puborectalis muscle values on pelvic floor contraction 46 

during the first pregnancy at 12 weeks of gestation are associated with a subsequent cesarean delivery 47 

due to failure to progress. 48 

 49 

Introduction 50 

Obstructed or dysfunctional labor, a failure to progress, is a common obstetrical problem, with an 51 

estimated incidence of 3 to 6 per 100 live births worldwide [1]. The cause can be mechanical like a 52 

cephalopelvic disproportion, but failure to progress can also be due to functional factors like inadequate 53 

uterine contractions or failure of the cervix to dilate [2,3,4]. A three dimensional (3D) computer model 54 

based on magnetic resonance imaging (MRI), demonstrated that the pelvic floor muscles must undergo 55 

extensive stretching during vaginal delivery [5]. However, the potential role of pelvic floor muscles in the 56 

progression of labor and mode of delivery has not been widely studied. Van Veelen and co-workers 57 

investigated the association between levator hiatal dimensions, measured with transperineal ultrasound, 58 

during pregnancy and subsequent mode of delivery in nulliparous women. They reported a significantly 59 

smaller levator anterior-posterior (AP) dimension on contraction at 12 weeks of gestation in women who 60 

subsequently had cesarean delivery due to failure to progress, as compared to women who had a normal 61 

or vaginal assisted delivery or emergency cesarean  delivery due to non reassuring fetal status [6]. This 62 

finding raises the question if the puborectalis muscle is different structurally, functionally or both in the 63 
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women who have a cesarean delivery due to failure to progress. Another way to look at the structure of 64 

muscles is to study it’s echogenicity. Echogenicity is clinically used in children with neuromuscular disease 65 

as a diagnostic tool and monitoring tool for disease progression [7-9], so may well provide information 66 

of the puborectalis muscle.  67 

The objective of the present study was to study the association between the mean echogenicity of the 68 

puborectalis muscle in pregnant nulliparous women and the subsequent mode of delivery. If changes in 69 

echogenicity reflect functional changes, as in neuromuscular diseases in children, we hypothesized that 70 

differences in the echogenicity could be linked to the mode of delivery. 71 

Materials and Methods 72 

This study is a secondary analysis of a prospective observational study on the association between stress 73 

urinary incontinence and levator muscle avulsion after delivery of a first pregnancy. The Medical Ethics 74 

Committee of the University Medical Center Utrecht approved this study (reference 08-299) and all 75 

women gave written informed consent. Patients were recruited from an obstetrics practice, associated 76 

with the university medical center in Utrecht, the Netherlands. A total of 280 nulliparous pregnant women 77 

were examined with 4D transperineal ultrasound assessment of their pelvic floor anatomy during 78 

pregnancy at 12 and 36 weeks of gestation and 6 months postpartum. Pregnancy was confirmed and 79 

dated based on the crown-rump length measured with early ultrasound in regular care. The ultrasound 80 

datasets at 12 and 36 weeks were used for the purpose of this study. Women were excluded when they 81 

had a medical history of incontinence (urinary, fecal or both), previous pelvic organ prolapse or anti-82 

incontinence surgery, connective tissue disease or neurological disorders [10]. Clinicians who managed 83 
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the patients’ labor were blinded to the ultrasound data. Delivery data were retrieved by one of the authors 84 

(KW) from the medical reports and the institutional database.  85 

The mode of delivery was classified according to the Dutch nationwide perinatal register into five 86 

categories: spontaneous vaginal delivery, instrumental vaginal delivery, elective cesarean delivery, 87 

emergency cesarean delivery due to nonreassuring fetal status and emergency cesarean delivery due to 88 

failure to progress [11].  89 

The assessment consisted of 4D transperineal ultrasound imaging using a GE Voluson 730 Expert system 90 

(GE Healthcare, Zipf, Austria) with RAB 4-8 MHz curved array volume transducer placed on the perineum 91 

in the sagittal plane. Two experienced sonographers performed all the ultrasound examinations [12]. All 92 

ultrasound system settings were kept identical during all examinations [13]. The pelvic floor ultrasound 93 

examinations were performed with the participants in supine position and with an empty bladder. 94 

Echogenicity was measured with the puborectalis muscle in rest, during maximal pelvic floor muscle 95 

contraction (PFMC) and Valsalva [13].  96 

Offline analysis of the data was performed using 4D View 7.0 (GE Medical Systems Kretztechnik, Zipf, 97 

Austria) and Matlab R2010a (MathWorks, Natick, MA). The plane of minimal hiatal dimensions, resulting 98 

in the axial plane, is selected following the worldwide consensus [14]. The puborectalis muscle was 99 

delineated using the software Matlab (function ‘imfreehand’) as described previously and shown in Figure 100 

1 [15]. The mean echogenicity of the puborectalis muscle was determined automatically by calculating the 101 

sum of the echogenicity of all pixels and dividing that sum by the number of pixels. Observers were 102 

blinded to delivery mode during post processing of the data. 103 
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Mean echogenicity of the puborectalis muscle values at 12 weeks and 36 weeks of gestation were 104 

compared between the different modes of delivery by analysis of variance (ANOVA), followed by a 105 

Tukey’s post-hoc test when appropriate. To determine the magnitude of the effect we calculated the 106 

effect size of the statistically significant findings by Cohen’s d. A post-hoc ROC-curve was derived to 107 

evaluate the ability of mean echogenicity of the puborectalis muscle to correctly classify the need for an 108 

emergency cesarean delivery due to failure to progress. Statistical analysis was carried out using SPSS 109 

versions 20.0 for Windows (SPSS Inc., Chicago, IL, USA).  110 

Results 111 

Of the 280 women recruited from the clinic, 26 were excluded. Two women were incorrectly included 112 

(based on a twin pregnancy and a neurological disorder), one woman had a premature delivery at 19.9 113 

weeks of gestation, 17 women were excluded based on loss to follow-up, or missing ultrasound volume 114 

datasets because of technical errors during file saving (at least two out of three datasets were missing), 115 

and six datasets were excluded because the symphyses was located outside the view of the ultrasound 116 

images.  117 

The mean age of the women was 31.1 years (SD: 4.1) and their mean body mass index (BMI) at 12 weeks 118 

and 36 weeks of gestation was 23.4 (SD 3.9) and 27.6 (SD 3.8) kg per m², respectively. Mean gestational 119 

age at first visit was 13.3 weeks (SD 1.9) and 36.0 weeks (SD 0.9) at second visit. 120 

Of the 254 women included, data analysis at 12 weeks of gestation was possible for 247 cases at rest, 240 121 

on contraction, and 223 on Valsalva. At 36 weeks of gestation these numbers were 219, 206 and 194 122 
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respectively. Of the included women 157 (61.8%) had a spontaneous vaginal delivery, 47 (18.5%) 123 

underwent a cesarean delivery (11 elective, 36 emergency) and 45 (17.7%) had a vacuum operative vaginal 124 

delivery and in 5 (2.0%) patient files the mode of delivery was not recorded [14]. In the operative vaginal 125 

delivery group, 15 deliveries were based on nonreassuring fetal status, 15 based on failure to progress, 9 126 

based on a combination of failure to progress and nonreassuring fetal status and 6 with unknown reason 127 

for vacuum extraction. In the emergency cesarean delivery group due to nonreassuring fetal status, 15 128 

women were in the first stage of labor, one in the second stage of labor, while in three cases the stage of 129 

labor was missing from the records. In the emergency cesarean delivery group due to failure to progress, 130 

13 were in the first stage of labor (median cervical dilation 5cm, range 1 to 10 cm), four in the second [14]. 131 

In Table 1, the mean echogenicity of the puborectalis muscle values at 12 weeks and 36 weeks of gestation 132 

are shown for rest, contraction and valsalva.  At 12 weeks of gestation, during rest and valsalva no 133 

statistical significant differences in mean echogenicity of the puborectalis muscle between groups were 134 

found. However, during contraction there was a statistical significant lower mean echogenicity of the 135 

puborectalis muscle for the women who had a cesarean delivery based on failure to progress as 136 

compared to vaginal deliveries (p=0.03), assisted vaginal deliveries (p=0.004) and cesarean delivery based 137 

on nonreassuring fetal status (p=0.02), with effect sizes of 0.90, 1.23 and 1.33 respectively. The results of 138 

the post hoc tests are shown in Table 2 and Figure 2. At 36 weeks of gestation no statistically significant 139 

differences in mean echogenicity of the puborectalis muscle between groups were observed for all 140 

maneuvers.  141 
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The area under the curve (Figure 3), representing the performance of mean echogenicity of the 142 

puborectalis muscle in distinguishing between vaginal deliveries and the need for an emergency cesarean 143 

delivery based on failure to progress, is 0.75 (STD: 0.049, 95% CI bounds: 0.656 -0.848).  144 

Discussion 145 

Women who delivered by cesarean delivery due to failure to progress had a statistically significant lower 146 

mean echogenicity of the puborectalis muscle on pelvic floor contraction at 12 weeks of gestation than 147 

women who had a spontaneous or instrumental vaginal delivery or women with a cesarean delivery due 148 

to nonreassuring fetal status. No differences in mean echogenicity of the puborectalis muscle between 149 

modes of delivery groups at 36 weeks of gestation were found.  150 

Echogenicity, or grey scale value analysis, is a parameter derived from imaging tools like ultrasound and 151 

varies between 0 (black) and 255 (white). In case of muscle tissue it represents the ratio between muscle 152 

cells that appear dark in grey scale imaging and the brighter extracellular matrix. The two major 153 

components of this extracellular matrix are collagen and fat. Higher echogenicity values are associated 154 

with increased amounts of either fat in muscle tissue or connective tissue [16,17]. The echogenicity 155 

provides us with structural information and in case of neuromuscular disease in children it is also used as 156 

a diagnostic tool and monitoring tool for disease progression [7-9].  157 

During the course of pregnancy the extracellular matrix of the pubrectalis muscle changes. One of the 158 

greatest challenges lies within a pathophysiological explanation of the echogenicity changes, since it 159 

cannot be based on human histology data.  In a recent study by Alperin and co-workers it was 160 

demonstrated that the collagen content of the intramuscular extracellular matrix increases during 161 
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pregnancy [18]. This adaptation already started in early pregnancy and returned to non-pregnant virgin 162 

rat levels after delivery [18]. This is in line with our clinical observation that the mean echogenicity of the 163 

puborectalis muscle increases over time during pregnancy and decreases after delivery [15]. The 164 

significantly lower mean echogenicity of the puborectalis muscle in women who had an emergency 165 

cesarean section due to failure to progress may be an indication of a disturbed early adaptation of this 166 

collagen metabolism, with less collagen being formed. One of the key factors in the preparation for 167 

childbirth is the weakening of collagen in the pelvic tissues [19]. Less intramuscular collagen during 168 

pregnancy may be associated with the inability of the pelvic floor to stretch during delivery. With respect 169 

to failure to progress at the second stage of labor this is an intriguing explanation. However, it is unlikely 170 

that the puborectalis muscle itself limits first stage of labor progression, which was shown to be the cause 171 

of failure in the majority of women. In order to explain this, the low echogenicity of the puborectalis needs 172 

to be considered as a constitutional difference in muscle cell to extracellular matrix balance. Although 173 

hypothetical, a diminished amount of connective tissue in the cervix may be associated with poor 174 

weakening and dilatation.  This possible association is currently under investigation at our institute. 175 

The association we found at 12 weeks of gestation was only significant during muscle contraction, 176 

although there was a same, non-significant trend with the puborectalis muscle in rest and Valsalva. Our 177 

explanation for this finding is that during contractions, the number of muscle cells per square cm in the 178 

contracting part increases, increasing the ratio between muscle cells and extracellular matrix in favor of 179 

the first [20]. The net effect is that the ultrasound image becomes darker. Therefore, the effect of the 180 
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limited collagen amount on mean echogenicity of the puborectalis muscle may be more expressed during 181 

contraction as compared to rest and Valsalva.  182 

The significant differences between groups in mean echogenicity of the puborectalis muscle we found at 183 

12 weeks were not present at 36 weeks. We hypothesise that this is the effect of intramuscular fat storage. 184 

With respect to fat metabolism it was shown, both in humans as in rats, that the increased pregnancy 185 

levels of progesterone and increased intake of nutrients increase intracellular and intramuscular fat 186 

storage [21,22]. It was also demonstrated that fat replacement causes a substantial increase in muscle 187 

echogenicity [23].  An increasing mean echogenicity of the puborectalis muscle as a resultant of 188 

intramuscular fat storage during pregnancy may well obscure a limited increase in intramuscular collagen.  189 

If we test the diagnostic characteristics of the mean echogenicity of the puborectalis muscle between 190 

women who had a vaginal delivery and those who had a cesarean delivery due to failure to progress, we 191 

found an area under the curve in the receiver operating characteristics curve of 0.75. Stated otherwise, in 192 

our population, 75% of participants who had cesarean delivery due to failure to progress had a lower 193 

mean echogenicity of the puborectalis muscle than their normal vaginal delivery counterpart. In its current 194 

form the mean echogenicity of the puborectalis muscle is not suitable as a clinical prognostic test and 195 

does not provide a single optimal cutoff value. Additionally, there are promising new techniques to 196 

analyse ultrasound images, like strain and elasticity becoming available for pelvic floor ultrasound. These 197 

may, in combination with clinical characteristics and mean echogenicity of the puborectalis muscle 198 

measurements, provide a better predictive clinical tool in the future.  199 
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A possible limitation of this study is the discrimination between different types of delivery. Worldwide 200 

there is a large variation in cesarean delivery rates [1]. Varying incidence in obstructed labour per country 201 

is likely to be due to a number of factors including variations in case definition and case ascertainment 202 

[1, 24, 25]. Since we undertook a single-center study, this may have resulted in bias based on delivery 203 

type indication. The second limitation of this study is that it is a secondary analysis and therefore it was 204 

not powered for the outcome under study. However, the differences in mean echogenicity of the 205 

puborectalis muscle between delivery type groups were found to have an effect sizes of >0.8, indicating 206 

a very strong effect. However, we would like to emphasize the preliminary nature of this novel study. It 207 

needs corroboration with a larger, preferably multi-center series 208 

One of the major strengths of our study is its prospective design, including measurements at 12 and 36 209 

weeks of gestation. Furthermore, we used 4D transperineal ultrasound, which is a reliable technique for 210 

measuring echogenicity in pregnant women [13]. Additionally, the fixed ultrasound device settings are 211 

key elements of this study.  212 

In conclusion, this study shows that mean echogenicity of the puborectalis muscle at 12 weeks of gestation 213 

in women who need an emergency cesarean delivery due to failure to progress in nulliparous women 214 

differs from mean echogenicity of the puborectalis muscle in women with a different mode of delivery.  215 

  216 
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Table 1 Mean echogenicity of the puborectalis muscle at 12 and 36 weeks of gestation per delivery type and per 278 
maneuver. SD= standard deviation.  279 

Type of delivery Mean echogenicity of 

the puborectalis 

muscle at rest 

Mean ± SD 

Mean echogenicity of 

the puborectalis 

muscle at contraction 

Mean ± SD 

Mean echogenicity of 

the puborectalis 

muscle at Valsalva 

Mean ± SD 

 12weeks 36 weeks 12weeks 36 weeks 12weeks 36 weeks 

Vaginal (n=157) 139 ± 20 148 ± 20 132 ± 21 139 ± 21 133 ± 20 135 ± 22 

Assisted vaginal 
(vacuum) (n=45) 

146 ± 18 148 ± 20 138 ± 21 136 ± 21 141 ± 25 128 ± 23 

Elective cesarean 
(n=11) 

150 ± 15 155 ± 10 137 ± 18 142 ± 13 139 ± 24 148 ± 15 

Cesarean based on 

nonreassuring fetal 

status (n=19) 

144 ± 28 147 ± 19 139 ± 20 140 ± 20 142 ± 20 138 ± 19 

Cesarean based on 
failure to progress 
(n=17) 

134 ± 15 145 ± 26 116 ± 14 133 ± 14 128 ± 20 138 ± 31 

 280 

  281 
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Table 2 ANOVA (Tukey post-hoc)  analysis - Mean difference in mean echogenicity of the puborectalis muscle at 12 weeks 282 
of gestation between different types of delivery. SD= standard deviation. Vaginal delivery n=157; operative vaginal 283 
delivery n=45; elective cesarean delivery n=11; cesarean delivery based on nonreassuring fetal status n=19; cesarean 284 
delivery based on failure to progress n=17. 285 

Types of delivery compared Mean echogenicity of the 

puborectalis muscle 

difference ± SD 

p-value 

Puborectalis muscle in rest 

CS-FTP – Vaginal Delivery -5.1 ± 5.1 0.917 

CS-FTP – Operative Vaginal Delivery -12.7 ± 5.7 0.228 

CS-FTP – Elective CS -16.6 ± 7.9 0.299 

CS-FTP – CS- nonreassuring fetal status -10.6 ± 7.1 0.677 

Puborectalis muscle in contraction 

CS-FTP – Vaginal Delivery -15.9 ± 5.5 0.032 

CS-FTP – Operative Vaginal Delivery -21.7 ± 6.1 0.004 

CS-FTP – Elective CS -20.8 ± 8.4 0.098 

CS-FTP – CS- nonreassuring fetal status -22.2 ± 7.6 0.023 

Puborectalis muscle in Valsalva 

CS-FTP – Vaginal Delivery -4.7 ± 5.5 0.955 

CS-FTP – Operative Vaginal Delivery -12.9 ± 6.3 0.310 

CS-FTP – Elective CS -10.8 ± 8.4 0.803 

CS-FTP – CS- nonreassuring fetal status -13.7 ± 7.8 0.506 

CS-FTP= Cesarean delivery based on failure to progress; CS= Cesarean delivery; SD=standard deviation 286 

 287 
 288 
 289 
  290 
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Figure 1. Delineation of the puborectalis muscle by hand. 291 

 292 

  293 
Figure 2. Distribution of mean echogenicity of the puborectalis muscle at 12 weeks of gestation, pelvic floor in 294 
contraction. CI, confidence interval. 295 

 296 
Figure 3. Receiver operating curve of mean echogenicity of the puborectalis muscle. Vaginal deliveries (n=192) compared 297 
with cesarean delivery, failure to progress (n=16) at 12 weeks of gestation, pelvic floor in contraction. Area under curve: 298 
0.752; standard error: 0.049, 95% confidence interval: 0.656 -0.848 299 
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