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OBJECTIVE: To identify risk factors associated with anal
sphincter tear during vaginal delivery and to identify
opportunities for preventing this cause of fecal inconti-
nence in young women.

METHODS: We used baseline data from two groups of
women who participated in the Childbirth and Pelvic
Symptoms (CAPS) study: those women who delivered
vaginally, either those with or those without a recognized
anal sphincter tear. Univariable analyses of demographic
and obstetric information identified factors associated
with anal sphincter tear. We calculated odds ratios (ORs)
for these factors alone and in combination, adjusted for
maternal age, race, and gestational age.

RESULTS: We included data from 797 primaparous
women: 407 with a recognized anal sphincter tear and
390 without. Based on univariable analysis, a woman with
a sphincter tear was more likely to be older, to be white,
to have longer gestation or prolonged second stage of
labor, to have a larger infant (birth weight/head circum-
ference), or an infant who was in occiput posterior
position, or to have an episiotomy or operative delivery.
Logistic regression found forceps delivery (OR 13.6, 95%

confidence interval [CI] 7.9–23.2) and episiotomy (OR
5.3, 95% CI 3.8–7.6) were strongly associated with a
sphincter tear. The combination of forceps and episiot-
omy was markedly associated with sphincter tear (OR
25.3, 95% CI 10.2–62.6). The addition of epidural anes-
thesia to forceps and episiotomy increased the OR to
41.0 (95% CI 13.5–124.4).

CONCLUSION: Our results highlight the existence of
modifiable obstetric interventions that increase the risk
of anal sphincter tear during vaginal delivery. Our results
may be used by clinicians and women to help inform
their decisions regarding obstetric interventions.
(Obstet Gynecol 2007;109:29–34)

LEVEL OF EVIDENCE: II

In healthy young women, anal sphincter tear at
vaginal delivery is the most common precursor of

fecal incontinence1,2 and may also be a marker for the
development of subsequent pelvic dysfunction. Anal
sphincter tears occur in 2–19% of vaginal deliveries in
the United States.3–5 Factors associated with anal
sphincter tear include nulliparity,3,5–8 midline episiot-
omy,3–5,7,8 and operative vaginal delivery.3–9 Three to
6 months after obstetric anal sphincter tear, 29–53%
of women report incontinence of flatus, and 5–10%
report incontinence of stool.3,10–13 Long-term compro-
mise of fecal continence has also been confirmed.14

Many studies of the association between sphinc-
ter tears and subsequent fecal incontinence symptoms
have been conducted in Europe in centers where
mediolateral episiotomy is commonly used. Sphincter
tears occurring in conjunction with mediolateral epi-
siotomy are likely to differ anatomically and perhaps
functionally from those with midline episiotomy. Be-
cause midline episiotomy is the predominant practice
in the United States, we cannot apply study findings
from Europe to American women.

The Childbirth and Pelvic Symptoms (CAPS)
study was a prospective cohort study performed by
the Pelvic Floor Disorders Network (a cooperative
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agreement research network sponsored by the Na-
tional Institute of Child Health and Human Develop-
ment) that examined the relationship between anal
sphincter tears and pelvic symptoms after delivery in
primiparous American women. The objective of this
analysis was to identify risk factors associated with
anal sphincter tear in women enrolled in the Child-
birth and Pelvic Symptoms study who delivered
vaginally. Given the potentially devastating and life-
long effects of anal sphincter tear at vaginal delivery,
knowledge of modifiable risk factors may provide an
opportunity to reduce the likelihood of fecal inconti-
nence in otherwise healthy young women.

PARTICIPANTS AND METHODS
This analysis used baseline data from the Childbirth
and Pelvic Symptoms study. The design and methods
of this study have been reported in detail15 and are
briefly summarized here. Each institution in the Pel-
vic Floor Disorders Network, including the data co-
ordinating center, received institutional review board
approval for this study, and all women provided
written informed consent. The subjects in the Child-
birth and Pelvic Symptoms study included three
groups of primiparous women in hospital after a term,
singleton delivery. Two groups of subjects delivered
vaginally, either with or without clinical evidence of
anal sphincter tear (sphincter tear and vaginal control
groups, respectively). The third group delivered by
cesarean without labor (cesarean control group). Be-
cause of the focus of this analysis, data from the
cesarean group will not be presented. The first cohort
included women with anal sphincter tear that was
clinically recognized (ie, third- or fourth-degree peri-
neal tear) and repaired at delivery (Sphincter Tear
group). The second cohort was a control group that
included women who delivered vaginally without a
clinically recognized anal sphincter tear (Vaginal
Control group). Research coordinators reviewed de-
livery logs daily to identify all potential participants
with a sphincter tear or used an alternate method
approved by the local ethics review board. An eligible
woman with an anal sphincter tear (index case) was
approached for enrollment. If she declined, the next
eligible woman with a sphincter tear was approached
until a woman in this cohort was enrolled. Then, the
next woman who delivered without an anal sphincter
tear (Vaginal Control) was identified and approached
for study participation.

While in the hospital, the clinical site research
coordinator interviewed consenting participants about
ethnicity, marital or living status, and education level
and abstracted demographic and clinical information

from their hospital charts. Exclusion criteria included a
history of inflammatory bowel disease, prepregnancy
anal-rectal surgery, prepregnancy fecal incontinence, or
presence of a neurological condition that would predis-
pose to urinary or fecal incontinence.

To identify factors associated with anal sphincter
tear, variables were compared with the outcome
(sphincter tear) using Fisher exact test or �2 test for
categorical variables or two-sample t tests for contin-
uous variables. In addition to examining certain vari-
ables as continuous, cutoffs of clinical importance
were used to create dichotomous variables. Preg-
nancy was defined as prolonged when greater than 41
weeks; macrosomia when the infant birth weight
greater than 4,000 g; and prolonged second stage of
labor when longer than 2 hours (even when an
epidural was in place). After identifying significant
variables, we calculated odds ratios (ORs) with 95%
confidence intervals (CIs) adjusted for maternal age,
race, and gestational age. We were particularly inter-
ested in six factors that would be known to the
clinician before delivery and that could be considered
modifiable (or actions affecting delivery could be
modified by taking this variable into account): for-
ceps, vacuum, episiotomy, prolonged second stage of
labor, fetal position occiput posterior at the time of
crowning, and epidural use. These variables were
analyzed alone and in different combinations that
would be clinically relevant. To determine potential
combinations, models were built in a stepwise man-
ner where multiple options were tested at each level
to determine the best subset(s) with a specific number
of independent variables. In the results we present,
only models that improved the odds ratio were asso-
ciated with a sphincter tear.

Results are presented as mean�standard deviation
for continuous variables or as percentages for categorical
variables. All tests were two-tailed and, because of the
number of comparisons, were considered statistically
significant at the 1% level. With the number of subjects
provided by the Childbirth and Pelvic Symptoms study,
we had 80% power to identify the following differences
between the two study groups: a change of 0.2 standard
deviations when the outcome measure was continuous;
a change from 50% to 62% or from 20% to 29% or from
10% to 16% when the outcome measure was dichoto-
mous. These percentages are a guide to how large the
difference would have to be between having the factor
in the tear group and having the factor in the control
group in order for there to be 80% power to obtain
significance.
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RESULTS
The report includes data from 797 primiparous women
who delivered vaginally, 407 with recognized anal
sphincter tear and 390 without. Table 1 depicts the
maternal, infant, and delivery characteristics of women
with sphincter tears compared with the vaginal control
group. Women with anal sphincter tears were somewhat
older and more likely to be of white race. Deliveries
were more likely to result in anal sphincter tear when
they occurred at later gestational age or with infants of
heavier birth weight, larger head circumference, or in
occiput posterior position. An anal sphincter tear was
more likely with prolonged second stage of labor, epi-
siotomy, or operative delivery. Although epidural was
not associated with anal sphincter tear by univariable
analyses (Table 1), it was included in regression models
as a clinically relevant variable. As can be seen in Table
2, epidural was significantly associated with anal sphinc-

ter tear when the analysis was adjusted for maternal age,
race, and gestational age.

Table 2 also demonstrates the effect of combining
different variables of clinical relevance (except that
Table 2 does not include combinations that did not
increase the OR from simpler analyses). Forceps
delivery and episiotomy, examined singly in adjusted
analyses, were strongly associated with anal sphincter
tear, with OR 13.6 and 5.3, respectively. When
analyzed together (ie, women who had anal sphincter
tear delivered by forceps with episiotomy compared
with women who did not have intervention by vac-
uum or forceps, an episiotomy, or an occiput poste-
rior positioning), the association was even stronger,
with OR 25.3. Adding a third variable, prolonged
second stage of labor, did not increase the OR further
(OR 24.4), but adding epidural to forceps and episiot-
omy increased the OR to 41.0. Similarly, adding

Table 1. Maternal, Infant, and Delivery Characteristics of 797 Primiparous Women With and Without
Anal Sphincter Tear After Vaginal Delivery

Characteristic
Sphincter Tear

(n�407)
Vaginal Control

(n�390) P*

Maternal
Age (y) 27.6�6.0 25.8�5.7 �.001
Race

White 298 (73) 258 (66) .002†

Black 62 (15) 95 (24)
Other 47 (12) 37 (9)

Body mass index (kg/m2)
Prepregnancy 24.6�5.6 25.3�5.7 .10
Predelivery 31.2�6.2 31.8�6.5 .11

Diabetes 5 (1) 0 .06
Infant

Gestational age at delivery (wk) 39.9�1.1 39.6�1.1 .003
Prolonged gestation‡ 48 (12) 27 (7) .021
Birth weight (g) 3,560�444 3,358�417 �.001
Macrosomia§ 69 (17) 25 (6) �.001
Head circumference (cm) 34.6�1.6 34.0�1.8 �.001

Labor and delivery
Second-stage labor (h) 1.9�1.4 1.4�1.1 �.001
Prolonged second stage�� 138 (34) 66 (17) �.001
Fetal head position OP 52 (13) 21 (5) �.001
Epidural analgesia 366 (90) 336 (86) .10
Episiotomy¶ 204 (50) 98 (26) �.001
Forceps 122 (30) 25 (6) �.001
Vacuum 101 (25) 38 (10) �.001
Either forceps or vacuum 210 (52) 62 (16) �.001
Both forceps and vacuum 13 (3) 1 (0.3) .002

OP, occiput posterior.
Data are expressed as mean�standard deviation or n (%).
* Probability was assessed with the Fisher exact test for categorical variables; a two-sample t test was used for continuous variables.
† Fisher exact test comparing white to black race among women with and without sphincter tears.
‡ Prolonged gestation is defined as greater than 41 weeks.
§ Macrosomia is defined as greater than 4,000 g.
�� Prolonged second stage is defined as longer than 2 hours.
¶ Midline: 188 of 204 (92%) for sphincter tear group; 87 of 98 (89%) for vaginal control group; denominator is those who had an episiotomy.
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prolonged second stage of labor as a fourth variable
did not increase the OR further (OR 40.6).

Fetal occiput posterior position alone and in
combination with some other factors was associated
with a greater likelihood of anal sphincter tear. Of
interest, occiput posterior position with forceps had
an increased OR (21.6) over either factor singly (7.0
and 13.6, respectively), whereas occiput posterior
position with vacuum had a somewhat lower OR
(9.7). The combination of occiput posterior position
with forceps and episiotomy yielded an even higher
OR (33.8).

DISCUSSION
Several studies have documented the relatively poor
anatomic and functional outcomes after primary re-
pair of anal sphincter tears at delivery, with persistent
anal sphincter defects well documented on ultrasonic
imaging, even after apparently successful primary
repair at the time of delivery. Even when the repaired
sphincter appears intact, symptoms of anorectal dys-
function can be present.2,18 Moreover, the long-term
success of subsequent anal sphincteroplasty for the
treatment of fecal incontinence is discouraging, with
fecal continence rates of less than 20% after 5 or more
years.19 Indeed, it appears that anal sphincter function
is never entirely restored by primary repair of anal
sphincter tear at delivery, highlighting the importance
of preventing the injury.

The findings of this analysis highlight the exis-
tence of potentially modifiable obstetric interventions
that increase the occurrence of anal sphincter tear at
vaginal delivery. We identified six variables known to
the clinician before delivery that could be used in
decision making to potentially decrease anal sphinc-
ter damage: forceps, fetal position occiput posterior,
vacuum, prolonged second stage of labor, episiotomy,
and epidural use. Analyzing combinations of these
factors identified only a few patterns where anal
sphincter tear was substantially more likely than when
considering these factors singly. When clinicians rec-
ognize the potential confluence of these factors—for
example, in a primiparous woman with the fetus in
occiput posterior position and outlet dystocia in the
second stage of labor, such that operative delivery
(vaginal or abdominal) may be indicated—it seems
prudent to consider the increased risk of anal sphinc-
ter tear and discuss this possibility with the patient as
an outcome of attempted operative vaginal delivery.

Conservative use of episiotomy seems advisable
given the preponderance of evidence, both in this
study and others, to support its association with anal
sphincter tear and its potentially devastating long-
term sequelae.3–5,7–9,16 Although trials have been con-
ducted comparing restricted with liberal use of epi-
siotomy, all trials except one were performed in
regions where mediolateral episiotomy is the predom-
inant obstetric practice. Randomized trials comparing

Table 2. Multivariable Analysis With Anal Sphincter Tear as Primary Outcome, Controlling for Maternal
Age, Race, and Gestational Age

Characteristic

Number
With Factor
in Sphincter
Tear Group

Number
With Factor in

Vaginal
Control Group

Estimated OR
for Factor

Being Related
to Tear

95% Lower
Confidence
Limit for OR

95% Upper
Confidence
Limit for OR

No vacuum, forceps, episiotomy or OP (reference
group) 91 235 1.0

Forceps 122 25 13.6 7.9 23.2
Fetal position OP 52 21 7.0 3.8 12.6
Vacuum 101 38 6.3 4.0 10.1
Prolonged second stage 138 66 5.6 3.6 8.6
Episiotomy 220 103 5.3 3.8 7.6
Epidural 366 336 3.2 1.6 6.2
Forceps � episiotomy 63 6 25.3 10.2 62.6
Prolonged second stage � forceps � episiotomy 32 3 24.4 6.9 86.5
Epidural � forceps � episiotomy 61 4 41.0 13.5 124.4
Prolonged second stage � epidural � forceps

� episiotomy 32 2 40.6 8.6 191.8
OP � forceps 26 3 21.6 6.2 75.6
OP � vacuum 15 4 9.7 3.0 30.8
OP � episiotomy 33 5 15.9 5.8 43.2
OP � episiotomy � forceps 18 1 33.8 4.8 239.5
OP � episiotomy � epidural � forceps 17 0 � — —

OR, odds ratio; OP, occiput posterior
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mediolateral and midline episiotomy have yet to be
performed, although this seems like critical missing
information needed to guide clinical decisions. Oper-
ative vaginal delivery, both by forceps and by vac-
uum, has been consistently identified as a risk factor
for anal sphincter tear,3,5 with forceps-assisted vaginal
deliveries associated with a greater risk for anal
sphincter tear than vacuum delivery.2,17 Our analysis
adds to this literature in its quantification of the odds
of sphincter tear when there is a confluence of several
risk factors.

Although the use of routine episiotomy20 and the
choice of forceps for operative vaginal delivery21,22

have decreased, they have not disappeared. There is
likely to always be some justification for the use of
forceps and episiotomy in the hands of the experi-
enced obstetrician, who must balance the risks to
mother and baby at the time of delivery—ie, fetal
indications for operative vaginal delivery will always
exist. Counseling patients about the risk of anal
sphincter tear with interventions in the second stage
of labor seems appropriate before undertaking these
interventions. Because discussion of interventions can
be difficult or impossible during labor, such counsel-
ing may be more properly conducted during prenatal
visits.

Our results can be used by clinicians and women
to help inform their decisions at the time of prenatal
visits and may have some relevance to decision
making during labor and delivery. However, our
results cannot be used to fully inform intrapartum
decisions, such as whether or not to perform episiot-
omy or operative vaginal delivery because critically
important factors, including fetal well-being and ma-
ternal status, were not considered. Finally, we cannot
say whether avoidance of episiotomies and operative
vaginal deliveries would have prevented anal sphinc-
ter tear in any given subject.

Strengths of our study include a large sample size
across multiple centers that include both academic
and private practitioners from across the country.
Black women were well represented in this study
although women of Hispanic ethnicity were under-
represented. Our study population was also limited to
primiparous women, and studies that have included
both primiparous and multiparous women uniformly
identify primiparity as a strong risk factor for anal
sphincter tear. However, that information is not par-
ticularly useful in clinical decision making because
primiparity is not modifiable. It seems more useful
from a clinical standpoint to consider the risks of anal
sphincter tear for primiparous and multiparous
women separately and to inform patients accordingly.

Given the significant immediate and long-term mor-
bidity associated with perineal injury at vaginal deliv-
ery, future efforts will need to expand to identify
factors that can be used to predict and avoid such
injury. One approach might be to develop more
complex risk models that combine multiple parame-
ters to improve positive predictive value. For exam-
ple, one study identified higher risk of perineal
trauma with vacuum delivery; adding fetal occiput
posterior position increased the risk by a factor of
four.23 The ideal model would include all parameters
that are available before labor. A promising area for
future research in this area may be imaging to define
pelvic architecture because there is evidence of dif-
ferences in the bony pelvis among women with and
those without pelvic floor disorders.24 Such differ-
ences might impact the progress of labor25 and pre-
dispose to maternal trauma. Because the currently
identified risk factors for anal sphincter tear are also
associated with dystocia, other measures of labor
progress, such as the labor curve, may similarly be
pursued as potentially valuable predictors of maternal
trauma. Obstetric research has achieved significant
improvements in fetal and neonatal well-being; fur-
ther efforts are now needed to similarly improve
maternal well-being after delivery.
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APPENDIX

Pelvic Floor Disorders Network Members
The following were the members of the Pelvic floor

Disorders Network at the time of the CAPS study:
University of Alabama at Birmingham: H. E. Richter,

PhD, MD, K. L. Burgio, PhD, P. S. Goode, MD, R. E.
Varner, MD Velria Willis, RN, BSN; Baylor College of
Medicine: P. M. Fine, MD, R. A. Appell, MD, P. K.
Thompson, MD, P. M. Lotze, MD, N. Frierson; University of
Iowa: I. Nygaard, MD, Brandt, RN, D. Haury, RN, K.
Kreder, MD, C. Bradley, MD, S. Rao, MD; Johns Hopkins
Medical Institutes: G. W. Cundiff, MD, V. Handa, MD, R.
Gutman, MD, M. E. Sauter, NP, J. Wright, MD; Loyola
University, Maywood: L. Brubader, MD, M. P. Fitzgerald,
MD, D. Koch, RN, C. Ball, RN; University of North Carolina
at Chapel Hill: A. G. Visco, MD, A. Connolly, MD, J.
Lavelle, MD M. J. Loomis, RN, A. K. Murphy, NP, E. C.
Wells, MD, W. E. Whitehead, PhD; University of Pittsburgh/
Magee-Womens Hospitals: H. Zyczynski, MD, D. Borello-
France, PhD, J. A. Gruss, BS, MS, W. Leng, MD, P. A.
Moalli, MD, PhD, E. Sagan, MD, A. Wald, MD; Data
Coordinating Center: University of Michigan: M. B. Brown,
PhD, J. T. Wei, MD, B. Marchant, RN, J. O. L. DeLancey,
MD, N. K. Janz, PhD, D. G. Smith, PhD, P. A. Wren, PhD,
J. Imus, MS, Y. W. Casher, MS; Steering Committee Chair-
man: R. Park, MD; NICHD Project Scientist: A. M. Wever,
MD, MS.
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