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Introduction: The main objective of this study is to evaluate the effectiveness of a newly designed vaginal speculum, the Bouquet
Speculum, in-vitro. The setting of this study was at Florida International University and involved four senior students in the
Department of Biomedical Engineering.

Methods: A phantom vaginal model was used to test three variables of the Bouquet Speculum (Visibility, Pressure and Gynecologic
Tools tests). As this was bench-lab testing with simulated models, no human participants were involved in this study.

Results: The results of this in-vitro study are as follows: The visibility test demonstrated statistically better visualization of the cervix
and the cervical os (sampling area for pap tests) with the Bouguet Speculum over the existing 2-bladed speculum at all intrapelvic
pressures; The pressure test demonstrated an equal radial distribution of force, without breakage, across the Bouquet Speculum; The
gynecologic tools test demonstrated that the Bouguet Speculum is compatible with the existing speculum and standard gynecologic
tools in terms of retrieving samples and accessing the cervical os and entire cervix during gynecologic procedures and screening.
Conclusion: The gynecologic screening and procedural value of this innovative change in the design of the vaginal speculum could
save hundreds of thousands of lives every year, provide a more comfortable exam for the patient, and result in a more efficient and
user-friendly provider experience.
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Background

Cervical cancer kills over 342,000 women every year.' It is the second most common cancer affecting women in developing
countries and results in significant morbidity and mortality as well as negatively impacting these communities in many ways.”
Human Papilloma Virus (HPV) is the single most important risk factor for cervical cancer and pre-cancers, responsible for 99.7%
of the incidence.’ Routine gynecological screenings effectively detect and prevent cervical cancer, with a high cure rate with early
detection.” Unfortunately, there is a significant lack of screening in developing countries and certain vulnerable and marginalized
populations in the United States for a variety of reasons. Some of the reasons include lack of knowledge and awareness about
cervical cancer and dysplasia, inaccessibility to health clinics and female providers, and the fear of embarrassment, pain, and
discomfort from the pap test or procedure involving a vaginal speculum.’ In some instances, the existing speculum creates an
additional barrier to effective screening and gynecologic procedures by failing to provide full cervical visibility due to anatomical
variation or lateral vaginal wall collapse and causing patient discomfort and anxiety.®®

Limitations of the Traditional Speculum

The traditional, two-bladed vaginal speculum is the oldest instrument in the history of obstetrics and gynecology. Its design goes
back to 79 AD when a 2-bladed bronzed speculum was found preserved in the ashes of Pompeii when Mt. Vesuvius erupted.’
This traditional two-bladed vaginal speculum has three apparent limitations. First, in some women, such as multiparous and
obese patients with a cervix, where there is vaginal wall laxity, the 2-bladed design allows for lateral vaginal wall collapse, thus
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impeding the view of the cervix and making the diagnosis of cancer or dysplasia challenging. Additionally, this creates challenges
to procedures such as cervical cancer and pre-cancer treatment, intrauterine device (IUD) insertion and removal, and artificial
insemination. Even experienced clinicians have difficulty with lateral vaginal wall collapse that may obscure the view of the
cervix. This usually results in using larger-sized specula with a condom or the cut- out finger from an exam glove around the
blades to hold the walls back from collapsing, which can cause pain for the patient and may result in breakage of the plastic
speculum.'® Second, patients with a cervix may have anatomic differences such as ante and retroversion or flexion (tipped uteri)
present. This presents another challenge to the existing two- bladed speculum. This adds to both the patient’s and provider’s stress
during the exam. The often-necessary repositioning of the speculum and the patient usually results in an extended, uncomfor-
table, and frustrating exam. Finally, the current 2-bladed speculum opens in a predominately vertical fashion, creating forces only
in an anterior-posterior direction.'" This results in a wide dilation of the distal vagina with resultant pain and occasional breakage
of the speculum. The speculum-free inserter was invented to self-screen for cervical cancer and pre-cancers. However, it does not
allow for instrumentation or procedures of the cervix.®

The Bouquet Speculum, is FDA-Cleared and May Offer an Improvement to the Existing
2-Bladed Traditional Speculum

The Bouguet Speculum provides a novel design that will allow health-care providers to detect and subsequently treat
cervical cancer and pre-cancers and perform other gynecologic procedures more efficiently and accurately while
improving the patient experience. The Bouguet Speculum is a newly designed, 5-petaled, disposable, fully recyclable,
plastic vaginal speculum that claims to overcome these limitations of the existing, traditional speculum. The S5-petals
open as the dilator is advanced, and the ends of the petals lightly cup the cervix, ensuring that only the cervix is
visualized, without vaginal wall collapse. The radial opening of this newly designed, 5-petaled speculum distributes the
forces symmetrically and evenly, reducing the discomfort experienced by the vertical forces of the existing speculum.
This may result in a more efficient and comfortable vaginal speculum exam (Figure 1).

Methods
Vaginal Phantom Model

A vaginal phantom model was designed and fabricated to simulate the female reproductive system’s uterus, fallopian
tubes, ovaries, cervix, and vaginal wall opening (SynDaver Labs, Tampa, FL). The vaginal phantom is composed of
a vaginal organ model placed in a plastic container with an opening on the side corresponding to the vaginal opening and
suspended for testing. The uterus model is held by a supporting wire to simulate a natural biological system (Figure 2A).
The plastic container was filled with ultrasonic gel at different heights to simulate different pressures (Figure 2B).

Figure | The Bouquet Speculum.
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Figure 2 Synthetic vaginal model in a sealed acrylic case (A) with the addition of gel to simulate intravaginal pressures (B).
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Pressure Evaluation
Different gel heights represent different pressures as given by the formula:

Pressure = density x acceleration due to gravity x height.

The speculum was inserted in a closed position and was opened once inside the phantom vaginal model to test that it
would fully open (and remain open as needed) and withstand these pressures without failure (breaking/bending). Material
failure, in this case, of a 3-D printed plastic prototype was tested using a von Mises nodal stress test. This test was
repeated at increasing pressures to ensure that the breaking point of the speculum petals was above the known average
vaginal wall pressures.'” Additionally, the von Mises nodal stress test images demonstrate radial force distribution across
the speculum. It can be extrapolated that the forces within the vagina are similarly distributed (Figure 3).

Gynecological Tools Test

The speculum was inserted into the phantom vaginal model (closed, then opened), where an 8-inch cotton-tipped
applicator was inserted into the speculum. The applicator was inserted inside the opened speculum and manipulated
with different movements to ensure that it could efficiently perform regular gynecologic functions (ie, obtain a sample or
access the cervical os and cervix for cancer and precancer treatments or for IUD insertion or insemination) (Figure 4).

Visibility Test

The visibility area of the cervix was observed by inserting the speculum in the phantom vaginal model in the same way
as for the pressure test (closed, then opened), and a camera was placed at the opening of the speculum to take photos of
the cervical region. The area was calculated from the percent visual area (PVA) given by:

(number of pixels within cervix region/ total number of pixels)x100.

This was also observed at different gel heights to quantify how the visibility varies with different pressures.

Results
The visibility test, using PVA, demonstrated better visualization of the cervix and the cervical os (sampling area for pap
tests) with the Bouquet Speculum than the existing 2-bladed speculum at normal, heavy, and extreme pressures
(Figure SA-L).

Statistical analysis using an independent #-test showed that the mean PVA for the Bouquet Speculum was statistically
higher (better) than the existing plastic 2-bladed speculum (p<0.05) at 4, 8, 12 and 18 cm/H20 pressure (Table 1).

von Mises (N/m*2)

2 826e+06
2 543e+06
— 2.261e+06
1.978e+06
1.696e+06
1.413e+06
1.130e+06
8.478e+05
5.652e+05
2 826e+05
0.000e+00

BT

Figure 3 Pressure test-static nodal stress test. Stress applied = 18 cm H2O (1765 Pa) (maximum recorded vaginal pressure).
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Figure 4 Gynecological tools test- retrieving samples and accessing the cervical os during gynecologic procedures and screening.

The pressure test, using von Mises nodal stress test, demonstrated an equal radial distribution of force across the
Bouguet Speculum without breakage or bending of the five petals at extreme simulated intrapelvic pressures of 18 cm/
H20 (2.826e+06 N/m?* [von Mises]) (Figure 3). Further testing is needed in human subjects to determine if this translates
to less discomfort during an exam.

The gynecologic tools test demonstrated that the Bouquet Speculum is compatible with the existing speculum and
accommodates an 8” large cotton-tipped applicator for instrumentation (Figure 4). This was done using a pass/fail
criterion over 10 consecutive trials. The test is considered satisfactory if all trials are successful. All trials demonstrated
sample retrieval from cervical os. This demonstrates that the Bouquet Speculum is compatible with the existing speculum
and standard gynecologic tools in terms of retrieving samples and accessing the cervix during gynecologic procedures
and screening. Further testing is needed in human subjects to see if this translates to the efficacy of gynecologic tools
in vivo.

Discussion

The Bouquet Speculum is an innovative redesign of the traditional 2-bladed speculum whose design has not changed in
almost 2000 years. The redesign of the vaginal speculum was necessitated due to complaints about the limitations of the
existing speculum and the barriers to care it created.

This in-vitro evaluation found that the novel 5-petaled Bouquet Speculum was better at visualizing the cervix
than the existing 2-bladed speculum. Additionally, as the speculum was dilated within the phantom vaginal model
at increasing vaginal pressures, the speculum remained intact without breakage, and the forces were evenly
distributed around the five petals. Finally, the gynecologic tool compatibility test demonstrated that the Bouguet
Speculum was able to accept and obtain samples from the cervical os with an 8” cotton-tipped, large applicator on
10/10 attempts.

Potential Benefits of This Innovation

The future scope of the project will focus on moving forward with the preferred mass manufacturing method (injection
molding) and finding health-care providers interested in implementing this design nationally and internationally.'® The
Bouguet Speculum has reached the international market with its first order in July 2023. A formal comparison of the
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Figure 5 Visualization Test (A and B): 2-bladed speculum (left) vs Bouquet Speculum (right) at 0.1 cm H,0 (10 Pa). (C and D): 2-bladed speculum (left) vs Bouquet Speculum
(right) at 4 cm H20 (392 Pa) (E and F): 2-bladed speculum (left) vs Bouquet Speculum (right) at 8 cm H20 (785 Pa). (G and H): 2-bladed speculum (left) vs Bouquet
Speculum (right) at 12 cm H20 (1177 Pa) (I and J): 2-bladed speculum (left) vs Bouquet Speculum (right) at 16 cm H20 (1569 Pa) (K and L): 2-bladed speculum (left) vs
Bouquet Speculum (right) at 18 cm H20 (1765 Pa).

Bouquet speculum versus the 2-bladed, traditional speculum has been completed with 100 patients in Pakistan. The
results are promising in terms of visualizing the cervix, ease-of-use for the provider and less discomfort for the patient.
Additional clinical studies are being discussed for Planned Parenthood in the United States.

Table | Vaginal Phantom Visualization Test-Results

Pressure Value (in cm H20) 0.1 4 8 12 16 18
Standard Speculum Mean PVA (%) 85.18 50.05 31.97 18.9 0 0
Bouquet Speculum Mean PVA (%) 88.18 87.44 65.45 56.16 27.67 18.72

Note: Statistical analysis using an independent t-test showed that the mean PVA for the Bouquet Speculum was statistically higher (ie
better) than the standard speculum (p<0.05) for 4, 8, 12, 16, and 18 cm H20O.

216 https: Medical Devices: Evidence and Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Bouquet et al

Strengths and Limitations

The strength of this in-vitro study is the quantifiable and reproducible assessment of visualization of the cervix, pressures
exerted across the speculum and ability to instrument the cervix in the phantom vaginal model. The limitations of this in-
vitro study are the translatability to in-vivo assessments via subjective measurements (surveys) of the same variables.
A recent clinical trial study was conducted in Pakistan in June 2023 with 100 patients and the preliminary data suggest
statistical improvement in visualization of the cervix and ease-of-use with no statistical difference in comfort level for the
patients.
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