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Abstract 

This PhD thesis is the result of a four-year-long research project oriented to establish 

whether dentistry is relevant to the space race, and if, consequently, the creation of a 

scalable dental module capable of housing a treatment center for dental pathologies on 

the next manned missions to the Moon and Mars is necessary and feasible. 

 

Aeronautical and aerospace dentistry as a scientific field have made a discrete number 

of investigations about the effects of microgravity on the oral cavity, most of them 

historically located in the past decade. Space agencies around the world consider 

knowledge of aerospace dentistry to be a priority, both at a preventive level and in 

terms of treatment needs for space missions, in which a dental emergency could 

represent an important risk for the success of the mission. 

 

To establish if dentistry is relevant to space race and if, therefore, it is necessary and 

feasible to create a scalable dental module with several specific pieces of equipment, 

this PhD Thesis includes: 

 

Chapters 1 and 2: Two systematic reviews of the literature published to date on oral 

health incidents related to situations of isolation and microgravity, respectively.  

 

Chapter 3: The design and patent obtention of a device, named OralBioFilter (OBF®), 

aimed initially to avoid environmental contamination and cross-contamination in 

enclosed areas and to prevent aerosol dissemination from the mouth during dental 

procedures. 

 

Chapter 4: The analysis of the efficacy of this OBF® device by means of a comparative 

study made in a dental practice clinical setting.  

 

Chapter 5: The proposal of the design requirements of a module for dental treatment 

with the equipment, including OBF® device, specifically designed for the dental practice 

in microgravity conditions.  
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Chapter 1: 

The Incidence of Dental Needs During Isolated Missions Compared to Non-isolated 

Missions: A Systematic Review and Implications for Future Prevention Strategies. Mil 

Med. 2019 Mar 1; 184(3-4):e148-e155. doi: 10.1093/milmed/usy364. 

 

Dental emergencies in isolated groups have always been difficult to treat, especially in 

people or groups who need urgent dental assistance and cannot be evacuated (long-

term submarine missions, long-term space missions, military or non-governmental 

organizations’[NGOs] deployments in conflict areas, military maneuvers, etc.). The 

dental and evacuation problems could put the success of the mission at risk, with 

relevant associated economic and strategic costs.  

 

This study summarized current evidence about dental problems in isolated personnel 

(submarines and Antarctic missions) compared to other non-isolation conditions 

(military deployment in conflict area, military maneuvers) with the objective to assess 

the need for specific dental equipment in special long-term isolation conditions. To 

analyze this, Medline, Cochrane Library, and Dentalgate databases between 1960 and 

2017 for studies reporting dental diseases in long-term isolation conditions (with a 

minimum of one month) versus non-isolation conditions were searched. The 

comparison of the incidence rate was performed by fitting a Poisson regression model 

to see the effect of the individual's condition on the incidence of dental event. Thirty-

eight studies were included in the systematic review. Antarctic missions showed a 

higher dental incidence rate compared to non-isolation conditions, but submarine 

missions showed the lowest dental incidence rate.  

 

In the sub-analysis of acute dental events, the incidence rates of those with great 

impact on unit effectiveness were higher. Caries and secondary decay events were the 

most prevalent dental problem in all conditions, followed by periodontal pathologies 

and fractures of teeth or tooth problems that aren’t due to tooth decay in isolation 

conditions, and by molar and endodontic problems in non-isolation conditions. The 

most common acute dental events were third molar problems and endodontic problems 

in all conditions.  

 

This systematic review shows that the incidence of dental pathology in long-term 

isolation conditions may seem relatively infrequent, but it exists and is relevant. Dental 

events are unpredictable, unrelated to trauma, and caused mainly by poor dental 

status. Preventive measures considerably reduce the prevalence of such events. 
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Chapter 2:  

Lloro V, Giovannoni ML, Lozano-de Luaces V, Lloro I, Manzanares MC. Is oral health 

affected in long period space missions only by microgravity? A systematic review. Acta 

Astronautica 2020 167: 343–350. doi: 10.1016/j.actaastro.2019.11.015.  

 

Numerous studies describe the effect of microgravity on the body health of the 

astronauts. Some of these studies analyzed dental diseases and were conducted in 

conditions of microgravity and simulated microgravity, during short or long periods. 

Taking into account the increase of long space missions, it was necessary to 

systematically review the oral health events related with short and long periods spent in 

space missions with all the available evidence. 

 

To identify all relevant oral diseases attributed to the effects of microgravity, we 

performed a rigorous systematic review regarding the published articles regarding 

microgravity and dental diseases from 1969 to 2018. Databases such as PubMed, 

Cochrane, Scielo, Google Scholar and the NASA were consulted. Additional studies 

from the reference lists of the selected articles were included in order to get a better 

overview. Ten scientific documents (containing 12 studies) related to oral and dental 

health and microgravity were assessed. Five studies about short period missions (≤30 

days) were included.  

 

The studies showed increases of cortisol as well as salivary immunoglobin A (IgA) and 

salivary IgG. Seven studies about long period missions (>30-220 days) were included, 

and the most important fact retrieved was the increase of anaerobic bacteria. Future 

long-term missions to Mars or to space stations will require 18-24 months of exposure 

to microgravity, that, added to other conditions, could have potentially deleterious 

effects on human physiology, including oral health. Preventive measures, adequate 

material and training of the crew have to be applied to avoid an oral health event to 

jeopardize the mission. 

 

Chapter 3:  

OBF® auxiliary device for dental procedure patent (EP 3 360 508 B1). Application 

number: 17382070.5. Date of publication and mention of the grant of the patent: 

30.10.2019 Bulletin 2019/44 
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This chapter describes the Oral BioFilter(OBF®) patent: an auxiliary device for dental 

procedures that does not obstruct a patient’s buccal orifice, thereby enabling a 

healthcare professional to work normally during the procedure, being able to treat any 

accessible space or tissue through the mouth of the patient. The device is intended to 

be applied in or adjacent to the perioral area of a patient and comprises a flow-

generating member of a gaseous fluid that exerts a barrier effect between the inner 

area of the patient's mouth and the outside of the mouth; and a support of said 

member, which keeps it arranged in an area close to said perioral area. 

 

Chapter 4:  

Lloro V, Giovannoni ML, Lozano-de Luaces V, Manzanares MC. Perioral Aerosol 

Sequestration Suction Device Effectively Reduces Biological Cross-Contamination in 

Dental Procedures. Eur J Dent. 2021 Mar 12. doi: 10.1055/s-0041-1724152. 

(Published) 

 

The infection risk during dental procedures is a common concern for dental 

professionals which has increased due to coronavirus (SARS-CoV-2) pandemic. The 

development of devices to specifically mitigate cross-contamination by droplet/splatter 

is crucial to stop infection transmission.  

 

This study aimed to assess the effectiveness of a perioral suction device (Oral 

BioFilter, OBF®) to reduce biological contamination spread during dental procedures. 

Forty patients were randomized 1:1 to a standard professional dental hygiene 

treatment with and without OBF®. An Adenosine Triphosphate (ATP) bioluminescence 

assay was used to evaluate the spread of potential contaminants. The total number of 

Relative Light Units (RLU) from key dental operatory locations: the operator’s face 

shield, the back of the operator’s surgical gloves, the patient’s safety goggles, and the 

instrumental table were measured. Contamination reduction percentages between 

control and OBF® were compared. Primary outcome (total RLUs) was analyzed 

comparing the means of logged data, using a two-sided two-sample t-test. Secondary 

outcomes as RLUs of logged data for the different locations were analyzed in the same 

way. The proportion of patients from whom different locations reported events (clean, 

acceptable and failure) were analyzed using Fisher's exact test. For the whole dental 

environment, the percentage of RLU reduction (<150-units) achieved with OBF® was 

98.4% (97.4%-99%). Separating the results from each dental operatory location, the 

reduction in RLUs was from 99.6%, on the operator’s faceshield to 83% on the 

instrumental table. The control group reported a very high percentage of failures, 
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(>300) being 100% on the surfaces closer to the patient’s mouth and decreasing to 

70% on the instrumental table. In contrast, the higher failure percentage in the OBF®-

group was found on the patient’s goggles (40%), while the operator’s face shield 

showed an absence of contamination. OBF® device has shown efficient reduction of 

biological aerosol cross-contamination during dental procedures as proved by the ATP-

bioluminiscence assay. Nevertheless, for maximum safety, its use must be combined 

with standard protective gear such as goggles, face shield and surgical gloves. 

 

Chapter 5: 

The aim of this chapter is to describe the necessary dental equipment capable of 

housing dental procedures in long-term missions (2 years), and advanced dental 

treatments for stays that are longer than 2 years. It includes all the necessary 

equipment adaptations for weightless conditions, as well as an ergonomic distribution 

for the patient and the operator. The necessary equipment for diagnosis and for 

material sterilization is also supplied. This description will provide the physical basis to 

establish a specific and realistic dental intervention protocol in the future space long-

term missions and Mars settlement. 
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Dental incidence in isolated condition 
 

 

 

Dental problems in isolated and confined groups have become a concern for the 

potential patients, but also to the oral health and general health workforce who must 

deal with the prevention, as well as the treatment of the oral problem (1). Groups that 

are subject to isolation or with no chance to freely access or evacuate a location are 

particularly sensitive (1). In view of the future expansion of the manned space program, 

as well as research in Antarctica, submarine missions, or for populations serving in 

isolated or confined environments, oral health planning is essential for long-term 

missions (2). 

 

In the modern era, the first reference of dental problems in isolated conditions was 

reported in Antarctic expeditions from the earliest days of exploration. In this sense 

Cherry-Garrardwrote in 1911: “I do not know why our tongues never froze but all my 

teeth, the nerves of which had been killed, split to pieces” (3). In Scott’s Antarctic 

expedition, only one member possessed a toothbrush and he described it as “one 

essential portion of our equipment” (4).  

 

Later in 1963, the memorandum report 63-14 of the United States (US) Naval Medical 

Research Laboratory described oral health problems of submarine personnel and 

suggested a program for their management (5). This report showed information of 

dental problems in 1471 submarine patrol reports of World War II, indicating that “oral 

health problems of submarine crews disrupt the schedules and reduce the operating 

efficiency of submarines to a greater extent than is generally realized”. In this sense, 

despite the rigid admission standards, the crew suffered toothaches, infections and 

traumatic injuries with a considerable number of sick days that interferes with duty 

functions and were the source of discomfort to the crew (5). After patrol, dental 

examinations of 2363 men from 30 submarines showed that 31% had active dental 

caries, 7.3% needed dental extractions, 13.4% had gingivitis, and 1.2% had necrotizing 

ulcerative gingivitis.  

 

Subsequently, from June 1st 1959 to June 1st 1960 641 dental emergencies were 

reported in 71 US submarines (5). Some preventive measures suggested in this report 

included: “stricter adherence to dental standards in acceptance of submarine 

candidates; adequate correction of deficiencies prior to patrols, a course of training for 
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medical personnel in diagnosis and treatment of dental conditions, as well as certain 

additions to the present dental equipment carried on submarines” (5). 

 

During the 1980sKeller et al., in a study with a large cohort of 4728 US Army personnel 

during the period from 1982 to1984 showed that, of the total of dental emergency 

attendances, the pain was the main complaint for 72% of patients, with 25% of those 

having experienced some level of pain for more than 1 week (6). In this period of time, 

Nice reported that 7% of all medical evacuations occurring in US ships were due to 

noninjury-related dental problems (7).  

 

Already in this century, Deutsch showed that medical evacuations due to dental 

problems carried out in 240 US submarine patrols of the Atlantic and Pacific task force 

were 6.9% and 9.3%, respectively (2). In this study, 109 dental emergencies were 

attended, and 45 revisits were recorded during these patrols. Of these visits, 48.6% 

were for an emergency related to an endodontic or caries problem, 13.1% of which 

because of a dental problem during the 101-day submergence, 9.8% due to a canker 

sore, and 4.1% on account of a gum problem (2). 

 

Although we considered that the above studies were realized a long time ago with 

different standards of self-healthcare and worse healthcare measures than currently, 

recent studies have shown that dental problems are a reality in confinement situations. 

von Wilmowsky et al. (2015) found in a study carried out in a German naval task group 

formed of three hips that 71 (10.92%) patients (mean age of 25.1±5.3 years) required 

136 oral treatments, 17.65% due to emergencies, which was equivalent to 3.69% of all 

servicemen (650 soldiers) of the task group. The reasons for dental emergencies were 

in 95.84% caused by caries (8). The authors concluded that: 1) “The pre-screening of 

sailors before an overseas deployment is necessary to avoid severe dental 

treatments”; 2) “Caries remains the main cause for dental emergencies on board 

military ships”; 3) “If a dentist is not on board, medical doctors should be trained in the 

excavation of caries, trepanation, medical root canal treatment, temporary fillings and 

recementing of failed restorations, in order to handle dental emergencies”; and 4) 

“Soldiers with a lower rank have a higher probability of being treated for a dental 

emergency during overseas deployments” (8).  

 

Another study realized outside ship conditions was carried out by Gunepin et al., in a 

ground deployment scenario, the Operation Serval (9). The study comprised the period 

of February 15thto May 15th, 2013. In this period, 54 of the 338 medical evacuations 
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recorded were required to treat dental emergencies, 23.9% of which were due to 

nonbattle injuries with an average of 10.5 days of unavailability to treat this emergency. 

Thus, the authors concluded that: 1) “Dental casualties requiring medical evacuation 

are absent from their units for almost two weeks, which could drastically decrease their 

operational capacity and ability to complete their mission”; and 2)“Pre-deployment 

dental readiness and the presence of a dental surgeon in close proximity to deployed 

forces may reduce the number of medical evacuations required and the time away from 

the unit” (9).  

 

In terms of economic costs of dental emergencies in deployment scenarios, another 

study showed that the direct economic cost due to dental emergencies of US troops 

deployed in Iraq and Afghanistan during Operation Iraqi Freedom was estimated at $14 

million to return the soldiers to service. This was twice the cost of the treatment 

required for these dental events (10). 

 

Consequently, military and space health services in dentistry have as their primary aim 

to achieve a stable oral health status, so that personnel will be prepared to carry out 

assigned duties without loss of time or effectiveness attributable to an oral cause. In 

other words, the attainment of the objective or mission cannot be delayed or impaired 

by a predictable oral health problem (11, 12).  

 

On the other hand, it is important to note that, with the previous experience in isolation 

condition we know the risk factors that produce these events and then act on them 

decreasing the likelihood of dental emergencies during these situations. In this sense, 

preventive medicine has been widely used in different situations: servicemen on 

submarine missions are known to have lower levels of vitamin C in their blood due to 

the unique environmental conditions aboard submarines; this is true even for patients 

receiving dietary supplements of vitamin C (13). Regarding space travel, unique 

environmental conditions result in the depletion of nutrients from the body, the main 

problem being calcium homeostasis (14, 15). Regarding dental medicine, the 

preventive measures taken are an exhaustive and effective dental screening previous 

to the missions in submarines (16) and in the case of deployment, several countries 

apply a dental classification system before the mission, in order to send personnel with 

adequate dental conditions (8). 

 

As a corollary, to prevent and manage dental emergencies in long-term missions (e.g., 

space missions), previous data and solid knowledge about dental problems in isolation 
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conditions, as well as the importance of preventive measures are to be considered. For 

this reason, a systematic review, as part of this doctoral thesis, has been carried out to 

provide information of dental incidence in isolated condition.  

 

 

 

Oral health in microgravity condition 
 

 

The astronauts’ health has been a subject of the utmost importance, since they are 

submitted to another challenge aside from oral health added to isolation condition: 

microgravity. As previously exposed, in long-term missions in space the evacuation of 

the patients will not always be possible, thus the crew has to be trained to deal with any 

health problems, including emergency medical conditions. New health issues not 

considered to date and microgravity exposure for long periods of time have to be taken 

into account.  

 

The reports of dental events during space missions are scarce; only two countries 

(USA and Russia) have enough experience in space missions. Although there are 

other countries with space agencies, as China, no manned missions have been 

documented.  

 

The first documented dental problem occurred in space under microgravity condition 

was a Russian cosmonaut that reported incapacitating dental pain during the last two 

weeks of his 96-day flight aboard Salyut 6 in 1978 (17) without any contingency plan in 

place to solve such situation (18). Other documented dental problems occurred in the 

Russian Space Station MIR. In this sense, several dental events were reported in the 

MIR station between March 1995 and June 1998, comprising 1% of the medical events 

reported during that period (18). Dental caries were identified and treated with a 

temporary filling from a dental kit (19). In addition, between February 7th, 1987 and 

February 9th, 1996, MIR program documented 304 medical events, one of them related 

to a case of dental caries, resulting in an incidence rate of 0.01% per 100 days (18). It 

is important to consider that the lost fillings and crowns reported by Russian 

cosmonauts were thought to be due to the vibrations associated with launch (20). 

Moreover, cosmonauts have reported cases of dental pain during space missions (21). 
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In the case of US space experience, no written documentation about dental 

emergencies experienced by astronauts has been found (18). However in December 

2011, Hatcher described an in-flight crown displacement that was temporarily repaired 

by the crewmember with on-board supplies, with no mention of complications (18). 

 

Other cases of dental problems (pulpitis) that required emergent attention have been 

reported during the periods of pre-flight and post-flight in the US Apollo program (22). If 

these cases occurred during the space mission, the crewmember might not have been 

able to accomplish critical tasks because of the resulting pain (18, 22). Other three 

minor dental events (displaced crowns and tooth fractures) that required treatment in a 

pre-space mission phase have been also documented (18). 

 

More recently, in the shuttle program, similar preflight dental events (periapical 

abscesses) were identified and treated immediately two weeks before the space 

mission (18). And as it was reported in the Apollo program, if these events would have 

occurred during the space mission, the severe pain experienced by the crewmembers 

would have caused a significant difficulty to attain their operational objectives (18).  

 

It is important to note that the events described in space increase its magnitude and 

may thus interfere with both physical and psychological performance or increase the 

likelihood of injury because of higher error rates (19). 

 

NASA’s Space Medicine Division identified the medical conditions of concern for 

exploration missions and elaborated a list called The Space Medicine Exploration 

Medical Condition List (23, 24) based on the inability to adequately recognize or treat 

an ill or injured crewmember. Among the list of priority medical conditions that are most 

likely to occur during exploration space flight missions, there is a group whose 

diagnostic and treatment capability must be provided. This list includes dental health 

conditions related to: cavity and temporary filling, crown replacement, exposed 

pulp/pulpitis/periapical abscess, total avulsion or complete tooth loss and toothache 

(23, 24). 

 

Among the possible dental events, the most probable are pulpitis in a tooth which had 

previously been restored or severe, localized gingival inflammation with or without a 

periodontal abscess, added to their incapacitating associated pain (25). Another dental 

problem to be prevented is dental caries, although it was not considered a problem in 

missions of up to 3 months because of the high level of oral health of all crewmen and 
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the frequent dental evaluations they received (25). However, dental caries could 

constitute a problem in long-term space missions. 

 

To prevent health problems and, in particular, oral events, astronauts candidates, 

including those destined to the International Space Station (ISS), are submitted to 

medical tests and are required to meet minimum medical standards. The standards 

were settled by NASA in 1977, and included an oral clinical examination and imaging 

(panorex), as well as complete periapical dental X-rays within the previous 2 years 

(26). Moreover, according to the integrated mathematical medical model that simulates 

medical events to estimate the impact of these medical events for a given design 

reference mission (as near-Earth asteroid and Mars missions), dental emergencies 

have to be one of the top five conditions to predict to avoid its impact on mission 

objectives (27). 

 

Despite this, it is known that the long exposition to microgravity and radiation during 

long-term space missions produce an increase of oral diseases (28). In this sense, it 

has been documented that periodontitis, dental caries, bone loss, jaw fracture, salivary 

duct stones, and oral cancer are more prevalent after simulated microgravity exposition 

compared to Earth gravity (28-33). Moreover, it has been published that bone mineral 

density and bone mineral content were significantly lower, with higher levels of 

proteolytic enzymes as metalloproteinases 8 and 9 (MMP-8 and MMP-9), in addition to 

cathepsin and osteocalcin, under simulated microgravity conditions (32). 

 

Another important issue related to oral health is the fact that the oral region constitutes 

the portal of entry for pathogenic agents and acts as a reservoir for infectious micro-

organisms, consequently playing a role in cross-contamination and disease 

transmission (25).To prevent infections caused by dental problems that must be treated 

in reduced, isolated spaces, and to avoid cross-contamination due to the expansion of 

saliva droplets is mandatory. This is the rationale for the development of a suction 

device named OralBioFilter (OBF®) aimed to reduce cross-contamination by way of 

aerosols (34) that could be difficult to eliminate in microgravity conditions. 
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OBF® role in biological cross-contamination in dental 

procedures 
 

 

 

Maintaining a healthy and pathogen-free working environment is essential for the 

health of workers and, therefore, for work productivity. In space missions this principle 

is even more important as it has an impact on the success of the mission. It is therefore 

necessary to take measures to avoid contamination. The recent pandemics caused by 

coronavirus (SARS-CoV-2) which, on 11th February 2020, World Health Organization 

(WHO) named as “Corona Virus Disease” (35), has caused this concern to increase. 

 

In isolated conditions and in reference to dental clinics, it has been reported that the 

probability of pathogen transmission is increased due to high patient infectiousness, 

the absence of respiratory protection, and poor indoor air quality (36, 37). A sensitivity 

analysis has shown that the transmission probability is strongly driven by indoor air 

quality, followed by patient infectiousness, and by respiratory protection from medical 

face mask use (37). This work concluded that improving indoor air quality through 

ventilation and reducing carbon dioxide emissions is the most important factor for 

decreasing the probability of pathogen transmission (37). 

 

Effective protective measures must be adopted to prevent pathogen transmission (38). 

It has been described that cross-transmission of micro-organisms can be prevented by 

blocking the air contamination (39). At a macro level, increasing ventilation is required, 

but impossible when it comes to space missions, so the only option is to apply filters to 

purify the air in the facility (25). 

 

In the context of oral health professionals treating an oral problem, the cross-

contamination and dissemination of pathogens in a dental operatory environment is a 

concern during most dental procedures. Dental professionals must be aware that 

droplet and splatter (aerosols) have proven to be the main spread routes of oral 

pathogens (35).  

 

Oral droplet and splatter are biological substances (made of a combination of particles, 

gases, vapors, biological fragments or micro-organisms that are or have become 

airborne) with a diameter between 0.5 and 10 µm that have the potential to penetrate 

and lodge in the smaller passages of the lungs (40, 41). These particles are 
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disseminated during standard dental treatments (e.g., ultrasonic scaling, professional 

mechanical tooth cleaning, etc.) and are potential sources of cross-transmission of 

microorganisms (40, 42, 43).  

 

In this regard, dental operatories are high-risk zones due to the infectious bioaerosols 

produced by ultrasonic and high-speed rotary tools used in dental procedures which 

remain airborne for hours, most especially within 4.5 meters of the bioaerosol 

generating source (this is, high-speed tools used at the patient’s oral cavity) (42). 

Bacteria (such as streptococcus and staphylococcus) and viruses are common 

contaminants located in the mouth. Therefore, instruments that work with turbines, 

compressed air or water polishers are potential propagators of supra or subgingival 

microorganisms into the space around the patient and the professionals performing 

teeth cleaning or oral surgery procedures (42, 44). Dental procedures constitute a 

professional risk since they can become potential carriers of the disease due to their 

unique nature, which involves aerosol generation added to handling of sharp 

instruments, and close proximity to the highly contaminated oropharyngeal region of 

symptomatic and asymptomatic patients (45). 

 

Regarding space missions, cross-contamination is a significant risk factor for 

astronauts because, in the absence of gravity, particles of saliva or blood containing 

pathogens are released into the environment (34, 46). In this sense, the facility filters 

are not enough to avoid cross-contamination. For this reason, an aerosol suction 

device to reduce the dissemination of aerosol into the environment in absence of 

gravity during dental procedures was developed and patented with the OBF® brand (34, 

46).  

 

OBF® is a perioral suction device that consists of an ergonomic lip retractor that 

supports an extraoral suction device which connects to the dental chair's High-Volume 

Evacuator (HVE) suction system. It acts as a filter that prevents airborne micro-

particles from expanding beyond the work area, thus preventing the dentist or 

personnel in charge of this task from contamination, as well as the rest of the crew. 

Consequently, OBF® improves everyone’s safety by maintaining the dental workplace’s 

hygiene and cleanliness (46, 47). 

 

To assess the effectiveness of the OBF® device to reduce cross-transmission of 

microorganisms as a part of this doctoral thesis, a comparative study was carried out 

analyzing the contamination patterns produced by droplet and splatter during 
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professional dental hygiene with ultrasonic scaling followed by Professional Mechanical 

Tooth Cleaning (PMTC) with high-speed contra-angle handpiece measured with 

Adenosine triphosphate (ATP) by bioluminescence assay, a technique routinely used in 

hospitals and the food industry (48-51) for fast and accurate quantification of biological 

contamination on surfaces.  

 

 

 

 

 

Dental equipment for long-term missions 
 

 

 

Human nature has always led to exceed all limits, so we are destined to live beyond 

our planet, hence man has been developing a space program since the 1960s. The 

next set of goals in the conquest of space begin in our solar system and have as their 

nearest objective to build permanent inhabited colonies on the Moon and Mars. With 

the current technology, the trips to Mars and the Moon require long periods of time, and 

it is to be expected that permanence in these places will also be relatively long. Given 

the characteristics of these voyages and of the future colonies, these astronauts will 

live in a situation of isolation and confinement. Then, they will be subject to difficult 

travelling conditions and no possibility to receive external help or being evacuated from 

a location, thus being forced to deal with any emergency situation as for example a 

sudden disease or health problem. 

 

Dental problems in isolated and confinement situations will then be of concern, not only 

for the patients but also for the health workforce in charge. For this reason, with the 

expansion of the manned space program, a dental planning for populations serving in 

an isolated or confinement environment is essential (2).  

 

It is known that weightlessness and/or microgravity in space have a direct impact on 

human physiology (52-54) and oral health is also affected (33). The European Space 

Agency (ESA) and other agencies consider aerospace dentistry knowledge a priority, 

both at a preventive level and as a treatment in long-term missions, taking into account 

that dental pathologies are potentially incapacitating. In this sense, given the previous 

episodes of dental problems in space missions, a dental set and training initiatives for 

preventing dental pathologies was introduced in the next space programs (55). 
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However, few dental research projects have been executed in microgravity conditions 

(28, 56, 57). 

 

The next projects to Mars will require a bigger exposure to microgravity and isolation 

conditions, estimated between 18 and 24 months, which will have important effects on 

human physiology, including the oral cavity. It has been reported that several diseases, 

periodontitis, caries, loss of bone mass and fractures in the jaws, pain and numbness 

of teeth and tissue of the oral cavity, stones in salivary ducts and oral cancer, are more 

prevalent in microgravity (28), along with problems in immunity of the oral mucosa and 

the delay in the healing of wounds due to stress (58). On the other hand, in long-term 

missions, it will be necessary to include in the crew a health professional or to provide 

a staff member with enough healthcare training to make him or her 100% autonomous, 

since telemedicine options will be compromised by the delay in the communications 

(59). 

 

Although dental emergencies are the main cause of evacuation in isolated and 

confinement conditions (60), dental events have been uncommon in spaceships thanks 

to the health tests realized before the flight and the preventive measures applied during 

the crew training (28). It is expected that the increase period of the flights, will raise the 

possibility of dental emergencies. For this reason the crew receives a preparatory 

training for treating dental emergencies (28), but it has not evolved practically. 

 

The description of the necessary dental equipment capable of housing expected and 

unexpected dental procedures in long-term missions will therefore be mandatory in the 

future space voyagerships and inhabited colonies. This equipment will probably have to 

be included in health facilities in order to maximize the available space, since these 

places are expected to be small.   

 

Because of the costs and the logistic, the health facility must be dimensioned according 

to the mission’s duration (until two years or more), the number of crew members and 

the probability of certain oral health events in this specific period of time. This health 

facility with must include the necessary dental equipment in function of the mission’s 

characteristics. 

 

The health facility must contain equipment for diagnosis and for material sterilization. 

3D technology will facilitate the on-site manufacturing of pieces required for diverse 
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surgical procedures. The health facility walls must be painted with light tones of 

reflective paint, which is commonly used in dental operating rooms. 

 

The proposed equipment and materials that must be available in the health facility to 

take care of oral health foreseeable events include telemedicine equipment, such as 

Google Glass® or a similar device, material for preventing temporomandibular joint 

disorders, material and equipment for caries and endodontic treatment, periodontics 

treatment and for surgery emergences. In regard to advanced dental treatments, 

material and equipment for prosthesis for dental implants and for orthodontics also 

have to be included. 

 

The present work, as part of this doctoral thesis, tries to contribute to the space race by 

establishing ergonomic and safe spaces to optimize the emergency and rehabilitation 

of dental treatments, designing modifications with the current technology for the 

weightlessness and/or microgravity conditions to avoid problems that affect the 

success of the space mission. Moreover, a dentist or a crew member specialist in 

dental procedures that should prevent in-flight hazards when they treat members will 

be essential (61). 
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Hypothesis and Objectives 
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Hypothesis: 

 

Dental events that occur in isolation can compromise space missions even if they are 

not caused by trauma. Its prevalence and relevance must be assessed, since it 

requires prevention, diagnosis and treatment by the crew. Causal factors for oral health 

events in long missions need to be known in order to establish the priority of preventive 

measures and requirements for treatments. Consequently, the use of preventive 

measures and the inclusion of a dental module designed for the treatment in situ will 

reduce dental events in long-term missions. Among preventive measures, the 

OralBioFilter (OBF®) device could be a useful tool to prevent the spread of 

microorganisms from the oral cavity during the use of rotary or ultrasonic devices, thus 

avoiding cross-contamination in isolation and microgravity conditions. 

 

Moreover, the design of a scalable healthcare module, capable of housing a treatment 

center for dental and general pathologies with adapted equipment would be a 

requirement for future missions to the Moon and Mars. 

 

 

Objectives: 

 

1   To assess the incidence and prevalence of dental and orofacial health problems 

reported to date in situations similar to that of space mission crew isolation in order to 

establish the most probable dental and oral health events that a space crew could be 

confronted with. 

 

2    To determine the most probable causal factors of such dental and oral health 

events in both short and long space mission conditions. 

 

3    Validation of the Oral BioFilter (OBF®) device for the control of cross-contamination 

by aerosols and microdroplets. 

 

4    To determine the requirements to be established for the dental treatment module, 

in terms of equipment and materials required to respond "in situ" to the most probable 

situations (oral health events). 
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Results 
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The following publications report the results of the studies already carried out. 
 

 

Published studies in scientific journals: 

 

➢ Lloro V, Lozano-de Luaces V, Lloro I, Manzanares MC. The Incidence of Dental 

Needs During Isolated Missions Compared to Non-isolated Missions: A 

Systematic Review and Implications for Future Prevention Strategies. Mil Med. 

2019 Mar 1; 184(3-4):e148-e155. doi: 10.1093/milmed/usy364. 

 

➢ Lloro V, Giovannoni ML, Lozano-de Luaces V, Lloro I, Manzanares MC. Is oral 

health affected in long period space missions only by microgravity? A 

systematic review. Acta Astronautica 2020 167: 343–350. doi: 

10.1016/j.actaastro.2019.11.015. 

 

➢ Lloro V, Giovannoni ML, Lozano-de Luaces V, Manzanares MC. Perioral 

Aerosol Sequestration Suction Device Effectively Reduces Biological Cross-

Contamination in Dental Procedures. Eur J Dent. 2021 Mar 12. doi: 10.1055/s-

0041-1724152. 

 

 

Moreover, a European patent complemented the above publications: 

 

➢ OBF® auxiliary device for dental procedure patent (EP 3 360 508 B1). 

Application number: 17382070.5. Date of publication and mention of the grant 

of the patent: 30.10.2019 Bulletin 2019/44 
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Chapter 1: Long-term dental incidence in isolated 

condition 
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Chapter 2: Oral health in microgravity condition 
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Chapter 3: OBF patent 
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Chapter 4: OBF reduces biological cross-contamination 

in dental procedures 
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Chapter 5: Dental equipment for long-term missions 
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This chapter should serve as the germ of a future healthcare facility that includes a 

dental module to provide the physical basis to establish a specific and realistic dental 

intervention protocol in future space long-term missions and the Mars settlement. 

 

Plausible solutions to the observed dental events exist. For example, caries and 

endodontic problems can only be solved by placing on-site dental services with 

qualified personnel, either a dentist or specifically trained crewmember. Third molar 

problems could be solved by extraction during the previous dental screening, thus 

eliminating the inherent risk. On the other hand, the fact that periodontal problems are 

the second most common dental problem in long-term isolation conditions suggests 

that such a prolonged period of time affects dental hygiene and is probably aggravated 

by the astronauts’ diet. That situation would be easily solved by training the on-board 

medical officer in oral hygiene procedures to care for the crew. The use of discharge 

splints in a routine way would diminish the bruxism secondary to the stress in different 

conditions, thereby diminishing the incidence of dental fractures not secondary to 

caries as well as the incidence of joint and occlusal problems. We believe that with 

these measures the incidence of dental events observed in isolation and confinement 

conditions could diminish between 23.8% and 44.1% (36). 

 

The healthcare facility must contain the necessary equipment capable of housing oral 

as well as general health procedures in long-term missions. Among the requirements, 

an adequate multi-purpose equipment for diagnosis and for material sterilization is 

essential, added to an especially equipped laboratory for manufacturing dental 

treatment and other 3D printed devices. The healthcare module walls must be painted 

with light tones of reflective paint made with inorganic oxides that are 65% UV 

reflective, which constitutes the standard for dental operating rooms. 

 

In addition, it must be equipped with OBF® to limit the dispersion of saliva and blood 

drops out of the oral cavity and a ventilation and air filter system designed to purify the 

environment inside the module to prevent the dissemination of oral pathogens, thereby 

avoiding cross-contamination. For obvious safety reasons, this ventilation system must 

be separated from the one serving the rest of the spacecraft.   

 

Despite of the low number of dental problems reported in previous manned space 

missions, (i. e., none in Apollo missions), 5 of the 33 Apollo astronauts needed dental 

treatment during the 3 month pre-flight period (62). In the same manner, in Salyut and 

MIR missions, loss of fillings and crowns and dental caries were reported (55, 63). This 
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low incidence is by virtue of the previous exhaustive dental examination (55). 

Nevertheless, the probability of a dental problem increases with the mission’s duration 

and with the growing number of crew members, especially in future missions aimed to 

colonize the Moon or Mars (57, 64). Also, bone deficits in mandible and changes in 

teeth morphology and composition observed in some studies, may act to increase the 

risks of fractures and caries progression. Therefore, a healthcare module ready to treat 

oral pathologies will be needed to treat caries and fractures (65). 

 

The necessary equipment for diagnosis and for sterilization is based on routine clinical 

practice. Because of the lack of space dental modules and dental equipment to treat 

people in air due to the short durations of conventional airflights, the module is based in 

the dental equipment of military ships (8) and on what Häuplik-Meusburgeret al. 

exposed about dental treatment during a human Mars mission with remote support and 

advanced technology (63).  

 

The mission to Mars, with the current technology, will require between 18 and 24 

months. It will be the longest voyage in isolation conditions to date. The missions of 

more than two years of duration will correspond to colonies to be established on the 

Moon or Mars, although probably the personnel will be replaced along the mission 

duration. However, with time, these personnel will stay at least two years, since orbit 

missions in the space agencies of the ISS have lasted more than 300 days. 

Consequently, the present study proposes to divide the dental treatment requirements 

into two levels, corresponding to missions lasting until two years and missions planned 

for more than two years.  

 

Dental treatment requirements for two-year missions  

 

Equipment for sterilization 

 

An autoclave for hot steam sterilization under pressure could be a good option for the 

sterilization of surgical material in the pressurized conditions of a spacecraft, since it 

only needs water -that can be provided by the recycled water system- and electrical 

energy produced by solar panels and the spacecraft generation systems. 

 

Another option could be the ozone-based sterilization technology system Microgravity 

Science Glovebox (MSG) developed for the ESA to be installed on board at the ISS. 

MSG is a hermetically sealed incubator where experiments in the field of material 
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science, biotechnology, fluid science, combustion science and crystal growth research 

can be conducted in a close and protected environment. In order to avoid cross-

contamination the Glovebox needs to be sterilized between the experiment runs. The 

classical approach of hot pressurized steam cannot be applied inside MSG due to 

technical reasons and safety considerations. Therefore, another technical solution to 

sterilization was required. The advantage of ozone is that it decays into pure oxygen 

after 20 minutes at room temperature and leaves no moisture behind (66, 67). Portable 

ozone sterilization devices developed for cleaning small-sized delicate dental 

instrumental, demonstrate total elimination of Pseudomonas aeruginosa within 10 min, 

inactivation of Escherichia coli after 20 min of treatment, and Staphylococcus aureus 

after 30 min of treatment (67). 

 

Equipment for diagnosis: 

 

The basic and necessary diagnosis equipment must include: Google Glass® with a 

camera, for visual exploration of fractures and caries in order to transmit Earth, a 

situation observed in case of a dentist is absent; intraoral scanner and intraoral 

cameras to confirm diagnosis from Earth; dental pulpovitalometer and cold test to 

determine pulp vitality; articulating paper; periodontal probe; Digital Imaging Fiber-Optic 

Trans-Illumination (DIFOTI) instrument; ultrasound; portable X-ray and Cone Beam 

Computed Tomography (CBCT) only for cases of extreme need 

 

The use of radiation-based technology should be avoided as much as possible given 

that one of the great problems of space exploration is the management of the ionizing 

radiation received by astronauts. 

 

Ultrasonography (US), a noninvasive, non ionizing, inexpensive, and painless imaging 

tool could be an alternative. US has been investigated for its capability to identify 

carious lesions, tooth fractures or cracks, periodontal bony defects, maxillofacial 

fractures. It has been used as a diagnostic aid in temporomandibular disorders, implant 

dentistry, and to measure muscle and soft tissue thickness (68). It constitutes a very 

useful diagnostic tool for many other medical situations to be cared for in space 

condition. 

 

The use of Google Glass or a similar device in surgical settings is of particular interest 

due to the potential of the hands-free device to streamline workflow in an operating 

room environment (69). This device will serve as a head-mounted wearable with 
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several “apps”. It will provide information on the steps to be followed in each treatment 

or information to transmit to Earth what you observe on real time to obtain a second 

opinion about the diagnosis or procedures to be followed, although sometimes the 

delay in communications could be a limitation in urgent procedures (70). 

 

A recent systematic review showed that Google Glass, despite their technical 

limitations, are well received in surgical settings due to its potential for training, 

consultation, patient monitoring, and audiovisual recording (69). 

 

Preventing temporomandibular joint disorders: 

 

Although there is not enough information on dental prevention in space, it has been 

reported that fractures and other joint disorders in the jawbone are more prevalent in 

simulated microgravity compared to Earth’s gravity (28). Hence, the use of splints could 

be an option to prevent jaw and dental movement. In this sense Häuplik-Meusburger, 

et al., reported that it is more likely that trauma and stress-induced bruxism will become 

the main causes for dental problems due to the previous screening and the exhaustive 

dental hygiene during the mission (63). Moreover, it has been recently described that 

splints are an efficient tool for decreasing the pain commonly associated to intra-

articular temporomandibular disorders (71).  

 

Periodontics 

  

Prevention strategies such as personal hygiene are the best armamentarium against 

periodontal problems. However, according to Wolffe's law, bone demineralization in 

microgravity is to be expected, with the demineralization rate showing losses of 1-2% 

of bone mass per month in flight (72). The demineralization of the skullbones and teeth 

that occurs in microgravity could explain the higher prevalence of periodontitis (57). 

 

Surgery (emergency) 

 

Oral emergency surgery is limited to extractions, since pain could be managed with 

medication. The most common reasons for teeth extractions are non-restorable caries, 

periapical lesions, periodontal diseases, or trauma; sometimes third molars causing 

recurrent infections are also to be removed (73). Preventive extraction of third molars is 
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thus to be considered as one of the mandatory preventive measures to be applied prior 

to launching the mission (74). 

 

Moreover, several studies have found that the intraoral pressure changes during flight 

adversely impact the healing process in the early post-extraction period (75, 76). 

Additionally, after a posterior maxillary tooth extraction, the site should be explored for 

oroantral communication (OAC); if it is present, an oral health specialist is required to 

solve it. In this sense, it is relevant to consider that OAC can produce sinusitis and 

other adverse outcomes (61, 73, 77).  

 

The procedure in case of jaw or teeth fractures is too limited given the risk of maxillary 

necrosis because of the preventive prescription of bisphosphonates to astronauts. In 

this regard a recent study concluded that combining exercise with the bisphosphonate 

prescription may be useful for protecting bone health during long-duration spaceflight 

(78). However, bisphosphonates predispose the maxillary and mandibular bone to 

develop osteonecrosis (79). Another study concluded that the prevention of the 

bisphosphonate-related osteonecrosis of the jaw represents the best method of 

treatment (80).  

 

Caries and endodontic treatment 

 

First-hand experience 

 

As occurs with joint disorders, it has been reported that dental caries are more 

prevalent in simulated microgravity compared with Earth’s gravity (28). However, only 

one case of dental caries was reported from the MIR space station which was treated 

with a temporary filling from an available dental kit (81). Nevertheless, the mission 

duration increases the probability of event occurrence. Regarding the use of dental 

composite resins to filling and repairing caries one experiment entitled “Composite 

Photopolymerisation for Teeth Repairing” (56) in the 7th ESA Student Parabolic Flight 

Campaign 2004 project in microgravity conditions was realized. The investigators were 

dentistry students with no previous experience in microgravity. Moreover, the material 

and equipment supplied for the study were the same used in routine dental practice. 

The results of the polymerization procedure carried out in microgravity were not 

satisfactory, mainly due to the flight conditions that are different to stable microgravity 

of international space station. Consequently, we concluded that the filling and repair 

caries materials have to be adapted to be applied in space conditions. 
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The injectable composite resin technique is an indirect/direct method that uses a 

transparent silicone index for an accurate and predictable translation of a diagnostic 

wax-up into composite restorations without the need for tooth preparation. In this case 

the material necessary for dental reconstruction are splints flow composite and the 

usual UV lamp for simple indirect reconstructions, as described by David Geštakovski 

(82, 83). The 3D model transparent splints of the crewmembers could either be 

provided before the mission or printed in situ to carry out the restoration, even if the 

medical officer serving the crew is not a dentist. 

 

Endodontic treatment 

 

The novel concept of guided endodontics has been reported as an effective and easy 

method to obtain safe and reliable results in root canal treatment (84). The guided 

approach allows predictable, efficient endodontic treatment with minimal removal of 

sound dentine and less risk of root perforations (85). Thus, the CBCT and 3D scans of 

the crewmember’s dentition must be included in their respective medical 

documentation, to be used by the Earth dental team to design an endodontic splint 

guide if required. Then, the medical crewmember will print the device that provides 

insertional angle, root canal localization and working length to carry out the endodontic 

procedure. 

 

Advanced dental treatments for missions longer than two years 

 

Prosthesis and dental implant 

 

Regarding long-term missions, it would be mandatory to obtain all dental models of the 

crew members for their eventual substitution by means of dental implants. Although 

there is no experience in space missions, dental implant rehabilitation, for example, is 

mandatory for German Air Force pilots due to the resultant improvement in phonation, 

nutrition, and well-being, thus avoiding causes for incapacitation in crew members (73, 

86).  

 

The equipment necessary to carry out would be a 3D intraoral scanner, as well as a 3D 

printer or Computer-Aided Design Computer-Aided Manufacturing (CAD-CAM). 

However, since the dental product has to be adapted to the patient’s needs and, in 

normal conditions, it is usually inserted by the dentist (63), it is necessary that a crew 

https://www.researchgate.net/profile/David-Gestakovski-2
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medical member is trained to solve this situation. As previously described, the 

procedures for treatment could also be simplified. However, in missions with more 

members the inclusion of a dentist in the health team is mandatory.  

 

In clinical practice, the quality criteria that must be assessed after implants are placed 

included: fixation, radiographic examinations, mucous membrane–gingival harmony, 

occlusion, and articulation (87); thus, these quality criteria must be also adapted to 

space conditions in order to facilitate the treatment and avoid incapacitation in crew 

members. 

 

Orthodontics 

 

This dental procedure is thought for the colonizers’ descendants. This procedure deals 

with correcting defects and irregularities of the position of the teeth, and it must be 

carried out according to routine clinical practice taking into account the space and 

microgravity limitations. Since systems providing 3D printed splints adapted to the 

patient’s dentition and to the advance of the orthodontic treatment are alredy in use in 

clinical practice, these could be equally applied in space conditions. 

 

As a conclusion, this dental module design provides the physical basis to establish a 

specific and realistic dental intervention protocol in future space long-term missions 

and the Mars settlement. The necessary equipment presented here is the one used in 

usual clinical practices that in most cases do not need especial adaptations to 

microgravity conditions. The recent patent device (OBF®) has been demonstrated to 

avoid the material and salivary dispersion, allowing maintain the aseptic conditions in 

the module.  

 

It is important to emphasize that dental hygiene and diet are the main preventive 

measures. Despite this, a routine professional control is necessary to achieve dental 

health status. Taken together, a dental module must be a reality for the success of 

future long-term missions and for future human settlements on other planets. 
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Oral prevention through oral hygiene and certain dental treatments, together with the 

ability to solve unpredictable events in situ, is relevant to achieve success in isolation 

conditions. There are dental events, a high percentage of which are periodontal 

problems, secondary to problems with wisdom teeth and secondary to bruxism, which 

force the evacuation of mission members in isolation or semi-isolation situations.  

 

These events can be avoided or modulated either by standardizing basic periodontal 

treatment to reduce the level of dental plaque and therefore reduce the chances of 

periodontal problems requiring advanced treatment, or by preventively extracting 

wisdom teeth before such missions, or by introducing an unloading splint in the basic 

sanitary kit of the members of these groups to reduce the pernicious effects at oral 

level (dental fractures not related to caries, joint pain, pain due to muscular 

contractures, etc.) of the logically expected increase in the level of stress during long-

term isolation missions. 

 

The effects of microgravity in the deterioration of oral health have been proven, but we 

have also determined that oral problems in people who have been in microgravity 

conditions can be found in an environment of multiple factors where microgravity, 

changes in diet, isolation, exposure to ionizing radiation, relative lack of hygiene, 

among others, converge. 

 

A study was conducted during the COVID-19 pandemic with the OBF® device in which 

we first determined that the airway, via aerosols, is a critical contamination pathway not 

only in a medical module in space in isolation conditions but also as we would expect in 

normal clinical practices in dental clinics on Earth (supported by all post-pandemic 

studies).   

 

We determined that after 15 minutes of professional ultrasonic dental prophylaxis 

treatment, all surfaces tested within a 1.5 meter radius indicated a level of 

contamination deemed intolerable in healthcare facilities. In addition, we found that 

there is a simple, efficient and cheap procedure to assess the spread of aerosol 

particles in the surgical area, which proved that the use of the OBF® suction system, 

specifically designed to prevent the spread of aerosols, is highly effective in minimizing 

this pathway of cross-contamination. 
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Discussion 
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Although beforehand it may seem that the researching aerospace dentistry may be 

related to a small niche, the reality is that the results of these investigations affect 

global problems (in this case, those related to oral and dental health), as shown by the 

diversity of nationalities and institutions that have referred to the results reported by this 

thesis. Indeed, many of the advances of the space race have served to improve oral 

health clinical practices. In our case, the development and patent of a suction device 

(OBF®BioFilter), specifically designed to prevent the spread of aerosols in space, has 

served to demonstrate its efficacy avoiding aerosol dissemination during the COVID-19 

pandemic in routine dental practices. 

 

The main issues of oral health affecting personnel in isolated conditions, as reviewed 

by Ngan et al. (88) reveal the relationship between oral status and cardiovascular risk 

in Cameroonian military population. The study concludes that there is a high level of 

correlation between these two diseases. Four articles of this systematic review report 

oral pathologies in military population, from which three refer to specific populations 

from their respective armies (Croatian, Japanese and Serbian) (88). The authors 

conclude that the higher prevalence of periodontitis in all the analyzed military 

personnel is to be attributed to the isolation conditions, in agreement with our study. 

Moreover, they relate the periodontal status with the prevalence of cardiac events in 

these specific populations, as suggested initially by Cardoso et al. (89). 

 

Moreover, recently, Bárcena García M et al. (90) reported that most of the periodontal 

health studies carried out in military populations from the 1920s were conducted mainly 

through cross-sectional observational studies. Their reviewed results show that the 

assessment of the patients’ periodontal status was made using the WHO probe and 

three indexes: the CPITN periodontal index and the gingival and plaque indexes, both 

developed by Silness and Löe. They found limitations related to the epidemiological 

design and/or implementation of such analysis, which may reduce the 

representativeness of the results and their comparability (90).These results confirm our 

use of the definition “dental events”, which was based on the poor assessment of oral 

health problems as medical emergencies, despite of the eventual effects of a dental 

incidence in long-term space missions (36). 

 

The expected incidence in these missions will be even higher than the one described in 

deployments, mainly because of its extended duration. Moreover, diet monotony, the 

lack of variety of fresh foods (9), and poor dental hygiene (91), added to microgravity 

and the limitations of air renewal make maintaining a good dental status difficult. These 
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added conditions could facilitate the progress of mild dental events to events of greater 

severity (64) and consequently require an evacuation to a dental treatment facility (92). 

Such facts explain the need for oral health preventive measures, and the prevision of 

dental equipment and trained dental personnel to address dental conditions (8, 9) in 

future manned missions, as described by Thirsk RB (70). 

 

Added to isolation condition, microgravity has been proven to be an important factor in 

human physiology (64). Although their effects are still unclear and mainly derived from 

simulated microgravity studies (93), the exposure to microgravity, added to a radiation 

environment during short and long-duration space missions, has been proven to cause 

serious effects, mainly to the cardiovascular, musculoskeletal, nervous and 

stomatognathic systems, among others (64, 70, 94). 

 

Microgravity has been recently proven as the responsible for biological modifications: 

indirectly, by altering stress biomarkers (95, 96), alterations in the adaptative immune 

system (reductions in T-cell proliferation and cytokine production, as well as NK-cell 

function impairment) during long-term spaceflights (97, 98), and directly, by generating 

metabolic cell stress through the increase of reactive oxygen species (ROS) (99). 

Moreover, the radiation has a role in the induction of ROS modifying the equilibrium 

between reduction and oxidation, promoting oxidative damage in biological physiology 

(100) (Figure 1). 
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Figure 1. Scheme of the oxidative damage response in the space environment. The space environment is 

created by a mixture of ionizing radiation of a different quality and by reduced gravity (microgravity). Under 

these conditions, reactive oxygen species (ROS) are generated by radiation-induced radiolysis and by 

microgravity, causing oxidative stress leading to cellular damage in the oxidative DNA/RNA damage, lipid 

peroxidation, protein oxidation, and impairment of antioxidant activity. Reactive nitrogen species (RNS) 

induced by radiation also participate in the increase of oxidative stress. Once activated, the oxidative 

damage response interfaces with the DNA-damage Response pathway to counteract the combined effects 

of radiation and microgravity. Extracted from (101). 

 

 

To avoid the harmful effects of space radiation in the two types of danger for space 

exploration (firstly, the risk of not completing the mission and, secondly —but not less 

important—, maintaining the health of the explorers after their return to Earth), 

countermeasures for radiation protection should be taken as described by Hellweg CE 

(102). 

 

A recent review has shown the effects of ROS on the biological processes (Figure 2), 

proposing antioxidant formulations to be developed for the maintenance and mitigation 

of the space crew members’ deleterious effects (103). This review attributes the cellular 

damage to the combined effects of microgravity and radiation. 
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Figure 2. Effects of space missions and ROS on general physiology. A high level of ROS can damage 

hepatocytes. The damage results in increased lipid droplets in the liver, increased triglycerides, and loss of 

retinoids from lipid droplets in stellate cells, PPAR-ɑ dysregulation, and diabetic changes that can cause 

NAFLD. B Space radiation damages skeletal lipids and increases the activity of NRF2. ROS acts as a 

second messenger during RANKL activation and differentiation. This increases bone resorption and 

osteoclastogenesis. C Microgravity and radiation can cause red blood cell destruction, which releases iron. 

The iron then acts as a cofactor in excess ROS production to accelerate oxidative damage and ultimately 

cause muscle atrophy. D Increased production of ROS and NOX leads to endothelial dysfunction and 

promotes myocardial necrosis. E Oxidative damage causes neurodegeneration that can alter 

neurotransmitters, induce psychiatric disorders, and dementia. F The innate immune system requires the 

production of ROS in the defense of microorganisms within the phagocytic process and the inflammatory 

response. However, a dysregulation in the production of ROS induces a lower lymphocyte response, 

impairing phagocytosis and increasing susceptibility to latent infections such as HSV. Extracted from 

(103). 

 

The space environment is hazardous: psychological stressors (loss of privacy, reduced 

comforts of living, and distant relationships with family members and friends) interact 

with biological stressors (microgravity, radiation, alteration of biological process, 

microbial modifications, etc.) to influence the success of future space human missions 

(70). 

 

Numerous studies have demonstrated that microgravity can directly stimulate 

osteoclastogenesis and increase bone resorption in space (25) or in a simulated 

microgravity environment (72). These findings indicate that osteoclasts and their 

precursors are the direct targets of mechanical forces. Consequently, the proposed 

measures to ameliorate bone loss in space missions are resistance exercises, together 
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with an adequate energy intake (104). However, the underlying mechanism remains 

unclear (105). In this sense, it is interesting to remark that moderate and 

severe periodontitis patients were found to have 1.56 to 2.09 times the risk 

of osteoporosis respectively, compared to patients without periodontitis (106), thus 

suggesting a potential role of inflammation (periodontitis) in the systemic onset of 

osteoporosis (89). 

 

There is a lack of knowledge about oral health risks for long-term missions such as 

Moon missions. This is because in the "Russian program crews health state monitoring 

in spaceflights" (107) as well as in the NASA program (108), practically, despite all 

aspects of astronaut physiology: cardiac activity, urea and blood analysis, and even 

audiometry were monitored, no oral or saliva controls were carried out. The chromato-

mass spectrometry method tests confirmed that on the seventh day of flight there is an 

increase in the microbiota pathogenicity potential; that is, a quantitative increase of 

conventional pathogens and a decrease in the protective groups (109). Microbiome 

perturbations during long‐term spaceflights should be prevented by prophylactic 

strategies, such as the reduction of pathogen load in the spacecraft’s microbiome and 

the crew, the latter by microbiome remodelling (110).Therefore, it is surprising that the 

most complete models of medical supply and astronaut health as the one proposed by 

Assad A (111) do not contemplate oral pathology or its treatment. 

 

Regarding the above mentioned biological stressors and focusing on oral and dental 

health status, we found the information about dental events under microgravity for long-

term periods to be scarce (112). However, it has revealed several oral health changes 

related to different microgravity exposition periods, as well as simulated microgravity 

exposition periods (113, 114), which have common aspects with other confined 

habitats (115). 

 

A systematic review of Ghasemi S. et al (116) analyzed the potential changes in oral 

health by secreting specific salivary proteins (salivary biomarkers) during space travel, 

reaching conclusions similar to ours in which we determined that there is an oral health 

affectation given the number of dental events described, including the modification of 

salivary protein secretions, which could significantly worsen oral health. 

 

In fact, Ghasemi S. et al.’s (116) achievements agree with our conclusions: further 

studies should be conducted in groups of astronauts participating in space missions 

longer than six months since the existing data are very limited, and refer to short-term 
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physiological changes under the circumstances of living in a spacecraft and its adverse 

effects on oral health, which cannot be extrapolated to long-term missions. 

 

Currently, the main line of research in microgravity conditions is focused on its effect on 

the alteration of the microorganisms present in the human body (microbiome) and in 

the habitable sites of space environments. In this sense, in 2020 Ávila-Herrera et al. 

described the microbial profile in the mouth, nose, ear, skin and saliva of 

crewmembers, as well as eight localizations of the International Space Station (ISS) at 

different time points (pre-, during, and post-flight) (117). These results showed that 

skin, nostril, and ear samples are more similar in microbial composition to the ISS 

surfaces than mouth and saliva samples. Moreover, the microbiome of the surfaces 

inside the ISS resembles that of the crew's skin, with differences in microbial 

composition between spaceflights due to different crews (117).  

 

Another study focused on habitable environment of ISS, has isolated and identified four 

strains belonging to the family Methylobacteriaceae, collected from different locations, 

that were considered novel species belonging to the genus Methylobacterium (118). 

This result suggests that the microgravity and radiation could play a role on the 

generation of novel species.  

 

Regarding the oral microbiome, the increase in anaerobic microbiota in dental plaque, 

as well as the increase in Mycoplasma in saliva, which produces an increment of dental 

calculus and a state of gingival inflammation, have been described in studies within 

long-term missions with simulated gravity in Earth and in studies with astronauts in 

space stations from Skylab missions in space microgravity (119). The anaerobic 

microbiota (Bacteriodessp, Veillonellasp, Fusobacterium sp, Neisseria sp and S. 

mutans) was already discussed as one of the main causes of dental caries (120) while 

Veillonellasp, Fusobacterium spand Bacterioidessp are related to caries progression 

(121). Veillonellasp in plaque would represent up to 45% in the initial stages of 

gingivitis or associated periodontitis (122). Fusobacterium sp is a direct bacterial 

pathogen involved in the genesis of periodontitis and other periodontal diseases such 

as gingivitis, added to various associated factors (122). S. mutans, S. wiggsiae, P. 

denticolens, and L. salivarius, were found almost exclusively in plaques collected from 

dentin carious lesions. But S. sanguinis and certain species of Neisseria and 

Leptotrichiahave been frequently found in plaques collected from healthy tooth 

surfaces in children (123). 
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According to Skylab experience, the anaerobic species increase at 56 days in space 

microgravity (18, 25). On the other hand, later studies in ISS have shown that the 

microbiome diversity applicable to a single sample (alpha diversity) measure in saliva 

samples appears to decrease during 120-day flights and rebound after returning to 

Earth (117). In another study carried out in the same environment to assess the 

changes in microbial diversity and abundance, this decrease in alpha species was not 

found (124). Globally, no significant changes in the number or relative abundance of 

taxa were observed between collection time points, but the individualized analysis of 

the saliva samples of some astronauts showed significant changes in the relative 

abundance of taxa during and after space flight. For example, the relative abundance 

of Prevotella in saliva samples increased in two astronauts during time onboard in ISS 

while the relative abundance of other commensal taxa such as Neisseria, Rothia, 

andHaemophilus decreased (124).  

 

Other interesting finding in ISS was the significant increment of several antimicrobial 

resistance genes within the crew’s saliva as an elfamycin resistance gene and a CfxA6 

beta-lactamase marker, although the last one returned to normal levels post-flight 

(124). This suggests that spaceflight conditions could have a role in the growing 

number of antimicrobial resistance genes, so alternate antibiotics should be included 

for any treatment as periodontal diseases (124, 125). 

 

On the other hand, antibiotics should be used only if it’s absolutely necessary. The 

crew predicted to show a loss of microbiome species diversity over time, which should 

be monitored and, if observed, counteracted by long-term regular microbial input (i.e., 

by food) and reconstitution strategies (i.e., by autologous fecal microbiome transplants 

[aFMT] and others) (110). 

 

So, despite the results not being conclusive, microbial changes have been observed, 

and these changes returned to normal after the astronaut returns to Earth, but the 

information about long-term periods in space suggest a change in the microbiome 

(124, 125) and the habitable environment with the creation of novel species (118). 

Other causes related to oral microbiome alterations have been linked to: exposure to 

disturbing molecules (food ingredients such as sugars, gluten, chlorinated water, 

antibiotics, and a multitude of chemical products), lack of nutrients that encourage 

healthy colonies of bacteria (diets deficient in vegetables with fibre or with an excess of 

saturated fat) and situations that cause and maintain stress, such as the astronaut’s 

stress during missions, confirmed by the increase in cortisol in saliva (126).  
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Other oral components affected by microgravity are saliva and crevicular fluid that 

provide nutrients for microbial growth and contain components with antimicrobial 

activities (127, 128).Salivary proteins include agglutinin, mucins, proline-rich proteins, 

secretory immunoglobulin A (IgA) (glycoprotein), glucosyltransferase and other 

substances like salivary cortisol, and salivary alfa-amylase (31). Agglutinin, mucins, 

and proline-rich proteins affect the oral biofilm formation (120). They can promote 

microbial adhesion because the salivary film and its constituent proteins bind to the 

teeth and mucosal membranes (120).  

 

Secretory IgA antibodies from parotid glands or serum IgG derived from the gingival 

crevicular fluid may influence the accumulation of cariogenic microbiota at various 

stages of infection (120). In a simulation study of a Skylab mission and in Skylab 

missions 2, 3 and 4, secretory IgA increased persistently during chamber confinement 

and reached a maximum level by day 55 of sampling; moreover, there was an increase 

of S. mutans in dental plaque that was related with a high sucrose diet (25, 129). 

Salivary glucosyltranferase enzymes increase during long-term periods in simulated 

microgravity. These enzymes are essential for the expression of virulence by S.mutans 

in the pathogenesis of dental caries because of their ability to synthesize glucans from 

sucrose. The bacterial cell surface protein antigen with glucosyltransferase enzymes 

could mediate the binding of microorganisms to tooth surfaces (130). Recently, salivary 

secretory IgA, together with lysozyme, antimicrobial peptide LL-37, and the cortisol-to-

dehydroepiandrosterone ratio increased in ISS crew by day 180 before the launch, 

during the 90 days of the mission and until 66 days after returning to Earth (131). LL-37 

has an important role in oral health maintenance; low salivary LL-37 levels in patients 

with periodontal disease which were associated with the increase of pro-inflammatory 

cytokine as TNF-α and IL6 expressions have been documented (132), suggesting that 

space long-term periods increase the probability of presenting oral problems.  

 

The salivary cortisol increment and salivary alfa-amylase may be caused by stress and 

the activation of the sympathetic adrenomedullary system (31). This increase is in 

concordance with the progress and severity of periodontitis (133, 134). The intense 

relationship between stress and oral pathology, as with other systemic pathologies, 

encourages us to think that, in situations of special isolation such as microgravity 

conditions, it is necessary to manage stress with regular controls of cortisol in saliva 

and other, more instant controls, like the facial recognition systems by computer to 

monitor stress using facial signs (135). Cortisol as an oxidative damage mediator may 
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contribute to aggressive periodontitis due to the oxidative stress that seems to highly 

contribute to periodontal pathology (136, 137). In this line of evidence, a study showed 

that the growth rate of P. gingivalis was significantly enlarged after addition of cortisol 

(138). In a study with six crewmembers (three men and three women) at the Mars 

Desert Research Station (MDRS) during a short two-weeks period, salivary cortisol, 

alpha-amylase levels, and current stress scores were shown to be significantly higher 

after the end of the mission compared to before the start. Plaque levels and incidence 

of bleeding gums were increased during the mission. The investigators hypothesized 

that these outcomes were related to stress and improper oral hygiene (139). Similar 

results were obtained with salivary alpha-amylase in microgravity conditions (31). 

 

Taking into account that the human microbiome plays a significant role in maintaining 

human health, and that disruptions in the microbiome have been linked to various 

diseases (124), together with the alteration of the microorganisms presented in 

habitable locations in long-term missions (118), it would be essential to design a 

contingency plan and prepare the required dental equipment to prevent a dental 

urgency caused by these microorganisms. 

 

The recent pandemic caused by SARS-CoV-2 (COVID-19) has brought into focus one 

of the initial bases of our research: the previously neglected aerosol transmission 

pathway, which has been a determining factor in the explosive expansion of this 

pandemic. Suwandi T et al (140) analyzed the efficacy of high-volume evacuators 

(HVE) and extraoral vacuum aspirators(EOVA) during the COVID-19 pandemic, in 

reference to the reduction of aerosols and microdroplets created during the 

professional dental hygiene procedure based on ultrasound. 

 

This study compared different procedures: a saliva ejector was used alone as the 

control, to be compared with the same device in combination with HVE, and in 

combination with HVE and EOVA. The study included cross-contamination received by 

the operator and the assistant (Figure 3). 

 

https://www.linguee.es/ingles-espanol/traduccion/hypothesize.html
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Figure3.  Means of the contamination area according to scaling groups and paper filter 
positions. EOVA, extraoral vacuum aspirator; HVE, high volumen evacuator; SE, saliva 
ejector. 

 
The study concluded that the usage of HVE and EOVA significantly reduced aerosols 

and droplets compared with solely using the saliva ejector. These techniques together 

could prevent the transmission of airborne diseases during dental cleanings, especially 

COVID-19 (140).However, the results for all the groups studied are substantially worse 

(140) than those found by us with the use of the OBF® device (141). At the same time, 

it is interesting that the contamination data on the assistant are significantly worse than 

on the operator (140). These divergences in the results are fully understandable by the 

fact that the OBF® device generates an air curtain and a negative intraoral pressure 

that pushes the particles created inside the mouth into the suction section of the device 

or, failing that, sends them back into the oral cavity, thus separating the inside and the 

outside of the mouth, while using simple aspiration has very different effects on the 

aerosols and microdroplets produced inside the mouth. 

 

Chemical and bacterial contamination could lead to oral health alterations in a confined 

and isolated habitat, and therefore will require specific treatment and prevention 

protocols. In the case of dental problems that require surgery treatment, the 

dissemination of pathogen microbiota is a real risk. For this reason, the development of 

the OBF® device to specifically mitigate cross-contamination by droplets and splatter 

(aerosols) is aimed to effectively stop transmitting infections. In general dental practice, 

the use of protective measures is mandatory to prevent infections (142). The 

transmission of virus and bacteria in environment is mediated by contact surfaces (143) 

as well as from airborne particles (37, 144). The use of bioluminescence to detect 

biological contamination in different surfaces of the dental facility provides useful 

information to promote hygienic measures and avoid biohazard transmissions, and 
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then to detect a pattern of contamination to be applied in future health and dental 

space facilities, despite the possibility of the dissemination being altered due to 

microgravity conditions. Our results (141) confirmed those of a previous study that 

reported significant higher values of contamination and splatters after dental 

procedures in operator masks, goggles, chest, and gowned right arm, produced by 

droplet and splatter (43), also by means of a bioluminescence system, which is thus 

proven as a good method to detect cross-contamination due to aerosols. 
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Conclusions 
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This thesis aimed to stablish the basement to develop a scalable healthcare module, 

capable of housing a treatment center for dental and general pathologies with adapted 

equipment, for future manned missions to the Moon, Mars and other long-term space 

missions. The hypothesis and the proposed objectives have been confirmed and 

achieved, respectively. The main conclusions can be summarized as follows: 

 

➢ Dental incidence in long-term isolation conditions may seem relatively low, but it 

is factual and it is relevant. Oral health events are mainly unpredictable and 

related to caries and secondary decay events, followed by periodontal 

pathologies and third molar pathologies. Most are due to a poor dental status, 

and dental hygiene as well as to the lack of fresh and varied food, added to 

specific conditions from space missions.  

 

➢ Microgravity affects the oral and systemic health status during space missions. In 

short-term space missions in microgravity condition, physiologic changes such as 

the increase of IgA and salivary α-amylase and changes of the microflora have 

been observed.  

 

➢ Oral health alterations could jeopardize the success of long-term space missions 

by causing oral and systemic pathologies. In long-term space missions, it is 

mandatory to adopt specific preventive measures, train personnel to treat oral 

health events and employ special equipment. The use of preventive measures 

and previous screenings considerably reduce dental incidence rates. The self-

dental hygiene and the diet are the main preventive measures, but routine 

professional control is necessary to achieve an optimal dental health status.  

 

➢ The aerosol cross-contamination is a risk of infection in isolated conditions as 

long-term space missions. In case of dental event or procedure, OBF® devices 

have shown a significantly efficient reduction of biological aerosol cross-

contamination during routine dental procedures. OBF® devices provide a much 

improved protection but it is no substitute to other protective measures such as a 

face shield and mask, goggles and surgical gloves, which must still be 

considered mandatory.  

 

 

➢ The dental module design provides the physical basis to establish a specific and 

realistic dental intervention protocol in future space long-term missions and the 
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Mars settlement. Implementing the space dental module must be a 

multidisciplinary project involving engineers, physicians, pharmacists, chemists, 

biologists, astronauts, cosmonauts, etc., based on the expertise and experience 

of dentists and on the evidence shown in documents such as this thesis. 
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