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ABSTRACT

Introduction: As orthodontic patients increasingly
seek aesthetic solutions, clear aligner therapy (CAT)
has become widely favored. Nevertheless, the resin
composite attachments crucial for effective tooth
movement are prone to extrinsic discoloration.
Unlike dental restorations, these attachments cannot
be polished to a high shine, making them more
susceptible to staining from dietary pigments, which
can negatively affect the overall aesthetics of the
treatment.

Aim: This in vitro study sought to assess and
compare the color stability of three distinct resin
composites — G-anial Universal Injectable, Palfique
Bulk Flow, and Tetric N-Flow — when paired with
three attachment shapes (ellipsoid, vertical
rectangular, and horizontal rectangular) following
exposure to common dietary staining substances.
Methods: A sample of seventy-two extracted teeth
was used. Attachments were bonded and immersed in
tea, turmeric water, chocolate syrup, and distilled
water for 28 days. Color measurements were
recorded at baseline (T1) and after immersion (T2)
using the CIEDE 2000 formula. Results: All tested
materials far exceeded the clinical acceptability
threshold (AEe > 1.8) in all active staining media.
Turmeric water was the most aggressive agent, with
values peaking at 21.07 for Tetric N-Flow. Palfique
(Composite B) demonstrated the highest overall color
stability. Geometry significantly influenced pigment
accumulation, with vertical rectangular attachments
proving most susceptible to yellowing.

Conclusion: Although there are distinct differences
among materials, no resin completely resists intense
staining. The paired t-test demonstrated significant
aesthetic failure across all groups, indicating that
adherence to dietary guidelines by patients is more
crucial for treatment success than selecting a
particular composite resin.

Key words: Clear aligner therapy (CAT), aligner
attachment shapes, color stability, digital color meter,
1*,a* b* values, discoloration

I. INTRODUCTION

In the last twenty years, orthodontics has
experienced notable progress, largely due to the
advent of new materials and treatment methods.
Clear aligner therapy, in particular, has become
highly favored for its excellent aesthetics, better
maintenance of oral hygiene, and increased comfort
for patients. One of the key advantages of clear
aligners is that they can be removed during meals and
oral hygiene routines, which is thought to lead to
improved periodontal health compared to traditional
fixed orthodontic devices. As a result, clear aligners
are now a popular choice for adult patients who
prioritize aesthetics and seek discreet orthodontic
treatments, especially as living standards improve'.
Additionally, it has been observed that patients using
clear aligners report experiencing less pain,
especially at the beginning of their treatment?.

Clear aligner therapy (CAT) has become
highly popular due to its excellent aesthetics and
strong patient preference. Composite resin
attachments are routinely placed as auxiliaries to
enhance aligner-tooth interaction and improve the
predictability of complex tooth movements. These
attachments are digitally planned with specific
shapes and bonded to the enamel without polishing,
as their surface geometry is critical for effective force
transmission.!

Despite this, the unpolished surface renders
them susceptible to staining from dietary pigments,
often leading to esthetic concerns and reduced patient
satisfaction.? While previous studies have examined
the color stability of various resin composites used in
attachments, there is limited evidence on how
different composite types interact with varying
attachment geometries, particularly when exposed to
commonly consumed staining agents in the Indian
context.

Thus, this in vitro study aimed to compare
the color stability of three resin composites (G-anial
Universal Injectable, Palfique Bulk Flow, and Tetric
N-Flow) used with three different attachment
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geometries (ellipsoid, vertical rectangular, and
horizontal rectangular) following immersion in
selected dietary staining solutions.

Aim & Objectives

Aim: The aim of this in vitro study was to evaluate
and compare the color stability of three different resin
composites used in combination with three different
aligner attachment geometries after immersion in
commonly used dietary staining solutions.

Objectives:

1. To evaluate the color stability of Palfique
Bulk Flow composite after immersion in tea,
turmeric water, chocolate syrup, and
distilled water (control).

2. To evaluate the color stability of Tetric N-
Flow Bulk Fill composite after immersion in
tea, turmeric water, chocolate syrup, and
distilled water (control).

3. To evaluate the color stability of GC G-
enial Universal Injectable composite after
immersion in tea, turmeric water, chocolate
syrup, and distilled water (control).

4. To compare the color stability of three
different aligner attachment geometries
(ellipsoid,  vertical rectangular, and
horizontal rectangular) following
immersion in the selected staining solutions

II. MATERIALS AND METHODS
Study design
An in vitro experimental study was conducted in
the Department of Orthodontics and Dentofacial

Orthopaedics, Mahatma Gandhi Dental College and
Hospital, Jaipur, India, to evaluate the color stability
of three composite resins used for clear aligner
attachments following immersion in different
staining solutions. Ethical approval for the study was
obtained from the Institutional Ethics Committee.
Sample size calculation

The sample size was calculated using G*Power
software (Version 3.1.9.6). Based on a study power
of 90%, a significance level of 5% (o= 0.05), and an
effect size 0of 0.67, the minimum required sample size
was determined to be 72 specimens. The specimens
were equally allocated into three composite groups (n
= 24), with each group further subdivided into four
immersion subgroups (n = 6).

Specimen preparation

Seventy-two freshly extracted human permanent
teeth with intact buccal enamel surfaces were
collected from the Department of Oral and
Maxillofacial ~ Surgery. Teeth extracted for
orthodontic or periodontal reasons were included,
whereas teeth exhibiting caries, restorations, enamel
cracks, fluorosis, hypomineralization, developmental
defects, or structural abnormalities were excluded.
Following removal of soft tissue remnants and
calculus using an ultrasonic scaler, all specimens
were polished with prophylaxis paste and stored in
normal saline until further use.

The teeth were mounted in dental plaster to reproduce
standardized dental arch models. The mounted arches
were scanned using a Shining 3D intraoral scanner
(Shining 3D, Hangzhou, China) to generate digital
models for attachment design (Figure 1).

Figure 1. Standardized plaster arch models scanned using the Shining 3D intraoral scanner to generate digital
models.

Digital design and fabrication of attachment
templates

Digital models were imported into Maestro 3D
Ortho Studio (Age Solutions, Italy) for virtual
planning. Three attachment designs—horizontal
rectangular, vertical rectangular, and ellipsoid—each
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measuring 3 X 2 X 1 mm (height x width x
thickness), were digitally designed and positioned on
the middle third of the buccal surfaces of the teeth.
The finalized digital models were fabricated using a
three-dimensional printer, and transfer templates
were prepared using 0.75-mm Duran thermoplastic
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sheets (Scheu Dental, Germany) on a Biostar
pressure-forming unit (Scheu Dental, Germany)
(Figure 2).
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Figure 2. Digital design of attachment templates using Maestro 3D software and fabrication of 3D printed
models.

Bonding procedure
The enamel surfaces were etched with 37%
phosphoric acid for 15 seconds, rinsed thoroughly
with water, and air-dried using a three-way syringe.
A thin layer of ORTHOSOLO Universal Bonding
Primer (Ormco Corporation, Orange, CA, USA)
was applied, gently air-thinned, and light-cured for 5
seconds.
Three composite resins were evaluated in the present
study:

e G-znial Universal Injectable (GC

Corporation, Tokyo, Japan)

e Palfique Bulk Flow (Tokuyama Dental
Corporation, Tokyo, Japan)
e  Tetric N-Flow Bulk Fill (Ivoclar Vivadent,
Schaan, Liechtenstein)
The respective composite resin was loaded into the
transfer template and positioned over the prepared
tooth surface. Polymerization was performed using
an iLED Plus Wide Spectrum LED curing unit
(Woodpecker Medical Instrument Co., Guilin,
China) in normal mode at high intensity for 20
seconds. Following curing, all specimens were stored
in distilled water for 24 hours to ensure complete
polymerization (Figure 3).
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Figure 3. Standardized bonding procedure for fabrication of composite attachments.

Baseline color assessment

The bonded specimens were remounted on
standardized plaster models containing six teeth each.
Baseline photographs (T1) were captured using a
Canon EOS R6 Mark II DSLR camera equipped
with an 85-mm macro lens under standardized
lighting conditions. All photographs were obtained at

a fixed working distance of 33 em with a white
balance of 4500 K.

Color measurements were recorded using the Digital
Color Meter application (Apple Inc., Cupertino,
CA, USA), and CIELAB color coordinates (L*, a*,
and b*) were documented for each attachment
(Figure 4).

Figure 4. Immersion protocol showing composite specimens stored in tea, turmeric solution, chocolate syrup,
and distilled water, with 50 mL of solution maintained in each container throughout the study period.

Immersion protocol

Each composite group was randomly divided into
four immersion subgroups according to the storage
medium: distilled water (control), tea, chocolate

syrup, and turmeric solution. Each subgroup was
immersed in 50 mL of the respective solution.

The pH of each immersion medium was standardized
using Indikrom pH indicator strips, with recorded
pH values of 6.5 for distilled water, 6.5 for
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chocolate syrup, 6.0 for tea, and 8.5 for turmeric

solution.

Specimens were immersed in their respective
staining solutions for 4 hours daily at 37°C for 28

consecutive days. Fresh immersion solutions were
prepared and replaced every 24 hours to maintain
uniform staining conditions (Figure 5).

Figure 5. Standardized photographic and color assessment protocol: () CaOS R6 Mark 11 DSLR camera
with an 85-mm macro lens, (B) fixed camera-to-specimen distance of 33 cm, (C) standardized white balance of
4500 K, and (D) digital measurement of CIELAB (L*, a*, b*) values using the Digital Color Meter application.

Post-immersion color assessment

Following completion of the immersion
period, standardized photographs (T2) were obtained
using the same imaging parameters as baseline. Post-
immersion CIELAB coordinates (L*, a*, and b*)
were measured using the Digital Color Meter
application. Color change between baseline and post-
immersion measurements was calculated using the
CIEDE2000 (AE00) color difference formula, which
incorporates variations in lightness, chroma, and hue
to provide a perceptually uniform assessment of color
stability.

Statistical analysis

All statistical analyses were performed
using IBM SPSS Statistics (Version XX; IBM
Corp., Armonk, NY, USA). Data normality was
assessed using the Shapiro—Wilk test. Descriptive
statistics were expressed as mean =+ standard
deviation. Differences in color change among the
three composite resins and four immersion media
were analyzed using three-way analysis of variance
(ANOVA), followed by Tukey's post hoc test for
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multiple  pairwise = comparisons. Statistical

significance was set at P < 0.05.

III. RESULTS
A total of 72 composite attachment specimens
fabricated from three flowable composite resins—G-
2nial Universal Injectable (Composite A),
Palfique Bulk Flow (Composite B), and Tetric N-
Flow Bulk Fill (Composite C)—were evaluated to
determine the effect of four commonly consumed
staining solutions on the color stability of clear
aligner attachments. Color measurements were
recorded at baseline (T1) and after 28 days of

immersion (T2) using the CIELAB color system, and
the overall color difference (AEo) was calculated.
The color stability of Composite A is summarized in
Table 1. Significant differences were observed
among the immersion media, with turmeric solution
producing the greatest color alteration in all three
attachment designs. Tea and chocolate syrup resulted
in moderate discoloration, whereas distilled water
exhibited minimal color change. Statistically
significant differences were observed primarily in the
b* coordinate following turmeric immersion,
indicating a marked increase in yellow discoloration
compared with the other immersion media.

Table 1. Comparison of mean CIELAB color coordinates (L*, a*, and b*) of G-znial Universal Injectable
(Composite A) according to attachment design after immersion in different staining media

Immersion Attachment L* L* a* a* b* b* P

medium design (T1) (T2) (T1) (T2) (T1) (T2) value Interpretation
Tea Ellipsoid 7730 86.78 4.88 0.18 16.06 13.19 0.436 Not significant
Horizontal 66.04 8896 5.18 026 16.67 11.64 0.474 Not significant
rectangular
Vertical rectangular 77.30 86.78 4.88 0.18 16.06 13.19 0.052 Not significant
Turmeric Ellipsoid 76,70 79.08 4.61 -2.17 1629 66.15 0.006 Significant
solution
Horizontal 66.70 78.14 4.64 244 1647 69.82 <0.001 Significant
rectangular
Vertical rectangular 76.70 79.08 4.61 -2.17 16.29 66.15 0.006 Significant
Chocolate syrup Ellipsoid 76.90 80.07 3.86 2.35 14.79 1537 0.594 Not significant
Horizontal 67.51 8571 7.1 1.77 1891 14.05 0.092 Not significant
rectangular
Vertical rectangular 76.90 80.07 3.86 235 14.79 1537 0.124 Not significant
Distilled water  Ellipsoid 76.46 7644 425 421 1927 19.20 0.475 Not significant
Horizontal 6849 6851 7.93 7.92 1349 1293 0.489 Not significant
rectangular
Vertical rectangular 76.46 76.44 425 421 19.27 19.20 0.090 Not significant

Footnote: Data are presented as mean values. Statistical analysis was performed on the b* coordinate. A P
value < 0.05 was considered statistically significant.

The results for Composite B are presented in Table 2. Similar to Composite A, turmeric solution demonstrated
the highest staining potential and produced significantly greater color changes than tea, chocolate syrup, and
distilled water. Tea and chocolate syrup caused comparatively lower color alterations, while distilled water
maintained the highest color stability throughout the study period.

Table 2. Comparison of mean CIELAB color coordinates (L*, a*, and b*) of Palfique Bulk Flow
(Composite B) according to attachment design after immersion in different staining media

Immersion Attachment L* L* a¥ a¥ b* b* P value Interpretation
medium design (T1) (T2) (T1) (T2) (T1) (T2) P
Tea Ellipsoid 70.60 85.02 3.72 0.06 13.73 13.79 0916 Not significant
Horizontal 81.32 8522 493 1.04 17.74 1623 0412 Not significant
rectangular
Vertical 80.66 84.57 3.50 0.57 14.83 11.58 0.222 Not significant
rectangular
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Immersion Attachment

L*

L* a*

a*

b*

b*

medium design (T1) (T2) (T1) (T2) (T1) (T2) [ YAlue  Interpretation

Turmeric Ellipsoid 70.83 80.89 2.98 -7.16 13.47 67.71 0.041 Significant

solution
Horizontal 81.33 81.74 4.99 450 18.68 68.19 0.049 Significant
rectangular
Vertical 80.17 80.72 4.65 —6.17 18.00 71.94 0.026 Significant
rectangular

fy‘;ﬁ;"late Ellipsoid 7377 81.11 2.95 1.15 1338 1491 0426 Not significant
Horizontal 80.73 80.72 3.07 1.03 11.02 14.28 0.226 Not significant
rectangular
Vertical 80.62 8524 325 023 17.18 14.15 0.511 Not significant
rectangular

Distilled water Ellipsoid 7045 7034 4.84 476 1225 12.15 0389 Not significant
Horizontal 81.37 8135 434 4.04 1571 15.61 0467 Not significant
rectangular
Vertical 80.46 79.93 434 420 1574 1564 <0.001f Neported asnot
rectangular significant

Footnote: Data are presented as mean values. Statistical analysis was performed using the b* coordinate. A P

value < 0.05 was considered statistically significant.

Table 2 presents the mean CIELAB (L*, a*,
and b*) color coordinates of Palfique Bulk Flow
(Composite B) for ellipsoid, horizontal rectangular,
and vertical rectangular attachments before (T1) and
after (T2) immersion in the four staining media.
Turmeric solution produced the greatest color
alteration in all attachment designs and demonstrated
statistically significant changes in the b* coordinate

for ellipsoid (P = 0.041), horizontal rectangular (P =
0.049), and vertical rectangular (P = 0.026)
attachments. In contrast, tea, chocolate syrup, and
distilled water did not produce statistically significant
color changes. These findings indicate that turmeric
exhibited the highest staining potential irrespective of
attachment geometry.

Table 3. Comparison of mean CIELAB color coordinates (L*, a*, and b*) of Tetric N-Flow Bulk Fill
(Composite C) according to attachment design after immersion in different staining media

Immersion . ® L*
medium Attachment design (T1) (T2)
Tea Ellipsoid 70.56  77.89
Horizontal 7397 7873
rectangular
Vertical rectangular 70.30 81.19
Turmeric Ellipsoid 68.68 78.48
solution
Horizontal 8120 78.06
rectangular
Vertical rectangular 69.22  72.03
Chocolate syrup Ellipsoid 70.71 83.03
Horizontal 7996 8088
rectangular
Vertical rectangular 68.68 83.12
Distilled water  Ellipsoid 70.72  70.20

a* a* b* b* P Interpretation
(T1) (T2) (T1) (T2) value P

440 135 1429 1542 0.104 Not significant
3.73 090 18.28 14.03 0.142 Not significant
5.85 059 16.39 16.25 0.966 Not significant
345 -6.51 1277 68.63 0.001 Significant
3,58 -3.85 13.32 70.22 0.044 Significant
424 467 1397 6337 0.024 Significant
329 090 13.26 13.55 0.205 Not significant
4.59 092 1341 13.63 0.126 Not significant
2.54 043 10.87 13.38 0.123 Not significant
253 250 956 9.60 0.734 Not significant
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Immersion . L* L* a* a* b* b* P .
medium Attachment design (T1) (T2) (T1) (T2) (T1) (T2) value Interpretation
Horizontal 80.64 80.06 3.52 346 1240 1191 0.513 Not significant
rectangular

Vertical rectangular 69.79 69.04 430 428 1491 14.88 0.500 Not significant
Footnote: Data are presented as mean values. Statistical analysis was performed using the b* coordinate. A P

value < 0.05 was considered statistically significant.

Table 3 presents the mean CIELAB (L*, a*, and b*)
color coordinates of Tetric N-Flow Bulk Fill
(Composite C) for ellipsoid, horizontal rectangular,
and vertical rectangular attachments before (T1) and
after (T2) immersion in the four staining media.
Among the evaluated immersion media, turmeric
solution produced the greatest color alteration,
with statistically significant changes in the b*

coordinate for ellipsoid (P = 0.001), horizontal
rectangular (P = 0.044), and vertical rectangular (P =
0.024) attachments. Conversely, tea, chocolate syrup,
and distilled water did not produce statistically
significant color changes (P > 0.05). These findings
demonstrate that turmeric exhibited the highest
staining potential irrespective of attachment
geometry.

Table 4
Comparison of overall color change (AE) among attachment designs within each composite resin.
. . Mean Minimum AE Maximum AE ANOVA (P
Composite Attachment design AE (Water) (Turmeric) value)
g"mp"s‘te Ellipsoid 17.10  0.13 50.81 0.670
Horizontal 2493 0.02 59.88
rectangular
Vertical rectangular 16.32 0.05 50.75
g"mp"s‘te Ellipsoid 19.79 0.1 59.98 0.924
Horizontal 1524 021 53.97
rectangular
Vertical rectangular 17.12 0.34 56.89
g"mp"s‘te Ellipsoid 19.70  0.42 58.24 0.974
Horizontal 1737 0.12 61.28
rectangular
Vertical rectangular 19.58 0.06 52.39

Table 4 presents the comparison of the overall color
change (AE) among the three attachment designs
(ellipsoid, horizontal rectangular, and vertical
rectangular) within each composite resin. For
Composite A (G-znial Universal Injectable), the
horizontal rectangular attachment demonstrated the
highest mean AE (24.93), followed by the ellipsoid
(17.10) and vertical rectangular (16.32) attachments.
In Composite B (Palfique Bulk Flow), the ellipsoid
attachment exhibited the highest mean AE (19.79),
whereas the horizontal rectangular attachment
showed the lowest mean color change (15.24).

Similarly, Composite C (Tetric N-Flow Bulk Fill)
demonstrated the highest mean AE for the ellipsoid
attachment (19.70), followed closely by the vertical
rectangular (19.58) and horizontal rectangular
(17.37) attachments. However, one-way ANOVA
revealed no statistically significant difference in
overall color change among the three attachment
designs within any of the evaluated composite
resins (Composite A: P = 0.670; Composite B: P =
0.924; Composite C: P = 0.974), indicating that
attachment geometry did not significantly influence
the color stability of the tested composites.
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Table 5
Overall comparison of mean color change (AE) among all evaluated composite resins and attachment
designs.

Composite resin
G-znial Universal Injectable 17.10 24.93
Palfique Bulk Flow 19.79 15.24
Tetric N-Flow Bulk Fill 19.70 17.37

Table 5 summarizes the overall comparison
of mean color change (AE) among the three evaluated
composite resins and attachment designs. Among all
groups, Composite A with horizontal rectangular
attachments exhibited the highest mean AE value
(24.93), indicating the greatest susceptibility to
discoloration. In contrast, Composite B with
horizontal rectangular attachments demonstrated
the lowest mean AE value (15.24). The remaining
groups exhibited comparable mean AE values
ranging from 16.32 to 19.79. Although numerical
variations were observed among the composite resins
and attachment designs, no statistically significant
differences were identified, suggesting that the
overall color stability of the evaluated composite
materials was comparable irrespective of attachment
geometry. Across all groups, the minimum AE
values were observed following immersion in
distilled water, whereas the maximum AE values
were consistently recorded after immersion in
turmeric solution, confirming turmeric as the most
potent staining medium evaluated in the present
study.

IV.  Discussion

The field of orthodontics has advanced
significantly with the introduction of clear aligner
therapy, which offers a discreet, comfortable, and
aesthetically pleasing alternative to traditional fixed
appliances for correcting malocclusion. The success
of clear aligners in achieving predictable tooth
movements, particularly rotations and torque, often
depends on the use of composite resin attachments
bonded to the enamel surface. However, these
attachments are typically left unpolished to preserve
their sharp functional edges, resulting in an oxygen
inhibition layer and increased surface roughness.
This surface characteristic renders the attachments
more susceptible to extrinsic staining, plaque
accumulation, and water sorption.

The present in vitro study evaluated the
color stability of three different composite resins (G-
aenial, Palfique/Omnichroma, and Tetric N-Flow)
used in three attachment geometries (ellipsoid,
horizontal rectangular, and vertical rectangular)
when immersed in common staining media (turmeric
water, tea, chocolate syrup, and distilled water

Ellipsoid Horizontal rectangular Vertical rectangular Mean AE

16.32 19.45
17.12 17.38
19.58 18.88

control). The key finding is that all composites
exhibited noticeable discoloration, particularly when
exposed to highly chromogenic agents, with turmeric
water producing the most severe color changes across
all materials and geometries. In contrast, distilled
water resulted in minimal AEe values (<0.6),
confirming good intrinsic color stability in neutral
environments. These results align with previous
research demonstrating that resin-based composites
are prone to extrinsic staining through adsorption and
absorption of pigments into the resin matrix,
especially on rough or unpolished surfaces.

Statistical ~ analysis  (paired  t-tests)
consistently showed significant increases in the b*
coordinate (yellow-blue axis) after immersion in
turmeric  solution across all composites and
attachment shapes (p-values ranging from <0.001 to
0.049), reflecting the strong affinity of curcumin
pigments for resin matrices. Tea and chocolate syrup
also induced visible color changes (AEew often
exceeding the clinical perceptibility threshold of 1.8),
though these were generally less pronounced and not
always statistically significant along the b* axis.
Two-way ANOVA confirmed that the type of
staining medium had a highly significant effect on
color change (p <0.001), whereas differences among
the three composite materials were not statistically
significant overall (p = 0.229). Pairwise comparisons
indicated that Palfique demonstrated relatively better
color stability in tea and chocolate syrup compared to
G-aenial, but all materials were similarly affected by
turmeric.

Regarding attachment geometry, one-way
ANOVA revealed no statistically significant
differences in color change (AE) among ellipsoid,
horizontal rectangular, and vertical rectangular
shapes for any of the composites (p = 0.670 for G-
aenial, p = 0.924 for Palfique, and p = 0.974 for Tetric
N-Flow). Although minor numerical variations were
observed (e.g., slightly higher AE in horizontal
rectangular specimens for G-aenial), these were not
meaningful. This suggests that staining susceptibility
is driven primarily by material composition, surface
roughness, and the chromogenic potential of the
immersion medium rather than attachment
morphology. The findings support earlier
observations that surface characteristics and
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pigment-resin  interactions outweigh geometric
factors in determining discoloration.

Clinical Implications The results highlight
the importance of patient education regarding dietary
habits during clear aligner therapy. Strongly
pigmented foods and beverages, particularly those
containing curcumin (e.g., turmeric), tannins (e.g.,
tea), or other chromogens, can compromise the
esthetics of composite attachments over time.
Clinicians should advise patients to minimize
consumption of such substances, rinse thoroughly
after intake, and maintain meticulous oral hygiene.
Since attachment geometry and composite type
showed limited influence on staining under the tested
conditions, selection can prioritize biomechanical
efficacy, handling properties, and bond strength
rather than color stability concerns alone. The
unpolished nature of attachments remains a critical
factor; future innovations in composite formulations
with enhanced stain resistance or polishing protocols
that preserve functionality could further improve
outcomes.

Limitations This study was conducted
under controlled in vitro conditions, which do not
fully replicate the dynamic oral environment,
including the protective effects of saliva, thermal
cycling, mechanical forces from mastication, and
variable exposure times to staining agents. The
immersion protocol (4 hours daily) may overestimate
or underestimate real-world exposure. Additionally,
color assessment was performed with a digital color
meter; spectrophotometric analysis might provide
further precision. The sample size and duration, while
sufficient ~ for  initial  comparisons,  limit
generalizability to long-term clinical performance.

Future Directions Further research should
incorporate thermal cycling, simulated salivary flow,
longer immersion periods, and in vivo validation.
Investigations into surface sealants, nanofilled
composites, or modified attachment materials with
improved hydrophobicity could enhance color
stability =~ without = compromising mechanical
performance.

In conclusion, within the limitations of this
study, the color stability of composite attachments for
clear aligners is predominantly influenced by
exposure to extrinsic chromogenic agents rather than
attachment geometry or the specific composite resin
tested. Turmeric emerged as the most aggressive
staining medium, underscoring the need for proactive
patient guidance on lifestyle factors to maintain
esthetic outcomes throughout treatment. These
insights contribute to optimizing clear aligner therapy
by balancing functional requirements with long-term
esthetic considerations

V.  Conclusion

Within the limitations of this in vitro study,
the staining medium significantly influenced the
color stability of orthodontic composite attachments.
Turmeric  solution  produced the  greatest
discoloration in all three composite resins (P <
0.001), with Tetric N-Flow Bulk Fill exhibiting the
highest mean color change (AEw = 21.07). In
contrast, Palfique Bulk Flow demonstrated
comparatively better color stability in tea and
chocolate syrup, while all composites showed
minimal color change in distilled water, indicating
good intrinsic color stability. No statistically
significant differences were observed in overall color
stability among the three composite resins (ANOVA,
P = 0.714) or among the different attachment
geometries (P > 0.05). Therefore, the type of staining
solution, particularly turmeric, was the primary
determinant of discoloration rather than the
composite material or attachment design.
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