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Objective: To compare the morphology of the hymen
in adolescent girls who have and have not had sexual in-
tercourse involving penile-vaginal penetration.

Subjects: Female patients aged 13 to 19 years, re-
cruited from an urban adolescent medicine practice.

Methods: Subjects were interviewed in private after com-
pleting detailed questionnaires and then underwent a
physical examination. External genital inspections were
performed using a colposcope with an attached 35-mm
camera to document the appearance of the hymen. The
presence of notches or clefts was recorded during the ex-
amination, and photographs taken at �10 magnifica-
tion were used to take measurements of the width of the
posterior hymenal rim.

Results: Posterior hymenal notches and clefts were more
common among girls admitting past intercourse (13/27
[48%]) than in girls who denied intercourse (2/58 [3%];
P=.001), but the mean width of the posterior hymenal
rim was not significantly different between the 2 groups
(2.5 mm vs 3.0 mm; P=.11). Two subjects who denied
intercourse but had posterior hymenal clefts described
a painful first experience with tampon insertion.

Conclusions: Deep notches or complete clefts in the pos-
terior rim of the hymen were rare in girls who denied in-
tercourse. Subjects who admitted past intercourse still
had nondisrupted, intact hymens in 52% of cases.
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T HE AMERICAN ACADEMY OF

Pediatrics, Elk Grove, Ill,
recommended in 1989 that
all adolescent girls have an
external genital examina-

tion as part of their physical examination
to look for abnormalities of the hymen and
other genital tissues.1 In practice, how-
ever, asymptomatic adolescent girls may
not undergo a genital examination un-
less there is suspicion of sexual abuse or
previous consensual sexual activity. The
physician performing the examination is
then expected to determine whether there
has been vaginal penetration. There is a
paucity of data available to assist in that
determination.2

While there have been studies to ob-
tain normative data on the appearance of
the hymen and other genital tissues in new-
born infants and prepubertal girls se-
lected for nonabuse,3-5 the only pub-
lished study comparing adolescent girls
who were consensually sexually active with
those who were not6 did not use magni-
fication, such as a colposcope, and did not
use photographs to document the appear-
ance of the hymen. The lack of photo-

graphs precludes peer review by blinded
experts. In many centers where children
and adolescents are evaluated for pos-
sible sexual abuse, photographs are taken
with a camera attached to a colposcope to
document any abnormal findings.7 De-
tailed, magnified, and objective photo-
documentation is therefore necessary to
adequately compare the appearance of the
hymen in girls who have never experi-
enced vaginal penetration (abuse or con-
sensual) with those who admit having had
vaginal intercourse.

In a case-control study8 of prepuber-
tal girls aged 3 to 8 years, only girls who de-
scribed digital-vaginal or penile-vaginal pen-
etration were found to have deep notches
or complete clefts in the posterior rim of the
hymenormeasurementsof theposterior rim
of the hymen at the midline less than 1 mm
wide. A deep notch was defined as a
V-shaped defect extending through more
than 50% of the width of the hymen. A com-
plete cleft was defined as a defect that ex-
tended through the entire rim of hymen, all
the way to the fossa or vestibular wall.

The purpose of this study was to de-
termine the frequency of anterior, lat-
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eral, and posterior notches and complete clefts in the hy-
men in adolescent girls who had never had vaginal
intercourse and to compare the frequency of hymenal
notches and clefts and mean width of the hymen at the
midline between subjects who admitted and those who
denied having experienced penile-vaginal intercourse.

METHODS

The study was approved by the Human Subjects Committee of
the University of California, San Diego. Female patients aged
13 to 19 years were recruited from a university adolescent medi-
cine practice at 2 locations in San Diego between June 1, 1997,
and December 1, 2000. Inclusion criteria were age, having be-
gun menstruation, and having a parent present to sign a con-
sent form if the patient was younger than 18 years. A history
of past pregnancy or abortion, past episodes of forced sexual
intercourse, and diagnoses of anorexia nervosa or anxiety dis-
order were exclusion criteria.

Written informed consent was obtained, and both pa-
tients and parents were informed that the interview would in-
clude screening questions for emotional and behavioral prob-
lems and that the entire visit would be provided free of charge.
Patients were informed that they would receive $50 for par-
ticipation in the study.

The parent was asked to complete a questionnaire concern-
ing the patient’s health, health history, and any behavioral or emo-
tional concerns. At the same time, the patient completed a ques-
tionnaire adapted from a previous study,9 which included
questions concerning home, education, activities, past physical
or sexual abuse, drug use, depression, suicide ideation or at-
tempts, and past experience with penile-vaginal intercourse.

A complete physical examination including a detailed ex-
amination of the external genitalia using a colposcope was done
in an office setting with the mother or other support person
present if the patient so desired. All examinations were con-
ducted by 1 of us (J. A. A.). Patients were placed on the exami-
nation table in the lithotomy position, and the external geni-
talia were carefully examined using separation of the labia majora
and minora and labial traction, with the patient watching the
examination on the video monitor if she chose to do so.

Using a cotton applicator swab moistened with water, the
edge of the hymen was gently stretched to clearly define the
amount of tissue present at the 6-o’clock position of the pos-
terior rim. In addition, any areas that appeared to be notches
or clefts in the hymen were spread apart with the swab as well
to define the depth of the notch or cleft. A larger cotton swab
with the tip covered by a latex balloon was used in some pa-
tients to help visualize the notches or clefts in the hymen.

Photographs were taken using a 35-mm camera (Nikon,
Melville, NY) attached to a colposcope (Cryomedics MM6000;
Cabot, Cryomedics Inc, Langhorne, Pa) at �6 or �10 magni-
fication. A photo log sheet was kept to match the subject num-
ber to the imprinted numbers on the slides, and notations were
made of the location of notches or clefts identified during the
examination.

All colposcopic slides were reviewed by 1 of us (J. A. A.)
in order to record details of hymenal appearance, including veri-
fication of the location of notches or clefts noted during the
examination. Measurements of the width of the hymenal rim
at the 6-o’clock position were taken using a calibrated measur-
ing device. All slides were projected onto the screen using a
slide projector (Kodak Ektagraphic, Rochester, NY). Slides of
a millimeter ruler taken at �6 and �10 magnification were each
projected in the same way, and a cardboard ruler was made to
match the projected image of each ruler. These rulers were then

used to take the hymen measurements from the projected im-
ages for each subject. The width of the posterior hymenal rim
was measured from the projected slides at the 6-o’clock posi-
tion, between the edge of the hymen and the base of the hy-
men where it meets the vestibular fossa inferiorly.

Slides from all subjects whose photographs clearly showed
the entire hymenal rim were sent to 2 additional experts in ado-
lescent gynecology (A. S. B. and N.K.). Both reviewers were ex-
perienced in reviewing colposcopic photographs; each had ex-
amined more than 1000 children and adolescents for suspected
sexual abuse. The reviewers were blinded to the patients’ sexual
histories and were asked to describe the location of any deep
notches or complete clefts in the hymen, using the definitions
of Berenson et al8 described previously.

The data were entered into a computer database, along with
the answers given by the patient and parent on the question-
naires. The Student t test was used to compare continuous vari-
ables between subjects who said they had engaged in inter-
course involving penile-vaginal penetration (admitted) and those
who said they had never experienced (denied) such contact. A
�2 analysis was done for grouping variables. SPSS software (SPSS
Inc, Chicago, Ill) was used for all analyses, and P values �.05
were considered significant.

RESULTS

A total of 85 subjects were recruited, with a mean age of
16.5 years. A log was not kept of the number of patients
who were approached about participating but declined.
It is estimated that only 1 patient in 10 agreed to partici-
pate in the study.

There were 58 subjects who denied ever experienc-
ing penile-vaginal intercourse and 27 subjects who ad-
mitted consensual sexual activity involving penile-
vaginal intercourse. The mean age of the subjects who
reported having had intercourse was significantly higher
than that of the subjects who denied sexual intercourse
(17 years vs 15.5 years; P=.001). Of the 58 subjects who
denied sexual intercourse, 52 used tampons and 6 did
not. Of the subjects using tampons, 25 (48%) reported
experiencing both pain and difficulty with insertion of
the tampon on first attempt at using them.

OUTSIDE REVIEW OF SLIDES

Initial difficulties with equipment resulted in poor-
quality photographs being available for 18 subjects. Slides
of the remaining 67 subjects (45 with no history of past
intercourse and 22 with a history of consensual inter-
course) were sent to the 2 reviewers, as previously de-
scribed. The reviewers were blinded to the subjects’ sexual
histories.

Both reviewers agreed with the examiner on the ab-
sence of deep notches or complete clefts in the hymens
of 37 (82%) of 45 subjects. Both also agreed on the pres-
ence of deep notches or clefts in 18 (90%) of 20 sub-
jects. For 2 of the subjects, neither reviewer could de-
termine from the photographs whether notches or clefts
were present. Using the Cohen � statistic,10 agreement
between the examiner and each reviewer for the ab-
sence or presence of any notches, notches at the lateral
location, and notches at the posterior location ranged from
� values of 0.71 to 0.85, all with P�.001.
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COMPARISON OF HYMENAL FINDINGS

Because the examiner was able to manipulate the hy-
menal tissue during the examination and make nota-

tions concerning the presence of notches or clefts and
their depth, these data, along with the measurements of
the posterior hymenal rim taken from the colposcopic
photographs, were used in the subsequent analysis. There
were 4 subjects in the non–sexually active group who had
a hymenal septum.

The mean width of the hymenal rim was 2.5 mm
among the subjects admitting past intercourse and 3.0
mm among the group who denied past intercourse. This
difference was not statistically significant, using the t test
for comparisons of means. Using the �2 test, however,
there were significantly more subjects in the group ad-
mitting sexual intercourse than in the group denying in-
tercourse with a posterior hymenal rim measurement of
less than or equal to 1 mm wide (6/27 [22%] vs 3/58 [3%],
respectively; P�.01).

Table 1 presents the frequency of deep notches and
complete clefts in the anterior, lateral, and posterior lo-
cations, comparing subjects without a history of sexual in-
tercourse and those with a history of past penile-vaginal
intercourse. There were 14 (52%) of 27 subjects in the sexu-
ally active group who had no deep notches or complete
clefts in either the lateral or posterior locations.

Figures 1, 2, 3, 4, and 5 demonstrate the use
of swabs to stretch out the hymenal rim and provide
documentation of the presence or absence of notches
or clefts.

Two subjects who stated that they had never had
sexual intercourse but had a posterior deep notch (sub-
ject 51) or complete cleft (subject 45) had described a
painful insertion of a tampon in their first and only at-
tempt to use them. Subject 45 described using a large tam-
pon from her mother’s supply, even though her own men-
strual flow was very light at the time (Figure 3). Both of
the outside reviewers of the photographs identified a deep
notch or complete cleft in each of these 2 subjects.

Among subjects who denied intercourse, 5 (9%) had
1 notch or cleft in the posterior or lateral locations, and
5 (9%) had 2 notches or clefts. For the group admitting
to past intercourse, 4 (15%) subjects had 1 notch or cleft,
6 (22%) had 2 notches or clefts, and 3 (11%) had 3 or

Figure 1. Photograph at �10 magnification, showing a 19-year-old subject
who admits to having consensual intercourse. Any notches or clefts in the
hymen are unable to be clearly seen in this view.

Figure 2. The same subject as in Figure 1. A large cotton swab covered with
a small latex balloon was used for contrast. A complete cleft in the hymen at
the 5-o’clock position is clearly demonstrated.

Table 1. Comparison of Notches and Clefts
in the Hymen in Subjects With and Without a History
of Sexual Intercourse*

No History of
Intercourse

(n = 58)

History of
Intercourse

(n = 27)
P

Value

Anterior†
Deep notch‡ 1 (2) 2 (7) .37

Lateral†
Deep notch‡ 3 (5) 7 (26) �.01
Complete cleft‡ 3 (5) 7 (26) �.01

Posterior†
Deep notch‡ 1 (2) 2 (7) .54
Complete cleft‡ 1 (2) 9 (33) �.001

Deep notch or complete cleft
at lateral or posterior location
or both

8 (14) 13 (48) �.01

*Using �2 analysis. Values expressed as number (percentage) of subjects.
†Anterior, located at the 2-o’clock or 10-o’clock position; lateral, located at

the 3-o’clock or 9-o’clock position; posterior; located at the 8-o’clock through
4-o’clock position.

‡Deep notch refers to a defect extending through more than 50% of the
width of the hymen; complete cleft, a defect extending all the way through the
width of the hymen.
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more. Table 2 presents a comparison of the number of
subjects with 0 to 1 and 2 to 4 notches or clefts in the
posterior or lateral locations and between subjects with
and without a history of sexual intercourse, using the
Fisher exact test.

Since subject age was associated both with a higher
likelihood of being sexually active and with a higher mean
number of notches or clefts using the t test, a separate �2

analysis was done on the 58 subjects with no history of
intercourse. There was no significant difference in the
percentage of subjects with notches between the 3 age
groups, 13- to 14-year-old (5/21 [24%]), 15- to 17-year-
old (2/26 [8%]), and 18- to 19-year-old subjects (2/10
[20%]).

Lateral deep notches or complete clefts were
found in 1 (10%) of 10 of the 18- to 19-year-old sub-
jects with no history of intercourse and in 7 (63%) of
11 subjects in the same age group with a history of
sexual intercourse (�2; P=.01). Posterior deep notches
or complete clefts were found in 2 (20%) of 10 of the
older subjects with no history of intercourse, com-

pared with 7 (63%) of 11 older subjects with a history
of past intercourse (�2; P=.046).

To determine whether the number of posterior
deep notches or complete clefts increased with the
number of years a subject was sexually active, we cal-
culated the number of years since the onset of sexual
activity and compared this with the number of poste-
rior or lateral hymenal defects in the 27 sexually active
subjects. There was no significant correlation between
years since sexual debut and the percentage of subjects
with 0, 1 to 2, or 3 or more notches or clefts in the
hymen, using �2 analysis.

COMMENT

To our knowledge, this study is the first to use magnifi-
cation with a colposcope and photographs to document
the appearance of the hymen in adolescent girls with
and without a history of sexual intercourse. It is inter-
esting to compare our results with those of Emans et al.6

In their study, which did not use magnification, 6
(3%) of the 200 girls who denied past intercourse had
complete clefts in the posterior rim of the hymen. This
is the same frequency we found, and both of the girls
with this finding in our study had described painful
tampon insertion.

In the Emans study, 81% of the sexually active sub-
jects were found to have complete clefts of the hymen
during a nonmagnified examination, which is higher
than the 48% frequency in our group of 27 subjects.
The mean age of subjects in our study was 16 years

Figure 3. A 19-year-old subject with no history of past sexual intercourse
(subject 45). She described the painful insertion of a tampon on 1 occasion.
A complete cleft was seen in the hymen at the 6-o’clock position during the
examination, but it was not as clearly documented in the photograph, taken
at �10 magnification.

Figure 4. A 16-year-old sexually active subject who admits to consensual
sexual intercourse. No notches or clefts were visible in the hymen during
examination. The subject was able to relax and allow stretching of the
hymenal rim with a cotton swab. The photograph was taken at �10
magnification.

Figure 5. A 15-year-old subject with no history of past sexual intercourse
who did not use tampons. The subject was able to relax, and a cotton swab
stretching out the rim of the hymen shows no notches or clefts. Note the
similar appearance to the hymen shown in Figure 4.

Table 2. Comparison of Number of Subjects With 0 to 1
and 2 to 4 Notches or Clefts in the Hymen*

0 to 1 2 to 4 Total

No history of intercourse 53 (91) 5 (9) 58
History of intercourse 18 (67) 9 (33) 27
Total 85

*Using the Fisher exact test (P = .009). Values expressed as number
(percentage) of subjects.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 158, MAR 2004 WWW.ARCHPEDIATRICS.COM
283

©2004 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 04/01/2021



compared with 18 years in the Emans study, which
could account for the difference in the percentage of
subjects with deep notches or complete clefts in the
lower portion of the hymen. When considering only 18-
and 19-year-old subjects who admitted having had past
intercourse, we did find that 63% had posterior hy-
menal defects (deep notches or complete clefts), com-
pared with 48% in sexually active girls in the larger
group of 27 subjects.

There are several limitations to our study, the most
obvious being the reliance on the subjects to say
whether they had experienced sexual intercourse in-
volving penile-vaginal penetration. It is possible that
the 2 subjects who said they had not had sexual inter-
course but had posterior hymenal defects had, in fact,
experienced sexual intercourse but denied it to the ex-
aminer. The responses of these 2 subjects to the other
questions regarding family relationships; school func-
tioning; use of alcohol, drugs, or tobacco; and past
physical and sexual abuse or suicide attempt were simi-
lar to the responses of the other non–sexually active
subjects, which suggests that they were indeed being
truthful about not having experienced intercourse.
However, there is no gold standard for determining vir-
ginity, and the subjects’ disclosure of their status re-
mains a less than perfect method.

The examiner in this study was not blinded to the
subjects’ histories of sexual intercourse, and this fact
could be considered a limitation of the study. However,
the high rate of agreement between the examiner and
the blinded reviewers on photographs of 67 subjects
added validity to the assessment of deep notches and
clefts in the hymen.

Another limitation was the use of still photographs
rather than videotapes of the colposcopic examinations
to document the presence of notches or clefts in the hy-
men, because difficulties with the equipment limited
the number of photographs that could be sent for out-
side review. In addition, the method of stretching out
the hymenal edge with a cotton swab was not always
successful, and on some photographs, the swab ob-

scured the defect the examiner was trying to demon-
strate. Videotaped examinations and the use of the
Foley catheter11 to expose the hymenal rim may have al-
lowed for a more comprehensive review of the findings
by outside experts.

It would have been desirable to have a larger group
of subjects who had neither used tampons nor engaged
in penile-vaginal intercourse in order to study the iso-
lated effects of tampon use on the appearance of the hy-
men. Girls who were not comfortable with tampon use
were also likely to be uncomfortable with having an ex-
ternal genital examination using videocolposcopy and
so were more difficult to recruit. However, it is reassur-
ing that 50 of the 52 tampon users who denied inter-
course were found to have a hymen without deep
notches or clefts.

CONCLUSIONS

Deep notches and complete clefts in the hymen at the
3-o’clock or 9-o’clock position, as well as in the poste-
rior portion of the hymen, were found significantly
more often in girls who admitted sexual intercourse
compared with girls who denied having had sexual
intercourse. Lateral or posterior deep notches or com-
plete clefts in the hymen in adolescent girls should
therefore be considered strongly suggestive of previ-
ous penetration. Whether the notches or clefts could
have been caused by difficulty with tampon use or by
speculum examinations must be assessed on a case-by-
case basis.

Adolescent girls who have no deep notches in the
hymen could still have experienced penile-vaginal pen-
etration, because 52% of the subjects in this study who
admitted past intercourse did not have deep notches or
complete clefts in the lateral or posterior locations of the
hymen. The absence of notches does not rule out previ-
ous penile-vaginal penetration in an adolescent. For this
reason, the term intact should be avoided when describ-
ing a hymen that is free of clefts.

Further research is needed with a larger sample of
girls who have had previous sexual intercourse to deter-
mine the factors that contribute to the presence, loca-
tion, and number of notches and clefts in the hymen. Par-
ticularly useful would be longitudinal studies of adolescent
girls through puberty, early adolescence, and into their
young adult years to document the progressive changes
in the hymen that may occur with tampon use or the on-
set of sexual activity. Additional longitudinal studies in-
volving adolescents who have not had sexual inter-
course are also needed.

Physicians, nurse practitioners, physician assis-
tants, and nurses who examine and treat adolescent girls
who have described being sexually abused continue to
rely on the patient’s description of the alleged assault. The
absence of any injury to the hymen should not be used
as a reason to negate the possibility that the adolescent
has experienced vaginal penetration.
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to 2 outside reviewers who were blinded to the sub-
jects’ history of intercourse, and both reviewers identi-
fied a deep notch in 2 (3%) of 58 subjects who denied
intercourse but described painful past use of a tampon.
We also found a lower frequency of hymenal clefts in a
younger population of subjects who admitted sexual in-
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population (81%).
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