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THE JOURNAL OF

S EXUAI_ M E D | Cl N E ORIGINAL RESEARCH & REVIEWS

EPIDEMIOLOGY & RISK FACTORS

Genital Pain and Numbness and Female Sexual Dysfunction in Adult  ® check for updates
Bicyclists

Daniel R. Greenberg, BA,' Yash S. Khandwala, MD, Benjamin N. Breyer, MD, MAS, > Roger Minkow, MD,” and
Michael L. Eisenberg, MD'

ABSTRACT

Introduction: Bicycle seat pressure on the perineum may impair arousal and clitoral erection, likely contributing
to genital pain and numbness experienced by female cyclists.

Aim: We aimed to identify the association between genital pain and numbness experienced by female cyclists and
female sexual dysfunction (FSD).

Methods: Female cyclists were recruited to complete an online survey using the Female Sexual Function Index
(ESFI), a validated questionnaire to assess FSD. Cyclist demographics, experience, preferred riding style, use of
ergonomic cycle modifications, and genital discomfort while riding were also queried. Multivariate logistic
regression analysis was used to evaluate risk factors of FSD.

Main Outcome Measures: The main outcome was FSFI score, which is used to diagnose FSD when the FSFI
score is <26.55.

Results: Of the survey respondents, 178 (53.1%) completed the survey and FSFI questionnaire. Mean age was
48.1 years (+0.8 standard error [SE]), and the average riding experience was 17.1 years (0.9 SE). Overall,
53.9% of female cyclists had FSD, 58.1% reported genital numbness, and 69.1% reported genital pain. After
adjusting for age, body mass index, relationship status, smoking history, comorbidities, and average time spent
cycling per week, females who reported experiencing genital numbness half the time or more were more likely to
have FSD (adjusted odds ratio [aOR], 6.0; 95% CI, 1.5—23.6; P = .01), especially if localized to the clitoris
(aOR, 2.5; 95% CI, 1.2—5.5; P = .02). Females that reported genital pain half the time or more while cycling
also were more likely to have FSD (aOR, 3.6; 95% CI, 1.2—11.1; P = .02). Cyclists experiencing genital pain
within the first hour of their ride were more likely to have FSD (aOR, 12.6; 95% CI, 2.5—63.1; P = .002).
Frequency and duration of cycling were not associated with FSD. Analysis of FSFI domains found that the
frequency of numbness was correlated with decreased arousal, orgasm, and satisfaction during intercourse,
whereas the frequency of pain significantly reduced arousal, orgasm, and genital lubrication.

Clinical Implications: Female cyclists that experience numbness and/or pain have higher odds of reporting FSD.

Strengths & Limitations: Our study includes a validated questionnaire to assess FSD and queries specific
characteristics and symptoms of genital pain and genital numbness; however, the study is limited by its cross-
sectional survey design.

Conclusion: This study highlights the need for cyclists to address genital pain and numbness experienced while
cycling, and future studies are required to determine if alleviating these symptoms can reduce the impact of
cycling on female sexual function. Greenberg GR, Khandwala YS, Breyer BN, et al. Genital Pain and
Numbness and Female Sexual Dysfunction in Adult Bicyclists. J Sex Med 2019; 16:1381—1389.
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INTRODUCTION

Bicycle riding is a low-impact endurance sport with numerous
long-term health benefits; however, continuous perineal pressure
during prolonged periods of time spent in a saddle can decrease
genital sensation.’ Altered genital sensation from cycling and its
effect on sexual function remain controversial.”* One hypothe-
sized mechanism is that the saddle compresses and/or entraps the

pudendal nerve, resulting in injury. This mechanism has been
5.6

identified as a potential cause of sexual dysfunction in females.

Female sexual dysfunction (FSD) is a highly prevalent condition
that can cause anxiety regarding relationships and sexuality.”® Tt
has also been linked to a decrease in overall quality of life.”
Although the effects of FSD have been well studied, the etiology
is less understood. FSD is complex and often multifactorial, as it
includes physiological, psychological, and social factors. In men,
the association between cycling and sexual dysfunction has been
previously explored.”'*™"* However, studies of cycling and sexual
function in males cannot be appropriately applied to female cy-
clists due to gender differences in pelvic anatomy, weight support,
pelvic motion while riding, and physiologic responses to ergo-

. . . 13—15
nomic cycle modifications.'” ™"

Previous studies on the effect of cycling on female sexual
function are limited to case series or observational studies, and
only 1 study has utilized a validated questionnaire.'®'” We thus
queried respondents on several characteristics of their experienced
genital numbness and genital pain, in addition to utilizing the
Female Sexual Function Index (FSFI), a validated questionnaire,
to assess FSD. We sought to determine the effect of demographic
information, cycling characteristics, and experience with genital
numbness and/or genital pain while cycling on sexual function in
a cohort of female cyclists. Our primary objective was to identify
factors associated with increased odds of reporting FSD, genital
numbness, and/or genital pain. Our second objective was to
identify if certain characteristics of experienced genital pain and/or
genital numbness were associated with increased odds of reporting
ESD. Finally, we sought to identify which domains (desire,
arousal, lubrication, orgasm, satisfaction, and pain) of sexual
dysfunction were most affected in female cyclists.

METHODS
Study Participants and Recruitment

Female cyclists 18 years of age or older were recruited to
complete an anonymous survey. We recruited through outreach
online and via print (eg, websites, cycling magazines), as well as
by cycling podcasts, cycling group list serves, and social media
(eg, Facebook). This study was approved by the institutional
review board at Stanford University School of Medicine. In
accordance with the approved protocol, survey respondents
signed electronic informed consent prior to beginning the study.

Greenberg et al

Study Variables

We collected data on demographics that included age, race/
ethnicity, body mass index (BMI), smoking status, and comor-
bidities, such as history of hypertension, diabetes, cardiovascular
disease, or arthritis. Cyclists were queried regarding their self-
defined riding classification (commuter, recreational, enthusiast,
or professional), riding style (road biking, mountain biking, or
triathlons), riding experience, average distance cycled per week,
average time spent cycling per week, and number of rides 3 hours
or longer per month. Information regarding the use of protective
clothing and ergonomic cycle modifications was also collected,
including saddle type, saddle padding, use of cycling shorts, and
whether the rider was professionally fitted for their bicycle type
and size.

Outcome Measures

Female sexual dysfunction was assessed using the FSFI. This
questionnaire is a validated tool to assess overall sexual health and
has been proven to have high reliability, validity, sensitivity, and
specificity in identifying FSD.'® It includes 19 questions that
query 6 sexual health domains that are scored independently,
including desire (range 1.2—6.0), arousal (range 0.0—0.0),
lubrication  (range 0.0—6.0), orgasm (range 0.0—6.0),
satisfaction (range 0.8—6.0), and pain (range 0.0—6.0). FSFI
total score is an aggregate of each domain. Scores range from 2 to
36, and a score of less than 26.55 results in the diagnosis of
FSD.'®"” We controlled for sexual activity (yes/no) based on
responses from questions 3 to 14 on the FSFI, as total score can
be falsely low in women who are not sexually active.”” Non-
validated questions were used to assess study participants’ expe-
rience of pain and genital numbness while cycling. Survey re-
spondents were asked if they experienced genital numbness and/
or genital pain while cycling. Response options included “never,”
“sometimes,” or “half the time or more.” Individuals reporting
genital numbness/pain “sometimes” or “half the time or more”
were considered to be experiencing genital numbness and/or pain
when analyzed as a binary outcome. Information regarding the
frequency, location, severity, onset, and time to resolution of
each type of genital pain and genital numbness was collected.

Our primary analysis utilized demographic information,
cycle specifications and modifications, and characteristics of
cycling (eg, average hours of cycling per week) as independent
variables to assess their association with FSD, as well as the
binary outcomes (yes/no) of genital pain and genital numbness
experienced while cycling. Our secondary analysis sought to
identify the association between specific characteristics of
experienced genital pain and genital numbness and FSD.
Therefore, the frequency, severity, time of onset, and time of
resolution of experienced genital numbness and genital pain
were considered independent variables to assess their associa-

tion with FSD.
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Statistical Analyses

Data were analyzed using Stata 15.1 (StataCorp; College Sta-
tion, TX) statistical software. Graphical analyses were performed
using Prism 8.02 (GraphPad; La Jolla, CA). Linear regression was
used to determine associations between cycling characteristics and
continuous outcomes. Univariate and multivariate logistic
regression was used for categorical outcomes. Confounding vari-
ables were chosen a priori for our analysis based on their rela-
tionship with cycling intensity and duration. These variables
included age, BMI, relationship status, smoking history, comor-
bidities, and average time spent cycling per week. The variables
were assessed for collinearity before being included in our multi-
variate model. Univariate and multivariate analyses were used to
determine predictive factors associated with pain, numbness, and
ESD. Analysis of variance was used to analyze the effect of pain and
numbness characteristics on mean score of each FSFI domain, and
post hoc Mann-Whitney U tests were performed to identify sta-
tistically significant results. All tests were 2 sided, and a P value of
<.05 was deemed statistically significant. Measures of central
tendency were reported as mean =+ standard error (SE).

RESULTS

In total, 335 female cyclists participated in the study, and 178
(58.1%) completed the online survey and FSFI questionnaire.
The average age of all participants was 48.1 + 0.8 years, of whom
two-thirds were over 40 years of age. The majority of survey
participants were white (88.9%), and most used a road bike
when cycling (98.1%). Average riding experience was 17.1 + 0.9
years, and over 30% of riders had over 20 years of experience.
Demographic information for all survey participants is shown in
Table 1.

Demographics and Cycling Characteristics and
Effect on FSD

The mean FSFI total score among all survey participants was
22.0 + 0.81, and over half (53.9%) met the diagnostic criteria
for FSD (FSFI total score < 26.55). Univariate analyses showed
no correlation among demographic information, cycling char-
acteristics, cycle modifications, or protective equipment and fe-
male sexual dysfunction (Tables 2 and 3).

Demographics and Cycling Characteristics and
Effect on Genital Numbness and Genital Pain
Numbness was reported in 58.2% of female cyclists, and pain
was reported in 69.1% of surveyed individuals. The locations in
which numbness and pain were experienced followed a similar
pattern, most commonly reported in the labia, followed by the
clitoris, buttocks, and perineum; 51.4% of respondents rated
their pain as “moderate to severe” compared to 47.0% of those
who experienced numbness. Overall, the percentage of in-
dividuals who experienced pain and numbness differed in their
frequency (P = .04) and duration of time to resolution

J Sex Med 2015;16:1381-1389
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Table 1. Demographics and riding characteristics of survey
participants
Demographics Value
Age (y), mean (SEM) 481 (0.78)
Body mass index, mean (SEM) 23.9 (0.26)
Race/ethnicity, n (%)

African American or black 2 (0.6)

American Indian or Alaska Native 2 (0.6)

Asian 21(6.3)

Hispanic or Latino 10 (3.0)

White or Caucasian 297 (88.9)

Other 2 (0.6)
Country, n (%)

United States 242 (72.2)

Non-United States 93 (27.8)
Rider classification, n (%)

Commuter 49 (15.6)

Recreational 66 (21.1)

Enthusiast 189 (60.4)

Professional 9 (2.9
Rider style, n (%)

Road 307 (98.0)

Mountain 92 (29.4)

Triathlon 28 (8.9)
Total biking, n (%)

0-10y 154 (49.5)

>10—20y 62 (19.9)

>20y S5 (30.6)
Biking distance, n (%)

0—80 km/wk 98 (34.6)

>80-160 km/wk 74 (26.2)

>160 km/wk m (38.2)
Rides >3 hr per month, n (%)

0-1 134 (43.7)

>1—4 S5 (30.9)

>4 78 (25.4)

SEM = standard error of the mean.

(P < .001) (Figure 1). Individuals over 60 years of age, which
comprised of 22.7% of our survey population, were less likely to
report numbness during their ride (odds ratio [OR], 0.3; 95%
CL 0.1-0.9; P = .02). Cyclists that rode an average of >10
hours per week were more likely to report pain (OR, 2.4; 95%
CI, 1.1-5.2; P = .03), but riders using a wide-cut saddle were
less likely to report pain (OR, 0.3; 95% CI, 0.1—0.8; P = .02).

Characteristics of Genital Numbness and Genital
Pain and Effect on FSD

Multivariate analysis showed that frequency and location of
numbness had the greatest impact on the odds of experiencing
ESD. Cyclists who experienced genital numbness and genital
pain half the time or more while cycling were more likely to
report FSD (aOR, 6.0; 95% CI, 1.5—23.6; P = .01 and aOR,
3.6; 95% CI, 1.2—11.1; P = .02, respectively), and females that
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Table 2. Female sexual dysfunction, genital pain, and genital numbness associated with demographic information and riding

characteristics

Numbness

OR (95% CI)

P value (<.05)

Pain

OR (95% CI)

P value (<.05)

FSD

Demographics OR(95% CH P value (<.05)
Age (v)

<30 Ref

>30-40 0.4 (0.1-1.3) 15

>40-50 0.4 (01-1.4) 15

>50-60 0.7 (0.2—21) .53

>60 16 (0.5-55) .45
Body mass index

<249 (normal) Ref

25—29.9 (overweight) 0.7 (0.3—-1.4) .29

>30 (obese) 27(0.8-87) 10
Rider type

Commuter Ref

Recreational 0.6 (0.2-1.8) .39

Enthusiast 0.8 (0.3-1.9) .58

Professional 1.0 (0.1-71) 1.0
Total time cycling (y)

0-10 Ref

>10—-20 1.0 (0.5-21) .97

>20 13(0.6—27) .49
Average riding time (hr/wk)

0-5 Ref

>5-10 12 (0.6—25) .59

>10 09(04-1.8) 7
Average riding distance

(km/wk)

0-80 Ref

>80-160 1.3 (0.6-3.1) .53

>160 0.9 (0.5-1.9) .80
Long rides (>3 hr)

0—1 rides/mo Ref

>1—4 rides/mo 19(09-3.8) .08

>4 rides/mo 16 (0.8-3.3) .22

Ref Ref
0.9(0.3-26) .86 1.1 (0.4-3.7) 82
0.5 (0.2-16) .26 0.8 (0.2—2.6) .69
0.6 (0.2-1.7) .35 0.9 (0.3—2.8) .89
0.3(01-09) .02 0.9 (0.3—2.9) .92
Ref Ref

1.0 (0.5-1.9) .99 0.7 (0.3—-1.3) 25
1.5 (0.6—4.0) .38 1.4 (0.5-4.7) 53
Ref Ref

1.2 (0.5-3.0) .69 1.5 (0.6—4.0) 40
1.3 (0.6—2.8) .47 1.7 (0.8—-3.7) 18
1.2 (0.2-61) .84 3.5(0.4—33.3) .28
Ref Ref

11(0.6—2.2) .81 09 (04-19) .70
0.6(03-1.2) 14 0.6 (0.3—-11) .09
Ref Ref

11(0.6—2.0) .81 1.8 (0.9-3.6) .08
1.500.8-31) .21 2.4 (11-5.2) .03
Ref Ref
0.7(0.3-14) .29 0.9 (0.4-21) .88
1.0 (0.5-2.0) .95 1.8(0.8-38) .13
Ref Ref
0.8 (0.4—14) .39 1.1 (0.5-2.0) .86
09 (04-17) .65 1.6 (0.7-3.4) 25

FSD = female sexual dysfunction; OR = odds ratio.

experienced numbness in the clitoris were more likely to report
FSD, as well (aOR, 2.5; 95% CI, 1.2—5.5; P = .02). In contrast
to numbness, the time to onset of pain was a stronger predictor
of FSD. Cyclists who experienced pain 1 to 5 hours into their
ride were more likely to report FSD (aOR, 4.4; 95% CI,
1.3—15.1; P = .02), and those who experienced pain <1 hour
into their ride were even more likely to report FSD (aOR, 12.6;
95% CI, 2.5—63.1; P = .002) (Table 4).

Characteristics of Genital Numbness and Genital
Pain and Effect on FSFI Domains

Frequency of numbness was strongly associated with the FSFI-
orgasm domain score. Cyclists that experienced numbness half
the time or more had significantly lower FSFI-orgasm domain
scores compared to cyclists that never experience numbness

(5.1 £0.15 vs 3.7 + 0.45; P < .01). This same trend was present
for both arousal (P < .01) and satisfaction (P = .01) (Figure 2A).
Increased frequency of pain was associated with decreased FSFI-
arousal and FSFl-orgasm domain scores, as well. It was also
associated with decreased FSFI-lubrication domain scores when
comparing cyclists who never experience pain compared to cy-
clists with genital pain half the time or more (5.2 + 0.20 vs 4.3 +
0.28; P < .01) (Figure 2B). Earlier onset of pain was associated
with decreased FSFI-lubrication, FSFl-satisfaction, and FSFI-
pain domain scores (Figure 2C). A complete analysis of charac-
teristics of numbness and pain on FSFI-domain scores is pro-
vided in Supplementary Table 1. Average distance cycled per
week, average time riding per week, years of riding experience,
and number of long rides (>3 hours) per month did not have a
significant correlation with any of the FSFI domains
(Supplementary Table 2).

J Sex Med 2015;16:1381-1389
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Table 3. Cycle specifications and safety features and their effect on female sexual dysfunction, genital numbness, and genital pain

Features

FSD
OR (95% CI)

P value (<.05)

Numbness
OR (95% CI)

P value (<.05)

Pain
OR (95% CI)

P value (<.05)

Saddle riding position

Back Ref

Center 1.2 (0.6—2.5) .55

Front 1.2 (0.5-29) .63
Certified bike fitting

Prior fitting 1.8 (1.0—34) .07
Cycle/saddle specifications

Aero bars 1.5(0.5-4.2) .49

Adjustable saddle width 1.0 (0.6—19) .91

Saddle length (>250 mm) 11(0.6—2.2) .72

Sit bones measured 09 (0.3-29) .84

Manufactured health benefit 0.7 (0.3—1.4) .28
Saddle padding

None Ref

Minimal 09 (0.3-23) .77

Moderate 1.0 (04—-2.7) .98

Heavy 1.6 (0.2-11) .61
Saddle cut

Cut-out Ref

Groove 0.7 (0.3-14) .28

Nose-less 05(01-3.2) 48

Wide 12 (0.4-3.4) .71
Personal safety

Cycle shorts 1.5 (0.6—4.1) .40

Lubrication (eg, chamois) 1.6 (0.5-3.0) 10

Ref Ref

11(0.6-21) .76 0.8 (04-17) .58
0.9 (04-19) .68 1.5 (0.6—4.0) .37

11(0.7-2.0) .67 1.7 (0.9-31) .09
1.7 (0.7-44) .25 11(0.4-3.0) .86

11(0.6-19) .76 0.8 (0.4—1.4) 38
0.8 (0.4-15) .46 09 (04-1.7) .72
1.5 (0.5-4.5) .45 11(0.3-3.8) .87
1.5(0.8-2.8) .25 19 (0.9-4.3) .12
Ref Ref
0.8 (0.3—21) .68 1.3 (05-3.8) .57
0.8 (0.3-19) .56 11(0.4-31) .84
1.8 (0.3-10.9) .52 1.6 (0.3-10.2) .61
Ref Ref

1.3 (0.7-24) .46 0.8 (0.4—-1.6) 50
41(0.5-361) .20 1.0 (01-10.3) .98
1.8 (0.7-4.6) .25 0.3(01-0.8) .02
0.7 (0.3-1.7) 43 11(0.8-2.8) .79
1.3(0.8-2.2) .32 1.6 (09-28) .15

FSD = female sexual dysfunction; OR = odds ratio.

DISCUSSION

This study explored the associations among bicycle riding,
genital pain and genital numbness, and female sexual dysfunc-
tion. We found that female cyclists who experienced frequent
genital numbness and early onset of genital pain while cycling
were more likely to report sexual dysfunction. We also found that
genital pain and numbness from cycling were strongly associated
with both decreased arousal and satisfaction with orgasm in fe-
males. Because cycling has become an increasingly popular mode
of exercise and transportation, especially among women, this
study provides valuable information to better understand the
scope of genital risks in this population. Between 2003 and
2012, the number of women participating in cycling rose 20%,
and over 60% of bicycle owners ages 17 to 28 years old are fe-
male.”"”” The health benefits from cycling include improved
cardiovascular health and weight control and decreased risk of
breast cancer in women.”” > Although the net positive benefits
of cycling are well established, prolonged time spent in a bicycle
saddle has been hypothesized to have deleterious effects on sexual
function. Correlations between cycling and erectile dysfunction
in men have been explored; however, there is less information
available to identify potential risks in female cyclists, highlighting

the importance of our ﬁndings.26

J Sex Med 2019;16:1381-1389

Our overall prevalence of sexual dysfunction was high among
our study population (53.9%) using a cutoff of FSFI of <26.55;
however, our rate of FSD is comparable to previous studies in
cyclists, as well as epidemiological studies surveying the general
population.'””” We found no strong correlation among patient
demographics (including age and BMI), cycling characteristics,
or cycle/saddle features with regard to the odds of reporting FSD.

Previous reports on sexual function in female cyclists have been
heterogeneous. Some suggest that cycling is strongly correlated with
sexual dysfunction, with higher rates of dyspareunia, anorgasmia,
and changes in sexual sensation. For example, Hermans et al*®
analyzed female sexual function in 114 cydists and found that
18.4% reported a change in sexual sensation and 12.8% reported
difficulties reaching orgasm. In contrast, when Gaither et al'” sur-
veyed a larger cohort of cyclists and non-cyclists, they found that
high-intensity cyclists, characterized by riding experience of at least 2
years, riding more than 3 times per week, and riding a daily average
of >25 miles, had lower odds of reporting sexual dysfunction
compared to non-cyclists. These findings make it difficult to reach a
consensus decision regarding the association between cycling and
female sexual dysfunction. Further confounding factors including
menopausal status, hormonal therapy, and pathologic causes of
pelvic discomfort, such as endometriosis, may influence the
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Figure 1. Comparison of reported characteristics of genital numbness and pain among female cyclists, stratified by percentage of re-
spondents. Categorical variables were analyzed using x tests. (A) Frequency of numbness and pain (P =.04). (B) Severity of numbness or
pain among respondents reporting these symptoms (P =.63). (C) Time to onset of numbness or pain among respondents reporting these
symptoms (P =.34). (D) Time to resolution of numbness or pain among respondents reporting these symptoms (P < .00T).

Table 4. Characteristics of genital numbness and genital pain associated with female sexual dysfunction

Characteristics

Numbness

FSD
OR* (95% CI)

P value (<.05)

Pain

FSD
OR* (95% CI)

P value (<.05)

Frequency
Never
Sometimes
>Half the time
Location
Labia
Clitoris
Buttocks
Perineum
Severity
Mild
Moderate to severe
Onset (hr)
>5
1-5
<1
Time to relief
A few hours
A day
>Several days

Ref
15 (0.8-3.0)
6.0 (1.5—23.6)

1.7 (0.9-3.4)
25 (1.2-5.5)
0.8 (0.3-1.9)
2.4 (0.9-6.4)

Ref
15 (0.7-3.6)

Ref
2.6 (0.8-81)
3.6 (0.6—21.3)

Ref
1.6 (0.5-5.3)
1.4 (0.3—6.8)

.01

Rl

.02
.60
.08

34

10
)

43
.68

Ref
14 (0.6—2.9)
3.6 (1.2-1.01)

11 (0.6—2.1)
1.8 (0.8-3.8)
1.0 (0.4—-2.3)
14 (0.5-3.6)

Ref
1.2 (0.5—-2.6)

Ref
4.4 (1.3-15)
12.6 (2.5—63.1)

Ref
0.3(01-0.8)
1.3 (0.5—3.5)

43
.02

75
13

93
S4

.69

.02
.002

.02
65

FSD = female sexual dysfunction; OR = odds ratio.
*Odds ratios are adjusted for age, body mass index, relationship status, smoking history, comorbidities, and average hours of cycling per week.

J Sex Med 2015;16:1381-1389
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Figure 2. Effect of characteristics of numbess and pain on individual domains of the FSFI. P-Values compare each characteristic to
the baseline of either ‘Never'numbess or pain (A and B) or onset of pain ‘>5 Hours" (C). Measure of central tendency are shown as
mean + standard error. Analyses use mann-Whitney U test to determine statical significance.

association between genital pain and genital numbness and
FSD.””*" It is possible that differences in study populations and the
use of both validated and non-validated questionnaires have also
made it difficult to directly compare and aggregate results.

The proportion of female cyclists who experience genital
numbness from riding has been reported to be between 34% and
40%."°" Our rate (58.2%) is higher than those reported in
previous publications, but it is similar to rates found among male
cyclists.” ** The association between cycling and genital
numbness has been well established, but its effect on female
sexual function is less clear. Previous reports have found that
genital numbness from cycling is correlated with increased rates
of dyspareunia and dysuria and decreased genital sensation."** In
our study, we found that increased frequency of numbness and
numbness localized to the clitoris increased the odds of reporting
FSD. Moreover, we found that the frequency of numbness was
most strongly associated with decreased arousal, orgasm, and
satisfaction with intercourse. Although we did not collect phys-
iological data, this frequency-dependent relationship suggests
that repeated interruptions of blood flow and/or nerve entrap-
ment can decrease genital sensation and increase odds of FSD.
This similar mechanism has linked genital numbness caused by
hypooxygenation of the corpus cavernosum in male cyclists with
a higher incidence of erectile dysfunction.”” However, the results
of these studies in men remain controversial, as they often fail to
compare findings with an appropriate control group.

J Sex Med 2015;16:1381-1389

With regard to genital pain, individuals who experienced genital
pain half the time or more while cycling and those with a shorter
duration to onset of pain were most predictive of reporting FSD, in
addition to being strongly associated with decreased arousal,
orgasm, and genital lubrication. Shorter time to onset of genital
pain was associated with dyspareunia defined by the FSFI pain
domain. Genital pain from cycling has been linked to micro-
hematomas, inflammation, and degenerative processes in the groin
which may account for their effect on overall sexual function.”®

Researchers and bicycle manufacturers have increasingly
focused on creating ergonomic saddles and cycle modifications to
reduce genital pain and numbness. Previous studies have also
shown that using a correct bicycle size with a professional fitting,
as well as standing in the saddle, have had modest effects on
decreasing genital discomfort.'” Increased saddle width has been
shown to decrease stress on the perineum, decreasing average and
peak perineal saddle pressure experienced by female cyclists.”””®
A prospective study comparing a conventional saddle to a wider
bicycle saddle showed that the wider saddle lowered rates of
saddle-related symptoms and was subjectively more comfortable
on rides longer than 2 hours.” Consistent with these physiologic
studies and previous findings, saddle width was the only cycle
specification that decreased the odds of reporting genital pain.
Females have a wider ischial tuberosity difference compared to
males which may account for this finding. Despite our results,
previous studies have found increased saddle width to be
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correlated with dysuria and stranguria in female cyclists. Further
research is required to elucidate how saddle width can have
opposing effects on genital pain and urinary function. Never-
theless, this finding highlights the need for gender to be
considered when determining the ideal saddle type for each
cyclist.'” Finally, as bicycle manufacturers have attempted to
increase the safety of bicycle saddles, our contemporary series
may reflect overall global improvements in saddle design.

Limitations

Our study is not without limitations. We utilized a cross-
sectional survey that potentially introduces recall bias in our re-
sults. Similarly, individuals experiencing adverse sexual outcomes
as a result of cycling are more likely to decrease their cycling
habits, change cycle equipment and saddle type, or choose
another form of exercise entirely. Although we aimed to gather
data from a diverse study population by using multiple recruit-
ment strategies, we may introduce selection bias caused by the
individuals that chose to participate. We also did not query fe-
male cyclists on their relationship satisfaction, menopausal status,
or partner’s sexual dysfunction. In addition, given the number of
cycling variables assessed, associations may be due to chance
alone. Strengths of our study include a large sample size, use of a
validated questionnaire to assess FSD, and the inclusion of
questions regarding the frequency, location, severity, onset, and
duration of genital pain and numbness.

CONCLUSION

Female cyclists that experience genital pain or numbness from
riding have increased odds of reporting sexual dysfunction;
however, different characteristics of genital numbness and genital
pain affect varying domains of the FSFI. Our findings suggest
that increased research is required to determine the optimal seat
design and cycle modifications to reduce these symptoms.
Future studies will aim to determine if alleviating genital pain
and numbness can improve female sexual function in this
population.

Corresponding author: Daniel R. Greenberg, MD, Depart-
ment of Urology, Stanford University School of Medicine, 300
Pasteur Dr, Stanford, CA 94305. Tel: 610-306-1102; E-mail:
dgreenberg@stanford.edu

Conflict of Interest: The authors declare no conflicts of interest.

Funding: This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

STATEMENT OF AUTHORSHIP
Category 1

(a) Conception and Design
Daniel R. Greenberg; Yash S. Khandwala; Benjamin N. Breyer;
Roger Minkow; Michael L. Eisenberg

Greenberg et al

(b) Acquisition of Data
Daniel R. Greenberg; Yash S. Khandwala; Benjamin N. Breyer;
Roger Minkow; Michael L. Eisenberg

(c) Analysis and Interpretation of Data
Daniel R. Greenberg; Yash S. Khandwala; Michael L. Eisenberg

Category 2

(a) Drafting the Article
Daniel R. Greenberg; Yash S. Khandwala; Michael L. Eisenberg
(b) Revising It for Intellectual Content
Daniel R. Greenberg; Yash S. Khandwala; Benjamin N. Breyer;
Roger Minkow; Michael L. Eisenberg

Category 3

(a) Final Approval of the Completed Article
Daniel R. Greenberg; Yash S. Khandwala; Benjamin N. Breyer;
Roger Minkow; Michael L. Eisenberg

REFERENCES

1. Guess MK, Connell K, Schrader S, et al. Genital sensation and
sexual function in women bicyclists and runners: are your feet
safer than your seat? J Sex Med 2006;3:1018-1027.

2. Baran C, Mitchell GC, Hellstrom WJG. Cycling-related sexual
dysfunction in men and women: a review. Sex Med Rev 2014;
2:93-101.

3. Baradaran N, Awad M, Gaither TW, et al. The association of
bicycle-related genital numbness and Sexual Health Inventory
for Men (SHIM) score: results from a large, multinational,
cross-sectional study. BJU Int 2018. https://doi.org/10.1111/
bju.14396.

4. Awad MA, Gaither TW, Murphy GP, et al. Cycling, and male
sexual and urinary function: results from a large, multinational,
cross-sectional study. J Urol 2018;199:798-804.

5. Connell K, Guess MK, La Combe J, et al. Evaluation of the role
of pudendal nerve integrity in female sexual function using
noninvasive techniques. Am J Obstet Gynecol 2005;
192:1712-1717.

6. Levin RJ, Both S, Georgiadis J, et al. The physiology of female
sexual function and the pathophysiology of female sexual
dysfunction (Committee 13A). J Sex Med 2016;13:733-759.

7. Laumann EO, Paik A, Rosen RC. Sexual dysfunction in the
United States: prevalence and predictors. JAMA 199S;
281:537.

8. McCabe MP, Sharlip ID, Atalla E, et al. Definitions of sexual
dysfunctions in women and men: a consensus statement from
the Fourth International Consultation on Sexual Medicine 2015.
J Sex Med 2016;13:135-143.

9. Nappi RE, Cucirella L, Martella S, et al. Female sexual
dysfunction (FSD): prevalence and impact on quality of life
(QoL). Maturitas 2016;94:87-91.

10. Huang V, Munarriz R, Goldstein I. Bicycle riding and erectile
dysfunction: an increase in interest (and concern). J Sex Med
2005;2:596-604.

1. Goldstein |, Lurie AL, Lubisich JP. Bicycle riding, perineal
trauma, and erectile dysfunction: data and solutions. Curr Urol
Rep 2007;8:491-497.

J Sex Med 2015;16:1381-1389


mailto:dgreenberg@stanford.edu
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref1
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref1
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref1
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref2
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref2
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref2
https://doi.org/10.1111/bju.14396
https://doi.org/10.1111/bju.14396
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref4
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref4
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref4
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref5
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref5
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref5
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref5
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref6
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref6
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref6
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref7
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref7
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref7
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref8
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref8
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref8
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref8
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref9
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref9
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref9
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref10
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref10
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref10
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref11
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref11
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref11

Genital Pain and Numbness and FSD in Adult Bicyclists

12.

13.

15.

17.

18.

20.

21.

22.

23,

24,

25.

26.

Sommer F, Goldstein |, Korda JB. Bicycle riding and erectile
dysfunction: a review. J Sex Med 2010;7:2346-2358.

Potter JJ, Sauer JL, Weisshaar CL, et al. Gender differences in
bicycle saddle pressure distribution during seated cycling. Med
Sci Sports Exerc 2008;40:1126-1134.

. Sauer JL, Potter JJ, Weisshaar CL, et al. Biodynamics.

Influence of gender, power, and hand position on pelvic
motion during seated cycling. Med Sci Sports Exerc 2007;
39:2204-2211.

Bressel E, Cronin J. Bicycle seat interface pressure: reliability,
validity, and influence of hand position and workload.
J Biomech 2005;38:1325-1331.

. Partin SN, Connell KA, Schrader SM, et al. Les lanternes

rouges: the race for information about cycling-related female
sexual dysfunction. J Sex Med 2014;11:2039-2047.

Gaither TW, Awad MA, Murphy GP, et al. Cycling and female
sexual and urinary function: results from a large, multinational,
cross-sectional study. J Sex Med 2018;15:510-518.

Wiegel M, Meston C, Rosen R. The female sexual function

index (FSFD): cross-validation and development of clinical
cutoff scores. J Sex Marital Ther 2005;31:1-20.

. Kalmbach DA, Ciesla JA, Janata JW, et al. The validation of the

Female Sexual Function Index, Male Sexual Function Index, and
Profile of Female Sexual Function for use in healthy young
adults. Arch Sex Behav 2015;44:1651-1662.

Meyer-Bahlburg HFL, Dolezal C. The female sexual function
index: a methodological critique and suggestions for
improvement. J Sex Marital Ther 2007;33:217-224.

Szczepanski C. Fewer men, more women riding?. Available at:
https://bikeleague.org/content/fewer-men-more-women-riding.
Accessed July 16, 2019.

National Sporting Goods Association. Sporting Good Stores -
Census Data. Available at: https://www.nsga.org/globalassets/
research/public/sporting-goods-stores-us-economic-census-
snapshot.pdf. Accessed July 16, 201S.

Oja P, Titze S, Bauman A, et al. Health benefits of cycling: a
systematic review. Scand J Med Sci Sports 2011;21:496-509.

Andersen LB, Schnohr P, Schroll M, et al. All-cause mortality
associated with physical activity during leisure time, work,
sports, and cycling to work. Arch Intern Med 2000;160:1621-
1628.

Luoto R, Latikka P, Pukkala E, et al. The effect of physical
activity on breast cancer risk: a cohort study of 30,548
women. Eur J Epidemiol 2000;16:973-980.

McCabe MP, Sharlip ID, Lewis R, et al. Risk factors for sexual
dysfunction among women and men: a consensus statement

J Sex Med 2019;16:1381-1389

1389

from the Fourth International Consultation on Sexual Medicine
2015. J Sex Med 2016;13:153-167.

27. Du J, Ruan X, Gu M, et al. Prevalence of and risk factors for
sexual dysfunction in young Chinese women according to the
Fernale Sexual Function Index: an internet-based survey. Eur J

Contracept Reprod Health Care 2016;21:259-263.

28. Hermans TJN, Wijn RPWF, Winkens B, et al. Urogenital and
sexual complaints in female club cyclists-a cross-sectional
study. J Sex Med 2016;13:40-45.

29. Facchin F, Barbara G, Saita E, et al. Impact of endometriosis on
quality of life and mental health: pelvic pain makes the dif-
ference. J Psychosom Obstet Gynaecol 2015;36:135-141.

30. Casey PM, MaclLaughlin KL, Faubion SS. Impact of contra-
ception on female sexual function. J Womens Health
(Larchmt) 2017;26:207-213.

31. Leibovitch I, Mor Y. The vicious cycling: bicycling related uro-
genital disorders. Eur Urol 2005;47:277-286; discussion
286-287.

32. Buller J. Female cyclists and perineal symptoms: an experi-
mental bicycle seat. Clin J Sports Med 2007;11:289.

33. Lasalle M, Salimpour P, Adelstein M. Sexual and urinary tract
dysfunction in female bicyclists. J Urol 1999;161:269.

34. Sommer F, Konig D, Graft C, et al. Impotence and genital
numbness in cyclists. Int J Sports Med 2001;22:410-413.

35. Sommer F, Schwarzer U, Klotz T, et al. Erectile dysfunction in
cyclists. Is there any difference in penile blood flow during
cycling in an upright versus a reclining position? Eur Urol
2001;39:720-723.

36. Battaglia C, Nappi RE, Mancini F, et al. Ultrasonographic and
Doppler findings of subclinical clitoral microtraumatisms in
mountain bikers and horseback riders. J Sex Med 2009;
6:464-468.

37. Spears IR, Cummins NK, Brenchley Z, et al. The effect of
saddle design on stresses in the perineum during cycling. Med
Sci Sports Exerc 2003;35:1620-1625.

38. Guess MK, Partin SN, Schrader S, et al. Women'’s bike seats: a
pressing matter for competitive female cyclists. J Sex Med
2011;8:3144-3153.

39. Keytel LR, Noakes TD. Effects of a novel bicycle saddle on
symptoms and comfort in cyclists. S Afr Med J 2002;
92:295-298.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found online
at https://doi.org/10.1016/j.jsxm.2019.06.017.


http://refhub.elsevier.com/S1743-6095(19)31276-7/sref12
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref12
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref13
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref13
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref13
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref14
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref14
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref14
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref14
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref15
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref15
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref15
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref16
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref16
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref16
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref17
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref17
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref17
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref18
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref18
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref18
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref19
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref19
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref19
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref19
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref20
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref20
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref20
https://bikeleague.org/content/fewer-men-more-women-riding
https://www.nsga.org/globalassets/research/public/sporting-goods-stores-us-economic-census-snapshot.pdf
https://www.nsga.org/globalassets/research/public/sporting-goods-stores-us-economic-census-snapshot.pdf
https://www.nsga.org/globalassets/research/public/sporting-goods-stores-us-economic-census-snapshot.pdf
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref23
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref23
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref24
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref24
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref24
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref24
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref25
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref25
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref25
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref26
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref26
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref26
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref26
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref27
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref27
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref27
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref27
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref28
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref28
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref28
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref29
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref29
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref29
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref30
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref30
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref30
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref31
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref31
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref31
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref32
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref32
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref33
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref33
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref34
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref34
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref35
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref35
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref35
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref35
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref36
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref36
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref36
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref36
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref37
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref37
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref37
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref38
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref38
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref38
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref39
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref39
http://refhub.elsevier.com/S1743-6095(19)31276-7/sref39
https://doi.org/10.1016/j.jsxm.2019.06.017

	Genital Pain and Numbness and Female Sexual Dysfunction in Adult Bicyclists
	Introduction
	Methods
	Study Participants and Recruitment
	Study Variables
	Outcome Measures
	Statistical Analyses

	Results
	Demographics and Cycling Characteristics and Effect on FSD
	Demographics and Cycling Characteristics and Effect on Genital Numbness and Genital Pain
	Characteristics of Genital Numbness and Genital Pain and Effect on FSD
	Characteristics of Genital Numbness and Genital Pain and Effect on FSFI Domains

	Discussion
	Limitations

	Conclusion
	Statement of authorship
	References
	Supplementary Data




