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Abstract

Objective: To investigate the use of auriculotherapy in the context of space medicine, the following
methodology is proposed, adhering to the STRICTA [1] standards (Standards for Reporting Interven-
tions in Clinical Trials of Acupuncture) to ensure transparency and study quality. This study aims
to evaluate the effectiveness of auriculotherapy, a form of integrative medicine that stimulates specific
points on the ear (Shen Men, Kidney, Liver, Lung, and Sympathetic), in addressing immune system
deterioration, managing stress, anxiety and fatigue, and sleep disorders commonly experienced by astro-
nauts during prolonged space missions. Additionally, the study will assess heart rate variability (HRV)
as an indirect measure of autonomic nervous system (ANS) activity to evaluate the therapeutic effects
of auriculotherapy in space.

Methods: This experimental and longitudinal study will include 30 astronauts participating in simu-
lated space missions lasting six months. Participants will be randomly assigned to an experimental group
receiving auriculotherapy with ASP needles (Aiguille Semi-Permanente) applied semi-permanently and
reviewed weekly for maintenance and replacement by switching ears, and a control group receiving sim-
ulated auriculotherapy with mustard seeds. Auriculotherapy sessions will involve manual stimulation
of 11 specific ear points (depending on the treatment case). Initial evaluations will include validated
questionnaires for stress (Perceived Stress Scale - PSS), fatigue (Chalder Fatigue Scale - CFQ), and sleep
quality (Pittsburgh Sleep Quality Index - PSQI), along with weekly HRV measurements using a Holter
monitor for 24 hours to assess ANS function. Monthly evaluations and a final assessment at the end of
the study period will be conducted.

Results: The primary outcomes will be changes in stress, anxiety, fatigue, and sleep quality scores,
as well as HRV parameters, compared between the experimental and control groups. Statistical analyses
will include ANOVA and T-tests to determine the significance of the observed differences. Qualitative
data from semi-structured interviews will provide additional insights into participants’ experiences.

Conclusion: This study is expected to demonstrate that auriculotherapy, in addition to enhancing the
immune response in microgravity, effectively reduces stress, fatigue, and sleep disorders in astronauts by
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modulating ANS activity, as evidenced by improvements in HRV. These findings could have significant
implications for astronaut health and well-being during prolonged missions, supporting the inclusion of
auriculotherapy in space health protocols. Future research should further explore the broader applications
of auriculotherapy in space medicine and other high-stress environments.

1 Executive summary

This project aims to investigate the use of auriculotherapy in the field of space medicine. Auriculotherapy,
an alternative medicine technique that stimulates specific points in the ear to treat various health conditions,
taken from [2][3], has the potential to address unique challenges of space medicine. The research will focus on
evaluating the effectiveness of auriculotherapy in managing stress, fatigue and sleep disorders, and improving
the immune system common problems in astronauts during extended space missions.

1.1 Introduction

Space exploration presents unique challenges to human health, including stress issues, fatigue, and sleep
disturbances due to microgravity, cosmic radiation, and confinement. Auriculotherapy, based on traditional
Chinese medicine, has shown promise in managing these conditions in terrestrial environments, this study
will explore its applicability in space. However, and in addition to what is presented in the book by [4],
there are multiple studies and scientific articles that have investigated the efficacy of auriculotherapy in the
management of stress, fatigue and sleep disorders in terrestrial environments. Here are more evidence and
references on the subject:

1.2 Evidence on the efficacy of terrestrial auriculoterapy.

Stress Reduction: Auriculotherapy has been shown to be effective in reducing stress in several clinical
studies. For example, research by [5] found that auriculotherapy significantly reduced stress levels in patients
with anxiety disorders. The proposed mechanism suggests that auricular point stimulation can modulate
the autonomic nervous system, promoting relaxation and reducing the stress response, also reviewed the
evidence on acupuncture, including auriculotherapy, for stress and anxiety management. The results suggest
that auriculotherapy may be effective in reducing stress levels by modulating the autonomic nervous system.

This study [6] examined the impact of auriculotherapy on stress and anxiety in college students. The
results showed a significant reduction in stress and anxiety levels in participants who received auriculotherapy.

Improved Sleep Quality: sleep quality is a common concern, especially in high-stress situations.
A study by [7] demonstrated that auriculotherapy significantly improved sleep in patients with insomnia.
Participants reported better sleep duration and quality. The theory behind this improvement suggests that
stimulating specific points on the ear can influence the release of neurotransmitters and hormones that
regulate sleep, contributing to these positive outcomes.

Additionally, [8] investigated the effect of auriculotherapy on sleep quality in adults with insomnia. They
found that participants who received auriculotherapy showed significant improvements in their sleep quality.

In another study, [9] the results indicated that auriculotherapy is highly effective in improving sleep quality
and its dimensions, offering an accessible and low-cost option that can be easily implemented. Additionally,
as noted in the study, auriculotherapy does not have any side effects, making it a safe method for enhancing
sleep quality.

A recent study conducted in 2020 in South Korea [10] investigated the effects of auriculotherapy on
psychological factors, sleep quality, and salivary cortisol levels in older adults. The study found significant
improvements in sleep quality and reductions in stress and anxiety among the participants, with no reported
side effects. This research utilized a randomized controlled trial design, demonstrating the effectiveness of
auriculotherapy in regulating sleep among the elderly population.
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Auricular Stimulation and the Autonomic Nervous System A study in the Journal of Clinical Medicine
(2020) [11] found that stimulation of the auricular branch of the vagus nerve (a nerve that can be accessed
through the ear) can modulate the activity of the autonomic nervous system. Vagus nerve stimulation is
associated with reduced sympathetic activity (stress) and increased parasympathetic activity (relaxation),
which could indirectly promote better sleep and overall well-being.

Auriculotherapy and Improvement in Sleep Quality A study published in Complementary Therapies
in Medicine (2015) [12] reviewed the effects of auriculotherapy on sleep quality. The results showed that
auriculotherapy could improve sleep in patients with insomnia, possibly due to the reduction of stress and
anxiety.

Anxiety and fatigue Reduction: both physical and mental, is a prevalent problem that can be
mitigated by auriculotherapy.

These studies, [13], [14] conducted through a systematic review and meta-analysis to evaluate the efficacy
and safety of auricular point therapy in patients with cancer-related fatigue, have shown promising results.
Auricular point therapy, when combined with standard care, significantly improved cancer-related fatigue
and quality of life compared to standard care alone. The findings suggest that this therapy is safe and can
enhance emotional, cognitive, and social functions in patients.

Even in the face of various adversities, there is an opportunity to demonstrate the potential of therapies
like auriculotherapy. For example, in a study evaluating its effect on persistent fatigue in patients [15]
recovered from the acute phase of COVID-19, a double-blind clinical trial was conducted in 2022 with 52
patients in Kashan, Iran. The intervention group received auriculotherapy with Vaccaria seeds on fatigue-
related points. Results showed a significant reduction in fatigue compared to the sham group, suggesting that
auriculotherapy could be integrated into rehabilitation programs for long COVID, highlighting its relevance
in improving quality of life.

In a case study presented by Zhang et al, (2020) [16] the treatment of insomnia associated with chronic
fatigue syndrome (CFS) using auricular acupuncture in a 27-year-old patient is described. The treatment,
which involved applying pressure with Vaccariae segetalis seeds on specific ear points, was conducted twice
a week for 12 weeks. A significant improvement in sleep quality was observed without adverse effects,
suggesting that auricular acupuncture could be an effective and safe alternative for managing insomnia in
patients with CFS.

A randomized, double-blind clinical trial conducted on multiple sclerosis (MS) patients at Kashani Hos-
pital in Isfahan [17] evaluated the impact of auriculotherapy on stress, anxiety, and depression. The results
showed that patients who received auriculotherapy experienced a significant reduction in stress, anxiety,
and depression levels compared to the placebo group, both immediately after the intervention and one
month later. Auriculotherapy was concluded to be a safe and effective technique, recommended as a non-
pharmacological method for managing these symptoms in MS patients.

The effects of auriculotherapy have been investigated in patients with preoperative anxiety. [18] The
results have shown a significant reduction in anxiety levels among patients who received auriculotherapy
compared to the control group, suggesting that this technique may be effective in reducing anxiety in clinical
settings. The effectiveness of auriculotherapy has also been evaluated in reducing anxiety in cancer patients,
including older adults. [19] Patients who received auriculotherapy demonstrated a significant reduction in
anxiety levels compared to those who received a placebo treatment, supporting the use of auriculotherapy
as a complementary intervention for anxiety in oncology patients [20].

Auriculotherapy and Immunology: study published in Evidence-Based Complementary and Alter-
native Medicine investigated the effects of auriculotherapy on immune system modulation in an animal model
[21] The results showed that auricular stimulation was able to alter the activity of immune cells, including
the regulation of pro-inflammatory cytokines, suggesting a potential immunomodulatory effect, Although
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specific evidence directly linking auriculotherapy with immune system activation remains limited, studies in
acupuncture and vagus nerve stimulation provide a solid theoretical framework for these interactions. For
instance, research has shown that acupuncture can regulate cytokine production and enhance immune cell
function, suggesting that techniques like auriculotherapy could have similar effects [22], Additionally, the
stimulation of specific points on the ear, many of which are connected to the vagus nerve—a crucial compo-
nent of the parasympathetic nervous system—may play a role. Vagus nerve activation has been associated
with the modulation of the immune system through the reduction of systemic inflammatory response. The
vagus nerve influences inflammation regulation via the cholinergic anti-inflammatory pathway, a mechanism
in which acetylcholine released by vagal nerve endings inhibits the production of pro-inflammatory cytokines
by macrophages [23].

Chemotherapy-Induced Nausea and Vomiting Control:

This systematic study [24] analyzes the efficacy of auriculotherapy in the management of chemotherapy-
induced nausea and vomiting, indicating significant improvements in symptoms and suggesting a positive
impact on the immune system by reducing inflammation.

Prevention of Migraine Attacks:

In other study in (2023) [25] "Auriculotherapy in Prevention of Migraine Attacks: An Open Randomized
Trial" (Frontiers) in Neurology. This clinical trial investigates the use of auriculotherapy to prevent migraine
attacks. The results show a reduction in the frequency and intensity of attacks, which could be related to
improved immune regulation and reduced stress.

Therapeutic Efficacy of Auriculotherapy:

This article [26] reviews the therapeutic effectiveness of auriculotherapy in various health conditions,
including the regulation of the immune system and the management of stress and anxiety.

Auriculotherapy and Neuromodulation:

In the field of neuromodulation, which I consider highly relevant and important concerning auriculother-
apy, I present these studies [27],[28],[29],[30], that explore how auriculotherapy can influence neuromodulation
and the immune system, providing a scientific basis for its use in integrative and spatial medicine.

Research Question

What is the efficacy of auriculotherapy in reducing stress, improving sleep quality, mitigating fatigue and
anxiety, and improving the immune system and immunology in astronauts during prolonged space missions,
based on the current scientific evidence of its use on Earth?

2 Theoretical framework

2.1 Introduction to Auriculotherapy

Auriculotherapy is a technique in traditional Chinese medicine that is based on the stimulation of specific
points in the ear to treat various health conditions. This technique is based on the theory that the pinna
is a micro system that reflects the entire body, allowing the treatment of physical, mental, and emotional
conditions by stimulating auricular points [4].
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2.2 of Auriculotherapy on Earth

Numerous studies have shown the effectiveness of auriculotherapy in stress management, improving sleep
quality, reducing fatigue and regulating the immune system in terrestrial contexts:

1. Stress Reduction: A controlled and randomized clinical trial evaluated the effectiveness of auricu-
lotherapy in reducing occupational stress among Family Health Strategy workers during the COVID-19
pandemic. The results showed significant reductions in stress in the auriculotherapy group, with a large to
very large effect measured by Cohen’s d index. It was concluded that auriculotherapy is effective in reducing
occupational stress, and further studies are recommended to improve the quality of life of healthcare workers
[31]. In other randomized single-blind clinical study evaluated the efficacy of auriculotherapy with and with-
out a protocol in reducing stress levels among nursing staff. [32] A total of 175 nursing professionals were
divided into three groups: Control, Protocol, and No Protocol, and assessed at baseline, after 12 sessions,
and at 30-day follow-up. Results showed significant stress reduction in the intervention groups compared
to the Control group (p<0.05), with the No Protocol group showing the greatest effect size. Key auricu-
lar points used included Yang Liver 1 and 2, Kidney, Brain Stem, and Shen Men. The study concluded
that individualized auriculotherapy without a protocol may enhance the technique’s effectiveness in stress
reduction.

2. Improved anxiety and cortisol: The study [33] examined the effectiveness of auricular acupressure
in reducing anxiety, fatigue, cortisol levels, blood pressure, and heart rate in postpartum women following
cesarean delivery. In a randomized controlled trial involving 76 participants, women who received auricular
acupressure at the Shenmen point showed significantly lower mean cortisol levels (mean difference = 4 u/dl, p
< 0.05) compared to the control group five days postpartum. The findings suggest that auricular acupressure
is an effective non-pharmacological method for reducing cortisol levels in the early postpartum period

3. Fatigue Reduction: Auriculotherapy has been shown to reduce fatigue in patients with chronic diseases,
improving their quality of life [13] [34]

4. Regulation of the Immune System: Studies have shown that auriculotherapy can improve immune
function by stimulating specific points that modulate the immune, For example, in animal models it is
described [35]. This study investigated the anti-inflammatory effect of auriculotherapy in the treatment
of acne vulgaris using an animal model. Improvements in inflammatory symptoms and a reduction in
inflammatory cytokine levels were found in rats treated with auriculotherapy. In addition, auriculotherapy
altered the polarization of macrophages and decreased the expression of the TLR2/NF-KB signaling pathway,
suggesting an underlying mechanism in its therapeutic effect. This research could contribute in several ways
to the understanding and management of the immune system, especially in inflammatory and autoimmune
conditions. Here are some possible contributions:

• Immune Response Modulation: By demonstrating that auriculotherapy can alter the polarization of
M1 (proinflammatory) type macrophages to M2 (anti-inflammatory), it suggests a potential use in
autoimmune or chronic diseases where excessive inflammation plays a key role, such as rheumatoid
arthritis, Crohn’s disease, or systemic lupus erythematosus.

• Reduction of Pro-Inflammatory Cytokines: The decrease in TNF-ALPHA and IL-1BETA levels ob-
served in this study indicates that auriculotherapy could help control diseases characterized by elevated
levels of these cytokines, such as psoriasis, multiple sclerosis, and other systemic inflammatory condi-
tions. [36]

• Non-Pharmacological Alternative for Inflammation: It offers a non-pharmacological alternative for the
management of inflammation, which is beneficial for patients seeking complementary treatments or
who have adverse effects to conventional therapies.
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• Immunological Signaling Mechanisms: By reducing the expression of the TLR2/NF-KB signaling path-
way, auriculotherapy could be investigated as a possible treatment for conditions involving excessive
activation of this pathway, which is involved in several inflammatory diseases and unregulated immune
responses.

• Future Studies in Immunotherapy: The results could guide future research on how immunological
modulation through auriculotherapy could be integrated into immunotherapy strategies, especially in
the context of infectious diseases, allergies, or even in the improvement of the immune response in
immunocompromised patients. [37]

5. Autonomic Nervous System Modulation: Auriculotherapy has been investigated for its ability to
influence the autonomic nervous system, particularly in improving heart rate variability (HRV), [38], [39],
[40], [41], [42] a key indicator of balance between the sympathetic and parasympathetic branches of the
nervous system. It has been shown that stimulation of specific auricular points, such as the Shenmen, can
increase parasympathetic activity and reduce stress. [43]

6. This quasi-experimental study [44] evaluated the efficacy of auriculotherapy as a complementary
therapy in the control of type II diabetes mellitus in 70 patients at a health center in Mexico City. Specific
auricular points (Shenmen, Endocrine Gland, Triple Burner, and Mouth) were applied in weekly sessions for
five weeks, resulting in a significant reduction in capillary glucose levels in patients (p = 0.009). Despite the
design limitations, the results suggest that auriculotherapy could be an effective complementary option for
managing type II diabetes, potentially reducing glucose levels and improving patients’ quality of life.

2.3 Neurophysiology of auriculotherapy

1. Neurophysiology and the Nerve Connection in Auriculotherapy. Those study describes ear innervation,
showing how stimulation of specific areas can influence the central and autonomic nervous system. [45], [46],
[47]. The atrium is innervated by nerves such as the vagus, trigeminal, and facial, allowing auriculotherapy
to have systemic effects through these nerves.

2. Central Mechanisms of Auriculotherapy
Auriculotherapy, which includes various methods such as acupuncture, acupressure, and electroacupunc-

ture, has been used for centuries and has been recognized since 1957 for its resemblance to a fetal map on
the ear. It is applied to treat various conditions such as pain, epilepsy, anxiety, obesity, and sleep disorders
by influencing the autonomic nervous system and related pathways [48]. "In the article published in 2019 by
[49], evidence suggests that stimulation of the outer ear influences key physiological functions, modulating
nociception, inflammation, and limbic system activity, primarily through vagus nerve stimulation. Clinical
trials, such as those by [50]. and others, have demonstrated the effectiveness of auriculotherapy in reducing
chronic and postoperative pain, indicating its potential as a non-invasive and effective treatment".

3. Studies on the Neurophysiological Efficacy of Auriculotherapy
These studies [51] [52] analyze the effects of auriculotherapy on the modulation of postoperative pain,

demonstrating changes in pain perception through the activation of neuromodulatory pathways. The results
suggest that auricular stimulation can influence nerve transmission and pain modulation, which could be
highly beneficial in the context of a space mission in case of any type of pain, not necessarily postoperative
but due to sudden injuries that might occur during the mission.

4. On the battlefield. Regarding studies that have been considered more serious than it seems, even on
the battlefield in the area of defense, the study was carried out by [53], the investigated the effectiveness of
Battlefield Acupuncture (BFA) as an adjunct to a standard rehabilitation protocol to reduce postoperative
pain and medication use after shoulder surgery. This randomized trial involved 40 Department of Defense
grantees from the United States Military Academy at West Point, New York. who were divided into two
groups: one that received only the standard rehabilitation protocol and another that received said protocol
together with BFA. Semi-permanent acupuncture needles were applied to the subjects’ ears 3 to 5 days after
surgery and reapplied as needed for up to 6 weeks. With the protocol of placing semi-permanent acupuncture
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Figure 1: A. Lateral surface of the external ear with corresponding scheme. ABVN auricular branch of vagus nerve;
GAN great auricular nerve; ATN auriculotemporal nerve; STA superficial temporal artery. B. Medial surface of
the external ear with corresponding scheme. ABVN auricular branch of vagus nerve; LON lesser occipital nerve; V
vessels. [47]

Figure 2: Scheme of left auricle, lateral aspect.[47]

needles in five specific points of the ear (such as Shen-Men and Zero Point) [41], with the aim of reducing
pain and the need for medication during the postoperative recovery period.

These references offer a broad, evidence-based view of how auriculotherapy can influence the nervous
system through neurophysiological mechanisms, supporting its use in the treatment of various conditions,
including stress management and autonomic modulation.

The results indicated that BFA significantly reduced postoperative pain levels measured through the
visual analogue scale (VAS) compared to the control group, especially between the start of the study and
7 days after surgery (P < 0.05). However, no significant differences in pain medication use were observed
between groups (P > 0.05). The author’s involvement was key in collecting and analysing these data,
providing evidence that BFA could be a useful adjunct to post-surgical pain management, although its
impact on reducing medication use requires further research.

Applicability in the Spatial Context Life in space presents unique challenges that can exacerbate stressful
conditions, sleep problems, fatigue, and negatively affect immune system function. Microgravity, confine-
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Figure 3: Points of auriculoterapy control in the battlefield

ment, and exposure to cosmic radiation are all factors that can negatively affect astronauts’ health. Since
auriculotherapy has been shown to be effective on Earth, it is reasonable to investigate its applicability in
space, where these conditions are exacerbated.

Rationale for the Study in Space

1. Non-Invasive Intervention: Auriculotherapy is a non-invasive intervention, which makes it especially
suitable for the space environment, where minimally invasive interventions are preferable due to resource
and medical personnel limitations.

2. Low Cost and Ease of Implementation: Auriculotherapy is relatively inexpensive and easy to imple-
ment, making it a viable option for extended space missions where space and resources are limited.

3. Potential to Improve Performance and Well-being: Improving stress management, sleep quality,
reduced fatigue, and immune system regulation can have a significant impact on astronauts’ performance
and well-being, contributing to safer and more successful missions. Current Scientific Evidence and Research
Gaps Despite the promising evidence of auriculotherapy on Earth, there is a lack of specific studies on
its application in space. This project seeks to fill that gap by providing empirical data on the efficacy
of auriculotherapy in a space environment. Evidence suggests that auriculotherapy may be an effective
intervention to manage stress, improve sleep quality, reduce fatigue, and regulate the immune system, all of
which are prevalent in astronauts during prolonged missions.

Spatial Context

1. Stress in Space: Life in space can be extremely stressful due to factors such as confinement, micro-
gravity, and distance from Earth. Auriculotherapy may offer a non-invasive, low-cost way to manage
stress in this setting [54].

2. Sleep in Space: The quality of sleep in space can be affected by the absence of a natural day-night cycle.
Auriculotherapy could help regulate sleep patterns by modulating neurotransmitters and hormones

3. Space Fatigue: Fatigue is a significant concern in long-duration space missions. The ability of auricu-
lotherapy to reduce fatigue could improve astronauts’ performance and well-being.

4. Regulation of the Immune System in Space: Exposure to microgravity and cosmic radiation can affect
immune function. Auriculotherapy could help modulate the immune response, reducing vulnerability
to infections and other health complications.
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In conclusion, current scientific evidence on auriculotherapy on Earth suggests that this technique has the
potential to address key challenges in space medicine. This research project seeks to rigorously and scientifi-
cally evaluate their effectiveness in the space environment, providing empirical data that could revolutionize
health care in prolonged space missions.

Project Objectives

1. To assess the efficacy of auriculotherapy in reducing stress in astronauts.

2. To investigate the impact of auriculotherapy on sleep quality during space missions.

3. To determine the effect of auriculotherapy on fatigue mitigation.

4. To evaluate the influence of auriculotherapy on the regulation of the immune system in astronauts.

5. To provide rigorous scientific evidence on the feasibility of auriculotherapy as a non-invasive, low-cost
intervention in space medicine.

3 Methodology

3.1 Study Design:

Randomized controlled clinical trial with an intervention group (auriculotherapy) and a control group
(placebo). Using Auriculotherapy with False Seeds or Non-Specific Points Fake Seeds: Instead of using
mustard seeds or ASP needles, you can use small non-magnetic spheres or plastic pellets that have no known
therapeutic properties. These are attached to the ear at random or non-specific points that do not corre-
spond to traditional acupuncture points. Non-Specific Acupressure Points: Another technique is to apply
pressure to points in the ear that are not associated with any recognized therapeutic benefit. This creates a
placebo effect, as participants cannot differentiate between real treatments and placebo points.

3.2 Examples of Use in Clinical Trials

Anxiety Study: a controlled and randomized pilot study that evaluated the effects of auriculotherapy on
the situational anxiety of university students before exams. In this study, students were randomly assigned
to an auriculotherapy group or a waiting list group. The results showed that auriculotherapy was safe and
effective in reducing anxiety levels measured by anxiety inventories, sleep quality and cortisol levels in saliva
before the exams, compared to the control group. [55]

3.3 Pain Study

In a study conducted in South Korea, 51 elderly adults with chronic low back pain (CLBP) were randomly
assigned to a trial group and a placebo control group to receive atrial acupressure (AA). The experimental
group received AA at points related to low back pain, while the control group received AA at unrelated
points. After 6 weeks, the experimental group showed significant improvements in the visual analog scale,
the pain threshold and the Oswestry Disability Index, suggesting that AA is an effective and non-invasive
intervention for CLBP in older adults. [56]

• Participants: Astronauts on long-duration space missions.

• Duration: One year of follow-up during and after the mission.

• Participants would be randomly assigned to an experimental group that will receive ASP (Aiguille
Semi-Permanent) needle auriculotherapy applied semi-permanently and reviewed every week for 6
months for maintenance, and replacement by changing atrium, and the control group that will receive
sham auriculotherapy with mustard seeds [57].
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3.4 Evidence and Use of ASP Needles in Auriculotherapy

Application and Clinical Protocols

Insertion Technique: ASP needles are inserted into specific ear points related to the condition being
treated, such as Zero Point, Shenmen, Sympathetic, or Kidney etc. These needles allow for prolonged stim-
ulation without the need for daily intervention, which is useful in situations where a continuous therapeutic
effect is sought.

The needles are placed with an applicator that is directly involved with the system and the needle once
the specific points to be treated are chosen, the needle is placed and with the reverse of the applicator it is
given some slight turns by pressing to both sides so that the needle catches the tissue and can be fixed even
better.

Figure 4: ASP needles (Aiguille Semi-Permanente) are a type of semi-permanent acupuncture needle specifically
designed for auriculotherapy. These needles are made of stainless steel and are usually short in length. They are
used in the protocols we have previously described, allowing for prolonged stimulation of specific points on the ear,
enhancing the effectiveness of the treatment in managing various conditions such as pain, stress, and fatigue.

3.5 Duration of Treatment:

The needles may remain in place for approximately 7 to 14 days, depending on the patient’s condition
and response to treatment. It is recommended that needles be checked and replaced during clinical follow-up
to ensure their continued effectiveness.

Therapeutic Indications: They are commonly used in the management of pain, anxiety, insomnia, and
stress, among other conditions. Evidence suggests that the continuous stimulation provided by ASP needles
may improve therapeutic outcomes compared to short-term manual acupuncture. [58],[51],[52], [59].

3.6 Application protocol

• Spot Identification: An evaluation of the patient is performed to identify the specific ear points to be
treated, based on symptoms and medical diagnosis.
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• Area Preparation: The ear is properly cleaned to prevent infection.

• Needle Insertion: ASP needles are inserted into selected points using sterile techniques. They are
secured in place with light pressure and covered with a small patch if necessary.

• Follow-up: A review is scheduled after 7 to 14 days to assess response to treatment and, if necessary,
replace or remove needles.

Figure 5: application of needles ASP

Figure 6: application of needles ASP
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3.7 Interventions

Intervention group: Regular auriculotherapy sessions administered by professionals trained in the use and
therapy of needles and their insertion as well as care and precautions for their maintenance and prevention
of infections.

Application of the specific points with ASP needles according to the conditions presented by each of the
participants according to the following table;

Problem Auriculotherapy
Point

Justification Reference

Poor Sleep Quality Shenmen Used to improve sleep quality and re-
duce insomnia.

Kurebayashi, L. F.
S., & da Silva, M.
J. P. (2015) [12]

Subcortex It calms the mind and improves deep
sleep.

Doria, M. C. D. S.,
et al. (2012)

Sympathetic It helps balance the nervous system and
improve sleep quality.

Landgren, K.
(2008) [60]

Heart Regulates heart function and promotes
restful sleep.

Lu, A. P., Jia, H.
W., Xiao, C., & Lu,
Q. P. (2004)[54]

Kidney Strengthens kidney energy and im-
proves emotional stability during sleep.

Maciocia, G. (2005)
[61]

Fatigue Liver Helps detoxify the body and reduce fa-
tigue.

Kurebayashi, et al.
(2014) [32]

Spleen Improves digestion and energy produc-
tion.

Landgren, K.
(2009) [60]

Endocrine Regulates hormones and increases over-
all energy.

Oclaris Lopes
Munhoz, et al.
2022) [54]

Stomach Promotes efficient digestion and re-
duces the feeling of heaviness.

Maciocia, G.
(2005)[61]

Adrenal Gland Improves resistance to stress and in-
creases vitality.

Doria, et al. (2012)

Heart Rate Vari-
ability (HRV)

Shenmen Reduces stress and improves HRV. Kurebayashi, L. F.
S., et al (2017) [18]

Sympathetic Regulates the response of the auto-
nomic nervous system.

Landgren, K.
(2008) [60]

Heart Directly related to heart function and
HRV.

Lu, A. P., Jia, et al,
(2004) [62]

Subcortex Calms the nervous system and improves
HRV.

Maciocia, G. (2005)
[61]

Kidney Improves fluid balance and cardiovascu-
lar function.

Doria, M. C. D.
S., Lipp, M. E. N.
& Silva, D. F. D.
(2012)

Stress Shenmen Known for its powerful calming and
stress-reducing effect.

Kurebayashi, et al.
(2014)

Liver Helps process emotions and reduce ten-
sion.

Landgren, K.
(2009) [60]

Sympathetic Balances the nervous system and re-
duces the stress response.

Munhoz, Oclaris
Lopes and Morais
et al, [54]
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Endocrine Regulates stress hormones and im-
proves resilience.

Doria, et al. (2012)

Brainstem Promotes the balance of the central ner-
vous system and reduces anxiety.

Maciocia, G. (2005)
[61]

Immune System Shenmen Regulates the immune system, reduces
stress, and promotes overall well-being.

Oclaris Lopes
Munhoz, et al.
2022) [54]

Liver Aids in detoxification and improves im-
mune function by regulating the liver’s
energy.

Yang, L. H., et al.
(2017)

Spleen Strengthens the immune system by im-
proving digestion and energy produc-
tion.

Vieira, A., et al.
(2022 y 2023) [55]
[63]

Endocrine Regulates hormones crucial for immune
balance.

Yang, L. H., et al.
(2017)

Kidney Improves kidney function and fluid bal-
ance, contributing to a stronger im-
mune system.

Maciocia, G. (2005)
[61]

3.8 Control group

Sessions with placebo devices without therapeutic effects found in scientific publications, the suggestion is to
apply mustard seeds in the same areas that are in accordance with the process to be treated. Auriculotherapy
with False Seeds or Non-Specific Points False Seeds: Instead of using mustard seeds or ASP needles, small
non-magnetic spheres or plastic balls that have no known therapeutic properties can be used. These adhere
to the ear at random or non-specific points that do not correspond to traditional acupuncture points.

3.9 Non-Specific Acupressure Points

Another technique is to apply pressure to points of the ear that are not associated with any recognized
therapeutic benefit. This creates a placebo effect, since participants cannot differentiate between actual
treatments and placebo points.

3.10 Measures of Results

Stress: Measurement using validated questionnaires (e.g., PSS-10) and cortisol levels (Cohen, S., et al.,
1983).

Sleep quality: Monitoring by actigraphy and sleep quality questionnaires (e.g., PSQI) (Buysse, D. J.,
et al., 1989).

Fatigue: Evaluation through the Multidimensional Scale of Fatigue and levels of physical activity (Piper,
B. F., et al., 1998).

Function of the SNA: Measurement of heart rate variability (HRV) using a holter once a week for 24
hours.

Periodic monthly evaluations and a final evaluation at the end of the study period.

3.11 Data Analysis:

Comparison of pre and post intervention results using advanced statistical techniques (ANOVA, linear re-
gression).
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Qualitative analysis of the participants’ experiences.

3.12 scientific Justification:

Auriculotherapy has shown benefits in terrestrial studies, such as stress reduction, sleep improvement,
fatigue reduction and immune system regulation [4]. These findings suggest that it could be a useful inter-
vention in the space environment, where these conditions are common and can affect the performance and
well-being of astronauts.

3.13 Innovation and Scientific Value

Innovation:
Integration of a traditional medicine technique in the context of space medicine.
Development of specific protocols for the application of auriculotherapy in microgravity.

Scientific Value:

Generation of empirical evidence on a non-pharmacological intervention in space medicine.

Figure 7: Here is the visualization of the hypothetical results of auriculotherapy, showing changes in stress scores,
fatigue scores, sleep quality, heart rate variability, and immune system index for both experimental and control
groups. Each subplot compares the initial and final values for each measure, highlighting the differences between the
groups after the intervention.
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Contribution to the understanding of alternative methods to improve the health and well-being of astro-
nauts.

Schedule

1. Phase 1 (0-3 months): Literature review, protocol development and team training.

2. Phase 2 (4-6 months): Selection of participants and logistical preparation.

3. Phase 3 (7-18 months): Implementation of the study and data collection.

4. Phase 4 (19-24 months): Data analysis and publication of results.

Table 2: Hypothetical Analysis of Auriculotherapy Outcomes in Space Missions

Outcome
Measure

Expected
Change (Experi-
mental Group)

Expected
Change (Control
Group)

Justification References

Stress Reduc-
tion (PSS)

Significant reduc-
tion (13.0 points)

Mild reduction Sig-
nificant reduction
(−5.5 points)

Stimulation of auricu-
lar points (e.g., Shen
Men) reduces sympa-
thetic activation and
promotes parasympa-
thetic activity, which
lowers stress levels.

Kurebayashi &
Silva (2015) [12]

Fatigue Reduc-
tion (CFQ)

Significant reduc-
tion (13.0 points)

Moderate reduction
(−5.0 points)

Auriculotherapy im-
proves energy flow
and reduces fatigue by
balancing autonomic
nervous system ac-
tivity, supported by
evidence in cancer-
related fatigue.

lin et al. (2021) [34]

Improvement in
Sleep Quality
(PSQI)

Significant im-
provement (6.0
points)

Mild improvement
(2.5 points)

Enhanced autonomic
regulation via auricu-
lotherapy improves
sleep quality by re-
ducing nocturnal
sympathetic activa-
tion and promoting
relaxation.

verma et, al. (2021)
[28]

HRV Improve-
ment (ms)

Increase (+23.0
ms)

Minimal increase
(+7.0 ms)

Auriculotherapy stim-
ulates the vagus nerve,
enhancing parasympa-
thetic tone and im-
proving HRV, a marker
of autonomic balance.

katsunuma et, al.
(2024) [64], Geng
et, al. [65]

Immune System
Regulation

Significant im-
provement (+20.0
points)

Minor improvement
(+5.0 points)

Modulation of in-
flammatory responses
and immune function
through auricular
point stimulation,
potentially reducing
inflammation.

De Morales et, al.
(2023) [66], Sahn
et, al. (2023) [67]
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Explanation and Justification

• Stress and Fatigue Reduction: The expected significant reduction in stress and fatigue levels in
the experimental group aligns with findings that auriculotherapy can modulate autonomic nervous
system activity by enhancing parasympathetic output and reducing sympathetic drive. This supports
relaxation and lowers perceived stress and fatigue, which is essential for the demanding conditions of
space missions.

• Improvement in Sleep Quality: The anticipated improvements in sleep quality, as measured by
the PSQI, are supported by evidence showing that auriculotherapy can enhance sleep by influencing
neurotransmitter and hormone release related to sleep regulation, such as melatonin.

• HRV Improvement: The marked improvement in HRV in the experimental group indicates better
autonomic regulation, which is crucial in managing the physical and psychological stressors of space.
HRV is a critical biomarker for autonomic nervous system health, with higher values indicating greater
parasympathetic (rest and digest) activity.

• Immune System Regulation: Enhancing immune function through auriculotherapy is justified by
studies showing modulation of macrophage activity and cytokine levels, which could be particularly
beneficial in the space environment, where immune function is often compromised.

Hypothetical data

The hypothetical data suggest that auriculotherapy with ASP needles could be a highly effective intervention
for managing stress, fatigue, and sleep disturbances while improving autonomic and immune function in
astronauts. These improvements could significantly enhance the overall health and performance of astronauts
during prolonged space missions, supporting the integration of auriculotherapy into space health protocols.

3.14 Analysis and discussion of probable outcomes:

In the context of this hypothetical study on the application of auriculotherapy with ASP needles in
the field of space medicine, it is expected to observe significant results in the reduction of stress, fatigue
and improvement of sleep quality in astronauts. In addition, it is anticipated that the heart rate variability
(HRV) will be favorably modulated, which would indicate better regulation of the autonomic nervous system
(ANS).

1. Stress and Fatigue Reduction: Hypothetical results suggest that the experimental group receiving
auriculotherapy will show a significant reduction in stress and fatigue levels compared to the control
group. This decrease will be reflected in lower scores on the Perceived Stress Scale (PSS) and the
Chalder Fatigue Scale (CFQ). Previous studies have shown that the stimulation of atrial points such
as Shen Men and Sympathetic has a calming effect on the SNA, promoting relaxation and reducing
sympathetic activation, which supports these findings [46] [68]

2. Improvement in Sleep Quality: The Pittsburgh Sleep Quality Index (PSQI) is expected to show sig-
nificant improvements in the experimental group, reflecting an improvement in sleep quality. The
autonomous regulation induced by auriculotherapy could facilitate a more restful sleep, reducing the
nocturnal sympathetic activation that is usually associated with sleep disorders in high-stress environ-
ments such as space missions [69].

3. It is possible that the results during the actual auriculotherapy test in astronauts will be even more
satisfactory than expected. In a controlled environment, with careful selection of auricular points
and continuous monitoring of the response of the autonomic nervous system (by means of HRV), the
intervention could show even more pronounced effects.
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4. Factors such as treatment personalization, adaptation to microgravity conditions and combination with
other wellness interventions could improve the observed efficacy. In addition, in a real environment,
the integration of auriculotherapy within a broader health protocol could maximize the benefits by
addressing the physical and psychological needs of astronauts more fully.

5. In summary, with proper application and continuous monitoring, it is reasonable to expect the results in
a real test to be at least as good, if not better, than those predicted in this hypothetical study. However,
this underlines the importance of conducting rigorous clinical studies to validate these findings and
explore the full potential of auriculotherapy in space environments.

3.15 Discussion of Results:

The hypothetical results raised in this study suggest that auriculotherapy could be an effective intervention
to manage the health challenges associated with prolonged space missions. The ability to reduce stress,
fatigue and improve sleep quality would have a significant impact on the performance and well-being of
astronauts. These effects would not only improve the quality of life during the mission, but could also reduce
the risk of long-term health problems.

Clinical Implications: The success of auriculotherapy in this context could justify its inclusion in spa-
tial health protocols, providing a non-pharmacological alternative for stress management and other related
problems. In addition, the HRV improvement could serve as a useful biomarker to monitor the autonomous
health of astronauts in real time, allowing early interventions when necessary.

Limitations and Future Investigations: Although the results are promising, it is important to consider
the limitations inherent in a hypothetical study. Individual variability in response to treatment, as well as
differences in adaptation to microgravity, could influence actual outcomes. Future research should focus on
controlled clinical studies to confirm these findings and explore the use of auriculotherapy in other high-stress
settings outside the spatial scope.

4 Conclusions

This project has the potential to provide innovative, evidence-based solutions to improve the health and
well-being of astronauts during space missions. Auriculotherapy could become a valuable tool in the arsenal
of space medicine, contributing to the safety and success of future space explorations. This theoretical
framework establishes the basis for investigating the effectiveness of auriculotherapy in reducing stress,
improving sleep quality and mitigating fatigue in astronauts. Current scientific evidence suggests that
auriculotherapy has the potential to address these problems, and this pioneering study could open up new
avenues to improve astronauts’ health and performance during extended space missions.

The hypothetical findings of this study suggest that ASP needle auriculotherapy could be an effective
intervention to improve the physical and mental health of astronauts during prolonged space missions,
especially in reducing stress, fatigue and improving sleep quality. The positive modulation of heart rate
variability (HRV) observed indicates a beneficial effect on the regulation of the autonomic nervous system
(ANS), which could have significant implications for general well-being in high-demand environments.

Despite these likely results that could be highly promising, the study faces limitations inherent to its
hypothetical nature, such as individual variability in response to treatment and unique conditions of micro-
gravity. These limitations underline the need for future controlled clinical research to validate these findings
in a real environment.

From these results, new research questions arise: How could auriculotherapy interact with other non-
pharmacological treatments in space? What impact does the duration of the mission have on the effectiveness
of auriculotherapy? In addition, it would be valuable to explore how auriculotherapy could be adapted or
combined with other health interventions to optimize the well-being of astronauts. These aspects can open
new avenues to improve health protocols in space missions and other high-stress environments.
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