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Abstract 

Aims: Test-retest reliability assessment of the dorsal clitoral artery's blood flow at rest and 
after muscle activation has never been documented. If this outcome measure is to be used 
in conditions impeding vascularity, it requires a psychometric evaluation. The aim of this 
study was to assess the inter-session test-retest reliability of clitoral blood flow in healthy 
women using color Doppler ultrasonography at rest and after a pelvic floor muscle (PFM) 
contraction task.  

Methods: Two assessment sessions were conducted using a clinical ultrasound system. 
Clitoral blood flow measurements were repeated at rest and after a PFM contraction task. 
Measurements of the peak systolic velocity (PSV), time-averaged maximum velocity 
(TAMX), end-diastolic velocity (EDV), pulsatility index (PI), and resistance index (RI) 
were taken. The test-retest reliability was assessed using paired t-test, intraclass correlation 
coefficient (ICC), and Bland-Altman plots.  

Results: For reliability at rest, ICC values were 0.95 for PSV, 0.87 for TAMX, and 0.67 
for both PI and RI. The variability between measurements, as per Bland-Altman plots, was 
small for PSV, TAMX, and RI and acceptable for PI. For reliability after the PFM 
contractions task, ICC values were 0.85 for PSV, 0.77 for TAMX, 0.79 for PI, and 0.81 for 
RI. The variability between measurements was small for PSV and RI and acceptable for 
TAMX and PI. EDV parameter did not perform as well in both conditions.  

Conclusions: Assessment of the clitoral blood flow with color Doppler ultrasound is 
reliable at rest and after a PFM contraction task.  

  



1 | INTRODUCTION  

Color Doppler ultrasound is a non-invasive, inexpensive method to assess the clitoral blood 
flow. It has been used in previous studies to provide baseline data in healthy women,1,2 to 
assess different populations (eg, athletes, aging women3,4) or different conditions (eg, 
sexual arousal disorders, polycystic ovary syndrome, systemic sclerosis women5–7) and 
to explore the impact of different treatments (eg, gynecological surgery and medication for 
sexual dysfunctions8,9). The clitoral blood flow assessments were performed mainly with 
participants in a rest condition or after sexual stimulation.  

Impairments in the blood flow of skeletal muscle arteries have been studied with color 
Doppler ultrasonography in two conditions, namely at rest and after a muscle contraction 
task.10,11 This second condition increases blood flow in arteries, alters vascular tone in 
vessels of active muscles within seconds after the onset of muscle work allowing a rapid 
improvement of muscle perfusion.12 Therefore, evaluating blood flow at rest and after a 
muscle contraction task provides important information about the artery's vascular function 
at rest and its hemodynamic response to muscle activation. Different interventions or 
conditions such as perineal radio- therapy, surgery, aging, genitourinary syndrome of 
menopause, lactational atrophic vaginitis and diabetes are known to be linked to lower or 
challenged perineal vascularity.13–16  

Assessment of the vascular function of perineal arteries and their hemodynamic response 
in those women could provide further understanding of the global impact of such 
interventions or conditions on the perineal blood flow.  

The dorsal clitoral artery is one of the terminal branches of the internal pudendal artery, 
the main artery providing blood flow to the pelvic floor muscles (PFM), the perineum, the 
labia, the vagina, the clitoris and the rectum.17 Seeing that PFM contractions should 
increase blood flow in the arteries related to the muscles activated, it is anticipated that a 
repeated PFM contraction task could change the clitoral artery blood flow. Assessment of 
the vascularization of the dorsal clitoral artery and its hemodynamic response to muscle 
activation is important to determine the level of clitoral artery blood flow variability and 
eventually differentiate normal from pathological changes in blood flow.  

Color Doppler ultrasound of the clitoral blood flow has been shown reliable at rest in an 
inter-evaluator intra-session assessment, although with a limited number of vascular 
parameters.18 Furthermore, its reliability has never been assessed in an inter-session 
assessment nor has it been studied after a PFM contraction task. Inter-session reliability as 
well as the hemodynamic response after a PFM contraction task are important to ensure 
the stability of the measurements over time.  

Hence, the purpose of this prospective study was to assess the inter-session test-retest 
reliability of clitoral blood flow measurements in healthy women using color Doppler 
ultrasonography in two conditions: 1) at rest; and 2) after a PFM contraction task.  



2 | MATERIALS AND METHODS  

A convenience sample of healthy adult women was recruited for this prospective test-retest 
cohort study using email advertisements among a group of women interested in pelvic floor 
rehabilitation. The inclusion criteria were: age of 18 years and older and were not actively 
participating in a PFM training program during the study. Women were excluded if they 
had vulvovaginal atrophy or dermatological disease of the vulva, had previously received 
radiotherapy for gynecological cancer, were taking anti-estrogenic medication or, were 
pregnant. In addition, any reported hormonal therapy or arterial hypertension medication 
dosage had to be stable for 6 months to ensure vulvovaginal blood flow stability.  

The institutional Ethics Committee approved the study (CER IUGM 12-13-002) and each 
volunteer gave her written consent prior to her participation.  

One evaluator, a PhD fellow in physiotherapy, performed two repeated measurement 
sessions of the clitoral blood flow (time 1 [T1] and time 2 [T2]). The evaluator had 6 h 
training with a gynecologist and 25 h of practice prior the study. In order to control for the 
influence of circadian and hormonal rhythm on the pelvic blood flow, these assessments 
were made 1 month apart, at the same time of the day (±2 h) and during the same phase of 
a woman's menstrual cycle.1 As caffeine, tobacco, sexual activity, and physical activity 
have been shown to influence blood flow parameters, they were controlled for a period of 
24 h before the assessment.19–22 To confirm compliance with these recommendations, the 
evaluator questioned the participant about each of them before the measurements sessions. 
Furthermore, to avoid potential changes in blood flow between assessment sessions, 
participants were asked not to perform any PFM training between T1 and T2.  

Before each measurement session, participants were taught, using vaginal digital palpation, 
how to do a maximal pelvic floor muscle contraction without compensation (gluteal, 
adductor, and abdominal muscles contraction) in the supine lying position with the knees 
bent and feet flat on a conventional gynecology table.23 Participants were asked to rest in 
the same position for 15 min in a noiseless room with constant heat and light to ensure 
standardized conditions. A clinical ultrasound system (Voluson E8, GE Healthcare, 
Salzburg, Austria) was then used to place a 4- 13 MHz linear probe on the pubis according 
to Khalifé's procedure18 (Figure 1). Clitoral blood flow measurements were repeated: (1) 
three times at rest and (2) three times after a PFM contraction task (five 10-s maximal 
contractions followed by ten 1-s maximal contractions). Despite the conflicting results in 
studies examining the acute effect of exercise on local blood flow, local muscle endurance 
exercises task, and muscle power exercise tasks seem to cause the greatest changes in the 
arterial blood flow.24  

Therefore, our PFM contraction task was chosen to target these parameters (endurance and 
high-intensity interval exercises). Five blood flow parameters per measurement session 
were collected for the two conditions (rest and PFM contraction) using the pulsed Doppler 
mode: peak systolic velocity, time-averaged maximum velocity, end-diastolic velocity, 
pulsatility index, and resistance index. Peak systolic velocity value refers to maximum 



velocity of  blood flow during contraction of the heart ventricle (Figure 1). End-diastolic 
velocity value refers to the blood flow velocity at the end of the ventricular relaxation 
(Figure 1). Time-averaged maximum velocity value refers to the mean of maximum 
velocities averaged over a complete cardiac cycle. Pulsatility index and resistance index 
are calculated ratio reflecting peripheral resistance. The pulsatility index is defined as the 
difference between the peak systolic and minimum diastolic velocities divided by the mean 
velocity during the cardiac cycle. The resistance index is defined as the difference between 
the peak systolic velocity and end-diastolic velocity divided by the peak systolic velocity. 
The clearest waveform in a pulsed-wave Doppler recording was selected for analysis.  

2.1 | Statistical analysis  

Descriptive statistics served to provide the demographic parameters of the study population 
while a paired t-test was used to detect statistical differences in clitoral blood flow 
measurements between T1 and T2 for each condition. To assess the test-retest reliability of 
each blood flow parameter between T1 and T2, intraclass correlation coefficients (ICC) 
and their 95% confidence intervals (CI) were then calculated by using a two-way mixed 
model. Any ICC value lower than 0.4 was considered poor, 0.40-0.75 fair to good and 0.75-
1.00 excellent.25 Lastly, the degree of variability of the parameters between T1 and T2 at 
rest and after a PFM contraction task was analyzed by Bland-Altman plots. The mean 
difference and 95% limits of agreement between parameters were calculated.  

3 | RESULTS  

Twenty women aged 22-53 years old (mean of 33.6 ± 9.9 years old) were recruited. Among 
the data set, 19/20 measures were adequately visualized for the analysis as the quality was 
not sufficient for 1/20 image. Therefore, 19 study subjects were kept for analysis. Of these, 
11 women were nulliparas, 8 multiparas; 17 women were pre- menopausal, 2 women were 
post-menopausal; 12 were taking hormonal contraception and 1 was taking systemic 
hormonal therapy. Table 1 summarizes the study subjects’ demographics.  

3.1 | Rest condition  

Table 2 summarizes the results of blood flow measurements at rest, including mean, mean 
difference, pairwise comparison, ICC and Bland-Altman plots’ limits of agreement. At rest, 
there was no significant difference between T1 and T2 for all parameters (P > 0.05). Based 
on the ICC results, excellent reliability was obtained for peak systolic velocity (0.95, 95% 
CI: 0.87-0.98, P < 0.001), time-averaged maximum velocity (0.87, 95%CI: 0.65-0.95, P < 
0.001) and end-diastolic velocity (0.75, 95%CI: 0.36-0.9, P = 0.002) parameters. The 
reliability was fair to good for the pulsatility index (0.67, 95%CI: 0.14-0.87, P = 0.012) 
and the resistance index (0.67, 95%CI: 0.08-0.88, P = 0.018).  

Bland-Altman plots (Figure 2) demonstrated minimal bias with the mean difference close 
to zero for all parameters. The 95% limits agreement range was narrow considering the 
mean values for peak systolic velocity, time-averaged maximum velocity, and resistance 
index parameters, indicating a small variability in the measurement between T1 and T2. 



The 95% limits of agreement range for the pulsatility index parameter was larger 
considering the mean value, indicating a still acceptable measurement variability between 
T1 and T2. However, it was wide for the end-diastolic parameter considering its mean 
values, indicating larger measurement variability between T1 and T2.  

3.2 | After a PFM contraction task condition  

Table 3 summarizes the results of blood flow measurements at rest, including mean, mean 
difference, pairwise comparison, ICC and Bland-Altman plots’ limits of agreement. There 
was no significant difference between T1 and T2 for all parameters (P > 0.05). Based on 
the ICC results, excellent reliability was obtained for peak systolic velocity (0.85, 95% CI: 
0.61-0.94), P < 0.001), time-averaged maximum velocity (0.77, 95%CI: 0.40-0.91, P = 
0.002) pulsatility index (0.79 (95%CI 0.45-0.92, P = 0.001) and resistance index parame- 
ters (0.81, 95%CI: 0.51-0.92, P < 0.001). End-diastolic velocity parameter showed fair to 
good reliability (0.73, 95%CI: 0.31-0.90, P = 0.004).  

Bland-Altman plots (Figure 3) demonstrated minimal bias with the mean difference close 
to zero for all parameters. The 95% limits agreement range was narrow considering its 
mean values for peak systolic velocity and resistance index measurements after PFM 
contractions, indicating a small variability in measurements between T1 and T2. The 95% 
limits of agreement range for the time- averaged maximum velocity and pulsatility index 
parameters were larger considering the mean value, indicating a still acceptable 
measurement variability between T1 and T2. However, it was wide for the end-diastolic 
parameter considering its mean values, indicating larger measurement variability between 
T1 and T2.  

4 | DISCUSSION  

To our knowledge, this inter-sessions study is the first to assess the test-retest reliability of 
clitoral blood flow measurements using color Doppler ultrasonography at rest and after a 
PFM contraction task. At rest, an excellent reliability with a small variability between 
sessions was found for peak systolic velocity and time-averaged maximum velocity 
parameters. Pulsatility index and resistance index parameters also obtained good results, 
with fair to good reliability and acceptable variability between sessions.  

After a PFM contractions task, the results showed an excellent reliability with a small 
variability between sessions for peak systolic velocity and resistance index parameters. 
Time-averaged maximum velocity and pulsatility index also obtained excellent reliability 
but with a larger variability between sessions.  

The results showed fair reliability for the pulsatility index and the resistance index in the 
rest condition. Unlike peak systolic velocity and end-diastolic velocity, which both consist 
in a single measurement at a single time point, resistance index and pulsatility index are 
ratios (with a numerator and denominator) that respectively depend on two or three 
measurements which are all acquired at different time points. Intuitively, parameters that 
depend on several measurements are more likely to have lower reliability, compounded by 



the imperfect reliability of individual measurements included in their equations. Further, if 
differ- ences in the numerator and denominator occur in opposite directions, this will 
further accentuate the differences in ratios and negatively affect reliability.  

Khalifé et al18 assessed the test-retest reliability of the clitoral blood flow at rest in an 
inter-evaluator intra-session study. As in our study, Khalifé obtained the highest 
correlations with no significant mean differences between repeated assessments for the 
peak systolic velocity parameter. Good reliability was also shown for the pulsatility index 
and resistance index parameters.  

Our study aimed to assess the test-retest reliability of the clitoral blood flow in an intra-
observer, inter-session study and has added psychometric information about new clitoral 
blood flow measurement parameters (time-averaged maxi- mum velocity and end-diastolic 
velocity). Also added is a new condition for investigating clitoral blood flow that is after a 
PFM contraction task.  

Evaluation of the reliability of a measurement technique is indispensable in order to assess 
its stability and repeatability.26 The results obtained in this study support the use of color 
Doppler ultrasonography by researchers and clinicians to assess the evolution over time or 
the changes following an intervention of clitoral blood flow parameters both at rest and 
after a contraction task. As the clitoral blood flow has reliable parameters after a PFM 
contraction task, it would be of interest to collect normative data among healthy women 
using this particular test condition. Assessment of the dorsal clitoral artery at rest and after 
a PFM contraction task could also be used to observe vascular changes in postpartum 
women, for example, or after menopause, with aging or in conditions leading to lower or 
challenged perineal vascularity. Dorsal clitoral artery blood flow could also be use prior 
and after treatments designed to improve perineal vascularity: hormonal therapy, laser 
therapy, and PFM training.  

One of the limitations of this reliability study is that it is closely linked to the population in 
which the measurements were acquired, that is, healthy young and middle-aged women, 
aged between 22 and 53, mostly pre-menopausal. It would therefore be important to carry 
out a similar study with other populations (eg, older women, women with challenged 
vascular conditions). Another limitation is that to reach the same reliability results as this 
study, evaluator need to have a similar training with the measurement techniques. Lastly, 
an inter-evaluator reliability study should be undertaken in the condition following a PFM 
contractions task for research protocols involving more than one assessor.  

5 | CONCLUSION  

Our findings suggest that the peak systolic velocity, time- averaged maximum velocity, 
pulsatility index, and resistance index are reliable parameters of the clitoral blood flow at 
rest and after a PFM contraction task. These parameters can form the basis for further 
research on the clitoral artery's vascular properties in different conditions or before and 
after an intervention.  



ACKNOWLEDGMENTS  

The authors would like to thank the women who participated in the present study. Joanie 
Mercier was supported by a scholarship from the Québec Network for the Research on 
Aging, An Tang was supported by a research scholarship from the Fonds de Recherche du 
Québec en Santé and Fondation de l’association des radiologistes du Québec (FRQS-ARQ 
#26993) and Mélanie Morin was supported by a research salary award from the Fonds de 
Recherche du Québec en Santé. This study was funded by the Québec Network for the 
Research on Aging.  

ORCID  

Joanie Mercier  http://orcid.org/0000-0003-0498-4003  

   



	 	



REFERENCES  

1. Battaglia C, Nappi RE, Mancini F, et al. Menstrual cycle-related morphometric and 
vascular modifications of the clitoris. J Sex Med. 2008;5:2853–2861.  

2. KukkonenTM,PatersonL,BinikYM,AmselR,BouvierF,Khalifé S. Convergent and 
discriminant validity of clitoral color doppler ultrasonography as a measure of 
female sexual arousal. J Sex Marital Ther. 2006;32:281–287.  

3. Karatas OF, Baltaci G, Ilerisoy Z, et al. The evaluation of clitoral blood flow and 
sexual function in elite female athletes. J Sex Med. 2010;7:1185–1189.  

4. Battaglia C, Nappi RE, Cianciosi A, et al. Periovulatory morphometric and vascular 
modifications of the clitoris in young adult and middle-aged women. A pilot study. 
J Sex Med. 2009;6: 2707–2714.  

5. GarciaS,TalakoubL,MaitlandS,DennisA,GoldsteinI,Munarriz R. Genital duplex 
Doppler ultrasonography before and after sexual stimulation in women with sexual 
dysfunction: gray scale, volumetric, and hemodynamic findings. Fertil Steril. 
2005;83: 995–999.  

6. Morotti E, Persico N, Battaglia B, et al. Body imaging and sexual behavior in lean 
women with polycystic ovary syndrome. J Sex Med. 2013;10:2752–2760.  

7. Rosato E, Gigante A, Barbano B, et al. Clitoral blood flow in systemic sclerosis 
women: correlation with disease clinical variables and female sexual dysfunction. 
Rheumatology (Oxford). 2013;52:2238–2242.  

8. Matarazzo M, Cianci S, Rampello L, Presti LL, Caruso S. Urethral sphincter 
innervation and clitoral blood flow after the transobturator (TOT) approach. Int 
Urogynecol J. 2013;24:621–625.  

9. Souto S, Palma P, Seabra AB, Fregonesi A, Palma T, Reis LO. Vascular 
modifications of the clitoris induced by topic nitric oxide donor gel—preliminary 
study. J Sex Med. 2011;8:484–488.  

10. Moore DJ, Gonzales JU, Tucker SH, Elavsky S, Proctor DN. Exercise-induced 
vasodilation is associated with menopause stage in healthy middle-aged women. 
Appl Physiol Nutr Metab. 2012;37:418–424.  

11. Parker BA, Smithmyer SL, Ridout SJ, Ray CA, Proctor DN. Age and microvascular 
responses to knee extensor exercise in women. Eur J Appl Physiol. 2008;103:343–
351.  

12. EggintonS.Invitedreview:activity-inducedangiogenesis.Pflügers Arch. 
2008;457:963–977.  

13. PieterseQ,TerKuileM,DeruiterM,TrimbosJ,KenterG,MaasC. Vaginal blood flow 
after radical hysterectomy with and without nerve sparing. A preliminary report. 
Int J Gynecol Cancer. 2008;18: 576–583.  

14. . Graziottin A, Lukasiewicz M, Serafini A. Sexual rehabilitation after 
gynaecological cancers. Cancer, Intimacy and Sexuality: Springer. 2017;205–222.  

15. Portman DJ, Gass MLS. Vulvovaginal Atrophy Terminology Consensus 
Conference P. Genitourinary syndrome of menopause: new terminology for 
vulvovaginal atrophy from the International Society for the Study of Women's Sexual 
Health and The North American Menopause Society. J Sex Med. 2014;11:2865–2872.  



16. Palmer AR, Likis FE. Lactational atrophic vaginitis. J Midwifery Women's Health. 
2003;48:282–284.  

17. CulliganW.Thebigpicture:grossanatomy.YaleJBiolMed.2013; 86:285–286.  
18. KhalifeS,BinikY,CohenD,AmselR.Evaluationofclitoralblood flow by color 

doppler ultrasonography. J Sex Marital Ther. 2000; 26:187–189.  
19. Daniels JW, Molé PA, Shaffrath JD, Stebbins CL. Effects of caffeine on blood 

pressure, heart rate, and forearm blood flow during dynamic leg exercise. J Appl 
Physiol. 1998;85:154–159.  

20. Sørensen LT, Jørgensen S, Petersen LJ, et al. Acute effects of nicotine and smoking 
on blood flow, tissue oxygen, and aerobe metabolism of the skin and subcutis. J 
Surg Res. 2009;152: 224–230.  

21.  Munarriz R, Maitland S, Garcia SP, Talakoub L. A prospective duplex Doppler 
ultrasonographic study in women with sexual arousal disorder to objectively assess 
genital engorgement induced by EROS therapy. J Sex Marital Ther. 2003;29:85–
94.  

22. Hoffman MD, Sheldahl LM, Kraemer WJ, et al. Therapeutic exercise. In: DeLisa 
JA, Gans BM, Walsh NE, eds. Physical Medicine & Rehabilitation: Principles and 
Practice. Vol 1. 4th ed. Philadelphia: Lippincott Williams & Wilkins; 2005:389–
432.  

23. CrottyK,BartramCI,PitkinJ,etal.Investigationofoptimalcuesto instruction for pelvic 
floor muscle contraction: a pilot study using 2D ultrasound imaging in pre-
menopausal, nulliparous, continent women. Neurourol Urodyn. 2011;30:1620–
1626.  

24. Birk G, Dawson E, Batterham A, et al. Effects of exercise intensity on flow 
mediated dilation in healthy humans. Int J Sports Med. 2013;34:409–414.  

25. Fleiss JL. Design and Analysis of Clinical Experiments. Vol 73. New York: John 
Wiley & Sons; 2011.  

26. Currier DP. Elements of Research in Physical Therapy. 2nd ed. Baltimore: 
Williams & Wilkins; 1984.  



	
	 	



 

 

 

 

 



 
 
 
 
 
 
 
  
  



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 


