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ABSTRACT

Background: Fixed orthodontic appliances create numerous plaque-retentive surfaces that favour cariogenic and
periodonto-pathogenic organisms, whereas clear aligners, being removable, are thought to allow better hygiene
maintenance. Prospective comparisons of fixed appliances, self-ligating brackets, and clear aligners that examine both
salivary microbial counts and gingival health together, particularly during the earliest days of treatment, remain
limited.

Aim: To compare salivary Streptococcus mutans and Lactobacillus levels and gingival status among patients treated
with fixed appliances, self-ligating brackets, and clear aligners.

Materials and Methods: Thirty patients undergoing orthodontic treatment at the Department of Orthodontics and
Dentofacial Orthopaedics, Mahatma Gandhi Dental College and Hospital, Jaipur, were allocated to three groups of
ten fixed appliances (Group 1), self-ligating brackets (Group 2), and clear aligners (Group 3). Gingival Index, Plaque
Index, Bleeding on Probing, and gingival (probing) depth were recorded, and saliva was cultured on Mitis Salivarius
and MRS agar for S. mutans and Lactobacillus, respectively, before treatment (T1), on day 3 (T2), and on day 10 (T3).
Friedman, Wilcoxon signed-rank (Bonferroni-corrected), Kruskal-Wallis, and Cochran's Q tests were used as
appropriate.

Results: The three groups were statistically indistinguishable at baseline. By T2 and T3, highly significant differences
had emerged for every parameter (p<0.001 for most comparisons). The fixed appliance group showed the steepest rise
in S. mutans and Lactobacillus counts, plaque and gingival scores, and bleeding on probing, followed by the self-
ligating group; the clear aligner group changed the least, and its bleeding-on-probing and gingival-depth scores did
not reach statistical significance over the ten-day period.

2: Within the limits of this short-term study, clear aligners were associated with a distinctly more favourable microbial
and periodontal profile than fixed or self-ligating appliances during the initial phase of orthodontic treatment,
supporting careful appliance selection in patients at elevated caries or periodontal risk.

Keywords: Clear aligners; Fixed orthodontic appliances; Self-ligating brackets; Streptococcus mutans; Lactobacillus;
Gingival index; Plaque index; Bleeding on probing
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INTRODUCTION healthy gingivae and sound enamel or with white-spot

Orthodontic care today is shaped as much by patient
expectations of comfort and appearance as by the
biomechanics of tooth movement, and this shift has
driven a steady expansion of appliance options beyond
the conventional metal bracket!. Whatever the
appliance, though, introducing any device into the
mouth changes its microbial landscape, and these
changes are not merely cosmetic — they can
determine whether a patient completes treatment with
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lesions and early periodontal disease®>.

The oral cavity is host to a dense, largely commensal
microbial community that, left undisturbed, keeps
pathogenic colonisation in check®. Fixed appliances
disturb this balance mechanically: brackets, bands,
ligatures, and archwires add surface area and create
undercuts that are difficult to clean, and biofilm
accumulates preferentially at these sites. The clinical
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consequence has been documented repeatedly, with
enamel demineralisation reported in anywhere from a
small fraction to nearly the entire treated population
depending on hygiene and appliance design, and
white-spot lesions appearing in more than a third of
patients within the first year of fixed therapy®. Two
organisms are chiefly implicated: Streptococcus
mutans and Lactobacillus species, both acid-
producing and both especially at home on the retentive
surfaces that fixed appliances create*. Lactobacillus in
particular is an acid-tolerant, environmentally versatile
genus its probiotic and fermentative properties are
well characterised even outside the mouth, in foods
such as regional yoghurts®® but inside the mouth its
proliferation tracks closely with the surface area
available for colonisation.

Clear aligners first marketed in the late 1990s and now
a mainstream  option for  mild-to-moderate
malocclusion, aligners are removable, which in
principle lets patients brush and floss without the
obstruction that fixed hardware presents. Their
thermoplastic material itself does not appear to be the
deciding factor: in-vitro comparisons of several
PETG-based aligner polymers against enamel and
stainless-steel ~ brackets found no meaningful
difference in early bacterial adhesion or 72-hour
biofilm formation®, suggesting that whatever clinical
advantage aligners hold comes from removability
rather than from the material surface.

The comparative literature supports such an
advantage. In one of the larger prospective
comparisons, 37.5% of patients treated with
multibracket fixed appliances carried high-risk
salivary S. mutans counts (>10° CFU/mL) after six
months, against only 8% of aligner-treated patients
corresponding to an odds ratio of roughly 7 for S.
mutans and over 20 for Lactobacillus in the fixed-
appliance group’. What remains less well
characterised is how quickly this divergence appears,
and how self-ligating brackets marketed as a hygienic
improvement over conventional ligation compare with
both extremes during the very first days of treatment,
before longer-term adaptation or improved patient
technique can narrow the gap. This study was designed
to address that question by tracking salivary S. mutans
and Lactobacillus levels alongside standard gingival
indices in patients treated with fixed appliances, self-
ligating brackets, and clear aligners, assessed before
treatment and again at three and ten days afterward.
AIM AND OBJECTIVES

Aim: To assess salivary microbial levels and gingival
status in patients wearing clear aligners, self-ligating
brackets, and fixed orthodontic appliances.
Objectives:

1. To evaluate salivary levels of Streptococcus mutans
and Lactobacillus in the three appliance groups.

IJDDT Volume 16 Issue 78s 2026

2. To evaluate gingival status using standard gingival
indices at three time points — before treatment (T1),
three days after (T2), and ten days after (T3).
MATERIALS AND METHODS

Study design and setting

This prospective clinical study was carried out over six
months (1 July — 31 December 2025) in the
Department of Orthodontics and Dentofacial
Orthopaedics, Mahatma Gandhi Dental College and
Hospital, Jaipur. The study was conducted following
institutional ethics committee approval, and written
informed consent was obtained from every participant
before enrolment.

Participants

Thirty patients already scheduled for orthodontic
treatment were recruited. Inclusion required good
general health and good baseline oral hygiene in
patients undergoing fixed, self-ligating, or clear
aligner therapy; patients were excluded if they were
caries-prone, had used oral antimicrobial agents or
antibiotics in the preceding three months, smoked, or
had periodontal or systemic disease. Eligible patients
were assigned to one of three groups of ten: Group 1,
conventional fixed appliances with MBT prescription
brackets; Group 2, self-ligating brackets; and Group 3,
clear aligners. All participants received oral hygiene
instruction before baseline recording, and fluoride
mouth rinse was not permitted during the study period
so that it would not confound the microbial findings.
Patient data were coded serially rather than linked to
name or identification number, to limit assessment
bias.

Time points

Each participant was assessed three times: TI,
immediately before appliance placement; T2, three
days after placement; and T3, ten days after placement.
Clinical assessment

Gingival status was scored with the Gingival Index of
Loe and Silness, which grades four gingival units
around each tooth from 0 (no inflammation) to 3
(spontaneous bleeding, marked oedema)?; individual
scores were averaged over all examined teeth, with
0.1-1.0 taken as mild gingivitis, 1.1-2.0 as moderate,
and 2.1-3.0 as severe. Plaque was scored on the same
0-3 scale using the Silness and Lde index applied to
the anterior index teeth®. Bleeding on probing was
recorded with a William's periodontal probe walked
gently around the sulcus, following the interdental
bleeding criteria described by Carter and Barnes, and
allowing 30—60 seconds after probing for bleeding to
appear’, consistent with the recognised if imperfect
value of bleeding on probing as an early marker of
periodontal inflammation!®. Probing (gingival sulcus)
depth was measured with the same probe, with 0-3
mm regarded as physiological.

Microbiological assessment
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Saliva was collected by pipette into a sterile, serially
coded container at each time point and transported to
the microbiology laboratory within two hours.
Samples were inoculated onto Mitis Salivarius agar for
Streptococcus  mutans and MRS agar for
Lactobacillus, using the selective culture principles
established for these media!!, and incubated at 37 °C
for 36 hours. Colonies were scored using a standard
chairside model chart: 0 for <10* CFU/mL, 1 for <103
CFU/mL, 2 for 10>-10° CFU/mL, and 3 for >10°
CFU/mL.

Statistical analysis

Because the sample size per group was small (n = 10)
and the outcome variables were ordinal, non-
parametric methods were used throughout. Within-
group change across the three time points was
analysed with the Friedman test, with Wilcoxon
signed-rank post-hoc comparisons (Bonferroni-
corrected) for pairwise contrasts, and Cochran's Q test
was applied as a complementary check for the binary
bleeding-on-probing  outcome. Between-group
comparisons at each time point were made with the
Kruskal-Wallis test.

RESULTS

Table 1. Descriptive trend of clinical and microbial
variables across the study period

Variable T1 T2 T3 Overall
trend

S. mutans | Score | Score 2 | Score | Progressiv

1 3 e increase

Lactobacil | Score | Score 2 | Score | Progressiv

lus 1 3 e increase

Gingival | Mild | Modera | Severe | Progressiv
Index te e

worsening

Plaque Mild | Modera | Heavy Plaque

Index plaqu te plaque | accumulati
e plaque on
increased

Bleeding | Positi | Reduce | Minim | Declining
on probing | ve d al bleeding
tendency

Gingival | Ilmm | 2mm | 3mm | Severity
depth progressed

Table 1 summarises the direction of change across all
three groups combined: scores for S. mutans,
Lactobacillus, Gingival Index, Plaque Index, and
gingival depth rose steadily from T1 to T3, while
bleeding tendency declined as gingival health
improved in the better-performing groups.

Across all three groups, baseline values were
statistically indistinguishable (Table 5; 3> = 0.000, p =
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1.000 for every parameter at T1), confirming a
comparable starting point. From T1 to T3, however,
the trajectories diverged sharply, and the change
reached statistical significance within every group for
all six parameters (Friedman test, p < 0.005
throughout).

In the fixed appliance group, mean S. mutans scores
rose from 1.70 + 0.48 at T1 to 3.00 + 0.00 the ceiling
of the scoring scale by T3 (3*> = 18.727, p<0.001), and
Lactobacillus followed an almost identical course ()2
=16.909, p<0.001). Gingival Index and Plaque Index
both progressed from mild to severe over the same ten
days (i = 18.000, p<0.001 for each), and bleeding on
probing present in every patient at baseline fell only
modestly (x> = 15.800, p<0.001; confirmed by
Cochran's Q, Q = 15.800, p<0.001). Most of that early
improvement in bleeding, and most of the subsequent
gingival deterioration, occurred within the first three
days rather than gradually across the full ten (Table 2).
Table 2. Descriptive statistics and Friedman test for
repeated measures in the fixed appliance group

Para | Med | Med | Med | Fried | p | Post-

meter | ian | ian | ian | man hoc
T1 | T2 | T3 %2 Wilco
IQ | dQ | dQ xon
R) | R) | R) (P)

SM 20 | 3.0 | 3.0 | 18.72 | <0. | T1vs
(1.0 | (2.0 | (3.0 7 001 | T2
- - - p=0.0
2.0) | 3.0) | 3.0) 02;
T1 vs
T3
p=0.0
04;
T2 vs
T3
p=0.0
83

L 1.5 30 | 3.0 | 1690 | <0. | Tl vs
(1.0 | (2.0 | (3.0 9 001 | T2
- - p=0.0
2.0) | 3.0) | 3.0) 08;
T1 vs
T3
p=0.0
04;
T2 vs
T3
p=0.0
25

GI | 1.0 | 2.0 | 3.0 | 18.00 | <0. | T1vs
(10| (17| @0 | o |ool|T2
— -] - p=0.0
1.0) | 2.0) | 3.0) 05;
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T1 vs
T3
p=0.0
04;
T2 vs
T3
p=0.0
07

PI 1.0 | 2.0 | 3.0 | 18.00 | <0. | T1vs
1.0 | (1.7 | 2.7 0 001 | T2
— 5— 5— p=0.0
1.0) | 2.0) | 3.0) 05;
T1 vs
T3
p=0.0
03;
T2 vs
T3
p=0.0
08

BOP 2.0 1.0 1.0 | 15.80 | <0. | T1 vs
(2.0 | (1.0 | (1.0 0 001 | T2
- - - p=0.0
2.0) | 2.0) | 1.0) 08;
T1 vs
T3
p=0.0
02;
T2 vs
T3
p=0.0
83

GD 1.0 | 20 | 3.0 | 1886 | <0. | Tl vs
(1.0 | (1.0 | (2.0 5 001 | T2
- — — p=0.0
1.0) | 2.0) | 3.0) 08;
T1 vs
T3
p=0.0
04;
T2 vs
T3
p=0.0
02

SM = Streptococcus mutans; L = Lactobacilli; GI =
Gingival Index; PI = Plaque Index; BOP = Bleeding
on Probing; GD = Gingival Depth. IQR =
interquartile range.

Self-ligating brackets followed a similar but
consistently milder pattern. S. mutans and
Lactobacillus scores again increased significantly ()2
= 16.750 and 15.200 respectively, both p < 0.001),
reaching a mean of 2.00 + 0.00 by T3 rather than the
ceiling seen with conventional brackets. Plaque Index
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remained stable between T1 and T2 and only increased

significantly by T3 (¥* = 16.000, p<0.001), and

gingival depth increased from 1.00 + 0.00 to 2.00 +

0.00 (x* = 20.000, p<0.001) (Table 3).

Table 3. Descriptive statistics and Friedman test for

repeated measures in the self-ligating bracket
roup

Para | Med | Med | Med | Fried | p | Post-

meter | ian | ian | ian | man hoc
T1 T2 T3 %2 Wilco
IQ | dQ | dQ xon
R) | R) | R) (p)

SM 1.0 | 20 | 2.0 | 16.75 | <0. | Tl vs
0.7 | (1.0 | (2.0 0 001 | T2
5— — — p=0.0
1.0) | 2.0) | 2.0) 05;
T1 vs
T3
p=0.0
03;
T2 vs
T3
p=0.0
46

L 1.0 | 20 | 2.0 | 1520 |0.00 | T1 vs
(1.0 | (1.0 | (2.0 0 1 |T2
- - - p=0.0
1.0) | 2.0) | 2.0) 14;
T1 vs
T3
p=0.0
02;
T2 vs
T3
p=0.0
46

GI 1.0 1.0 | 2.0 | 13.13 |0.00 | T1 vs
(0.7 | (1.0 | (1.0 0 1 | T2
5— — — p=0.1
1.0) | 1.0) | 2.0) 57;
T1 vs
T3
p=0.0
14;
T2 vs
T3
p=0.0
07

PI | 1.0 | 1.0 | 20 | 16.00 | <0. | T1vs
10| @ao|@a7| o |oo1|T2

— — 5— p=1.0
1.0) | 1.0) | 2.0) 00;
T1 vs
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T3
p=0.0
05;
T2 vs
T3
p=0.0
05

BOP 20 | 2.0 1.5 | 10.00 | 0.00 | T1 vs
(2.0 | (2.0 | (1.0 0 7 | T2
- - - p=1.0
2.0) | 2.0) | 2.0) 00;
T1 vs
T3
p=0.0
25;
T2 vs
T3
p=0.0
25

GD 1.0 1.0 | 2.0 | 20.00 | <0. | T1vs
(1.0 | (1.0 | (2.0 0 001 | T2
- - - p=1.0
1.0) | 1.0) | 2.0) 00;
T1 vs
T3
p=0.0
02;
T2 vs
T3
p=0.0
02

The clear aligner group changed the least. S. mutans
and Lactobacillus rose from a median of 0 at baseline
to 1.0 by T3 (¥ = 10.571 and 15.200, p = 0.005 and
0.001), and Gingival and Plaque Indices showed a
small but statistically significant increase (y* = 10.571
and 15.800, p = 0.005 and <0.001). Bleeding on
probing and gingival depth, however, did not change
significantly across the ten days (x> = 2.000, p = 0.368
for both), indicating that the modest rise in microbial
counts in this group was not accompanied by a
corresponding deterioration in clinical periodontal
status (Table 4).

Table 4. Descriptive statistics and Friedman test for
repeated measures in the clear aligner group

Para | Med | Med | Med | Fried | p | Post-

meter | ian | ian | ian | man hoc
T1 T2 T3 x2 Wilco
IQ | dQ | dQ xon
R) | R) | R) (p)

SM 00 | 1.0 | 1.0 | 10.57 | 0.00 | T1vs
(0.0 | (0.0 | (1.0 1 5 T2
p=0.0

1.0)

1.0)

1.0)

46;
T1 vs
T3
p=0.0
08;
T2 vs
T3
p=0.0
83

0.0
(0.0

0.0)

1.0
(0.0

1.0)

1.0
(1.0

1.0)

15.20

0.00

T1 vs
T2
p=0.0
14;
T1 vs
T3
p=0.0
02;
T2 vs
T3
p=0.0
46

GI

0.0
(0.0

0.0

0.0
(0.0

1.0)

1.0
(0.0

1.0)

10.57

0.00

T1 vs
T2
p=0.0
83;
T1 vs
T3
p=0.0
08;
T2 vs
T3
p=0.0
46

PI

0.0
(0.0

0.0

0.0
(0.0

1.0)

1.0
(0.0

1.0)

15.80

<0.
001

T1 vs
T2
p=0.0
83;
T1 vs
T3
p=0.0
02;
T2 vs
T3
p=0.0
08

BOP

2.0
2.0

2.0)

2.0
2.0

2.0)

2.0
2.0

2.0)

2.000

0.36

T1 vs
T2
p=1.0
00;
T1 vs
T3
p=0.3
17;
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T2 vs
T3
p=0.3
17

GD 1.0 1.0 1.0 | 2.000 | 0.36 | T1 vs
(1.0 | (1.0 | (1.0 8 | T2
- - - p=1.0
1.0) | 1.0) | 1.0) 00;
T1 vs
T3
p=0.3
17;
T2 vs
T3
p=0.3
17

Direct between-group comparison confirmed this
hierarchy at every post-baseline time point. By T2,
median S. mutans scores were highest in the fixed
appliance group (2.50), intermediate in the self-
ligating group (2.00), and lowest with clear aligners
(1.00; ¢ = 22.240, p<0.001); by T3 the gap widened
further (3.00 vs 2.00 vs 1.00; x* = 29.000, p<0.001).
Lactobacillus, Gingival Index, and Plaque Index
followed the same ordering at both T2 and T3 (all
p<0.001). Bleeding on probing and gingival depth
showed no group difference at baseline but diverged
significantly thereafter (T2: ¥* = 17.652, p<0.001 for
both; T3: x> = 15.795 and 23.738 respectively,
p<0.001), with fixed appliances again showing the
least favourable values and clear aligners the most
stable (Table 5).

Table 5. Inter-group comparison of periodontal
and microbial indices across three time intervals (N
=30)

Paramet | Grou | Grou | Grou | 2 p
er/ Time | p1 p2 p3
Fixed | Self- | Aligne
(n=1 | ligatin r
0) g (n=10
(n=10 )
)
\Streptococcus mutans (SM)
T1 1.00 | 1.00 1.00 | 0.000 | 1.000
(1.00 | (1.00— | (1.00—
- 1.00) | 1.00)
1.00)
T2 2.50 | 2.00 1.00 | 22.24 | <0.00
(2.00 | (1.00— | (0.00— 0 1
- 2.00) | 1.00)
3.00)
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T3 3.00 | 2.00 1.00 |29.00 | <0.00
(2.75 | (2.00- | (1.00-| O 1
- 2.00) | 1.00)
3.00)

\Lactobacilli (L)

T1 1.00 | 1.00 1.00 | 0.000 | 1.000
(1.00 | (1.00— | (1.00—
- 1.00) | 1.00)
1.00)

T2 2.50 | 2.00 1.00 |21.29 | <0.00
(2.00 | (1.00- | (0.00— | 2 1
- 2.00) | 1.00)
3.00)

T3 3.00 | 2.00 1.00 |29.00 | <0.00
(2.75 | (2.00- | (1.00-| O 1
- 2.00) | 1.00)
3.00)

Gingival Index (GI)

T1 1.00 | 1.00 1.00 | 0.000 | 1.000
(1.00 | (1.00— | (1.00—
- 1.00) | 1.00)
1.00)

T2 2.00 | 1.00 0.00 |21.88 | <0.00
(1.75 | (1.00— | (0.00-| 3 1
- 1.25) | 0.25)
2.00)

T3 3.00 | 2.00 1.00 |22.63 | <0.00
(2.75 | (2.00- | (0.00-| © 1
- 2.00) | 1.00)
3.00)

\Plaque Index (PI)

T1 1.00 | 1.00 1.00 | 0.000 | 1.000
(1.00 | (1.00— | (1.00—
- 1.00) | 1.00)
1.00)

T2 2.00 | 1.00 0.00 |21.88 | <0.00
(1.75 | (1.00— | (0.00-| 3 1
- 1.25) | 0.25)
2.00)

T3 3.00 | 2.00 1.00 |24.26 | <0.00
(2.75 | (2.00- | (1.00-| © 1
- 2.00) | 1.00)
3.00)

\Bleeding on Probing (BOP)

T1 2.00 | 2.00 2.00 |0.000 | 1.000
(2.00 | (2.00- | (2.00—
- 2.00) | 2.00)
2.00)
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T2 1.00 | 2.00 2.00 | 17.65 | <0.00
(1.00 | (2.00- | (2.00-| 2 1
- 2.00) | 2.00)
1.25)

T3 1.00 | 1.50 2.00 | 15.79 | <0.00
(1.00 | (1.00- | (2.00- | 5 1
- 2.00) | 2.00)
1.00)

Gingival Depth (GD)

T1 1.00 | 1.00 1.00 | 0.000 | 1.000
(1.00 | (1.00— | (1.00—
- 1.00) | 1.00)
1.00)

T2 2.00 | 1.00 1.00 | 17.65 | <0.00
(1.75 | (1.00- | (1.00— | 2 1
- 1.00) | 1.00)
2.00)

T3 3.00 | 2.00 1.00 |23.73 | <0.00
(2.75 | (2.00— | (1.00— 8 1
- 2.00) | 1.00)
3.00)

Inter-group  comparisons evaluated using the
Kruskal-Wallis test (df = 2). IQR = interquartile
range (25th—75th percentile).

DISCUSSION

This study set out to track, in near real time, how three
different orthodontic appliance systems affect the oral
microbial and periodontal environment during the first
ten days of treatment a window rarely examined in
comparative trials, most of which report outcomes
only from three months onward. The pattern that
emerged was consistent across every parameter
measured: fixed appliances produced the sharpest
deterioration, self-ligating brackets an intermediate
one, and clear aligners the smallest. This mirrors
observations made decades ago comparing banded and
non-banded fixed appliances, where banded patients
already showed higher salivary S. mutans
concentrations than their non-banded counterparts®® an
early hint that appliance surface area, more than any
single design feature, drives the microbial response.
All three groups began from a statistically same
microbial and periodontal baseline, which matters
because it means the divergence that followed can
reasonably be attributed to the appliance itself rather
than to pre-existing differences between patients. A
comparable starting point has been reported in similar
appliance comparisons before??, which strengthens
confidence in the internal validity of the present
comparison.

Within three days, S. mutans counts had already risen
in every group, but most steeply with fixed appliances
consistent with the long-recognised tendency of
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brackets, ligatures, and archwires to create retentive
niches that accelerate biofilm formation. Jung et al.
similarly documented a rise in salivary mutans
streptococci soon after fixed appliance placement!?,
and Pandis et al. found much the same regardless of
whether conventional or self-ligating brackets were
used, suggesting that some early bacterial shift may be
difficult to avoid with any fixed system!®. Material
itself seems to matter less than the biological surface it
acquires: in-vitro work has shown that S. mutans
adhesion to steel, ceramic, and plastic brackets
converges once a salivary pellicle forms, with prior
colonisation by Streptococcus sanguis further limiting
S. mutans attachment’ reinforcing that oral ecology,
rather than bracket material, principally governs
colonisation. The comparatively smaller rise seen with
self-ligating brackets in the present study is better
explained by the absence of elastomeric ligatures,
themselves known to harbour more plaque than steel
ligation!®, than by any inherent resistance to
colonisation, an interpretation broadly supported by
earlier work on self-ligating systems'* !>,

Clear aligners, in contrast, kept S. mutans counts
lowest throughout, in keeping with earlier reports of
better hygiene and lower bacterial colonisation among
aligner-treated patients'”!%, Because aligner material
itself appears comparable to enamel and stainless steel
in terms of initial bacterial adhesion®, the advantage
most plausibly comes from removability rather than
surface chemistry. It is worth noting, however, that
removable appliances are not entirely inert: even
caries-free children wearing removable appliances
have previously shown higher mutans streptococci
colonisation than untreated controls®, so the benefit of
aligners over fixed appliances observed here is one of
degree rather than of complete immunity.
Lactobacillus followed a closely parallel course, again
peaking with fixed appliances and staying lowest with
aligners, in line with earlier work linking removable
appliances to a reduced cariogenic burden!®-'>. By day
ten, the gap between appliance types had widened
rather than narrowed, and the fixed appliance group
reached the ceiling of the scoring scale for both
organisms — a trajectory consistent with earlier
reports connecting sustained plaque accumulation
around fixed appliances to a heightened risk of white-
spot lesions’.

The periodontal indices told a similar story. Gingival
Index and Plaque Index rose earliest and furthest with
fixed appliances, echoing earlier work showing that
brackets, archwires, and ligatures mechanically
interfere with plaque removal?!, and Ristic et al.
reported a comparable early rise in gingival
inflammation after fixed appliance placement®. Self-
ligating brackets again fell in between plausibly
because removing elastomeric ligatures helps without
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eliminating the underlying problem of a fixed
component sitting on the tooth surface'*. Aligners
preserved the most favourable gingival status
throughout, consistent with  systematic-review
evidence linking removable appliances to better
periodontal outcomes, most likely because patients
can brush and floss without the appliance in the way>>.
Bleeding on probing illustrated this divergence most
sharply, reaching universal positivity in the fixed
appliance group by day ten while remaining minimal
in the aligner group throughout — a pattern that echoes
earlier reports of a rapid rise in bleeding tendency soon
after fixed appliance placement®!?° and fits the broader
evidence that bleeding on probing is a meaningful, if
imperfect, early marker of periodontal deterioration'®,
Self-ligating brackets showed a delayed but still
measurable rise in bleeding, positioning them as an
intermediate rather than equivalent alternative to
aligners.

Several limitations should be acknowledged. Ten days
captures only the earliest phase of an adaptation
process that typically continues for months; longer
studies have shown that bacterial and periodontal
parameters can partially normalise as patients adjust
their hygiene technique, and that some of the early rise
in S. mutans after fixed appliance placement resolves
within weeks of debonding®®. The sample size of ten
patients per group limits the precision of the between-
group estimates, and unmeasured factors diet,
individual hygiene technique, and host susceptibility,
which earlier work has linked to baseline plaque and
salivary bacterial counts more strongly than plaque
location alone?*?’” may have contributed to the
variability observed within groups. Patients with
compromised salivary flow, for whom saliva
substitutes can themselves differentially influence
bacterial adhesion depending on the restorative surface
involved®®, were not specifically evaluated. Larger,
longer studies are needed to establish whether the early
differences reported here persist, narrow, or widen
over a complete course of orthodontic treatment.
CONCLUSION

Within these limitations, this study found consistent
evidence that appliance type meaningfully shapes both
the salivary microbial profile and the gingival health
of orthodontic patients from the very first days of
treatment. Fixed appliances produced the fastest and
largest rise in Streptococcus mutans, Lactobacillus,
plaque accumulation, gingival inflammation, bleeding
on probing, and probing depth; self-ligating brackets
moderated but did not eliminate this trend; and clear
aligners preserved a markedly more stable microbial
and periodontal profile throughout. These findings
support giving weight to appliance selection and to
reinforced hygiene protocols for patients who do
require fixed appliances particularly for those who
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already carry an elevated caries or periodontal risk.

Confirming whether these early differences persist

over a complete course of treatment will require larger,

longer-duration studies.
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