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Abstract

Objective: To investigate whether rates of self-reported Woman’s Condom (WC) clinical failure 

and semen exposure from a functionality study are comparable to results from a contraceptive 

efficacy substudy.

Study Design: We structured our comparative analysis to assess whether functionality studies 

might credibly supplant contraceptive efficacy studies when evaluating new female condom 

products. Couples not at risk of pregnancy in the functionality breakage/slippage/invagination/
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penile misdirection) study and women in the contraceptive efficacy study completed condom self-

reports and collected pre and postcoital vaginal samples for up to four uses of the WC. Both 

studies used nearly identical self-report questions and the same self-sampling procedures and 

laboratory for prostatic specific antigen (PSA), a well-studied semen biomarker. We compared 

condom failure and semen exposure proportions using generalized estimating equations methods 

accounting for within-couple correlation.

Results: Ninety-five (95) efficacy substudy participants used 334 WC and 408 functionality 

participants used 1572 WC. Based on self-report, 19.2% WC (64 condoms) clinically failed in the 

efficacy substudy compared to 12.3% WC (194 condoms) in the functionality study (p-

value=0.030). Of the 207 WC efficacy uses with evaluable post-coital PSA levels, 14.5% (30 uses) 

resulted in semen exposure compared to 14.2% (184 uses) of the 1293 evaluable WC functionality 

study uses.

Conclusions: When evaluating the ability of an experimental condom to prevent semen 

exposure, the rate of clinical condom failure reported by participants risking pregnancy in an 

efficacy substudy was significantly higher than the rate reported by participants not risking 

pregnancy in a functionality study. The rate of semen exposure, assessed by an objective 

biomarker was nearly identical for the two studies.

Implications: Our results suggest that an objective marker of semen exposure in functionality 

studies could provide a reasonable alternative to contraceptive efficacy studies in evaluating risk of 

unintended pregnancy and inferring protection from sexually transmitted infection than condom 

failure rates based on self-report.
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1.0 Introduction

Despite the public health importance of developing a variety of female condom products to 

counter both unintended pregnancy and sexually transmitted infection (STI) transmission, 

only four female condom products are widely available in multiple markets around the 

world, having received WHO/UNFPA prequalification and the European Union’s CE 

marking [1–2]. Only one of these products, the FC2, is FDA approved and available for sale 

in the U.S. While FDA approval of a new male condom product is contingent on successful 

completion of a large functionality (breakage and slippage) study demonstrating non-

inferiority compared to a predicate condom, a new female condom product requires a large 

scale contraceptive efficacy study prior to market approval [3]. The rationale for this 

expensive requirement, which impedes additional female condom products from becoming 

available in the U.S. [4], stems from the variations and complexities in female condom 

design that can lead to failure modes other than breakage and slippage.

Regulators have laid the groundwork for female condom functionality studies by defining 

additional failure modes which include invagination (condom pushed into the vagina) and 

misdirection (condom bypassed by penis) [5]. Concerns remain about how accurately 
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participants can discern multiple failure modes and the degree to which these failure modes 

reflect actual risk of unintended pregnancy or STI transmission. The incorporation of 

quantifiable semen exposure measurement within functionality studies is a viable response 

to these concerns [6–10]. Prostate specific antigen (PSA), is a reliable biomarker of semen 

exposure [7–20]. Studies have demonstrated the utility of collecting pre- and postcoital 

vaginal samples which can be stored at room temperature and later assayed for PSA 

following well-established laboratory procedures [21–23]. Comparative studies have shown 

that semen exposure estimates are more consistent than self-collected failure reports across 

different study populations [18]. Furthermore, semen exposure estimates are more directly 

related to the risk of STI transmission than pregnancy rates [8].

Whether a study population not at risk of pregnancy in a functionality study (breakage/

slippage/invagination/penile misdirection) would be representative of a study population at 

risk of pregnancy in a contraceptive efficacy study requires further investigation. 

Functionality studies would not be an acceptable substitution for efficacy studies if 

participants not at risk of pregnancy experienced lower condom failure rates and/or semen 

exposure rates than participants at risk of pregnancy.

Close collaboration between CONRAD and the National Institute of Child and Human 

Development (NICHD) on their respective studies of the Woman’s Condom (WC) allowed 

for the use of nearly identical report forms, and identical sample collection and laboratory 

testing procedures to estimate female condom failure rates and biomarker confirmed semen 

exposure estimates based on PSA results. Our objective was to determine whether the self-

reported condom failure and semen exposure rates were comparable between a functionality 

study and a contraceptive efficacy substudy of the WC.

2.0 Materials and methods

2.1 Study design

We report on two studies which evaluated the WC. The CONRAD functionality study was a 

randomized, open-label, cross-over study of clinical condom failure and vaginal semen 

exposure which compared the WC with the FC2 condom. Participating couples completed a 

self-report of clinical failure and collected a precoital vaginal swab and postcoital swabs 

from the vagina and condom interior after each of four condom uses of both condom types. 

California Family Health Council (CFHC) conducted this study in 2010-2011.

The NICHD contraceptive efficacy study was a phase III multicenter, open-label, non-

comparative trial of the WC. Seven of 11 study sites (two managed by CFHC), participated 

in a nested substudy in which participants completed a self-report of clinical failure and 

collected a precoital vaginal swab and postcoital swabs from the vagina and condom interior 

after the first four uses of the WC (study conducted in 2011-2012).

Participants in both studies recorded each study condom use on a condom self-report form 

on which they recorded the circumstances of condom use, how the condom performed, and 

whether they collected swabs (Supplement Sections 6 and 7). All participants provided 
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written informed consent in conformance with 21 CFR Part 50.25 [24]. Institutional Review 

Boards associated with the respective study sites approved the study.

2.2 Study population

Participants in both the functionality and efficacy studies were sexually active, between the 

ages of 18 and 45, in monogamous relationships of at least 3 months, and reported 

themselves at low STI risk. Couples in the functionality study were required to use effective 

back-up contraception such as a hormonal method, IUD or sterilization to prevent 

pregnancy. Women in the efficacy study had no known factors impairing their fertility and 

depended solely on the WC to prevent pregnancy.

2.3 Study products

The WC (Shanghai Dahua Medical Apparatus Corp., Ltd, Shanghai, China) consists of a 

0.03-mm-thick pliable plastic pouch that easily conforms to the shape of the vagina. It is 

22.7 +/− 0.25 cm (9.0 +/− 0.1 inches) long and has a flexible soft outer ring designed to hug 

the external genitalia. Foam shapes on the outside of the pouch cling lightly to vaginal walls 

to stabilize the device. The insertion capsule made from dissolvable polyvinyl alcohol (PVA) 

is similar to the PVA used in C-Film (Apothecus Pharmaceutical Corporation, New York, 

NY). Since the WC is not pre-lubricated, participants were instructed to use only study-

provided a water based personal lubricant which has been shown not to interfere with the 

PSA assay used in this study [25] (Supplement Section 1).

2.4 Swab collection

Participants in both the functionality study and efficacy substudy collected vaginal and 

condom samples using Falcon Swubes® (Becton Dickinson and Company) [26]. Participants 

collected the precoital vaginal swabs immediately before any genital sexual contact and the 

postcoital vaginal and condom swabs immediately after removal of the WC (Supplement 

Sections 2 and 3).

2.5 Laboratory procedures

The same technician at the Center for Disease Control (CDC) followed identical laboratory 

procedures for both studies [22, 27–28] (Supplement Section 4).

2.6 Statistical analysis

The objective of this analysis is to compare the rates of self-reported clinical condom failure 

and lab-confirmed semen exposure among WC users in the functionality study with 

comparable rates among WC users in the efficacy substudy. For functionality study results to 

supplant efficacy study results, it is critical that condom failure and semen exposure rates 

from a not-at-risk functionality study population not be lower than the rates obtained from 

an at-risk efficacy study population. Results included in our analysis met the criteria 

described in the Figure 1 [13, 8, 29] (Supplement Section 5).

We calculated the sensitivity and specificity of self-reported condom failure in the 

functionality study and efficacy substudy using PSA as the reference standard since PSA is a 
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highly sensitive marker of semen exposure and self-reported condom failure does not 

directly measure semen exposure [16, 18] (Supplement Section 6).

The rates of self-reported condom failure (CFF) and semen exposure (SEF) in the 

functionality study were deemed “not appreciably lower” than the rates of self-reported 

condom failure (CFE) and semen exposure (SEE) in the efficacy substudy if the lower 

bounds of the 90% confidence interval for (CFF-CFE; SEF-SEE) were greater than −0.03 

(−3%), the margin used in both the CONRAD functionality study and NICHD substudy. We 

used generalized estimating equations (GEE) methods to perform tests of noninferiority, 

accounting for within-couple correlation. Missing outcome data were assumed missing 

completely at random. The model used an identity link function and independence working 

correlation matrix. The output was a 90% confidence interval around the difference in the 

semen exposure rates from the two studies. For all other comparisons, we evaluated 

statistical significance as a p-value of < 0.05.

3.0 Results

All 490 couples in the functionality study and 154 efficacy substudy participants agreed to 

complete a condom self-report and collect samples in conjunction with four condom uses. 

Table 1 presents demographic characteristics for the 408 female functionality study 

participants and 95 efficacy substudy participants who completed at least one condom self-

report. Table 2 provides a breakdown of condom self-reports and swab sets used in the 

analysis, as well as the reasons for the exclusion of results from the analysis. The percentage 

of uses excluded from the analysis was higher in the efficacy substudy than in the 

functionality study for all categories.

3.1 Condom functionality measures

One hundred twenty-four (32%) couples in the functionality study and 25 (35%) participants 

in the efficacy substudy who contributed at least one evaluable swab set reported one or 

more female condom failure modes while using the WC. Table 3 presents the frequencies of 

these failure modes (penile misdirection, invagination, completely slipping out of the vagina 

while not clinging to the penis, clinical breakage) for both studies. While none of the 

individual failure modes were statistically different (p-value < 0.05) between the two studies, 

the total clinical failure was significantly higher in the efficacy substudy (19.2%) compared 

to the functionality study (12.3%) (p-value < 0.03), reflecting the cumulative effect of the 

higher incidence of failure reported by efficacy substudy participants for each of the failure 

modes compared to functionality study participants.

3.2 Semen exposure measures

The rates of semen exposure were nearly identical for the two studies (Table 3). Likewise, 

quantitative PSA results for the pre- and postcoital vaginal samples and the sample from the 

interior of the used condom were similar for both studies (Table 4).

In Table 5, we compare the rate of semen exposure following a reported condom failure or 

performance problem for the two studies. We also include the median PSA results for 

condom failure modes and performance problems collected in the functionality study but not 
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the efficacy substudy. Clinical breakage resulted in the highest rate of semen exposure 

among the failure modes (76%) and the second highest median PSA result (5225 ng/ml). 

Penile misdirection had the second highest probability of semen exposure (32%) and the 

highest median PSA result (8175 ng/ml), followed by invagination (29%) with a lower PSA 

result (2648 ng/ml). Surprisingly, slipping out of the vagina while clinging to the penis, 

which is not defined as a failure mode, was much more likely to result in semen exposure 

(36%) than slipping out of the vagina while not clinging to the penis (6%), which is defined 

as a failure mode [5]. Slipping out of the vagina while clinging to the penis also resulted in a 

median PSA result of 4691 ng/ml, comparable to PSA results of clinical breakage (5225 ng/

ml).

3.3 Sensitivity and specificity of self-reported clinical failure using PSA level as the 
reference standard

Since the PSA is a highly sensitive marker of semen exposure and measures semen exposure 

directly, we used PSA as the reference standard for calculating the sensitivity and specificity 

of self-reported condom failure as an indicator of semen exposure. The sensitivity is the 

probability that a condom failure would be self-reported when the PSA level indicated 

semen exposure and the specificity is the probability that a condom failure was not self-

reported (when the PSA level actually did not indicate semen exposure). Thus, the 

sensitivity and specificity estimates presented in Table 6 quantify the loss of information 

about semen exposure when relying on self-reports of condom failure.

While the specificity of failure self-reports was high in both studies (93% functionality, 85% 

efficacy), the sensitivity was low, especially in the efficacy study (45% functionality, 23% 

efficacy). The sensitivity and specificity of condom self-reports were consistently higher in 

the functionality study than in the efficacy substudy.

3.4 Rates of self-reported clinical failure and semen exposure

The rate of clinical condom failure based on self-report was considerably lower in the 

functionality study (12.3%) than in the efficacy substudy (19.2%) (Table 7). The two 

studies’ semen exposure rates based on uses that met all evaluable criteria were nearly 

identical (14.2% functionality, 14.5% efficacy substudy). We did not have the statistical 

power to show that semen exposure in the functionality study was not appreciably lower 

than in the efficacy substudy.

4.0 Discussion

We found that the rate of self-reported clinical condom failure was significantly higher 

(19.2%) in the efficacy substudy compared to the functionality study (12.3%) which may 

reflect the difference in the risk status of the participants by study. While participants in the 

efficacy study were at risk of pregnancy if the WC failed, we required participants in the 

functionality study to use an effective back-up method of birth control (hormonal, IUD, 

sterilization). This difference may have led to differences in how much care participants 

exercised in using condoms, as well as their attentiveness to functionality problems, 

acceptability of female condom use, and motivation to use the condom throughout any entire 
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act of intercourse. These factors may have contributed to the shorter length of intercourse 

reported in the functionality study (13.2 minutes vs. 17.7 minutes for the efficacy substudy) 

and the increased propensity of functionality study participants to remove the condom before 

ending intercourse (8.7% functionality, 5.2% efficacy).

In contrast, the semen exposure rates for the two studies were almost identical (14.2% 

functionality, 14.5% efficacy). Previous studies have also found greater agreement between 

semen exposure rates than between self-reported condom failure rates. Functionality studies 

of the female condom which shared common protocols and procedures conducted in Brazil 

and Alabama, found very similar PSA postcoital levels (19% > 1ng/ml PSA Brazil, 17% > 

1ng/ml PSA Alabama) but dissimilar self-reported clinical failure rates (5% Brazil, 29% 

Alabama) [18]. These findings strongly suggest that semen exposure might be a more 

consistent and objective measure of condom functionality than self-reported condom failure 

which relies on the ability of participants to interpret failure events during intercourse.

The low sensitivity of self-reported clinical failure (45% functionality study, 23% efficacy 

study) is explained by the poor correspondence between some of the clinical failure modes 

and semen exposure. For example, while 82% of the clinical breakages in the functionality 

study and 50% of the clinical breakages in the efficacy substudy resulted in semen exposure, 

none of the condoms that slipped completely out of the vagina while not clinging to penis 

resulted in semen exposure in either study. The sensitivity of reported condom failure in the 

efficacy substudy was further reduced because slipping out of the vagina while clinging to 

the penis, resulting in semen exposure on 17% of the 36 occasions in which it was reported 

in the efficacy substudy, is not defined as a standard female condom failure mode [5]. 

Ironically, slipping out of the vagina while not clinging to the penis, which is defined as a 

failure mode, did not result in any semen exposure, possibly reflecting the difficulties 

condom users encounter detecting failure modes during intercourse. Alternatively, these 

results may suggest that the set of functionality problems currently defined as standard 

condom failure modes for female condoms merit reevaluation based on semen exposure 

results.

The identical study procedures and nearly identical data collection instruments used by the 

CONRAD functionality study and the NICHD efficacy substudy allowed us to test the 

feasibility of condom evaluation strategies applied to different study designs and study 

populations. Participants in both studies submitted swabs for a very high percentage of their 

reported condom uses (98% functionality, 94% efficacy). The demographic diversity of the 

substudy population suggests that self-collection of swabs may be feasible in various study 

populations.

An inherent limitation to any study based on self-reported outcomes and self-collected 

swabs is that the investigator cannot verify the authenticity of the data. Although our 

analysis includes only condom uses in which at least one of the post-coital samples was 

>22ng PSA, there was no way to distinguish swabs that had been collected poorly or not at 

all. In a crossover functionality study randomized to order of condom use, deficient swabs 

evenly distributed between the condom types would mitigate this limitation.
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Another notable limitation to this comparative analysis involves the limited number of 

evaluable samples from the efficacy substudy. First, only 156 of the 380 participants 

consented to the efficacy substudy sites. Second, only 95 of the 156 consented participants 

ended up contributing condom self-reports with their swab sets. A substantial number of the 

non-contributors (34 participants) never used or reported any WC use, an indicator that WC 

acceptability was an issue for some participants. Furthermore, compliance with swab 

collection instructions was lower in the efficacy substudy than in the functionality study 

leading to a lower proportion of evaluable WC uses in the efficacy substudy than in the 

functionality study (82% functionality, 61% efficacy substudy). This was due to a variety of 

factors including a lower rate of swab collection, a higher incidence of precoital vaginal 

samples with PSA ≥ 5ng/ml, more frequent unprotected intercourse between collection of 

pre- and postcoital swabs and use of non-study methods. Motivational factors may account 

for some of these differences; functionality study participants agreed to test mechanical 

properties of a limited number of study condoms over several weeks while efficacy study 

participants assented to using study condoms for months.

Although we lacked statistical power due to the small sample size of the efficacy substudy, 

our results suggest that while participants in a functionality study are much less likely to 

self-report condom failure than participants in an efficacy study, the rates of objectively 

measured semen exposure are very similar for both study populations. Our results support 

the premise that functionality studies that measure semen exposure using PSA as a 

biomarker can provide a reasonable alternative to contraceptive efficacy studies in evaluating 

the contraceptive effectiveness of female condoms. In addition, since it is not feasible to 

directly evaluate the prevention of the transmission of STIs in clinical trials, semen exposure 

estimates in functionality studies may provide a better inference of STI protection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographic characteristics and sexual/contraceptive history of participants at enrollment in two studies of a 

female condom

Functionality Study Efficacy Substudy

Characteristic n (%) n (%)

Total Participants 408 95

Social/demographic/physical

Female age (median)Female age (median) 25 28

Race/Ethnicity1 Race/Ethnicity1

Asian/Pacific Islander 34 (8.3) 11 (11.6)

Black 45 (11.0) 40 (42.1)

White 193 (47.3) 42 (44.2)

Hispanic 75 (18.4) 21 (22.1)

Native American 4 (1.0) 4 (4.2)

Other/Multiple 57 (14.0) 10 (10.5)

Some college or above 360 (88.2) 75 (78.9)

Not married 286 (70.1) 66 (69.5)

Current smoker 48 (11.8) 19 (20.0)

Current alcohol drinker 359 (88.0) 48 (50.5)

BMI (lb*703/in2) (median)2BMI (lb*703/in2) (median)2 24 27

Sexual activity/contraceptive use

Lifetime sexual partners (median) 5 5

Used hormonal method in past 6 months NC3 21 (22.1)4

Currently using hormonal method 270 (66.2)5 NC3

Previous experience using female condom 28 (6.9) 18 (18.9)

1
Multiple responses allowed in Efficacy Study

2
Calculated from height and weight measures

3
Not collected from study participants

4
Includes oral contraceptives, patch, implant, vaginal ring, emergency contraception

5
Includes oral contraceptives, injectables, and patch
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Table 2

Evaluable condom self-reports and swab sets in two studies of a female condom

Functionality Efficacy

Study Substudy

n % n %

Total condom self-reports submitted 1582 353

Disqualifications based on self-report

Used for anal intercourse 1 0.1 1 0.3

Used non-study lubricant 4 0.3 11 3.1

Not used for vaginal intercourse 0 0.0 1 0.3

Total evaluable condom self-reports 1577 340

Disqualifications based on swabs (multiple reasons possible)

Precoital vaginal swab not collected or interpretable 10 0.6 18 5.3

Postcoital vaginal swab not collected or interpretable 16 1.0 22 6.5

Postcoital condom swab not collected or interpretable 33 2.1 21 6.2

Precoital vaginal sample ≥ 5ng/ml PSA1 56 3.6 34 10.0

Unprotected intercourse between collection of pre- and postcoital swabs2 42 2.7 14 4.1

Non-study method use between collection of pre- and postcoital swabs3 NA NA 16 4.7

Neither vaginal nor condom postcoital sample 22ng/ml > precoital sample4 162 10.3 53 15.6

Total evaluable swab sets 1293 207

1
Indicative of semen exposure from previous act of intercourse

2
Swabs not disqualifed if unprotected intercourse only occurred after a condom failure

3
Swabs not disqualified if non-study method use occurred after a condom failure

4
No possibility of semen expsosure due to insufficient amount of semen
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Table 3

Self-reported condom failure events and semen exposure in two studies of a female condom, by failure mode

Event Type Functionality Study Efficacy Substudy

Uses with 
Reported 

Events
7

% Total 

Uses
8

95% CI Uses with 
Reported 

Events
7

% Total 

Uses
8

95% CI P-Value

Misdirection
1 59 3.8 1570(2.7-4.9) 19 5.7 333(2.7-8.7) 0.23

Invagination
2 115 7.3 1570(5.6-9.0) 37 11.0 336(6.3-15.7) 0.15

Complete slip out
3 13 0.8 1577(0.4-1.3) 7 2.1 340(0.6-2.5) 0.18

Clinical breakage
4 40 2.5 1577(1.6-3.5) 11 3.2 339(1.1-5.4) 0.55

Total clinical failure
5 194 12.3 1572(10.3-14.4) 64 19.2 334(13.3-25.0) 0.03

Semen exposure
6 184 14.2 1293(11.7-16.7) 30 14.5 207(8.4-20.6)

NS
9

1
Penis was inserted between condom and the vagina

2
Open end of the condom was pushed completely into the vagina

3
Slipped completely out of vagina during intercourse while NOT clinging to the penis

4
Broke during vaginal intercourse or removal of the condom from the vagina

5
Includes penile misdirection, complete invagination, complete slip out while not clinging to penis or clinical break

6
Difference between pre-coital and post-coital vaginal PSA result ≥ 22ng/ml

7
Event occurred one or more times

8
Excludes uses where event occurrence is unknown due to missing data

9
Not statistically significant: p-value > 0.05
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Table 4

PSA results in two studies of a female condom, by swab source

Swab 
Source

n= Functionality Study n= Efficacy Substudy

<1 
ng/ml

1-4 
ng/ml

5-22 
ng/ml

23-99 
ng/ml

≥100 
ng/ml

<1 
ng/ml

1-4 
ng/ml

5-22 
ng/ml

23-99 
ng/ml

≥100 
ng/ml

% % % % % % % % % %

Pre-coital 
vaginal

1293 98 2 --- --- --- 207 94 6 --- --- ---

Post-coital 
vaginal

1293 75 7 4 4 10 207 63 15 8 4 10

Post-coital 
condom

1287 2 1 1 2 95 207 1 0 0 4 94
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Table 5

Self-reported condom failure events and corresponding percent (%) semen exposure in two studies of a female 

condom

Functionality Study (n=1289) Efficacy Substudy (n=205) Total (n=1494)

Self-
Reported 

Events

Semen Exposure Self-
Reported 

Events

Semen 
Exposure

Self-
Reported 
Events

Semen 
Exposure

n % (+) 

≥22ng/ml
8

Median (+) 
PSA (ng/

ml)
9

n % (+) 

≥22ng/ml
8

n % (+) 

≥22ng/ml
8

No clinical failures 
reported

1135 9 232 171 13 1306 9

Clinical breakage
1 17 82 5225 4 50 21 76

Misdirection
2 15 40 8175 4 0 19 32

Invagination
3 54 31 2648 12 17 66 29

Slipped out while not 

clinging to penis
4

3 0 --- 3 0 6 0

Slipped out while 

clinging to penis
5

29 14 4691 7 29 36 17

Slipped out during 

withdrawal
6

85 4 67 13 8 98 4

Total clinical 

failure
7

154 53 3243 34 21 188 47

1
Broke during vaginal intercourse or withdrawal of the condom, no other functionality problem reported

2
Penis was inserted between condom and the vagina at least once, no other functionality problem reported

3
Open end of the condom was pushed completely into the vagina at least once, no other functionality problem reported

4
Slipped completely out of vagina while not clinging to the penis during intercourse at least once, no other functionality problem reported

5
Slipped completely out of vagina while clinging to the penis during intercourse at least once, no other functionality problem reported (not a failure 

mode)

6
Slipped completely out of vagina during withdrawal of the penis at least once, no other functionality problem reported (not a failure mode)

7
One or more of the following reported: clinical breakage, penile misdirection, complete invagination, or slipped completely out of vagina while 

clinging to the penis during intercourse; use not included in clinical failure estimate if information on any of the failure modes was missing

8
Difference between pre- and post-coital vaginal PSA result; percentage based on self-reported events within category

9
Serial dilutions on swabs >100ng/ml were not performed in the Efficacy substudy
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Table 6

Sensitivity and specificity of self-reported condom clinical failure using semen exposure as the reference 

standard in two studies of a female condom

Functionality Study Efficacy Substudy

A Uses with self-reported clinical failure1 154 34

B Uses with semen exposure2 182 30

C Uses with both self-reported clinical failure and semen exposure 81 7

C/B Sensitivity 45% 23%

95% Confidence Interval (36%-53%) (7%-40%)

D Uses with no self reported clinical failure 1135 171

E Uses with no semen exposure 1107 175

F Uses without either self-reported clinical failure or semen exposure 1034 148

F/E Specificity 93% 85%

95% Confidence Interval (92%-95%) (77%-92%)

1
One or more of the following was reported: condom breakage, penile misdirection, complete invagination, slipped completely out of vagina during 

intercourse while not clinging to the penis like a male condom

2
Either the condom swab PSA result or post-coital vaginal PSA result was 22ng/ml greater than the pre-coital vaginal PSA result
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Table 7

Test of non-inferiority (alpha= 0.05
1
) for the probabilities of semen exposure and self-reported clinical 

condom failure
2

Probability Functionality Study Efficacy Substudy Estimate 
difference

Lower bound for 
two-sided Reject Ho

3

Uses Events % Uses Events % % 90% CI

Clinical condom failure
4 1572 194 12.3 334 64 19.2 −6.8 −12.0% No

Semen exposure (evaluable 

uses)
5

1293 184 14.2 207 30 14.5 −0.3 −5.78% No

Semen exposure (all uses)
6 1553 229 14.7 318 37 11.6 3.1 −1.24% Yes

1
Based on the lower bond of the two-sided 90% Confidence Interval (CI)

2
SAS GENMOD procedure, controlling for within-couple correlation and self-reported ejaculation

3
The null hypothesis of inferiority is rejected if the lower bound of the two-sided 90% CI for delta > −3.00

4
Includes penile misdirection, invagination, complete slip out while not clinging to penis or clinical break

5
Difference between pre-coital and post-coital vaginal PSA result ≥ 22ng/ml

6
Difference between pre-coital and post-coital vaginal PSA result ≥ 22ng/ml; includes all uses with interpretable pre- and post-coital vaginal swabs
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