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Abstract
Background: Face masks are an effective, non-pharmacological strategy to reduce the transmission of
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) and other pathogens. However, it is a
challenge to keep masks sealed during exercise, as ventilation can increase from 5-10 L/min at rest to up
to 200 L/min so that masks may be blown away from the face. To reduce leakage e.g. during exercise, a
face mask was developed that is taped onto the face. The aim of this study was to investigate during a
graded cycle ergometry test the effect of a taped mask on the perception of breathlessness, heart rate,
lactate, and oxygen saturation when compared to a surgical mask and no mask.
Methods: Four trained and healthy males and females each (n=8 in total) performed incremental cycle
ergometer tests until voluntary exhaustion under three conditions: (1) No mask/control, (2) surgical mask
or (3) taped mask. During these tests, we measured perception of breathlessness, heart rate, the
concentration of blood lactate and peripheral oxygen saturation and analysed the resultant data with one
or two-way repeated measures ANOVAs. We also used a questionnaire to evaluate mask comfort and
analysed the data with paired t-tests.
Results: When compared to wearing no mask, a taped face mask significantly reduces the maximal
workload in a graded exercise test by 12±6% (p=0.001). Moreover, with a taped face mask, subjects
perceive severe breathlessness at 12±9% lower workload (p=0.012) and oxygen saturation at 65% of the
maximal workload is 1.5% lower (p=0.018) when compared to wearing no mask. Heart rate and the
concentration of lactate were not significantly different at any workload. When compared to wearing a
surgical mask, wearing a taped face mask has a significantly better wearing comfort (p=0.038), feels
better on the skin (p=0.004), there is a lower sensation of moisture (p=0.026) and wearers perceive that
less heat is generated (p=0.021). We found no sex/gender differences for any parameters.
Conclusions: A taped mask is well tolerated during light and moderate exercise intensity but reduces
maximal exercise capacity.

Background
Since December 2019, the global coronavirus disease 2019 (COVID-19) pandemic has fundamentally
changed the way we live, travel and exercise (1). By the end of May 2021, there were 170 millions of
confirmed cases of COVID-19 globally, and over 3 million deaths have been recorded (2). COVID-19 is
caused by the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) which is a respiratory
virus that can be transmitted through droplets, aerosol and SARS-CoV-2-contaminated surfaces (3, 4).
Breathing, speaking, coughing and sneezing can produce droplets and aerosols (5–7) and SARS-CoV-2
can remain active for hours in aerosol (8).
The COVID-19 pandemic and measures to contain its spread have also affected exercise, sport and
sporting events (9). In relation to this, the arguably most consequential decision was to postpone the
2020 Tokyo Olympic Games to 2021. This was the first time in history that Olympic Games were
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cancelled due to a health issue (10). In addition, governments banned competitive sports and closed
sporting facilities such as gyms and swimming pools. Not only did this negatively affect the sports
economy but it also altered physical activity levels (9).
Face masks are an effective, non-pharmacological strategy to reduce SARS-CoV-2 transmissibility and
infection (11–18). Face masks can also prevent infections during sport, as Watson et al. (19) reported
that the use of face masks was associated with decreased COVID-19 incidence during sports. The
question arises, however, whether different types of face masks have negative effects on ventilation,
cardiovascular function and metabolism. This issue has been addressed in publications that have
measured the effects of different types of face mask on hemodynamic, cardiopulmonary, and metabolic
parameters during exercise (17, 20–29). Some studies found that wearing a face mask during exercise
reduced cardiopulmonary function or exercise performance (7, 23, 26, 27). However, other studies showed
that wearing a face mask does not hinder performance or cardiorespiratory function (20, 21, 28, 29).
These, diverse results may result from different study designs and methods, such as constant or
progressive load protocols.
A limitation of conventional face masks is that air may increasingly escape unfiltered when ventilation
increases from ≈5–10 L/min at rest to over 100 L/min in untrained subjects (30) and up to 200 L/min
e.g. in highly trained rowers (31–33). To address the issue of leakage of unfiltered air at high levels of
ventilation, a taped face mask was developed, where a “filtering facepiece 2” (FFP2) filter – combined
with a laminar KinesioTape - is taped onto the face.
Here, we investigate during graded exercise tests the effect of this taped filter mask on the perception of
breathlessness (dyspnoea scale), metabolism (lactate), cardiac and circulatory function (heart rate, blood
oxygenation) and exercise performance during a graded exercise test when compared to a surgical mask
and no mask. Specifically, we aimed to answer three research questions (34):
1. Up to what intensity can subjects exercise with a taped face mask without the perception of major
breathlessness and/or a stable drop in the peripheral capillary oxygen saturation (SpO2) to below
80%?
2. How does a taped mask affect heart rate and the concentration of blood lactate during a graded
cycle ergometer test when compared to a surgical mask and no mask?
3. How comfortable is an adhesive mask during a graded cycle ergometer test when compared to a
surgical mask?

Methods
This study was approved by the ethical committee of the Technical University of Munich (Approval No.
584/20 S). Four trained and healthy males and females each (n = 8 in total) were recruited and completed
the study (Table 1).
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Table 1
Physical characteristics of participants. SD = Standard deviation
Male (n = 4)

Female (n = 4)

Mean ± SD

Range

Mean ± SD

Range

Age (year)

25.3 ± 3.6

22–30

23.8 ± 3.2

19–26

Height (cm)

187 ± 3.4

184–192

169 ± 12.5

152–182

Weight (kg)

82 ± 7.5

71–88

67.8 ± 6.2

62–76

The study had three study conditions:
1. no mask control,
2. commercially available surgical face mask (Fig. 1A) and a
3. taped filter mask (Fig. 1B)
The characteristics of the two face masks are described in Table 2. For taped masks, male participants
used the larger size, whereas female participants used the smaller size.
Table 2
Physical characteristics of the masks
Mask
Type

Size
(cm)

Product name

Taped
Mask

15 x
12

The Proper Mask

16 x
12.8
Surgical
Mask

17.5
x
9.5

Weight

Thickness
(mm)

44
g/m2

0.46

3.5 g

0.4

- Materials

- Tape patch is comparable to KinesioTape (Suzhou
MedSport Products Co., LTD.) and is combined with filterfleece made of Premium-Protect® Filtration Layer FFP2
(Textilmacher GmbH; Munich, GER)
Moon-Valley Face Mask
- Non-woven fabric (70%), Melt-blown fabric (30%)

Study protocol. All participants underwent a medical fitness examination at the start of the study to
ensure they had no contraindication to exercise testing and to check for inclusion criteria. After passing
medical screening, subjects participated in three graded cycling tests on three different days. Tests were
at least 24 hours apart to ensure full recovery in-between tests. For each participant, all three tests were
performed within a 2-hour time window to minimize influence due to circadian rhythms. For each testing
session, participants performed a graded cycling test on a Lode Excalibur bicycle ergometer (Lode, B.V.;
NL) until voluntary exhaustion. During these three tests, subjects either wore no mask (control), a surgical
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mask or a taped face mask. To avoid potential serial effects, the order of three mask conditions were
randomized. The exercise protocol began at a workload intensity of 50 watts (W). After every 3 minutes,
the load intensity increased by 25 W in a step manner. The test was terminated either during subjective
exhaustion, when subjects withdrew voluntary, or until subjects reached level 10 on the dyspnoea scale or
stable SpO2 < 80%. The measured parameters included perception of breathlessness, heart rate, SpO2 and
blood lactate concentration.
Dyspnoea (shortness of breath) rating. Subjects were asked to rate the dyspnoea that they perceived at
the end of each stage, using the modified Borg dyspnoea scale (35) (Table 3).
Table 3
Modified Borg dyspnoea scale (35)
Rating

Corresponding breathlessness intensity

0

No shortness of breath at all

0.5

Very, very light (barely perceptible)

1

Very light

2

Mild

3

Moderate

4

Rather severe

5

Severe

6
7

Very severe

8
9

Very, very severe

10

Maximal respiratory distress

Heart rate. Study participants wore a heart rate chest belt (Firstbeat Technologies Oy; FI) which
continuously detects heart rate with a sampling frequency of 1 Hz throughout the graded exercise test.
We used the Firstbeat SPORTS software tool (Version 4.7.3.1) to record the heart rate measurement. For
the evaluation we determined the mean value of the detected signals of the last 30 seconds of each
stage.
Oxygen saturation (SpO2) was measured by a pulse oximeter on a fingertip (Nonin 8000A, USA) with a
sampling frequency of 5 Hz. We used the Lode Ergometry Manager software (version 10.6.0) to record
oximeter data.
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Lactate. To measure the metabolic response to exercise, 20 µl of capillary blood was taken from the
earlobe of the subjects to determine the lactate levels. Blood was collected once at rest, at the end of
each exercise stage, upon termination of the test, and at 1, 3, and 5 minutes after the end of the test.
Subsequently, we determined the lactate values amperometrically using Biosen S Line device (EKF; GER).
The lower detection limit of the instrument was a blood lactate concentration of 0.5 mmol/L.
Mask questionnaire. After completing the graded exercise test wearing a clinical mask or a tape mask,
study participants provided feedback on their subjective well-being and evaluation of the masks during
the test by answering a questionnaire. The content of the questionnaire was modified from the
questionnaire that other studies used (23, 36) (Table 4). The questionnaire recorded subjective ratings
and qualitative information about the comfort and wearability of the taped and surgical mask during the
exercise test. Thereby the subjects could evaluate 11 questions on a visual analogue scale from 0 (totally
disagree) to 10 (totally agree) and provide comments in an additional field.
Table 4
Content of the mask questionnaire. Adapted from (23, 36).
Question

Statement

1

The general condition of your daily form is very good today

2

The facemask prevents you from your maximal performance

3

The facemask fits very well

4

The wearing comfort of the facemask is very good

5

The facemask material feels very good on the skin

6

The sensation of moisture with the facemask is very low

7

The sense of smell with the facemask is very good

8

The feeling of tiredness occurs earlier with the facemask

9

Breathing is very difficult with the facemask

10

The heat generated with the facemask is very low

11

Suitable for intensive sporting activities

Statistics. For statistical evaluation, we used JASP software tool (version 0.12.0) to conduct the
statistical analysis. As the duration of three exercise tests varied across conditions, for appropriate
analysis of our exercise variables (perception of breathlessness, heart rate, blood lactate concentration
and oxygen saturation) with a comparable exercise intensity, data was normalized, interpolated, and
expressed in relative to individual peak power achieved (percentage of peak power) in the control
condition. The exercise variables were assessed by one or two-way ANOVA for repeated measures to best
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answer our stated research questions. If there was a significant main effect, we used Bonferroni post-hoc
tests for multiple comparisons.
To examine if there were differences between the ratings for surgical mask and taped mask from the
mask questionnaire, paired t-tests were done to each domain of the questionnaire. For secondary
analysis, we added gender as a between-group factor to evaluate if there was a gender difference in all
analyses. Significance level was accepted as p < 0.05 for all statistical tests.

Results
As part of this study, eight participants completed three graded exercise tests each with no adverse
effects that required ending an experiment prematurely. Subjects achieved maximal workloads of 278 ±
56 W (100%) with no mask, 269 ± 56 W (97 ± 6% of the no mask maximum) with a surgical mask and
247 ± 56 W (88 ± 6% of the no mask maximum) with a taped face mask. (Main effect: F(2, 14) = 11.286, p
= 0.001.) The achieved maximal workloads were significantly less with a taped mask than with a surgical
mask (p = 0.018) or no mask (p = 0.001). We now state and answer the three research questions of this
study.
Up to what intensity can subjects exercise with a taped face mask without the perception of major
breathlessness and/or a drop in the oxygen saturation (SpO2) to below 80%?
We arbitrarily defined dyspnoea ratings equal or above 7 (very severe) in the modified Borg dyspnoea
scale as major breathlessness. Overall, with a taped mask subjects reached a rating of major
breathlessness (i.e. “7”) at 12 ± 9% lower workload than with no mask (p = 0.012). Specifically, males
rated dyspnoea 7 (very severe) at 65 ± 7% of peak performance with the taped mask, at 69 ± 10% with a
surgical mask and 78 ± 12% in the control trial with no mask. Females reached a rating of 7 (very severe)
at 71 ± 7% with the taped mask, 78 ± 12% with the surgical mask and 82 ± 7% of peak performance with
no mask (Fig. 2).
Impairing ventilation may lower the blood O2 saturation (SpO2) and so we also tested the effect of the
taped mask on SpO2 by pulse oximetry. Overall, participants’ SpO2 values at 65% maximal workload were
significantly lower when wearing the taped mask than wearing no mask (p = 0.018) (Fig. 3). In general,
SpO2 responses to exercise varied greatly in-between subjects. They dropped to below 85% in two
subjects, and the mean minimal values reached were 92 ± 3% without wearing a mask, 90 ± 6% when
wearing the surgical mask and 89 ± 4% when wearing the taped mask. Only in one participant (ID 5 in Fig.
3) the saturation dropped slightly below 80% but recovered within seconds and reached 92% at the end of
the test. Therefore, this temporary drop did not reach abortion criteria of the test.
How does a taped mask affect heart rate and blood lactate during a graded cycle ergometer test when
compared to a surgical mask and no mask?
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Figure 4 shows average heart rate and lactate concentration data during the three exercise conditions,
expressed relative to the maximal workload achieved in the no-mask test. There were no significant
differences in the heart rate and lactate concentration at any workload, but subjects achieved the highest
lactate concentrations with no mask.
How comfortable is an adhesive mask during a cycling ergometer stage test compared to a surgical
mask?
When compared to wearing a surgical mask, subjects felt that the taped masks were more comfortable
(p = 0.038), felt better on the skin (p = 0.004), reduced the sensation of moisture (p = 0.026) and subjects
had a reduced perception of heat (p = 0.021) during the graded exercise test (Fig. 5).
In five out of eight participants the taped face mask partially detached during high exercise intensities.
Typically, these were small gaps between the adhesive tape and skin after 20.4 ± 3.3 minutes at 210 ± 22
W. Qualitative feedback provided by the participants are listed in additional file 1.

Discussion
The main finding of this study is that a taped face mask significantly reduces the maximal workload in a
graded exercise test by 12 ± 6% when compared to no mask. This is no surprise as a well-sealed, taped
filter mask will increase breathing resistance. However, a taped mask is tolerated well during mild to
moderate exercise and is more comfortable to wear than a surgical mask.
Perceived breathlessness and drop in oxygen saturation. Participants wearing a taped mask perceived
major breathlessness (subjectively defined as a dyspnoea scale rating of 7 or above) earlier, at 12 ± 9%
lower exercise intensity when compared to no mask. This might result from the potentially higher
breathing resistance (not measured) because of the better sealing of the taped mask. We found, however,
no statistical difference in minimal SpO2 during the exercise tests. One male subject transiently reached a
SpO2 of 75% at 83% of the maximal workload while wearing a surgical mask. However, the SpO2
recovered quickly and rose to 92% at the end of the test. The experimenters decided to continue with the
test as they interpreted this brief decline to below the cut off of 80% as a technical error. Precision and
accuracy of SpO2 readings can be affected by technical problems, poor perfusion (e.g. a cold finger) or
environmental factors such as movement artefacts (37, 38).
Whilst other studies found no differences between no mask and masks in terms of oxygen saturation (21,
28, 29) or partial pressure of oxygen (23) during exercise, we observed a significantly lower SpO2 at 65%
of the maximal workload when compared to no mask. However, the SpO2 drop was only 1.5% which
should be only a minor difference physiologically (SpO2 at 65% was no mask: 95.2 ± 1.8%, surgical mask
94.3 ± 1.4%, taped mask 93.7 ± 1.9%).
Heart rate and lactate concentration. We found no significant difference in the heart rate or lactate
concentration at any exercise intensity from rest to 90% of the maximal workload. This is consistent with
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other studies that compared wearing face masks to no mask during graded exercise tests (21, 28, 29).
Two studies (7, 26), however, reported significantly higher heart rates when exercisers wore a surgical
mask than when not wearing a mask. Also, Li et al. (36) measured a higher heart rate when wearing N95
face mask than surgical mask during various walking intensities. Different subjects, exercise modalities,
face masks and intensities may explain these differences. Subjects reached a higher peak lactate
concentration when wearing no mask. This is primarily explained by the higher workload that the subjects
achieved when wearing no mask which is consistent with another study (23).
Mask comfort. Subjects that wore a taped face mask felt more comfortable, the taped mask felt better on
the skin and had a reduced sense of moisture or heat from the mask during exercise when compared to
wearing a surgical mask. In another study, Li et al. (36) compared subjective sensations of N95 and
surgical face masks during intermittent exercise on a treadmill. They found that participants felt that the
surgical mask was drier, cooler, easier to breathe and more comfortable when compared to a N95 mask.
Our study is the first to test on the taped filter mask. Even though we did not compare it to N95 or FFP2
masks, taking into account of our data and the results of Lt et al. (36), wearing a taped mask during
exercise could feel more comfortable than wearing other masks types.
In some of the experiments, the taped mask loosened partially and there were gaps between the tape and
the skin. This could be a result of the movement of the mouth and nose because of deep breathing in
combination with sweating. To ensure good tape adhesion, male users should therefore shave their face
before exercise, and participants should avoid makeup or skin creams. We observed a poor mask
adhesion in two male participants at their chin. It is unclear whether this was due to beard growth or
because of the shape of the face. Some participants commented that the taped face mask is suitable for
light and moderate exercise but not during maximal exercise.
Limitations. We did not measure ventilation in our study as a spirometry mask would have affected
moisture build-up and thereby the property of face masks worn below a spirometry mask. Testing with a
spirometry mask would also reduce external validity of our experiments. Also, we had a small sample size
since we only investigated 4 males and 4 females which performed three tests each in randomised order.

Conclusions
In summary, taped face masks are tolerated well during mild and moderate exercise but they reduce
maximal exercise capacity when compared to no mask. Subjects reported that they are more comfortable
to wear during sport than a surgical mask and they are a new tool to avoid becoming infected by SARSCoV-2 and other infectious agents e.g. during fitness training in a gym, during sports such as martial arts
and in occupations that require well sealing, comfortable face masks. Future variants of taped face
masks could have a stronger adhesive e.g. for martial arts or long-duration sports and may include
technical solutions to allow drinking during sport.

List Of Abbreviations
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COVID-19, coronavirus disease 2019. SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus-2.
FFP2, filtering facepiece 2. SpO2, peripheral capillary oxygen saturation. SD, Standard deviation. W, watts.
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Figures

Figure 1
Photos of participant wearing (A) a surgical mask and (B) a taped filter mask.
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Figure 2
Individual ratings of the modified Borg dyspnoea scale during graded exercise tests. Data are expressed
relative to the maximal workload achieved in the control (no mask) condition. Gender is indicated after
the subject's ID: M=male and F=female. Black horizontal dotted lines indicate the breathlessness
threshold of 7 (very severe). Main effect on mask factor: F(2,14)=5.998, p=0.013. Taped mask in
comparison to no mask: p=0.012. No significant differences were found between gender (F(1,6)=1.362,
p=0.288) or mask × gender interaction (F(2,12)=0.163, p=0.852).
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Figure 3
Individual SpO2 values during three graded exercise tests. Gender is indicated after the subject's ID:
M=male and F=female. There were no statistical findings for minimal SpO2 values between the three
mask conditions (F(2,14)=1.742, p=0.211), gender factor (F(1,6)=0.898, p=0.380) or mask × gender
interaction (F(2,12)=0.367, p=0.700).
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Figure 4
Heart rate and lactate concentration during graded exercise tests. One-way repeated measures ANOVAs
were done to each parameter at each normalised workload in a 5%-interval (e.g. at 0% peak power, 5%
peak power etc.). We performed statistical tests until 90% of peak power because some trials did not
reach beyond this percentage of maximal workload, therefore there was not enough data for statistical
analysis. We found no differences between three mask conditions in heart rate and lactate concentrate
from 0% to 90% peak power (p>0.05). Note that heart rate data from all three tests of two participants
were excluded due to technical error. The peak lactate concentration reached throughout the tests were
9±2 mmol/L with no mask, 7.8±1.4 mmol/L with surgical mask and 6.6±2.0 mmol/L when wearing a
taped face mask (Main effect F(2,14)=6.356, p=0.011. Post-hoc no mask versus taped face mask
p=0.009).
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Figure 5
Results of the mask questionnaire. Data presented with means (bars), standard deviations (error bars)
and individual ratings (colour dots) of the 11 statements. Data were generated using visual analogue
scale 0-10. For each of the statements from the questionnaire, a rating of zero indicated total
disagreement on the statement and ten represented total agreement.
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