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CHAPTER 7




General discussion

Field hockey is a high-intensity sport that carries a considerable risk of orodental injuries due
to the use of sticks, balls, and high-speed play. The prevention and treatment of these injuries
is crucial, considering their potential for long-term physical and psychological consequences.
One of the most important protective measures in hockey is the use of mouthguards. Despite
their widespread availability and the general recommendation for their use, significant
variation exists in both the type of mouthguards worn and the awareness around their proper

use and maintenance.

In this thesis, research on the prevalence of dental trauma and mouthguard use among Dutch
and international field hockey players (Chapter 2) highlights not only the continued risk of
injury (20% and 29%, respectively) but also the differences in adherence to protective
equipment guidelines. These findings are consistent with broader research in the area. For
example, a study by Hendrick et al. found that 19% of elite female field hockey players in
England had sustained dental injuries, with 5% of all responders experiencing tooth avulsion,
despite 88% owning a mouthguard and 69% wearing it regularly during matches. These

findings underline that possession of a mouthguard does not ensure its consistent.!

Orofacial soft-tissue injuries are even more prevalent than dental trauma, affecting almost
40% of players wearing a mouthguard (Chapter 2). This higher incidence is probably due to
the fact that mouthguards do not cover the labial tissues, and therefore do not protect them.
Although these injuries can impact quality of life, they are generally less complex and less
costly to treat compared with dental injuries.? Emergency management of lip lacerations
consists of suturing with precise alignment of landmarks such as the vermillion border and
philtrum. Full-thickness lacerations require layered sutures, beginning with muscle
approximation, followed by mucosal and skin repair. In cases where tissue loss exceeds 30%
of the lip, local flap reconstruction may be necessary.? Potential long-term complications of
injuries to the lips can include scarring, microstomia, and sensory disturbances. In contrast,
dental injuries have a higher risk of costly long-term complications such as pulp necrosis, root
resorption, and tooth loss.* Therefore, the primary objective of a sports mouthguard should

be the protection of the athlete’s dentition.



The role of coaches in the emergency management of dental injuries has been shown to be a
crucial but often underappreciated component in injury response. Findings in Chapter 3
indicate a concerning gap in knowledge among field hockey coaches, which could have a
major effect on outcomes following dental trauma. The knowledge gap among coaches
regarding emergency management of dental injuries is not unique to field hockey. A
systematic review revealed that globally, less than 10% of coaches and athletes have
adequate knowledge of immediate management of tooth avulsion, highlighting a widespread

need for education on this topic.®

An essential step in improving the management of dental trauma in the Netherlands has been
the recent revision of the national guideline on dental injuries. After fifteen years, the original
‘Tandletsel' guideline issued by the Royal Dutch Dental Association (Koninklijke Nederlandse
Maatschappij tot bevordering der Tandheelkunde, KNMT) was updated and replaced by the
Dental Trauma Guide (DTG), based on the most recent guidelines from the International
Association of Dental Traumatology (IADT). The DTG has been specifically tailored to Dutch
dental care and includes clinical considerations such as pulp vitality testing, recommended
splint duration, and indications for antibiotic treatment.® This revision not only improves
national practice standards of practice but also contributes to the international harmonization

of dental trauma care.

Disseminating this updated knowledge to both dental professionals and sports coaches is
crucial, as coaches often serve as the first responders in cases of orodental injury during
sports activities. Findings from our study indicate that two-thirds of coaches express a desire

for further education on the management of dental trauma. Preferred formats for receiving

this information include informational leaflets, resources provided via the official website of
the Royal Dutch Hockey Association (Koninklijke Nederlandse Hockey Bond, KNHB), and
integration into the formal training curriculum for hockey coaches. The most effective way to
memorise information is visually, for example with videos and pictures.” 8 In 2019, the Dutch
Association for Endodontology (Nederlandse Vereniging voor Endodontologie, NVWE) and
KNMT have launched a visual public awareness campaign titled "Tooth out? Tooth in!" ("Tand
eruit? Tand erin!"), which uses educational videos to inform patients in dental practice waiting

areas. In addition, an online informational visual leaflet was developed and disseminated via
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the Royal Dutch Dental Association (KNMT) website and the patient-focused platform “All
about teeth” (“Alles over het gebit”) (Figure 1).>1! These educational materials could have
broader applicability; for instance, the video can be integrated into training programs for
hockey coaches. Furthermore, the leaflet should be distributed to sports clubs and
prominently displayed next to the emergency first-aid box to facilitate quick access in case of

dental trauma.

Tand eruit? Tand erin!

In de speeltuin, op het schoolplein of sport-
veld; het kan zomaar gebeuren dat je een tand
verliest. Blijf vooral rustig

en doe het volgende: LETOP
Plaats een melktandje
nooit terug! Dat kan
schadelijk zijn voor de
onderliggende tand,

SPOEL AF g moet doromen.

Ga voor de zekerheid wel
Pak de tand aan de bovenkant vast. naar de tandarts.

Raak nooit de wortel aan! Spoel,
als dat kan, de tand met wortel
en al 10 seconden af onder koud
stromend water.

PLAATS TERUG
Dep de tand niet droog en plaats hem
- onmiddellijk terug. Lukt dat niet,

bewaar hem dan in melk of in de mond,
bijvoorbeeld tussen de kiezen en de wang.

Neem overdag contact op met je
eigen tandarts. s Avonds enin
het weekend kun je terecht bij
een spoedgevallendienst.

e GA NAAR DE TANDARTS
£l
ej k

<

Em Meer weten? Dit is een boodschap van

alesoverhengebitnl — www.allesoverhetgebit.nl SKNMT NWEE.

Figure 1 Informative leaflet (in Dutch) about how to act on tooth luxation.®1?



The physical protection capacity of different mouthguards remains a central issue, as
demonstrated in Chapter 4, which quantified the maximum impact heights tolerated by
different types of mouthguards, emphasizing the need for further innovation in their design
and material composition. Moreover, the effectiveness of mouthguards is influenced by their
design and fit. Research indicates that custom-made mouthguards offer superior comfort
compared to standard or boil-and-bite variants. This is especially important as discomfort and
interference with communication are common reasons for athletes to avoid wearing

mouthguards consistently.?

The effectiveness of full facial protection and half facials protection shields (or visors)
attached on a helmet have been studied more extensively in other sports, such as ice hockey.
Research indicates that face shields significantly reduce the risk of facial and dental injuries.
However, caution must be exercised when extrapolating these findings to field hockey, given
the differences in biomechanics and game dynamics between the two sports. In addition, face
masks also introduce challenges in terms of comfort and communication, as they can obstruct
the lower field of vision. This visual limitation may impair situational awareness and reaction
time, potentially increasing the risk of player collisions.™ In field hockey, the use of face
shields is currently only mandatory during penalty corners, when defenders run out of the
goal to intercept high-speed shots.!® Given the increased risk of orofacial injury associated
with the high velocity of the ball during these moments of plays, the use of face shields in this

context appears to be a valuable protective measure.

Furthermore, the hygiene and long-term usability of mouthguards are crucial for athletes’

oral health. Chapter 5, which focuses on protein deposition and cleaning effectiveness,

underscores the importance of maintenance practices in sustaining both the protective and
hygienic function of these appliances. Improper cleaning can lead to protein deposition and
bacterial growth, posing potential health risks. Chapter 6 emphasises the beneficial effects of
increased saliva production when wearing a mouthguard, but it also showed that the
constituents of saliva changed. One of the observed changes was a reduction in salivary IgA
levels during mouthguard use, a protein facilitating our immune system, which could be

disadvantageous for the oral health of athletes.
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Collectively, this thesis aimed to provide a comprehensive exploration of orodental injuries,
mouthguard performance, user behaviour, and maintenance practices in field hockey. By
combining epidemiological, mechanical, educational, and clinical perspectives, these studies
can contribute to the development of more effective preventive strategies and the

optimization of oral health safety in sports.

Future perspectives

Clinical consequences of sport-related dental injuries are well described, but there remains a
lack of data on their economic burden in the Dutch healthcare context. The total costs of
field-hockey-related dental injuries extend beyond initial treatment and include long-term
follow-up, prosthodontic rehabilitation, and indirect costs due to absence from work or
school. Since Dutch dental practices and hospitals do not routinely record either the aetiology
of dental injuries (e.g., field hockey) or their specific classifications (e.g., avulsion, luxation,
crown fracture), a prospective, longitudinal cohort study with a minimum follow-up of 3

months is required to obtain valid and comprehensive cost estimates.1®

Further innovation in the design of mouthguards is essential to improve both shock
absorption and user comfort. Given that athletes are unlikely to tolerate devices resembling
full-face masks during physical activity, improvements in mouthguard design are needed that

preserve functionality while enhancing wearability.

Our preliminary findings indicate that increased mouthguard thickness correlates with
improved protective performance. However, user compliance remains low when comfort is
compromised. Additional insights from the literature support this balance between protection
and usability. One study demonstrated that high-modulus reinforcements, such as titanium
alloys (~100 GPa) and other rigid materials (~200 GPa), significantly reduced stress levels at
the enamel surface during simulated maxillofacial impact. Nevertheless, these reinforcements
had minimal influence on stress distribution in deeper anatomical structures such as dentin
and the periodontal ligament.'” 18 Another investigation evaluated the performance of 3D-

printed cellular structures in mouthguards. Ethylene-vinyl acetate (EVA) sheets incorporating



the largest air cells (3x3x2 mm) and the thinnest walls (1 mm) achieved a 32% greater force

reduction compared with solid EVA sheets.1® 20

Integrating these findings, the development of future mouthguards could benefit from a
multilayered design strategy. For example, a rigid and lightweight outer shell (e.g., titanium
alloy) could be used to dissipate impact energy, while an inner layer consisting of a soft
thermoplastic copolymer with air cells could improve comfort and fit (Figure 2). Producing
prototypes of different material combinations and internal geometries would be a logical next
step. The effectiveness of these prototypes could be evaluated using two complementary
approaches: (1) finite element analysis (FEA), a computerized method for predicting how a
product reacts to actual forces, vibration, heat, fluid flow, and other physical effects; and (2)
experimental validation via standardised tests, such as the Split-Hopkinson Pressure Bar

(SHPB) method.?% 22

Inner layer of thermoplastic copolymer
with air cells

e

Bite pads

Rigid outer shell

Figure 2 Sketch of a future mouthguard by the author, K.E. van Vliet.
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Another remarkable finding of our study is that impaired breathing remains a primary reason
in field hockey players to avoid the use of mouthguards. Nevertheless, limited literature exists
on the physiological effects of mouthguard use, especially with respect to cardiorespiratory
function. A systematic review and meta-analysis concluded that mouthguard use negatively
affects cardiopulmonary capacity compared to no mouthguard use.?® In contrast, more recent
research suggests that mouthguards do not significantly affect physiological responses during
exercise.?* To address this observed discrepancy in the literature, further investigation could
be interesting. An experimental protocol could be implemented in which participants perform
standardized cycling tests under several conditions: without mouthguard and with various
mouthguard designs. In addition, the influence of mouthguard use on masticatory muscle
activity could be assessed. If empirical evidence confirms that mouthguards contribute to
partial airway obstruction and reduced respiratory efficiency, these effects should be carefully
addressed in the design process, for example, by incorporating elevated bite pads in the
molar region that may facilitate a more open airway and less respiratory resistance during

exercise (Figure 2).

For professional athletes, a multi-analyte smart mouthguard may be of significant interest. By
integrating biosensors within mouthguards, this technology offers a novel, non-invasive
approach for real-time monitoring of salivary constituents such as lactate and uric acid,
enabling continuous tracking of metabolic stress and recovery status during physical

activity.?>26

Advanced manufacturing technologies such as 3D printing offer new possibilities for precise
control over internal geometries, enabling anatomical customization and adaptation to sport-
specific impact conditions. Ultimately, a multidisciplinary approach, encompassing innovative
design, education, and sport-specific regulation, is essential to meaningfully reduce the

incidence and severity of orodental injuries in field hockey.
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