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Abstract

Introduction: We are currently seeing an increase in the number of patients seeking orthodontic treatment, many of
whom are young adults. Besides the obvious advantages of orthodontic therapy, there are also some side effects that
can be seen at the level of periodontal soft tissues, which can influence the final result. Aim of the study: The purpose
of this study is to identify the main changes observed in the soft tissues during orthodontic treatment with fixed
appliances (colour, size, position, texture of gingiva and shape of anterior interdental papillae), and to analyse them
depending on individual clinical characteristics, gender and gingival phenotype. Material and Methods: 22 patients
were included in this study — 12 women and 10 men, aged between 14 and 30 years, that presented to the Integrated
Centre of Dental Medicine in Targu Mures, in the period 2019-2024, in search of orthodontic treatment. Results: The
study found significant differences in gingival changes based on gender and gingival phenotype, with females showing
more pronounced colour changes and gingival hypertrophy in the mandibular regions, and males exhibiting
substantial gingival hypertrophy and colour changes, both in the frontal and lateral maxillary regions. Conclusions:
This study shows gingival changes during orthodontic treatment that differ by gender and gingival phenotype. Thus,
females with a thick gingival phenotype show distinct colour and size changes in the frontal mandibular region,
whereas male patients tend to have more changes in the frontal and lateral maxillary regions, regardless of the gingival

phenotype.
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Introduction

In recent years, following the advances in
the field of Dentistry, there has been a notable
increase in the number of patients undergoing
orthodontic treatment [1-5]. As a result, there
is a heightened recognition of the role that
optimal occlusion plays in preserving the
integrity of the entire stomatognathic system.
Even if, traditionally orthodontic treatment
was mostly associated with the adolescent
population, while adult patients frequently
opted for fixed prosthetic solutions to correct
malocclusion, nowadays, there is a growing
trend of adults seeking orthodontic care.

Orthodontic treatment enhances patients’
quality of life by correcting dental alighment or
guiding dento-maxillary development, leading
to improvements such as increased masticatory
efficiency, optimized temporomandibular joint
function, corrected pronunciation  and
improved facial appearance. In addition, by
facilitating oral hygiene after orthodontic
therapy there is a decrease in the incidence of
interdental caries and by correctly aligning

teeth on the arch it helps prevent gingivitis and
periodontitis. Patients who have undergone
orthodontic treatment expetience greater self-
confidence and a reduction in psychological
distress related to physical appearance, so
orthodontic treatment has also been observed
to have a positive impact on people’s
psychological well-being [6].

Given the long-term nature of orthodontic
therapy, fixed appliances have potential risks,
complications and side effects, so it can have a
significant impact on periodontal status, with
effects manifested as soft tissues changes,
including variations of colour, gingival
hyperplasia or hypertrophy, changes in the
shape of interdental papillae, displacement of
the gingival margin, and modifications in the
surface texture of gingival tissue [7-9].

Fixed orthodontic treatment makes oral
hygiene difficult, creating conditions for the
accuumulation of bacterial plaque. This biofilm
accumulation on tooth surfaces favors the
installation of gingivitis and if it is not kept
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under control, gingival hyperplasia or gingival
recessions may eventually occur [7].

Gingivitis is clinically expressed by changes
in colour, the disappearance of gingival
stippling and the increase in tissue volume.
Orthodontic movement does not directly cause
gingivitis, but the presence of bacterial plaque
does [10].

Gingival hypertrophy is another side effect
that occurs in orthodontic treatment and
consists in increasing the volume of the cells,
without changing their number. On the other
hand, gingival hyperplasia represents the
increase in the number of cells, which have a
normal volume. Due to the fact that gingival
hypertrophy also occurs in patients with good
oral hygiene, it is believed that the orthodontic
force and tissue remodelling itself are the
determining factors of it, through the increase
of metalloproteinases in the matrix. Also, it
appears that the Nickel ions constantly released
from some orthodontic appliances can
stimulate the development of epithelial cells
and the division of keratinocytes, which could
cause gingival hyperplasia or gingival
hypertrophy [1, 7].

Changes in the gingival margin position can
be observed during orthodontic movements.
Thus, an oral movement of the teeth increases
the thickness of the gingival tissue at the buccal
level and the incisal migration of the gingival
margin. In contrast, a movement of teeth
towards buccal, translates into cervical
migration of the gingival margin [11].

By means of the orthodontic movement of
mispositioned teeth, the interdental contact
point will be changed. The interdental contact
is a very important parameter in determining
the height and shape of the interdental papilla.
Thus, both in the case of the closing of the
diastema and the protrusion of lingualized or
superimposed teeth, the size of the interdental
papilla will decrease. In contrast, following the
retrusion of vestibularized or superimposed
teeth and the intrusion of teeth, the papilla will
increase in size [12]. Thus, through all the
changes described above, we can emphasize
the importance of the changes in the superficial

periodontium  during  the  orthodontic
treatment.

The aim of this paper is to identify and
highlight  the variations observed in
periodontal soft tissues during treatment with
fixed orthodontic appliances and to determine
where they preferentially occur according to
gingival phenotype and gender.

The null hypothesis of this study is that
there is no difference in soft tissue response
during orthodontic treatment according to

gender and gingival phenotype.

Material and methods

This is a retrospective study that was
conducted on a sample of 22 patients (12
female patients and 10 male patients, aged
between 14 and 30 vyears), whose digital
intraoral photographs were analysed in order to
test the null hypothesis. The case files belonged
to previous patients that presented themselves
at the Integrated Centre of Dental Medicine in
Targu Mures for orthodontic treatment in the
period 2019-2024. To obtain digital intraoral
photographs, we contacted several residents in
Orthodontics and Dentofacial Orthopedics
and requested photographs from their
orthodontic cases documenting the clinical
situation of patients who presented various
periodontal soft tissues changes during
orthodontic treatment. Two time points were
established for analysis: T1, which corresponds
to the clinical situation before the initiation of
orthodontic treatment or the initial bonding
session, and T2, any other appliance
adjustment appointment, during which the
clinician observed periodontal soft tissues
changes, regardless of their type (colout,
dimension, shape, texture, position), or of
period of time since the beginning of the
treatment.

Patients, tespectively parents/guardians
were informed about the possibility of using
their information, personal data and digital
clinical photographs for future academic and
scientific purposes and gave their informed
consent.
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Figure 1. The division of subjects according to gender

Patient Selection Criteria:

1.

Patients that presented dento-
maxillary anomalies;

Patients with orthodontic
appliances, whose initial conditions
are documented through intraoral
photographs;

Patients undergoing fixed
orthodontic treatment on both
dental arches;

Patients with orthodontic
appliances with metal brackets;
Patients with no prior history of
orthodontic treatment;
Patients without any
conditions.

systemic

Patient Exclusion Criteria:

1.

2.

Patients with systemic conditions
affecting periodontal tissues;

Patients undergoing chronic
treatment with medications that
may impact periodontal tissues or

their response to orthodontic
treatment;

Patients  receiving  orthodontic
treatment on only one dental arch;
Patients  receiving  orthodontic
treatment with removable

orthodontic appliances;

Patients whose initial condition is
not documented by intraoral digital
photographs;

Patients with a
orthodontic treatment.

history  of

In addition, we requested further
information to conduct the statistical analysis,
including sex, age, date of initiation of
orthodontic therapy (T1), and the date when
changes were observed (T2). Intraoral images
were captured using either personal phone
cameras or professional cameras.

After analysing and sorting the received
digital intraoral photographs of previous
patients, we were able to select 22 patients who
met the above criteria. In the study were
included the patients whose initial periodontal
condition was either healthy or showed varying
degrees of inflaimmation due to teeth
misalignment, crowding or poor oral hygiene,
but who, after a period of time under
orthodontic treatment, showed improvement
or worsening of soft tissue status.

All intraoral digital photographs, along with
the corresponding data for each patient, were
inserted into Microsoft® Word (Microsoft®,
Redmond, US) for Mac, Version 16.84 (2024).
They were organized into individual clinical
cases, numbered, and arranged in random
order.

During the visual analysis of these digital
images, we observed the main changes that
occurred in the soft periodontal tissues
concerning colour, size, shape of the
interdental papilla (in the anterior region),
surface texture and the position of the gingival
margin. In order to facilitate the process of
visual analysis of the photos, we made for each
case a collage consisting of two intraoral
photos placed vertically, the upper one
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corresponding to the initial situation at T'1, and
the lower one for the situation given at T2.

We systematically recorded for each case in
a table the variable clinical aspects observed in
the analysed intraoral photographs, according
to the dental unit in which they were observed,
to facilitate their use in statistical analysis.

To simplify the working method, we have
chosen symbols for each change recorded in
the table, according to the following legend:

- yes/no = presence or absence of colour

changes;

- (+/-) = gingival hypertrophy or absence
of changes;

- (AvIul)) = enlargement of dental

papilla / decreased in size / invaginated
papilla / flat papilla;

- (./9D) = stippled gingival texture / no
stippling;

- (THI0) = coronal placement of the
gingival margin / apical placement of the
gingival margin / no significant changes;

- X = missing tooth [1].

To determine if there were changes in the
colour of the gingival tissues, we visually
analysed the photos from the two time points.
If the gingival tissue seen in the initial situation
was coral pink and in the second photo it was
bright red, we considered it a shift in colour
and noted “yes” in the table. We also looked
for colour variations from red to normal colour
of gingiva, and we noted them in the table with
“yes” as well. If there was no obvious change
in soft tissue colour, we noted “no” in the
table.

To determine the changes in size, we
conducted a comparative visual analysis of the
photos at the two time points, T1 and T2,
focusing specifically on the interdental gingival
tissue and the area between the free gingival
margin and the base of the gingival groove. If
in any of the previously mentioned regions we
observed an increase in tissue, we considered it
to be gingival hypertrophy and it was recorded
in the table with the symbol “+” symbol, while
the absence of changes in size was noted with

The shape of the interdental papillaec was
evaluated exclusively in the anterior region, due
to its significant aesthetic impact on the
appearance of the smile. We looked for

variations such as increases or decreases in size,
invagination, or flattening of the papillae,
which were influenced by the orthodontic
movement of adjacent teeth. We considered as
an increase in its size the papilla that appeared
bigger and more globulos than in the initial
situation, and a decrease, if the papilla was
thinner and smaller. The invagination of the
papilla was observed in photographs at T2 as
an internal fold of the excessive tissue, while
the flat papilla appeared as a horizontal gingival
tissue between two adjacent teeth, losing its
pyramidal shape.

In terms of surface texture of the
periodontium, we observed the loss of its
orange peel appearance. This was identified by
close examination and enlarging the digital
photographs using the zoom function in Word.
If the gingiva appeared smooth or spongy, with
punctate insertions of Sharpey’s fibres no
longer visible, we considered it as a loss of
texture and noted it with “@” in the table.

For changes in the position of the free
gingival margin in the incisal/occlusal or apical
direction, we looked at the size of the clinical
crown, at both T1 and T2, and tried to visually
estimate whether there was any change in
crown dimensions. We used the “T” symbol to

indicate a decrease in crown size, the «l”
symbol for an increase, and “0” where there
were no visible changes in size.

We established the gingival phenotype of
the patients by visual examination of the
intraoral images, according to the buccal
appearance of the alveolar process in the
frontal group area, depending on the degree of
visibility of the undetlying capillary vessels,
correlating with the shape of the teeth, thus
placing it in two categories: thick and thin.

After analysing all the intraoral images, we
obtained 22 tables, that illustrate the changes in
the periodontal soft tissues, categorized by
each tooth, from 1.6 to 4.6, with separate tables
for the upper and lower dental arches. Then,
the acquired data was transferred into the
Microsoft® Excel (Microsoft®, Redmond,
US) for Mac, Version 16.84 of 2024, to
conduct the statistical analysis.

To assess differences in periodontal soft
tissue changes during orthodontic treatment,
we performed a Chi-square test of
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independence. The analysis included four
variables: colour change, size change, texture
change, and position change of the gingival
margin. These changes were observed in two
regions: frontal () and lateral (L), for both the
maxillary and mandibular arches. The patients
were classified by gender (male, female) and
gingival phenotype (thick, thin).

For the analysis a contingency table was
constructed for each variable based on the
observed frequencies of changes according to
gender, gingival phenotype, and region (frontal
and lateral).

Chi-square tests were applied to assess
whether the differences in these changes were
statistically significant across the groups.

The analysis excluded lateral regions for
shape changes, as the study focused exclusively
on the frontal regions for this variable. The
invagination (U) category was excluded from
the analysis due to its low frequency of
occurrence, which would result in statistical
limitations in the Chi-square test.

The significance threshold for all tests was
setat p < 0.05.

Results

This study examined the variations in soft
tissue characteristics, including colour, size,
surface texture and position of the gingival

Table 1. Colour changes

tissue alongside with the shape of the anterior
interdental papillae, across different genders
and gingival phenotypes. The findings reveal
significant patterns and differences, reflecting
the complexity and diversity of gingival
response to the orthodontic tooth movement.

Colour Changes

Colour changes in the gingiva varied
between genders and gingival phenotypes.
Among females that presented a thick gingival
phenotype, the mandibular frontal region
exhibited the most pronounced colour
changes, with 83.3% of cases showing changes
in colour. In contrast, the mandibular lateral
region displayed minimal changes, with only
12% showing any difference. Women with a
thin gingival phenotype showed a remarkable
94.4% colour change in the mandibular frontal
region. No changes were observed in the
maxillary lateral region.

For males, those with a thick gingival
phenotype exhibited the highest colour
changes in the maxillary frontal region at
93.1%, while the mandibular frontal region had
a moderate change rate of 66.6%. The Chi-
square test for colour changes across gender
and gingival phenotype vyielded significant
results (¥*(9) = 142.14, p < 0.001), indicating
that colour changes were significantly
associated with gender and gingival phenotype.

Gender Gingival Maxillary F (%) Maxillary L (%) Mandible F (%) Mandible L (%)
Phenotype

Female Thick 53.7 30.7 83.3 12

Female Thin 22.2 0 94.4 16.6

Male Thick 93.1 46.4 66.6 21.4

Male Thin 60 60.7 23.3 14.8
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Figure 2. Colour changes

Size Changes

Gingival hypertrophy, as indicated by size
changes, also displayed distinct trends across
different groups. Females with a thick
phenotype had the highest hypertrophy rate in
the mandibular frontal region (83.3%), whereas
the maxillary lateral region showed a lower one
(44.2%). However, women with a thin
phenotype had consistently high hypertrophy
rates in both the maxillary and mandibular

Among men with a thick gingival
phenotype, it was observed a significant
hypertrophy in the maxillary frontal region
(79.3%), while the mandibular lateral region
showed the least hypertrophy (28.5%). Males
with a thin phenotype exhibited the most
substantial hypertrophy in the mandibular
frontal region, where every case (100%)
showed signs of enlargement. A significant
association was found between size changes,

frontal regions, at 61.1% and 83.3%, gingival phenotype and gender (yx*(9) = 40.00,
respectively. p < 0.001).
Table 2. Size changes
Gender Gingival Makxillary F (%) Maxillary L (%) Mandible F (%) Mandible L (%)
Phenotype
Female Thick 74 44.2 83.3 46
Female Thin 61.1 27.7 83.3 22.2
Male Thick 79.3 53.5 76.6 28.5
Male Thin 63.3 60.7 100 81.4
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Figure 3. Size changes
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Shape Changes (Frontal Group Only)

Examining shape changes in the frontal
group provided insights into how different
gingival phenotypes and genders affect gingival
morphology. A thick phenotype at females was
associated with an enlargement of the dental
papilla, in both the maxillary and mandibular
regions, at 71.1% each. On the other hand,
women that presented a thin phenotype,
primarily showed decreased size of the dental
papilla in the maxillary region (53.3%),
reflecting a different response pattern.

It was observed a significant papilla
enlargement in the mandibular region for men

Table 3. Shape changes

with a thick gingival phenotype, with a
percentage of 84% and a notable incidence of
flat papilla in the maxillary region (8.3%). Males
with a thin phenotype displayed uniform
enlargement in the mandibular region (100%0)
and an equal distribution of enlargement and
reduction in the maxillary region (48% each).
After excluding the "U" category from the
analysis, the remaining data still showed
significant  differences  between  gender,
phenotype, and changes in the shape of the
interdental papillae (y*(15) = 126.24, p <
0.001).

Gender Gingival Maxillary Maxillary Maxillary Maxillary Mandibl Mandibl  Mandibl  Mandibl
Phenotype A (%) V (%) U (%) _(%) e e e e
A (%) vV (%) U (%) _(%)
Female Thick 71.1 155 4.4 8.8 71.1 26.6 0 2.2
Female Thin 46.6 53.3 0 0 66.6 333 0 0
Male Thick 45.8 41.6 4.1 8.3 84 4 0 12
Male Thin 48 48 0 4 100 0 0 0
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Figure 4. Shape changes

Texture Changes

Texture changes, characterized by the
absence of stippling, were also examined.
Females with a thick phenotype exhibited the
highest absence of stippling texture in the
mandibular lateral region (84%), with the least
value in the maxillary frontal region (29.6%).
For females with a thin phenotype, both the
maxillary and mandibular lateral regions

showed a complete absence of stippling
(100%).

Among males, those with a thick phenotype
displayed a complete absence of stippling in the
mandibular lateral region (100%), with
significant changes noted across the maxillary
regions. Males with a thin phenotype showed
pronounced texture changes, particularly in the

mandibular
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lateral region (92.5%). The Chi-square test
for texture changes also indicated a significant
relationship between gender, phenotype and

Table 4. Texture changes

the texture of the gingiva (¥*(9) =
0.013).

20.89, p =

Gender Gingival Phenotype Group Maxillary F (%)

Maxillary L (%) Mandible F (%) Mandible L (%)

Female Thick F 29.6 50 66.6 84

Female Thin L 333 100 66.6 100
Male Thick F 48.2 78.5 80 100
Male Thin L 26.6 85.7 46.6 92.5

Texture Changes

Percentage

\
8

P

&«

ac“

&

100 Maxillary_F
= Maxillary L
= Mandible_F
== Mandible_L

80

60

40

20

0 \

pal
&
'4\(\\

& <
& &

Q
S

Group (Gender and Phenotype)

Figure 5. Texture changes

Position Changes of the Gingival Margin

The analysis of position changes in the
gingival margin revealed diverse patterns of
coronal and apical movement. Females with a
thick phenotype predominantly exhibited a rate
of coronal placement in the maxillary frontal
region (81.4%) and mandibular frontal region
(70.3%). It was observed a mix of coronal and
apical movements at females with a thin
phenotype, with moderate rate of coronal
placement in the maxillary frontal region

(61.1%).

Table 5. Position changes of gingival margin

For males with a thick phenotype, both
coronal and apical placements were observed,
particularly in the mandibular regions, where
coronal and apical placements were noted in
nearly equal proportions (43.3% coronal,
33.3% apical). Males with a thin phenotype had
a higher percentage of coronal placement in the
mandibular frontal region (66.6%), indicating a
preference for movement in this direction. The
Chi-square  test showed a significant
association between position changes and the
independent variables (y*(21) = 174.64, p <
0.001).

Gender Gingival Phenotype Group Maxillary 1 (%)

Maxillary {, (%) Mandible T (%) Mandible | (%)

Female Thick F 81.4 0 70.3 18.5
Female Thick L 50 0 48 6
Female Thin F 61.1 11.1 38.8 22.2
Female Thin L 22.2 0 22.2 5.5
Male Thick F 68.9 6.8 433 33.3
Male Thick L 50 0 25 50
Male Thin F 23.3 6.6 66.6 6.6
Male Thin L 60.7 3.5 51.8 0
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Figure 6. Position changes of gingival margin
Discussions
Overall, the study findings highlight distinct Size Changes
patterns of gingival changes, influenced by This  study  highlighted  significant

gender and gingival phenotype. Males with thin
phenotypes tended to exhibit higher rates of
gingival hypertrophy and shape changes, while
females showed more pronounced colour
changes and texture alterations. These results
underline the importance of considering both
gender and  gingival  phenotype  in
understanding gingival responses and planning
dental care strategies accordingly.

Colour Changes

One of the findings of this study shows a
distinct pattern of colour changes in gingiva
between males and females, during
orthodontic treatment with fixed appliances.
Females, particularly those that presented a
thick gingival phenotype, exhibited more
pronounced colour changes in the mandibular
trontal region, while men with thick phenotype
showed colour changes in the maxillary frontal
region. This could be due to hormonal activity,
that is known to affect gingival tissue, making
it prone to inflammatory changes and colour
alterations [13—15]. The hormones can modify
the immune response of gingival tissues to
dental plaque. Also, one study established that
gingival inflammation and plaque
accumulation  are  higher during the
premenstrual period [16]. We observed more
colour changes in the frontal region, in contrast
with a literature finding, with a higher
percentage of visually inflamed gingival sites in
the lateral regions [17].

differences in gingival hypertrophy between
genders. Women with both thick and thin
gingival ~ phenotype = showed  gingival
enlargement, especially in the mandibular
frontal region. In the same area, men showed
the highest rate of size changes, but it was
observed in those with thin phenotype. One
study highlighted that a predisposing factor
during fixed orthodontic treatment was a thick
periodontal phenotype [18].

Shape Changes

When examining shape changes,
particularly in the frontal group, there were
notable differences between males and
females. Women with a thick phenotype
displayed enlargement of the dental papilla,
whereas men showed more variable responses,
with both increases and decreases in papilla
size. These findings could reflect differences in
how males and females respond to
inflammatory stimuli or plaque accumulation.
Papillary height and thickness of the papilla
base were associated with the gingival
phenotype  with  significant  statistical
correlations [19].

Texture Changes

Texture changes, characterized by the
absence of stippling, were also significant in
both genders, but the patterns varied. Women
that presented a thin phenotype showed a
complete absence of stippling in the maxillary
and mandibular lateral regions. Also, men,
particularly those with thick phenotype,
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revealed complete loss of orange peel texture
in the mandibular lateral region. One literature
evidence showed that gingival enlargement
produces changes in the texture of the gingiva
[20].

Position Changes of the Gingival Margin

Higher rates of gingival margin changes
were observed in the mandibular regions, at
females, where the gingival margin tended to
change its position towards the coronal part of
the teeth. This coronal movement might
protect against recession but could also
predispose to pocket formation, if not
managed properly. This overgrowth related to
orthodontic movement was observed in
different studies [18, 21].

The study’s findings that women, especially
those with a thick gingival phenotype, exhibit
more changes in colour and size, suggest that
they may be at higher risk for gingival
inflammation during orthodontic treatment,
especially  since  the bacterial plaque
accumulates much more easily at the level of
the brackets. Similarly, males with a thin
phenotype, showing more hypertrophy and
coronal positioning of the gingival margin, may
also be more susceptible to gingival
overgrowth and pocket formation during
treatment.

This study has several limitations, such as:
limited number of patients, different periods of
time between the treatment sessions in which
the intraoral photographs were taken, the
subjective analysis of the photos, which can be
influenced by factors like lighting, angle and
image quality.

Understanding the long-term effects of
fixed appliances on different gingival
phenotypes and genders will help clinicians,
especially periodontists, in the management of
potential periodontal complications during
orthodontic tooth movement. This study is
also addressed to orthodontists, as it draws
attention to the importance of periodontal
tissues in the predictability of the treatment
outcome and in obtaining adequate final
aesthetic results.

Future research should focus on studies that
track periodontal changes in patients before,
during and after orthodontic treatment. Also,
in the upcoming studies, direct observation of

gingival changes is recommended, with the
patient in front of the examiner, while the
following periodontal indices may also be
performed: PPD, CAL, PI, BOP.

Conclusions
Within the limits of this study, the following

conclusions were drawn:

1) Orthodontic  treatment  affects  the
periodontal soft tissue, causing changes in
their colour, size, shape, texture and
position;

2) The null hypothesis is rejected. A significant
association was found between soft tissues
changes, gingival phenotype and gender;

3) Female patients with thick gingival
phenotype showed more pronounced
colour and size changes in the frontal
mandibular region;

4) Male patients, regardless of gingival
phenotype, showed changes in soft tissue
colour and size in the frontal and lateral
maxillary regions.

Conflict of interest: The authors declare no
conflicts of interest.
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