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Abstract

Objectives This prospective study aimed to evaluate periodontal inflammation in adolescents undergoing orthodontic treat-
ment with clear aligners (Invisalign® Teen, Align Technology, San Jose, CA, USA). Key objectives included assessing the
presence of 11 periodontitis-associated marker bacteria, active matrix metalloproteinase-8 concentrations in sulcular fluid,
and the influence of IL-1 polymorphism genotypes on periodontal health.

Materials and methods Fifty adolescent patients (13.3 + 1.8 years) with mixed and permanent dentition participated. Gin-
gival crevicular fluid samples were analyzed at multiple time points: before, during, and one year after aligner treatment.
Periodontal health was assessed using the Gingivitis Index and the Modified Quigley-Hein Index. Genotypic analysis of
IL-1 polymorphism was also performed. Statistical analyses included mixed linear models and generalized linear models
to explore correlations.

Results All combinations of IL-1 polymorphism genotypes were found in the sample. No significant increase in periodontal
inflammation or aMMP-8 concentrations was observed over the treatment period. Marker bacteria from the red and orange-
associated complexes remained at low levels, while significant changes occurred in the orange and green complexes, par-
ticularly Capnocytophaga spp. (p=0.0042) and Fusobacterium spp. (p =0.0365). GI correlated significantly with aMMP-8
levels (p=0.0017), but no genotype effect on GI was observed. MQH showed associations with pathogens from the orange
and green complexes, including Capnocytophaga spp. and Fusobacterium spp.

Conclusions Clear aligner treatment in adolescents, including those with an unfavorable genotype, does not increase peri-
odontal inflammation when accompanied by good oral hygiene.

Clinical relevance Regular periodontal monitoring and hygiene reinforcement is important during orthodontic treatment,
especially in adolescent patients.

Keywords Inflammatory biomarker - Aligner therapy - Orthodontics - Matrix metalloproteinase-8 - IL-1 polymorphism

Introduction USA) has extended this spectrum to adolescents, increasing

the group of patients who can be treated with clear align-

Initially, clear aligner therapy with Invisalign® (Align Tech-
nology, San Jose, CA, USA) was limited to adult patients in
the permanent dentition [1]. However, in 2008, the introduc-
tion of Invisalign® Teen (Align Technology, San Jose, CA,
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ers considerably [2—-6]. Furthermore, it is now possible to
treat more and more complex cases with clear aligners,
though closing extraction spaces remains one of the most
challenging tasks. The recommended wear time for clear
aligners is 22 h daily, covering both teeth and the gingival
margin. This is raising concerns about periodontal inflam-
mation [2-6]. Compared to fixed appliances, clear aligner
therapy offers the notable advantage of simplifying daily
oral hygiene through its removable design, while maintain-
ing precise three-dimensional control of tooth movements
(Fig. 1a) [7-9].

Poor oral hygiene and hormonal changes can also nega-
tively affect oral health and contribute to various forms of
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Fig.1 a. An example of clear aligner use in the treatment of crowd-
ing. b. An example of the scalloped trimline design

gingivitis and periodontitis in adolescents [10]. Fortunately,
chronic periodontal diseases are less prevalent in this age
group compared to adult patients [10]. In Germany, the man-
datory KIG system (Kieferorthopiddische Indikationsgrup-
pen, or Orthodontic Indication Groups) provides a standard-
ized method for classifying the severity of malocclusion,
which directly influences the eligibility for public health
insurance coverage of orthodontic treatment. Under this sys-
tem, treatment is generally initiated during the mixed denti-
tion phase and progresses through the permanent dentition
[11]. Therefore periodontal diagnostics and, if necessary,
therapy should be carried out in adolescents undergoing
orthodontic treatment in order to detect the onset of inflam-
mation at an early stage and to prevent negative microbial
dynamics leading to serious periodontal diseases 32 [12, 13].

The management of risk factors is considered an essential
component in the prevention and treatment of periodontal
disease. Major individual risk indicators with varying levels
of evidence include age, gender, smoking, diabetes, obe-
sity, osteoporosis, stress and genetic factors [14, 15]. Among
these, smoking and diabetes are regarded as well-established
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risk factors for peridodontal disease [15]. Conversely, the
presence of periodontal pathogens, such as Porphyromonas
gingivalis, Tannerella forsythia and Aggregatibacter actino-
mycetemcomitans, may be classified as risk indicators rather
than risk factors [13, 15].

Indices

Gingivitis counts as an early indication, which is induced
by plaque accumulation [16]. Given that the prevalence
of gingival bleeding and other periodontal issues in ado-
lescents can be as high as 42%, it is important to assess
periodontal risk factors before starting orthodontic treatment
[17]. Fortunately, gingivitis is fully reversible after plaque
removal [16]. Therefore, if necessary, appropriate therapy
should be initiated, even in adolescents undergoing ortho-
dontic treatment. Typically, various indices like GI (Gin-
givitis Index according to Loe and Silness), PBI (Papillary
Bleeding Index) and SBI (Sulcus Bleeding Index) are used
to determine gingival health. Plaque accumulation is deter-
mined using indices like API (Approximal Plaque Index),
TMQH (Turesky modification of the Quigley-Hein index)
and OLeary Index [18]. The GI is a widely used indicator
for inflammation in research, facilitating comparability [14].
In addition, elevated levels of aMMP-8 and the presence of
specific periodontal marker pathogens have been identified
as potential indicators [19]. In addition, the relationship to
orthodontic treatment is still unexplored. Limited research
has yet focused on periodontal marker pathogens in asso-
ciation with orthodontic clear aligner treatment [3, 20, 21].

Periodontal pathogens

Limited research has so far focused on periodontal marker
pathogens in association with orthodontic clear aligner
treatment [3, 20, 21]. The pathogens associated with peri-
odontitis development, including periodontal pathogens and
periodontitis-associated microorganisms, are categorized
into five main complexes: Among these, the “red complex”
comprises gram-negative, anaerobic bacteria, such as Por-
phyromonas gingivalis (Pg) and Tannerella forsythia (Tf),
which are primary contributors to aggressive and chronic
periodontitis as well as peri-implantitis. Additionally, the
spirochete Treponema denticola (Td), a key pathogen in
necrotizing ulcerative gingivitis (NUG), is also part of this
complex [22-25]. In the "orange complex" is Fusobacterium
spp- (Fs), which is one of several marker germs in chronic
periodontitis, Prevotella intermedia (Pi) which is associated
in different forms of Periodontitis and Parvimonas micra
(Pm), a relatively rare germ that can be detected somewhat
more frequently in advanced periodontitis. The "orange-
associated complex" comprises the gram-positive anaerobic
rods Campylobacter rectus (Cr) and Eubacterium nodatum



Clinical Oral Investigations (2025) 29:168

Page3of 15 168

(En) [23, 25]. The gram-negative facultative anaerobic rods
Eikenella corrodens (Ec) and Capnocytophaga spp. (Cs)
belong to the "green complex" [23, 25]. Eikenella corrodens
(Ec) is regarded as a plaque-forming and recurrent pathogen.
The Gram-negative, facultatively anaerobic rod Aggregati-
bacter actinomycetemcomitans (Aa) is distinct from these
complexes [23, 25]. It is particularly associated with local-
ized aggressive periodontitis (juvenile periodontitis) and
destructive periodontitis in adults [22].

Matrix metalloproteinase-8 (aMMP-8)

aMMPS8, an endogenous enzyme, plays a major role in tis-
sue destruction in periodontal diseases [26]. Its concentra-
tion of the active matrix metalloproteinase-8 (collagenase
2) indicates the host reaction to inflammatory events at an
early stage. The importance of this concentration analysis
has been described in various studies and is, therefore, a
proven option in periodontal diagnostics, in addition to the
microbiological examination of marker bacteria [27, 28]. In
patients with periodontal disease, the aMMP-8 values are
significantly higher than in healthy control groups [26, 29].
However, association with clear aligner therapies in adoles-
cents remains unexplored.

IL-1 polymorphism and different genotypes

Various factors influence periodontal inflammatory reac-
tions, including the rate of development and the extent of
the response [27, 28]. The body's immune response to the
inflammatory process is genetically predisposed. This can
be illustrated by the genotypes derived from the analysis
of the IL-1 polymorphism [28, 30, 31]. Table 1 shows the
relationship between the IL-1 polymorphism and the vari-
ous genotypes. Genotypes derived from IL-1 polymorphism,
particularly variants 2 and 3, are of interest concerning peri-
odontal disease risk. An increased risk of periimplantitis has
only been reported for genotype 4. The relationship between
this IL-1 polymorphism and clear aligner therapy in adoles-
cent patients has not yet been investigated.

The aim of this clinical study, approved by the Ethics
Committee of the Medical Chamber of Rhineland-Palatinate
(9565), is to assess periodontal inflammation in adolescent

patients by analyzing the 11 periodontitis-associated marker
bacteria and aMMP-8 concentration in sulcular fluid before,
during, and after aligner treatment. This clinical study
focuses specifically on aspects of periodontal inflammation.
In addition, the genetic disposition of adolescent patients
was also considered by determining the IL-1 polymorphism.

Materials and methods

This prospective study included 53 patients scheduled to
undergo treatment with clear aligners (Invisalign® Teen,
Align Technology, San Jose, CA, USA) in both the upper and
lower jaws. Data collected between May 2015 and December
2023 were analyzed. All patients received treatment at the
Department of Orthodontics and Dentofacial Orthopedics at
the University Medical Center of the Johannes Gutenberg-
University Mainz.

The sample size was planned based on a paired t-test.
A sample size of n=52 is required to establish a medium
effect of d=0.4 with 80% power at the 5% significance level.
Assuming a 5% dropout rate, 55 patients were included.

A total of 53 patients initially consented to participate.
Later, three were excluded for missing more than half of the
visits. Among the remaining 50 patients, the genotype was
not possible for two patients. And two additional samples
could not be analyzed in the laboratory because the PCR was
inhibited. Some patients have not yet completed all visits
because of the long treatment duration.

Since patients were examined before, during and one year
after orthodontic treatment with clear aligners, a separate
control group was deemed unnecessary. The test subjects,
therefore, served as their own control group during the
phases without orthodontic treatment.

Inclusion criteria were the following:

— patients aged between 11 and 17 years

— planned treatment with Invisalign® Teen (Align Technol-
ogy, San Jose, CA, USA)

— no previous treatment with fixed orthodontic appliances

— good systemic health, determined on the basis of a medi-
cal history survey

Table 1 Explanation of the relationship between IL-1 polymorphism and the different genotypes: IL-1 polymorphism = Interleukin 1 Polymor-

phism; IL-1RN =Interleukin 1 receptor antagonist

Genotypes IL-1 IL-IRN Risk of inflammation Periodontitis risk for progressive periodontits
1 normal normal normal normal

2 increased normal increased increased

3 increased decreased significantly increased significantly increased

4 normal decreased decreased frequent occurrence of periimplantitis
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— aminimum of 16 permanent teeth, including eight ante-
rior teeth with accessible facial and lingual surfaces
— maintenance of previous brushing habits.

Exclusion criteria were the following:

— syndromes or general diseases

— pregnancy

— more than three carious lesions

— severe periodontal disease, characterized by purulent
exudates, tooth mobility, and/or gingival recessions

— use of antibiotics at the beginning and during treatment

— additional professional dental cleaning during treatment
or changes to previous brushing habits

Patients were instructed to continue their usual brushing
technique using a manual or an electric toothbrush. Brushing
instructions were given at the beginning of the clinical study.
Diet and the use of adjunctive therapies (e.g. mouthwash)
were not permitted. On the days of examination, no dental
care was permitted for at least 24 h prior.

The aligners were trimmed at the level of the enamel-
cement junction with a scalloped edge (Fig. 1b). Patients
were instructed to wear the clear aligners for at least 22 h
per day. A typical 7-wear-protocol per aligner applied. They
were cleaned under running water and, if necessary, brushed
with mild toothpaste.

The study’s protocol is outlined in Table 2. Informed
consent was obtained from all study participants prior to
commencing the study. All laboratory tests were conducted
at the Bioscientia Laboratory (Institut fiir Medizinische
Diagnostik GmbH, Berlin, Germany). Gingival sulcus fluid

(GCF sample) was collected from Ramfjord teeth (16, 12,
24,36, 32, and 44) [32]. GCF pool samples for determining
the marker germs of the 11 periodontitis germs were col-
lected from the mesial gingival sulcus using a paper tip for
30 s (Fig. 2), while pool samples for determining aMMP-8
were collected from the distal gingival sulcus using paper
strips (Fig. 3). Since sampling time was consistently 30 s, as
it is often the case in studies with GCF analyses, the concen-
trations in this study are given in ng/ml. The pool samples
were taken for maxilla and mandible [33]. To analyze the
11 periodontitis-associated marker bacteria, nucleic acids
were extracted from bacterial DNA (QiAamp DNA Mini

Fig.2 Example of periodontal pathogen examination with paper
points in the mesial approximal space

Table 2 Study procedure: Different procedures undertaken at different visits: GCF = Gingival crevicular fluid; IL-1 polymorphism = Interleukin
1 Polymorphism; GI Index = Loe-Silness Gingivitis Index; MQH = modifizierter Quigley-Hein-Index nach Kossak and Brinkmann

Procedure Progress Professional tooth ~ GCF Sample IL-1 Polymor-  Oral hygiene
control cleaning phism instruction

Visit 1 X X

Screening / Baseline

Visit 2 X X

Start of treatment

1 week after Screening

Visit 3 X X

Inserting attachments

4 weeks after start

Visit 4 X X

6 months after start

Visit 5 X X

1 year after receiving the first aligner

Visit 6 X X

1 Y2 years after start, removing of attachments

Visit 7 X X

1 year after end of therapy
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Fig.3 Example of sampling to determine the concentration of
aMMP-8 with paper strips in the distal proximal space

Kit (QIAGEN N.V., Hilden, Germany) obtained from the
GCF sample. The DNA-based in-vitro detection system
LCD Array Kit BAC-Dent 2.4 (version: BAC-Dent 2.4 CE
V-7.0-2013-GER, Chipron GmbH, Berlin, Germany) was
employed for qualitative analysis (Chipron GmbH 2013).
The aMMP-8 concentration in the sulcus fluid was deter-
mined using the "dentoELISA aMMP-8" enzyme immuno-
assay (Dentognostics GmbH, Jena, Germany). At the initial
examination date (V1), an additional oral mucosa swab was
collected using a cotton swab to determine the IL-1 poly-
morphism (Hain Lifescience GmbH, Nehren, Germany).
The laboratory presented the results of the analysis of
the 11 periodontitis-associated marker pathogens as follows:

Germ not detected—(< 104 KbE)

Low germ concentration (+) (= 104 KbE)

Increased germ concentration + (< 105 KbE)

Highly increased germ concentration + + (< 106 KbE)
Very high increased germ concentration+ + + (> 107
KbE)

The determination of bacterial concentrations was stand-
ardized for all marker bacteria. However, for Aggregatibac-
ter actinomycetemcomitans, the values were evaluated at one
order of magnitude lower (e.g.,+ =104 KbE).

The Gingival Index (GI) according to Loe-Silness was
used to evaluate gingival color, consistency, inflammation,
and bleeding upon probing. The assessment included the
entire dentition, excluding the third molars. In both the max-
illa and mandible, the gingival sulcus was examined using
a periodontal probe, scanning from the buccal to the palatal
aspect. The evaluation was categorized based on the follow-
ing criteria: 0 =physiological, non-inflammatory gingiva;
1 =mild inflammation (slight color change, slight edema,
no bleeding on probing); 2 =moderate inflammation (red-
ness, edema and glaze, bleeding on probing); 3 = massive

inflammation (marked redness, edema, ulcer, tendency to
spontaneous bleeding) [34].

The modified Quigley Hein Index (MQH) according to
Kossak and Jost-Brinkmann [35] was used to evaluate the
plaque level on the vestibular tooth surface during clear
aligner therapy. This modification is essential for these
patients because, similar to multi-bracket appliances, attach-
ments are present on the vestibular surfaces. The assessment
is performed by staining the plaque in each quadrant indi-
vidually using Mira-2-Ton dye (Hager & Werken GmbH &
Co. KG, Duisburg, Germany) and evaluating three areas.
Plaque accumulation in the distal, central, and mesial areas
of the vestibular surfaces was classified to one of six catego-
ries between O (=no plaque) and 5 (=plaque extension more
than two thirds of the tooth area) [35].

The collected data were compiled in Excel (Microsoft
Office 2019 Home; Windows 10) and analyzed using the
statistical software packages SAS 9.4 and R 4.4.1. The R
package alluvial was specifically used to generate the allu-
vial plots [36].

A linear mixed model, with 'visit' as a fixed effect and
'patient’ as a random effect was used to analyze the develop-
ment of aMMP-8 concentrations over time. Changes in path-
ogen concentrations (given as ordinal categories) compared
to baseline were assessed using the sign test. Linear mixed
models were also used to evaluate the association of GI and
TMQH with aMMP-8 and each pathogen marker, while
accounting for genotype, visit, and upper/lower jaw. Patient’
was again included as a random effect in these models.

In order to examine potential correlation between com-
plexes and genotype, we dichotomized bacterial concentra-
tions to bacterium present for each pathogen in lower and
upper jaws, and fitted a generalized linear mixed model with
genotype and visit as fixed effects, and patient as random
effect. P-values less than or equal to 0.05 are termed sig-
nificant. As the intention of the analysis is exploratory, no
correction for multiple testing has been applied.

Results
Description of the patient cohort

A total of 27 boys and 23 girls were included in the study,
with a mean age of 13.3 +1.8 years.

At the beginning of treatment, 13 deciduous teeth were
present in six out of the 50 patients. Due to their position
and the small number of erupted teeth, a separate analysis
of aMMP-8 concentrations and the identification of marker
pathogens in these deciduous teeth was not possible.

None of the patients had a positive family history of peri-
odontal disease.
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Not all parameters could be consistently recorded across
all visits (V2-V7). Patient participation was discontinued in
two cases after visit 5, and in 12 cases after visit 8.

Gingivitis index according L6e-Silness (Gl)

The distribution of gingival index as a function of upper/
lower jaw and visit can be seen in Fig. 4.

Modified Quigley Hein index (MQH) according
to Kossak and Jost-Brinkmann

The distribution of MQH as a function of upper jaw/lower
jaw and visit can be seen in Fig. 5.

Frequency of IL-1 polymorphism genotypes

Genotype information was available in 48 cases, geno-
type 1 of the IL-1 polymorphism was observed in 12
cases within the analyzed patient population, while type 2
occurred 11 times. Genotypes 3 and 4, associated with a
genetically higher risk of inflammation, were present in 4
cases (0 female/ 4 male) and 21 cases (11 female/ 10 male),
respectively.

Fig.4 Boxplot distribution of
gingival index as a function of

. . .. 0.5
upper jaw/lower jaw and visit
+
0.4
+
0.3
S +
+
+ o +
0.2 + +

o
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Occurrence and concentration changes of marker
pathogens during the course of treatment

The distribution of specific periodontitis marker bacteria
complexes throughout the study period varied substantially
depending on the type of pathogen. No or very low concen-
trations of pathogens were observed in the red and orange-
associated complexes during the examination period. Signif-
icant changes were noted in the orange and green complexes
only. Figure 6a and b present values of (Fs) Fusobacterium
spp. for the orange complex. Figures 6¢ and d display val-
ues of (Cs) Capnocytophaga spp. for the green complex.
(Aa) Aggregatibacter actinomycetemcomitans sporadically
occurred in low concentrations in 1-2 patients during the
study period (not shown).

Changes in aMMP-8 concentration

The aMMP-8 concentration, averaged over maxilla and
mandible, which indicates the tendency to inflamma-
tion, is depicted over time and stratified by genotypes in
(Fig. 7). Statistical testing revealed no evidence of differ-
ences (p <0.05) in the aMMP-8 concentration over time or
in the aMMP-8 concentration depending on the genotype or
between the sexes (p=0.273 to 0.904).

o o
+
o
+
+
+
o
© +
+ o
+ + +
o
¥ o ©
° +
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+
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Fig.5 Boxplot Distribution of
MQH as a function of upper
jaw/lower jaw and visit

MQH

o

Correlations

To assess potential correlations between complexes and
genotype, we dichotomized the concentration of bacteria
as present or absent in the upper or lower jaw, and fitted a
generalized linear mixed model with genotype and visit as
fixed effects, and patient as a random effect.

Some pathogens were too rare for the model to converge,
making it impossible to draw any conclusions. This was the
case for Aa, En, Pg, and Td. On the other hand, Fs was
detected in the majority of patients, regardless of genotype.
Therefore, no conclusions could be made regarding the cor-
relation between genotype and pathogen occurrence.

For the remaining pathogens Cr, Cs, Ec, Fs, Pi, Pm and
Tf, significant associations of genotype and presence only
for Cs (p=0.040) were found. Patients with genotype 3 were
less likely to exhibit the presence of the pathogen. When
assessing the association of (GI) Gingivitis Index Loe-
Silness with aMMP-8 and marker pathogens and genotype,
a significant association for GI and aMMP-8 (p=0.0017)
was found, but no effect of genotype on GI was observed
(p=0.3945). On average, GI increased by 0.0013 for each
unit increase in aMMP-8.

Concerning the pathogen markers, no effects were
found on GI of markers (Aa) Aggregatibacter Actinomy-
cetemcomitans (p=0.8579), (Cr) Campylobacter rectus
(p=0.5044), (En) Eubacterium nodatum (not estimable
as too rare), (Pg) Porphyromonas gingivalis (p=0.2734),
(Pi) Prevotella intermedia (p =0.3006), (Pm) Parvimonas

kg

O L
3 4 5
Visit

Jaw M UpperJaw B LowerJaw

micra (p=0.4198), (Td) Treponema denticola (p=0.1356)
and (Tf) Tannerella forsythia (p=0.8861). Significant
associations of GI were observed with (Cs) Capnocy-
tophaga spp. (p=0.0042) and (Fs) Fusobacterium spp.
(p=0.0365). A slight, but non-significant association was
observed with (Ec) Eikenella corrodens (p=0.0690). On
average, GI increased by 0.0043 for Cs + and by 0.0053
for Cs+ + compared to non-detectable Cs. On average,
GI increased by 0.0052 for Fs+, 0.0060 for Fs+ +, and
0.0057 for Fs+ + +, compared to non-detectable Fs.

When assessing the association between the Modified
Quigley-Hein Index (MQH), aMMP-8, marker patho-
gens, and genotype, no significant correlation was found
between MQH and aMMP-8 (p=0.3255), nor was any
effect of genotype on MQH observed (p=0.9568).

Concerning the pathogen markers, no effects on
MQH of markers Aa (p=0.3696), Ec (p=0.1646), Pg
(p=0.4727), Pi (p=0.15819), Td (p=0.4766) and Tf
(p=0.3920) were found. Significant associations of MQH
were observed with Cr (p=0.0011), Cs (p=0.0017), Fs
(p= <0.0001) and Pm (p=0.0024). On average, MQH
increased by 0.055 for Cr+ +and by 0.064 for Cr+ +
+ compared to non-detectable Cr. On average, MQH
increased by 0.4024 for Cs (+) compared to Cs non detect-
able. On average, MQH increased by 0.2940 for Fs (+),
by 0.0527 for Fs + + + compared to Fs non-detectable. On
average, MQH increased by 0.0626 for Pm+, by 0.2034
for Pm+ + + compared to Pm non detectable.
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Fig.6 Frequency distribution
of periodontitis marker bacteria
complexes: (a+b) Frequency
distribution of Fusobacterium
spp. over time as an exam-

ple of strong changes in the
orange complex (a: maxilla, b:
mandible); (¢ +d) Frequency
distribution of Capnocytophaga
spp. over time as an example
of strong changes in the green
complex (c¢: maxilla, d: man-
dible). The concentration of Fs
and Cs is given as 0, (+),+,+
+.,+ + +representing no detec-
tion of the marker bacterium,
low concentration, increased, 1 2
strongly increased and very

strongly in-creased levels

respectively
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Discussion
Main findings

All combinations of IL-1 polymorphism genotypes were
found in the sample. No significant change in aMMP-8
concentration was observed over time of treatment. The
distribution of specific periodontitis marker bacteria
varied, depending on the type of pathogen. Significant
changes were especially noted in the orange and green
complexes. There is no indication of a correlation between
genetic disposition and level of aMMP-8 concentration.
Significant correlations (p < 0.05) were found when exam-
ining the relationships between GI and MQH on the one
hand, and aMMP-8, genotype, and marker pathogens on
the other hand. These correlations were observed between
GI and aMMP-8, as well as between MQH and the marker
pathogens Cr, Cs, Fs, and Pm.
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Methodological discussion

The patient cohort analyzed in this study consists of peri-
odontal healthy adolescent. This was ensured by defining
known influencing factors of periodontal diseases, such as
general diseases, syndromes, and pregnancy, as exclusion
criteria [12, 26]. To ensure that the effects of clear aligner
treatment on periodontal health were not overshadowed by
individual variations in dental hygiene, professional tooth
cleaning was performed after each visit. Unfortunately, due
to the long treatment time and partially limited patient com-
pliance during the Covid-19 pandemic, not all parameters
could be consistently recorded at all time points V2-V7.
From visit 5 onwards the values of 2 (visit 5) to 12 (visit 8)
patients had discontinued study participation. Moreover, the
genotype result was not communicated by the laboratory for
two patients. The aMMP-8 concentration in the sulcus fluid
was determined using the "dentoELISA aMMP-8" enzyme
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Fig.6 (continued) Distribution of Cs in maxilla over time
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immunoassay. As similar changes could be seen in all
patients, the few missing data can be neglected. As already
previously mentioned a sample size calculation was per-
formed and n=52 is needed to establish a medium effect of
d=0.4 with 80% power at the 5% significance level. Assum-
ing a 5% dropout, 55 patients were initially included. Due to
COVID-19, only 50 patients could be recruited, several of
whom did not participate in all follow-up visits.

Since the cost of aligner treatment is not covered by pub-
lic health insurance in Germany, patients must pay for this
therapy privately. Consequently, there may be a slight bias
in the study, as patients who are financially invested in their
treatment may also be more diligent about maintaining their
oral hygiene and more motivated achieve a successful treat-
ment outcome.

Plaque und gingivital indices

While increased plaque accumulation with subsequent
gingival inflammation is commonly observed during fixed

(d)

orthodontic treatment [38, 39], no general significant
increase in the corresponding values was found during treat-
ment with clear aligners. Isolated outliers, as seen in Figs. 4
and 5, occurred in the adolescent patient group. This is not
surprising, as the patients were in a transitional developmen-
tal phase (puberty), often characterized by low motivation
and a lack of enthusiasm.

Genotype IL-1 polymorphism

Several studies have confirmed that the risk of developing
periodontitis is genetically determined and significantly
associated with IL-1 polymorphism [27, 40]. The distri-
bution of IL-1 polymorphism genotypes in the analyzed
cohorts is relatively even, encompassing all possible genetic
predispositions. No signs of a correlation between genetic
disposition and the level of aMMP-8 concentration were
found, as all different genotypes showed normal (<8 ng/
ml) or borderline (8—20 ng/ml) concentrations of aMMP-8
at most visits. This suggests that even patients with an
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Fig.7 Boxplot of aMMP-8 concentrations [ng/ml] divided by gen-
otype and by visits 1 to 8. The additional marker within the "box"
represents the arithmetic mean. Values below <8 ng/ml (normal)

unfavorable genotype do not necessarily experience a wors-
ening of their periodontal situation during orthodontic treat-
ment with clear aligners. Routine dental cleanings and oral
hygiene instructions may account for these findings.

Marker pathogens

In addition to the adsorption on paper points used here, bac-
teria can also be extracted from the sulcus by curettage [41].
These two methods lead to different results, as curettage
extracts the entire plaque, whereas paper points are specifi-
cally used to collect tissue-damaging pathogenic bacteria
from the outer layers of the biofilm [42]. Given the focus of
this study on periodontal pathogens, the preferred method
was collecting samples using paper points. Until now, there
is a lack of studies on examining periodontitis-associated
marker bacteria under aligner treatment in adolescent
patients. Abbate et al. compared the periodontal health of
adolescent patients under orthodontic treatment with clear
aligners or fixed appliances. Patients treated with fixed appli-
ances showed poorer hygiene and less periodontal health.
Tests did not show the presence of anaerobic periodontal

@ Springer

indicate a very low risk of gingivitis), between 8 and 20 ng/ml (bor-
derline) indicate low-grade local inflammation and>20 ng/ml (ele-
vated) indicate acute inflammation [37]

bacteria in any of the test subjects [3]. The bacterial con-
centration in the red and orange complexes in adult patients
undergoing orthodontic treatment with clear aligners or fixed
appliances varies across different studies. Sfondrini et al. and
Lombardo et al. [43, 44] did not find significant changes in
the proportions of red and orange complexes, whereas sev-
eral other authors [45-49] report a higher burden of marker
germs from the red complex species, C rectus and F nucle-
atum. This is in line with our results showing significant
changes for the orange and green complexes. Additionally,
Gujar et al. [50] describe a higher concentration of these
complexes in patients undergoing orthodontic treatment,
although the concentration was notably lower during clear
aligner therapy. The examined pathogens are not causing
periodontal diseases but are more important for caries devel-
opment. However, the lower bacterial load when using clear
aligners, as compared to fixed appliances, is also evident
here [50]. This contrasts with studies investigating changes
in periodontal marker germs during orthodontic treatment
with fixed appliances. Hereby, the subgingival ecosystem
underwent significant changes following the insertion of
the appliances, leading to an increase in concentration of
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periodontal marker germs [51]. Bands extending into the
subgingival region and the resulting increase in plaque accu-
mulation [52] help to explain this phenomenon. Over the
course of treatments, bacterial levels decreased again, and
no increased risk of destructive periodontal diseases was
found. Nevertheless, it is important to emphasize intensive
oral hygiene instruction, remotivation, and monitoring dur-
ing orthodontic treatment [51-54]. In case of periodontal
diseases, which are fortunately rather rare in adolescent
patients, the use of orthodontic bands should be avoided if
possible [55].

aMMP-8 concentration

The concentration of aMMP-8 in the sulcus fluid is gener-
ally regarded as a good indicator of periodontitis [56]. In
their study, Ingman et al. found that although the concen-
tration of aMMP-8 increased during orthodontic treatment
with a fixed appliance, the values were lower than in peri-
odontitis [39, 57]. Various studies have shown that tooth
movement also leads to an increase in the concentration of
aMMP-8 [58, 59]. This means that orthodontic treatment
always involves paying particular attention to oral hygiene
to minimize the dual problem (difficult oral hygiene and
tooth movement) from the outset. The few studies that
have investigated the change in aMMP-8 concentration
during orthodontic treatment have either found an initial
increase [57, 60] or no significant changes [59-61]. How-
ever, the studies were only conducted during the initial
phase of orthodontic treatment for a maximum of one
month, as it was assumed that the initial exertion of force
to move the teeth influences the aMMP-8 concentration
in the sulcus fluid. Peron et al. investigated the change in
adolescents with fixed orthodontic appliances and found
that the high concentration of aMMP-8 in the sulcus fluid
remained constant over the entire period of treatment, indi-
cating an increase in periodontal inflammation [39]. In
the present study, it could now be shown that with good
oral hygiene and appliances that are less susceptible to
plaque (clear aligners), no significant change in aMMP-8
concentration was observed over the course of the entire
treatment. aMMP-8 concentration also appears to be inde-
pendent of the genotype of the IL-1 polymorphism, as
no significant differences were found between the geno-
types, which increase the risk of inflammation to varying
degrees, nor were there any patients who developed peri-
odontitis requiring treatment during orthodontic treatment.
To summarize the aMMP-8 concentration, it can be said
from the literature that this parameter, in contrast to the
marker pathogens, is an important point for the observa-
tion of periodontal inflammation during orthodontic treat-
ment due to its accuracy and low scattering. In our study
aMMP-8 concentration did not show this great influence.

Although a laboratory test is always required for deter-
mination, meaning that the parameter cannot be used for
routine diagnostics during the course of treatment for time
and financial reasons, the determination of the aMMP-8
concentration should no longer be omitted in future studies
dealing with periodontal events during orthodontic treat-
ment [29].

Correlations

Examining the relationship between genotype and the
presence of various periodontal pathogens, no significant
correlations were found in the current patient population.
However, in genotype 3, the marker pathogen Cs from the
green complex appears to be detected significantly less
frequently (p=0.04).

Previous studies have reported a mild correlation
between genotype and the increased prevalence of bacteria
from the red and orange complexes [62, 63]. There appears
to be a statistically significant correlation (p=0.0017)
between the level of GI and the value of aMMP-8.

On average, mean of GI increased 0.0013 categories
per unit of aMMP-8. No correlation was found between
GI and genotype. Regarding the correlation between GI
and the different marker pathogens, a statistically signifi-
cant correlation was observed only for the pathogens Cs
(p=0.0042) of the green complex and Fs of the orange
complex (p=0.0365). In the case of MQH, no correlations
were found with aMMP-8 levels (p=10.3325), genotype
(p=0.9568), or the pathogens of the red complex and Aa.

Striking correlations in MQH were observed for Cs
from the green complex, as well as for Fs and Pm from
the orange complex, and Cr from the orange-associated
complex. To date, few studies have confirmed or refuted
these specific correlations in the context of clear aligner
treatment. Shokeen et al. [64] also report in their study
on small changes in Pa risk indicator values and marker
bacteria concentrations. Further studies would be neces-
sary to not only examine the Pa risk factors, such as GI and
MQH, or the change in the concentration of subgingival
marker bacteria, but also to evaluate both complexes in
larger numbers of patients, as it has been the case to date.
The meaningful correlations that could not be determined
in the present study, particularly regarding the period of
orthodontic treatment, could be due to frequent profes-
sional tooth cleaning in this study. As Al-Mutairi et al.
[65] describe the same mechanism: "orthodontic appli-
ances complicate oral hygiene maintenance, leading to
more plaque buildup and microbiological shifts, which
can result in oral complications" [52].
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Periodontal health and invisalign®/invisalign® teen

Early studies aimed to prove the advantage of removable
clear aligners over fixed appliances in orthodontic treatment
regarding oral health [5, 8, 20, 21]. The removability of the
clear aligners and the resulting unrestricted oral hygiene
were repeatedly emphasized as positive factors [5, 8, 20,
66, 67]. However, these studies only paid general attention
to periodontal health and/or the amount of biofilm mass. The
marker bacteria, the aMMP-8 concentration, or the genotype
was not determined. Meta-analyses published on comparing
clear aligners and fixed appliances [68—70] and Systematic
Review of Systematic Reviews [71] also failed to determine
the parameters collected in the present study. The study by
Rossini et al. even found a trend towards an improvement in
the periodontal health indices [6, 72]; a finding that can also
be seen to some extent in the present study. One explana-
tion for this could be that poor oral hygiene causes plaque
to accumulate on the inside of the aligners, leading to a dis-
coloration of the aligners that is clearly visible to the patient
[67]. Our results are in line with the study by Tuncay et al.
who only investigated the gingival bleeding index during
orthodontic treatment of adolescents with clear aligners
(Invisalign® Teen), but also found no periodontal disease,
but at most a slight tendency to bleed [2]. Other investigators
even found a slight decrease in gingival bleeding tendency
in the course of orthodontic aligner treatment [3, 20]. In our
present study, as in Zhao et al. [73], no significant changes
in the periodontal situation were observed. We suspect that
this effect is partly due to the regular professional dental
cleanings and oral hygiene instruction and therefore want to
stress again the importance of ongoing oral hygiene monitor-
ing during orthodontic treatment [7].

In this study we used a scalloped trimline at the juxtag-
ingival rim. Faveo et al. examined the role of different trim-
lines concerning periodontal health [74]. In their adolescent
patient group, they observed an increase in periodontal indi-
ces when a short trimline was used. Traversa et al. showed
a positive effect on tooth movement, but less frication using
a short trimline [75]. As the retention of the clear aligners
must be improved by attachments with a short trimline, more
retention niches are created for plaque accumulation. Con-
sidering the aforementioned results, it may be advisable to
use a higher trimline in adolescent patients.

Comparing the effects of clear aligners and traditional
removable appliances, Chen et al. [76] found no significant
increase in risk indicators or indices between the two groups
of appliances. They examined younger children (mean age
8-9 years) during the mean face of tooth eruptions. The
missing worsening of indices of our study can be explained
by the different age and dental status of the patient groups.
In a systematic review by Chen et al. it was outlined that
patients wearing removable orthodontic appliances showed
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significant increases for supragingival rods, subgingival
Spirochetes, whereas Aggregatibacter actinomycetemcomi-
tans (Aa) was nearly absent [77]. Anaerobic bacteria were
detected in the subgingival dental plaque with the same den-
sity (n=15.75%) at baseline and at three months, while the
prevalence appeared increased, though not reaching statisti-
cal significance, at nine months (17.85%). The most impor-
tant bacteria that cause periodontal tissue loss, as Aggre-
gatibacter actinomycetemcomitans (Aa), Porphyromonas
gingivalis (Pg), Tannerella forsythia (Tf), and Prevotella
nigrescens, were not detected in any patients [78].

Conclusions

Due to the remodeling of the bone and periodontal tissue in
adolescents [12], close attention must be given to the peri-
odontal marker pathogens, especially particularly in adoles-
cent patients. To identify potential risks before destructive
changes occur, the present study assessed the presence of 11
periodontitis-associated marker bacteria and the concentra-
tions of active matrix metalloproteinase-8 (aMMP-8). The
results revealed that periodontal inflammation does not
increase in adolescents undergoing orthodontic clear aligner
treatment with Invisalign® Teen (Align Technology, San
Jose, CA, USA), highlighting the superiority of clear align-
ers over fixed appliance treatments in term of periodontal
health [39]. Nevertheless, as prevention of negative micro-
bial dynamics in oral health remains essential, maintaining
excellent oral hygiene is crucial during orthodontic treat-
ment. Additionally, regular professional cleanings and peri-
odic hygiene instructions should be emphasized to support
optimal oral health.
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