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Introduction

The maxillary labial frenum is a mucous membrane fold that 
connects the upper lip to the alveolar mucosa, gingiva, and 
the underlying periosteum.[1] It is one of the most variable 
anatomical structures present in the oral cavity and is 
superficial to muscle attachments.[2] In infants, the frenum 
extends over the alveolar process and forms a raphe reaching 
the palatal papilla. As the alveolar process grows and tooth 
eruption occurs, the attachment of the frenum generally 
changes to assume the adult configuration at the alveolar 
mucosa.[3]

The maxillary midline diastema is a space (or gap) between 
the maxillary central incisors which is more than 0.5 mm.[4] 
The space can be a normal growth feature during the primary 
and mixed dentition and usually closes at the time of eruption 
of the maxillary canines.[5] In some individuals; however, the 
diastema does not close spontaneously.[4]

The main function of the maxillary labial frenum is the 
provision of support and stability of the upper lip. It also 
keeps the lip in harmony with the growing bones of the 
maxilla, thereby contributing to the regulation of the facial 
growth.[3] The upper labial frenum has shown variations and 
anomalies depending on the attachment of fibers and structure 
of frenum.[6] These variations have been classified in various 
ways,[3,7,8] but the most widely accepted classification was 
proposed by Mirko et al.[7] based on the frenal attachment site, 
namely mucosal frenal attachment, gingival frenal attachment, 
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papillary frenal attachment, and papillary penetrating frenal 
attachment.

Frenal attachment that impinges on the marginal gingiva 
distends the gingival sulcus, leading to plaque accumulation, 
increase in the progression rate of gingival recession, and 
resulting in relapse after orthodontic treatment.[3] Papillary and 
papilla penetrating frena are clinically considered pathological 
and have been found to be associated with diastema, loss of 
papilla, gingival recession, brushing difficulty, malocclusion 
and it may also affect the denture fit or retention leading to 
psychological disturbances to the individual.[9]

Previous studies reported a higher prevalence of diastema in 
Africans than in Caucasians.[10,11] In Nigeria, various studies 
have reported the prevalence of diastema between 17% and 
37% among school children.[11‑15]

The aetiology of midline diastema is multifactorial, including 
microdontia or hypodontia of upper lateral incisors, 
supernumerary teeth between upper central incisors, especially 
mesiodens, aberrant frenal attachment, periodontal disease, 
large tongue, improper position of tongue during rest or 
function, and genetic factors.[4,9,16‑19]

The midline diastema could create an unpleasant appearance 
and can interfere with speech depending on its width.[20] 
However, Nigerian ethnic groups perceived maxillary midline 
diastema within 2–3 mm as an esthetic attribute.[21]

The relationship between labial frenal attachment and the 
maxillary midline diastema has been investigated.[22‑26] Some 
of these studies concluded that persistent midline diastema can 
be attributed to the presence of an abnormal frenum.[20,23] A 
significant inverse relationship between gingival insertion level 
of frenum and midline diastema was found.[24] Conversely, 
other studies suggested that abnormal frenum is an effect of 
midline diastema rather than being its etiology.[27,28]

Literature review found no previous study on the relationship 
between frenal attachment and diastema width among Africans. 
The objectives of this study were as follows: (1) to determine 
the prevalence of maxillary midline diastema,  (2) examine 
the association between labial frenum attachment and width 
of maxillary midline diastema, (3) as well as investigate the 
association between gender and perception of esthetics of 
labial frenum attachments and sizes of maxillary midline 
diastema among secondary school students in a Nigerian rural 
community.

Materials and Methods

Study design
This is a descriptive cross‑sectional study among secondary 
school students in a Nigerian rural community.

Study location
The research was conducted at Pakoto town in Ifo Local 
Government Area of Ogun State, Southwest Nigeria.

Study population
Participants were 200 adolescents aged 10–19 years attending 
a secondary school at Pakoto town in Ifo Local Government 
Area of Ogun State in December 2019.

Inclusion criteria
1.	 Healthy Nigerian adolescents of both sexes aged 

10–19 years who are willing to participate in the study 
with consent form signed by parents

2.	 Presence of healthy  (no caries, no fractures, and not 
previously restored) maxillary anterior teeth

3.	 Presence of healthy gingiva
4.	 Normal  occlus ion or  minimal  dentoalveolar 

discrepancy (≤4 mm).

Exclusion criteria
1.	 Adolescents with congenital/developmental/acquired 

orofacial anomalies affecting the hard and soft tissues
2.	 History of trauma in the anterior portion of the maxilla
3.	 Adolescents with interproximal caries or restoration on 

the upper central incisors and/or any alterations in the 
size and shape of the incisors

4.	 Any oral habits and/or any previous orthodontic/
periodontal treatments

5.	 History of surgical intervention in maxillary labial region
6.	 Those on medication which are known to cause gingival 

hyperplasia
7.	 Those with dentoalveolar disproportion >4 mm.

Sample size determination
This was determined by applying the formula for the sample 
size determination using a prevalence of midline diastema 
of 10.2% from a previous study (Boutsi and Tatakis, 2011):

2

2

Z pqn =
d

where n = the estimate of the population size

Z = 1.96 standard error at 95% level of confidence

d2 = the precision level set at 0.05

P = prevalence of midline diastema = 10.2%

q = 1–p

q = 1–p = 1– 0.102 = 0.898

d = 0.05

Therefore,

( )
( )

22

2 2

1.96 ×0.102 × 0.898 Z pq 0.352     n = = = =140.8
0.0025d 0.05

Addition of 30% for nonresponse: 140.8 + 42.24 = 183.04

Minimum sample size was 200 participants.

Sampling technique
A three‑stage stratified sampling technique   was utilized 
with random selection by balloting of one private and one 
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government‑owned secondary school from a list of all 
secondary schools in the town. One class arm was selected by 
simple random sampling technique from each class level in the 
selected schools. Within each class arm selected, participants 
that fit the selection criteria were selected using a simple 
random sampling technique.

Collection tool and ethical approval
The study was conducted using structured examiner‑administered 
questionnaires and intraoral examination. Prior to questionnaire 
administration and examination, Ethical approval was 
obtained from the Health Research and Ethics Committee of 
Lagos University Teaching Hospital  (ADM/DCST/HREC/
APP/3375). Following approval from the school authorities, a 
written informed consent was obtained from parents/guardians 
of the selected subjects who were willing to participate in 
the research. Written assent was similarly taken from the 
participants below 18 years of age.

The survey was conducted with a questionnaire [Appendix 1] 
with section 1 on sociodemographic variables such as age, sex, 
and academic level of the participants. Section 2 included a 
question on family history of diastema, while section 3 had 
three‑colored pictures  [Figure  1a-c]  showing three frenal 
attachment types and diastema sizes. Participants were asked 
to choose which picture they perceived as most esthetic.

The questionnaire was validated in a pilot study with 20 
dental students at the College of Medicine of the University 
of Lagos, who assessed the questionnaire’s clarity, language, 
and content. The results of the pilot study were not included 
in the main study results. The reliability of method was 
calculated using paired sample correlation of measurements 
of maxillary diastema width taken two weeks after the initial 
measurement by the same examiner. Intra‑observer agreement 
of r = 0.999 (P < 0.000) was obtained.

Intraoral examination was carried out on each participant 
by the principal researcher. With the students seated upright 
on a class chair under natural light, direct visual method of 
examination was done by lifting the upper lip with the index 
finger and thumb of both hands using disposable examination 
gloves. This allowed observation and classification of the labial 
frenum attachment level and assessment of midline diastema. 
The midline diastema width was measured by determining the 
distance in millimeter between the midpoints of the mesial 
surfaces of both central incisors using a pair of autoclavable 
dividers  (dbOrtho, West Yorkshire, UK) and transferred to 
a meter rule.[21] The dividers were sterile before use, and 
the meter rule was disinfected with 1:10 dilution of sodium 
hypochlorite after each participant.

The frenal attachment level classification by Placek et al.[29] 
was used as follows:
1.	 Mucosal attachment of the frenum: an attachment of the 

frenum to the mucogingival junction
2.	 Gingival attachment: an attachment of the frenum to the 

attached gingiva

3.	 Papillary attachment: an attachment of the frenum to the 
papilla

4.	 Papillary penetrating attachment: the attachment of the 
frenum passes right up to the papilla, while inserting into 
attached gingiva.

Data analysis
Data were analyzed with the IBM Statistical Package for 
the Social Sciences for Windows version 23.0. (IBM Corp., 
Armonk, NY, USA). Numeric data with normal distribution 
were presented as means and standard deviations. The 
categorical data were displayed using frequencies and 
percentages. Pearson’s Chi‑square test was analyzed 
differences between the subgroups of categorical variables. 
Student’s t‑test compared mean between two groups, while 
the analysis of variance (ANOVA) compared more than two 
means with Tukey’s post hoc tests. Statistical significance was 
put at a 5% level and a Confidence interval of 95%.

Results

Sociodemographic characteristics
In this study, 200 adolescents participated, of which 51% were 
female and 49% were male. They were aged 10–17 years with 
a mean age of 12.69 ± 2.10. The respondents’ characteristics 
are shown in Table 1.

Prevalence of maxillary midline diastema
The prevalence of upper midline diastema among the 
adolescents who participated in the study was 31.5% [Table 2], 
with no gender difference (P > 0.05).

Association between labial frenum attachment and width 
of maxillary midline diastema
The distribution of frenal attachment types showed that 
mucosal attachment was found in 6.3%  (n  =  4), gingival 
attachment in 47.6%  (n  =  30), and papillary attachment in 
46.0% (n = 29). Papillary penetrating frenal attachment was 
not found among the sample examined. Results of tests of 
association by the ANOVA revealed a statistically significant 
association (P < 0.05) between the width of maxillary midline 

Table 1: Sociodemographic characteristics of participants

Variable Categories n (%)
Gender Male 98 (49.0)

Female 102 (51.0)
Age (years) 10-12 94 (47.0)

13-15 88 (44.0)
>16 18 (9.0)

Academic level JS1 71 (35.5)
JS2 26 (13.0)
JS3 20 (10.0)
SS1 54 (27.0)
SS2 19 (9.5)
SS3 10 (5.0)

Total 200 (100.0)
JS: Junior secondary, SS: Senior secondary
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Table 4: Tukey post hoc pairwise comparison

Model effect Mean difference SE CI P
Mucosal versus gingival attachment 0.083 0.404 −0.89-1.05 0.977
Mucosal versus papillary attachment −0.802 0.405 −1.77-0.17 0.126
Gingival versus papillary attachment −0.885* 0.198 −1.36-−0.41 0.000***
***Significant at P<0.000. CI: Confidence interval, SE: Standard error

Table 5: Comparison of perception of dental esthetics of variations in maxillary midline diastema and frenal attachments 
based on gender

Diastema size and frenal type Gender Total, n (%)

Female, n (%) Male, n (%)
Small diastema and mucosal frenum 60 (30.0) 60 (30.0) 124 (62.0)
Medium diastema and gingival frenum 39 (19.5) 31 (15.5) 70 (35.0)
Large diastema and papillary penetrating frenum 3 (1.5) 3 (1.5) 6 (3.0)
Total 102 (51.0) 98 (49.0) 200 (100.0)
χ2=0.964, P=0.618

Table 2: Prevalence of maxillary midline diastema

Maxillary midline 
diastema

Female, n (%) Male, n (%) Total, n (%)

Present 29 (14.5) 34 (17.0) 63 (31.5)
Absent 73 (36.5) 64 (32.0) 137 (68.5)
Total 102 (51.0) 98 (49.0) 200 (100.0)
χ2=0.908, P=0.341

Table 3: Test of association between maxillary midline 
diastema width  (in millimeters) and frenal morphology

Frenal morphology MMD mean width F P
Gingival attachment 1.67 10.420 0.000***
Mucosal attachment 1.75
Papillary attachment 2.55
***Significant at P<0.000. MMD: Maxillary midline diastema
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diastema and maxillary labial frenal attachment  [Table  3]. 
Individuals with frenal fibers inserted into their interdental 
papilla had wider maxillary midline diastema.

Tukey’s post hoc tests [Table 4] revealed that the mean width 
of maxillary diastema for respondents with gingival frenal 
attachment  (1.67 mm) was significantly smaller  (P < 0.05) 
compared to those with papillary frenal attachment (2.55 mm).

Association between gender and perception of esthetics
Majority of respondents (62%) perceived small diastema and 
mucosal frenum attachment as most attractive, while only 
3%  (n  =  6) found large diastema and papillary penetrating 
frenum attachment as most attractive. There was no significant 
difference observed based on gender (P > 0.05) [Table 5].

Discussion 
This study revealed that the type of upper lip frenum attachment 
has an impact on the size of diastema in this present study. The 
insertion of frenal fibers into the interdental papilla in the 

present study was associated with wider maxillary midline 
diastema compared to those who had frenal attachment 
into their attached gingiva. This result aligns with a 
previous study which found that large frenum attachment 
classified as Type III  (papillary) or IV (penetrating to the 
papilla) significantly occurred more often in patients with 
diastema.[29] Another study found that patients with oversized 
frenum had bigger diastema than patients with normal 
frenum.[30] A higher prevalence of mucosal and gingival 
type of frenum was found in a group of adult Caucasian 
patients with small diastema of ≤2 mm while large diastema 
of >2 mm was associated with papillary and penetrating to 
the papilla frenum.[26] The diastema has been attributed to 
the insertion of labial frenum into a notch in the alveolar 
bone, leaving a band of heavy fibrous tissue between the 
central incisors which creates a bony cleft separating the 
two central incisors as they erupt.[22] However, Tait[19] in his 
study reported that frenum is an effect and not a cause for 
the incidence of diastema.

In Nigeria, several studies have reported the prevalence of 
midline diastema in varying age groups.[11‑15] In the present 
study, the prevalence of maxillary midline diastema was 
31.5% among respondents. This is similar to findings of a 
study conducted among school children aged 12–16  years, 
where the prevalence of midline diastema was 31%.[12] This 
may be due to similarities in the age of the respondents and 
methodology. Another study among a similar age group in 
Southwestern Nigeria reported a prevalence of 37%.[11] The 
present result however differs from lower prevalence values 
obtained in other studies.[13,14] These differences could be due 
to the differences in methodology such as the exclusion of 
diastema sizes <2 mm in width.

Although respondents’ perception of dental aesthetics of 
types of frenal attachments and maxillary midline diastema 
sizes based on gender was not statistically significant, most 
respondents perceived small diastema (<1 mm) and mucosal 
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frenum as aesthetic while only 3% perceived large diastema 
with papillary penetrating frenum attachment as aesthetic. 
Previous studies reported that a midline diastema of 2 mm 
was regarded as an aesthetic limit of smile attractiveness and 
diastema of ≥2  mm was negatively perceived by Brazilian 
adolescents[31] and diastema >1 mm was observed as a defect 
that required correction.[26,32] In contrast, maxillary midline 
diastema was found acceptable and seen as a sign of beauty 
among Africans, such that it was common among some 
Africans to either desire to maintain the midline diastema 
when present or to demand for artificially created midline 
diastema.[33,34] However, a study among Nigerian undergraduate 
students found that the width of a diastema tends to affect the 
esthetic acceptability of the diastema. While the diastema width 
rated as most attractive was 1 mm, the least attractive diastema 
width was 4 mm.[35] However, in a Saudi population, maxillary 
midline diastema of any width was perceived as unattractive, 
thus requiring corrective intervention.[36]

There was no statistically significant association between 
gender and the choice of the most attractive diastema 
width and frenum attachment width. This finding is similar 
to previous reports[36,37] but differs from previous studies 
that reported that women were more critical of midline 
diastema.[38]

Conclusions

The following conclusions were derived from the results of 
the study:
1.	 The prevalence of upper midline diastema among the 

adolescents who participated in the study was 31.5% with 
no gender difference

2.	 There is a statistically significant association between the 
diameter of maxillary midline diastema and maxillary 
labial frenal attachment

3.	 The perception of esthetics of types of frenal attachments 
and maxillary midline diastema sizes compared based 
on gender was not statistically significant among 
respondents.

Limitations of the study
The study limitations include that this study did not test the 
effects of other factors with possible effects on the perception of 
midline diastema and labial frenal attachment such as cultural 
norms and social predisposition. Further investigations are 
needed to examine the potential effects of these factors.
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