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CHAPTER 1 

 

General introduction and thesis outline 

 

 



Genesis of field hockey 

Field hockey, one of the oldest known team sports, can be traced back to ancient civilizations, 

with illustrations of stick-and-ball games found in Egyptian tombs at Beni Hasan dating to 

around 2000 BCE (Figure 1).1 These drawings showed bats made of long palm-tree branches, 

with a bent end similar to the hockey stick as we currently know it. The hockey ball was made 

of compressed papyrus fibres covered with leather, dyed in two or more colours. The 

Egyptians believed that sports were important to keep the body fit for warfighting, but sports 

were also used for entertainment.  

 

 

Figure 1. Hockey in ancient Egyptian society. 

 

Although the earliest known form of field hockey can be attributed to the ancient Egyptians, 

similar stick-and-ball games eventually emerged across the world. For instance, over 1000 

years ago, the Mongolian game of ‘beikou’, with notable similarities to modern field hockey, 

was played in northern China during the Tang dynasty. A similar game was played around 

1500 BC in Mexico, a game called ‘pelota purépecha’. This was found at the murals of the 

Palacio de Tepantitla. Players passed a ball called ‘the zapandukua’ with a stick called ‘the 

jatsíraku’ to accomplish a goal at the end of the field. At night, a variant of the sport was 

played by setting the ball on fire. The game ended when the flame died out. This game is still 
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played in some regions of Mexico today, making this perhaps the oldest played hockey sport 

in the Americas.2   

 

In South America, the Chilean game ‘palin’ (or ‘chueca’ by the Spanish conquistadors) was 

played by the Machuche people at least for 450 years, resembling modern field hockey. 

Players hold a wooden stick called a ‘weño’ to handle a small ball, called the ‘pali’, made of 

various materials with a diameter of 4.5 till 5 cm (Figure 2).3, 4 

 

 

Figure 2. Hockey in ancient Chilean society. 

 

The modern version of field hockey was developed in England in the 19th-century, 

particularly within public schools and later by organized clubs. The oldest registered hockey 

club in the world is the Blackheath & Old Elthamians Hockey and Football (Rugby) Club, 

founded in 1861 in the Southeast of London, formed by alumni of Blackheath Proprietary 

School. Early versions of the hockey game closely resembled rugby, featuring more physical 

contact. Around the same time, the Teddington Cricket Club added a hockey division to its 

sporting activities. Their version of hockey is closely related to modern hockey as it is played 

today. Consequently, Teddington claims to be the first original hockey club. In 1886, an 

official hockey association was established in England to formalize and standardize the rules 



of the game.5 From England, the sport spread across the British Empire, gaining significant 

popularity in countries such as India and Pakistan.1, 6 

 

In the Netherlands, field hockey was introduced more than 20 years later, with the 

foundation of the Amsterdamse Hockey & Bandy Club in 1892. The establishment of an 

official hockey association, the Koninklijke Nederlandse Hockey Bond (KNHB), in 1898 marked 

a significant step in the development of hockey in the Netherlands.7 Over time, the 

Netherlands became one of the world leaders in field hockey.8 

 

The game underwent substantial transformations, especially in the early 1970’s, when 

traditional natural grass surfaces were largely replaced by artificial turf. This transition 

dramatically increased the speed and intensity of the game. The subsequent adoption of 

water-based artificial turf brought even greater dynamics to the game. These developments 

required changes in both strategy and regulations to ensure player safety. These changes 

were accompanied by improvements in equipment. Traditional wooden hockey sticks were 

gradually replaced by modern composite materials such as fiberglass, carbon fiber and 

synthetic fiber (Kevlar). These materials increased the stiffness of hockey sticks, allowing for 

more power and precision when striking the ball. In addition, the design of the stick was 

refined, with the curved head shortened by approximately 15 centimetres to improve ball 

control and manoeuvrability. Protective equipment also evolved significantly. Goalkeeper 

equipment was improved with enhanced padding to withstand the increased force of shots, 

and the use of shinguards became mandatory for all field players. The use of mouthguards 

was increasingly encouraged in field hockey, and eventually highly recommended on global 

scale. In 2015, the Netherlands emerged as one of the first countries to implement a 

regulation that made the use of mouthguards mandatory during official matches.9, 10 

 

 

From wood to plastic fantastic 

In the early 20th century, boxers often clenched a piece of wood between their teeth to 

protect their dentition from injury. Clenching, however, hampered their ability to concentrate 

fully on the fight, due to the continuous effort and discomfort. Eventually, a British dentist, 
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named Woolf Krause, developed the first mouthguard with ‘gum shield’ technology made of 

gutta-percha, a latex-type material made from the sap of specific tropical trees. The primary 

purpose of the mouthguard was not so much to protect the teeth themselves, but rather to 

reduce the risk of lacerations to the lips from broken teeth, so boxers could continue and 

finish the fight. Woolf’s son, Phillip Krause, further improved the design by replacing the 

gutta-percha with rubber. This was the beginning of the development of better 

mouthguards.11, 12 

 

Over the years, materials and manufacturing techniques for mouthguards have evolved 

considerably. During the 1940’s, mouthguards were improved by the American dentist Rody 

Lilyquist, who developed a transparent mouthguard made of acrylic resin. In the early 1990’s, 

other American dentists developed laminated mouthguards made of ethyl vinyl acetate (EVA) 

under high heat and pressure. By the end of the 20th century, thermoplastics were used to 

improve the fit for athletes, the so-called boil-and-bite mouthguards.13  To further optimize fit 

and comfort, custom-made mouthguards were made by dental professionals using EVA.14, 15   

 

The American Dental Association’s Standard Specification for Dental Healthcare Products 

categorizes the mouthguards into three types: standard (Type I), mouth-formed (Type II), and 

custom-made (Type III), each with a different fabrication process. These three types of 

mouthguards differ in fit, comfort, and protection. The standard (type I) mouthguards are 

prefabricated, non-customized devices with a generic U-shape. Generally, these mouthguards 

are inexpensive, offer little comfort, and often cause breathing difficulty, speech impairment, 

and nausea. The mouth-formed / boil-and-bite mouthguards (type II), are made of 

thermoplastic materials, resulting into a softer and better fit than standard mouthguards. In 

general, these mouthguards range from inexpensive to more expensive versions. A 

disadvantage of this type of mouthguard is that they require specific temperature ranges and 

instructions for molding, and they can become thinner during molding. The custom-made 

(Type III) mouthguards, which are professionally fabricated from intraoral models, provide the 

best fit and comfort. The differences in fabrication processes are shown in Figure 3.16 

 



 

Figure 3 Fabrication process of three types of mouthguards.16 

 

 

Mouthguards come with special storage containers, but not all athletes use them frequently. 

Proper storage procedures play a pivotal role in maintaining hygiene of mouthguards. Storing 

mouthguards in ventilated containers after thorough drying is recommended to prevent 

microbial proliferation. However, it is unknown which cleaning strategy provides adequate 

removal of bacteria, yeast, and molds. Exposure to high temperatures, including direct 

sunlight or hot water, should be avoided to prevent deformation of the material. A significant 

proportion of athletes wait to replace their mouthguards until it is visibly damaged, thereby 

increasing the risk of contamination and injury. To ensure the longevity and safety of 

mouthguards, athletes should adhere to recommended cleaning and storage protocols and 

replace their mouthguards regularly.17, 18 
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Nowadays, mouthguards are used in a wide range of contact and collision sports, including 

field hockey, to prevent athletes from sustaining dental injuries.14,19 

 

 

Broken pieces 

Traumatic dental injuries include a variety of conditions involving damage to the teeth and 

supporting structures. They are broadly classified into injuries to hard dental tissues and pulp 

(e.g., enamel fractures, crown-root fractures, pulp exposures) and injuries to periodontal 

tissues (e.g., concussion, subluxation, luxation, and avulsion) (Figure 4). Management 

depends on the type and severity of injury: enamel fractures may require only smoothing or 

restoration, while complicated crown fractures often require pulp capping or root canal 

therapy. Periodontal injuries, such as lateral luxation and extrusion, usually require 

repositioning and flexible splinting for stabilization. Avulsed permanent teeth should be 

replanted immediately or stored in a suitable medium when repositioning is delayed, 

followed by splinting and pharmacological support, including antibiotics. Monitoring for 

complications such as pulp necrosis, root resorption, and ankylosis is essential for long-term 

success. Apart from aesthetic concerns, traumatic dental injuries can have a huge impact on 

the oral health of athletes, and should be prevented if possible.20-25  

 

 

Figure 4 Different types of traumatic tooth injury. 

 

 

Aims of this thesis 

In this thesis, we aim to provide new insights into the current problem of orodental injuries in 

field hockey and the clinical effect of mouthguard use. Therefore, we investigated the effects 

of the mandatory mouthguard use in the Netherlands. In addition, a comprehensive 

investigation was performed on the properties of the mouthguards themselves.   



 

In part I of this thesis, we investigate the incidence of orodental injuries, the prevalence of 

mouthguard use, and the level of knowledge regarding orodental injuries among field hockey 

players. Chapter 2 presents data on orodental injury in Dutch field hockey and compares the 

results to orodental injuries in international field hockey players. A sub-analysis explores the 

association between the presence of orodental injuries and the use of a mouthguard. Chapter 

3 investigates if field hockey coaches have sufficient knowledge regarding initial management 

of orodental injuries. 

 

In part II of this thesis, we investigate various characteristics of mouthguards. In Chapter 4, 

the shock absorbance of several mouthguards was tested, and their maximum impact 

velocities were determined. In Chapter 5, we assess protein depositions on the surface of 

mouthguards, which could be a potential attachment site for bacteria. A sub-analysis was 

performed to determine optimal cleaning strategies for the mouthguard. Chapter 6 further 

examines potential effects on athletes’ oral health by comparing various salivary biomarkers 

with and without the use of a mouthguard. 

 

An integrative, multidisciplinary strategy, incorporating advanced mouthguard design 

innovations, educational interventions, and sport-specific regulatory measures, is critical for 

effectively mitigating the incidence and severity of orodental trauma in field hockey. 
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