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Abstract

Objective To identify and characterize changes in the

pelvic floor and pubic bone, using magnetic resonance

imaging, in primiparous women with normal vaginal

delivery, in comparison with nulliparous women.

Methods Pelvic MR images from ten primiparous

women, 6–7 weeks after normal vaginal delivery, and ten

nulliparous women were obtained from January to April

2014. The selected women were scanned using a multi-

planar T2FRFSE sequence and T2fsFRFSE sequence.

Changes in the pelvic floor and pubic bone in primiparous

women, including tears of the levator ani fibers, pubic bone

edema, and fractures, were assessed on the MR images in

comparison with images from normal nulliparous women.

Injury to the levator ani was evaluated and scored. The

incidence, location and the extent of injury to the levator

ani and pubic bone were characterized further.

Results Eight out of ten primiparous women had imaging

abnormalities after normal vaginal delivery. Three women

had unilateral tears of the pubococcygeus, in which the

defect in the muscle was located at or near its origin at the

pubic bone, and one had a pubococcygeus tear accompa-

nied by bilateral spilling of the vagina. Four women had

partial tears of the iliococcygeus: one was a bilateral tear,

and three were unilateral. None had a tear of the coccygeus.

Eight women had pubic bone marrow edema; one was

accompanied by a pubic bone fracture line. None of the

nulliparous women had any abnormality of the pelvic floor

and pubic bone.

Conclusion Abnormalities of the pelvic floor and pubic

bone were observed in primiparous women but not in

nulliparous women. In primiparous women, most levator

ani muscle tears are at or near the point of origin, and

pubococcygeus injuries are usually accompanied by pubic

bone marrow edema.

Keywords Levator ani tears � Pubic bone edema �
Fracture � Magnetic resonance imaging

Introduction

The levator hiatus is the largest potential hernia portal

within the envelope of the abdominal cavity [1]; it is

enclosed by the pelvic floor, which acts as a support for the

pelvic and abdominal organs. The levator ani muscle is

thought to be of central importance for pelvic organ sup-

port [2]. One of the main functions of the pelvic floor is to

maintain urinary and fecal continence [3]. Pelvic organ

prolapse, urinary incontinence and fecal incontinence are

the most common disorders of the pelvic floor [3]. Pelvic

floor dysfunction is common in women, and can signifi-

cantly affect daily activities and quality of life. In a recent

study, the lifetime risk of surgery for either stress incon-

tinence or pelvic organ prolapse was 20.0 % [4].
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It is well established that the levator ani muscle plays an

important role in maintaining the function of the pelvic

floor [5–7]. Pelvic floor disorders, including urinary and

fecal incontinence and pelvic organ prolapse, are more

prevalent among women who have delivered at least one

child [8–10], and vaginal parity is the most consistently

associated risk factor [11]. Levator ani muscle avulsion can

occur during vaginal delivery; in particular, avulsions of

the pubococcygeus appear to be clinically relevant as an

independent risk factor for pelvic organ prolapse [12].

Each part of the levator ani muscle differs in its origin

and insertion points and therefore has a unique function.

Injury to each individual part results in a unique dysfunc-

tion. Visible defects of the levator ani muscle have been

observed in magnetic resonance (MR) images and three-

dimensional (3D) ultrasound of women after vaginal

delivery [13, 14]. It has been reported that visible defects in

the pubovisceral portion of the levator ani muscles occur in

20–36 % of primiparous women after vaginal delivery [13,

15], in contrast to nulliparous women in whom such

abnormalities were not found [14, 16, 17]. Injury to the

levator ani muscles as a result of vaginal birth has been

documented [13].

Accurate assessment of pelvic floor injury through MR

imaging can provide help in the diagnosis of pelvic floor

disorders and can provide detailed structural evidence. The

goal of this study was to identify the damaged portion and

the extent of pelvic floor and pubic bone injury in primi-

parous women after normal vaginal delivery, and to com-

pare them with nulliparous women. Visualizing muscular

injuries and bone abnormalities in the pelvic floor by MR

imaging requires high spatial and contrast resolution. In our

study we used a 3.0T MR scanner which provides images

of high spatial and contrast resolution; 3.0T MR imaging

can demonstrate the location and the extent of pelvic floor

injury and pubic bone injury.

Ten primiparous women underwent MR scanning,

6–7 weeks after normal vaginal delivery, for assessment of

pelvic floor and bone abnormalities, and the findings were

compared with those from nulliparous women.

Materials and methods

This study was a single institution study, conducted by

investigators at Peking University People’s Hospital, and

was approved by the institutional board review. All par-

ticipants provided written informed consent. Our study

groups comprised ten primiparous women following

spontaneous vaginal delivery and ten nulliparous women

matched on age and body mass index (BMI). Our exclusion

criteria included maternal age younger than 15 or older

than 50 years, delivery at less than 37 weeks’ gestation,

placenta previa, known fetal congenital anomaly, stillbirth,

prior myomectomy or abruption. The age range of the

primiparous group was 26–34 years with a mean age of

28.5 years, and the BMI of this group was 20.2–27.3 with a

mean of 20.5 kg/m2. The age range of the nulliparous

group was from 23 to 29 years with a mean age of

26.2 years, and the BMI of this group ranged from 17.5 to

22.0 with a mean of 19.7 kg/m2.

The women in both the primiparous and nulliparous

groups completed the same MR scan sequence. The

primiparous women were all scanned about 6–7 weeks

after delivery. The nulliparous women were scanned

during a routine visit for other medical conditions. The

MR scan was performed after participants had emptied

their bladder, with the patient in the supine position at

rest. The MR images of the primiparous group and nul-

liparous group were studied and compared at the same

anatomical level. The MR imaging (750 3.0 Tesla, Signa;

General Electric Medical Systems, Milwaukee, WI; 32

channel torso coil positioned over the pelvis) included a

coronal, axial, and sagittal T2 fast recovery fast spin echo

(FRFSE) sequence (TR/TE = 3000/102 ms, field-of-

view = 28 cm; 320 9 320 matrix, number of signal

averages 2; and slice thickness/gap = 4 mm/1 mm), and a

T2 fat saturation fast recovery fast spin echo (fsFRFSE)

sequence. The MRI images were reviewed and assessed

independently by two radiologists using the standard

monitor of the picture archiving and communication sys-

tem (PACS); consensus was achieved by reviewing the

images together. The pelvic floor and pubic bone were

assessed while blinded to clinical risk factors. Tears of the

levator ani muscle, edema, and fracture of the pubic bone

were assessed in all MR images. Each side of an injury to

the levator ani was assessed and scored separately. A tear

of the levator ani was assessed by recording the absence

of muscle fibers in at least one 4 mm section in the axial,

sagittal and/or coronal planes. Each tear was scored from

0 to 3 as follows: score 0, normal; score 1, less than 50 %

of muscle fibers missing; score 2, more than 50 % of

muscle fibers missing; score 3, complete loss of muscle

mass. Increased T2fsFRFSE signal of the pubic bone on

MR images, the presence and location of any fracture line,

the location and type of injury, and the extent of avulsion

were recorded. The clinical information on the primi-

parous and nulliparous groups was collected by review of

medical records.

Results

There were ten primiparous women with normal vaginal

delivery and ten nulliparous women in the study group; the

groups were matched on age and BMI. All the women were
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seen in the radiology department in Peking University

People’s Hospital between January and April 2014. Clini-

cally, none of the women presented with pelvic organ

prolapse or stress urinary or fecal incontinence, and

gynecological examination did not reveal any obvious

abnormality. Among the primiparous group, none had

experienced anal sphincter laceration, a prolonged second

stage of labor, precipitous delivery or infant shoulder

dystocia during delivery.

Pubococcygeus injury was found in three out of the ten

primiparous women: three women had a score of 1 on one

side (Fig. 1a); seven patients demonstrated no pubococ-

cygeus tear. One unilateral pubococcygeus injury was

accompanied by bilateral spilling of the vagina, and the

spilling of the vagina on the side with the pubococcygeus

tear was more serious (Fig. 1b). Local injury to the ilio-

coccygeus was seen in four primiparous women: one of

them had bilateral local tears, and three had a unilateral

local tear (Fig. 1c). Injury to the coccygeus was not seen in

any of the primiparous women. However, injury to the

pubic bone was seen in eight primiparous women; among

them five had bilateral bone marrow edema and three

women had unilateral edema (Fig. 2a). One case of edema

was accompanied by a subtle fracture of the ipsilateral

pubic bone (Fig. 2b).

The majority of injuries to the levator ani were located

at the point of origin, and tears of the pubococcygeus were

located at the pubic origin and in the anterior portion. The

tears of the iliococcygeus were located at or near the fascia

of the obturator internus. All tears of the pubococcygeus

were associated with focal pubic bone marrow edema, but

some cases of pubic bone edema were not accompanied by

pubococcygeus tears, and only one instance of pubic bone

edema was accompanied by a local fracture. These injuries

to the pelvic floor and pubic bone of primiparous women

occurred singly or in combination.

Muscle tears or obvious abnormality of the pelvic floor

and pubic bone were not found on MR imaging of any

nulliparous woman.

Discussion

Although none of the primiparous women in our study

group experienced any adverse events during normal

vaginal delivery, mild injuries to the levator ani and pubic

bone were demonstrated on MR images obtained

6–7 weeks postpartum. We chose this imaging time to

minimize the influence of soft tissue edema caused by

vaginal delivery [18, 19]. In strong contrast, similar injuries

were not found in any of the nulliparous women. Therefore

even uneventful natural labor can lead to mild injury to the

levator ani and pubic bone.

In our study, all levator ani injuries were tears in the

pubococcygeus and/or iliococcygeus; obvious injury to the

coccygeus was not observed. In comparison with the

pubococcygeus and iliococcygeus, there is a greater dis-

tance between the coccygeus and the levator hiatus, which

may explain the absence of injury to the coccygeus during

vaginal birth. Tears of the pubococcygeus are usually

associated with bone marrow edema in the pubic bone and

are occasionally associated with local fracture. However,

we also observed bone marrow edema in the pubic bone

without evidence of tears in the pubococcygeus, which

suggests that pubic bone edema occurs more frequently

than pubococcygeus tears. In addition, the extent of pubic

bone marrow edema and local fracture was correlated with

the extent and side of the pubococcygeus injury.

Fig. 1 T2-weighted MR images of pubococcygeus and iliococcygeus

tears. In a, an axial image from a 26-year-old primiparous woman

shows partial (\50 %) left pubococcygeus avulsion near the pubic

bone (white arrow); the right pubococcygeus muscle bulk is normal.

In b, an axial image from a 31-year-old primiparous woman shows

partial (\50 %) left pubococcygeus avulsion near the pubic bone

(black arrow) with bilateral spilling of the vagina; the vaginal spilling

on the left side is more severe (white arrow). In c, a coronal image

from a 26-year-old primiparous woman shows partial right iliococ-

cygeus tears near the obturator internus fascia (white arrow)
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The injuries observed in the pubic portion of the pubo-

coccygeus and the pubic bone support the hypothesis that

tears of the pubic portion of the levator ani fibers are a

triggering mechanism for pelvic floor injury during vaginal

delivery. Based on our observations, the medial pubic part

of the pubococcygeus is more vulnerable to injury, because

we did not observe any tears in the lateral part of the

pubococcygeus origin. One pubococcygeus tear was

accompanied by bilateral spilling of the vagina; the extent

of the spilling on the side of the muscle tear was greater

than that on the contralateral side, suggesting that lateral

vaginal spilling may be associated with the side and extent

of pubococcygeus tears.

While MR-detectable changes in the pubic bone

occurred in all groups in a previous study, they were more

frequently associated with labor and with delivery-related

risk factors for injury to the pelvic floor muscles [19]. Bone

marrow edema, also named ‘‘bone marrow contusion’’, is

an indirect sign of injury to the pubic bone portion of the

pubococcygeus, and indicates non-specific stress injury

within the bone. In this study, eight out of ten primiparous

women had pubic bone marrow edema. Bone marrow

edema is common following all types of delivery, and

pubic bone fractures occur when the stress exceeds tra-

becular or cortical strength. In this study, one pubic bone

microfracture was noted in the primiparous group, and this

woman also had an obvious ipsilateral pubococcygeus tear.

This indicates that pubic bone fracture may be related to

the extent and side of pubococcygeus injury. In addition,

tears in the iliococcygeus tears were relatively common

findings in the primiparous women after normal vaginal

delivery.

The location of injuries to the levator ani in our study

supports the hypothesis that the origin point of the levator

ani is injured more often than other parts and the insertion

points; in addition, the medial parts of the pubococcygeus

were injured more often than the lateral part. Muscles in

general are most vulnerable to tears at the myotendinous

junction [20, 21], and most levator ani injuries in our study

were located at this part. This pattern of muscle tearing

occurred in the same region as the muscle defects seen in

women with pelvic organ prolapse [22].

Symptoms are only weakly correlated with the extent of

prolapse [23, 24]. In this study, the injuries to the pelvic

floor and pubic bone were mild, and the nulliparous

women did not present with any symptoms of pelvic organ

prolapse, or stress urinary or fecal incontinence, and

gynecological examination was normal. It is likely that the

time we selected for follow-up of postpartum symptoms

was too early, and that the extent of injury to the pelvic

floor and pubic bone that is demonstrated by highly sen-

sitive imaging techniques does not cause symptoms in

primiparous women. Women with signs of prolapse are

more likely to be older (10 or more years post-

menopausal), obese, and to have had at least one vaginal

birth [25]. However, when compared with the nulliparous

group, the MR imaging of primiparous women after nor-

mal vaginal delivery demonstrated obvious injuries to the

levator ani and pubic bone which strongly support the

contention that vaginal delivery is a major risk factor for

pelvic floor injury.

This study was based in a single institution and the

sample size was relatively small, yet it laid the ground for

large cohort study. A multi-institutional study with large

sample size is warranted to characterize fully the site of

levator ani tears, and edema and fracture of the pubic bone,

to determine the significance of these results and the

association with other clinical findings. In summary, our

study supports the hypothesis that the primary mechanism

of pelvic floor injury associated with vaginal delivery is

Fig. 2 T2fsFRFSE images of pubic bone edema and cortex

microfracture. In a, a saggital image from a 24-year-old primiparous

woman shows pubic bone marrow edema (white arrow). In b, a

saggital image from a 31-year-old primiparous woman shows pubic

bone marrow edema and fracture (white arrow at the superior

symphysis)
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likely to be due to levator ani muscle tears, most commonly

located at the point of origin.
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