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ABSTRACT

Introduction

Gingival enlargement (GE) is a common finding among
patients undergoing fixed orthodontic treatment.

Objective

To evaluate the prevalence and clinical severity of gingival
enlargement (GE) in patients undergoing fixed orthodontic
treatment (OT) at the University of Pretoria Oral Health
Center (UPOHC). The study also aims to determine the
Plague Index (Pl) among these patients and explore the
association of gingival enlargement with various factors,
such as the different phases of orthodontic treatment,
treatment duration, type of archwire used, age, and gender.

Methods

A cross-sectional study was conducted with patients
undergoing fixed OT. Gingival enlargement was assessed
using the gingival index proposed by Bokenkamp and
Bonhorst (1994), and the plaque index (Pl) was measured
using O’Leary’s method and an examination of clinical
features. Variables such as treatment duration, orthodontic
stage, type of archwire, and the use of molar bands were
evaluated for their potential associations with GE.

Results:

Gingival enlargement was found in 94% of participants,
with higher prevalence and severity in cases with prolonged
treatment and increased Pl. However, there was no
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significant association between GE and variables such
as gender, orthodontic stage, or molar bands (p>0.05). A
significant link was found between generalised Pl and GE
severity (p=0.0001).

Conclusion

Plague accumulation emerged as an important factor in
GE development during OT, emphasising the importance
of optimal oral hygiene practices. Educating patients and
implementing preventive strategies may mitigate GE risk and
improve OT outcomes.

Clinical relevance

The findings of this study can aid in facilitating the
development of treatment protocols aimed at preventing
and reducing the occurrence of GE during fixed OT.

Keywords
Gingival enlargement, fixed orthodontic treatment, plaque
index, oral hygiene, orthodontic appliances

INTRODUCTION

Gingival enlargement (GE) is a common finding among
patients undergoing fixed OT. The occurrence of GE during
fixed OT has been attributed to several factors. Gingival
enlargement is an abnormal overgrowth of gingival tissues
associated with factors like plaque accumulation, orthodontic
appliances, allergic reactions, and hormonal changes
related to age and gender.! Gingival enlargement is often
erroneously used interchangeably with gingival hyperplasia,
hypertrophy, and fibrosis.” The term GE is preferred because
hyperplasia, hypertrophy, and fibrosis are changes observed
microscopically in GE but cannot be accurately differentiated
clinically. In the initial stages, Gingival enlargement is localized
to the interdental papilla and extends to involve marginal and
attached gingiva. Eventually, the gingiva may cover part or
the whole crown of a tooth.? GE may cause functional and
aesthetic challenges in those affected, which is often the
reason why people seek treatment.

The American Academy of Periodontology (AAP) and the
European Federation of Periodontology (EFP) have developed
a classification for periodontal disease and conditions.®
According to the AAP and EFP classification of 2018, GE
can be classified under two broad categories: dental plaque
biofilm-induced and non-dental plaque biofilm-induced
gingival diseases.® In the AAP/EFP the classification of GE
is based on the causative and/or predisposing factors.®s
Gingival enlargement is further categorised based on the
extent of involvement into localised (to specific teeth) affecting
less than 30% of teeth and generalised affecting more than
30% of the teeth present in the mouth.®

The severity of GE can be determined using an index, of
which there are various proposed indices®®” used to
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assess the severity of GE. The gingival index is important
for determining the severity of GE. The use of reliable and
reproducible indices for the evaluation of GE is invaluable,’
as they inform treatment. An index for evaluating GE was
first described by Kimball in 1939 [8] and later by Harris and
Ewalt in 1942.° In 1972, Angelopoulos and Goaz described
a gingival index that measured only the vertical component
of GE. Miller et al. then described an index in 1992 that
assessed GE in the vertical and horisontal components.™©
A variety of other indices have been used to measure
and determine the severity of GE, like the photographic
GE scoring by Ellis et al.' The gingival index proposed
by Bokenkamp and Bonhorst, 1994 as shown in Table
1,2 which grades enlargement based on the extent of GE
in relation to the tooth surface, is widely used. It has the
following advantages: it is non-invasive as it is based on
visual inspection of the gingival tissues, it can measure GE
in the horizontal and vertical components, it does not require
many measurements, and is clinically relevant. This index
was developed for clinical application and is easy to apply
in everyday clinical practice and research settings as it is
reproducible.™

Table 1: Gingival index proposed by Bokenkamp and Bonhorst 1994 [12]

Grade Clinical finding

Grade 0 No GE

Grade | GE confined to interdental papilla

Grade I Enlargement of the interdental papilla and
marginal gingiva

Grade Il GE covering at least three-quarters of tooth

crowns.

Abbreviations: GE: Gingival Enlargement

The clinical manifestations of GE vary, presenting as red,
pink, soft, and shiny gingiva that bleeds easily in inflammatory
gingival enlargement; and darker red or purple or pale fibrotic
gingiva in non-inflammatory GE.'*'* Inflammatory and non-
infammatory GE can be acute or chronic depending on
the causative and predisposing factors. Factors associated
with acute forms of GE include: mechanical, chemical, or
physical irritation; associated with specific viral, fungal and
other bacterial micro-organisms not commonly associated
with periodontal disease and mouth breathing.’

Chronic GE is mainly associated with the accumulation
of dental plague-biofilm linked to insufficient oral hygiene
practices, dental appliances, including orthodontic
appliances or prostheses, and mouth breathing.”
s Other factors associated with chronic GE include
systemic factors encompassing the use of certain
systemic drugs, inflammatory and immune conditions,
neoplasms, endocranial and nutritional diseases. The drugs
associated with GE include; calcium channel blockers (e.g.
Nifedipine, Verapamil, Diltiazen, Amlodipine, Felodipine),
immunosuppressants (e.g. Cyclosporine), anticonvulsants
( e.g. Phenytoin and Sodium Valproate) and high-dose
oral contraceptives.'®* Increased hormonal levels during
pregnancy have been shown to lead to more pronounced
gingivitis and possible marginal enlargement, depending on
the level of plaque control prior to pregnancy.’”'® All factors
mentioned promote plaque-induced GE. Thus, plaque-
induced GE is the most common form of GE seen clinically,
due to the interplay between plaque and several local and
systemic factors that modify the plaque-associated disease
process.’
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Clinical studies suggest that orthodontic treatment (OT)
may be associated with a decrease in periodontal health
or changes involving periodontal tissues which manifest as
GE.®"" Gingival enlargement is a common finding during OT
and is characterised by the formation of true periodontal
pockets with clinical attachment loss or pseudo pockets
without clinical attachment loss.' Most of the causative
factors of GE during OT are associated with local irritants
such as dental plague biofilm and calculus.?> 2" The
associated GE seen during OT is considered an inflammatory
reaction due to difficulty in performing adequate mechanical
plague control measures, thus inflammatory GE is a more
common clinical feature with OT.??

Orthodontic appliance predisposes to increased biofim
establishment and subsequent GE amongst patients
undergoing orthodontic treatment which can be linked
to insufficient oral hygiene measures.'®' The duration of
fixed OT has been shown to influence GE especially when
the treatment time extends to more than 24 months.?® This
has been mainly attributed to reduced patients’ motivation
towards brushing their teeth and maintaining good oral
hygiene with lengthy treatment.?+ 2

The orthodontic appliances that have been shown to inhibit
the efficient removal of the dental plagque biofilm include molar
bands, brackets, wires, and other orthodontic attachments
due to many mechanical retention sites.?® 22 26 27 Plaque
accumulation associated with orthodontic appliances could
result in moderate gingivitis and varying degrees of GE.?® In
their study, Almansob and co-workers found the occurrence
of GE to be greater in banded molars when compared with
bonded molars.?® The GE associated with fixed OT can be
alleviated by thorough oral hygiene instructions and practices
before and during OT including professional supportive
therapy. Patients should also be kept motivated to maintain
good oral hygiene and be educated about the negative
effects of increased plaque accumulation.

Other factors reported to have a strong influence on the
development of GE during OT include age and gender,
with males and younger patients reported to present with
increased GE compared to females and older patients.?® The
development of GE amongst males and younger patients
was associated with poor plague control measures.?2% 2729

A study by Kasmaei et al.®® also showed that young patients
commonly had challenges maintaining good oral hygiene
even with regular oral hygiene instructions before and
during fixed OT.%° Although an association between plague
accumulation and GE has been shown amongst patients
undergoing orthodontic treatment,?* 24 3! some studies have
found varying results.' 26 27 A study by Zachrisson and
Zachrisson did not find a direct correlation between plaque
accumulation and GE, suggesting other factors at play during
fixed OT."8 In their study, Zachrisson and Zachrisson found
that, despite good cleaning and low plague index, most
patients developed generalised moderate GE within one to
two months of fixed orthodontic treatment.'

Other studies have shown that GE developed within 1-2
months following placement of fixed orthodontic appliances,
even when proper oral hygiene measures were maintained.
21,24,25,29 This led to a shift in focus on plague being the sole
risk factor for GE to incorporate other factors, including
chemical irritation produced by materials used in orthodontic
appliances. During fixed OT, different types of archwires
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are used depending on the different phases of treatment.
%2 Titanium Molybdenum Alloy (TMA) archwires have been
shown to be most effective and widely used during the
finishing stages of fixed OT.%® Nickel, a common alloy in
orthodontic appliances, is one of the most commonly
implicated material in GE amongst patients undergoing
fixed OT." It is also a component in stainless steel which is
incorporated in brackets and arch wires.** Nickel is used in
the Nickel-Titanium (Ni-Ti) archwires, which are used for fixed
OT during the initial leveling and aligning phase. Another study
however, found Nickel to influence GE throughout OT, with
resultant GE characterized by changes in color, and gingival
bleeding upon probing.®® Hence, it has been postulated that
Nickel can influence inflammatory reactions leading to GE
throughout orthodontic treatment not just in the initial phase
of treatment.® % The following mechanisms have been
considered: the direct interactions between the nickel ions
and the gingival tissues resulting in the proliferation of the
fibroblasts, leading to GE.*¢ In addition, Nickel is a strong
biological sensitizer associated with two key hypersensitivity
reactions that have been described in the literature.®” Type |
hypersensitivity reaction which occurs within minutes or hours
after direct skin or mucosal contact with Nickel and type IV
hypersensitivity reaction which is a delayed-type reaction
occurring within hours or days after Nickel exposure.®” The
form of GE associated with these reaction does not respond
to mechanical dental plaque biofilm removal.™® 3¢

Orthodontic treatment-induced GE shows a specific fibrous
and thickened gingival appearance different from fragile
gingiva with marginal gingival redness seen in inflammatory
gingival lesions not associated with OT.*® There are no clear
defined mechanisms involved in OT associated GE initiation
and histopathology.®® * Hence the exact factors leading to
GE during orthodontic treatment are not fully understood.
This study sought to evaluate the factors associated with
GE in patients undergoing fixed OT and also to determine
the prevalence of GE in these patients. The results from
the study will be valuable in identifying patients at risk for
developing GE during fixed OT, enabling better prevention
and treatment strategies.

Patient unique no:
Age in years:
Gender:

Medical conditions
Medications
Variables

Orthodontic treatment stage  Alignment and Levelling

1-4 months [T1]
Nickel-Titanium (NiTi)

Treatment duration:

Type of arch wires

Space closure
4-6 months [T2]
Copper Nickel

RESEARCH

MATERIALS AND METHODS

Study design

This was a cross-sectional descriptive study involving
patients undergoing fixed OT from 1 October 2023 to 5 July
2024 at the University of Pretoria Oral Health Centre in the
Orthodontic and Periodontic clinics.

Inclusion and Exclusion criteria

Patients undergoing fixed OT at UPOHC, Department of
Orthodontics, during the study period were included in
the study. The following were excluded from the study:
pregnant women and patients taking medications known
to cause GE, including calcium channel blockers (e.g.,
nifedipine, verapamil, diltiazem, amlodipine, felodipine),
immunosuppressants (e.g., cyclosporine), anticonvulsants
(e.g., phenytoin, sodium valproate), and high-dose oral
contraceptives.

Study population and sample size calculation

In the Department of Orthodontics, each registrar is
allocated 80 patients for their study program. Based on the
combined patient allocation to the three registrars, the initial
target sample size was determined to be 240 patients. To
account for potential sample loss, the study assumed a
30% loss due to factors such as exclusion criteria, non-
attendance, missed appointments, and non-consent to
participate in the study.

With an assumed 30% loss, the sample size required to
achieve the study’s objectives was estimated to be 168
patients.

Data collection

The following data was collected from participants: age,
gender, medical history, including medications, type of
orthodontic appliances, orthodontic treatment stage,
duration, and plaque index were collected as shown in the
data collection form Figure 1. In addition, GE was scored and
recorded according to an index proposed by Bokenkamp
and Bonhorst.” The extent and distribution of GE were
recorded as localised if less than 30% of teeth were involved
and as generalised if more than 30% of teeth were involved.®

Finishing stage
7-12 months [T3]
Stainless Steel (SS)

>12 months [T4]

Titanium Molybdenum

Titanium Alloy alloy (TMA)
(Copper NiTi)
Molar bands Yes No
Gingival Characteristics: Normal Erythematous Spongy Firm
Extent of GE: Localized: (<80% of Generalized
sites) (>30% of sites)
Plague index%: Localized: (<80% of Generalized
sites) (>80% of sites)
GE score GO Gl Gli Glii

Figure 1: Data collection sheet
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The gingival characteristics were recorded as either normal,
spongy, or erythematous. The presence of dental plaque was
assessed using a 2-Tone® disclosing solution and reported
using O’Leary’s plaque index,* see Figure 1 above.

Intra-rater and inter-rater reliability:

A single calibrated examiner, Dr Pitso (IR), performed
all clinical examinations. Before the examination of the
gingiva, calibration was done with Dr Manenzhe (SC). Intra-
rater and inter-rater reliability was assessed by repeating
measurements of 10% of the patients selected. Intra-rater
and inter-rater reliability were analysed using the Intraclass
correlation coefficient (ICC).*"

Interpretation of the strength of agreement of ICC values was
adopted (<0.5 = poor reliability; 0.5-0,75= moderate reliability;
0,75-0,9 = good reliability; >0.9 = excellent reliability).

Inter-rater reliability:
ICC= 0,828, which indicated good reliability and implied
consistency in the measurements.

Intra-rater reliability:
ICC value of 0,931 which was an excellent reliability value.

Data Analysis

All data collected was transferred onto a Microsoft Excel
spreadsheet. Data analysis was done with SPSS Version
29. Quantitative variables were summarised as proportions
frequencies, mean with their standard deviations, range,
and percentage. The chi-square and Fisher’s exact test
were used to evaluate the association between gingival
characteristics, the extent of GE, GE score and orthodontic
treatment stage, treatment duration, and plaque index. The
level of significance was set at p<0.05.

RESULTS

Study population and prevalence
Out of the estimated representative sample of 168, there
was a 59,5% (n=100) response rate. The age groups ranged

60.00
50.00
40.00
30.00
20.00

10.00

4-6 months

0.00
1-4 months

Figure 4: Plaque distribution and treatment duration
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from 10 to 43 years old, with a mean age of 21.43. Out of
the participants, 65(65%) were females and 35 (35%) males.
Gingival enlargement was present in 94 (94%) participants,
with a mean of 34.7, and 6 (6%) had no GE. Out of the 94%
of participants with GE, 32% was found in males and 62%
in females.

There were 52 (52%) adolescents and 48 (48%) adults who
participated in the study. Out of the 52% of adolescents,
51% presented with GE, whilst 43% out of 48% of adults
had GE.,

Clinical severity and extent of GE:

The total number of teeth that presented with GE of varying severity
during OT were 825. Figure 2 shows the GE severity scored using
the Bokenkamp and Bonhorst index during fixed OT in percentages.
The distribution of the different GE grades for the affected teeth was
as follows: Gl in 4583 teeth (55%), Gll in 279 (34%), and Glll in 93
teeth (11%)

m Score
Figure 2: Severity of gingival enlargement in different sites

Figure 2: Severity of gingival enlargement in different sites
The distribution of the different GE grades for the affected
teeth among females and males were as follows: females
presented with Gl at 40% (331 teeth), Gll at 20% (164 teeth),
and Glll at 8% (69); and males presented with Gl at 15%
(122 teeth), Gll at 14% (115 teeth), and Glll at 3% (24 teeth),
as shown in Figure 3.

7-12 months >12 months
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Figure 3: Gender gingival enlargement severity scores
Abbreviations: GI- Grade | gingival enlargement; GlI- Grade Il gingival
enlargement; Glll- Grade llI gingival enlargement

The distribution of localised gingival enlargement versus
generalised gingival enlargement among the participants
revealed a slight predominance of localised gingival
enlargement (51%) over generalised GE (49%). It was also
observed that participants who have been in treatment for
12 months or more (T4) presented with more generalised GE
(57,14 %).

Plaque index

The study found a mean PI percentage of 45.5% . Patients
with generalised plague (83.67%), also exhibited generalised
GE as detailed in Table 2. Additionally, adolescents in the
study also had a significantly higher generalised plaque
distribution (78,8%) compared to their adult counterparts.
The participants in the finishing stage and those on treatment
for more than 12 months also presented with an increased Pl
at 53% and 50%, respectively as shown on Figure 4.

The Pearson chi-squared test was conducted at a level of
5% significance to determine the association between the
extent of GE and PI. A significant relationship was found
between Pl and GE (p=0.0001) as shown in Table 2.

Table 2: Association between plaque and gingival enlargement (n=100)

EGE

Localized Generalized
<380% of >=30% of
sites sites

Localized
<30% of
sites

Generalized
>=30% of
sites

Total

Orthodontic stage:

Out of all the fixed OT treatment stages, the majority of
participants (53%) were in their finishing stage, 31% in the
alignment and levelling stage (31%), and 16% in the space
closure stage, as displayed in Table 3. The severity of GE
varied across the different treatment stages, as illustrated
in Figure 5. All levels of severity were most prevalent in the

RESEARCH

finishing stage, with 53% of sites presenting with Gl, 65%
with Gll, and 74% with GlIl.

The results, however, showed no statistically significant
association between the extent of GE and the different
orthodontic stages (p>0.05).

80 74
70 65

60

50

40

30 28
19 19 16
- AR N
0
Gl Gl

m Alignment and Levelling

18

I 8
-l
Gl

m Space closure Finishing stage

Figure 5: Gingival score severities in the different orthodontic treatment
stages

Treatment duration:

Half (50%) of the participants were at T4 (12 months or more)
of fixed OT, with 26% at T1 (1- 4 months), 15% at T3 (7-12
months), and 9% of participants at T2 (4-6 months) treatment
duration. The patients who had fixed orthodontic treatment
for 12 months or more presented with more generalised GE
as illustrated in Figure 6. There was no statistically significant
association between the extent of GE and the treatment
duration (p>0.05).

50
45
40

33
30

20
5 16

10 10

@G| ScOre e Gl| Score GlII Score
T1 T2 T3 T4

Figure 6: Gingival enlargement scores during the treatment times
Abbreviations: T1- 1-4 Months; T2- 4-6 Months; T3- 7-12 Months; T4-
>12 Months

Type of archwire:

In terms of the type of archwire material utilised by the
participants, it was found that 43% had stainless steel (SS),
30% had NiTi, 21% had TMA, and 6% had Copper NiTi as
shown in Table 3 of the summary of frequencies. Among
these, those with TMA archwires had the highest mean
plague index (51.93) followed by those who had SS with a
mean of (47.86), and mean Pl of 39.48 and 38.95 for Copper
NiTi and NiTi respectively, as depicted in Figure 7. There was
no statistically significant association between the extent of
GE and the different types of archwires (p>0.05).

Table 3: Variables of the study population (n=100)

Variables n %
Alignment 31 31
Orthodontic Space Closure 16 16
stage
Finishing 53 53
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Treatment T 26 26
duration

T2 9 9

T3 15 15

T4 50 50
Type of arch NiTi 30 30
wire

Copper NiTi 6 6

SS 43 43

TMA 21 21
Molar bands Yes 16 16

No 84 84
Gingival Normal 55 55
characteristics

Erythematous 15 15

Spongy 30 30

Abbreviations: T1: 1-4 Months; T2: 4-6 Months; T3:7-12 Months; T4:
>12 Months. NiTi- Nickel Titanium; SS- Stainless steel; TMA- Titanium
Molybdenum alloy

60.00 47.86 51.93
38.95 39.48

50.00
40.00
30.00
20.00
10.00

0.00
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Figure 7 : Mean plaque index values in participants with different
archwires

Molar bands:

Participants who had molar bands were 16%, whilst 84%
had no molar bands. Within the group of participants with
molar bands, a total of 25 teeth were fitted with the molar
bands, and only 6% of the sites had GE.

Gingival characteristics:

Majority (55%) of the participants had normal to firm
gingival characteristics, while 30% had spongy, and 15 %
erythematous gingiva.

DISCUSSION AND CONCLUSION

Discussion

Orthodontic treatment offers patients a functional bite,
improved oral health, and a more attractive smile.*> However,
the placement of fixed orthodontic appliances frequently
leads to some periodontal side effects, such as gingival
enlargement (GE), which may conflict with health and
aesthetic treatment goals.®' Gingival enlargement in OT is
mostly due to challenges in maintaining effective oral hygiene
around the brackets, wires, and bands, which provide
retention areas for plaque accumulation.*®
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This study explored the prevalence and factors associated
with GE in patients undergoing fixed OT. The study found
a high prevalence of GE in the studied population, with a
significant association between GE and plaque index. This
finding agrees with other previous studies that have linked
GE with poor oral hygiene habits and increased plaque
accumulation during fixed OT2*243" and are in contrast
with those of achrisson and Zachrisson, who did not find
a direct correlation between plague accumulation and GE,
5 suggesting other factors at play other than just plaque.
However, in the current study, no statistically significant
association between GE and factors studied (age, gender,
type of orthodontic appliances, orthodontic treatment stage,
and duration) other than plague were observed.

There was no statistically significant association observed
between GE and demographical factors like gender and
age. As was the case in other studies where the association
between GE, younger and male patients was found to be
statistically significant and attributed to insufficient oral
hygiene habits.?® 2% 27 29 Data on the distribution of GE
severity grades among females and males however, showed
females to have a higher prevalence of GE across all GE
severity categories when compared to males as indicated
in Figure 3. In addition, adolescents were also found to have
a higher prevalence of GE (51%). These results suggest
that adolescents are more likely to experience GE during
OT in comparison to adults. This corroborates findings from
studies that found younger patients to have increased GE
during OT. 225

Treatment duration was also found to influence the presence,
extent, and severity of GE, with increased GE severity and
more generalised GE found in participants who had been
on treatment for more than 12 months. This corroborates
the results from other studies where it was shown that when
patients are on fixed OT for long, the motivation to maintain
optimal oral hygiene diminishes, increasing the risk for more
plague accumulation and, consequently, GE.?3?% 43 Treatment
fatigue has been cited as an important factor contributing to
poor oral hygiene habits and increased plaque accumulation.*®
Therefore, it is unsurprising that this study found those patients
who were on treatment for longer also presented with more
severe and generalised GE. It is, therefore, important that
patients understand what the treatment entails, the importance
of oral hygiene and the duration of treatment to ensure that
when the treatment commences, patients are committed and
prepared for the long haul.

Interestingly, participants with TMA archwire presented with
higher mean PI (59.3) and GE. This finding was attributed to
the fact that TMA was mostly used in the finishing stages of
treatment, where motivation for maintaining good oral hygiene
may have decreased. The effects of TMA on GE may require
further exploration to determine if there are direct effects other
than plaque and treatment duration contributing to GE in
patients with these archwires. Within our study population,
30% of participants had Nickel Titanium (Ni-Ti) and 6% had
Copper Ni-Ti archwires a number higher than participants
with TMA 21%. This is significant considering that Nickel
has been associated with GE during OT as reported in the
literature.®> 44 In this study no such associations were found
between archwires containing Nickel and GE nor were they
found to increase plague accumulation when compared
to TMA and SS. On the contrary, the archwires containing
Nickel were associated with lower mean Pl.  Furthermore,
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none of the patients with Nickel-containing archwires showed
clinical signs of hypersensitivity, such as erythema, erosive or
ulcerative lesions, gingival hyperplasia, pain, itching, or burning
sensations as reported in the literature.** % These symptoms
have been documented as potential clinical manifestations
of nickel allergy in orthodontic patients. Previous studies
have indicated that OT does not directly increase the risk of
nickel hypersensitivity unless the patient has a history of nickel
allergy.“®#” Hence, it is recommended that clinicians recognise
and diagnose potential allergic reactions promptly to facilitate
early intervention and minimise patient discomfort.*

Another factor reported to significantly influence the presence
of GE during fixed OT is the placement of molar bands.? 25
27 Qur findings on plaque retention of molar bands contradict
those of other studies. This discrepancy may be primarily due
to the fact that only 16% of participants had molar bands.
Given the small sample size and limited number of teeth with
molar bands, our results should be interpreted with caution
and warrant further investigation in future studies.

The GE severity at the tooth level for all 100 participants
indicated that the majority of teeth with GE fell under Gl,
with fewer cases presenting with the more severe Gll and
Glll. When it came to the extent most participants presented
with localised GE. This could explain the majority (55%) of
participants presenting with normal to firm gingiva, with the
inflammatory reaction limited to the interdental papillag, as
seen in Gl. Such localised inflammation is expected, given
the challenges of effective flossing in patients undergoing
fixed orthodontic treatment. Hence, plague accumulation in
this study, remained a significant contributing factor leading
to GE during fixed OT. Previous studies have also noted that
orthodontic appliances prevent optimal plague removal,
leading to gingival inflammation and GE development during
treatment. 14 22.23

This finding emphasises the importance of oral hygiene
education and regular professional cleaning to mitigate the
adverse effects of plaque accumulation associated with
orthodontic appliances. Highlighting the importance of
maintaining effective oral hygiene before, during, and after
fixed OT. It is therefore important to educate patients on
what plaque is and its potential impact on gingival health
during OT.

Conclusion

Plague accumulation emerged as the main contributor
to GE in this study, highlighting the necessity of optimal
oral hygiene maintenance before and throughout fixed
OT. Educating patients on the implications of plaque and
providing them with practical plague control techniques,
including antimicrobial mouth rinses, interdental brushes,
and powered toothbrushes, which have been shown to
improve plaque control in orthodontic patients is critical to
reducing GE risks associated with orthodontic treatment.
Additionally, frequent follow-up and reinforcement of oral
hygiene practices can help address the inflammation and
prevent GE in patients undergoing fixed OT.

Although the correlation between GE, gender, and age
was not found to be statistically significant, the clinical
significance cannot be overlooked. As these observations
have implications for treatment approaches and prevention
strategies for females and adolescents who are considered
for orthodontic treatment. The planned supportive oral
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hygiene care should be tailor-made to aid their oral hygiene
practices and should incorporate the use of visual aids to
demonstrate the impact of plaque on gingival health. Such
intervention before and during OT could aid and assist with
patient compliance as treatment duration was also found
to influence the presence, extent, and severity of GE.
Adolescents and male patients reported to be less compliant
with oral hygiene should receive additional education and
monitoring to help them maintain good oral hygiene to
prevent GE during OT. Female patients on OT with GE
require further exploration, and given the high prevalence
and increased severity, they should also be given attention.
Furthermore, the timing of OT for females and adolescents
may be an important determinant of GE initiation and
progression, given the impact of hormonal changes on the
gingiva in the different life stages.

Study limitations

This study was limited by the cross-sectional study design
and causality cannot be inferred. The study was also
limited by the small sample, due to issues pertaining to
patient availability. The total number of patients assessed
for the study was 100 instead of 168. Notwithstanding
the limitations, the study has contributed to the literature
concerning this important topic.

Recommendations

Given the strong association between plague accumulation
and GE, comprehensive oral hygiene instructions for patients
undergoing fixed OT are essential. This should include
techniques for thorough cleaning around brackets, wires,
and bands, which are common plaque-retention areas.
Regular dental cleanings should be scheduled throughout
OT to manage plaque levels effectively and prevent GE.
Additional cleanings and referral to Periodontics should be
considered for patients with extended treatment duration.

Establish a protocol for assessing GE risk before the initiation
of OT, factoring in patients’ age and gender, medical history,
and oral hygiene habits. This protocol could help in providing
individualised preventive care and in identifying patients who
may need intensified follow-up during OT.

Future studies should prioritse the development and
implementation of standardised protocols for capturing
pre-treatment photographs to enhance the accuracy and
consistency of baseline imaging. Further research should
explore salivary biomarkers, inflammatory cytokines, potential
periodontal pathogens, and genetic predispositions, and
their associations with gingival enlargement during fixed
orthodontic treatment.
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