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Abstract: This systematic review aimed to investigate the relation between orthodontic treatment
(OT) and the incidence of the gingival black triangle (GBT) after completing treatment with a fixed
orthodontic appliance, as well as the associated risk factors and the level of alveolar bone. Electronic
and hand searches were conducted in three electronic databases for relevant articles published up to
March 2022. Retrieved articles went through a two-step screening procedure, and the risk of bias
(RoB) was assessed by the Joanna Briggs Institute checklists. The incidence of GBT after OT was set
as the primary outcome, while the secondary outcomes were the risk factors associated with GBT and
alveolar bone loss following OT. Out of 421 papers, 5 were selected for the final analysis. The RoBs
of three studies were moderate and the remaining two were low. The incidence of GBT following
OT ranged from 38% to 58%. In addition, three studies reported that alveolar bone loss was reduced
significantly following OT and associated with GBT, while one study found the opposite. Regarding
the risk factors associated with GBT, the reported results attributed GBT to several factors including
age, tooth-related factors, treatment duration, and soft tissue factors. The analysis indicates an
increased incidence of GBT following OT; however, a firm conclusion cannot be drawn. Additionally,
it was not possible to reach a consensus on risk factors associated with GBT due to the heterogene-
ity of the data. Therefore, further randomized clinical trials are highly recommended to draw a
firm conclusion.

Keywords: orthodontic treatment; gingival black triangle; alveolar bone loss; risk factor

1. Introduction

The classical reasons for seeking orthodontic treatment (OT) have changed over the last
decades. Recently, individuals have sought OT to solve functional occlusal discrepancies
as well as esthetic needs [1]. Until the early 1980s, patients were seeking OT mainly to
correct malocclusion or restore normal occlusal function [2]; however, economic growth
combined with changes in social norms have led to an increased focus on dental esthetic
among adolescents and adults [3]. Considering patients’ esthetic needs, OT planning is
more challenging for both orthodontists and periodontists; therefore, an interdisciplinary
treatment plan is essential for managing associated periodontal issues before, during, and
after OT [1].

In healthy subjects, OT is mostly associated with transient inflammation and a minute
insult to the periodontium [4,5]. Furthermore, a healthy periodontium can withstand tooth
movements during OT without the deterioration of periodontal tissues [6]. On the contrary,
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OT may also have unwanted effects on periodontal tissues such as root resorption [7], bone
dehiscence [8], loss of soft tissue architecture, gingival recession, and the formation of
gingival black triangles (GBT), which may dramatically jeopardize the esthetic outcome [1].
GBT (also called “open gingival embrasure”) is formed due to the loss of interdental
papilla [9]. In addition, GBT may cause periodontal problems due to food retention and
potential difficulty in mechanical plaque control [10]. Therefore, the prevention of GBT
formation by preserving the interdental papilla, especially in the esthetic zone, must be
considered during OT [11]. Furthermore, understanding the etiopathophysiology of GBT
and developing an appropriate treatment plan is crucial to decreasing the incidence and
severity of GBT following OT [10].

The causes of GBT are multifactorial, which include tooth morphology, inter-proximal
spaces, the distance of inter-proximal contact to the alveolar bone crest, gingival phenotype,
patient’s age, and history of periodontitis [12]. Moreover, in terms of OT, a relatively
high incidence of GBT (38–43.7%) has been reported following OT. Indeed, this is not
commensurate with the present-day high esthetic demands of young patients undergoing
OT [9].

The evidence of the association between the incidence of GBT and OT is contradic-
tory [13]. Some studies indicate that OT leads to the development of GBT [14–22], while
others reported that OT might stimulate interdental papilla formation and accordingly lead
to the reduction of GBT incidence [23–25]. To the best of our knowledge, the published
studies and available evidence scarcely answer the question of whether there is an associa-
tion between OT and increasing incidence of GBT. Thus, the present systematic review aims
to explore this association. Additionally, alveolar bone loss and the risk factors associated
with the incidence of GBT following OT have been examined.

2. Materials and Methods
2.1. Guidelines

The protocol for this systematic review was developed according to the updated Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [26].
The study was registered in PROSPERO, an international database of prospectively regis-
tered systematic reviews (registration number: PROSPERO 2022 CRD42022315066).

2.2. PEO Questions

The research question was developed based on the Population, Exposure, Outcomes
(PEO) framework. The focus question was “In individuals ≥ 12 years old, is the treat-
ment with fixed orthodontic appliances associated with increased incidence of GBT after
completing the treatment?”:

• Population: Individual ≥ 12 years old.
• Exposure: Fixed orthodontic appliances.
• Outcomes.

Primary outcome: Incidence of GBT.
Secondary outcomes: (1) Alveolar bone loss after OT and its association with GBT and

(2) the GBT-associated risk factors.

2.3. Search Strategy and Eligibility Criteria

Three electronic databases (Cochrane Central Register of Controlled Trials, Medline
via PubMed, and EMBASE via Ovid) were searched for relevant articles published up
to March 2022. Combinations of MeSH search terms and text words were used: (“fixed
orthodontic treatment *” OR “fixed orthodontic appliance *” OR “orthodontic treatment
*” OR “fixed brace *” OR “fixed appliance therap *” OR “fixed brace * treatment *” OR
“fixed brace * therap *”) AND (“open gingival embrasure *” OR “gingival embrasure *” OR
“gingival black triangle *” OR “black triangle * teeth” OR “ black triangle *” OR “angularis
nigra” OR “loss of interdental papilla *” OR “black space” OR “ embrasure” OR “ gingiva”
OR “ gingival papilla absence” OR “ interdental black triangle” OR “ interproximal dental
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papilla”). Additionally, a manual search of bibliographies of the previously published
systematic reviews and selected studies were checked for cross-references.

The eligibility criteria included patients exclusively having fixed orthodontic treat-
ment and free from GBT and periodontal diseases at the start of treatment with an age of
≥12 years old. All quantitative studies in the English language were included. Re-
views, commentaries, case reports, case series, policy documents, and opinion articles
were excluded.

2.4. Study Selection and Data Extraction

Based on eligibility criteria, retrieved articles went through a two-step screening proce-
dure. This included titles, abstracts, and full-text screening, according to eligibility criteria,
by two independent reviewers (RJZ and GSS). When there is missing or incomplete infor-
mation, the publications were excluded. Differences between reviewers were addressed by
a discussion with the third reviewer (AAA). Inter-reviewer agreement was measured by
Cohen’s Kappa test [27].

2.5. Data Screening and Extraction

Data including authors’ names and year of publication, the aim and design of the
study, the age of participants, the method of assessing the GBT, and the incidence of GBT
were retrieved. Additionally, changes in the alveolar bone level following OT and the
reported risk factors associated with the incidence of GBT were also recorded.

2.6. Outcome Measures

The primary outcome measure is the incidence of GBT, whereas the secondary out-
comes are alveolar bone loss after OT and its association with GBT and GBT-associated
risk factors.

2.7. Quality Assessment

A methodological quality critical appraisal checklist proposed by the Joanna Briggs
Institute (JBI) systematic review methods manual [28] was used to assess the risk of bias
in individual studies. This tool is dedicated to observational studies reporting prevalence
data considering sample frame/recruitment appropriateness, sample size, subject and
setting descriptions, data analysis coverage, ascertainment, measurement of the condition,
reporting statistical analysis thoroughness, and response rate adequacy and management.
Each domain was rated as having a high, low, or uncertain risk of bias. The studies were
evaluated separately by two reviewers (MSS and MSZ). Disagreements were discussed and
resolved to reach a consensus between the reviewers. The appraisal results were utilized to
guide the synthesis and interpretation of the review findings.

The risk of bias (RoB) for each study was categorized, according to the final JBI scores,
as follows: ‘high’ for scores ≤ 49%, ‘moderate’ for scores between 50% and 69%, and ‘low’
for scores > 70% [29–31].

3. Results
3.1. Selection of Studies

A total of 421 records were found during the search process. After removing duplicates,
365 records remained. Titles and abstracts were screened by two reviewers, which resulted
in excluding 351 records. At this step, 14 articles were nominated (Figure 1) for full-text
reading, which led to the exclusion of the other nine articles [32–40], and the reasons for
excluding these records are summarized in Table 1. Finally, five articles [1,10,13,41,42]
fulfilling the eligibility criteria were further analyzed for data extraction and answering the
PEO question. The computed Cohen’s kappa values for inter-reviewer agreement for the
title/abstract and full-text screening procedure were 0.83 and 0.89, respectively.
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Table 1. Reasons for exclusion after full-text reading.

No. Author, Year Reason(s) for Exclusion

1 Uribe et al., 2011 [32]

GBT was artificially created by the digital alteration of the photograph2 Pithon et al., 2012 [33]

3 Bolas-Colvee et al., 2018 [34]

4 Ikeda et al., 2004 [35]
Full text not available

5 Kandasamy et al., 2007 [36]

6 McMorrow and Millett, 2017 [37] No orthodontic treatment provided

7 Jeong et al., 2016 [38] Age < 12

8 Vilhjálmsson et al., 2019 [39] New technique in OT provided

9 Jamilian et al., 2015 [40] GBT was only indicated as present or absent

GBT: Gingival black triangle, OT: Orthodontic treatment.
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3.2. Study Design and Populations

Amongst the included studies for the final analysis, three were retrospective cohort
studies [10,41,42], one was a prospective clinical study [13], and one was a cross-sectional
study [1]. The minimum number of patients included was 80 [13] while the maximum
was 337 [42]. Regarding the age, the widest range was 20–77 years old [42], the minimum
reported mean age was 15 ± 3 years old [41], and the maximum reported mean age was
31.9 years old [42]. The age range was not reported in two studies [10,41], and the mean
age was not reported in one study [13].

3.3. Study Outcomes
3.3.1. Incidence of Gingival Black Triangle (Primary Outcome)

The incidence of GBT was measured by a diagnostic cast and intraoral photographs
in two studies [13,41], a digital image in two other studies [10,42], and clinically using
a periodontal probe in another study [1]. Overall, the incidence of GBT in the included
studies tends to be high. The lowest incidence of GBT following OT was 38% [42], while
the highest incidence was 58% [10]. Two studies reported a GBT incidence of 43% [1,13],
and another study reported an incidence of approximately 42% [41] (Table 2).

Table 2. Incidence of gingival black triangle following orthodontic treatment (primary outcome).

Author, Year Aim Study Design/Sample Age (Years) Assessment Incidence of GBT

Burke et al.,
1994 [41]

To determine: (1) The incidence
of overlapped and crowded MCI;
(2) the incidence of OGE spaces
(GBT) after orthodontic
alignment of crowded MCI, and
(3) the width of the gingival base
of that triangular space.

• Retrospective
cohort

• Patients with
crowded
MCI (n = 129)

Mean: 15 ± 3
Range: NR

• Diagnostic casts and photographs.
• The dimension of the

embrasure was measured
horizontally at the most cervical
aspect of the triangular space
(within 0.017 mm).

41.9%
(n = 54)

Kurth and
Kokich,

2001 [42]

(1) To determine the prevalence
of posttreatment OGE in adult
orthodontic patients.
(2) To examine the association of
pre-treatment maxillary incisor
malalignment, posttreatment
alveolar bone height,
interproximal contact position,
root angulation, crown shape,
and embrasure area with OGE.

• Retrospective
cohort

• Adult orthodontic
patients (n = 337)

Mean: 31.9
Range: 20 to 77

• Occlusal digital images of the
pre-treatment maxillary models
analyzed by software for MCI
overlap and rotation.

• Posttreatment, digital image of
radiographs to assess alveolar
bone height, interproximal
contact height, crown shape,
root angulation, the long axis of
the tooth, and embrasure area.

38% (n = 128)

Ko-Kimura
et al., 2003 [13]

To determine:
(1) the prevalence of OGE in a
group of orthodontic patients;
(2) if OGE is related to
pre-treatment age, the severity of
mandibular incisor crowding,
duration of treatment, and/or
changes in alveolar bone height.

• Prospective
clinical trial

• Patients with Class I
malocclusion
(n = 80)

• Distribution
according to:

- Sex; male (n = 33),
female (n = 47)

- Age groups; 15 to
20 years (n = 38),
>20 years (n = 42)

Mean: NR
Range: 15 to 31

• Study casts and intra-oral
photographs

• Heights and widths of the five
gingival embrasures, from the
mesial surface of one
mandibular canine to the mesial
surface of the contralateral
canine, were measured with
dial calipers to the nearest
0.01 mm.

• GBT definition: width ≥ 1.0 mm,
height ≥ 2.0 mm

43.7% (n = 35)

An et al.,
2018 [10]

To determine the incidence of
OGE after OT and to examine the
predisposing factors in
combination with OT.

• Retrospective
cohort

• n = 100 (Male = 29,
female = 71)

Mean:
24.7 ± 67.6
Range: NR

• Frontal intraoral photographs,
lateral cephalograms, and
periapical radiographs were
taken with a 4 mm metal bead,
and study models.

• OGE is subdivided into mild,
moderate, and severe groups.

• Overall:
58%
(n = 58)

• Mild: 45%
(n = 45)

• Moderate:
13%
(n = 13)

• Severe: 0%
(n = 0)
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Table 2. Cont.

Abdelhafez
et al., 2022 [1]

To assess possible
positive/negative effects of OT
on the periodontium and
tissue esthetics.

• Cross-sectional
study

Patients completed OT
(n = 156)

- With extraction of
teeth (n = 51,
32.6%)

- Without extraction
of teeth (n = 105,
67.3%)

Mean:
21.47 ± 3.5

Range:
18 to 39

The height of papilla, the width of
keratinized gingiva, gingival

recession, degree of tooth display,
smile line, crestal bone level, and

proximal caries were assessed using a
Michigan O periodontal probe with

William’s grading

• Overall:
43%
(n = 68)

• Extraction
group:
45.1%
(n = 23)

• Non-
extraction:
42.1%
(n = 45)

MCI: Maxillary central incisors, NR: Not reported, GBT: Gingival black triangle, OGE: Open gingival embrasures,
OT: Orthodontic treatment.

3.3.2. Alveolar Bone Loss (Secondary Outcome)

The measurement of alveolar bone loss varied in the included studies. Abdelhafez
et al. measured bone loss from only the cemento-enamel junction to the alveolar crest [1].
Measuring the distance from the inter-proximal contact (IPC) point to the alveolar crest to
estimate bone loss was performed by An et al. [10]. Kurth and Kokich used both methods
to measure bone loss [42]. One study measured alveolar bone loss by the distance from
the Frankfort plane to the mandibular alveolar crest [13]. Only one study did not report
alveolar bone loss [41] (Table 3).

Table 3. Alveolar bone level (secondary outcomes) in subjects undergoing orthodontic treatment.

Author,
Year Inclusion Criteria Detail of

Measurement

Baseline
Bone Level

(mm)

Post
Treatment
Bone Level

(mm)

∆ Mean Bone
Loss

Difference
(mm)

Conclusion Reported Risk Factor(s) in
Association with GBT

Burke et al.,
1994 [41]

Presence of six
maxillary
anterior teeth.

NR NR NR NR NR NR

Kurth and
Kokich,

2001 [42]

At least 20 years
old at the start of
orthodontic
treatment, there
were no
restorations or
alterations of the
mesial surfaces of
the maxillary
central incisors.
Post-treatment
frontal intraoral
photographs were
available.

Bone height
measured from
CEJ to alveolar
crest/
alveolar bone to
IPC point.

2.28 ± 1.93/
5.50 ± 2.32 1.95 ± 1.74/

7.01 ± 2.24

−0.33 ± 0.72/
−1.51 ± 0.93

Alveolar bone
loss not
associated with
GBT/an
increased
distance from the
alveolar bone to
the IPC is
correlated with
GBT after
orthodontic
therapy.

Associated:

• Root angulation
• Alveolar bone to IPC

distance.
• Divergent or

triangular-shaped
crown.

• Increased
embrasure area.

Not associated:
Pre-treatment maxillary
central incisor rotation
and overlap.

Ko-Kimura
et al.,

2003 [13]

Class I
malocclusion with
severity of
crowding of
<4 mm, 4–8 mm
and >8 mm.

Bone loss
measured by
distance from the
Frankfort plane
to the
mandibular
alveolar crest.

65.3 ± 5.72 68.7 ± 5.5 −3.43 ± 0.15

GBT were
associated with
resorption of the
alveolar crest
following
orthodontic
treatment.

Associated:

• Age > 20 years old.

Not associated:

• Duration of treatment
(<3 years, >3 years).

• Severity of crowding
(<4 mm, 4–8 mm,
>8 mm).

• Distance of Frankfort
plane to the incisal
edge of the most
prominent
mandibular incisor.
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Table 3. Cont.

Author,
Year Inclusion Criteria Detail of

Measurement

Baseline
Bone Level

(mm)

Post
Treatment
Bone Level

(mm)

∆ Mean Bone
Loss

Difference
(mm)

Conclusion Reported Risk Factor(s) in
Association with GBT

An et al.,
2018 [10]

Presence of central
incisors and all
types of
malocclusion.

The distance
between the
mesial CEJs of
two central
incisors was
measured from
IPC point to the
alveolar
bone crest.

Maxilla:
5.04 ± 0.91
Mandible:
4.90 ± 0.87

Maxilla: 5.51
± 0.95

Mandible:
5.85 ± 1.05

Maxilla:
−0.47 ± 0.84

Mandible:
−0.95 ± 1.03

A large distance
from the IPC
point to the
alveolar crest
after treatment
can cause GBT
after orthodontic
treatment.

Associated:

• Crown ratio in
the mandible.

• Vertical movement in
the mandible.

• Horizontal movement
in the maxilla.

Not associated:

• Age.
• Crowding degree.
• Treatment duration.
• Crown ratio in

the maxilla.
• Vertical movement in

the maxilla.
• Horizontal movement

in mandible.

Abdelhafez
et al.,

2022 [1]

Mild malocclusion,
and extraction may
or may not be part
of orthodontic
treatment and
orthodontic
treatment at least 6
months ago.

The crestal bone
level was
measured on
radiographs at
the mesial and
distal surfaces of
all teeth as the
distance from the
CEJ to the crest
of the
alveolar bone.

NR NR

Upper anterior
teeth:

Ortho treated
1.91 ± 0.39 vs.

non-ortho
treated

1.78 ± 0.35
Lower anterior

teeth:
ortho treated
2.15 ± 0.54 vs.

non-ortho
treated

1.98 ± 0.51

The orthodontic
treatment
appeared to be
associated with
crestal bone
levels in relation
to the CEJ at
upper and lower
anterior teeth.

Associated:

• Width of
keratinized gingiva.

• Number of
extracted teeth.

Not associated:

• Proximal caries.
• Gingival recession.
• Smile line.

NR: Not reported, GBT: Gingival black triangle, IPC: Interproximal contact, CEJ: Cemento-enamel junction.

Three studies reported that the reduction of alveolar bone loss was statistically signifi-
cant following OT and the changes in alveolar bone level associated with the incidence of
GBT [1,10,13], whereas one study indicated that alveolar bone loss was not associated with
GBT; however, it was found that an increased distance from the alveolar bone to the IPC is
correlated with GBT after OT [42] (Table 3).

3.4. Risk Factors for Incidence of GBT in Patients Undergoing OT

Data from the included articles lack a consensus on the risk factor(s) associated with
the incidence of GBT. In fact, the results were controversial; Ko-Kimura et al. [13] indicated
age as a risk factor; however, it was not associated with GBT according to An et al. [10]. One
study [42] suggested that the level of alveolar bone is a risk factor for the incidence of GBT.
Two studies agreed that the duration of treatment was not associated with the incidence
of GBT [10,13]. Likewise, the severity and degree of malocclusion were not reported as
risk factors for GBT by two studies [13,42]. Further, two studies [10,42] indicated that
tooth-related morphology/dimension was associated with the incidence of GBT. Other
reported risk factors varied from the direction of orthodontic movements [10], the size
of the embrasure area [42], the width of keratinized gingiva, and the number of missing
teeth [1]. Only one study [41] did not report any risk factor(s) in association with GBT
(Table 3).

3.5. Quality Assessment

The risk of bias for three studies [10,13,41] was assessed as moderate, while for the
remaining two studies [1,42], the risk of bias was judged to be low. The response rate
criterion was deemed inapplicable for retrospective research where non-response and
dropout were unlikely. Similarly, the assessment of this study design was deemed unclear
as it was not expressly stated that all patients meeting the inclusion criteria were chosen
(Table 4).
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Table 4. The critical appraisal results of the included studies using the JBI-prevalence critical appraisal checklist.

Study

Was the Sample
Frame

Appropriate to
Address the

Target
Population?

Were Study
Participants

Sampled
in an

Appropriate
Way?

Was the
Sample Size
Adequate?

Were the
Study

Subjects and
the Setting

Described in
Detail?

Was the Data
Analysis

Conducted
with

Sufficient
Coverage of

the Identified
Sample?

Were Valid
Methods

Used for the
Identification

of the
Condition?

Was the
Condition

Measured in a
Standard,

Reliable Way
for All

Participants?

Was There
Appropriate

Statistical
Analysis?

Was the
Response Rate
Adequate, and
If Not, Was the
Low Response
Rate Managed
Appropriately?

Total %
of Yes

Overall Risk
of Bias

Burke et al.,
1994 [41] Yes Unclear NA Yes NA Yes Yes Unclear NA 66% Moderate

Kurth and
Kokich,

2001 [42]
Yes Yes NA Yes NA Yes Yes Yes NA 100% Low

Ko-Kimura
et al.,

2003 [13]
Yes Unclear Unclear Yes Yes Yes Unclear Yes Yes 66% Moderate

An et al.,
2018 [10] Yes Yes NA Yes NA Yes Yes Yes NA 66% Moderate

Abdelhafez
et al., 2022 [1] Yes Yes Yes Yes Yes Yes Yes Yes Yes 100% Low

NA: not applicable.
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4. Discussion

The current systematic review aimed to answer the research question of “whether
OT with fixed appliances influences the incidence of GBT” by synthesizing and analyzing
evidence from available empirical studies. Indeed, the interproximal papilla plays a key
role in protecting the periodontal structures from microbial invasions in addition to being
an integral part of phonetics and esthetics [43]. Consequently, the loss of interdental papilla
leaves a triangular space between the teeth, allowing the passage of air or saliva, causing an
embarrassing esthetic problem, food impact, and periodontal problems [44]. It is important
to take into consideration the fact reconstruction of the lost interdental papilla is one of the
least predictable and most challenging procedures. For example, coronally repositioning the
flap and connective tissue flap are still considered the gold standard in regenerating the lost
periodontal tissues; however, these procedures are usually associated with disadvantages
such as increased donor site morbidity, prolonged surgical times, and increased chances
of patient withdrawal [11,25]. Thus, it is very important to avoid/minimize any trauma
during dental procedures to maintain papillary integrity [43]. Available literature indicates
that GBT increases by approximately 58% following OT [10]. Undoubtfully, outcomes of
successful OT are typically determined by the esthetic outcome [45].

The primary outcome of this review was to determine the incidence of GBT following
OT. Extracted data from the studies included in the final analysis showed that GBT incidence
ranged from 38% [42] to 58% [10]. This variation could be attributed to differences in study
designs, sample sizes, age range, and methods used for assessing GBT. In brief, the design
followed by three studies was a retrospective cohort [10,41,42], one study was a prospective
clinical study [13], and one was a cross-sectional study [1]. The sample size ranged from
80 [13] to 337 patients [42], while the mean age ranged from 15 ± 3 [41] to 31.9 years [42].
Vast variations in the aforementioned variables could dramatically alter the incidence
of GBT.

Other findings (secondary) in this review included the level of alveolar bone following
OT and its association with the incidence of GBT. Three studies showed that the reduction
of the alveolar bone level was statistically significant following OT, and these changes were
associated with the incidence of GBT [1,10,13]. Bone loss and the reduction of the alveolar
bone support in general and the reduction of interproximal bone height are common
problems associated with OT [46–48]. It is generally accepted that a distance over 5 mm
between the IPC point and the crest of the alveolar bone is associated with GBT after
OT [49]. An et al. [10] observed that GBT was formed when increasing the distance between
the IPC point and alveolar bone crest when the latter undergoes resorption. This was
consistent with the results of Kurth and Kokich [42] who suggested that a short and more
incisally positioned IPC point together with a divergent or triangular-shaped crown are
risk factors for developing GBT. However, the same study stated that an increased distance
from the alveolar bone to the IPC after OT is correlated to GBT and not alveolar bone
loss [42]. Ko-Kimura et al. [13] considered that age greater than 20 years old is a factor in
increasing the incidence of GBT, which is logically explained by the slower healing capacity
affecting proliferative, inflammatory, and bone processes with increasing age [50]. Lastly,
Abdelhafez et al. [1] found an association between the change in width of keratinized
gingiva and the number of extracted teeth and the risk of GBT development. The thick
periodontal biotype exhibits high vascularity and biologic capacity to heal when subjected
to external stimuli. Conversely, these features in the thin periodontal biotype are inferior to
the thicker biotype, therefore more prone to recession and loss of attachment [51].

As with any other health issue, multiple risk factors could be associated with GBT and
impose a detrimental effect on the development and progression of this condition. The
study of Kurth and Kokich [42] showed a strong association between divergent roots and
GBT and stated that a 1◦ increase in root divergence is directly proportional to a 14% to
21% increase in GBT. In addition, the development of GBT is affected by the labiolingual
thickness of the supporting bone and soft tissue. For instance, labial movement, i.e.,
the proclination of teeth, leads to thinning of the supporting bones and gingival tissues
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on the labial surface of the teeth and migration of these tissues, apically causing GBT
formation [36]. Results from one of the included studies [10] supported this notion, in which
horizontal movement in the maxilla was considered a risk factor for the development of
GBT. This could be explained by the fact that the facial bone plate of the maxilla is relatively
thin accompanied by prominent roots of maxillary teeth. For instance, the thickness of the
labial plate at maxillary central incisors, lateral incisors, and canines is 0.97 ± 0.18 mm,
0.78 ± 0.21 mm, and 0.95 ± 0.35 mm, respectively, while the thickness of the labial plate
over their mandibular counterparts is 0.86 ± 0.59 mm, 0.88 ± 0.70 mm, and 1.17 ± 0.70 mm,
respectively [52].

Additionally, the severity of crowding contributes to increasing the incidence of GBT.
Ko-Kimura et al. [13] found that GBT equally developed in patients with crowding of
less than 4 mm and 4 to 8 mm. However, the odds ratio was increased by 7% in patients
exhibiting crowding of more than 8 mm. This means an increase of 1 mm of crowding
beyond 8 mm will increase the chances of GBT by 7%, i.e., a patient with 12 mm crowding
has an odds ratio of 28% of developing GBT following OT. Moreover, a large diastema
closure during OT is mostly associated with GBT formation because the volume of soft
tissues in the gingival embrasure after OT depends on the available tissue and bone
levels [11]. Notably, patients with triangular crown morphology at the start of OT were
more susceptible to GBT when the treatment was completed [11]. This particular crown
morphology is characterized by a narrow cervical and wide incisal area resulting in an
aberrant contact point located more incisally. Therefore, special attention is required to
convert this contact point into the contact area to avoid the formation of an open gingival
embrasure [11].

The main limitation of the current study is that most of the included studies were
observational studies. Although this type of study has a low level in the hierarchy of
evidence, they are considered pragmatic studies that can show the real-life impact and are
more likely to show significant clinical problems. Additionally, due to the heterogeneity
of the methods in the included studies, it was not possible to standardize the severity of
malocclusion at baseline, the type of fixed appliance used, the duration of the treatment,
and the age range. Nevertheless, OT with a fixed appliance could be associated with GBT;
therefore, it is recommended that the clinician should consider this problem during OT
planning and discuss it with the patient at the start of treatment with potential risk factors
being taken into consideration.

5. Conclusions

Although analyses from this systematic review suggested an increased incidence of
GBT after OT, no concrete conclusion can be withdrawn due to the heterogeneity of data.
Similarly, no conclusion could be outlined regarding the risk factors associated with GBT
due to the variations and discrepancies in the reported results across the included studies.
Therefore, to exclude the effect of risk factors, further high-level randomized control trials
are essential to reach a solid conclusion on the effect of OT on the development of GBT.

Author Contributions: Study design: S.S.G. and Z.J.R.; database search, data extraction: S.S.G. and
Z.J.R.; data synthesis: M.S.S., A.A.A., and S.S.G.; initial manuscript draft: S.S.G., A.A.A., and Z.J.R.;
quality appraisal: M.S.Z. and M.S.S.; critical revision of the manuscript: M.S.Z. and M.S.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



Healthcare 2022, 10, 1373 11 of 12

References
1. Abdelhafez, R.S.; Talib, A.A.; Al-Taani, D.S. The effect of orthodontic treatment on the periodontium and soft tissue esthetics in

adult patients. Clin. Exp. Dent. Res. 2022, 8, 410–420. [CrossRef] [PubMed]
2. Proffit, W.R.; Fields Jr, H.; Moray, L. Prevalence of malocclusion and orthodontic treatment need in the United States: Estimates

from the NHANES III survey. Int. J. Adu. Orthod. Orthog. Surg. 1998, 13, 97–106.
3. Proffit, W.; Fields, H. Special considerations in comprehensive treatment for adults. In Contemporary Orthodontics, 3rd ed.; Mosby:

St. Louis, MO, USA, 2000; pp. 644–674.
4. Freitas, A.O.; Marquezan, M.; Nojima Mda, C.; Alviano, D.S.; Maia, L.C. The influence of orthodontic fixed appliances on the oral

microbiota: A systematic review. Dent. Press J. Orthod. 2014, 19, 46–55. [CrossRef] [PubMed]
5. Papageorgiou, S.N.; Xavier, G.M.; Cobourne, M.T.; Eliades, T. Effect of orthodontic treatment on the subgingival microbiota: A

systematic review and meta-analysis. Orthod. Craniofac. Res. 2018, 21, 175–185. [CrossRef]
6. Wennström, J.L.; Lindhe, J.; Sinclair, F.; Thilander, B. Some periodontal tissue reactions to orthodontic tooth movement in monkeys.

J. Clin. Periodontol. 1987, 14, 121–129. [CrossRef]
7. Baysal, A.; Karadede, I.; Hekimoglu, S.; Ucar, F.; Ozer, T.; Veli, I.; Uysal, T. Evaluation of root resorption following rapid maxillary

expansion using cone-beam computed tomography. Angle Orthod. 2012, 82, 488–494. [CrossRef]
8. Fuhrmann, R. Three-dimensional interpretation of periodontal lesions and remodeling during orthodontic treatment. Part III. J.

Orofac. Orthop. 1996, 57, 224–237. [CrossRef]
9. Pugliese, F.; Hess, R.; Palomo, L. Black triangles: Preventing their occurrence, managing them when prevention is not practical.

Semin. Orthod. 2019, 25, 175–186. [CrossRef]
10. An, S.S.; Choi, Y.J.; Kim, J.Y.; Chung, C.J.; Kim, K.H. Risk factors associated with open gingival embrasures after orthodontic

treatment. Angle Orthod. 2018, 88, 267–274. [CrossRef]
11. Sharma, A.A.; Park, J.H. Esthetic considerations in interdental papilla: Remediation and regeneration. J. Esthet. Restor. Dent. 2010,

22, 18–28. [CrossRef]
12. Ziahosseini, P.; Hussain, F.; Millar, B.J. Management of gingival black triangles. Br. Dent. J. 2014, 217, 559–563. [CrossRef]

[PubMed]
13. Ko-Kimura, N.; Kimura-Hayashi, M.; Yamaguchi, M.; Ikeda, T.; Meguro, D.; Kanekawa, M.; Kasai, K. Some factors associated

with open gingival embrasures following orthodontic treatment. Aust. Orthod. J. 2003, 19, 19–24. [PubMed]
14. Melsen, B. Tissue reaction following application of extrusive and intrusive forces to teeth in adult monkeys. Am. J. Orthod. 1986,

89, 469–475. [CrossRef]
15. Murakami, T.; Yokota, S.; Takahama, Y. Periodontal changes after experimentally induced intrusion of the upper incisors in

Macaca fuscata monkeys. Am. J. Orthod. Dentofac. Orthop. 1989, 95, 115–126. [CrossRef]
16. Melsen, B.; Agerbaek, N.; Markenstam, G. Intrusion of incisors in adult patients with marginal bone loss. Am. J. Orthod. Dentofac.

Orthop. 1989, 96, 232–241. [CrossRef]
17. Duncan, W.J. Realignment of periodontally-affected maxillary teeth–a periodontist’s perspective. Part II: Case reports. N. Z. Dent.

J. 1997, 93, 117–123. [PubMed]
18. Rabie, A.B.; Deng, Y.M.; Jin, L.J. Adjunctive orthodontic treatment of periodontally involved teeth: Case reports. Quintessence Int.

1998, 29, 13–19.
19. Cardaropoli, D.; Re, S.; Corrente, G.; Abundo, R. Intrusion of migrated incisors with infrabony defects in adult periodontal

patients. Am. J. Orthod. Dentofac. Orthop. 2001, 120, 671–675. [CrossRef]
20. Re, S.; Corrente, G.; Abundo, R.; Cardaropoli, D. The use of orthodontic intrusive movement to reduce infrabony pockets in adult

periodontal patients: A case report. Int. J. Periodontics Restor. Dent. 2002, 22, 365–371.
21. Corrente, G.; Abundo, R.; Re, S.; Cardaropoli, D.; Cardaropoli, G. Orthodontic movement into infrabony defects in patients with

advanced periodontal disease: A clinical and radiological study. J. Periodontol. 2003, 74, 1104–1109. [CrossRef]
22. Andrews, W.A. AP relationship of the maxillary central incisors to the forehead in adult white females. Angle Orthod. 2008, 78,

662–669. [CrossRef]
23. Dorsey, J.; Korabik, K. Social and psychological motivations for orthodontic treatment. Am. J. Orthod. 1977, 72, 460. [CrossRef]
24. Kilpeläinen, P.V.; Phillips, C.; Tulloch, J.F. Anterior tooth position and motivation for early treatment. Angle Orthod. 1993, 63,

171–174. [PubMed]
25. Cardaropoli, D.; Re, S. Interdental papilla augmentation procedure following orthodontic treatment in a periodontal patient. J.

Periodontol. 2005, 76, 655–661. [CrossRef]
26. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA

statement. PLoS Med. 2009, 6, e1000097. [CrossRef]
27. McHugh, M.L. Interrater reliability: The kappa statistic. Biochem. Med. 2012, 22, 276–282. [CrossRef]
28. Munn, Z.; Moola, S.; Lisy, K.; Riitano, D.; Tufanaru, C. Methodological guidance for systematic reviews of observational

epidemiological studies reporting prevalence and cumulative incidence data. Int. J. Evid.-Based Healthc. 2015, 13, 147–153.
[CrossRef]

29. Melo, G.; Dutra, K.L.; Rodrigues Filho, R.; Ortega, A.O.L.; Porporatti, A.L.; Dick, B.; Flores-Mir, C.; De Luca Canto, G. Association
between psychotropic medications and presence of sleep bruxism: A systematic review. J. Oral Rehabil. 2018, 45, 545–554.
[CrossRef]

http://doi.org/10.1002/cre2.480
http://www.ncbi.nlm.nih.gov/pubmed/34494383
http://doi.org/10.1590/2176-9451.19.2.046-055.oar
http://www.ncbi.nlm.nih.gov/pubmed/24945514
http://doi.org/10.1111/ocr.12237
http://doi.org/10.1111/j.1600-051X.1987.tb00954.x
http://doi.org/10.2319/060411-367.1
http://doi.org/10.1007/BF02190235
http://doi.org/10.1053/j.sodo.2019.05.006
http://doi.org/10.2319/061917-399.12
http://doi.org/10.1111/j.1708-8240.2009.00307.x
http://doi.org/10.1038/sj.bdj.2014.1004
http://www.ncbi.nlm.nih.gov/pubmed/25415009
http://www.ncbi.nlm.nih.gov/pubmed/12790352
http://doi.org/10.1016/0002-9416(86)90002-3
http://doi.org/10.1016/0889-5406(89)90390-9
http://doi.org/10.1016/0889-5406(89)90460-5
http://www.ncbi.nlm.nih.gov/pubmed/9470444
http://doi.org/10.1067/mod.2001.119385
http://doi.org/10.1902/jop.2003.74.8.1104
http://doi.org/10.2319/0003-3219(2008)078[0662:AROTMC]2.0.CO;2
http://doi.org/10.1016/0002-9416(77)90369-4
http://www.ncbi.nlm.nih.gov/pubmed/8214784
http://doi.org/10.1902/jop.2005.76.4.655
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.11613/BM.2012.031
http://doi.org/10.1097/XEB.0000000000000054
http://doi.org/10.1111/joor.12633


Healthcare 2022, 10, 1373 12 of 12

30. Martins, J.N.; Marques, D.; Silva, E.J.N.L.; Caramês, J.; Mata, A.; Versiani, M.A. Influence of demographic factors on the prevalence
of a second root canal in mandibular anterior teeth–a systematic review and meta-analysis of cross-sectional studies using cone
beam computed tomography. Arch. Oral Biol. 2020, 116, 104749. [CrossRef]

31. Silvaa, E.J.N.L.; Pradob, M.C.; Antonio, M.; Duartec, H.; Versianid, M.A.; Marquese, D.; Martinse, J.N. Prevalence of root canal
system configurations in the brazilian population analyzed by cone-beam computed tomography–a systematic review. Rev. Port.
Estomatol. Med. Dent. Cir. Maxilofac. 2021, 62, 69–80. [CrossRef]

32. Uribe, F.; Holliday, B.; Nanda, R. Incidence of open gingival embrasures after mandibular incisor extractions: A clinical
photographic evaluation. Am. J. Orthod. Dentofac. Orthop. 2011, 139, 49–54. [CrossRef] [PubMed]

33. Pithon, M.M.; Santos, A.M.; Couto, F.S.; de Freitas, L.M.; Coqueiro Rda, S. Comparative evaluation of esthetic perception of black
spaces in patients with mandibular incisor extraction. Angle Orthod. 2012, 82, 806–811. [CrossRef] [PubMed]

34. Bolas-Colvee, B.; Tarazona, B.; Paredes-Gallardo, V.; Arias-De Luxan, S. Relationship between perception of smile esthetics and
orthodontic treatment in Spanish patients. PLoS ONE 2018, 13, e0201102. [CrossRef]

35. Ikeda, T.; Yamaguchi, M.; Meguro, D.; Kasai, K. Prediction and causes of open gingival embrasure spaces between the mandibular
central incisors following orthodontic treatment. Aust. Orthod. J. 2004, 20, 87–92.

36. Kandasamy, S.; Goonewardene, M.; Tennant, M. Changes in interdental papillae heights following alignment of anterior teeth.
Aust. Orthod. J. 2007, 23, 16–23. [PubMed]

37. McMorrow, S.M.; Millett, D.T. Adult orthodontics in the Republic of Ireland: Specialist orthodontists’ opinions. J. Orthod. 2017,
44, 277–286. [CrossRef] [PubMed]

38. Jeong, J.S.; Lee, S.Y.; Chang, M. Alterations of papilla dimensions after orthodontic closure of the maxillary midline diastema: A
retrospective longitudinal study. J. Periodontal. Implant. Sci. 2016, 46, 197–206. [CrossRef] [PubMed]

39. Vilhjálmsson, G.; Zermeno, J.P.; Proffit, W.R. Orthodontic treatment with removal of one mandibular incisor: Outcome data and
the importance of extraction site preparation. Am. J. Orthod. Dentofac. Orthop. 2019, 156, 453–463. [CrossRef]

40. Jamilian, A.; Perillo, L.; Rosa, M. Missing upper incisors: A retrospective study of orthodontic space closure versus implant. Prog.
Orthod. 2015, 16, 2. [CrossRef]

41. Burke, S.; Burch, J.G.; Tetz, J.A. Incidence and size of pretreatment overlap and posttreatment gingival embrasure space between
maxillary central incisors. Am. J. Orthod. Dentofac. Orthop. 1994, 105, 506–511. [CrossRef]

42. Kurth, J.R.; Kokich, V.G. Open gingival embrasures after orthodontic treatment in adults: Prevalence and etiology. Am. J. Orthod.
Dentofac. Orthop. 2001, 120, 116–123. [CrossRef] [PubMed]

43. Pradeep, A.R.; Karthikeyan, B.V. Peri-implant papilla reconstruction: Realities and limitations. J. Periodontol. 2006, 77, 534–544.
[CrossRef] [PubMed]

44. Singh, V.P.; Uppoor, A.S.; Nayak, D.G.; Shah, D. Black triangle dilemma and its management in esthetic dentistry. Dent. Res. J.
2013, 10, 296–301.

45. Kantharaju, V.H.; Shivaprakash, G.; Shamnur, N. The Relationship between Posttreatment Smile Esthetics and the ABO Objective
Grading System: Class I Extraction versus Non-Extraction Cases. Turk. J. Orthod. 2021, 34, 39–45. [CrossRef]

46. Nelson, P.A.; Artun, J. Alveolar bone loss of maxillary anterior teeth in adult orthodontic patients. Am. J. Orthod. Dentofac. Orthop.
1997, 111, 328–334. [CrossRef]

47. Artun, J.; Urbye, K.S. The effect of orthodontic treatment on periodontal bone support in patients with advanced loss of marginal
periodontium. Am. J. Orthod. Dentofac. Orthop. 1988, 93, 143–148. [CrossRef]

48. Hamp, S.E.; Lundström, F.; Nyman, S. Periodontal conditions in adolescents subjected to multiband orthodontic treatment with
controlled oral hygiene. Eur. J. Orthod. 1982, 4, 77–86. [CrossRef]

49. Tarnow, D.P.; Magner, A.W.; Fletcher, P. The effect of the distance from the contact point to the crest of bone on the presence or
absence of the interproximal dental papilla. J. Periodontol. 1992, 63, 995–996. [CrossRef]

50. Gerstein, A.D.; Phillips, T.J.; Rogers, G.S.; Gilchrest, B.A. Wound healing and aging. Derm. Clin. 1993, 11, 749–757. [CrossRef]
51. Malhotra, R.; Grover, V.; Bhardwaj, A.; Mohindra, K. Analysis of the gingival biotype based on the measurement of the

dentopapillary complex. J. Indian Soc. Periodontol. 2014, 18, 43–47.
52. Han, J.Y.; Jung, G.U. Labial and lingual/palatal bone thickness of maxillary and mandibular anteriors in human cadavers in

Koreans. J. Periodontal. Implant Sci. 2011, 41, 60–66. [CrossRef] [PubMed]

http://doi.org/10.1016/j.archoralbio.2020.104749
http://doi.org/10.24873/j.rpemd.2021.03.829
http://doi.org/10.1016/j.ajodo.2009.03.049
http://www.ncbi.nlm.nih.gov/pubmed/21195276
http://doi.org/10.2319/102611-665.1
http://www.ncbi.nlm.nih.gov/pubmed/22352381
http://doi.org/10.1371/journal.pone.0201102
http://www.ncbi.nlm.nih.gov/pubmed/17679530
http://doi.org/10.1080/14653125.2017.1403144
http://www.ncbi.nlm.nih.gov/pubmed/29169307
http://doi.org/10.5051/jpis.2016.46.3.197
http://www.ncbi.nlm.nih.gov/pubmed/27382507
http://doi.org/10.1016/j.ajodo.2018.10.020
http://doi.org/10.1186/s40510-015-0072-2
http://doi.org/10.1016/S0889-5406(94)70013-3
http://doi.org/10.1067/mod.2001.114831
http://www.ncbi.nlm.nih.gov/pubmed/11500652
http://doi.org/10.1902/jop.2006.050068
http://www.ncbi.nlm.nih.gov/pubmed/16512769
http://doi.org/10.5152/TurkJOrthod.2020.20030
http://doi.org/10.1016/S0889-5406(97)70192-6
http://doi.org/10.1016/0889-5406(88)90292-2
http://doi.org/10.1093/ejo/4.2.77
http://doi.org/10.1902/jop.1992.63.12.995
http://doi.org/10.1016/S0733-8635(18)30227-4
http://doi.org/10.5051/jpis.2011.41.2.60
http://www.ncbi.nlm.nih.gov/pubmed/21556255

	Introduction 
	Materials and Methods 
	Guidelines 
	PEO Questions 
	Search Strategy and Eligibility Criteria 
	Study Selection and Data Extraction 
	Data Screening and Extraction 
	Outcome Measures 
	Quality Assessment 

	Results 
	Selection of Studies 
	Study Design and Populations 
	Study Outcomes 
	Incidence of Gingival Black Triangle (Primary Outcome) 
	Alveolar Bone Loss (Secondary Outcome) 

	Risk Factors for Incidence of GBT in Patients Undergoing OT 
	Quality Assessment 

	Discussion 
	Conclusions 
	References

