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1Oral hygiene devices and oral piercings can damage the soft oral tissues. The connect-
ing theme of this thesis is trauma of the gingiva. This chapter introduces oral health, 
gingival tissues, gingival trauma, prevention of gingival trauma and finishes with the 
focused questions of this thesis.
General health is defined as “the ability to adapt and self-manage in the face of social, 
physical, and emotional challenges”1. Oral health is an essential aspect of general health 
throughout life, and it is essential to individuals’ quality of life2. In their definition of oral 
health, the World Health Organization (WHO) focuses on the absence of oral diseases: “a 
state of being free from mouth and facial pain, oral and throat cancer, oral infection and 
sores, periodontal disease, tooth decay, tooth loss, other diseases and disorders”3. The 
disorders can be confined to a limited area of the human body, but their consequences 
and impacts can also affect the body as a whole4. Recently in 2016, the World Dental 
Federation (FDI) developed a new definition of oral health that focusses more its ben-
efits: “oral health is multi-faceted and includes the ability to speak, smile, smell, taste, 
touch, chew, swallow and convey a range of emotions through facial expressions with 
confidence and without pain, discomfort and disease of the craniofacial complex”5.
Throughout life, the oral cavity is exposed to external factors, which affect the intra-oral 
environment and may cause a deterioration of the original human condition. In order 
to maintain healthy teeth for life, it is important to control the factors that have a nega-
tive impact on the oral cavity in order to assure oral health. The FDI, the WHO and the 
International Dental Research Association (IADR) have prepared goals for oral health 
to be met by 2020. One of the global goals is to minimize the impact of diseases of 
oral and craniofacial origin on health and psychosocial development by emphasizing 
oral health promotion and reducing oral disease. A specific target is to increase the 
proportion of people in all groups with a healthy periodontium6.

Gingiva

The periodontium consists of four components: the gingiva, the periodontal ligament, 
the cementum and the alveolar bone. These act together act as a single unit7. The 
periodontium provides the important support which is necessary to maintain teeth in 
function. The gingiva is the only visible part of the periodontium and is well attached 
via the epithelial seal to the tooth in order to protect the underlying connective tissue8. 
It is probably the most vulnerable tissue in the oral cavity, and it is a soft tissue sub-
jected to both biological and mechanical stresses, meaning that injuries are relatively 
common. Even normal daily activities such as speech, mastication and toothbrushing 
expose the gingiva to mechanical forces9. Physical injuries can be self-inflicted, result-
ing from accidental trauma, premeditated infliction or chronic habits10. Oral wounds 
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heal faster than skin wounds, considering that saliva creates a humid environment and 
thus improves the survival and function of inflammatory cells, which are crucial for 
wound healing11. Saliva protects the oral mucosa but cannot prevent minimal loss of 
localized gingival tissue that may be attributed to mechanical abrasion or irritation12. 
After injury, the epithelial tissue rapidly migrates to recreate the initial epithelial cover in 
order to restore the barrier against potential infection8. In order for the gingival tissues 
to recover from trauma, a certain period of time without mechanical stress is needed.

Gingival abrasions

Reversible localized epithelial trauma of the gingiva is expressed by the term gingival 
abrasion (GA). These lesions can occur on the free and attached gingiva and are defined 
as being superficial damage of a portion of the surface epithelium. Recording GA by 
regular oral inspection appears to be difficult because it is not reported as a common 
finding in toothbrushing experiments13, 14. For example, out of 225 assessments, GAs 
were visually identified in three cases13. Therefore several more sensitive methods 
have been used to assess GA15, 16. One such approach is by means of scanning electron 
microscopy, which proved to be a time-consuming method through it was also difficult 
to quantify the number of abrasions17. Another option, already proposed in the 1970s, 
is to distinguish GAs from the normal gingiva by staining the undamaged gingiva with 
a commercially available plaque disclosing solution18. This method can be used to 
highlight minor areas of GAs that would otherwise have been undetected. By recording 
the specific area where the abrasions are found as being inter-dental, marginal and 
mid-gingival aspects of the gingiva, this method was refined. In addition the size of the 
lesion was taken into account, differentiating between small, medium and large abra-
sions. The increase in the number of abrasions following a brushing exercise is most 
often found at the mid-gingival aspect16. This can be explained by the actual size of the 
surface area, as the mid-gingival aspect is by far the largest17.

Toothbrushing

Although toothbrushing is important for gingival health, it mechanically stresses the 
gingiva, which leads to frequent transient and minimal gingival injuries19. It is the most 
common means of plaque removal, and in the light of its potential benefits to oral health, 
the adverse effects caused by toothbrushing can be regarded as insignificant. However, 
it would be an exaggeration to state that toothbrushing is totally harmless. It has been 
long known that toothbrushing has some unwanted effects on the gingiva and hard 
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1dental tissues15. Several factors have been suggested as inducers of GA including the 
type of toothbrush (manual/power), the design of the toothbrush (grip), the brush head 
shape, the filament characteristics (stiffness, end-rounding) and the brushing method 
(frequency, force, abusive use)15. Moreover, gingival tissue characteristics, such as epithe-
lial thickness, influence the impact20. The simple act of removing dental deposits from 
teeth requires that a toothbrush combination has some level of abrasivity. To create suf-
ficient sheer force to dislodge plaque deposits, the filaments must have a certain degree 
of stiffness17. This has to be balanced against potential detrimental effects to soft tissues15. 
Currently, there are numerous variations of manual toothbrushes available on the market. 
Much emphasis is placed on optimal clinical effectiveness, but patient safety should also 
be an issue. It is suggested that the harder the toothbrush filaments are, the greater the 
chance of GA21. Medium-hard toothbrushes were found to be a significant risk factor22. 
There is also evidence that straight-cut bristles cause more damage to soft tissues than 
the end-rounded variety. Tapered or ultra-thin filaments are the more recent features of 
toothbrushes. The diameter of the body of these filaments is similar to that of the fila-
ments of a conventional soft brush, but the diameter of the tip of the tapered filament 
is significantly smaller20. It is suggested that this could result in effective plaque removal 
from the gingival sulcus and proximal surfaces. However, as with when new oral hygiene 
device is launched on the market, not only efficacy is assessed but also safety to oral 
tissue. Tapered filaments are presumably less harmful to the gingiva.

Gingival recession

Irreversible trauma of the gingiva is defined as an apical migration of the gingival margin 
resulting in exposure of the root surface23. Gingival recession (GR) may often be localized, 
self-limiting and harmless15. When a GR is visible, it can result in an aesthetic problem, 
especially when localized at the anterior teeth. It is also associated with dentine hyper-
sensitivity, root caries, cervical wear and erosion, as the root surface is exposed to the oral 
environment24. Although GR is a common clinical condition, its prevalence is dependent 
on the periodontal health of the populations investigated25. A recent assessment has 
shown that among a sample of young Dutch adults without periodontitis, 97.8% had at 
least one site of ≥1 mm of GR26. The onset and progression of GR is complex, as multiple 
etiological factors are involved, including anatomical, physiological, pathological and 
traumatic factors. The literature reports several contributing factors and conditions as-
sociated with GR. Examples include the presence of frenal attachments, the presence 
of dehiscence and fenestrations27, gingival biotype28, orthodontic movement29 and 
mechanical exogenic factors such as toothbrushing, occlusion disorders, iatrogenic 
damage and oral piercings30. These factors probably do not all act simultaneously or to 
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the same degree, and it is thus difficult to identify which factor is the most important31. 
A critical factor in the development of GR is an associated anatomical situation that 
predisposes to the condition. For example, with a thin biotype, the labial alveolar bone 
may be absent. In these cases, GR can develop rapidly in the presence of low-level and 
long-lasting trauma32, such as that caused by toothbrushing, as well as possibly even 
from the minor trauma resulting from everyday masticatory loads15.
Daily use of a toothbrush or other oral hygiene devices on the delicate gingival margins 
might gradually and slowly lead to GR over the years32. While GA reflects the ‘instant’ 
effect of toothbrushing on gingival tissue, more than this is necessary to induce GR26. It 
can be hypothesised that GA injuries may eventually result in GR of the gingival margin 
when the trauma rate is higher than the recovery rate of the gingival epithelium. GR, in 
combination with good oral hygiene, may be caused by traumatic toothbrushing. On 
the other hand, when concurrent to periodontal disease, it may be related to poor oral 
hygiene25. Another predisposing factor associated with the development of GR, is oral 
piercings. The damage varies from superficial gingival laceration to major loss of tissue 
resulting in GR33. In patients with oral piercings, GR is often localized and is related with 
the teeth that are in contact with the oral jewellery. The occurrence and severity of 
GR in the anterior lingual mandibular region was found to be strongly associated with 
tongue piercings34. Other research has shown that those with a lip piercing had 68% GR 
on teeth in contact with the jewellery35 while 4% GR was observed in those without a 
piercing. Over the last decades, it has been proposed that oral piercings are not without 
oral and general health-related risks36, 37. Therefore, it would be helpful for the general 
population and dental care professionals to summarise and discuss the risks and the 
magnitude of oral-jewellery-associated problems.

Prevention

Disease prevention is defined by the WHO as “population-based and individual-based 
interventions for early detection, aiming to minimize the burden of diseases and associ-
ated risk factors”38. Traditional models in oral health care involve the repair and restora-
tion of tissues that are caused by disease. A preventive approach requires diagnosis, 
education and motivation towards behaviour change, with patients taking greater 
responsibility for their own health39. Prevention of irreversible gingival trauma in an 
early stage could help to maintain healthy teeth for life.
As GA can be a precursor of more extensive trauma, evaluation of the potential of 
oral hygiene devices to cause this superficial disruption is of interest. Factors such as 
traumatic toothbrushing/interdental cleaning or wearing oral jewellery are modifiable. 
Dental care professionals could help to identify contributing factors, recognize the oral 
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1conditions, increase patient awareness and advise patients on alternatives in order to 
prevent gingival trauma40. In the context of the present thesis the role of the dental care 
professional in the prevention of gingival trauma is to better understand the potential 
harm associated with self-care oral health products or oral jewellery.

Thesis outline

This thesis investigates the safety of manual toothbrushes, interdental brushes and rub-
ber bristles interdental cleaners by analysing the gingival abrasion score. The efficacy 
of the various oral hygiene devices is measured by the use of dental plaque scores and 
gingivitis scores. In addition, the prevalence, the short- and long-term effects and the 
incidence of complications associated with oral and peri-oral piercings on hard and soft 
tissues are investigated in the literature.

Specific questions are addressed by each of the chapters of this thesis, which are as 
follows.:

Chapter 2  What is the effect of different levels of filament end-rounding of 
manual toothbrushes on gingival abrasions?

Chapter 3  What is the effect of a manual toothbrush with tapered filaments 
compared to a flat-trim manual toothbrush with end-rounded 
filaments on the clinical parameters of dental plaque, gingivitis and 
gingival abrasion?

Chapter 4  What is the efficacy of a rubber bristles interdental cleaner compared 
to an interdental brush after healing of experimental gingivitis on 
bleeding on marginal probing, dental plaque, gingival abrasion and 
patient perception?

Chapter 5  What is the prevalence of oral and/or peri-oral piercings among 
young adults, based on a systematic review of the literature?

Chapter 6  What are the reported effects of oral and/or peri-oral piercings on 
hard and / or soft tissues in the oral cavity and on general health?

Chapter 7  What is the incidence of complications associated with oral and/or 
perioral (lip and/or tongue) piercings?

All but one of the chapters in this thesis have already been published as original articles in scientific peer-

reviewed dental journals. Given that most chapters are based on separate publications and often concern 

the same topic and/or study design, there are some unavoidable overlaps between chapters. For editorial 

reasons, the chapters in this thesis are not arranged chronologically.
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