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A ESA astronaut
Alexander Gerst practising
his medical skills on a
mannequin during
pre-flight training.
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Suffering from tooth pain? Then you will normally turn to a dentist for help.
But what happens on a long-term, deep space mission when a crew member
suffers from dental or jaw problems that cannot be treated and resolved
sufficiently by pain medication? It is highly unlikely a professional dentist or
dental technician will be part of a long-duration spaceflight and currently no
procedure or technology is available to sustain and restore teeth during long-
term missions, with the only planned and well-documented oral examination
in space dating back to 1973 (Figure 1). A European multi-disciplinary team
[1] is now developing a procedure that combines dental methods with the
technical feasibility of 3D technology and human factors research to create a
strategy that incorporates available resources both at the desired destination
and back on Earth.

t is vital that astronauts, cosmonauts or
taikonauts stay in good health during

possible health status of each crew member at
the time of launch.

their space missions in order to fulfil

designated mission tasks and return to
Earth in good physical shape. That is the reason
why a wide range of medical examinations are
carried out as part of the astronaut selection
process and during training to ensure the best

So far in the history of human spaceflight the
occurrence of dental injuries has been minimal.
During the US Apollo and Skylab programmes,
no dental problems which might have impacted a
mission occurred and, though there is no written
documentation of an inflight dental emergency



» Figure 1 - Skylab 2
commander Pete Conrad
undergoes a dental
examination by medical
officer Joseph Kerwin. In
the absence of an
examination chair, Conrad
rotated his body to an
upside down position to
facilitate the procedure.

for a US astronaut, there is at least one piece of
evidence which suggests that a NASA astronaut
temporarily repaired a crown displacement [2]. In
contrast, during long term Salyut and Mir missions
both lost fillings and crowns were reported and

at least one severe incident with extreme pain
occurred during the Salyut 6 mission [3].

Oral health is a primary concern for astronauts
and goes hand in hand with general health.
Astronaut candidates are screened for dental issues
prior to selection and those selected are expected
to adhere to a meticulous oral hygiene routine
and maintain good oral health. The primary goal is
prevention, yet even with the highest standards,
the potential for a dental emergency in space still
exists. A recent analysis of all medical conditions
determined that the one condition most likely
to result in a crew member’s departure from the
International Space Station (ISS) is a dental abscess.

Russian cosmonaut Yuri Romanenko endured
two weeks of debilitating tooth pain during the
Salyut 6 mission in 1978 which was only remedied
on his return to the Earth. At the time, and
unfortunately for Romanenko, the Soviets had no
dental contingency protocol.

During the US Mercury programme, flights were
so short that there was no need for an inflight
dental emergency protocol, and prevention was the
primary focus. With the extended mission time of
the subsequent Gemini programme, a toothbrush
was added to flight kits as a preventative measure.

Apollo missions then incorporated a digestible
dentifrice and floss, as well as antibiotics.
Instrumentation like forceps and temporary filling
materials were first introduced when the Skylab
space station was launched into orbit in the early
1970s and has continued to be part of a growing
emergency kit for orbiting crews.

Currently, for the International Space Station
(ISS), all crew members receive pre-flight
medical examinations, including a dental check
and basic medical training. Two astronauts on
each Expedition Crew receive additional training
as crew medical officers and the ISS carries
medical equipment and instruments to help treat
more common likely medical procedures. Set
procedures with detailed instructions for dental
emergencies are available for certain incidents -
but mostly depend on medical help back on Earth.

Of course, the probability of the need of in-
flight dental treatment increases with mission
duration and the number of crew members. Thus,
it is anticipated that dental emergencies will
occur during long-duration missions to the Moon,
asteroids and Mars.

In stark contrast to Earth orbital spaceflight, such
deep space missions will not allow easy repatriation
of a sick or badly injured crew member and all
emergencies will have to be handled by the crew
itself, using available resources.

Therefore, long-term missions beyond the Moon
will require both specialist equipment and specific
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< Accidents do happen.
Charlie Duke getting up
after having fallen over
on the Moon during an
Apollo 16 moonwalk in
1972 (Figure 2a), and an
imaginary accident in a
lab on Mars in which the
crew member loses one
of his dental restorations,
suffers severe tooth pain
and cannot continue with
his duties (Figure 2b).

Oral health

is a primary
concern for
astronauts
and goes hand
in hand with
general health

< Figure 3 - The injured
crewmate scans his
upper and lower teeth
using an intraoral
scanner. The resulting 3D
data set is transferred to
Earth.

< Figure 4 - On Earth
dental experts approve
the data and design a
virtual restoration and a
fitting positioning guide
before the data is
transmitted back to the
Mars base.

crew training in basic knowledge and techniques to
deal at least with the most common h dental and/

or jaw problems that cause pain, dysfunction and/or
severe discomfort. Potential risks to both the mission
itself and its crew members will rise significantly
with the increasing length and remoteness of future
exploration mission to Moon, Mars and deep space.

Dental emergencies are just one of the many
extra and important risks to be assessed in planning
for future long-term exploration missions.

Based on the latest standard procedures
employed on Earth for a specific dental problem, an
adapted procedure for space has been developed.
Each procedure includes a number of sequences
and the assumed scenario for the replacement of a
dental restoration is based on the fictional accident
of an astronaut during a Mars mission. In 1972,
Apollo 16 astronaut Charlie Duke escaped injury
after he accidentally fell over during the setup of
an experiment (Fig.2a), but in our fictional scenario
a Mars astronaut tumbles during a routine work
programme and injures his jaw (Fig 2b).

As a result, the crew member suffers from severe
pain and cannot carry out his duties anymore.

The impact also causes the loss of a crown and

he needs immediate medical help. Following such
an incident, the proposed procedure includes a
medical check and diagnosis in the base’s ‘medical
centre’ where afterwards the injured astronaut

or one of his crewmates performs the intraoral
scanning in order to make individual 3D scans of
the teeth and surrounding tissue (Figure 3).

During the scanning process the quality of
the 3D scan can be controlled while the data
is transmitted to Earth. Here, a team of dental
experts assess the data and a dental technician
designs a virtual 3D-model of the required dental
splint, crown or dental prosthesis to fit the needs
of the suffering crew member (Figure 4).

These data sets are transmitted back to the Mars
habitat where an onboard 3D printer, or milling
machine, is used to automatically manufacture the
restoration from ceramics, resin or another useful
material. Our fictional astronaut or a crewmate
then inserts and cements the crown. The fitting
and positioning guide helps to place the crown
in the correct position. He carefully removes
surplus cement and if necessary any occlusal
interferences. After the successful insertion of the
crown, the astronaut is pain free and back on duty.

To demonstrate the workflow of a dental
treatment with remote support, selected sequences
of the developed technical procedure were
successfully simulated under ‘Mars conditions’
during the two-week Mars simulation ‘AMADEE-15’



mission organised by the Austrian Space Forum
in August 2015 (Figures 5 and 6). Based on results
from the simulation, the procedure was improved
to minimise errors in the scanning process, during
data transfer and as a result of human ‘handling’

There are a number of challenges to be met
in order to minimise and prepare for inflight
dental emergencies. Aside from the selection and
the development of procedures, materials and
technologies for treating dental emergencies as
well as strategies for their prevention, a number
of scientific, technical and operational challenges
apply. Some were discussed and presented during
ICES (International Conference on Environmental
Systems) in July 2016 in Vienna, Austria.

In principle, it has been demonstrated that
a 3D printer with a low-temperature plastic
feedstock can function in space and so 3D printing
technology works. A variety of 3D-printable
materials, suitable for dental products, are already
available and the development in this area is a
fast-growing field. However, many of the really
important and open questions concern the
workflow and the human factor. High accuracy of
the fit for a restoration is most important for the
success of the treatment but what can be done if a
restoration doesn't fit?

In reality, fitting inaccuracy
is mostly not a problem
of the technology or the
material used but is caused
along the process so, in
addition to the integration
of specific technology,
materials and individual
knowhow, it is most important
to incorporate the human factor
into the design process.

Alogical next step is the simulation of

< Figure 5 - Analog
astronaut uses the
intra-oral scanner and
scans the affected area
himself during the
simulation.

> Figure 6 - 3D printed
crown in the 3D printer.

A logical next
step is the
simulation

of selected
sequences in
microgravity,
during a
parabolic
flight, to
validate
techniques for
human space
missions

V Figure 7 - 3D printed
model of lower jaw with
a stabilisation and
injection guide.
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selected sequences in microgravity, during a parabolic
flight, to validate techniques for human space
missions, refine procedures and to attract industrial
and scientific partners.

During long-duration space missions, CAD-
CAM-technology cannot only be helpful to design
and manufacture provisional or permanent
crowns or fillings but also, for example, for
fabrication of dental stabilisation splints or
injection guides (Figure 7) in particular for
inferior alveolar nerve anaesthesia. ™
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