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Featured Application: Ozone therapy should be further evaluated to fully understand its efficacy
for the treatment of peri-implant mucositis.

Abstract: Peri-implant mucositis represents an inflammatory lesion of the mucosa surrounding an
endosseous implant, without the loss of the supporting peri-implant bone. Considering its reversi-
ble nature, every effort should be made to contrast it, thus avoiding the eventual progression to-
wards peri-implantitis. The aim of the present randomized clinical trial is to evaluate the efficacy of
the ozonized water against peri-implant mucositis. A total of 26 patients diagnosed for this latter
clinical condition were randomly divided according to the professional oral hygiene protocol per-
formed on the pathological sites at baseline, at T1 (1 month), and T2 (2 months). Group 1 underwent
an ozonized water administration (experimental treatment), whereas Group 2 underwent a pure
water one (control treatment). Both administrations were performed with the same professional
irrigator (Aquolab® professional water jet, Aquolab s.r.l. EB2C S.r.l., Milano, Italy) with no differ-
ences in color or taste between the two substances delivered. At each appointment, the following
indexes were assessed: the Probing Pocket Depth (PPD), Plaque Index (PI), Bleeding on Probing
(BoP), and Bleeding Score (BS). As regards intragroup differences, in Group 1 ozonized water sig-
nificantly and progressively reduced all the clinical indexes tested, except for PI in the period T1-
T2, whereas no significant differences occurred within the control group. Despite this, no significant
intergroup differences were generally detected between the two treatments. Accordingly, the role
of ozone for the management of peri-implant mucositis deserves to be further investigated.

Keywords: ozone; ozone therapy; ozonized water; peri-implant mucositis; peri-implantitis; im-
plants; implant failure; periodontal therapy; oral hygiene; randomized clinical trial

1. Introduction

In recent years, the application of ozone in medicine and dentistry has particularly
increased because of its several recognized benefic actions. Much research has demon-
strated a broad-spectrum antimicrobial activity for ozonized water/oils against bacteria,
virus, protozoa, and fungi [1-5]. Additionally, many other properties have been attributed
to ozone, such as immunomodulant, anti-hypoxic, anti-inflammatory, and regenerative
ones [6,7].

Focusing on the applicability of ozone in dentistry, several clinical conditions have
been treated by recourse to ozone therapy, e.g., the management of wound-healing, dental
caries, oral lichen planus, gingivitis and periodontitis, halitosis, osteonecrosis of the jaw,
post-surgical pain, plaque and biofilms, root canal treatment, dentin hypersensitivity,
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temporomandibular joint disorders, and teeth whitening [7-10]. Moreover, ozone is also
used as a functionalizing agent on implant surfaces (for both dental and orthopedic use)
with the goal of improving their osseointegration [11-14].

Considering the abovementioned applications, the use of ozone for the treatment of
gingivitis and periodontitis appears quite promising. Gingivitis is regarded as the result
of a progress accumulation on the teeth of dental plaque/calculus, which is a complex
bacterial biofilm embedded into a polymeric matrix. This causes an inflammatory condi-
tion which continues in cases where proper domiciliary and professional oral hygiene
procedures are not performed to remove this biofilm. Despite this condition being reversi-
ble, it may also evolve into an irreversible one (i.e., periodontitis) with the degradation of
soft and hard tooth-supporting tissues and, eventually, tooth loss [15,16].

Nowadays, the implant-prosthetic therapy represents the main possible resource to
face a total or partial edentulism, achieving a high success rate for both the upper and the
lower arch [17]. However, the gingival tissue around implants, the so-called peri-implant
mucosa, does not come without the risk of developing either a reversible or an irreversible
inflammation too. According to the latest Classification of Periodontal and Peri-Implant
Diseases and Conditions (2017) [18], the following four states might regard peri-implant
tissues: 1, peri-implant health; 2, peri-implant mucositis; 3, peri-implantitis; 4, peri-im-
plant soft and hard tissue deficiencies.

Considering peri-implant mucositis, this condition is defined as ‘an inflammatory
lesion of the mucosa surrounding an endosseous implant without loss of supporting peri-
implant bone’ [19]. On this basis, a clinical case is defined in the presence of peri-implant
mucosal inflammation but in the absence of peri-implant bone loss. The main clinical sign
is bleeding on gentle probing, though additional features can occur, such as erythema,
swelling, and/or suppuration [18,19]. It has been demonstrated, both in animals and hu-
mans, that plaque is the etiological factor for peri-implant mucositis [20,21], whereas there
is limited evidence for a non-plaque-induced form; despite this, however, the host re-
sponse to the bacterial challenge also plays a fundamental role, and conditions such as
smoking, diabetes mellitus, and radiation therapy might affect this process. As regards
the resolution of peri-implant mucositis, evidence suggests that this even takes more than
three weeks following the restitution of plaque/biofilm control [18].

The aim of this randomized clinical trial is to evaluate the short-term efficacy of sub-
gingival applications of ozone water, delivered using a professional irrigator, in assuring
a proactive impact for the domiciliary maintenance of peri-implant mucositis sites, with
respect to a negative control (pure water). The null hypothesis of the study is that there
are not any significant intergroup and intragroup differences between the two different
administrations.

2. Materials and Methods
2.1. Materials

An Aquolab® professional water jet (Aquolab s.r.l. EB2C S.r.1., Milano, Italy) was used
to deliver ozonized water in periodontal pockets [8]. This device is an irrigator with a
magnetic drive pump that produces a continuous release of ozonized water. A 0.8 mm
diameter nozzle was used, and the higher range of ozone tension (12 V) was set. Accord-
ing to manufacturer’s indications, water level 1 and ozone level 3 were chosen, which,
respectively, correspond to 75% and 100% PWM (pulse-width modulation) water pump.
Water level 1 was used alone to administer pure water in the control group.

2.2. Randomized Clinical Trial
2.2.1. Trial Design

This was a parallel-group, randomized, placed controlled, and single-center trial
with a 1:1 allocation ratio, approved by the Internal Review Board of the Unit of Ortho-
dontics and Pediatric Dentistry, Section of Dentistry, of the University of Pavia, Pavia,
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Italy (registration number: 2021-0203) and registered on Clinicaltrials.gov (NCT number:
NCT04845087).

2.2.2. Participants

Patients addressing to the Unit of Dental Hygiene, Section of Dentistry, Department
of Clinical, Surgical, Diagnostic and Paediatric Sciences of the University of Pavia (Pavia,
Italy) were recruited in April 2021 and the study lasted until July 2021. The informed con-
sent of patients was collected. Both interventions and outcome assessments were con-
ducted at the same unit.

The inclusion criteria were the following: age between 18-70 years, no smoking, no
systemic diseases, history of previous periodontitis (stage 11, grade B), use of electric tooth-
brush, presence of a fixed implant rehabilitation with at least two fixtures, and presence
of peri-implant mucositis at least at one implant. Peri-implant mucositis is defined accord-
ing to the latest Classification of Periodontal and Peri-Implant Diseases and Conditions
(2017) [18], therefore requiring a Bleeding Score higher than 0. Conversely, the following
were considered as exclusion criteria: absence of dental implants, presence of systemic
diseases, and presence of cardiac pacemaker.

2.2.3. Interventions and Outcomes

At the first appointment (T0), patients were asked to sign the informed consent to
participate to the study. After that, an instructed operator assessed the following perio-
dontal clinical indices on each peri-implant site by means of a probe (UNC probe 15; Hu-
Friedy, Chicago, IL, USA): Probing Pocket Depth (PPD) (measured on six sites per ele-
ment), Bleeding on Probing (BOP), Bleeding Score (BS), and Plaque Index (PI) [15]. Then,
a professional supragingival and subgingival oral hygiene was conducted using a piezo-
electric instrument (Multipiezo, Mectron S.p.a, Carasco, Italy) and Gracey curettes (Hu-
Friedy, Chicago, IL, USA), followed by supragingival and subgingival application of a
decontaminating glycine powder (Glycine Powder, Mectron S.p.a., Carasco, Italy). At this
stage, patients were randomly divided into two groups according to the treatment of the
peri-implant mucositis sites: patients assigned to Group 1 (trial group) received an admin-
istration of ozonized water with the Aquolab® professional device with an angulation of
45 degrees of the nozzle and for 60 s time per site; conversely, patients assigned to Group
2 (control group) received the administration of pure water by means of the same device.
Participants were instructed to a proper oral hygiene and underwent a 2-month follow up
with appointments after 1 month (T1) and 2 months (T2) from baseline. At each appoint-
ment, the periodontal assessment with the collection of clinical indices, the decontaminat-
ing procedure with glycine powder, and the application of ozonized water or pure water
were performed. The timing considered was chosen with the aim of focusing on the short-
term efficacy of ozone applications for the domiciliary maintenance of peri-implant mu-
cositis sites, and also on the basis of a previous report [22].

The protocol of the study is shown in Table 1.
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Table 1. Protocol adopted for the study.

Appointment Procedures
. Signature to the informed consent for the study.
. Assessment of periodontal clinical indexes.
. Professional supragingival and subgingival oral hygiene.
Baseline (TO) . Supragingival and subgingival decontamination of glycine powders.

Trial Group: administration of ozonized water on peri-implant mucositis sites.
Placebo Group: administration of pure water on peri-implant mucositis sites.

After 1 month (T1)
After 2 months (T2)

. Assessment of periodontal clinical indexes.
. Supragingival and subgingival decontamination of glycine powders.

Trial Group: administration of ozonized water on peri-implant mucositis sites.

Placebo Group: administration of water only on peri-implant mucositis sites.

2.2.4. Sample Size

Sample size calculation (Alpha = 0.05; Power = 95%) for two independent study
groups and a continuous primary endpoint required 26 total participants, of which 13
belonged to the trial group and 13 belonged to the placebo group.

A total of 26 patients were visited before the beginning of the study, and all of them
agreed to participate and completed the study. Concerning the variable Probing Depth,
an expected mean of 4.6 mm was hypothesized, with a standard deviation of 0.56. The
expected difference between the means was supposed to be 0.8; therefore, 13 patients were
requested for each group [23].

2.2.5. Randomization and Blinding

By means of a block randomization table, the data analyst provided a randomization
sequence, considering a permuted block of 13 participants. An operator enrolled the par-
ticipants and executed the professional oral procedures. On the basis of previously pre-
pared sequentially numbered, opaque, sealed envelopes (SNOSE) [24], an assistant as-
signed each participant to the respective group and had the task of setting the device to
administer ozonized water for patients belonging to Group 1 (trial group) and pure water
to Group 2 (control group). Another blind operator administered the treatment to the pa-
tients and measured the outcomes. Neither this latter operator nor the patients were aware
of the treatment administered considering that no differences occurred between the two
as regards the taste and the color. Even the data analyst was blinded for the allocation.

2.2.6. Statistical Methods

Data were submitted to statistical analysis with R Software® (R version 3.1.3, R De-
velopment Core Team, R Foundation for Statistical Computing, Wien, Austria). For each
group and variable, descriptive statistics (mean and standard deviation) were calculated.
PPD was calculated in millimeters; BOP and PI were calculated in percentages; BS was
calculated with the relative score. Data normality was calculated using the Kolmogorov—
Smirnov test. For each variable, inferential comparisons among groups were performed
using ANOVA with post hoc Tukey tests.

Significance was predetermined for p < 0.05 for all the tests performed.

3. Results
3.1. Baseline Characteristics

The trial group was made of seven males and six females with a mean age of 59.9 y.o.
(standard deviation 7.9 y.o.), whereas the placebo group of five males and eight females
had a mean age of 62.3 y.o. (standard deviation 9 y.o.).

The flow-chart of the study is shown in Figure 1.
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Subjects visited (n = 26)
Subjects selected (n=26)

e

Trial Group (n=13)

: Not meeting inclusion criteria (n=0)
Refused to participate (n=0)

.

Placebo Group (n =13)

—

Received allocated

intervention (n= 26)

—

Ozonized water administration on

peri-implant mucositis sites

Pure water administration on

peri-implant mucositis sites

Lost to follow up (n=0)

—

Monthly follow up until the
2nd month.

Analyzed (n=13)
Excluded from analysis
m=0)

Monthly follow up until the

2nd month.

Analyzed (n=13)
Excluded from analysis
(n=0)

Figure 1. Flow-chart of the study: the figure shows the process of selection, random allocation and follow up of the par-

ticipants to the study.

3.2. Probing Pocket Depth (PPD)

The PPD significantly and progressively decreased after baseline in Group 1, whereas
no difference was found in the placebo group. No significant intergroup differences were
assessed at baseline and at T1 time frames, while a significant difference was present be-
tween the groups at T2. The results are shown in Table 2 and Figure 2.
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Table 2. Descriptive statistics of Probing Pocket Depth measurements (PPD).
. . . Intragroup Intergroup
Group Time Mean StDev  Min Median Max Differences * Differences *
Trial Group T0 4.65 0.57 4.00 4.70 5.71 A T0: ns
T1 4.14 0.87 3.00 4.00 5.82 B T1:ns
T2 3.84 0.67 3.00 3.63 524 C T2: p <0.05
Placebo Group  TO 4.67 0.75 4.00 4.50 6.33 A
T1 4.55 0.66 3.33 4.75 5.54 A
12 4.66 0.96 3.25 4.34 6.91 A
* Different letters show statistically significant differences among the time frames (p < 0.05); f ns = not significant.
PPD Mean Probing Pocket Depth (PPD) measurements
mm
6 p=0.05 p =005 p <005
5
4
3 W Control
m Test
2
1
0 :
Baseline 1 month 2 months

Evaluation time

Figure 2. Probing Pocket Depth measurements (mm): the figure shows the absence of intergroup
differences at all the evaluation times (p > 0.05), except at T2 (p < 0.05). As to intragroup differences,
a progressive significant reduction in the index was assessed in the trial group but not in the control

one.

3.3. Plague Index (P1%)

PI significantly decreased after baseline in Group 1 at T1, whereas no difference was
found in the range T1-T2. In Group 2, no significant differences were found between the
time frames. No significant intergroup differences were assessed at any time frame. The

results are shown in Table 3 and Figure 3.

Table 3. Descriptive statistics of Plaque Index measurements (P1%).

. . . Intragroup Intergroup
Group Time Mean StDev  Min Median Max Differences * Differences *
Trial Group T0 73.65 25.67 25.00 75.00 100.00 A T0: ns
T1 56.71 21.02 25.00 50.00 100.00 B T1:ns
T2 49.68 28.13 0.00 50.00 100.00 B T2: ns
Placebo Group  TO 54.62 27.38 22.50 50.00 100.00 B
T1 54.31 23.86 25.00 50.00 87.50 B
12 50.29 25.54 0.00 50.00 100.00 B

* Different letters show statistically significant differences among the time frames (p < 0.05); f ns = not significant.
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PI Mean Plaque Index (PI) percentages
% p > 0.05

100%

90% p > 0.05 p > 0.05
80%

70%

60%
50%
40%

m Control
W Test

30%
20%

10%
0%

2 months

Baseline 1 month
Evaluation time

Figure 3. Plaque Index percentages (%): the figure shows the absence of intergroup differences at
all the evaluation times (p > 0.05). As to intragroup differences, a progressive significant reduction
in the index was assessed in the trial group (not significant between T1-T2), but not in the control
one.

3.4. Bleeding on Probing (BOP)

The percentage of BOP significantly decreased after baseline in Group 1 in the ranges
T0-T1 and T1-T2. In Group 2, no significant difference was found between the time
frames. No significant intergroup differences were assessed at any time frame. The results
are shown in Table 4 and Figure 4.

Table 4. Descriptive statistics of Bleeding on Probing measurements (BOP%).

. . . Intragroup Intergroup
Group Time Mean St Dev Min Median Max Differences * Differences *
Trial Group TO 61.96 26.69 16.67 63.33 100.00 A T0: ns
T1 42.60 33.15 0.00 33.33 100.00 B T1:ns
T2 29.55 31.43 0.00 29.17 100.00 C T2: ns
Placebo Group  TO 50.14 25.43 16.67 50.00 100.00 D
T1 53.46 26.10 16.67 50.00 100.00 D
T2 50.00 25.21 15.33 50.00 100.00 D

* Different letters show statistically significant differences among the time frames (p < 0.05); ¥ ns = not significant.
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BoP

100%
90%
80%
710%
60%
50%
40%
30%
20%
10%

0%

p=>0.05 p=0.05
Baseline 1 month

Mean Bleeding on Probing (BoP) percentages

Evaluation time

p>0.05

2 months

® Control

W Test

Figure 4. Bleeding on Probing percentages (%): the figure shows the absence of intergroup differ-
ences at all the evaluation times (p > 0.05). As to intragroup differences, a progressive significant

reduction in the index was assessed in the trial group but not in the control one.

3.5. Bleeding Score

The BS significantly decreased after baseline in Group 1 in the ranges T0-T1 and T1-
T2. In Group 2, no significant difference was found between the time frames. No signifi-
cant intergroup differences were assessed at any time frame. The results are shown in
Table 5 and Figure 5.

Table 5. Descriptive statistics of Bleeding Score measurements (BS).

. . . Intragroup Intergroup
Group Time Mean StDev  Min Median Max Differences * Differences *
Trial Group T0 1.86 0.46 1.00 2.00 3.00 A T0: ns
T1 1.16 0.89 0.00 1.00 3.00 B T1:ns
T2 0.70 0.83 0.00 0.50 3.00 C T2:ns
Placebo Group  TO 1.43 0.66 0.55 1.25 2.50 D
T1 1.50 0.78 0.60 1.25 3.00 D
T2 1.40 0.71 0.50 1.21 3.00 D

* Different letters show statistically significant differences among the time frames (p < 0.05); * ns = not significant.
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Mean Bleeding Score (BS)

BS
(0-3)
p=005 p=>005 p=>005
2
M Control
1 M Test
0

Baseline 1 month

Evaluation time

Figure 5. Bleeding Score (0-3): the figure shows the absence of intergroup differences at all the eval-
uation times (P > 0.05). As to intragroup differences, a progressive significant reduction in the index
was assessed in the trial group but not in the control one.

4. Discussion

The assurance of correct oral hygiene procedures plays a key role for the long-term
maintenance of implant sites, thus avoiding the development of peri-implant mucositis and
eventually peri-implantitis, with the risk of implant failure. Several hygiene protocols have
been proposed, all sharing the common goal of disrupting the subgingival biofilm while
avoiding the alteration of the implant surface [25]; these treatment modalities include me-
chanical debridement [26], the administration of chlorhexidine [27], and air polishing with
glycine or bicarbonate powder [28]. Despite this quite wide range of therapeutic modalities,
until now, none seemed to meet all the requirements which include the cleaning efficacy,
the biocompatibility, and a low risk of alterations of the implant’s surface.

Based on this consideration, the aim of the present report has been that of evaluating
the efficacy of ozone therapy for the treatment of peri-implant mucositis. Several clinical
conditions are currently being addressed by means of ozone, due to its recognized wide
properties. However, the possible role for the maintenance of oral implants undergoing a
reversible inflammatory process seems to be poorly explored in the literature so far.

The null hypotheses of this study were rejected. As regards the intragroup compari-
sons, we can state that the application of ozonized water in the trial group succeeded in
reducing all the clinical indexes tested, with a progressive decrease from baseline to the
subsequent two months (except when considering the period T1-T2 for the Plaque Index).
Conversely, no significant difference occurred for the control group. Therefore, ozone has
reported a beneficial effect on the peri-implant status, whereas pure water did not cause
any significant variation, as expected. Despite this apparent positive outcome for the ozo-
nized water, the evidence obtained from the subsequent intergroup comparisons seems
to point towards a different direction. No significant differences were assessed comparing
each respective time frame for the two groups, except for PPD at T2. Only in this latter
case, in fact, did ozonized water manage to cause a more significant clinical improvement
with respect to the pure water. Therefore, on the basis of the present results, ozonized
water improved all the clinical indexes tested, whereas the pure water had no effect on
the peri-implant status, but, except for the better outcome reported for PPD at the 2-month
time, any relevant action has resulted in this study for ozone therapy on the peri-implant
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sites affected by mucositis. However, it is important to consider that for PPD measure-
ments the presence of statistically significant differences does not directly correspond to
important differences at a clinical level. In fact, PPD, like the other indexes considered,
results in being a surrogate endpoint whose improvement might not coincide with more
“patient-centered” ones (e.g., the long-term survival rate of the implant in the mouth)
which should be evaluated in future studies.

Taking a glance at the literature, we can observe that little research has been con-
ducted to date on the treatment of peri-implant mucositis using ozone therapy. McKenna
et al. [29] conducted a randomized controlled trial to test the effect of subgingival appli-
cations of ozone and/or hydrogen peroxide on peri-implant mucositis. The following
treatments were randomly applied for 60 s (as in our study) to the implant sites on days
0, 7 and 14: (1), O2 and 0.9% NaCl (control group), (2) Oz and H20: (3%), (3) Os and 0.9%
NaCl, and (4) Os and H202 (3%). On days 0, 7, 14 and 21, both plaque, gingival, and bleed-
ing indices were registered. The authors found that both treatments including ozone pro-
duced optimal gingival health scores and equally controlled bleeding more effectively
than the other experimental treatment.

The use of ozone has been mostly evaluated as an adjunct to the surgical treatment
of peri-implantitis, the irreversible form of inflammation occurring on implant sites. In the
study by Isler et al., [30] 41 patients were randomly allocated to an implant surface decon-
tamination by means of sterile saline with additional ozone gas or the control group with
sterile saline alone. According to the authors, the additional use of ozone for Scaling and
Root Planing (SRP) showed both clinical and radiographic significant improvements.

Despite our results disagreeing with these conclusions, no direct comparison can be
carried out because of the different methodologies considered. For instance, the latter
study considered peri-implantitis, instead of peri-implant mucositis, and additionally, a
different formulation of ozone was used, like in the previous trial mentioned (gaseous
ozone instead of the ozonized water used in our current research).

The results obtained by our group show a certain efficacy of ozonized water if con-
sidered alone, but the absence of significant differences if compared to the control treat-
ment allow us to draw no firm conclusions, especially because of the presence of some
limitations in the study. For example, the type of implant, the time since its insertion, and
the eventual intake of anti-inflammatory/antibiotics among participants were not consid-
ered, thus affecting the homogeneity of the two random groups at baseline. Additionally,
the absence of intra-rater reliability (measured by the Cohen’s kappa coefficient) might
hide a measurement bias, especially for PPD considering the highly variability between
operators when using a probe (e.g., different pression used, etc.), thus affecting the relia-
bility of clinical measurements, resulting in underestimated or overestimated values.
Moreover, the use of PPD as a clinical parameter to perform sample size calculation might
lead to a wider trial with more conclusive results. Therefore, future research deserves to
be conducted with the aim to clearly define the efficacy of ozonized water for the man-
agement of peri-implant mucositis, along with other devices for the domiciliary treatment
of this condition [31]. In particular, subsequent randomized clinical trials should compare
its action with that of treatments considered as positive controls (such as chlorhexidine
and glycine or bicarbonate powder) [25]. A longer follow up should be considered in order
to evaluate the long-term benefit of ozone. Finally, microbiological tests should also be
addressed to fully understand which oral hygiene protocol guarantees the major efficacy
towards peri-implant mucositis.

5. Conclusions

According to the results of this study, the application of ozonized water on peri-im-
plant mucositis sites has significantly reduced all the clinical indexes, with a progressive
improvement from baseline to the subsequent assessments at 1 month and 2 months, except
for the Plaque Index, which only improved at 1 month without a further subsequent signif-
icant reduction. Conversely, no significant differences occurred within the control group
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exposed to pure water administration. Despite the fact that no significant intergroup differ-
ences were generally detected between the ozone and the control treatment, ozone therapy
deserves to be further evaluated as a means to tackle the reversible inflammation of peri-
implant sites, also avoiding an eventual progression towards peri-implantitis.
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