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Oral Health of Astronauts in Short- and Long-Term  
Missions in Space
Massimo Del Fabbro*; Shahnawaz Khijmatgar*; Bart Vandenberghe; Edward Kijak; Malgorzata Kulesa-Mrowiecka;  
Ishita Singhal; Felice Lorusso; Basil B. Xavier; Victoria Sampson; Giovanni Marfia; Dirk Neefs‡; Gianluca M. Tartaglia‡

	 INTRODUCTION:	 Space exploration presents unique challenges to human health due to space radiation, reduced gravity, and prolonged 
isolation. Astronauts should be prepared to manage medical and dental emergencies. This scoping review maps the 
evidence on oral health alterations and dental emergencies faced by astronauts during short- and long-term space missions.

	 METHODS:	 A “Topical Team” assembled by the European Space Agency performed the review described herein. An electronic 
search was conducted on scientific databases, reference lists of relevant papers, specific textbooks, and space agencies’ 
databases. Inclusion criteria encompassed studies related to dental medicine in microgravity or outer orbital space 
conditions. Results are presented through narrative format.

	 RESULTS:	 Out of 23,686 studies identified, 467 were considered eligible and 80 (54 reviews and 26 human-based studies) were 
included. The latter were classified into three broad topics: microbiology, space physiology and medicine, and space 
dentistry. Among the studies involving human subjects, 17 involved individuals who had spent time in space. There 
are only a few studies about oral health modifications and issues during spaceflight and those have limited evidence. 
Dental emergencies in space are relatively rare events that tend to increase with mission duration.

	 DISCUSSION:	T he impact of microgravity on oral health requires further investigation. Preflight and in-flight measures should focus on 
prevention and treatment protocols for various dental issues to ensure crew safety and mission success. Understanding 
and addressing factors affecting oral health in microgravity will enhance the well-being of astronauts and the success of 
human exploration missions in space.
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Exposure to microgravity and space radiation during long- 
term missions poses substantial challenges to astronauts’ 
overall health. Any unexpected health issues during flight  

could compromise the safety of the spacecraft. Space Dentistry 
focuses on preserving the dental health of astronauts, to avoid 
the occurrence of dental conditions that may be exacerbated 
due to extreme altitude changes, potentially resulting in severe 
pain and discomfort. 85﻿

 Presently, there is a lack of evidence-based guidelines  
or consensus regarding the frequency and extent of dental 
examinations for crewmembers. However, NASA has estab-
lished stringent standards for the preflight dental examina-
tions that mission-assigned astronauts must undergo. If 
dental treatment is deemed necessary, it is completed at  
least 3 mo before launch to minimize potential in-flight 
complications. 8﻿
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NASA has defined “long-duration space missions” as those 
extending beyond 30 d. 55  Proper dental management becomes 
imperative for astronauts engaged in long-term space missions, 
as dental emergencies have the potential to become a primary 
reason for evacuation in space. Therefore, comprehensive 
research and advancements in Space Dentistry are crucial. Even 
though many studies reporting physio-pathological changes 
deriving from aviation flights (flights not extending to outer 
space), might be suggestive of similar changes caused by outer 
spaceflights, they cannot be considered representative of actual 
challenges to the health, safety, and performance of astronauts 
encountered during flights into low Earth orbit (LEO) and 
beyond. Therefore, in the present review, only studies performed 
in the outer space environment [beyond 100 km (328,084 ft) 
above sea level] or under simulated microgravity were considered.

 This scoping review aims to provide the basis required to 
formulate recommendations and guidelines for astronauts 
embarking on space missions. The review identifies the current 
published information on the effect of exposure to microgravity 
and cosmic radiation on the oral and maxillofacial tissues in 
human subjects. Furthermore, the type and incidence of dental 
issues encountered during space missions so far are summarized.

 The hypothesis was that as for other body tissues and organs, 
exposure to the spaceflight environment affects oral and maxil-
lofacial tissue structure and function. The research question 
was: in astronauts undergoing space missions, what modifica-
tions do microgravity and cosmic radiation exposure induce in 
the oral and maxillofacial region, which may increase the risk of 
developing dental issues? 

METHODS

 A Topical Team performed the review within a project of the 
European Space Agency (ESA). The review protocol was regis-
tered on the Open Science Framework ( https://doi.org/10.17605/
OSF.IO/QBS5M ). It was developed according to both the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analysis 
Extension for Scoping Reviews (PRISMA-ScR) checklist 80﻿,﻿ 129  
and the scoping review approach suggested by Peters et al. 96﻿

 The two lead authors performed the electronic search on 
PubMed, Scopus, Web of Science, Cochrane Library, and 
Embase. Two electronic databases specific to space research were 
consulted ( https://lsda.jsc.nasa.gov/ ;  http://eea.spaceflight.esa.
int/portal/ ). ESA and NASA were contacted to provide suitable 
published and unpublished information. The reference list of rel-
evant studies and reviews was examined for additional eligible 
studies. The search strategy was created using keywords from 
about 30 articles on dental medicine in space missions, available 
before starting the review. No limits were set regarding the publi-
cation year or language. The following terms were connected 
with Boolean operators OR, AND: “spaceflight*”, “space flight*”, 
“long-duration spaceflight*”, “microgravity”, “partial gravity”, 
“low gravity”, “simulated microgravity”, “aeronautics”, “astro-
naut*”, “astronomy”, “aerospace”, “outer space”, “space mission”, 
“interplanetary”, “space travel*”, “space medicine”, “aviation 

medicine”, “aviation”, “weightlessness”, “space radiation”, “NASA”, 
“ESA”, “space radiation effects”, “low-shear”, “zero gravity”, “space 
dentistry”, “oral”, “dental”, “dentistry”, “tooth”, “teeth”, “dental 
health”, “oral health”, “maxillofacial”, “head and neck”, periodonti-
tis, “dental caries”, “alveolar bone”, “jaw”, “jawbone”, “jaw bone”, 
“mandib*”, “maxilla*”, “maxillary sinus*”, “facial pain”, “teeth 
numbness”, “oral cavity”, “saliva”, “salivary duct”, “salivary gland”, 
“oral cancer”, “headache”, “rash”, “nasal congestion”, “acute sinus-
itis”, “barodontalgia”, “barotrauma”, “TMJ”, “TMD”, “temporo-
mandibular”, “myofascial pain”, “posture control”, “tinnitus”, “jaw 
dislocation”, “dental emergenc*”, “occlusion”, “dental occlusion”, 
“myofascial dysfunction”, “jaw dislocation”, “tension type head-
ache”, “antibiotic resistance”, “oral microb*”, “dental biofilm”, 
“dental implant”, “crown”, “dental prosthesis”.

 Inclusion criteria were studies dealing with any topic involv-
ing dental medicine in actual or simulated microgravity condi-
tions; studies on pathophysiological aspects of the effect of 
reduced gravity and/or cosmic radiation exposure (e.g., regard-
ing bone physiology and turnover, immune system, microbiol-
ogy/oral microbiome), providing information relevant to the 
oral and maxillofacial field; in vitro studies based on cells/ 
tissues sampled from human subjects (e.g., microbiological 
studies on buccal swabs), and relevant to the review topic.

 Exclusion criteria were abstracts, editorials, commentaries, 
articles in magazines, unpublished studies (except those pro-
vided by space agencies), and in-silico studies; studies per-
formed in the inner space environment (aeronautics, aviation 
flights); studies performed in space or simulated microgravity 
on animal models, human/animal cells, extracted teeth, micro-
bial species, or not relevant to the review topic.

 A reference manager software (Endnote ×9 for Windows, 
Clarivate, Philadelphia, PA, United States) was used to remove 
duplicates. The two lead authors did the first screening. The 
remaining studies were divided into three groups. and inde-
pendently screened by six authors to identify eligible papers. In 
case of uncertainty, the two lead authors were consulted. The 
full text of the eligible articles was obtained. Otherwise, studies 
were excluded. Six reviewers independently evaluated the full 
texts against the selection criteria, listing the included studies. 
Doubts were discussed with the lead authors.

 The main data extracted using a customized Excel form were 
publication details, participant features, topic, study type (clini-
cal, experimental, review), intervention/control groups (if appli-
cable), main outcomes relevant to the review topic, including the 
occurrence of dental emergencies and management in space mis-
sions. Studies were also classified according to the setting: outer 
space (spaceflights, space stations) and simulated microgravity. 
Evaluation of intervention efficacy, formulation of evidence-based 
recommendations, assessment of bias risk, and statistical analy-
ses of the extracted data were outside the review scope.  

RESULTS

  Fig. 1   is a PRISMA flowchart of the screening process. 
Included were 80 studies: 54 reviews ( Table A  , found online 
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at  https://doi.org/AMHP.6372sd.2025 ) and 26 studies on 
human subjects or samples ( Table B   found online at  https://
doi.org/AMHP.6372sd.2025 ). The studies were categorized 
into three topics: microbiology, space physiology and medi-
cine, and space dentistry. Authors from the United States 
published the most articles (N  = 31), then China (N  = 14), 
India (N  = 5), and Germany (N  = 4). There were 15 countries 
which contributed with 1–3 studies. A total of 9 human stud-
ies were performed in simulated microgravity conditions, 14 
in space, and 3 studies included both simulated conditions 
and spaceflight. A summary of findings is reported for 
each topic.   

 Several studies were performed on the International Space 
Station (ISS), at about 400 km (249 mi) from the Earth’s surface, 
in LEO. 12  The ISS conditions included altered gravity (from 
10−3 –10−6  g), and elevated CO2  levels (partial pressure 0.2–0.5 
KPa), temperature (153–393°K), very low pressure (10−7 –10−4  
Pa). Furthermore, LEO includes galactic cosmic radiation, solar 
cosmic radiation, and a layer of radiation imprisoned by the 
Earth’s magnetosphere that can induce ionization of elements. 

Such radiations are composed of heavy particles and high- 
energy particles. On the ISS, most experimental investigations 
are undertaken in a strictly controlled environment within a 
space capsule (a pressurized module, equipped with life sup-
port systems, in which the microorganisms are protected from 
several extreme conditions encountered in space except for 
microgravity and cosmic radiations). Therefore, all changes 
observed in experiments regarding microbial physiology at the 
cellular, molecular, or genetic level should be only due to micro-
gravity and cosmic radiation effects. 87﻿,﻿ 100﻿,﻿ 105     

 Microbiology
 Microgravity’s effect on human oral and gut microbiome is a 
major focus in space research. The included studies investi-
gated the microbiomes’ composition and physiology, and the 
impact of nutrition and supplements. These studies provide 
insights into potential health risks for astronauts and form the 
foundation for addressing these issues.

 Six studies investigated single species: four regarded 
﻿Streptococcus mutans , known for causing dental caries, and one 

Fig. 1.  Flowchart of the study selection process.
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﻿Staphylococcus  and Enterococcus  spp. 104  Three studies were per-
formed aboard the ISS 19﻿,﻿ 57﻿,﻿ 127  and three under simulated condi-
tions. 26﻿,﻿ 34﻿,﻿ 92  Three studies focused on the salivary microbiome 
and one on the oral microbiome. 45﻿,﻿ 117﻿,﻿ 132﻿

 Senatore et al. reported that microgravity and space radia-
tion affect cell growth, gene expression, and bacterial behavior, 
increasing oral infection risk. 105  Microbiome studies on the  
ISS and astronauts have revealed the diverse microbial commu-
nity and its implications for astronaut health, equipment integ-
rity, and spacecraft cleanliness. 26  Elevated CO2  levels, along 
with microgravity and radiation, pose significant challenges to 
human and microbial life. 23   –﻿ 25﻿

 Voorhies et al. 138  examined the astronaut microbiome from 
gut, skin, nose, and tongue, and found that the ISS surface 
microbiome resembled the skin microbiome. A recent study 
correlated viral reactivation to changes in the microbiome of 
saliva through 16S rRNA sequencing. 132  The findings shed light 
on the impact of space travel on the human microbiome and 
may help develop effective measures to maintain human health 
during long-term missions. 68﻿

 An increase in Prevotella  species (associated with periodonti-
tis) and a decrease in other commensal bacteria were reported. 82  
﻿Salmonella typhimurium , Staphylococcus warneri , and Candida 
albicans  showed increased virulence under microgravity condi-
tions. 105  Conversely, Staphylococcus aureus﻿ 43  and Enterococcus 
faecalis  exhibited reduced virulence in spaceflight environments. 
Experiments on the ISS revealed increased antibiotic resistance 
in some bacteria and altered stress responses. 28  Schiwon et al. 
found that Staphylococcus  and Enterococcus  strains on the ISS 
had higher antimicrobial resistance genes compared to the 
Antarctic Research Station Concordia. 104  A recent study high-
lighted the importance of genotypic analysis of Klebsiella  isolates 
from the ISS, emphasizing their role in opportunistic infections 
and antibiotic resistance. 79  Supplementation with pro/prebiotics 
during long-term missions might counteract microbiome alter-
ations and preserve crew health. 29﻿,﻿ 31  Microbiological research is 
crucial for maintaining general and oral health in space, where 
gravity, radiation, and a weakened immune system pose signifi-
cant challenges. 2﻿,﻿ 6   

 Space Physiology and Medicine
 Spaceflights may alter the musculoskeletal, 54  immune, and car-
diovascular systems. In addition, physiological adaptation 51﻿,﻿ 143﻿,﻿ 145  
to space may imply neuro-vestibular issues, space motion sick-
ness, disorientation, impaired balance, neuromuscular coordina-
tion, fluid retention, orthostatic hypotension, ventricular 
arrhythmias, reduced cardiac muscle mass, sleep disorders, 
anthropometric changes, and psychological effects. 40﻿,﻿ 93﻿,﻿ 126﻿

 Over 40 yr ago, research revealed that exposure to micrograv-
ity in astronauts could result in a monthly bone loss of 1–2% 
compared to preflight and ground controls. 99﻿,﻿ 128﻿,﻿ 141  However, the 
impact of microgravity on bones is not uniform across the skele-
ton. 64  A recent systematic review and meta-analysis examined 
bone loss in various skeletal regions among space travelers. 9﻿,﻿ 13﻿,﻿ 112  
The changes induced by microgravity depend on the gravita-
tional force acting upon bones. 5﻿,﻿ 131﻿,﻿ 146  Weight-bearing bones 

exhibit a significant reduction in bone mineral density, whereas 
the effect of microgravity on non-weight-bearing bones remains 
controversial. 15﻿,﻿ 135﻿,﻿ 148﻿

 Exposure to microgravity and radiation during spaceflight 
significantly impacts the human immune system and poten-
tially reactivates latent infections like herpesvirus. Radiation 
exacerbates these effects through various mechanisms, such as 
compromising natural barriers to infection, weakening cellular 
defenses, reducing respiratory cilia function, increasing bowel 
permeability to microbes, and diminishing the bactericidal 
properties of serum. While immune dysfunctions might not 
pose severe problems during short orbital flights, clinical risks 
could be substantial in longer missions. Notably, spaceflight 
may lead to both hypoactivity and hyperactivity in the immune 
system, raising risks for infectious diseases, viral reactivation, 
hypersensitivity, or autoimmunity. 72﻿,﻿ 115  Especially under pro-
longed space travel and galactic radiation exposure, immune 
alterations could impact the control of dental biofilm and 
related diseases, underlining the importance of immune system 
management. 22﻿,﻿ 28﻿,﻿ 42﻿

 In prolonged human space travel, infection control is neces-
sary to mitigate the risk of illness. Understanding the immunol-
ogy impact is crucial, as extended space missions may 
compromise the immune system, making astronauts more sus-
ceptible to infections. 75﻿

 Crucian et al. analyzed medical records from 46 long- 
duration crewmembers of the ISS (average mission duration: 
162.95 d), investigating the incidence of several clinical symp-
toms from 1999 to 2016. 50  The incidence rate was 3.4 events/
flight-year. The events with the highest incidence were: skin 
rashes/hypersensitivity (1.12/flight-year); upper respiratory 
symptoms like rhinitis, prolonged congestion, and sneezing 
(0.97/flight-year); skin infection; ear-related issues (e.g., otitis 
media and externa); and herpesvirus (0.3/flight-year each). 
No event was reported by 8 crewmembers (17%) and 17 mem-
bers (37%) reported minor events.

 Several studies reported neurocognitive function 
issues. 32﻿,﻿ 76﻿,﻿ 77  Spaceflights lasting for 3 wk or longer were associ-
ated with changes in sensorimotor systems, like difficulties with 
posture control, locomotion, and manual control. Spaceflight- 
induced intracranial hypertension may lead to vision impair-
ment and potentially affect cognitive function. 78﻿,﻿ 133﻿,﻿ 134  This 
may implicate dysbiosis of the oral microbiome, owing to diffi-
culties in undertaking proper oral self-care maneuvers, increas-
ing risks for biofilm-related oral diseases like caries and 
periodontitis.  

 Space Dentistry
 Most of the initially retrieved evidence on dental complications 
and emergencies during or after flights derives from aviation 
studies performed in the “inner space.” Acute events like baro-
trauma, barodontalgia, headache, vestibular schwannoma, 
facial paralysis, and ear, nose, and throat complications have 
been frequently reported. Such studies are relatively easy to per-
form and may count on a wide population of both passengers 
and aircrews, allowing a more precise estimate of the incidence 
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of events. However, they may not reflect the situation encoun-
tered in outer space, where the subjects undergo longer periods 
of isolation and are exposed to several extreme conditions, 
which may prove stressful and pose serious risks to the crew’s 
health. 138﻿

 The older papers on space dentistry, published before 
1980, were all narrative reviews about observed and hypothet-
ical effects of spaceflight on the oral cavity, 36  the relevance of 
the most likely oral complications that could arise in short- 
and long-term missions, and the consequent relevant role 
played by space dentistry and dentists. Most of such papers, 
however, were excluded because the full text was unavailable. 
Several studies reported changes related to the oral and max-
illofacial tissues: head and neck barotrauma 46 ; temporoman-
dibular joint dysfunction; dysfunction of masticatory muscles 
associated with oral pain; dental and periodontal issues, and 
dental complications and adverse effects during or after 
spaceflights; ear, nose, and throat effects; and immune func-
tion alterations in relation to oral health. It has been suggested 
that microgravity may increase the prevalence of periodonti-
tis, dental caries, alveolar bone loss, jawbone fracture, pain, 
teeth and oral tissue dysesthesia, salivary duct stones, and oral 
cancer. 114  The review by Stevens et al. provides an excellent 
overview of the evidence regarding the effects of microgravity 
exposure on the management of complications of the head 
and neck region among astronauts. Most of the evidence on 
humans, however, is derived from sparse reports, events that 
occurred in aviation flights, and studies in simulated micro-
gravity conditions. The systematic review by Lloro et al. 
searched for oral health events in astronauts related to short- 
(≤30 d) and long-term space missions from 1969–2018. 60  
They included only five studies on short-term missions, 
reporting increases of cortisol, salivary IgA and IgG, and 
seven studies about long-term missions, with the most rele-
vant report being the increase of salivary IgA, as well as anaer-
obic bacteria and S. mutans  in saliva and dental plaque. That 
review underlined the paucity of studies related to oral health 
in spaceflight missions. Besides, some data on dental events 
and emergencies during space missions were found in the 
NASA Space Flight Human-System Standard: Volume 1: 
Crew Health, 86  and in textbooks on astronautics and space-
flights. Results obtained on small animals and cells will be 
briefly reported to describe the main changes observed in oral 
tissues upon exposure to spaceflight conditions.

 While microgravity-induced bone loss, especially in 
long-term spaceflights, is well-known, scarce evidence exists 
on potential changes in tooth structure, as well as periodontal 
tissues. 65﻿,﻿ 107﻿,﻿ 108  A recent systematic review focused on cranio-
facial hard tissues tried to address this apparent gap based on 
studies on different species and different teeth and bones of 
the skull. 83  From data from multiple Mir (about 180 d of 
duration) and Space Shuttle (9–15 d) missions, it was found 
that overall skull bone mineral density may significantly 
increase in astronauts, as opposed to other bones of the  
skeleton. 89﻿,﻿ 90﻿,﻿ 137  No specification was given about the differ-
ent skull bones. In several space missions, the hard tissues of 

rodents (rats and mice) were investigated. Bone-to-tissue 
volume ratio in calvariae demonstrated a nonsignificant 
trend toward increase, while it significantly decreased in the 
mandibles. A similar trend was seen in leg volume and hemo-
dynamics during microgravity simulations. 125﻿,﻿ 140﻿,﻿ 142  Another 
study reported minimal changes in mandibular bone volume 
and architecture, but alterations in tooth mineralization, 
which was attributed to diet, microgravity, and habitat envi-
ronment. 74﻿,﻿ 110  Wound healing was also assessed in rats. 1﻿,﻿ 30﻿,﻿ 33  
Dentin thickness and volume of rodent incisors did not sig-
nificantly differ between spaceflight and Earth controls. A 
bone turnover parameter (the osteoclast surface per mandib-
ular bone surface) was measured in a rodent study for the 
septal bone of the first and second molar, and the interradic-
ular surface between the roots of the second molar. No signif-
icant difference between test and control was detected in 
different missions. 83  No data on teeth structure were avail-
able on humans. Apparently, from the title, a paper in the 
Russian language would seem to address this gap, but it only 
evaluated periodontal pathogens and immunoglobulins from 
gingival fluid in spaceflight, giving general advice on oral 
hygiene.49

Changes in mammals’ gut microbiome composition (both 
humans and rodents) could affect bone mass loss in micrograv-
ity.16 A recent study suggests that the gut microbiome plays a 
key role in controlling the mechanism of bone remodeling 
through interactions with the immuno-endocrine system.11,59,61 
Microbes also produce various molecules associated with their 
metabolism, which interact indirectly with cells responsible for 
bone remodeling.

 There is scarce evidence of changes in oral tissues other than 
bone and teeth, all resulting from animal studies on rodents 
and a few other species. Histological examination of periodon-
tal tissues and oral mucosa revealed no differences between 
mice flown on Apollo 17 for 12.5 d and ground control mice. 95  
Lingual mucosa of rhesus monkeys after 30-d simulated weight-
lessness showed no changes. 120  The masseter muscle of rats 
after 13 d on the STS-135 shuttle mission showed no change in 
mass, muscle fiber distribution, and expression of muscle 
atrophy-associated genes, but power output decreased by 40%. 
Conversely, the anterior tibialis muscle underwent atrophy, 
showing mass and strength loss. 97  Functional loading is import-
ant in maintaining muscle mass. In space missions, a diet con-
sisting of solid food, as opposed to a liquid diet, could be more 
beneficial to masticatory muscles due to a more effective 
stimulus.

 Most of the evidence on barotrauma derives from aviation 
records but not from spaceflights. Head and face barotrauma 
include external otitic barotrauma, barotitis media, barosinus-
itis, barotrauma-related headache, dental barotrauma, and 
barodontalgia. 81﻿,﻿ 114  Barodontalgia is not a pathological condi-
tion itself but a symptom. Normally, it is an exacerbation of pre-
existing subclinical oral disease. Barodontalgia may be due to 
entrapment of gases in a closed chamber, like the root canal, 
which is unable to adjust the internal pressure. A decrease in 
atmospheric pressure may cause this phenomenon, which often 
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occurs because of defective tooth restorations, pulp necrosis, 
dental caries, periodontal disease, mucous retention cysts, and 
impacted cysts.

 The predisposing factors for in-flight dental fracture, identi-
fied in several case reports 44  and in vitro models, 21  are pre- 
existing leaking restorations and latent secondary caries below 
the restoration in the affected tooth before pressure change 
exposure. This further underlines the importance of careful 
dental check-ups before flight missions.

The retention of prosthetic reconstructions may depend on 
several factors like atmospheric pressure, adhesion, and gravity. 
Pressure changes may take place at the microtubules of the 
cement layer, resulting in a decreased retention of the crowns. 
The decreased retention with the tooth of the crowns cemented 
using glass-ionomer cement or zinc phosphate cement, can 
depend on the microporosities formed during the manipula-
tion of the cement. Such microporosities can enlarge and con-
tract upon atmospheric pressure changes, leading to impairment 
of the cement retention strength. It has been suggested that 
resin-based cement be used to lute crown and fixed partial 
prostheses in subject candidates exposed to atmospheric pres-
sure changes.106

 Temporomandibular disorders (TMDs) are a common 
stress-related condition that may correlate with dysregulation 
of cortisol and melatonin secretion. 118  Pain in the facial region 
may act as a greater stimulus for activation of the stress hor-
mone axis than pain arising elsewhere in the body. TMD’s etiol-
ogy is multifactorial, with known associations with sleep 
disorders and stress due to extreme and challenging conditions 
during simulated Mars missions. 39﻿,﻿ 89﻿,﻿ 98  Regarding masticatory 
muscles, mainly temporal and masseter, the available literature 
demonstrated spaceflight-related increased stiffness. Along 
with spaceflight-associated psychological stress, sleep distur-
bances and alteration of the circadian rhythm of the body may 
activate the autonomic nervous system and the hypothalamus, 
causing contraction of the muscle spindle fibers, and increasing 
muscle tonicity. This has a direct effect on the temporomandib-
ular architecture along with the skeleton mineral density 
loss. 15﻿,﻿ 98﻿,﻿ 141  In long-term space travel, parathormone concen-
tration decreases, causing a decrease in vitamin D metabolism. 
To counteract the risk of metabolic alteration, exercise, vitamin 
D and calcium supplementation, and appropriate body hydra-
tion are recommended. 135  Nevertheless, bone resorption and 
joint dysfunctions during spaceflights may represent serious 
issues for the oral and maxillofacial health of astronauts.

 Salivary glands, particularly the parotid, submandibular, 
and sublingual glands, exhibit microgravity-related morpho-
logical and protein expression changes, with men showing 
increased expression of secretory proteins than women.69 In 
space travel, due to decreased oxygen levels and breathing of 
dry compressed gases, a common complaint is xerostomia, 
which increases the risk of caries and periodontitis.

 Morphological changes were seen in the parotid glands after 
a 13-/15-d (STS-135 and STS-131 shuttle missions) and 30-d 
flight (Bion-M1 biosatellite).70,71 It is hypothesized that the 
underlying reason for these alterations, at least in part, could be 

the loss of neural stimulation due to reduced masticatory activ-
ity. This was suggested by previous experiments in which with-
holding food for 24–48 h or feeding rats with a liquid diet 
resulted in numerous autophagic vacuoles that contain degen-
erating secretory granules and an increase of apoptotic cells in 
the parotid gland.116,119 Also minor salivary glands could be 
affected by microgravity. Even though they produce less than 
10% of total saliva volume, secretion of these glands is continu-
ous, providing mucins and antimicrobial substances that lubri-
cate, moisten, and protect the oral tissues, especially when the 
major glands are inactive, such as during sleep. Microgravity- 
induced alterations in salivary secretions could, therefore, have 
significant effects on teeth and oral mucosa health. Previous 
studies showed that astronauts exhibit decreased salivary lyso-
zyme and increased dental calculus and gingivitis in response 
to spaceflight, which could increase the risk for caries and peri-
odontitis. 18  Alteration of food taste and flavor perception under 
microgravity was also reported. 121  Previous research on the 
ground showed that, since saliva usually collects mostly on the 
mandibular teeth under the influence of gravity, the beneficial 
effects of saliva are more effective on mandibular, rather than 
maxillary teeth. However, such a relation is reversed under 
microgravity conditions. Therefore, in astronauts, mandibular 
teeth may present either similar or slightly greater caries sus-
ceptibility than maxillary teeth. 111﻿

Periodontal health is strictly dependent on a good level of 
self-performed oral hygiene. A paper published in 1962 titled 
“Cleaning and Personal Hygiene in Space Flight Missions” 
showed that astronauts have paid attention to oral hygiene 
since the beginning of manned spaceflight.53,67 Since at that 
time the flight time was generally short, the most likely dis-
ease was acute periodontitis, which is caused by irritation 
stimuli to the periodontal tissues, such as retained food resi-
dues, while a chronic infectious disease like caries was con-
sidered to have an extremely low chance of occurrence. With 
the successful launch of the Mir space station, the astronauts 
began to spend long periods in the space environment and 
space dentistry made further progress. Some studies showed 
that long-term missions increase the incidence of dental car-
ies.62,109 Consequently, dental health checks for candidates 
for long-term missions were adjusted.62,147 In 2006 a report 
was published about an astronaut with a dental implant 
exposed to the space microgravity environment. The implant 
functioned normally during 6 mo of flight and the peri- 
implant bone mass remained stable. 44﻿

 In addition to microgravity-induced xerostomia and 
in creased levels of macrophage inflammatory proteins (an indi-
cator of bone loss), other factors challenging crewmember peri-
odontal health include poor oral health, anxiety, and flying 
exhaustion. Psychological stress may significantly affect the 
periodontal status, especially in prolonged space missions. The 
above-mentioned microgravity-induced oral microflora alter-
ations might also pose a challenge to biofilm-related oral dis-
eases, including periodontitis. However, no specific evidence 
about the actual periodontal status of human subjects on 
prolonged space missions exists. 111  Thus far, prevention and 
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treatment of oral-related issues during flight missions only 
relied upon rigorous preflight oral examinations and tempo-
rary treatment by medical staff using tools available in the den-
tal medicine cabinet. 10﻿

One study evaluated the effect of a freeze-dried diet on stan-
dard oral hygiene indicators in strict isolation and simulated 
conditions in 31 subjects. 41  The study concluded that a freeze- 
dried diet alone did not negatively affect oral hygiene and gin-
gival health. Biofilm formation and gingival inflammation were 
mainly related to insufficient or incorrect oral hygiene habits, 
worsened by the sticky consistency of freeze-dried food. Hence, 
integrating individual oral hygiene training into protocols for 
space missions and similar extreme isolation settings is recom-
mended to ensure proper technique and consistent oral hygiene 
procedures.

Periodontitis and caries are the most frequent causes of 
tooth extraction. Dentists (and flight surgeons) must be aware 
of the possible need for extraction of compromised posterior 
maxillary teeth. This surgical procedure may lead to oroantral 
communication, which could frequently result in sinusitis in a 
pressure-changing environment. Therefore, after maxillary 
molar extraction, the dentist must investigate possible oroantral 
communications. If present, the patient must be referred to an 
oral surgeon for closure, to avoid likely complications in flight.

Few adverse dental events in space were reported. A NASA 
dentist described a crown displacement in flight that was tem-
porarily repaired by the crewmember using onboard supplies 
and without any complications.74 On short-duration missions, 
crown displacement may be treated using temporary sealant 
and permanently replaced after return to Earth.

 Cosmonauts have also reported in-flight lost fillings and 
crowns, which were probably dislodged by the vibrations asso-
ciated with the launch.49,66 Some anecdotal events were reported 
by cosmonauts who experienced dental pain in flight.103 During 
the last 2 wk of his 96-d flight aboard Salut 6 in 1978, a Russian 
cosmonaut experienced excruciating dental pain. Space station 
Mir also had an in-flight dental event between March 1995 and 
June 1998, amounting to 1% of the medical events reported 
during that period. Dental caries were identified and treated 
using a temporary filling from a dental kit.38 Furthermore, 
between 1987 and 1996, the Mir program had 304 medical 
events documented and only 1 was a case of dental caries (inci-
dence rate of 0.01% per 100 d). In the Space Shuttle two pre-
flight cases of endodontic therapy and one in-flight temporary 
crown displacement in a crewmember in which a preflight 
symptomatic cracked tooth had to be temporized were reported. 
The crown was temporarily repaired with an onboard dental 
subpack, without any complications.

Numerous incidental and anecdotal events of dental dis-
ease in the Russian space program are reported, including 
dental caries, tooth pain, periodontal disease, gingivitis, peri-
apical abscesses, and barodontalgia.3 Most issues were 
reported in conjunction with the Shuttle-Mir program, 
though exact numbers are difficult to determine. In the 
United States and associated International Partner programs, 
dental issues are tracked, and treatment (caries lesion filling 

and root canal treatment) occurs before flight. In flight, 
occasional tooth pain and mild barodontalgia have been 
reported.  

 The NASA Integrated Medical Model
The Integrated Medical Model (IMM) is a statistical model 
developed by NASA to forecast the risks of medical events 
that could impact mission success during spaceflight.139 It 
was tested and validated using data from different ISS expe-
ditions and space missions. The IMM application allows pre-
dictions of total medical events, crew health index, probability 
of evacuation, and probability of loss of crew life as a function 
of mission duration and medical capability onboard. The 
findings can be helpful for risk managers and mission plan-
ners in performing cost-benefit assessments for mission fea-
sibility and research investments. 4﻿,﻿ 84  The IMM includes a list 
of 100 relevant medical conditions divided into 14 topics. 
The most relevant dental/oral conditions are: exposed pulp, 
caries, abscess, avulsion (tooth loss), crown loss, filling loss, 
toothache, mouth ulcer, acute sinusitis, and barotrauma.74 
After the first validation phase, the actual incidence of the 
dental-related event was lower than predicted.84,139 The like-
lihood of mouth ulcer was estimated as 0.96 per mission, 
dental caries 0.88, sinusitis 0.64, and dental abscess 0.068. 
Overall, the highest likelihoods are related to late insomnia 
(13.85 per mission), skin abrasion (9.86),17 skin rash (9.83), 
eye abrasion (7.42), and late headache (5.25).86

DISCUSSION

The existing knowledge on oral tissue modifications caused by 
microgravity and space radiation exposure is scarce and based 
on low-evidence-level studies. Gaps related to dental and peri-
odontal tissue changes upon long-term mission and the effects 
of space-related microbiota modifications on such tissues. 
Despite historical and recently documented changes to oral 
microbiota, musculoskeletal tissues, immune function, and 
other body systems, few dental issues have been reported 
during space missions. It is unknown, however, if such events 
were triggered by the spaceflight environment or would have 
occurred independently of space exposure due to exacerbation 
of undetected latent pre-existing conditions.

 The Link Between Oral and Systemic Health
 Oral health is strongly related to the general health status of 
individuals. Many systemic conditions have been associated 
with oral/periodontal health, especially cardiovascular diseases, 
stroke, pulmonary diseases, diabetes mellitus, adverse preg-
nancy outcomes, neurodegenerative diseases, and cancer. Some 
of these diseases are among the major causes of mortality. Two 
mechanisms have been hypothesized to explain the observed 
correlations: 1) chronic oral inflammation may increase the cir-
culatory levels of inflammatory markers, altering the immune 
response, or adding to the body’s systemic disease burden; and 
2) the mouth might be a reservoir for pathogens that may enter 

https://asma.kglmeridian.com | 2025-02-05



Space Dentistry—Del Fabbro et al.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 96, No. 2  February 2025    175

the bloodstream, causing systemic diseases to distant sites  
(bacteremia). Therefore, optimal oral health is critical for 
preserving global health. The astronaut’s health needs to be 
considered as a whole-body system exposed to a challenging 
environment. 136  To maximize global health, close coordination 
in healthcare must be established between physicians and oral 
health professionals, aiming to minimize biofilm-related risk 
factors to improve the astronaut’s overall health and quality 
of life.

 Microorganisms play a key role in the connection between 
oral and systemic health. Oral biofilms may reside within the 
periodontal sulcus even in the absence of clinical signs of peri-
odontitis, and tissue reaction may depend on the patient’s 
immune response to microorganisms and their by-products. 
Knowledge of space-induced alterations of pathogenic micro-
organisms and biofilms is crucial.

 Space Radiation, Immune System, and Microbial Challenge
In space, astronauts face two main types of radiation: galactic 
cosmic rays, consisting of heavy ions and high-energy protons 
from outside the solar system, and high-energy protons released 
by the Sun during solar flares. Within LEO, astronauts are pro-
tected by the Earth’s magnetosphere, but when traveling to the 
Moon and Mars, they are exposed to damaging radiation.119,120 
Scientists studied the space radiation effects on the immune 
system at NASA’s Laboratories, simulating exposures using 
heavy ion and proton beams.23,88,91 Heavy particles like iron 
ions in galactic cosmic rays deposit their energy in cells upon 
impact, causing significant damage. Conversely, gamma rays on 
Earth scatter through the body.

Paul et al.94 investigated the impact of microgravity and 
space radiation on mouse immune cells. Galactic cosmic rays 
and high doses of protons suppressed T helper and T cytotoxic 
cell functions, while gamma radiation did not have the same 
effect. Exposing mice to high-energy particles at different inter-
vals led to changes in the metabolomes, potentially affecting the 
immune system. The key question is how radiation-induced 
changes affect the immune system’s response to challenges like 
bacterial or viral infections. Understanding these effects is cru-
cial for ensuring the health and well-being of astronauts on 
long-duration missions. Alterations to the immune system 
during spaceflight may have serious consequences. T-cell and 
natural killer cell alterations in space may lead to persistent 
inflammation. A sign of immune dysfunction in space is viral 
reactivation. Normally, the immune system clears viral infec-
tions, but some viruses, like chickenpox or herpes, integrate 
their DNA into cells and can later reactivate. In astronauts, 
these viruses were detected in saliva, blood, and urine, indicat-
ing their reactivation in the body.47,72,73

 Recent advancements in rapid diagnostics have facilitated the 
swift identification of pathogenic microorganisms and their 
antibiotic resistance profiles in diverse settings, including 
space. 101﻿,﻿ 124  In-flight microbial monitoring is made possible 
through cutting-edge technologies like the Wetlab-2 Cepheid© 
SmartCycler and ONT MinION sequencing device. 127  The 
usage of nanopore sequencing technology, particularly MinION, 

allows for real-time monitoring of microbial populations during 
space missions. 128  To counteract the effects of the space expo-
some on gut microbiota, strategies such as optimizing diets, pre-
biotics, and probiotics are employed. 130  Pathogenic mechanisms 
are impacted by microgravity and radiation, with simulated 
microgravity serving as a valuable tool for comprehending 
microbial responses. 24﻿,﻿ 48﻿,﻿ 56﻿,  Microorganisms adapt to space con-
ditions by undergoing changes in their environment, influenc-
ing cellular processes. 19﻿,﻿ 102﻿,﻿ 123  Understanding these mechanisms 
is crucial for predicting bacterial growth, facilitating drug pro-
duction, and ensuring the maintenance of a healthy microbiome 
in space. 7﻿,﻿ 20﻿,﻿ 35  Further research is needed to gain a comprehen-
sive understanding of pathogens in microgravity and explore the 
potential of antimicrobial strategies in space exploration. 34﻿,﻿ 101   

 In-Flight and Preflight Oral Assessment
 Very scarce evidence exists on systematic assessment of oral/
dental/periodontal health parameters during space missions, in 
line with a recent systematic review. 60  Sparse incidental in-flight 
dental emergencies have been reported; however, their fre-
quency is quite low. Since some dental conditions are associated 
with unbearable pain and discomfort, which could compromise 
missions, not only is prevention critical, but also a deeper 
knowledge of actual changes that may occur in dental and peri-
odontal tissues throughout spaceflights. According to direct and 
indirect evidence from included studies, the risk of astronauts’ 
health deterioration tends to increase with increasing mission 
duration. It would be intriguing to correlate oral/periodontal 
health status (regularly monitored throughout the mission) with 
general health in such challenging environments. 52﻿

 It is recommended that candidates for space missions 
undergo comprehensive preflight oral health assessment. Any 
intervention, even for superficial caries, should not be post-
poned. Since many conditions often reported in spaceflight 
missions involve the stomatognathic system, such as malocclu-
sion, temporomandibular joint disorders, orofacial pain, stress, 
bruxism, tooth wear, sleep disorders, obstructive sleep apnea 
syndrome, and gastroesophageal reflux disease, a comprehen-
sive myofunctional and orthognathic preflight evaluation of 
astronauts is suggested.63 If even small dysfunctions are 
detected, that might affect the biomechanics of mastication, 
and the adoption of individual wearable devices such as mouth-
guards should be recommended. Detection and correction of 
malocclusion before the mission could also be beneficial for 
tooth longevity. Dental training of medical staff is essential. 
Many well-known tools, instruments, and indexes are available 
to perform a careful in-flight assessment of hard and soft oral 
tissue conditions to monitor the astronaut’s oral health status, 
and promptly intervene if small alterations are detected.14,144 
Nonemergency situations such as tooth chipping, painless 
tooth fractures, or small lesions are typically not immediately 
reported to dentists, but could easily worsen, especially in  
challenging conditions. It is therefore recommended to imple-
ment real-time data capturing and transmission, which would 
provide accurate information regarding the timing of such 
events and accelerate external consultation with ground-based 

https://asma.kglmeridian.com | 2025-02-05



Space Dentistry—Del Fabbro et al.

176    AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 96, No. 2  February 2025

medical personnel. This approach would facilitate timely diag-
nosis, effective prediction and risk assessment, and promote 
dental care if needed. 27﻿,﻿ 58﻿,﻿ 113﻿

Simple, predictable, and fast diagnostic tools are essential for 
early detection of any changes occurring in the body and estab-
lishing appropriate preventive strategies. A promising option is 
represented by the analysis of salivary biomarkers, which can be 
highly predictive of most pathological conditions.122 Salivary 
bioscience is becoming popular due to the straightforward and 
noninvasive sampling procedure, which may be performed by 
either health professionals or subjects without medical training. 
Several studies reported good correlations between blood and 
salivary biomarkers. The latter can be easily detected using por-
table or wearable biosensors. Given the need for space-saving 
toolkits in the space modules, salivary analysis could be a feasi-
ble option for rapid checking on the crew’s health (considering 
the known salivary changes upon microgravity exposure).

Larger studies are needed to strengthen observed trends and 
improve understanding of the effects of spaceflight on oral 
health. Comprehensive studies are crucial for long-term space 
travel planning, as also demonstrated by the NASA Twins 
Study.37 Advances in spacecraft and experimental design of 
studies will enhance future space travel outcomes.

 In conclusion, current evidence based on actual reports, 
medical records, and forecasting deriving from simulations, 
spaceflights, and predictive models showed that in-flight dental 
emergencies are a relatively rare event. The probability of a sig-
nificant in-flight dental emergency increases with the duration 
of the mission, but remains like those events observed preflight. 
Specific guidelines on preflight assessment of crewmember 
candidates and diagnosis and management of possible in-flight 
dental issues using advanced technology and modern tools are 
needed. Given the low evidence level of studies on space den-
tistry, such guidelines will have to rely upon the consensus of a 
panel of experts, including dentists, space physicians, and 
research scientists. Such a panel will also establish the future 
research priorities in space dentistry to address the existing 
gaps in knowledge.

 The effects of microgravity on oral health and possible sys-
temic consequences are a subject that is still not well under-
stood and requires further investigation. Overcoming the 
spaceflight factors affecting oral health has the potential to 
improve crew safety and the future of human spaceflight.
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