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Featured Application: Nail biting is a very common oral disorder whose dental and clinical
implication are not well-known. Therefore, this study is a novelty in the field of oral disease since
it considers changes on tooth shape caused by nail biting.

Abstract: Nail biting (NB) is a repetitive and uncontrolled parafunctional activity that can affect
oral health by altering tooth shape and intraoral position. Nowadays, there is not enough scientific
evidence about the impact of NB on teeth; therefore, this study aimed to evaluate the effects of NB
on the length, width and inclination of upper central incisors. This retrospective study involved
76 patients, 40 males and 36 females, with a mean age of 10.6 ± 0.3 years. Digital scans of the
maxillary arch of each patient were recorded. Next, the length, width and inclination of upper central
incisors used and not used for NB were measured. Finally, data were analysed with a paired t-test.
Statistical analysis showed statistically significant differences in the length and inclination of upper
central incisors used for NB compared with those of upper central incisors not used for NB, while the
width did not show a significant difference. There were relevant changes in upper central incisors
subjected to NB, demonstrating that NB impairs the shape, morphology and inclination of teeth.
Therefore, because of the potentially negative consequences of NB, it is recommended that NB not be
underestimated.

Keywords: nail biting; orthodontics; tooth shape; young patients; oral health

1. Introduction

Nail biting (NB), also called onychophagy, is a chronic condition sorted as a body-
focused repetitive behaviour disorder; it is considered an obsessive–compulsive disorder
in the Diagnostic and Statistical Manual of Mental Disorders, [1] and is classified by the
International Classification of Diseases 10 Revision (ICD-10) with the code F98.8 [2]. It
is described as a voluntary, repetitive and nonfunctional movement that is not part of
any recognized psychiatric or neurological condition [2]. This specific behavioural and
emotional disorder has an onset in childhood and adolescence, and is considered not
only as a conventional oral disorder, but also as pathological skin-picking [3]. NB is a
common disorder: its prevalence is 20–25% in children and up to 45% in young adolescents.
Moreover, some authors assessed that these data are likely underestimated because patients
usually hide their nails or are unwilling to share information about NB with clinicians [4].
Different studies have analysed NB over the years, evaluating the aetiology, complications
and management of this disorder, and considering the severity, they report two forms of
NB: mild and severe [5].
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In general, most oral parafunctional habits are related to abnormal hyperactivity of
the stomatognathic system, even if the exact aetiology is unknown [5]. There are strong
genetic and environmental influences, and more than 30% of patients with NB have at least
one family member with the same disorder [6]. In fact, NB is associated with indications of
a low quality of life, such as higher levels of stress, psychiatric disorders, poorer physical
health, feelings of depression and social problems [7]. It is known that the aetiology of
malocclusions is multifactorial: in fact, in addition to its well-known association with
genetic factors, it can also be related to environmental factors, such as NB [8]. Furthermore,
NB can also induce oral and dental complications: it was assessed that children with NB
have a higher risk of developing malocclusions of anterior teeth [8]. Moreover, even though
some authors have stated that oral habits can determine changes in the normal position
of teeth, others have assessed that this link is rather unclear [5]. Additionally, NB can
affect the morphology of upper central incisors and the relationship between teeth and soft
tissues [9].

Therefore, NB can impair oral health and the intraoral microbiome; it has been stated
that patients with NB have a higher oral bacterial count, and their oral microbiome is
typically colonised by Escherichia coli and Enterobacteriaceae [10], which can cause local
and systemic disease due to ingestion of enteric bacteria. [11] Enteric bacteria can induce
other intraoral diseases of the oral mucosae, such as abscesses, erosive tooth wear and
gingival injuries [4,12]. Finally, NB can affect the nail plate and the periungual area [13] and
predispose subjects to secondary infections affecting the nails, such as acute paronychia,
subungual warts and herpetic whitlow (Figure 1) [14,15]. For all these reasons, NB should
be intercepted and properly treated as soon as possible. Sometimes, the fear of these
infections leads to spontaneously stopping NB; in fact, there is usually no need for any
treatment in mild cases, [16] while in severe cases a multidisciplinary approach that involves
stimulus control, pharmacotherapy and improving self-esteem is required [17].
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Despite the high prevalence of NB and diseases caused by it, there are no studies
evaluating the effects of this parafunction on the anatomical features of teeth and on the
upper central incisors, which are the teeth most often used for NB. Therefore, considering
this latter consideration, the aim of the present study was to assess the effects of NB on
anatomical features of upper central incisors by measuring the length, width and inclination
of upper central incisors involved in NB and not involved in NB in the same patient. The
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null hypothesis was that no changes exist between the length, width and inclination of
teeth used for NB and teeth not used for NB.

2. Materials and Methods

This manuscript was prepared following the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines, and all procedures followed were
in accordance with the Declaration of Helsinki from 1975 and subsequent revisions. All
procedures of this research protocol were approved by the Ethics Committee of the Univer-
sity of Foggia (Approval no. 43/CE/2019). The parents of each subject provided written
informed consent.

This retrospective study was conducted on patients treated at the Orthodontic Depart-
ment of the University of Foggia. Patients were selected consecutively from January 2019
to December 2021 based on the following inclusion criteria:

1. Age between 9 and 12 years;
2. Skeletal and dental class I;
3. Patients with NB and who used only one central incisor for NB;
4. Absence of other bad oral habits and parafunctions;
5. Absence of previous orthodontic treatments.

Exclusion criteria were as follows:

1. Presence of anterior and posterior crossbite;
2. Previous maxillary surgical treatments;
3. Absence of upper central incisors;
4. Dental trauma and conservative treatments of upper central incisors.

For the power analysis (G*Power 3.1.9.2, Franz Faul, Universitat Kiel, Kiel, Germany),
as no previous studies were available, it was decided to use Cohen thresholds with a
medium effect size [18]. Therefore, to detect a medium effect size of 0.5 with a t-test
according to Cohen, considering an α of 0.05 and a power of 0.95, 59 subjects were needed
to confidently reject the null hypothesis that no changes exist between the length, width
and inclination of teeth used for NB and teeth not used for NB. Among patients who visited
the Orthodontic Department of the Dental Clinic of the University of Foggia, those with
NB and who met the inclusion criteria were enrolled in this study after providing written
informed consent to participate. Recruited patients were previously examined for the
presence of obstructive sleep apnea (OSA).

For the identification of children affected by NB during orthodontic check-ups at the
dental clinic, the following questions were asked by the clinician:

1. Do you eat or incise your nails?
2. How often do you eat or incise them?
3. Do you use one tooth or more teeth?
4. Do you use only central incisors?
5. Do you use only one tooth among the central incisors?

To assess which tooth was implied in the parafunction, each patient and their parents
kept a diary for one week indicating whether the patient used one tooth for NB and which
tooth was used. Patients who used only one upper central incisor for NB were enrolled in
this study.

For each patient, the upper central incisor involved with NB and not involved with NB
were analysed, and variables such as length, width and inclination were analysed for each
tooth. The impression of the maxillary arch was obtained using an intraoral scanner (TRIOS,
3Shape, Copenhagen, Denmark). During the arch recording, the protocol recommended
by the manufacturer was precisely followed. To capture a digital impression of each arch,
the intraoral scanner was positioned as close as possible to the surface of the most distal
erupted molar on the right side. Next, the intraoral scanner was moved along the dental
arch at the same distance, and angulated towards the most distal erupted molar on the
left side. At this point, the procedure was repeated. The impression was completed by
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scanning all missing areas and undercuts while checking for scanning errors. After the scan,
files were exported by the scanner software, and then imported into dental CAD software
(Meshmixer version 3.5; Disruptive Dental Specialist, Rockford, MI, USA) to create virtual
models. Measurements were performed with either Ortho AnalyzerTM software (3Shape
2023.1) or Meshmixer (version 3.5; Disruptive Dental Specialist), and the length, width
and inclination of teeth were evaluated as described in Table 1 and presented in Figure 2.
Patients were selected by authors D.C. and G.M. Measurements were performed by author
G.M., an orthodontist experienced in the field of digital software.

Table 1. Dental measurements.

Upper Central Incisor Measurements Description

Length (mm) The length of the tooth was determined measuring the linear distance from the most
apical point of the gingival margin to the most incisal point of the crown (Figure 2a).

Width (mm)
The width of the tooth was determined measuring the linear mesio-distal distance of the
tooth considering the distance between contact points mesially and distally,
perpendicular to the tooth’s long axis (Figure 2b).

Inclination (mm)
The inclination of the tooth was determined considering the distance of the
perpendicular line between the mesio-buccal cusps of the left and right of the first
permanent molar measured in the middle of the incisal margin of the teeth (Figure 2c).
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Statistical Analysis

Data were analysed using GraphPad Prism 6.0 (GraphPad Prism Software, San Diego,
CA, USA). The Shapiro–Wilk test was used to evaluate whether data had a normal distribu-
tion. A paired t-test was used to analyse normally distributed data, while the Wilcoxon
signed-rank test was used to evaluate non-normally distributed data. The level of signifi-
cance was set at p < 0.05.

3. Results

Seventy-six patients (40 males and 36 females) with a mean age of 10.6 ± 0.3 years
were involved in this study. Descriptive statistics are presented in Table 2. As data were
non-normally distributed, the Wilcoxon signed-rank test was used to evaluate differences
in variables between NB sites and non-NB sites. Upper central incisors used for NB were
longer than upper incisors not used for NB (Table 3). There was no significant difference
between the width of teeth used for NB and the width of teeth not used for NB (Table 3).
Finally, upper central incisors used for NB showed an increased inclination compared with
upper central incisors not used for NB (Table 3).

Table 2. Descriptive statistics of the length, width and inclination of upper central incisors with and
without NB.

Variables
Length Width Inclination

NB Site Non-NB Site NB Site Non-NB Site NB Site Non-NB Site

Number of values 76 76 76 76 76 76

Mean 10.17 9.25 8.61 8.68 307.2 299.5

Std. deviation 0.86 1.02 0.55 0.67 51.79 50.13

Median 9.25 10.16 8.68 8.73 322.2 315.7

Std. error of mean 0.09 0.11 0.06 0.07 6.10 5.91

Lower 95% CI of mean 9.98 9.02 8.48 8.53 295 287.7

Upper 95% CI of mean 10.37 9.48 8.73 8.84 319.3 311.3

Passed normality test
(alpha = 0.05)? No Yes No Yes No No

Table 3. Wilcoxon signed-rank test for comparing differences in variables between NB Sites and
Non-NB Sites.

Variables p Value

Length p < 0.001 **

Width p = 0.7478

Inclination p = 0.034 *
* Statistically significant for p < 0.05; ** statistically significant for p < 0.001.

4. Discussion

NB is a common oral parafunction, but its clinical implication in dentistry is not entirely
clear. Therefore, the present study aimed to assess effects of NB on teeth morphology. As
previously described, NB is a self-injury behaviour that is uncontrolled by patients [1].
It involves close contacts between fingernails and upper central incisors in a repetitive
way and causes trauma to teeth. There are different hypotheses regarding the aetiology of
NB: some authors believe that anxiety and stress are responsible [5], while others believe
that NB may have an anxiety-reducing function [17]. Moreover, Silber and Haynes stated
that NB is not related to emotional disorders [19], even if it can be associated with poorer
psychosocial health. As previously mentioned, complications caused by NB can affect
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the nail plate and the periungual region, as well as the oral cavity and teeth. Regarding
the stomatognathic system, it is well known that NB can cause infective disease of the
whole oral cavity or disease involving only mucosae or teeth separately. In this study, only
changes in teeth were evaluated, showing that there were differences between teeth used
in NB and teeth not used in NB. In particular, upper central incisors used for NB were
significantly longer compared with upper central incisors not used for NB (Table 2). The
longer length of teeth used for NB may be caused either by extrusion of incisors because
of the incision movement of NB or by the elevation of the gingival margin caused by the
traumatic action of NB. In a previous research study that performed a similar evaluation,
the authors did not find any associations between tooth length and the gingival margin,
except in cases of inadequate orthodontic treatment or oral piercing [20]. It has been stated
that NB-related forces can cause apical root resorption of both orthodontically treated
and untreated teeth [21], demonstrating that root changes were related to the presence of
parafunction and not to orthodontic movements. In fact, teeth affected by severe NB may
have a high root resorption index, indicating that this parafunction may cause apical root
reabsorption [21]. Bonetti et al. [22] described how recessions also develop as an indirect
effect of NB: they analysed mandibular incisors subjected to NB and showed that there
was an uncontrolled buccal displacement of the root. Of course, elevation of the gingival
margin can also be related to other features, such as the periodontal biotype [23,24], which
was not analysed in this study.

There were no statistically significant differences in the width of upper central incisors
used and not used for NB (Table 3), probably because NB-related force involves the vertical
axis and component of teeth, and not sagittal and transversal ones. Additionally, statistical
analysis showed statistically significant differences between NB and the inclination of
upper central incisors. Incisors used for NB showed a more vestibular inclination than
incisors not used for NB (Table S1). This increased inclination may be due to the oscillatory
movement of upper central incisors subjected to NB. The different inclination of teeth may
be the consequence of the application of force at the margins of teeth when a patient bites
their nails, resulting in a more vestibular inclination of upper central incisors used for NB.

It is well known that NB can cause malocclusion of anterior teeth [5]; however, there
are other oral habits that cause protrusion of upper incisors, including sucking on a finger,
a pacifier or a baby bottle [25]. Furthermore, sucking habits can evolve to NB during
growth [26]. Dean et al. found associations between tongue thrusting and upper incisors
resulting in increased protrusion of anterior teeth [27]. Although NB cannot be considered
one of the primary causes of malocclusion, it is associated with other problems, such as
gingivitis, small fractures of the incisors and temporomandibular dysfunction in mixed
dentition [28], resulting in problems with the entire stomatognathic system.

As most of studies conducted on NB have focused on consequences concerning
oral [29] and nail [13] infections rather than on anatomical changes in teeth, the present
study is a novelty, providing a new perspective in the field. In conclusion, NB is not healthy
for children and young adolescents. Thus, it is important to intercept this problem in
children and young adolescents, as dental impairments are still present at these ages, and
it would be helpful to promote psychoeducational programmes in association with the
first orthodontic check to intervene immediately when NB is detected. A multidisciplinary
approach should help children understand that they should not bite their nails, show them
the problems related to NB [30], and build up their self-confidence and self-esteem.

Limitations of this study. The main limitation of the present study is the retrospective
recruitment of the sample, although care was taken to avoid any selection bias, for example,
by using consecutive enrolment. Moreover, examinations of periodontal status and gingival
biotype were not performed. Finally, social status and gender were not assessed, so inherent
biases might be present.
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5. Conclusions

Within the limits of this study, conclusions can be summarized as follows:
Statistically significant differences were found in the length and inclination of central

incisors used for NB compared with those not used for NB.
Early prevention of NB and the role of the clinician during the first visit are crucial to

intercept this parafunction. It is important not to underestimate NB to avoid anatomical
and functional alterations of both central incisors and other teeth.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/app14166856/s1, Table S1: Wilcoxon signed rank test for comparison of
variables by gender between NB site and No NB site.
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