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Abstract

Objectives—The aim of this study was to establish the predictive role of obstetric variables for 

obstetric outcomes and birth related levator ani muscle trauma.

Methods—In this prospective study, women underwent 3D pelvic floor ultrasound at their first 

appointment at 36 weeks and also 3 months postpartum. The measurements included Minimal 

Levator Hiatus Circumference (MLHC), and the ratio of fetal head circumference (FHC) to 

MLHC = head induced stretch ratio (HISR) as an indicator of the discrepancy between passage 

and passing canal. To derive the true impact of baby’s mass on the levator ani musculature, we 

devised the levator ani stretch ratio (LASR), which was calculated by multiplying the HISR and 

the baby’s weight.

Results—Dataset of 173 women were available for analysis. Mean HISR and LASR values were 

statistically different across all binary outcome categories, with one exception for HISR and 

levator ani injury. The odds ratios for LASR indicated positive and statistically significant 

associations with all obstetric outcomes examined. The probability of the LASR correctly 

classifying those with the adverse obstetric outcome, as estimated by the area under the curve 

(AUC), ranged from 0.64 to 0.80 with the strongest discriminatory ability observed for severe 

levator ani muscle trauma.

Conclusions—Fetal head circumference/ mother minimal levator hiatus circumference ratio 

(HISR) is associated with longer length of second stage of labor, assisted delivery and increased 
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severity of perineal trauma. Similar associations were observed for LASR, but in addition, LASR 

had good discriminatory ability to identify severe levator ani muscle trauma.
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Introduction

The anatomical and functional integrity of levator ani muscle (LAM) plays a fundamental 

role in pelvic organ support. Throughout the whole female life span, the LAM closes the 

pelvic floor. It is only during vaginal delivery that it undergoes an enormous stretching, to 

allow the passage of the newborn (1). There have been attempts at defining the distension 

required for vaginal childbirth with help of biomechanical engineering and Finite Element 

modeling. These models suggest that some muscle damage during the second stage of labor 

may come from overstretching because those parts of the muscle that are stretched the most 

are those parts that are seen to be injured (2). Researchers have calculated maximum stretch 

ratios of 2.28– 3.26 at different muscle regions, which considerably exceeds the maximum 

stretch ratio of 1.5 tolerated by striated muscle in non-pregnant animal preparations (3). On 

the other hand, all women sustain stretching of their pelvic floor during birth, but only some 

experience injury. Prospective studies have shown that LAM injuries occur in 13–36% of 

women who deliver vaginally (4–6). Antepartum prediction of levator muscle trauma has 

been difficult or even impossible (7) but there are reports of obstetric risk factors associated 

with LAM trauma including operative vaginal delivery (8–10), episiotomy (10), prolonged 

second stage of labor (4, 9, 10), increased fetal head circumference (4) and increased 

maternal age (10).

The aim of the current study was to establish the predictive role of variables for levator ani 

muscle injury due to vaginal birth. We used the ratio of fetal head circumference (HC) to 

mother’s minimal levator hiatus circumference (MLHC) as an indicator of LAM distension 

ratio and assessed the association of HC/MLHC with levator ani trauma and known obstetric 

risk factors for LAM trauma including prolonged second stage of labor, operative delivery, 

episiotomy and perineal laceration.

Methods

This study was a secondary analysis of data collected from a previously published 

prospective observational study on “ levator ani muscle avulsion during childbirth: a risk 

prediction model” (8). Institutional Review Board approval was obtained from National 

Research Ethics Service South West London committee and the University of Oklahoma 

Health Sciences Center. Nulliparous women from the antenatal clinic and parent craft 

classes at Croydon University Hospital, London, UK were invited to participate in the parent 

study between January 2011 and May 2012. At the initial contact, patients were informed 

about the project, an information leaflet was given and contact details were collected. At 34 

weeks of gestation the researcher telephoned eligible patients to inquire if they were 

interested in participating in the study. The inclusion criteria were a singleton pregnancy, 
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maternal age >18 years, no previous history of pregnancy of more than 20 weeks of 

gestation, and being able to read and understand English. All nulliparous women were 

approached to participate to create a sample representative of the general population. The 

recruitment process has previously been described in detail (11). All women gave written 

informed consent during enrollment at 36 weeks of gestation. Subsequently, participants 

were invited by telephone, postal mail and electronic mail to book a follow-up appointment 

three months following childbirth. Demographic and obstetric details were collected from 

the hospital confidential notes. The current study was limited to participants of the parent 

study who delivered vaginally.

Ultrasound protocol

Levator ani muscle avulsion—Imaging was obtained using the BK Medical Ultrafocus 

(Peabody, MA, USA) and a 2052 12 MHz transducer. All postnatal ultrasound exams were 

performed in the office setting, with the patient in dorsal lithotomy position, with hips flexed 

and abducted. No preparation was required and the patient was recommended to have a 

comfortable volume of urine in the bladder. No rectal or vaginal contrast was used. To avoid 

excessive pressure on surrounding structures that might distort the anatomy, the probe was 

inserted into the vagina in a neutral position with no pressure on vaginal walls. US volumes 

were digitally stored for further analysis.

US volumes were evaluated blinded to patient symptoms, and muscles were scored 

according to levator ani deficiency (LAD) scoring system, which has been previously 

validated (12, 13). The levator muscle was divided into two subgroups; the puborectalis 

[PR], and iliococcygeus/pubococcygeus [PV] (14). Subgroups were evaluated and scored 

(1=no defect, 2=minimal defect with < 50% muscle loss, 3=major defect with >50% muscle 

loss, 4=total absence of the muscle) on each side based on thickness and detachment from 

the pubic bone. Partial and complete muscle loss was diagnosed if each muscle subgroup 

score was 3 or 4, respectively. Scores for the two muscle subgroups on both sides were 

summed and categorized as mild to moderate (scores 0–13) or extreme (scores 14–16) LAD.

Minimal levator hiatus area and circumference—Minimal levator hiatus area was 

measured in US volumes at 36 weeks of gestation. To obtain the measurement, US volumes 

were rotated to position them in an anatomically correct orientation as if the patient were 

lying down with the mid-sagittal view facing the reader. In order to find the minimal levator 

hiatus, we located the shortest line between the pubic symphysis and the levator plate 

prominence in the sagittal view. The anterior posterior (AP) line of the minimal levator 

hiatus was drawn. The axial plane was tilted posteriorly and was advanced cephalad parallel 

to the AP line. The mid-sagittal plane was expanded to make the whole volume visible. The 

minimal levator measurements (height A, width B, and area) were obtained in this plane, the 

“minimal levator hiatus plane” (Figure 1). Circumference was calculated using the following 

formula:

Circumference ≈

(pi/2)(A+B)[1 + H2/4 + H4/64 + H6/256 + 25H8/16384]

Where H = |A−B|/(A+B)
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We used an online tool to convert area to circumference.

New levator ani muscle distention ratio indicator—Minimal levator hiatus 

circumference (MLHC) is the smallest muscular pelvic floor dimension during fetal passage. 

The ratio of fetal head circumference (FHC) to MLHC reflects the discrepancy between fetal 

head size and the passage canal and can be an indicator for pelvic floor stretch ratio 

associated with the initial passage of the head. The head induced stretch ratio (HISR) 

therefore is calculated by FHC/MLHC. Since we wanted to take into account not only the 

baby’s head, but also the baby’s size as another variable that stretched minimal levator 

hiatus beyond its stretch threshold, we multiplied FHC/MLHC and baby’s weight in kg 

(BW). Therefore the resultant levator ani stretch ratio (LASR) could be calculated by 

multiplying FHC/MLHC × BW in kg.

Obstetric outcomes

Obstetric outcomes were collected from the medical record. Length of second stage of labor 

was defined as ≥ 90 minutes and < 90 minutes between cervical dilation to 10 cm and 

delivery. Method of vaginal delivery was defined as unassisted or assisted (i.e., forceps 

and/or vacuum). Presence or absence of episiotomy was recorded as a binary indicator. A 

dichotomous measure of third degree laceration was defined as Subclass 3a, 3b or 3c 

compared to absent, first-degree or second-degree lacerations. No participants in this study 

experienced fourth-degree lacerations.

Statistical methods

Analyses were conducted using SAS version 9.2 (SAS Institute, Inc., Cary, NC). Mean 

HISR and LASR measures were compared across obstetric outcome categories (length of 

second stage of labor, method of delivery, episiotomy, third-degree laceration) and severe 

pelvic trauma using Student’s t-tests. ROC curves analyses were conducted to estimate the 

discriminatory ability of the HISR and LASR measures, as well as the individual 

components of these measures (baby weight, fetal head circumference and the minimal 

levator hiatus circumference), for predicting obstetric outcomes and extreme levator ani 

deficiency. The area under the curve (AUC) and 95% confidence intervals are reported for 

each measure. Differences in the areas under the ROC curves were compared using the non-

parametric approach of DeLong, DeLong, and Clarke-Pearson (15). For each outcome, the 

optimal thresholds for the HISR and LASR measures were defined by the value maximizing 

sensitivity – (1-specificity). After considering the models for reporting ORs or RRs, it 

became clear that it would not be useful to estimate an association with the continuous value 

of the ratio measure since an increased risk associated with a one unit change in the ratio 

measure would not be very meaningful to the reader.

We concluded that it would be more useful to take the optimal threshold for the ratio 

measure and create an indicator variable. Then we used this as the independent variable in 

the model. Since we had a cohort study, we used the modified Poisson model to directly 

calculate a risk ratio (rather than a logistic regression which provides an odds ratio that only 

approximates the RR). Since each ratio measure had a different optimal cut point for each 

outcome (which becomes very complicated to describe and to report), we streamlined this by 

Rostaminia et al. Page 4

Female Pelvic Med Reconstr Surg. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



only reporting the RR result for the most promising association (between LASR and extreme 

LAD). Using the optimal threshold to create a binary indicator of the LASR, a modified 

Poisson regression model was used to report crude and adjusted risk ratios and 95% 

confidence interval for the association between LASR and severe pelvic floor trauma. 

Adjusted risk ratios were controlled for maternal age at enrollment, race/ethnicity and body 

mass index.

Results

Of the 269 participants in the parent study, 187 delivered vaginally and were eligible for the 

current study. Of these, 173 women had complete data on head circumference and MLHC 

measures and were included in this analysis. Study participants had a mean age of 29.6 (SD 

5.7) and median BMI of 24 (range 16–46). Mean HISR and LASR were 2.42 (SD 0.29, 

range 1.72– 3.56) and 8.08 (SD 1.58, range 3.65– 14.05), respectively.

In all instances, mean values for HISR and LASR were greater among those with adverse 

outcomes (Table 1). Mean differences were statistically significant for all comparisons, with 

the exception of mean HISR by severe levator ani muscle trauma.

The probability of the LASR correctly classifying those with the adverse outcomes, as 

estimated by the area under the curve (AUC), ranged from 0.66 to 0.80 with the strongest 

discriminatory ability observed for severe levator ani muscle trauma (Table 2 and Figure 2). 

For length of second stage of labor, assisted delivery, third and fourth degree lacerations and 

episiotomy, the HISR and LASR performed similarly for correctly classifying adverse 

outcomes. Based on the magnitude of the AUCs, overall the ratio measures had improved 

discriminatory ability over the individual measures of head circumference, birth weight and 

MLHC. However, the HISR did not outperform birth weight as an indicator of pelvic 

trauma. Statistical comparisons of the areas under the ROC curves indicated that LASR 

differed significantly from head circumference as an indicator of severe levator ani muscle 

trauma (p=0.04) but did not differ significantly from the other measures. Similarly, as a 

predictor of all other outcomes, LASR had significantly better discriminatory ability than 

birth weight (p<0.05). As a predictor of third/fourth degree lacerations, LASR also 

performed better than head circumference alone (p=0.04).

When creating a binary indicator of the LASR score using the optimal threshold of the 

LASR (Table 3), the risk of severe levator ani muscle trauma was 6.6 times greater (RR 6.6, 

95% CI 1.4–31.5) among those with a “positive” LASR (>8.86) compared to those with a 

“negative” LASR score, controlling for age. When controlling for age and body mass index, 

the risk ratio decreased to 5.4 (95% CI 0.96–30.35), but with only six events of severe 

levator ani muscle trauma the stability of the model may be comprised by exceeding the 

general rule of ten events per covariate.

Conclusions

Fetal head circumference/mother’s minimal levator hiatus circumference ratio (HISR) is 

associated with longer length of second stage of labor, assisted delivery and increased 

severity of perineal trauma. When taking baby’s weight into account, similar associations 
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were observed, but in addition, LASR demonstrated good discriminatory ability to predict 

severe levator ani muscle trauma.

Every experienced obstetrician can admit that exact prediction of labor process antenatally is 

impossible and that is due to multiple factors that play a role in that process. In an attempt to 

identify risk factors for complicated vaginal delivery, prior studies have shown that levator 

ani trauma at the time of first delivery is associated with forceps delivery and a longer 

second stage. Epidural pain relief may exert a protective effect (16). It is likely that birth 

weight, length of second stage, size of fetal head and forceps delivery increase the 

probability of muscle injury (17–20). Valsky showed an OR of 2.27 for muscle injury 

detected by ultrasound when the second stage was more than 110 minutes and OR of 3.34 

for muscle injury when fetal head circumference was more than 35.5 cm (19). Falkert et al. 

also found a positive correlation with weight and head circumference of baby and area of 

levator hiatus (21). There are controversies regarding maternal age at first delivery. In some 

studies increased maternal age contributes to muscle injury (22), but not in some other 

studies (7, 19). Shek et al. found that women with lower BMI were at higher risk of 

sustaining muscle injury, but its clinical significance is questionable as BMI was set at 27.85 

vs 30.01 kg/m2 (23). Additionally, this association has not been confirmed in another study 

(21). Ultrasound enables us to identify and evaluate the interpubic gap and the infrapubic arc 

with a high interrater agreement. It has been shown that infrapubic angle is not associated 

with length of second stage of labor and the occurrence of levator ani defects (24).

Our study demonstrated that discrepancy between baby’s head circumference and baby’s 

weight with mother’s pelvic floor biometry measured by pelvic floor ultrasound can predict 

the need for lengthened second stage of labor, assisted vaginal delivery, and also extent of 

pelvic floor and perineal trauma.

Our study was limited by a relatively small sample size. Additionally, we used the baby’s 

measurements immediately following birth, which is reasonably precise and readily 

available for research purposes; however, clinical application of these ratio measures would 

require an antenatal prediction model that uses fetal ultrasound measurements. Because fetal 

ultrasound measurement may be prone to some degree of measurement error, it is necessary 

to replicate this study using antenatal components. We are in the process of a prospective 

study to validate our model using antenatal measures and we will report the results in the 

near future.

Ability to predict the labor outcome has been the aim of many studies in the history of 

obstetrics. Recently with the advent of modern imaging techniques, valuable information 

regarding the birth canal biometry paved the way for more comprehensive understanding of 

the labor mechanism. The current study demonstrates how the assessment of the postnatal 

measures may inform the development of prenatal indicators of risk, which may ultimately 

guide efforts to prevent pelvic floor trauma during the vaginal delivery.
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Abbreviation

EVUS endovagial ultrasound

HC head circumference

MLHC minimal levator hiatus circumference

HISR head induced stretch ratio

LAM levator ani muscle

LASR levator ani stretch ratio
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Figure 1. 
Minimal Levator hiatus surrounded by levator ani muscles and pubic arc, AM: levator ani 

muscle, R: Rectum, U: urethra, V: vagina
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Figure 2. 
Receiver operating characteristic (ROC) curve for levator ani stretch ratio as a predictor of 

severe pelvic floor traum

Rostaminia et al. Page 10

Female Pelvic Med Reconstr Surg. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rostaminia et al. Page 11

Ta
b

le
 1

C
om

pa
ri

so
n 

of
 m

ea
n 

m
ea

su
re

s 
of

 th
e 

he
ad

 in
du

ce
d 

st
re

tc
h 

ra
tio

 a
nd

 le
va

to
r 

an
i s

tr
et

ch
 r

at
io

 b
y 

de
liv

er
y 

ou
tc

om
es

 a
nd

 s
ev

er
ity

 o
f 

pe
lv

ic
 f

lo
or

 tr
au

m
a

T-
te

st
s 

fo
r 

C
om

pa
ri

so
ns

 o
f 

M
ea

n 
H

IS
R

 a
nd

 M
ea

n 
L

A
SR

 b
y 

O
ut

co
m

es

n
H

IS
R

M
ea

n 
(s

td
)

p
L

A
SR

M
ea

n 
(s

td
)

p

L
en

gt
h 

of
 S

ec
on

d 
St

ag
e

  ≤
 9

0
13

7
2.

39
 (

0.
28

)
7.

88
 (

1.
56

)

  >
90

36
2.

58
 (

0.
27

)
0.

00
03

8.
85

 (
1.

42
)

0.
00

09

M
od

e 
of

 D
el

iv
er

y

  U
na

ss
is

te
d 

V
ag

in
al

10
5

2.
35

 (
0.

25
)

7.
60

 (
1.

37
)

  A
ss

is
te

d 
V

ag
in

al
68

2.
54

 (
0.

30
)

<
0.

00
01

8.
67

 (
1.

71
)

0.
00

01

L
ac

er
at

io
n

  N
o 

Te
ar

13
2.

26
 (

0.
26

)
6.

90
 (

1.
63

)

  T
ea

r
16

0
2.

44
 (

0.
28

)
0.

03
8.

17
 (

1.
55

)
0.

00
7

E
pi

si
ot

om
y

  N
o

87
2.

33
 (

0.
24

)
7.

61
 (

1.
36

)

  Y
es

86
2.

52
 (

0.
30

)
<

0.
00

01
8.

56
 (

1.
65

)
<

0.
00

01

L
A

D
 S

co
re

  <
 7

10
8

2.
30

 (
.0

28
)

7.
98

 (
1.

45
)

  ≥
 7

26
2.

40
 (

0.
33

)
0.

11
8.

75
 (

1.
70

)
0.

03

L
A

D
 S

co
re

  <
 1

4
12

8
2.

40
 (

0.
29

)
8.

05
 (

1.
54

)

  ≥
 1

4
6

2.
62

 (
0.

38
)

0.
08

9.
89

 (
2.

00
)

0.
00

5

Female Pelvic Med Reconstr Surg. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rostaminia et al. Page 12

Ta
b

le
 2

A
re

a 
un

de
r 

th
e 

cu
rv

e 
(A

U
C

) 
an

d 
95

%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

fo
r 

m
ea

su
re

s 
as

se
ss

ed
 a

s 
pr

ed
ic

to
rs

 o
f 

de
liv

er
y 

ou
tc

om
es

 a
nd

 s
ev

er
e 

pe
lv

ic
 f

lo
or

 tr
au

m
a

D
el

iv
er

y 
O

ut
co

m
e

H
ea

d 
In

du
ce

d
St

re
tc

h 
R

at
io

A
U

C
 (

95
%

 C
I)

L
ev

at
or

 A
ni

St
re

tc
h 

R
at

io
A

U
C

 (
95

%
 C

I)

H
ea

d
C

ir
cu

m
fe

re
nc

e
A

U
C

 (
95

%
 C

I_
M

L
H

C
A

U
C

 (
95

%
 C

I)
_

B
ir

th
 W

ei
gh

t
A

U
C

 (
95

%
 C

I)

Se
co

nd
 S

ta
ge

 o
f 

L
ab

or
 >

90
 m

in
0.

70
 (

0.
61

–0
.7

9)
0.

68
 (

0.
60

–0
.7

7)
0.

60
 (

0.
50

–0
.7

1)
0.

65
 (

0.
56

–0
.7

5)
0.

57
 (

0.
48

–0
.6

7)

A
ss

is
te

d 
D

el
iv

er
y

0.
68

 (
0.

60
–0

.7
6)

0.
66

 (
0.

57
–0

.7
4)

0.
62

 (
0.

53
–0

.7
0)

0.
63

 (
0.

55
–0

.7
2)

0.
57

 (
0.

49
–0

.6
6)

T
hi

rd
/F

ou
rt

h 
D

eg
re

e 
L

ac
er

at
io

n
0.

75
 (

0.
64

–0
.8

6)
0.

75
 (

0.
64

–0
.8

6)
0.

61
 (

0.
48

–0
.7

5)
0.

70
 (

0.
58

–0
.8

2)
0.

65
 (

0.
51

–0
.7

8)

E
pi

si
ot

om
y

0.
69

 (
0.

61
–0

.7
7)

0.
67

 (
0.

59
–0

.7
5)

0.
61

 (
0.

53
–0

.7
0)

0.
63

 (
0.

55
–0

.7
2)

0.
58

 (
0.

49
–0

.6
6)

E
xt

re
m

e 
L

A
D

0.
67

 (
0.

48
–0

.8
7)

0.
80

 (
0.

66
–0

.9
4)

0.
62

 (
0.

34
–0

.9
0)

0.
66

 (
0.

40
–0

.9
2)

0.
74

 (
0.

51
–0

.9
9)

Female Pelvic Med Reconstr Surg. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rostaminia et al. Page 13

Table 3

Optimal thresholds and related sensitivity and specificity for the head induced stretch ratio and the levator ani 

stretch ratio as predictors of delivery outcomes and severe pelvic floor trauma

Delivery Outcome Head Induced
Stretch Ratio

Optimal Threshold
(Se, Sp)

Levator Ani
Stretch Ratio

Optimal Threshold
(Se, Sp)

Second Stage of Labor >90 min 2.36
(0.86, 0.50)

7.68
(0.89, 0.46)

Assisted Delivery 2.38
(0.75, 0.58)

7.75
(0.74, 0.51)

3rd /4thDegree Laceration 2.50
(0.74, 0.69)

8.05
(0.84, 0.56)

Episiotomy 2.43
(0.63, 0.74)

7.72
(0.76, 0.55)

Extreme LAD 2.33
(1.00, 0.39)

8.86
(0.83, 0.72)
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