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Abstract

We provide an overview of advanced imaging techniques currently 
being explored to gain greater understanding of the complexity 
of stress urinary incontinence (SUI) through better definition of 
structural anatomic data. Two methods of imaging and analysis 
are detailed for SUI with or without prolapse: 1) open magnetic 
resonance imaging (MRI) with or without the use of reference lines; 
and 2) 3D reconstruction of the pelvis using MRI. An additional 
innovative method of assessment includes the use of near infra-
red spectroscopy (NIRS), which uses non-invasive photonics in a 
vaginal speculum to objectively evaluate pelvic floor muscle (PFM) 
function as it relates to SUI pathology. Advantages and disadvan-
tages of these techniques are described. The recent innovation 
of open-configuration magnetic resonance imaging (MRO) allows 
images to be captured in sitting and standing positions, which 
better simulates states that correlate with urinary leakage and can 
be further enhanced with 3D reconstruction. By detecting direct 
changes in oxygenated muscle tissue, the NIRS vaginal speculum 
is able to provide insight into how the oxidative capacity of the 
PFM influences SUI. The small number of units able to provide 
patient evaluation using these techniques and their cost and rela-
tive complexity are major considerations, but if such imaging can 
optimize diagnosis, treatment allocation, and selection for surgery 
enhanced imaging techniques may prove to be a worthwhile and 
cost-effective strategy for assessing and treating SUI.

Introduction

Advances in the diagnosis and treatment of female stress uri-
nary incontinence (SUI) are being aided by the use of emerg-
ing technologies that offer greater understanding of the basic 
science underlying bladder disease.1 This is relevant given 
that female SUI affects 32–64%2 of the female population and 
that 11.1% will need to undergo treatment or require surgery 
in their lifetime.3 In addition to providing novel insights on 

the causal etiology, new technologies offer elements able to 
enhance diagnosis and tools relevant to optimizing therapy 
for a large number of women worldwide.4

Pregnancy and childbirth are the important causes of pel-
vic floor injury. Subpopulations of patients are recognized 
within the spectrum of SUI. SUI can be observed in nul-
liparous women 4.7% of the time.4 During pregnancy SUI is 
reported in up to 50% of women, and additional insults to the 
pelvic floor are known to occur during labour and delivery.5

Epidemiological studies have identified elements related 
to labour and delivery that influence the frequency of symp-
toms; however, it is still unclear how much pregnancy con-
tributes to the pathology, whether the predominant effects 
occur during labour and delivery, and what is the relevance 
of other risk factors, e.g., maternal age, body weight, genet-
ics, and lifestyle.4

Currently, it is believed that partial denervation of the pel-
vic floor and lineal injury to pelvic floor muscles and connec-
tive tissue are caused by mechanical and hormonal changes 
during pregnancy, as well as physical strain and/or injury dur-
ing labour and delivery.4 Such injuries may cause a woman 
to develop SUI, anal incontinence, and pelvic organ prolapse 
(POP). The reported prevalence rate of SUI after cesarean 
delivery is 6.9% and after vaginal delivery is 12.2%.4

The objective of this review of advanced imaging systems 
that are currently becoming available is to make clinicians 
aware of new approaches to diagnosis and treatment that 
will increase our understanding of the basic science and 
pathophysiology of SUI in different clinical settings. 

Open-configuration magnetic resonance imaging

The recent development of the open-configuration magnetic 
resonance imaging (MRO) system allows us to image the 
pelvic structures in different positions — sitting and upright 
— that simulate conditions more often linked with urinary 
leakage.6 Specifically, the contributions of gravity in the 
upright position on organ location, degree of prolapse, and 
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the integrity of the pelvic floor musculature can be stud-
ied.6 Women with SUI suffer from considerable overall lax-
ity of the pelvic floor, which is demonstrated by descent of 
the bladder neck and rotation of the urethra with straining. 
Although these findings can be seen in the supine position 
in some women, recent studies indicate that prolapse is evi-
dent more often using MRO images obtained in an upright 
weight-bearing position,7 and women whose supine studies 
are negative for prolapse have prolapse evident when they 
are imaged standing. This observation corroborates the clini-
cal observation that women suffering from SUI generally do 
not complain of leakage in the supine position.6

The first described use of magnetic resonance imaging 
(MRI) was in 1983 in The Lancet;8 techniques related to 
urology have evolved over the last 30 years. In the 1990s, 
MR techniques were enhanced with faster and vigorous gra-
dients and even higher readout bandwidth. With these pro-
gressions, fast imaging sequences were obtained.3 DeLancey 
et al9 used MRI to investigate the appearance and shape of 
the levator ani muscle after vaginal delivery. Sequent MRI 
was used by Lien et al10 to recognize the levator ani muscle 
stretch during vaginal birth; it was concluded that the levator 
ani muscle disorder is related to hard vaginal delivery and 
older maternal age.

There are many elements of the latest form of imaging, 
MRO, that will advance our understanding of the basic sci-
ence of pelvic floor anatomy and function beyond what 
has been learned to date from conventional fluoroscopic 
and sonographic methods.11 MRO allows comparatively 
noninvasive, dynamic assessment of all components of the 
pelvic floor and the organs in several planes with high soft-
tissue and temporal resolution unaccompanied by the use 
of ionizing radiation. In addition, MRO readily visualizes 
the muscular and ligamentous components of the pelvic 

floor. MRO does have some limitations; these include the 
current scarcity of MRO units, cost, and the need for radiolo-
gists with additional expertise.11 Fig.1 illustrates the ability 
of MRO to image the pelvic floor in the context of SUI and 
POP in the supine and standing positions. 

3D MRI pelvic reconstruction

3D reconstruction can enhance the understanding of anatom-
ical and pathophysiologic alteration in women with pelvic 
floor disorders. Traditional 2D MRI has been used in many 
research studies to evaluate the anatomy of the female pelvic 
floor in cadavers and incontinent women.6,12-16 Although not 
yet comprehensively evaluated, 3D imaging offers an addi-
tional basic science parameter through the quantification of 
muscle volume. It has been suggested that this measure is 
beneficial in the assessment in healthy women and in those 
with SUI, prolapse, and other forms of pelvic floor dysfunc-
tion.17-19 3D imaging provides the most precise representa-
tion of the relationships between pelvic floor structures and, 
hence, is of particular value for surgical planning.19 Previous 
studies have reported 3D reconstruction applied to quantify 
diminished levator ani muscle mass in patients with pelvic 
floor dysfunction.20 In other areas of urology, image-based 
3D reconstruction has proved helpful as a research tech-
nique for centralizing and measuring the volume of tumours 
in the kidneys and bladder;19,21-23 however, the use of 3D 
reconstruction, as with other advanced techniques, requires 
the use of a defined and reproducible protocol and a method 
for measuring the 3D renderings.24 An example of 3D MRI 
pelvic reconstruction is shown in Fig. 2. Further protocol 
and analytic details are provided in the online supplement. 

The benefits of 3D reconstruction include the addition-
al information provided for patient–clinician interaction, 

Fig. 1. An example of positional magnetic resonance imaging: (A) in the supine position; (B) in the standing position; and (C) in the sitting position. This provides an 
example whereby prolapse is evident during imaging by incorporating standing imaging. 
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enhanced surgical planning, medical research, and educa-
tion. The limitations include cost and complexity of acquir-
ing the initial images and the need for special equipment, 
including computer hardware and software.25 As with other 
technologies, advances in computer hardware and software 
will make 3D imaging faster and more cost-effective in the 
future. When such imaging becomes available it will extend 
our basic science knowledge related to muscle morphology, 
bulk, and signal intensity and likely improve allocation of 
appropriate treatment.19 

The role of MRI in the assessment of patients with uri-
nary incontinence is anticipated to grow in importance in 
the future.26 The ability of MRI to allow study of the entire 
muscle in both two and three dimensions is a clear advan-
tage for scientific research.18,19,27

Near infrared spectroscopy vaginal speculum

Near infrared spectroscopy (NIRS) is a validated tool com-
monly used in research to study the pathophysiology of 
skeletal muscle in states of health and disease.28 However, 
the use of this technology has only recently entered the 
field of urology to examine the detrusor and the pelvic floor 
muscles.29 NIR light is emitted at different wavelengths in 
the infrared region of 700–1000 nm. At these wavelengths 
NIRS is able to penetrate biological tissue and immediately 
detect changes of oxygen concentrations in the hemoglobin 
chromophores directly within muscle tissue. This allows for 
sensitive interpretation of targeted muscle oxygen delivery 
and consumption patterns, providing insight on the func-
tional quality of the targeted muscle.29 Accurate assessment 
of PFM is critical for implementing appropriate manage-
ment of PFM dysfunction.30 By adapting NIRS for use in a 
vaginal speculum, the hemodynamics of the PFM can be 
examined in real time, allowing for better understanding 
of how the physiology of the PFM influences SUI and how 
to better tailor conservative therapy for SUI management. 
Further protocol and analytic details are provided in the 
online supplement. 

Conclusion

The immediate NIRS tracings produced in response to PFM 
function could be beneficial for biofeedback in conserva-

tive management for pelvic floor dysfunction, including 
POP and SUI. New advances in imaging techniques have 
the potential to provide objective confirmation of findings 
assessed by examination, such as levator ani injuries, or 
structural findings not clear to the clinician, depending on 
pelvic anatomy, during a clinical examination. They open 
the door to greater insights into the pathophysiology of SUI 
through the different techniques described. In addition, as 
they enter the mainstream they will enable clinicians and 
researchers to improve on current diagnostic and treatment 
modalities and also provide repositories of data that can be 
used to further refine approaches that advance basic science 
knowledge and enhance our understanding of SUI.
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