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Introduction: Accurate detection of ovulation is essential for menstrual cycle-
based training periodization for female athletes. Although body temperature
tracking is a non-invasive method for this purpose, its reliability can vary
depending on the measurement site and timing. This study aimed to
compare the utility of different body temperature measurement methods and
measurement times for ovulation detection.

Methods: Seventeen recreationally active women tracked one menstrual cycle
(October 2023 to February 2024) using continuous intravaginal core body
temperature measurement as the reference method. Additional temperature
measurements (sublingual, rectal and external ear) were taken at two points
in time: 6 a.m. and upon waking. Ovulation was additionally confirmed using
luteinizing hormone urinary tests. The post-ovulatory temperature increase
was analyzed using both the validated Vollman method and the practical
“three over six” rule for the four different methods and two different time
points. Agreement of the measurement methods and times was assessed via
Bland—-Altman plots and concordance correlation coefficients.

Results: The continuous intravaginal temperature sensor consistently identified
ovulation with acceptable accuracy, detecting all ovulations and showing the
largest temperature rise from follicular to luteal phase (0.31+ 0.18 °C).
Sublingual 6 a.m. measurements showed smaller temperature increases
(0.17 +£ 0.24 °C) and moderate agreement with the reference, whereas rectal
(012+0.21°C) and external ear temperatures (0.22 +0.38 °C) exhibited
higher variability and limited reliabilty. One cycle was confirmed as
anovulatory and correctly identified by the intravaginal sensor.

Discussion: The most reliable method for detecting ovulation in physically
active women is continuous intravaginal temperature measurement. If this
method is not available, a trained sublingual temperature measurement at a
fixed time can be an acceptable, cost-effective alternative. All methods have
their limitations.

KEYWORDS

core body temperature, cycle tracking, intravaginal sensor, menstrual cycle, ovulation,
temperature shift
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1 Introduction

As athletic conditions

competitive sports can negatively affect an athlete’s menstrual

training and the surrounding
cycle (MC) and as hormonal variations throughout the MC may
impact performance and training adaptations (1-4), precise
diagnostics of the various phases of the MC are crucial for
monitoring cycle health and implementing cycle-oriented and
Jor cycle-based training periodization approaches, as well as for
conducting scientific studies involving women (4-6).

The gold standard for MC diagnostics is serial intravaginal
ultrasound examination of the ovaries, a procedure that must be
carried out by gynecologists in a clinical setting. This method
allows direct observation of follicle development and ovulation
(7, 8). In the field of sports science research, the combination of
three methods is recommended for the diagnosis of the MC:
calendar-based counting method, ovulation prediction using
luteinizing hormone (LH) urine sticks and hormone analysis in
venous blood (5, 8-11). MC monitoring requires reliable, non-
invasive, cost-effective and simple methods that are suitable for
everyday use to document ovulation characteristics. While
recording the bleeding history is relatively simple, determining
ovulation and the integrity of the associated cycle phases is a
greater challenge. A frequently used valid and reliable method to
detect ovulation is the measurement of the LH rise by
application of antibody coated sticks in the morning urine (12).
However, urinary LH testing may show variability in duration,
intensity, and reliability, particularly in athletes (12-14).

An alternative non-invasive measurement method suitable for
detecting ovulation is the basal temperature (BT) measurement
(8). BT is defined as the lowest physiological body temperature
attained at rest, typically occurring during sleep (15). For
practical reasons, temperature is most commonly measured
immediately upon waking, at which point it is referred to as the
wake-up temperature. It serves as an indirect indicator of
ovulation due to the progesterone-induced temperature rise of at
least 0.2-0.5 °C during the luteal phase (LP) (8). The detailed
metrics of the BT profile along the MC are as follows: During
the follicular phase (FP), BT remains in the lower range (36.1-
36.7 °C) until approximately one day before ovulation, when it
may reach its lowest point (nadir) (12, 16, 17). However, the
nadir is not considered a reliable indicator of ovulation (18).
During the LP, the ruptured follicle, now referred to as the
corpus luteum, begins to synthesize and release progesterone
(19). As a result, the body temperature rises and forms a
plateau. As the corpus luteum regresses and progesterone levels
drop, BT returns to its baseline level within one to two days,
coinciding with the onset of menstrual bleeding. This biphasic
pattern of BT serves as a reliable retrospective indicator of the
occurrence of ovulation (12, 20, 21), even if it does not indicate
the exact day of ovulation. The results of BT monitoring and
their interpretation can be affected by several factors. These
include variations in measurement times, thermometer accuracy
and the use of subjective judgment in interpreting questionable
temperature fluctuations (8). To use BT for MC diagnostics,
sufficient knowledge of the possible confounding factors that
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influence body temperature measures, such as fever, wake-up
time and general measurement errors, is required (9, 18). The
greatest challenge here appears to be the intra-individual and
inter-individual variation in waking and sleeping times (8).
While peripheral body temperature can be measured in the
morning using ordinary thermometers (infrared, stick) (22, 23),
temperature sensors have recently been developed to overcome
the challenges of measurement and to optimize the use of BT in
cycle diagnostics. Modern intravaginal temperature sensors can
continuously determine the current core body temperature
(CBT) value over 24h, considering diurnal variations in
temperature profiles (24). These systems record CBT at short
intervals across the entire menstrual cycle and employ
algorithm-based analyses to identify the fertile window. Previous
work using such vaginal biosensors demonstrated reliable
retrospective ovulation detection and prediction of fertile days in
the general population (24, 25). However, these studies focused
and did not

intravaginal CBT with other temperature measurement sites or

primarily on fertility awareness compare
fixed measurement times, nor did they investigate physically
active or athletic women.

The present study therefore extends this literature by directly
comparing three different BT measurement methods (external
ear canal, sublingual, and rectal methods) and two timings
(6 am., and the individual wake-up time) against continuous
intravaginal CBT in recreational athletes. The goal was to
determine which method is most suitable for monitoring
menstrual cycle phases in athletic context (recreational). We
that
monitoring provides the most accurate and physiologically

hypothesized continuous  intravaginal  temperature
meaningful temperature profiles, allowing reliable retrospective
identification of ovulation and corpus luteum sufficiency. We
further assumed that single-point measurement methods, such
as sublingual, ear canal or rectal recordings, would show
limitations in accuracy and consistency, particularly for women

engaging in athletic activity.

2 Materials and methods
2.1 Participants

An a priori sample size calculation for the agreement analyses
between temperature measurement methods was performed based
on the Bland-Altman approach as described by Lu et al. (26).
Assuming a standard deviation of the differences of 0.14 °C
(combined measurement error), pre-specified limits of
agreement of +0.30 °C, an alpha level of 0.05 and a statistical
power of 80%, the required sample size was 102 measurement
points, corresponding to at least five menstrual cycles with one
observation per method.

In the present study, 17 recreationally trained women
(age: 24+2 years; gynecological age: 10+2 vyears; height:
169.7 £ 5.6 cmy; 65.4 + 6.0 kg)

disciplines (Tier 2) were recruited (27). Participants trained at

body mass: from different

least 6 h per week and were involved in track and field (n=4),
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endurance sports (n=4), team sports (n=7), and individual
sports (n=2), had a regular sleep behaviour (e.g., no shift
work), had not used hormonal contraception in the previous
12 months and during the intervention period and had a regular
MC (defined as at least nine cycles between 21 and 35 days per
calendar year during the previous year (mean past cycle length:
28 +2). All participants received detailed information about the
study procedures and gave written informed consent for their
participation. The study was conducted in accordance with the
tenets of the Declaration of Helsinki and the protocol was
approved by the local ethics committee of the Faculty of Sport
Science, Ruhr University Bochum (ethics vote: EKS V 2022_18).

2.2 Experimental design and procedure

A total of 17 women completed one full monitored menstrual
cycle each, resulting in 17 cycles for analysis. In total, four
temperature measurement methods were compared: continuous
body standard),
sublingual temperature, rectal temperature, and external ear

intravaginal core temperature (reference
canal temperature. The continuous intravaginal core body
temperature measurement served as the reference standard for
all comparisons.

Data were collected over the course of a complete MC,
beginning on the first day of each cycle. The calendar-based
method was used to determine cycle and bleeding length. Data
on CBT were collected only once bleeding had ceased, from day
six of the MC at the latest. All measurements were self-
participants. CBT  was

continuously using an intravaginal temperature sensor. The other

administered by the measured
temperature measurements were done every morning at two or
three different sites [external ear canal, sublingual, and, on a
voluntary basis, also rectal (n=3)] and at two different times: at
6 a.m. and immediately after “normal” waking. The participants
used an infrared ear thermometer and two digital stick
thermometers for the external ear canal, sublingual and rectal
measurements, respectively. Temperature measurement started
with the ear canal, followed by the sublingual and rectal
measurements. All measurements were taken twice in succession.
If there was a deviation of 0.2 °C between the first and second
measurement at each respective site, a third measurement was
taken. The first spontaneous morning urine was collected from
day six of the cycle until ovulation and the sample was analyzed
directly for LH to detect a preovulatory LH surge.

2.3 Measurements
These measurements methods were selected because they

represent the most commonly used and readily accessible
approaches and already have a proven scientific background (23, 24).

2.3.1 Core body temperature (CBT)

CBT was continuously measured using an intravaginally worn
temperature sensor (OvulaRing, VivoSensMedical GmbH, Leipzig,
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Germany). The OvulaRing is a certified medical device. The
accuracy of the biosensor is reported to be +0.1°C. For
validation, a water bath test was performed at ©inotec FEGmbH
with reference to an externally calibrated thermometer (OVU
TD DOC 61403-1 report on measurement accuracy, Alexander,
2022). The sensor is embedded in a flexible plastic ring and can
be worn effortlessly for almost an entire MC, usually except
during menstrual bleeding. It can be removed and re-inserted at
any time, if necessary, or if the participants feel uncomfortable.
The sensor measures and stores data every 5min, generating
288 temperature readings over 24 h. The data can be read via
Bluetooth after the sensor is removed from the vagina. A 24-h
CBT profile is generated from the data and analyzed by the
associated application. CBT at any time can be extracted from
the raw data. In our study, the sensor was inserted into the
vagina after the end of menstruation or no later than day 6 of
the cycle and removed on the first day of the next period.

2.3.2 Temperature in the external ear canal

External ear canal temperature (ear temperature) was
measured using a commercially available infrared ear
thermometer (IRT6520MNLA, Braun, Bussigny, Switzerland).
The accuracy of the thermometer is reported to be +0.2 °C (23).
Participants were individually instructed on how to use the
thermometer to obtain accurate data.

2.3.3 Sublingual and rectal temperature

Sublingual and rectal (optional) temperature measurements
were performed using a conventional rod thermometer
(PRT2000EU, Braun, Bussigny, Switzerland). The accuracy of
this thermometer is reported to be +0.1°C (23). Sublingual
temperature was measured under the tongue with the mouth
closed and rectal temperature was measured intrarectally, each
for approximately 10 s. Participants were individually instructed
on how to use the thermometer to obtain accurate data.

2.3.4 Urinary analysis of LH

Spontaneous early morning urine was semi-quantitatively
tested for increases in the hormones estradiol (E2) and LH
between menstruation and ovulation according to the
(Clearblue® Test
Advanced & Digital, Swiss Precision Diagnostics GmbH,
Geneva, Switzerland). The sensitivity of the LH detection of the
Clearblue® Ovulation Test Advanced & Digital is 40 mIU/mL
when measured according to the 3rd International Standard for
a urinary LH and FSH for Bioassay (71/264). The results of the

E2 analysis were not used in this study. The days on which a

manufacturer’s  instructions Ovulation

positive test result for LH was obtained were noted.

2.4 Data processing

The lowest recorded by the
continuous intravaginal temperature sensor was defined as BT

night-time temperature

(Intravaginal basal). The temperature at exactly 6 o’clock
(Intravaginal 6am) and the temperature after normal waking
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(Intravaginal wake-up) were identified from the 24-h data. The
other measurement methods were also filtered for a 6 a.m.
measure and wake-up measure by averaging the two closest
measurements from the respective temperature recordings at the
various measurement times.

Date of ovulation was defined as LH peak plus one day (5).
Additionally, 24-h
recordings was identified using the automated detection
algorithm provided by VivoSensMedical GmbH within the
OvulaRing application. This was then confirmed by visual

ovulation day from the intravaginal

inspection of the temperature profiles and LP temperature rises
by three When the
OvulaRing algorithm did not provide an ovulation estimate,

independent reviewers. automated
manual adjudication was performed by the company’s specialist
team and the authors using established temperature-charting
criteria. Specifically, ovulation was identified when the 24-h CBT
profile showed a sustained rise above the mean of the preceding
days (“crossing-the-line” rule), consistent with the classical
three-over-six principle. All cases were reviewed jointly, and
consensus was reached for each cycle.

To compare the date of ovulation (LH peak plus one) with the
other temperature methods, an additional analytical approach was
applied. First of all, the validated Vollman method was used to
identify a temperature shift in each method and time point
(21, 28). In this method, the cycle-mean temperature is
calculated from all measurements, and the point where the
temperature curve crosses this mean is taken as the dividing line
between the FP and LP (21). For cycles in which the
intravaginal sensor was inserted after menstruation, the first six
days of missing CBT data were imputed by linear interpolation
between the last available value before insertion and the first
valid continuous measurement. This conservative approach
assumes a stable low-temperature profile during the -early
follicular phase and avoids introducing artificial fluctuations.
The imputed segment accounted for a maximum of six days per
cycle (£21% of all time points). All analyses were repeated with
and without imputation. Secondly, the practical implemented
“three-over-six” rule, which is defined as the first day on which
three consecutive temperatures are at least 0.2 °C higher than
the preceding six, was used (29-31). These rules were applied to
all measurement methods at the defined time points. The results
were summarised based on the number of detected temperature
shifts and the deviation in days from the respective ovulation
day. This enabled a comparison of the detection rates and
temporal accuracy.

Cycles in which neither a temperature rise nor a positive LH
test was observed were classified as anovulatory and excluded
from further analysis.

2.5 Statistical analysis

In a first step, parameters were assessed at an individual level
and presented descriptively. For the purpose of group analysis, the
data were allocated to either the FP or the LP, with ovulation day
serving as the dividing line.
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In a second step, external ear, sublingual and rectal
temperatures at 6 a.m. and after awakening were compared with
intravaginal temperatures at the respective times. Normality was
assessed using the Shapiro-Wilk test applied to the pairwise
differences, as required for Bland-Altman analysis. Some
differences deviated from normality, particularly for ear and
sublingual temperatures, which is expected for physiological
temperature measurements. No transformations were applied, as
Bland-Altman analyses are robust to moderate deviations from
normality and temperature values cannot be meaningfully
interpreted on a transformed scale. The comparisons were made
using Bland-Altman plots. For statistical analysis, the intraclass
[ICC(2,1)] was
agreement between the methods. The use of Bland-Altman plots

correlation coefficient used to assess the
and ICC(2,1)s allowed for detailed analysis of the agreement
and systematic differences between methods. Data are presented
as mean * standard deviation.

3 Results
3.1 24-h temperature profile

Representative 24-h temperature profiles of one day from two
participants (A and B) are presented to illustrate the physiological
basis for differences between different measurement times (see
Figure 1). In example A, a distinct temperature minimum was
reached around 03:10 a.m., forming a plateau that persisted
until approximately 06:00 a.m., when the participant was
awakened. After returning to sleep, CBT gradually increased
from 36.1°C to 36.6°C when the participant spontaneously
woke up at 08:00 am. and further to 36.8 °C within 15 min
post-awakening. A distinct temperature rise was observed
immediately following the wake-up stimulus. In example B, the
lowest temperature was recorded at 01:40 a.m., at 35.8 °C. By
6:00 a.m., it had risen to 36.2 °C, increasing further to 36.4 °C at
08:00 a.m. upon awakening. Within this participant, exercise-
CBT are
approximately 10 a.m., 3 p.m. and 8 p.m.

induced increments in clearly detectable at

3.2 Cycle characteristics and phase
determination

17 MCs were included in the analysis. The average MC
duration was 28.5 £ 3.8 days, and ovulation occurred on average
on day 17.4+3.4, while the urinary LH test was positive on
average on day 16.8 + 3.4. This resulted in an average LP length
of 11.3 £ 2.6 days based on LH data. In five MCs, the OvulaRing
detect
according to short LP or single temperature fluctuations around

algorithm failed to ovulation automatically (e.g.,
ovulation). Visual diagnosis of the temperature profiles could
detect Unique MC

characteristics were observed in four cycles. Two cycles had a

ovulation in another four cycles.
below-average LP length of 5 and 6 days. One cycle was

documented with a cycle length of 39 days and an above-
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(3) temperature upon awakening.

Exemplary 24-h CBT profiles of two subjects (A,B). Numbers indicating (1) minimum temperature plateau during the night; (2) temperature at 6 am;

average FP length of 25 days. One cycle was diagnosed
as anovulatory.

The average temperature increases from FP to LP showed
the highest average values and the lowest scatter in the
measurements Intravaginal basal (0.31+0.18 °C), Intravaginal
6am (0.34+0.21 °C) and Intravaginal wake-up (0.36 £0.21 °C).
The ear 6am temperature rose less from FP to LP compared to
the intravaginal measurements and varied the most of all
measurements (0.22 + 0.38 °C). Sublingual 6am temperature rose
even less with a medium variation (0.17 +0.24 °C) and rectal
6am temperature rose the least with a medium variance
(0.12+0.21 °C). The values at spontaneous awakening (08:06
a.m. + 01:08 h) were consistently higher than those at 6 a.m.

According to the Vollman method and the “three-over-six”
rule, temperature rise was detected in all 16 biphasic cycles from
CBT (Intravaginal basal) data, with an average deviation of
three days (Vollman method) two days (3-over-six) from the LH
peak, as described below (Table 1). The other measurement
methods showed a lower detection rate and larger deviations
compared to the actual ovulation day (Supplementary Tables
A1-A3). The conclusions with imputation in the Vollmann
method (Intravaginal) did not change compared to the results
without imputation.

3.3 Agreement between the temperature
measurement methods

Figure 2 shows Bland-Altman plots that compare the
temperatures obtained using each measurement method with the
BT (n=17), ear (n=17), (n=3,
exploratory)] from the continuous intravaginal measurement, or

[sublingual rectal only
the temperature from the continuous measurement at the
respective time, respectively. The differences between each

method and the respective reference measure are plotted against
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TABLE 1 Descriptive data for comparison of ovulation detection methods
by urine LH peak and the temperature shift by two different quantitative
basal temperature methods using intravaginal temperature measurement
at night (intravaginal basal).

Cycle length Shift day
method (n) (days) (GEYW))
LH peak 16 28.5+3.8 16.8+3.4
Vollman method 16 28.5+3.8 19.8 +3.1
3-over-6 rule 16 28.5+3.8 18.8+3.3

All data are mean + SD.

the mean of the two values. Mean differences (MD) and limits
of agreement (LoA) for each method and time point are
summarised in Table 2. Data from 17 participants were included
the three of them
temperature data.

in analysis; also provided rectal

On average, the lowest temperature occurred at 03:24 a.m.,
with individual values ranging from 09:50 p.m. to 07:00 a.m.
The Intravaginal 6am temperature was slightly and consistently
higher than the basal temperature, with small LoA. The
Intravaginal wake-up temperature was clearly higher than the
basal temperature, with small to medium LoA.

Of all the other methods, sublingual temperatures recorded
at 6 am. differed the least from the intravaginal reference.
At this time, there was the greatest difference in rectal
temperatures and the LoA was highest for ear temperatures. At
the wake-up time point, sublingual temperatures again showed
the smallest MD, although there was a wide range of individual
variations. Ear and rectal wake-up temperatures exhibited
greater deviations from the reference, with wider LoA in
both directions.

The correlation between the temperatures obtained using each
of these methods (ear, sublingual and rectal) and the respective
intravaginal reference temperature was weak in all cases [ICC

(2,1) < 0.4].
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FIGURE 2

Bland—Altman plots illustrating the deviation of the intravaginal temperatures at 6 a.m. and upon awakening from the intravaginal basal temperature
(A,B) and the deviation of the temperatures obtained with the other methods from the respective intravaginal measurements at 6 a.m. and upon
awakening, respectively (C—H). The dashed lines represent the mean difference (MD) and the upper and lower limits (LoA). The shading indicates
the 95% confidence interval. The number of included data points were: (A) intravaginal 6am (n = 375); (B) intravaginal wake-up (n = 305); (C) ear
6 am (n = 360); (D) ear wake-up (n =269); (E) sublingual 6am (n = 360); (F) sublingual wake-up (n = 269); (G) rectal 6am (n = 58); (H) rectal wake-

up (n =40).
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TABLE 2 Mean differences (MD) and limits of agreement (LoA) between data obtained from the different temperature measurements and the respective
intravaginal data (basal, 6am, upon awakening).

Measurement Reference Upper LoA Lower LoA ICC(2,1)
°C °C 95% ClI

Intravaginal 6am Intravaginal basal 0.42 0.17 —0.08 0.69 [0.03, 0.87]
Intravaginal wake-up Intravaginal basal 0.75 0.40 0.05 0.33 [-0.09, 0.67]
Intravaginal wake-up Intravaginal 6am 0.55 0.23 —-0.10 0.6 [-0.05, 0.83]
Ear 6am Intravaginal 6am 1.02 0.31 —0.40 0.31 [0.05, 0.50]
Sublingual 6am Intravaginal 6am 0.68 0.14 —0.40 0.32 [0.20, 0.43]
Rectal 6am Intravaginal 6am 1.08 0.61 0.15 0.08 [—0.06, 0.26]
Ear wake-up Intravaginal wake-up 1.00 0.28 —0.44 0.25 [0.02, 0.43]
Sublingual wake-up Intravaginal wake-up 0.51 —0.02 —0.55 0.42 [0.34, 0.49]
Rectal wake-up Intravaginal wake-up 0.94 0.52 0.09 0.21 [-0.07, 0.53]

Values exceeding the +0.5 °C reference threshold are highlighted in the table (bold text).

4 Discussion

This study provides important insights into the application of
temperature-based MC diagnostics in sports practice. As
24-h
sufficiently accurate and reliable for identifying ovulation in

hypothesized, intravaginal CBT monitoring proved
recreational athletes during habitual training, whereas other
measurement methods and fixed measurement times showed
clear limitations. To our knowledge, this is the first study to
directly compare multiple temperature measurement sites and
standardized measurement times against continuous intravaginal
CBT in recreationally trained women, providing a novel
perspective on the practical applicability of these methods in a
sports context.

A biphasic temperature pattern was automatically detected by
the device algorithm in 12 out of 17 cycles. In five cycles, the
algorithm did not classify ovulation, not because the temperature
sensor failed, but because the algorithm applies strict criteria (e.g.,
minimum required luteal phase length, suppression of single-day
fluctuations). Importantly, in four of these five cases, the biphasic
pattern was clearly visible in the raw 24-h CBT data, allowing
ovulation to be identified retrospectively. Only one cycle showed
no temperature rise at all, indicating an anovulatory cycle
(confirmed with missing LH surge).

In this 24-h intravaginal CBT
measurement was used as the reference method against which all

study, the continuous
other temperature measurement methods were compared. The
absence of ultrasonography does not affect the validity of the
comparison between temperature-based methods, as no absolute
ovulation date was required for evaluating agreement between
temperature measures (32). Although it is not possible to
determine an exact ovulation day using evaluation methods such
as the Vollman method and the “three over six” rule, it is at least
possible to assess the function of the corpus luteum and thus
confirm the occurrence and estimate the time of ovulation (28,
31, 32). The findings of this study therefore underscore the
efficacy of nocturnal BT determination as an indirect diagnostic
tool for tracking ovulation based on the evidence of a functioning
corpus luteum in female athletes.

The rationale for employing body temperature measurement
in general cycle diagnostics and specifically for the detection of
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ovulation, is predicated on the fact that, following ovulation, the
corpus luteum produces progesterone in sufficient quantities
(32, 33). Progesterone has a thermogenic effect, which Baker
et al. attribute to endocrine-induced changes in the
thermoregulatory set point. This effect is further explained at
the neurophysiological level by Rai et al, who suggest that
progesterone acts on the preoptic area of the hypothalamus by
inhibiting heat-sensitive and activating cold-sensitive neurons,
thereby raising the temperatures at which sweating, cutaneous
vasodilation, thermal comfort and chilly feelings begin. As a
CBT (34).

insufficiency, a non-detectable or only marginal rise in

result, increases In cases of corpus luteum

progesterone, reflected by a temperature increase of less than the
defined threshold of 0.2 °C, would therefore be classified as an
(31). The
approximately 1-3 days after the peak LH surge, but with

anovulatory  cycle temperature rise occurs
considerable interindividual variation (28, 35). Early studies have
even indicated a deviation of up to four days (19). Nevertheless,
the BT measurement method advocated by Lui et al. is
considered as promising method for continuous, longitudinal
monitoring of ovarian function.

The ovulation day was utilized as the diagnostic reference
point in this study, based on the expected post-ovulatory
body temperature increase ranging from 0.2 °C to 0.5°C and
under the assumption of adequate corpus luteum function (8).
Consequently, any measurement method employed for the
detection of this rise must demonstrate a variability not
exceeding 0.5 °C, which signifies a clinically meaningful threshold.

The variability of temperature measurements depending on
the time of recording is attributable to physiological factors.
Body temperature exhibits diurnal fluctuations, reaching its
nadir during nocturnal sleep (36). The precise timing of this
nocturnal nadir varies both intra- and inter-individually and is
influenced, among other factors, by sleep patterns (36, 37). The
findings of this study demonstrate unequivocally that CBT
varies physiologically over a 24-h period and that the timing of
the nocturnal minimum differs considerably among athletes.
This 24-h temperature pattern underscores the impact of the
circadian rhythm and external factors (e.g., wake-up time,
physical The
intravaginal temperature sensor’s capacity to accurately capture

activity) on body temperature. continuous
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the true nocturnal nadir is a significant advantage over
conventional methods of temperature monitoring, such as fixed-
time recordings (e.g., at 06:00). These methods may fail to
detect or accurately record the true minimum temperature.

The utilisation of alternative temperature measurement
methods, in conjunction with the variability in measurement
timing gave rise to notable deviations from the intravaginal data.
None of these methods proved to be reliable. Utilising
commercially available clinical thermometers with the Vollman
method, only 50% of the biphasic cycles were correctly
identified, despite 100% being correctly confirmed as biphasic by
the intravaginal methods. Furthermore, estimates of ovulation
day deviated by up to 10 days when thermometers were used in
comparison to the continuous intravaginal temperature sensor.
This discrepancy can be partly attributed to measurement
variability exceeding the threshold of 0.5 °C, which is defined as
The
observed in this study is consistent with the findings of previous

clinically meaningful. limited measurement accuracy
research on the use of body temperature for the purpose of
ovulation and fertility diagnostics. It has been demonstrated by
earlier studies that the accuracy of temperature-based methods is
influenced by several factors. This includes the type of
thermometer used, the measurement location and the time of
measurement. In addition, external variables such as sleep
duration, alcohol consumption, exposure to heat and cold and
fever must be taken into account (12, 18, 35).

A number of studies have previously evaluated the accuracy of
thermometers (23). These studies identified significant differences
between devices and concluded that measurement data from the
Braun infrared thermometer (IRT6520), which was used for
temperature assessment in the external auditory canal in the
present study, showed the best correlation with a gold standard
(the SureTemp Plus medical thermometer from Welch-Allyn).
However, in our study on indirect ovulation diagnostics using
external ear canal temperature, we were unable to confirm a
high level of accuracy in practical application. Theoretically, the
configuration and the algorithmic processing of the infrared
thermometer should guarantee that the temperature displayed is
reflective of the tympanic membrane, as opposed to any other
component of the ear canal. This is typically achieved by
selecting the highest value from a series of measurements
captured at a wide angle around the tip of the sensor (38).
However, if the probe makes contact with the canal wall rather
than aligning with the tympanic membrane, which is plausible
due to anatomical variability, or if the measurement is affected
by small hairs in the canal, reproducibility is compromised and
the recorded temperature tends to be too low (39). In the
present study, the Braun rod thermometer (PRT2000) was found
to yield smaller average deviations from the intravaginal
reference method when employed for sublingual measurements.
It is widely accepted that sublingual measurements are expected
to indicate lower temperatures compared to intravaginal
measurements owing to the greater distance from the body’s
core (23). However, the sublingual temperature measured at 6
am. and immediately after awakening was, on average, virtually
identical to the intravaginal temperature at the same time. This
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phenomenon is likely attributable to the absence of frequent
mouth openings and the observation that, while remaining in
bed, peripheral body temperature does not differ substantially
from CBT or from intravaginal temperature, which is measured
in close proximity to the core.

Continuous intravaginal CBT measurement is widely regarded
as one of the most accurate non-invasive approaches for assessing
core body temperature, yet several factors can introduce
measurement variability. Because the sensor relies on indirect
heat transfer from the vaginal epithelium, the recorded
temperature may be influenced by local blood flow, tissue
contact and thermal conductivity, and small positional shifts of
the ring can lead to slight fluctuations in absolute values (25,
40). Although the OvulaRing has demonstrated high technical
accuracy under controlled conditions, real-world factors such as
physical activity, intermittent removal or changes in vaginal
moisture may affect single-point measurements (OVU TD DOC
61403-1 report on measurement accuracy, Alexander, 2022). In
addition, ovulation detection depends on the device’s internal
typically
classification criteria rather than from shortcomings of the

algorithm. Missed detections result from strict
underlying CBT signal, which can still display a clear biphasic
pattern (25, 41, 42). Overall, while intravaginal CBT is not a
perfect measure of absolute temperature or ovulation timing, its
continuous sampling and proximity to the body core make it
one of the most robust non-invasive methods currently available
for capturing the characteristic biphasic temperature shift.

In our study, we used LH measurements in urine for ovulation
detection. In general, ovulation occurs 14-26 h after a rise in
LH. The LH surge can vary significantly in both duration and
intensity (14). While some women exhibit a rapid surge within
a single day, others experience a gradual rise over several days
(12). Moreover, an LH surge may be detected even in the
absence of actual ovulation (13). Such “false-positive” results are
athletes,
anovulatory cycles due to intense training or low energy
availability (13).
determination of the ovulation timing based on urinary LH

particularly relevant in who may experience

This variability complicates the accurate

testing. In our study, the time interval between the urinary LH
surge and the subsequent rise in BT was 1.3+ 3.3 days (max. 5
days; min. 0 days), which falls within the expected wide range of
variation (12). The high standard deviation of this time interval
is at least partly due to the variability of the configuration,
amplitude and duration of the individual LH peaks (14).
Therefore, the sole use of urinary LH measurements for
ovulation detection seems questionable.

4.1 Limitations

This that should be
acknowledged. First, ovulation was not confirmed using the gold

study has several limitations
standard of serial intravaginal ultrasonography, and serum
progesterone concentrations were not measured due to resource
constraints. Second, the relatively small sample size limits the

generalizability of our findings, and the results should be
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interpreted as preliminary evidence. Third, potential external
influences such as alcohol consumption, stress, or variations in
sleep duration and quality, which are known to affect body
temperature, were not systematically controlled. Finally,
although training load was monitored, it was not included in
the statistical analysis and may represent an additional
confounding factor. Future research with larger cohorts and
multimodal assessment, including hormonal markers and gold-
standard imaging, is needed to further validate and extend

these findings.

4.2 Practical applications

The findings of this study highlight the potential of
continuous intravaginal core body temperature monitoring as a
valuable tool in sports practice. This method allows for the
reliable assessment of luteal function and the retrospective
Such
individualized,

confirmation of ovulation. information can support

the development of cycle-based training
periodization approaches, helping athletes and coaches to better
align training loads with hormonal phases of the menstrual
cycle. In addition, continuous monitoring may assist in the early
identification of menstrual disturbances, which are more
prevalent among female athletes than in the general population
(24, 43).
anovulatory cycle, two cycles with a shortened luteal phase, and
body

temperature measurement proved robust even in these atypical

Consistent with this, our study revealed one

one prolonged cycle. Nevertheless, intravaginal
cases, enabling reliable analysis despite such variations. Looking
ahead, further sensor-based technologies such as smart rings,
wristbands, and smartwatches may represent the future of
menstrual cycle tracking after independent validation (35, 44).
These devices, which are already gaining popularity in the
healthcare market, may eventually replace conventional
temperature-based methods by combining peripheral skin
temperature measurement with artificial intelligence algorithms

to provide accurate estimations of core body temperature.

5 Conclusion

This that
thermometers used at defined peripheral body sites are not

study demonstrates commercially available
sufficiently reliable for identifying biphasic temperature patterns
or accurately determining ovulation timing in female athletes. In
contrast, continuous intravaginal monitoring of core body
temperature proved to be the most accurate and robust method
among those evaluated, providing reliable retrospective
confirmation of ovulation and luteal function. As a more
practical and cost-effective alternative, sublingual temperature
measurement at a fixed time point may be considered, though
with acknowledged limitations.

These findings underscore the value of accurate temperature-
based menstrual cycle diagnostics in sports practice. Reliable

identification of menstrual cycle phases can support a more
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individualized approach to menstrual health monitoring,
enabling athletes and coaches to better adapt training and
competition schedules to physiological changes across the cycle.
Ultimately, this approach may contribute to optimizing both

performance and long-term health in female athletes.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
committee of the Faculty of Sport Science, Ruhr University
Bochum (ethics vote: EKS V 2022_18). The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their

written informed consent to participate in this study.

Author contributions

JN: Data Formal
Methodology, Project administration, Visualization, Writing -

curation, analysis, Investigation,
original draft. MP: Formal analysis, Investigation, Writing -
review & editing. KL: Supervision, Writing - review & editing.
Methodology,

Resources, Supervision, Writing - review & editing.

PP: Conceptualization, Funding acquisition,

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This project was funded with
research funds from the Federal Institute for Sports Science
based on a decision by the German Bundestag (ZMI4-072006/
23). Open Access funding enabled Ruhr University Bochum.

Acknowledgments

We would like to thank all participating athletes for
their commitment.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fspor.2025.1732233

Nolte et al.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. During the preparation of this work
the authors used ChatGPT by OpenAl in order to improve
language clarity, grammar, and phrasing, and to support the
revision of structure and expression in the English manuscript.
After using this tool, the authors reviewed and edited the
content as needed and take full responsibility for the content of
the publication.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

References

1. McNulty KL, Elliott-Sale KJ, Dolan E, Swinton PA, Ansdell P, Goodall S, et al.
The effects of menstrual cycle phase on exercise performance in eumenorrheic
women: a systematic review and meta-analysis. Sports Med. (2020) 50(10):1813-27.
doi: 10.1007/s40279-020-01319-3

2. Elliott-Sale KJ, McNulty KL, Ansdell P, Goodall S, Hicks KM, Thomas K, et al.
The effects of oral contraceptives on exercise performance in women: a systematic
review and meta-analysis. Sports Med. (2020) 50(10):1785-812. doi: 10.1007/
$40279-020-01317-5

3. Oester C, Norris D, Scott D, Pedlar C, Bruinvels G, Lovell R. Inconsistencies in
the perceived impact of the menstrual cycle on sport performance and in the
prevalence of menstrual cycle symptoms: a scoping review of the literature. J Sci
Med Sport. (2024) 27(6):373-84. doi: 10.1016/j.jsams.2024.02.012

4. Schlie J, Krassowski V, Schmidt A. Effects of menstrual cycle phases on athletic
performance and related physiological outcomes: a systematic review of studies using
high methodological standards. J Appl Physiol. (2025) 139(3):650-67. doi: 10.1152/
japplphysiol.00223.2025

5. Elliott-Sale KJ, Minahan CL, de Jonge XAK]J, Ackerman KE, Sipila S, Constantini
NW, et al. Methodological considerations for studies in sport and exercise science
with women as participants: a working guide for standards of practice for research
on women. Sports Med (2021) 51(5):843-61. doi: 10.1007/s40279-021-01435-8

6. Schmalenberger KM, Tauseef HA, Barone JC, Owens SA, Lieberman L, Jarczok
MN, et al. How to study the menstrual cycle: practical tools and recommendations.
Psychoneuroendocrinology. (2021) 123:104895. doi: 10.1016/j.psyneuen.2020.104895

7. Ecochard R, Boehringer H, Rabilloud M, Marret H. Chronological aspects of
ultrasonic, hormonal, and other indirect indices of ovulation. BJOG Int ] Obstet
Gynaecol. (2001) 108(8):822-9. doi: 10.1111/j.1471-0528.2001.00194.x

8. Lui AY, Petit MA, Prior JC. Exercise and the hypothalamus: ovulatory
adaptations. In: Hackney AC, Constantini NW, editors. Endocrinology of Physical
Activity and  Sport. Humana, Cham: Springer International Publishing
(2020). p. 123-51. (Contemporary Endocrinology).

9. Janse De Jonge X, Thompson B, Han A. Methodological recommendations for
menstrual cycle research in sports and exercise. Med Sci Sports Exerc. (2019)
51(12):2610-7. doi: 10.1249/MSS.0000000000002073

10. Noordhof DA, Taylor MY, De Martin Topranin V, Engseth TP, Sandbakk @,
Osborne JO. Agreement between the 2- and 3-step methods for identifying subtle
menstrual disturbances. Int J Sports Physiol Perform. (2024) 19(9):953-7. doi: 10.
1123/ijspp.2024-0057

11. Schaumberg MA, Jenkins DG, Janse De Jonge XAK, Emmerton LM, Skinner
TL. Three-step method for menstrual and oral contraceptive cycle verification. J Sci
Med Sport. (2017) 20(11):965-9. doi: 10.1016/j.jsams.2016.08.013

12. Su HW, Yi YC, Wei TY, Chang TC, Cheng CM. Detection of ovulation, a
review of currently available methods. Bioeng Transl Med. (2017) 2(3):238-46.
doi: 10.1002/btm2.10058

13. Castellanos-Mendoza MC, Galloway SDR, Witard OC. Free-living competitive
racewalkers and runners with energy availability estimates of <35 kcal-kg fat-free mass
—1.day—1 exhibit peak serum progesterone concentrations indicative of ovulatory
disturbances: a pilot study. Front Sports Act Living. (2023) 5:1279534. doi: 10.3389/
fspor.2023.1279534

Frontiers in Sports and Active Living

10

10.3389/fspor.2025.1732233

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fspor.2025.
1732233 /full#supplementary-material

14. Direito A, Bailly S, Mariani A, Ecochard R. Relationships between the
luteinizing hormone surge and other characteristics of the menstrual cycle in
normally ovulating women. Fertil Steril. (2013) 99(1):279-85.e3. doi: 10.1016/j.
fertnstert.2012.08.047

15. Kumar SKN AAK, Fernandez RE, Khosla A. Real time analysis of biphasic
temperature pattern of BBT wusing NiMn, O, nanocomposite thermistor.
J Electrochem Soc. (2020) 167(13):137510. doi: 10.1149/1945-7111/abbdd3

16. Garcia JE, Seegar Jones G, Wright GL. Prediction of the time of ovulation. Fertil
Steril. (1981) 36(3):308-15. doi: 10.1016/S0015-0282(16)45730-4

17. Morris NM, Underwood LE, Easterling W. Temporal relationship between basal
body temperature nadir and luteinizing hormone surge in normal women. Fertil
Steril. (1976) 27(7):780-3. doi: 10.1016/S0015-0282(16)41952-7

18. Barron ML, Fehring RJ. Basal body temperature assessment: is it useful to
couples seeking pregnancy? MCN Am ] Matern Nurs. (2005) 30(5):290-6. doi: 10.
1097/00005721-200509000-00004

19. Buxton CL, Engle ET. Time of ovulation. Am ] Obstet Gynecol. (1950)
60(3):539-51. doi: 10.1016/0002-9378(50)90426-1

20. De Mouzon J, Testart J, Lefevre B, Pouly JL, Frydman R. Time relationships
between basal body temperature and ovulation or plasma progestins. Fertil Steril.
(1984) 41(2):254-9. doi: 10.1016/S0015-0282(16)47600-4

21. Vollman RF. The Menstrual Cycle. Philadelphia: W. B. Saunders Company
(1977). (Major problems in obstetrics and gynecology).

22. Brezina PR, Haberl E, Wallach E. At home testing: optimizing management for
the infertility physician. Fertil Steril. (2011) 95(6):1867-78. doi: 10.1016/j.fertnstert.
2011.01.001

23. Mah AJ, Ghazi Zadeh L, Khoshnam Tehrani M, Askari S, Gandjbakhche AH,
Shadgan B. Studying the accuracy and function of different thermometry
techniques for measuring body temperature. Biology (Basel). (2021) 10(12):1327.
doi: 10.3390/biology10121327

24. Goeckenjan M, Schiwek E, Wimberger P. Continuous body temperature
monitoring to improve the diagnosis of female infertility. Geburtshilfe
Frauenheilkd. (2020) 80(07):702-12. doi: 10.1055/a-1191-7888

25. Regidor PA, Kaczmarczyk M, Schiweck E, Goeckenjan-Festag M, Alexander H.
Identification and prediction of the fertile window with a new web-based medical
device using a vaginal biosensor for measuring the circadian and circamensual
core body temperature. Gynecol Endocrinol. (2018) 34(3):256-60. doi: 10.1080/
09513590.2017.1390737

26. Lu MJ, Zhong WH, Liu YX, Miao HZ, Li YC, Ji MH. Sample size for assessing
agreement between two methods of measurement by Bland—Altman Method. Int
] Biostat. (2016) 12(2):20150039. doi: 10.1515/ijb-2015-0039

27. McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey
VL, et al. Defining training and performance caliber: a participant classification
framework. Int ] Sports Physiol Perform. (2022) 17(2):317-31. doi: 10.1123/ijspp.
2021-0451

28. Prior JC, Vigna YM, Schulzer M, Hall JE, Bonen A. Determination of luteal

phase length by quantitative basal temperature methods: validation against the
midcycle LH peak. Clin Investig Med Med Clin Exp. (1990) 13(3):123-31.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fspor.2025.1732233/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fspor.2025.1732233/full#supplementary-material
https://doi.org/10.1007/s40279-020-01319-3
https://doi.org/10.1007/s40279-020-01317-5
https://doi.org/10.1007/s40279-020-01317-5
https://doi.org/10.1016/j.jsams.2024.02.012
https://doi.org/10.1152/japplphysiol.00223.2025
https://doi.org/10.1152/japplphysiol.00223.2025
https://doi.org/10.1007/s40279-021-01435-8
https://doi.org/10.1016/j.psyneuen.2020.104895
https://doi.org/10.1111/j.1471-0528.2001.00194.x
https://doi.org/10.1249/MSS.0000000000002073
https://doi.org/10.1123/ijspp.2024-0057
https://doi.org/10.1123/ijspp.2024-0057
https://doi.org/10.1016/j.jsams.2016.08.013
https://doi.org/10.1002/btm2.10058
https://doi.org/10.3389/fspor.2023.1279534
https://doi.org/10.3389/fspor.2023.1279534
https://doi.org/10.1016/j.fertnstert.2012.08.047
https://doi.org/10.1016/j.fertnstert.2012.08.047
https://doi.org/10.1149/1945-7111/abbdd3
https://doi.org/10.1016/S0015-0282(16)45730-4
https://doi.org/10.1016/S0015-0282(16)41952-7
https://doi.org/10.1097/00005721-200509000-00004
https://doi.org/10.1097/00005721-200509000-00004
https://doi.org/10.1016/0002-9378(50)90426-1
https://doi.org/10.1016/S0015-0282(16)47600-4
https://doi.org/10.1016/j.fertnstert.2011.01.001
https://doi.org/10.1016/j.fertnstert.2011.01.001
https://doi.org/10.3390/biology10121327
https://doi.org/10.1055/a-1191-7888
https://doi.org/10.1080/09513590.2017.1390737
https://doi.org/10.1080/09513590.2017.1390737
https://doi.org/10.1515/ijb-2015-0039
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.3389/fspor.2025.1732233

Nolte et al.

29. Frank-Herrmann P, Heil J, Gnoth C, Toledo E, Baur S, Pyper C, et al. The
effectiveness of a fertility awareness based method to avoid pregnancy in relation
to a couple’s sexual behaviour during the fertile time: a prospective longitudinal
study. Hum Reprod. (2007) 22(5):1310-9. doi: 10.1093/humrep/dem003

30. Nicht-hormonelle Empfingnisverhiitung. Guideline programme of the DGGG,
OEGGG, and SGGG (2023).

31. Shilaih M, Goodale BM, Falco L, Kiibler F, De Clerck V, Leeners B. Modern
fertility awareness methods: wrist wearables capture the changes in temperature
associated with the menstrual cycle. Biosci Rep. (2018) 38(6):BSR20171279. doi: 10.
1042/BSR20171279

32. Bedford JL, Prior JC, Hitchcock CL, Barr SI. Detecting evidence of luteal
activity by least-squares quantitative basal temperature analysis against urinary
progesterone metabolites and the effect of wake-time variability. Eur J Obstet
Gynecol Reprod Biol. (2009) 146(1):76-80. doi: 10.1016/j.ejogrb.2009.05.001

33. Weiss G, Strohmayer K, Koele W, Reinschissler N, Schenk M. Confirmation of
human ovulation in assisted reproduction using an adhesive axillary thermometer
(femSense®). Front Digit Health. (2022) 4:930010. doi: 10.3389/fdgth.2022.930010

34. Rai AK, Singh A, Neelabh. Progesterone: thermogenic effect. In: Shackelford
TK, editors. Encyclopedia of Sexual Psychology and Behavior. Cham: Springer
International Publishing (2023). p. 1-5. doi: 10.1007/978-3-031-08956-5_245-1

35. Baker FC, Siboza F, Fuller A. Temperature regulation in women: effects of the
menstrual cycle. Temperature. (2020) 7(3):226-62. doi: 10.1080/23328940.2020.1735927

36. Martinez-Nicolas A, Martinez-Madrid M], Almaida-Pagan PF, Bonmati-
Carrion MA, Madrid JA, Rol MA. Assessing chronotypes by ambulatory circadian
monitoring. Front Physiol. (2019) 10:1396. doi: 10.3389/fphys.2019.01396

Frontiers in Sports and Active Living

1

10.3389/fspor.2025.1732233

37. Duffy JF, Dijk DJ, Klerman EB, Czeisler CA. Later endogenous circadian
temperature nadir relative to an earlier wake time in older people. Am ] Physiol
Regul Integr Comp Physiol. (1998) 275(5):R1478-87. doi: 10.1152/ajpregu.1998.275.
5.R1478

38. Haugan B, Langerud AK, Kalvey H, Freslie KF, Riise E, Kapstad H. Can we
trust the new generation of infrared tympanic thermometers in clinical practice?
J Clin Nurs. (2013) 22(5-6):698-709. doi: 10.1111/j.1365-2702.2012.04077.x

39. Woldike PM, Smith R, Linneberg A. Temperature measurement. Ugeskr Laeger.
(2008) 170(11):938-9.

40. Rodrigues JJPC, Caldeira ], Vaidya B. A novel intra-body sensor for vaginal
temperature monitoring. Sensors. (2009) 9(4):2797-808. doi: 10.3390/s90402797

41. Yu J-L, Su Y-F, Zhang C, Jin L, Lin X-H, Chen L-T, et al. Tracking of menstrual
cycles and prediction of the fertile window via measurements of basal body
temperature and heart rate as well as machine-learning algorithms. Reprod Biol
Endocrinol. (2022) 20(1):118. doi: 10.1186/s12958-022-00993-4

42. Li Y, Fang Y, Gu S. Effectiveness of menstruation and fertility tracking
technology in childbearing women: a scoping review. Rev Esc Enferm USP. (2025)
59:€20240454. doi: 10.1590/1980-220x-reeusp-2024-0454en

43. Gimunova M, Paulinyova A, Bernacikovd M, Paludo AC. The prevalence of
menstrual cycle disorders in female athletes from different sports disciplines: a
rapid review. Int | Environ Res Public Health. (2022) 19(21):14243. doi: 10.3390/
ijerph192114243

44. Uchida Y, Izumizaki M. The use of wearable devices for predicting biphasic
basal body temperature to estimate the date of ovulation in women. J Therm Biol.
(2022) 108:103290. doi: 10.1016/j.jtherbio.2022.103290

frontiersin.org


https://doi.org/10.1093/humrep/dem003
https://doi.org/10.1042/BSR20171279
https://doi.org/10.1042/BSR20171279
https://doi.org/10.1016/j.ejogrb.2009.05.001
https://doi.org/10.3389/fdgth.2022.930010
https://doi.org/10.1007/978-3-031-08956-5_245-1
https://doi.org/10.1080/23328940.2020.1735927
https://doi.org/10.3389/fphys.2019.01396
https://doi.org/10.1152/ajpregu.1998.275.5.R1478
https://doi.org/10.1152/ajpregu.1998.275.5.R1478
https://doi.org/10.1111/j.1365-2702.2012.04077.x
https://doi.org/10.3390/s90402797
https://doi.org/10.1186/s12958-022-00993-4
https://doi.org/10.1590/1980-220x-reeusp-2024-0454en
https://doi.org/10.3390/ijerph192114243
https://doi.org/10.3390/ijerph192114243
https://doi.org/10.1016/j.jtherbio.2022.103290
https://doi.org/10.3389/fspor.2025.1732233

	Optimizing basal body temperature measurement for cycle diagnostics: a comparison of different methods in female recreational athletes
	Introduction
	Materials and methods
	Participants
	Experimental design and procedure
	Measurements
	Core body temperature (CBT)
	Temperature in the external ear canal
	Sublingual and rectal temperature
	Urinary analysis of LH

	Data processing
	Statistical analysis

	Results
	24-h temperature profile
	Cycle characteristics and phase determination
	Agreement between the temperature measurement methods

	Discussion
	Limitations
	Practical applications

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


