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What is the started research 
question or hypothesis? 

Could P-type crystallization 
prove useful in the study of 
patients who have difficulty 
conceiving?

Could P-type crystallization 
contribute to research into 
patients with fertility problems?



Main study objective:

Other study objective:

The working hypothesis of the study could be whether the 

evaluation of P-type crystallization in cervical secretions, togheter

with the assessment of the fertile period in subfertile patients, can 

help detect the time of greatest fertility? 

Or help patients get pregnancy? 

Or provide another tool in the diagnostic arsenal to guide them 

through the fertile window?

What is the started research question or hypothesis? 
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Can identifying the P-type 
crystallization pattern offer an 
additional strategy for patients 
seeking alternative methods to 

assess the quality of their fertile 
window?

There is limited evidence on 
multidisciplinary fertile window 

assessment and the inclusion of 
P-type hexagonal crystallization 
testing in patients with fertility 

problems. Could this study offer 
any novel insights?

Could this clinically relevant 
biomarker improve the 

understanding of fertility in 
patients, allowing for both 

quantitative and qualitative 
assessment of the fertile period in 
normal and subfertile conditions?

The main advantage of this method, 
especially when combined with 
liquid biopsy to assess cervical 

crystallization, lies in its ability to 
identify the days of highest fertility 

within the fertile window. Is it 
possible to reach this conclusion 

based on this pilot study?

In what ways is the research question or hypothesis relevant (or 

not) to your clinical practice or to public health? 



Study 
information

Study design Prospective observational 
study

Primary study design Observational

Secondary study 
design Case series

Study type Diagnostic

What is the study design? 



What were the study procedures?
Patient Eligibility and Fertile-Window Assessment

Definition of Fertile Window

Assessing the Quality of Cervical Secretion by Samples Taken during the Fertile Window

Sampling for Endocervical Liquid Biopsy in Subfertile Patients

Methods for Testing and Analyzing

Informatic Analysis to Define Mean Outcome Measure

Patient Eligibility and Fertile-Window Assessment

Outcome of the Study 



1-Hilgers TW. The Medical & Surgical Practice of NaProTechnology. 1st ed. Omaha, Nebraska: Pope Paul VI Institute Press; 2004.

2- Boyle PC, de Groot T, Andralojc KM, Parnell TA. Healthy Singleton Pregnancies From Restorative Reproductive Medicine (RRM) 
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Patient Eligibility and Fertile-Window 
Assessment

CONCEPT: Natural Procreative Technology (NaProTechnology) is a specific form of
Restorative Reproductive Medicine (RRM) developed for couples using the Creighton Model of
Fertility Care (CrMS) [1].

RRM refers to therapeutic approaches that seek to restore or support the underlying
reproductive function and fertility to promote natural conception without recourse to in-vitro
fertilization (IVF) or intrauterine insemination (IUI) (2).

45 Subfertile patients who had undergone a Work-up study of
fertility in which the NaProTechnology and the RRM approaches
were considered + Fertile Window Assessment.

Clinical history, lower genital tract examination, cervicovaginal cytology, colposcopy, and
transvaginal ultrasound. The presence of tubal patency was confirmed by standard
hysterosalpingography, when necessary. Follicular maturation was verified by ultrasound
monitoring. Mature follicles were considered to have a mean follicular diameter ≥18 mm
and partial emptying of >50%.



What were the procedures of the study? 
Table 1. Fertile window and 
monitoring the quality of 
follicular development (1)

Table 1. Fertile window and monitoring the quality of follicular development (1)

Identification of the fertile window by using the estimated day of ovulation (EDO) considering the midpoint of the fertile window and EDO 
strategies.

Evaluation of the progression of cervical secretion during the fertile window, considering the elasticity and transparency of cervical 
secretion according to fertility awareness scales, considering the Billings Ovulation Method (BOM) and the Creighton Model of Fertility 
Care (CrMS).

Identification of follicular maturation by monitoring follicular development up to 18–20 mm of follicular diameter and diagnosis of 
follicular rupture by identifying follicular emptying.

Identification of endometrial receptivity using an endometrial line with a triple-layered endometrial pattern and a total endometrial 
thickness >6 mm.

Identification of P-type pattern crystallization by studying endocervical secretion.

Identification of indirect signs of progesterone’s action as the main chemotactic factor through a corpus luteum measuring 18–20 mm 
in diameter and a regularly secretory endometrium ≥6 mm.

Ovulatory checkpoints (POP) through identification of the urinary luteinizing hormone (LH) surge, luteal phase progesterone levels 
greater than 8 ng/mL, high-quality cervical mucus around the midpoint of the fertile window. Serum progesterone and estradiol levels to 
identify ovulatory quality around peak day +7.

Identification of sperm swimming potential in cervical secretion by postcoital test and sperm quality score (SQS) according to 
percentage of spermatozoa/mL/motile/normal forms.
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Definition of Fertile 
Window

The fertile window was 
defined as 6 days before 

Peak Day (P-Day) according 
to CrMS.Peak (P)-Day. P-day 
was the last day in subfertile

patients with fertile type 
mucus according to CrMS. 

Assessing the Quality 
of Cervical Secretion by 
Samples Taken During 

the Fertile Window

When patients experienced a wet 
sensation, by Billings (1) distinct 
from dryness or the absence of 
noticeable discharge, they were 

instructed to apply the Hilgers (2) 
scale, which evaluates two 
parameters: elasticity and 

transparency of cervical secretion.

Four points were assigned for 
cervical discharge ≥2.5 cm, and 

another four points for clear 
transparent discharge, coded as K 
according to CrMS. The examiner 

took this score into account during 
the examination when performing 

the endocervical biopsy.

1- Billings JJ. The validation of the Billings ovulation method by laboratory research and field trials. Acta Europaea Fertilitatis.1991; 22: 9–15.

2- Hilgers TW. The Medical & Surgical Practice of NaProTechnology. 1st edn. Pope Paul VI Institute Press: Omaha, Nebraska, USA. 2004

Definition of Fertile Window 

Assessing the Quality of Cervical Secretion by Samples Taken During 

the Fertile Window



Sampling for Endocervical Liquid Biopsy in 
Subfertile Patients

The endocervical liquid biopsy was collected at the 
following intervale: from -3 estimated day of ovulation (EDO) 
until Peak (P)-Day.



Fig. 1. Methods 
of digitization, 
binarization, 

skeletonization, 
and 

crystallization 
directionality of 

Peak (P)-type 
crystallization of 

endocervical 
sampling

(a) Digitization. This 
capture shows in 
detail a maximum 

branching, to study 
the digital image and 
captured zone on the 
microscopic that was 

performed with a 
digital microscope at 

200×–300×
magnification after 

optical evaluation of 
crystallization (scale 

bar = 200 μm). 

(b) Upscaling 
digitization. 

Digitization at 400×
magnified showing 
in detail the axes of 
the branches at 60°

(scale bar = 100 
μm). 

(c) Binarization. 
Process of 

binarization after 
the digital 

capture of the 
sample (scale bar 

= 100 μm). 

(d) Schematic figure. This 
schematic figure explains 

the directionality study 
carried out. We decided to 
study the branch junctions 

and the ends of the 
branches. In the image 

obtained, up to 22 branch 
junctions (fuchsia) and 24 
branch ends (purple) were 

studied. 

(e) Skeletonization. 
Repeated frequency 
complexes in color 
are observed (scale 
bar = 50 μm). Four 
color populations 

branches are 
identified, between 
blue-green and red-

purple colors. 

(f) Directionality Study. 
The average 

directionality in the 
absolute value of the 

branch connections was 
plotted in a directionality 

histogram. This 
distribution in branch 
coloration represents 

the most frequent angles 
found around the central 

axis, with preferential 
orientations at 60°. 

(g) Frequency 
graph. The color 
wheel indicates 

the color 
relationship of 

the 
crystallization 

angles analyzed 
by the frequency 

histogram.

Methods for Testing and Analyzing



Informatic Analysis to Define 
Mean Outcome Measure

• Fig. 1. Definition of the main outcome measure: P-type crystallization 
with maximum branching and tricolor pattern in the hexagonal 
configuration. 

• (a) Digitization of the maximum branching. Digitization of maximum 
branching in an endocervical crystallization sample (scale bar = 200 μm). 

• (b) Binarization. The figure corresponds to the binarization of the digital 
image scan (scale bar =100 μm). 

• (c) Frequency histogram shows the distribution of the preferred 
frequencies. The average directionality in the absolute value of the branch 
connections was then plotted in a directionality histogram. 

• (d) Skeletonization and coloration of crystallization frequencies. 
Repeated frequency complexes are observed in detail with maximum 
branching. Several repeated frequency complexes as seen in the 
histogram, which resemble a pattern of sequential frequency peaks 
consistent with a hexagonal shape as seen in the study. This type of pattern 
is characteristic of a P-type branching (scale bar = 50 μm). When coloring 
the preferred frequencies, tricolor coloration of the frequencies of several 
60° arborescence axes typical of a P-type hexagonal crystallization pattern 
were observed. 

• (e) Color disc corresponds to the frequency angles on the chromatic 
disk to indicate the color relationship of the crystallization angles.

Fig 1. Definition of the main outcome measure:
P-type crystallization with maximum branching
and tricolor pattern in the hexagonal
configuration.



Digitization of maximum 

branching crystallization 

samples from an endocervical 

sample

Symmetrical populations with a preferential
orientation are observed, repeating with
several peaks of maximum frequency,
demonstrating symmetry in the repetitive
arborization. When the preferential
frequencies are colored, a mixture of colors
is observed corresponding to a 60° angle in
the histogram.

Characteristic pattern of 
hexagonal branching in 
endocervical secretion that 
suggests the branching pattern 
of a Peak (P) type sample.
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Introduction: Generative artificial intelligence (AI) is a powerful tool; however, it requires expert input to reliably interpret scientific research in complex fields. 
To date, no studies in Restorative Reproductive Medicine (RRM) have evaluated critical analyses performed by AI. 

Materials and Methods: A critical analysis was conducted of the assessment generated by Google’s AI in October 2025. The analysis focused on the 30 October 
version of ChatGPT (Extended Language Model) in relation to the original research of the prospective pilot study entitled: “Assessment of the fertile period in 
patients with subfertility using the P-type crystallization biomarker in liquid endocervical biopsy”. Some key questions were introduced according to RRM 
approach. The AI’s interpretation was then evaluated as either correct or incorrect based on the scientific article and available information on the topic. 

Results: The AI correctly interpreted 28/45 (62.2%) of the results. Generative AI incorrectly interpreted 17/45 (37,7%) of the items. The results are broken 
down into seven sections. The differences and explanations are presented and corrected through strategic, critical and ethical analysis, based on human scientific 
analysis. 

Conclusion: This study demonstrates that AI analysis, guided by a methodological tracking strategy, can effectively evaluate and organize critical insights 
regarding the prompt of the analysis. While the evaluation currently performed by AI in this context is useful, it should be reviewed by qualified scientific 
personnel to avoid errors. 
In conclusion, the optimal approach lies in integrating rigorous scientific and ethical evaluation with the organizational efficiency offered by AI-assisted critical 
analysis. This hybrid model builds on the strengths of human experience and artificial intelligence while overcoming the limitations of AI. 

Keywords: Fertile Window; Generative Artificial Intelligence ChatGPT; NaProTechnology; Restorative Reproductive Medicine (RRM); Subfertility; P-Type 
Crystallization 

Research Article: Comparative Analysis of AI-Assisted ChatGPT Results from an Original 
Pilot Study in Subfertile Patients with a Restorative Reproductive Medicine Approach 



Table 1. 
Statements about 

the Prompt was 
conducted in the 
study: Correct vs. 

Incorrect 
Statements

PROMT: “Assessment of the fertile period in patients with subfertility using the P-type crystallization 
biomarker in liquid endocervical biopsy”
How was the study conducted? 

Artificial intelligence (AI) 

analysis in the original pilot 

study in subfertility 

patients focused with 

NaProTechnology and the 

restorative reproductive 

medicine (RRM) approach: 

a comparative analysis.



Table 2. Analysis of the 
claims about the design 
and methodology of the 
study based on Promt: 
correct versus incorrect 
claims.

Artificial intelligence (AI) analysis 

in the original pilot study in 

subfertility patients focused with 

NaProTechnology and the 

restorative reproductive medicine 

(RRM) approach: a comparative 

analysis.



Table 3. Correct 

versus incorrect 

statements about 

the study results 

according to the 

Prompt question

Artificial intelligence (AI) analysis in 

the original pilot study in subfertility 

patients focused with 

NaProTechnology and the 

restorative reproductive medicine 

(RRM) approach: a comparative 

analysis.



Table 4. 
Interpretation of 

the Study: 
Correct vs. 
Incorrect 

statements of 
the Promt

Artificial intelligence (AI) analysis in the 

original pilot study in subfertility patients 

focused with NaProTechnology and the 

restorative reproductive medicine (RRM) 

approach: a comparative analysis.



Table 5. Key Findings: 
Correct vs. Incorrect 
statements of the 
Promt

Artificial intelligence (AI) analysis in the 

original pilot study in subfertility patients 

focused with NaProTechnology and the 

restorative reproductive medicine (RRM) 

approach: a comparative analysis.



Table 6. 
Future 

Outlook: 
Correct vs. 
Incorrect 

staments of 
the Promt

Artificial Intelligence (AI) of a P-Type 

Crystallization Biomarker Prompt in 

Original Pilot Study in Subfertility 

Patients with NaProTechnology and 

Rreproductive Restorative Medicine 

(RRM) Approach: A Comparative 

Analysis



7- Study Implications
for subfertile patients. 
Correct statements of 
the Promt

A new fertility assessment tool: The P-type crystallization analysis offers an 

additional objective, quantifiable, and qualitative biomarker for assessing 

the quality of the fertile window.

Evidence for biophysical properties: The findings provide further evidence in 

support of the biophysical properties of cervical mucus as a reliable indicator 

of hormonal changes and fertile status.

Enhanced fertility awareness: The method allows for a more accurate 

identification of peak fertility days, improving the timing of intercourse or 

other interventions.

Supports non-IVF approaches: It provides a valuable strategy for patients 

seeking alternatives to in vitro fertilization (IVF) or intrauterine insemination 

(IUI).

Potential as a new tool: This technique has the potential to provide a new, 

objective tool for the assessment of cervical mucus quality and the 

identification of peak fertility. This could assist subfertile couples in better 

timing intercourse.

Correct statements

Artificial Intelligence (AI) of a P-Type 

Crystallization Biomarker Prompt in 

Original Pilot Study in Subfertility 

Patients with NaProTechnology and 

Rreproductive Restorative Medicine 

(RRM) Approach: A Comparative 

Analysis



What is the answer to the 
research question or 
hypothesis?

Could P-type crystallization 
prove useful in the study of 
patients who have difficulty 
conceiving?

Could P-type crystallization 
contribute to research into 
patients with fertility problems?



Why might we think that identifying the presence of type P 
cervical mucus could help patients conceive?
• P-type cervical mucus serves several important functions in the upper part of the cervix. It
facilitates the rapid transport of sperm through the cervix to the uterus and fallopian tubes for
fertilization of the egg. In this process, P-type secretion contains a liquefaction factor that
facilitates transport.

• This factor combines with other Loaf “L”- and “S” -type secretions and enzymes to
produce a liquefying effect. This dissolves the thicker strands of mucus, allowing sperm
stored in the crypts to be released and continuing their journey quickly toward the egg.

• For this reason, we know that vulvar lubrication during the fertile window, which women
perceive and which is included among the indicators of the fertile period, along with other
parameters (according to some fertility awareness methods), helps to identify the days of
highest fertility. Consequently, the presence of P-type cervical mucus crystallization,
characterized by a hexagonal pattern with maximum branching, indicates peak estrogen
levels in the body, which correlates with higher levels of fertility in P-type cervical mucus.

• Furthermore, it plays an important role in sperm selection: while Loaf "L"- and "S"-type
cervical mucus act as a filter and guide for sperm, P-type cervical mucus is crucial in ensuring
that only the most viable and motile sperm reach the egg, facilitating their rapid ascent at the
optimal time. These characteristics and properties of P-type cervical mucus make it relevant
and warrant further investigation of this concept, as has been done in this study. Therefore,
based on the findings of this pilot study, it is reasonable to suggest that efforts to evaluate P-
type cervical mucus crystallization could help patients conceive.



D

YES 

A We know that vulvar lubrication during the fertile 
window, which women perceive and which is included 
among the indicators of the fertile period, along with other 
parameters (according to some fertility awareness 

methods), helps to identify the days of highest fertility.

B Cervical secretions combines
with Loaf-type "L" and "S" type
(sperm-conducting) secretions and
enzymes to produce a liquefaction
effect. This dissolves the thicker
strands of mucus, allowing sperm
stored in the crypts to be released
and quickly continue their journey
toward the egg.

C The presence of P-type cervical mucus
crystallization, characterized by a
hexagonal pattern with maximum
branching, indicates peak estrogen levels
in the body, which has been correlated
with higher fertility levels and associated
with the presence of P-type cervical
mucus.

D P-type cervical mucus serves several

important functions in the upper part of the cervix. It

facilitates the rapid transport of sperm through the

cervix to the uterus and fallopian tubes for

fertilization of the egg. In this process, P-type

secretion contains a liquefaction factor that

facilitates transport.

Finally, can we believe that identifying the 
presence of type P cervical mucus could help 
patients conceive?

E Therefore, based on the findings of this
pilot study, it is reasonable to state that
efforts to assess the crystallization of type P
mucus may help patients conceive.

F These characteristics and properties of 

P-type secretion make it relevant and justify 

further investigation of this concept, as has 

been done in this study. 

G The integration of the three types of cervical mucus—type

L (filtering) and type S (sperm-guiding)—with type P mucus is

crucial to ensuring that only the most viable and motile sperm

reach the egg, facilitating their rapid ascent at the optimal time.

These characteristics are associated with increased fertility and

peak estrogen levels around ovulation. Finally, type P cervical

mucus is extremely lubricating and acts as a "push" for sperm

from the cervical crypts into the uterine cavity, ensuring a rapid

ascent and the arrival of the most viable sperm at the egg.
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