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flammatory gingival enlargement and some properties of saliva. Results: The
statistical analysis demonstrated the highest mean plaque index (PLI) was
among groups III and I participants whereas, the highest mean gingival index
and mean gingival enlargement were among groups II and III participants.
The present study revealed an increase in salivary flow with decreased sali-
vary pH values with an increase in orthodontic therapy duration. There were
statistically significant differences in clinical findings and salivary flow and
pH values were observed in the comparison between groups I, II and III ex-
cept PLI (p < 0.05). Conclusion: There was a higher inflammatory gingival
enlargement associated with a higher plaque index in patients under ortho-
dontic treatment for more than 12 months more than the patients for less
than 6 months and the patients for a period of 6 - 12 months. There were
correlations between an increase of salivary flow and pH values and an in-
crease of other variables in this study, such as plaque index, gingival index,
and gingival enlargement index with an increased orthodontic therapy dura-
tion.
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1. Introduction

Periodontal disease initiation and progression rely on a balance between the host
immune system and microbial effect [1]. Gingival enlargement is a multifactorial
clinical condition that develops in response to different factors and interactions
between the host defense and these factors such as plaque and systemic distur-
bances moreover a rare gingival enlargement (idiopathic gingival fibromatosis)
[2]. The prevalence rate of gingival enlargement is 10%, and it is one of the main
periodontal tissue problems related to fixed orthodontic appliances [3].

Fixed orthodontic appliances impact passively on periodontal tissue health by
obstructing access to good oral hygiene resulting in the accumulation of plaque
[4]. The most common periodontal tissue alterations detected during fixed or-
thodontic therapy were gingivitis, gingival recession, and gingival over growth
[5] [6]. The increase of inflammatory cells in the inflamed gingival tissues leads
to edema formation and increase gingival size [7].

Fixed orthodontic therapy can cause gingival enlargement due to the effect of
some link risk factors such as the mechanical effect of bands, chemical effect of
cement, accumulation of plaque, and improper maintenance of oral hygiene [8].
Thus, the associated gingival enlargement with orthodontic therapy is consi-
dered an inflammatory reaction due to difficulty in self-performed mechanical
plaque control. The capacity to do oral hygiene measures is difficult for patients
with gingival enlargements especially, patients with fixed orthodontic ap-

pliances. These may cause more inflammation and increase of plaque accumula-
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tion then change of the gingival sulcus to a periodontal pocket creating difficult
areas for plaque removal [9].

Inflammatory gingival enlargement during orthodontic therapy is a localized
or generalized exaggerated gingival tissues growth reaching to marginal gingiva,
interdental papilla, and attached gingiva [10]. Acute or chronic inflammatory
gingival enlargement in cases of fixed orthodontic appliances can be easily seen
in chronic cases [2]. According to previous clinical study, generally, there was a
link between orthodontic treatment and periodontal health decrease [11]. A
hypertrophic form of gingivitis is one of the unwanted periodontal alterations
[6]. Moreover, retardation of oral health status [12]. Generally, the clinical stu-
dies revealed that the gingival alterations during orthodontic therapy are not
permanent damage to the periodontal and tissues [13] [14].

Few studies were conducted to evaluate the link between gingival enlargements,
such as the study of Zanatta et al which revealed that there was a positive link be-
tween fixed orthodontic therapy and inflammatory gingival enlargement [15].

Saliva plays a significant role in oral hygiene where its PH and the other en-
zymes help to diagnose and determine oral health and progression of some dis-
eases of oral mucosa and their risk factors [16] [17]. Furthermore, Orthodontic
therapy causes alterations in the ecological factors of the oral cavity that leads to
changes in salivary characteristics [18].

However, an assessment impact of fixed orthodontic treatment of more pro-
longed times on inflammatory gingival enlargement severity and some salivary
properties among orthodontic patients’ needs more studies. Therefore, the
present study was designed to the evaluation of the influence of fixed orthodon-
tic treatment duration on the severity of inflammatory gingival enlargement

(fixed orthodontic induced gingival enlargements) and some properties of saliva.

2. Material and Methods
2.1. Design and Sample Size of the Study

The current cross-sectional study groups included 145 participants, 100 males
(69%) and 45 females (31%) who were undergoing fixed orthodontic treatment.
All participants were selected from patients treated in orthodontics clinics, col-
lege of dentistry, King Khalid University, and some dental centers in Sana’a city,
the Republic of Yemen from October 2021 G to January 2022 G. They were di-
vided according to orthodontic treatment duration into three groups. Group I (n
= 47) included the patients who were treated for less than 6 months, group II (n =
51) included the patients who were treated for a period of 6 - 12 months, and
group III (n = 47) included the patients were managed for more than 12 months.

The age range of the participants was between 13 ys and 32 ys (Figures 1-3).

2.2. Inclusion Criteria

The identification of participants number was based on the expecting that there

was 10% difference of gingival enlargement with 30% theoretical proportion as
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Figure 3. Clinical photograph of a patient was treated for more than 12 months.

the effect of orthodontic therapy duration on gingival tissues [4]. The patients
who agreed to participate and signed an informed consent form, and the patients
who were undergoing fixed orthodontic therapy for 6 months, 6 - 12 months,

and more than 12 months were included in this study samples.
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2.3. Exclusion Criteria

The exclusion from the samples of the current study were the patients of bacteri-
al and viral infectious diseases such as COVID-19 that may be risks to the ex-
aminers, the patients who were using drugs inducing gingival enlargement, the
patients who need antibiotics coverage for clinical examination, the patients who
were affecting by the congenital anomaly, the patients with gingival cysts, and
the patients with oral ulceration and acute gingival diseases or diabetic patients
that maybe effect on clinical examination. Moreover, pregnant women, smokers,

and breastfeeding mothers were also excluded.

2.4. Ethical Status

The protocol of this study was designed according to ethical approval require-
ments of the Institutional Review Board, college of dentistry, King Khalid Uni-
versity before this study started. The participants were informed about the study

objectives, and a written informed consent form was obtained.

2.5. Clinical Examination

The clinical examination was conducted to record the periodontal parameters
according to this study design. A manual conventional periodontal probe (Wil-

liams) was used for periodontal parameters evaluation in this study [19].

2.6. Assessment of Dental Plaque

Plaque index used to evaluate the dental plaque by Silness and Loé’s plaque in-
dex (PLI) (0: No plaque; 1: non-visible plaque with the naked eye, but we can see
it with a periodontal probe; 2: visible plaque with the naked eye; 3: abundantly
visible plaque with the naked eye and extent to sulcus and the free gingiva mar-
gin) [20].

2.7. Assessment of Gingival Inflammation

Gingival index was used to evaluate the gingival inflammation by Loé and Sil-
ness gingival index (GI) (0: No inflammation, 1: mild inflammation, 2: moderate
inflammation with gingival bleeding, 3: severe inflammation with spontaneously

gingival bleeding) [21].

2.8. Assessment of Inflammatory Gingival Enlargement

Miller and Damm modified the original Angelopoulos and Goazindexused for
evaluating the vertical gingival enlargement from cemento-enamel junction to
the free gingival margin where there are three grades according to the covering
of clinical crown (Grade 0: No gingival growth, Grade I: mild enlargement, <2
mm, gingiva covering the cervical third., Grade II: Moderate enlargement: 2 to 4
mm, gingival covering the middle third of the clinical crown and Grade III: Se-
vere enlargement: >4 mm, gingival covering more than two thirds of the clinical

crown [22].
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2.9. Assessment of Some Salivary Properties

The Salivary samples were obtained according to the instructions of the WHO
Organization for the collection of saliva. The saliva samples were collected in
sterile glass containers (0.5 ml) for 10 minutes. pHep pocket-sized pH meter was
used to measure the pH of salivary samples. It is a calibrated instrument between
0.0 to 14.0 manufactured by Hanna Instruments with a replaceable electrode.
The instrument was calibrated every day by its buffer solution. The saliva quan-
tity (milliliters per minute) was measured and divided by 10 to account for the

flow rate in millimeters per minute [23].

2.10. Statistical Analysis

The data were coded and introduced to the computer then analyzed using SPSS
(version 23). The descriptive statistics were represented in percentages, means,
and standard deviations, while inferential statistics were used to detect signifi-
cant differences at 0.05 alpha level. Analysis of variances (ANOVA) was used to
identify the significant mean difference between study groups regarding age,
gingival index, plaque index, gingival enlargement Index, and salivary flow and
pH values.

2.11. Results

A total of 145 patients were included in this study, 47 (32.4%) of them were in
treated for less than 6 months, 51 (35.2%) were treated for a period of 6 — 12
months, and 47 (32.4%) were managed for more than 12 months (Table 1 and
Figure 4). The minimum age was 13 years old and maximum age was 32, while
mean age for all study participants was 21.98 + 3.6. The mean plaque index, gin-
gival index, and gingival enlargement index were 1.67 + 0.60, 1.60 + 0.55, and
1.65 + 0.56 respectively (Table 2). The mean age was the highest among group
IIT (23.06 + 3.49 years old), followed by mean of group II and group I with 21.82
+ 3.60 and 21.06 + 3.4, respectively. The analysis of variances shows significant
difference in age between patients treated for <6 months and those treated
for >12 months with p = 0.017 (Table 3 and Figure 5).

355
35
34.5
34
335 mDof P
33
325
32
315
31

% of PD

Gl Gll Gl
Study groups

Figure 4. The distribution of study participants on study groups. D of P: Distribution of
participants. GI: group I. GII: Group II. GIII: Group III. % of PD: Percentage of partici-
pants distribution.
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Figure 5. Comparing means of participants’ age between study groups. GI: group I. GIIL:
Group II. GIII: Group III.M of PA: Mean of patients’ age.

Table 1. The distribution of study participants on study groups.

Study groups Frequency Percent (%)
Group I (less than 6 months) 47 32.4
Group II (6 - 12 months) 51 35.2
Group III (More than 12 months) 47 32.4
Total 145 100.0

Table 2. The descriptive statistics of study variables.

Minimum  Maximum  Mean  Std. Deviation

Age 13 32 21.98 3.6

Plaque index 1 3 1.67 0.60
Gingival index 1 3 1.60 0.55
Gingival enlargement index 1 3 1.65 0.56

Table 3. Comparing means of participants’ age between study groups.

Groups Mean (£SD) Comparison p value
Group I Group I and I 0.532
. 21.06 3.40
(<6 months orthodontic treatment) GroupTand Il  0.017*

Group II

21.82 3.60 G ITandIII  0.189
(6 - 12 months orthodontic treatment) rotp San

Group III

23.06 3.49
(>12 months orthodontic treatment)

*Significant difference.

The highest mean plaque index was reported among patients with treatment
duration > 12 months (1.70 £ 0.51), while the lowest plaque index was in pa-
tients treated for a period 6 - 12 months. No significant difference of plaque in-

dex was seen between group I, II and III (p > 0.05). The highest mean gingival
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index was reported in patients with >12 months orthodontic treatment (2.07 +
0.50), while the lowest was reported among patients with <6 months orthodontic
treatment (1.74 £ 0.57). The differences in plaque index between study groups
were not statistically significant (p = 0.819). However, using ANOVA showed
significant difference in gingival index between study groups (p = 0.047) and
post hocTukeytests demonstrated that significant difference was between pa-
tients treated for <6 months and those treated for >12 months with p = 0.036.

Gingival enlargement index was the highest among patients with >12 months
orthodontic treatment (2.72 + 0.50) in comparison to means of 1.63 and 1.60
among patients with 6 - 12 months orthodontic treatment and those with <6
months orthodontic treatment, respectively. There were statistically significant
differences in gingival enlargement associated with the duration of orthodontic
therapy among the patients of groups II, III, and I (p < 0.05) (Table 4 and Fig-
ure 6).

On the other hand, Table 5 and Table 6 and Figure 7 and Figure 8 reveal the
salivary pH and salivary flow rate values in the three groups. It was found that
the mean salivary pH and salivary flow rate of group III participants were the

highest when compared with groups I and II. Salivary flow rate and salivary pH

2.5

mPLI

mGl
15

GE

Clinical Findings

0.5

Glll Gll Gl
Study groups

Figure 6. Comparing of periodontal health indices among study groups. PLI: Plaque in-
dex. GI: Gingival index. GEIL: Gingival enlargement index. GI: group I. GIL: Group II
GIII: Group IIL

Table 4. Comparing means of periodontal health indices among study groups.

Group
Periodontal
Health <6 months 6 - 12 months >12 months
Indices orthodontic orthodontic orthodontic treatment
value
treatment (GI) treatment (GII) (GIII)
PLI 1.68 + 0.66 1.63 £ 0.63 1.70 £ 0.51 0.819
GI 1.74 £ 0.57 1.89 £ 0.54 2.07 £0.50 0.047*
GEI 1.60 £ 0.61 1.63 £ 0.56 2.72 £ 0.50 <0.05*

PLI: Plaque index. GI: Gingival index. GEI: Gingival enlargement index. *Significant dif-
ference. GI: group I. GII: Group II. GIII: Group III
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Figure 7. Comparing means of salivary pH values among study groups. GI: group L

Group II. GIII: Group III.
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Figure 8. Comparing means of saliva flow values among study groups. GI: group I. GII:

Group II. GIIL: Group III.

Table 5. Comparing means of salivary pH values among study groups.

Salivary pH ANOVA
Range Mean * SD F P-value
Group I 5-8 6.68 £0.316
Group II 6-8 6.81 +£1.07 3.997 0.042*
Group III 6-9 7.9+1.22

*Significant difference.

Table 6. Comparing means of salivary flow values among study groups.

Salivary flow ANOVA
Range Mean * SD F P-value
Group I 1-2 1.12 £ 0.058
Group II 1-2 1.77 £ 0.035 0.628 0.033*
Group III 1-2 1.95+0.011

*Significant difference.

decreased after commencing orthodontic therapy then significantly increased 6
and 12 months after orthodontic therapy. There were statistically significant dif-
ferences between the mean salivary flow rate values (p = 0.033) and salivary pH

values (p = 0.042) among the groups of the current study.
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3. Discussion

Inflammatory gingival enlargement is a more common clinical feature with or-
thodontic therapy [6]. The presence of orthodontic appliances may lead to pla-
que accumulation and difficulty in oral hygiene maintenance [24]. When PLI,
GI, and GEI were evaluated, statistically significant differences between these
clinical parameters except PLI were observed, where the clinical relationship of
these differences with orthodontic therapy duration revealed clinical differences
for the severity of inflammatory gingival enlargement grades I and II. The clini-
cal findings of our study revealed that there was an association between ortho-
dontic therapy duration and dental plaque accumulation. This agrees with the
clinical findings of other previous studies that have demonstrated an increase in
plaque accumulation and change in the composition and types of oral bacteria
during orthodontic therapy [25] [26]. The Plaque index (PLI) in the present
study demonstrates the relation between plaque accumulation and duration of
orthodontic therapy with the progression of inflammatory gingival enlargement.
Consequently, the duration of orthodontic therapy may be considered a predis-
posing factor.

Gong Y and Ding X reported in their study that gingival enlargement is an in-
flammatory reaction against the microbiota dental plaque, and its products are
attributed to that the orthodontic appliances facilitate the collection and the co-
lonization of bacteria; consequently, the gingiva becomes more susceptible to in-
flammation and bleeding that corresponds with the results of the present study
[1] [27]. According to the current study, the highest plaque index, gingival in-
dex, and gingival enlargement appeared among the patients of group III more
than in other groups. But, no significant effect of duration on the severity of in-
flammatory was seen from 1 to 6 months of orthodontic therapy; this agrees
with the similar plaque index and gingival index that appeared in these groups,
thus supporting the inflammatory nature of an increase of gingival size in the
current study. The increase of gingival tissue size in the present study may be
due to gingival tissues being more sensitive to dental plaque and the hyperplastic
reaction of the gingival tissues [28] that agrees with a previous study, reported
that there were effects of fixed orthodontic appliances on the profile of oral mi-
crobiota, and added that gingival health is fundamental before beginning ortho-
dontic therapy [29].

This effect of orthodontic therapy duration on the severity of inflammatory
gingival enlargement may explain that the participants are more likely to have
low preventive attitudes and habits with an increased time of orthodontic thera-
py. Thus, gingival phenotype and plaque control should be considered [30]. In
this study, the amount of dental plaque and duration of orthodontic therapy
played a role in the incident of gingival enlargement where plaque index and
gingival enlargement index among the participants of group III more than other
groups, that may be due to the various response and time for clinical reaction,

moreover microbial challenge and individual local and systemic resistance [16]
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[31]. These results agree with several previous studies which revealed that the
fixed orthodontic therapy change the qualitative composition of dental plaque
[24] [32].

On the other hand, the flow rate of saliva plays a significant role in oral health
where the increase of saliva leads to physical cleansing action for accelerates
clearance of substrates as well as raise its antimicrobial effectiveness, whereas
low salivary flow rate adversely affects oral health [33].

In the present study, there was a significant decrease in salivary pH after
starting orthodontic therapy. These findings are convenient with a previous
study that revealed a decrease in pH after put fixed orthodontic appliances [23].
But another previous study demonstrated that there was a significant increase in
salivary flow rate during orthodontic therapy [34]. These findings are in agree-
ment with the results of the present study where salivary flow rate was an in-
crease in 6 - 12 months and more than 12 months orthodontic therapy durations
when compared to less than 6 months of orthodontic therapy duration. That
may be due to the presence of orthodontic appliances, which act as a mechanical
motivation in salivary secretion. These findings agree the results of studies that
done by Kanaya et al, Kanaya et al, and Chang et al. [35] [36] [37].

Furthermore, another previous study showed increased salivary flow and pH
during orthodontic therapy [38]. This agrees with the results of the present
study, which explains that the increased salivary flow and pH may be due to the
sensitivity against orthodontic appliances in the oral cavity as well as, the ortho-
dontic appliances provide ideal areas for adhesion and proliferation of oral mi-
cro-biota that lead to defect in oral hygiene and difficulty in brushing during
orthodontic therapy [39] [40].

Baliga, et al detected an increase in salivary pH among the patients with
chronic gingivitis more than in the control group [41]. That agrees with the
findings of this study where there was a direct relationship between the increase
in the salivary pH and the increase in the severity of gingivitis and inflammatory
gingival enlargement, with the increased orthodontic therapy duration.

Salivary samples can be easily collected, compared to the serum and blood
samples for comfort to the patient. Consequently, the saliva can be obtained in

the dental office and used as an easy diagnostic aid [42] [43].

4. Strength and Limitations of the Study

The strengths of this study in demonstrating that there were side effects of or-
thodontic therapy duration on gingival tissues and salivary flow and salivary pH
values. Consequently, they may be considered as predisposing factors of Ortho-
dontic treatment-induced gingival enlargement that needs continuous recall vis-
its of periodontal therapy during orthodontic therapy duration. The results of
this study help to clarify the importance of patient motivation and patient com-
pliance in the treatment of inflammatory gingival enlargement that may be asso-

ciated with orthodontic therapy. Oral hygiene instructions and motivation
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should begin at the first phases of orthodontic therapy to gain good results.
There were some limitations of this study, such as the cross-sectional design
of the study as well as sample sizes were smaller, and standardization was not
enough. Therefore, longitudinal studies, an increase of sample size, and standar-
dization can assist in confirming the findings of this study regarding the impact
of orthodontic therapy duration on the severity of inflammatory gingival en-
largement and salivary flow and salivary pH values. Thus, at the end of this
study, it can be recommended that the gingival parameters, salivary flow, and sa-
livary pH values should be considered during orthodontic therapy times because

the orthodontic appliances might negatively influence gingival tissues

5. Conclusion

We conclude that gingival index and gingival enlargement index as well as sali-
vary flow and pH salivary values can be used to monitor the severity of inflam-
matory gingival enlargement during orthodontic therapy and can have prognos-
tic values also for inflammatory gingival enlargement and its therapy. Using sa-
livary samples as diagnostics aids are obtaining interest, and the present study

considered a new insight into this aspect.
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