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Condensation 29 

Fetal molding can be diagnosed with ultrasound and differentiated into occipito-parietal, 30 

fronto-parietal and parieto-parietal molding 31 

 32 

Short Title 33 

Fetal molding diagnosed with ultrasound 34 

AJOG at a Glance 35 

A. Why was the study conducted?  36 

o Knowledge of fetal head molding in labor is incomplete and based mainly on old 37 

clinical and radiological studies 38 

o The prevalence and clinical implications of fetal molding in a modern population 39 

are unknown 40 

B. What are the key findings?  41 

o Ultrasound examination of fetal molding was feasible  42 

o Molding was most commonly seen in occiput anterior positions as occipito-parietal 43 

molding along the lambdoidal suture 44 

o 50% of fetuses with occipito-parietal molding delivered spontaneously 45 

o Fronto-parietal (coronal suture) and parieto-parietal molding (sagittal suture) were 46 

associated with malpositions and operative deliveries 47 

C. What does this study add to what is already known?  48 

o Molding can be diagnosed and classified with ultrasound 49 

o Occipito-parietal molding was not significantly associated with delivery mode 50 

o The prevalence of fronto-parietal and parieto-parietal molding was lower than 51 

reported in old studies  52 
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Structured abstract 54 

Background 55 

To accommodate passage through the birth canal, the fetal skull is compressed and reshaped, 56 

a phenomenon known as molding. The fetal skull bones are separated by membranous 57 

sutures which facilitate compression and overlap, resulting in a reduced diameter. This 58 

increases the probability of a successful vaginal delivery. Fetal position, presentation, station 59 

and attitude can be examined with ultrasound, but fetal head molding has not been previously 60 

studied with ultrasound. 61 

Objective 62 

To describe ultrasound assessed fetal head molding in a population of nulliparous women 63 

with slow progress in the second stage of labor, and to study associations with fetal position 64 

and delivery mode.  65 

Study Design 66 

This was a secondary analysis of a population comprising 150 nulliparous women with a 67 

single fetus in cephalic presentation, with slow progress in the active second stage with 68 

pushing. Women were eligible for the study when an operative intervention was considered 69 

by the clinician. Molding was examined in stored transperineal 2D and 3D acquisitions, and 70 

differentiated into occipito-parietal molding along the lambdoidal sutures (Figure 1), fronto-71 

parietal molding along the coronal sutures and parieto-parietal molding at the sagittal 72 

suture (molding in the midline). Molding could not be classified if position were unknown, 73 

and these cases were excluded. We measured the distance from the molding to the head 74 

midline, molding step and overlap of skull bones (Figure 1), and looked for associations with 75 

fetal position and delivery mode. The responsible clinicians were blinded to the ultrasound 76 

findings. 77 

Results Six cases with unknown position were excluded, leaving 144 women in the study 78 



population. Fetal position was anterior in 117 cases, transverse in 12 cases and posterior in 79 

15 cases. Molding was observed in 79/144 (55%) fetuses. Molding was seen significantly 80 

more often in occiput anterior (OA) positions than in non-OA positions; 69/117 (59%) vs. 81 

10/27 (37%); p=0.04. In OA positions the molding was seen as occipito-parietal molding in 82 

68/69 cases, and as parieto-parietal molding in one case with deflexed attitude. Molding was 83 

seen in 19/38 (50%) of OA positions ending with spontaneous delivery, 42/71(59%) ending 84 

with vacuum extraction and in 7/8 (88%) with failed vacuum extraction (p=0.13). In four 85 

fetuses with OP positions parieto-parietal molding was diagnosed and successful vacuum 86 

extraction occurred in three cases and failed extraction in one. Fronto-parietal molding was 87 

seen in two transverse positions and four posterior positions. One delivered spontaneously, 88 

vacuum extraction failed in three cases and was successful in one. Only 1/1l fetuses with 89 

either parieto-parietal or fronto-parietal molding delivered spontaneously. 90 

Conclusion The different types of molding can be classified with ultrasound. Occipito-91 

parietal molding was commonly seen in OA positions and not significantly associated with 92 

delivery mode. Fronto-parietal and parieto-parietal  molding were less frequent than 93 

reported in old studies. 94 

 95 

Key words: molding, head sutures, head position, cesarean delivery, vacuum extraction, 96 

labor, sonography, transperineal ultrasound  97 

Abbreviations: OA, occiput anterior; OP, occiput posterior; HPD, head-perineum distance 98 
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Introduction 100 

To accommodate passage through the birth canal, the fetal skull is compressed and reshaped, 101 

a phenomenon known as molding. The fetal skull bones are separated by membranous 102 

sutures which facilitate compression and overlap, resulting in a reduced diameter1, 2. This 103 

increases the probability of a successful vaginal delivery1-3.  104 

 Mild to moderate compression will cause the occipital and frontal bones to slide under 105 

the parietal bones, with straightening and elevation of the parietal bones1-4. Increased 106 

molding is associated with nulliparous women, oxytocin augmentation and operative vaginal 107 

deliveries5-7.  The biparietal diameter is seldom significantly affected by moderate 108 

compression, but as compression increases the parietal bones will press against each other, 109 

and in some cases overlap. The forces required for the parietal bones to overlap is 110 

substantially higher than the force required for other bones to overlap, and is correlated with 111 

an increased risk of cephalopelvic disproportion and fetal complications1. Parieto-parietal 112 

molding was reported to occur in 25% of labors with cesarean delivery due to poor progress 113 

in a South African high-risk obstetric unit in 20088, and frequencies around 90% were found 114 

in arrested labor in old studies9, 10.  115 

 The clinical definition of molding relates to parieto-parietal bone overlap only: Grade 116 

1 is closure of sutures with no overlap; grade 2 is reducible overlap and grade 3 irreducible 117 

overlap. Grades 2 and 3 are associated with risk of cephalopelvic disproportion and increased 118 

risk in operative vaginal deliveries1, 2, 11, and fetal complications including cerebral palsy, 119 

intracranial hemorrhage and fetal death12-14. Assessment of moulding was traditionally central 120 

in practical obstetrics for the aforementioned reasons. 121 

Our scientific knowledge of molding comprises a limited selection of anatomical, 122 

clinical, computer-simulation and radiological studies, and the results vary greatly 1-7, 15-17..  123 

The majority of imaging literature on molding is more than 50 years old. One recently 124 



published study used magnetic resonance imaging in the second stage of labor, but included 125 

only seven patients2. The knowledge about the prevalence and clinical associations of the 126 

different type of molding in a contemporary population is limited.  127 

Ultrasound has a potential to improve knowledge about the labor process, and 128 

editorials and opinions in scientific journals have promoted increased use of ultrasound in 129 

active labor 18-21. Fetal position22, 23; fetal presentation24, 25, fetal station26-29, fetal attitude can 130 

be measured30, 31 and the clinical feasibility has been studied in many publications23, 28, 32-42. 131 

These have resulted in clinical guidelines published by the International Society of 132 

Ultrasound in Obstetrics and Gynecology (ISUOG) in 201843. A molded fetal head was 133 

diagnosed with ultrasound by Carlan et al, in 199144 and Barbera et al in 200928, but no 134 

systematic studies on molding have used ultrasound. We wanted to describe ultrasound 135 

assessed fetal head molding in a population of nulliparous women with slow progress in the 136 

second stage of labor, and to study associations with fetal position and delivery mode. 137 

 138 

Materials and Methods 139 

This study was a secondary analysis of a European multicentre cohort study from November 140 

2013 to July 2016. The primary aim of this project was to investigate associations between 141 

ultrasound assessed fetal station and position with duration of vacuum extraction and delivery 142 

mode in term nulliparous women, with slow progress in the second stage of labor35. Slow 143 

progress was diagnosed after at least 45 minutes of active pushing, in accordance with local 144 

protocol. If a vacuum extraction was considered, an ultrasound examination was performed. 145 

 Fetal head position was diagnosed with transabdominal or transperineal ultrasound, 146 

and classified as hours on the clock.  Occiput anterior (OA) was classified as ≥10.00 and ≤ 147 

02.00,  occiput posterior (OP) as  ≥ 04.00 and ≤ 08.00  and occiput transverse (OT) as >02.00 148 

and <4.00 or >08.00 and <10.0045. Fetal head station was diagnosed with a transverse 149 



transperineal ultrasound scan of head-perineum distance (HPD), measured as the shortest 150 

distance between the outer bony limit of the fetal skull and the perineum27, 35.  151 

In this new study we investigated fetal molding in stored 2D and 3D acquisitions from 152 

150 women included in the two participating Norwegian centers (Stavanger university 153 

hospital and Trondheim university hospital). The two-dimensional transverse and sagittal 154 

images and 3D volumes were obtained between contractions and stored on the ultrasound 155 

device, for later off-line analysis. Molding could not be classified if position was unknown, 156 

and these cases were excluded. Vacuum extraction was classified as failed if the attempt was 157 

converted to forceps delivery or cesarean delivery.  158 

Molding was diagnosed if a step between two neighbouring skull-bones was observed 159 

(Figure 1). The different types of molding are illustrated in Figure 2. In molding at the 160 

lambdoidal suture, the occipital bone is sliding under the parietal bones (Figure 1 and 3, and 161 

Video 1 and 2). At the coronal suture, molding is seen between the frontal and parietal bones 162 

(Figure 4 and video 3) and at the sagittal suture molding occurs between the two parietal 163 

bones (Figure 5 and video 4). The distance from molding to midline, the step between two 164 

bones and the overlap between bones were measured as illustrated in Figure 1. The 165 

measurements were taken at the presenting part of the skull; i.e. where the skull was closest 166 

to the ultrasound probe. 167 

The ultrasound devices used were GE Voluson i (GE Medical systems, Zipf, Austria). 168 

The local ethics committees approved the study with reference numbers REK 2012/1865 and 169 

all women gave informed written consent. The study was registered in Clinical Trials with 170 

identifier NCT01878591. Data were analysed with the statistical software package SPSS 171 

statistics version 25.0 (IBM SPSS, Armonk, NY, IMB Corp, USA). 172 

Statistical analysis 173 

Data were presented descriptively, and groups compared with chi-square test, t-test and 174 



Anova with Bonferroni correction.  P-values <0.05 were considered significant. Data were 175 

analysed with the statistical software package SPSS statistics version 25.0 (IBM SPSS, 176 

Armonk, NY, IBM Corp, USA). 177 

 178 

Results 179 

Study population  180 

Six cases with unknown position were excluded leaving 144 women in the study population. 181 

Characteristics of the study population are presented in Table 1. A transverse transperineal 182 

image was recorded in all 144 women, a sagittal image in 124 women and a 3D volume in 183 

112 women. Fetal occiput position was anterior in 117 cases, transverse in 12 cases and 184 

posterior in 15 cases. 185 

Molding characteristics 186 

Molding was observed in 79/144 (55%) fetuses, and was seen significantly more often in OA 187 

positions than in non-OA positions; 69/117 (59%) vs. 10/27 (37%); (p=0.04). Parieto-parietal 188 

molding was seen in the midline. Occipito-parietal molding was not in the midline and the 189 

mean distance from the midline was 16.2 mm (range 3-37 mm). The fronto-parietal molding 190 

was best seen in the sagittal view, and therefore not possible to relate to the midline. A 191 

molding step could be measured in 74/79 fetuses in OA position, with mean value 4.1 mm, 192 

ranging from 1.0 to 8.0 mm, and molding overlap measured in 74/79 of cases with mean 193 

value 2.4 mm, ranging from 0 to 9.0 mm. In 20/74 (27%) of cases with a molding step, the 194 

bones did not overlap. We did not find any significant association between molding and 195 

ultrasound assessed fetal station measured as HPD (p=0.10). 196 

Associations with fetal position and delivery mode 197 



In all, 40/144 (28%) fetuses delivered spontaneously, 90/144 (63%) with successful vacuum 198 

extraction, and vacuum attempt was converted to forceps in three cases and to caesarean in 199 

11 cases. 200 

 In OA positions the molding was rarely seen in the midline because the molding was 201 

caused by the occipital bone sliding under the parietal bones (68/69), i.e. occpito-parietal 202 

molding (Figure 3).  In one OA position with a deflexed attitude, the molding was seen in the 203 

midline as a parieto-parietal overlap. Molding was seen in 19/38 (50%) of OA positions 204 

ending with spontaneous delivery, 43/71(61%) ending with successful vacuum extraction and 205 

in 7/8 (88%) with failed vacuum extraction, (p=0.13). Distance from the midline, molding 206 

step or molding overlap were not associated with delivery mode (Table 2). 207 

 In four fetuses with direct OP positions (occiput between 5 to 7 o’clock) parieto-208 

parietal molding was seen in the midline (Figure 2) and a successful vacuum extraction 209 

occurred in three cases and failed extraction in one.  Fronto-parietal molding was seen in two 210 

transverse positions (occiput at 9 o’clock) and four oblique occiput posterior positions 211 

(occiput at 4 to 5 or at 7 to 8 o’clock). One delivered spontaneously, vacuum extraction failed 212 

in three cases and was successful in one. An overview over associations between molding, 213 

fetal position and delivery mode is presented in Table 3. 214 

 215 

Comment 216 

Principal findings 217 

Fetal molding can be examined with transperineal ultrasound and classified as occipito-218 

parietal, fronto-parietal or parieto-parietal molding when the fetal position is known. We 219 

observed fetal molding in 55% of nulliparous women with slow progress in the second stage 220 

of labor. Occipito-parietal molding was seen in 47% of the fetuses, fronto-parietal molding in 221 



4.1% and parieto-parietal molding in 3.5%.  We did not find significant associations between 222 

occipito-parietal molding and delivery mode.  The prevalence of fronto-parietal and parieto-223 

parietal molding was substantially lower than in previous publications.   224 

Results in context 225 

Molding is described in older articles and textbooks1, 3, 14, 46, and parieto-parietal molding is 226 

considered as a warning sign for cephalo-pelvic disproportion; especially parieto-parietal 227 

molding along the posterior aspect of the sagittal suture1. In OA positions, the occiput is the 228 

presenting part and molding will typically occur between the occipital bone and the parietal 229 

bones, followed by the molding between the frontal bones and the parietal bones10. OP 230 

positions often present with a deflexed attitude, meaning the compression will fall more 231 

anteriorly. The parietal bones will overlap more easily in OP position, as the parietal bones 232 

overlap more easily at the frontal part than the posterior part1, 15. Our finding of no 233 

association between occipito-parietal molding and delivery mode is in line with traditional 234 

clinical practice, which considers only parieto-parietal molding to be associated with 235 

complicated operative deliveries8, 46.  A previous clinical study found no correlation between 236 

cephalo-pelvic disproportion and fronto-parietal or occipito-parietal overlap, but significant 237 

correlation with parieto-parietal overlap8. We were not able to differentiate between anterior 238 

or posterior parieto-parietal molding in our study. This warrants further investigation.   239 

Clinical implications 240 

A largely forgotten prerequisite for operative vaginal delivery is that the widest bony part of 241 

the fetal skull must have passed the pelvic inlet. This usually occurs when the leading bony 242 

part of the skull is at the level of the ischial spines. As the fetal skull becomes elongated by 243 

compression, the distance from the leading bony part and the largest diameter of the skull 244 



increases3. This may mislead the clinician to incorrectly conclude that the prerequisites for 245 

operative vaginal delivery is met47, and lead to increased risk of failed operative vaginal 246 

delivery with increased complication rates for the neonate11.  This risk of misdiagnosis 247 

increases with increased grade of molding, and hence is of particular importance where 248 

parieto-parietal molding is found. Yet molding is paid little attention in modern scientific 249 

journals, perhaps because modern clinicians are unaware of its importance, or because they 250 

are unaware of the distinction between parieto-parietal molding and other forms of molding.  251 

 Even-though occipito-parietal molding was seen in 7/8 fetuses with failed vacuum, it 252 

was also commonly seen in successful operative deliveries and spontaneous deliveries. It is 253 

likely a physiologic process, which should not be considered as a warning sign. Parieto-254 

parietal overlap was found in only 5/144 patients (3.5%). This is substantially lower than in 255 

older publications and could indicate that true cephalo-pelvic disproportion is rare in a 256 

modern population8-10, probably because operative interventions are done earlier but it may 257 

also be an indication of a lower prevalence of narrow pelvis.  258 

Research implications 259 

No previous study has systematically examined molding with ultrasound in a large 260 

population and studied molding in different fetal head positions.  The body of literature on 261 

molding is a patchwork of studies using different modalities, usually with small sample 262 

sizes1-7, 15.  The full picture is opaque, but the overall patterns of molding described in 263 

previous publications are mainly in accordance with our findings. It would be of great clinical 264 

interest to do further studies on the prevalence and clinical consequence of parieto-parietal 265 

molding in modern populations, and answer questions still unanswered, such as the pattern of 266 

molding in malpresentations.  It is unknown if parieto-parietal molding in OP positions holds 267 

the same “signal value” for cephalo-pelvic disproportion as parieto-parietal molding in OA 268 



position, because it has not yet been studied. Ultrasound is uniquely suited for dynamic, 269 

physiological studies in labor, and our study demonstrates that it is a promising modality with 270 

potential to answer open questions in the anatomy and physiology of human labor, some of 271 

which may be of great clinical importance. Our study was done in a mainly Caucasian 272 

population and new studies should be done in other populations, as our knowledge of labor 273 

mechanics and molding in other pelvic types than the gynecoid is virtually non-exciting.  274 

Strengths and limitations  275 

The main strength of our study was a well-defined population comprising nulliparous women 276 

with slow progress in the second stage of labor. Important limitations are that the study 277 

design was retrospective and that the ultrasound examiners did not focus on molding during 278 

the examinations. The molding was investigated off-line from stored acquisitions. Only 279 

molding at the presenting part close to the ultrasound probe could be examined with 280 

ultrasound, and other types of molding not seen on the ultrasound images may have been 281 

present, especially in transverse positions. We found some cases with fronto-parietal overlap, 282 

which is in accordance with previous anatomical and clinical studies, where molding in the 283 

transverse positions was typically between the frontal bone and the parietal bone1, 15. We do 284 

not know if parieto-parietal molding occurs in transverse positions, and it would have been of 285 

great interest to compare ultrasound findings with clinical assessments of molding in new 286 

studies. We found that 10/11 fetuses with either fronto-parital or parieto-parietal molding 287 

ended with an operative delivery, but the subgroups were too small to analyse further in this 288 

study.  289 

Conclusions  290 

The different types of molding can be classified with ultrasound. Occipito-parietal molding 291 

was commonly seen in OA positions and not significantly associated with delivery mode. 292 



Fronto-parietal and parieto-parietal molding were less frequent than reported in old studies. 293 
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Legends 423 
 424 
Figure 1 425 
The drawing to the left illustrates molding characteristics. The transverse transperineal image 426 
to the right shows a fetus in an oblique occiput anterior position (occiput at 11o’clock) with 427 
occipito-parietal molding. A molding step is seen, but with no overlap. The observed molding 428 
is not in the midline.  429 
 430 
Figure 2 431 
The three types of molding. Occipito-parietal molding (occipital bone under the parietal bone 432 
at the lambdoidal suture), fronto-parietal molding (the frontal bone under parietal bone at the 433 
coronal suture) and parieto-parietal molding (overlap at the sagittal suture)  434 
 435 
Figure 3  436 
Transverse transperineal image of a fetus in direct occiput anterior position (occiput at 12 437 
o’clock) showing molding between the occipital bone and both parietal bones. 438 
 439 
Figure 4 440 
Parasagittal image of a fetus in occiput posterior position with fronto-parietal molding  441 
 442 
 443 
Figure 5  444 
Transverse transperineal image of a fetus in direct occiput posterior position (occiput at 6 445 
o’clock) showing parieto-parietal molding in the midline 446 
 447 
 448 
Video 1  449 
Transverse transperineal videoclip of a fetus in an oblique occiput anterior position (occiput 450 
at 11o’clock) with occipito-parietal molding. A molding step is seen, but with no overlap. 451 
The observed molding is not in the midline.  452 
 453 
Video 2  454 
Transverse transperineal videoclip of a fetus in direct occiput anterior position (occiput at 12 455 
o’clock) showing molding between the occipital bone and both parietal bones. 456 
 457 
Video 3 458 
Sagittal image of a fetus in occiput posterior position with fronto-parietal molding 459 
 460 
Video 4  461 
Transverse transperineal videoclip of a fetus in direct occiput posterior position (occiput at 6 462 
o’clock) showing parieto-parietal molding.  463 


