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Abstract. - OBJECTIVE: The purpose of this
five-year follow-up study was to investigate the
clinical and radiologic status of implants that had
undergone abutment disinfection immediately
prior to prosthetic loading (PL) using plasma of
argon (PA) or 0.2% chlorhexidine (CHX) gel.

PATIENTS AND METHODS: Sixty patients
who had had an implant-supported prosthesis
fitted at least five years previously were recruited
for this study. In groups 1, 2, and 3, implant abut-
ment disinfection was performed using PA, 0.2%
CHX, and a vapor protocol, respectively. Modi-
fied plaque index (mPI), modified bleeding index
(mBIl), probing depth (PD), and mesial and distal
crestal bone loss (CBL) were measured. A ques-
tionnaire on routine oral hygiene, smoking hab-
its, and systemic health status was also admin-
istered. Sample size estimation was performed,
and group comparisons were made. Probability
values less than 0.05 were considered statisti-
cally significant.

RESULTS: Group 1, 2, and 3 included 20 (20
implants) patients each. At five-year’s follow-up,
there was no difference in mBIl, mPIl, and PD in
all groups. There was no significant difference
in peri-implant CBL in all patients. None of the
patients were immunosuppressed or had peri-
odontal disease, and or had used nicotinic prod-
ucts within the past five years. Toothbrushing
twice daily was reported by at least 90% of indi-
viduals in all groups. Flossing of interproximal
spaces once daily was reported by at minimum
60% of individuals in all groups.

CONCLUSIONS: Disinfection of implant abut-
ments directly before PL can be performed us-
ing AP, or 0.2% CHX gel.
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Introduction

A deprived oral hygiene status is commonly
linked with the etiopathogenesis of peri-implant
diseases (PiD)"*. However, from a prosthodontic
point of view components and geometry of im-
plants may also play contribute towards the in-
stigation and advancement of PiD. Canullo et al*
reported that implant prosthetic components are
susceptible to contamination during handling
and laboratory-based procedures. This challeng-
es a bi-phase implant treatment (delayed-loaded
implants) as such events increase likelihood of
bacterial toxins leaking through micro-voids at
the implant-abutment interface (IAI)*¢ thereby
developing an inflammatory response that jeopar-
dizes peri-implant osseous and soft tissues”®.

Decontamination of implant prostheses before
delivery or prosthetic loading (PL) is common-
ly done using an autoclave (steam-disinfection);
however, hyperthermia during steam disinfection
may damage printed guides’. In combination with
oxygen, rare gases such as Argon can genera-
te reactive oxygen species via energy transfer re-
actions. A 21-days follow-up histomorphometric
study'® on canine models showed a significantly
higher bone to implant contact (>300%) and mean
bone area fraction occupancy (>30%) in implant
surfaces treated with AP than in controls (untreat-
ed surfaces)'’. Correspondingly, in a study on 32
patients, Sinjari et al'' applied 0.2 % chlorhexidine
(CHX) gel (16 patients) or a placebo gel (n=16 pa-
tients) to the IAI and assessed crestal bone levels
at one-year of follow-up. The results showed that
crestal bone loss (CBL) was significantly higher
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in the placebo-gel group than the test group (0.2%
chlorhexidine)"'. An appraisal of scientific articles
showed that there are no studies that have direct-
ly compared peri-implant soft tissue and osseous
health in relation to implant abutment disinfection
using plasma of argon (PA) and 0.2% CHX. The
authors hypothesize that PA and 0.2% CHX are
comparatively effective in terms of abutment dis-
infection before prosthesis delivery.

The purpose of this five-year follow-up study
was to compare the clinico-radiographic status of
implants that had been disinfected with PA, 0.2%
CHX gel or steam instantly prior to PL.

Patients and Methods

Ethical Approval

Ethical approval was granted by Ethics Com-
mittee, Center for Dental Practice and Clinical
Research, Saudi Arabia (SDPRC/051D-060R).
The guidelines for human experimentation recog-
nized by the Helsinki Declaration were respected.
All participants were required to read and sign
an informed consent form. The right to withdraw
without penalty was granted and a written infor-
mation sheet about the objectives of this study
was given to all patients.

Inclusion and Exclusion Criteria

Patients with a history of periodontal disease,
and patients with implant prosthesis placed at le-
ast in the previous 5 years were included in the
study. Current users of tobacco products and tho-
se using electronic nicotine delivery systems were
excluded. In addition, patients with self-reported
systemic diseases such as cancer, diabetes melli-
tus (DM) and cardiovascular anomalies were not
included in the study as well as individuals who
reported to have used antibiotics, steroids, and/or
anti-inflammatory drugs in the past 40 day.

Grouping, Randomization, and
Allocation Concealment

Group-1 consisted of patients whose abutmen-
ts underwent PA disinfection. According to the
records, PA disinfection was performed at -10
MPa pressure and 75 W at room temperature for
12 minutes in a plasma reactor (Diener Electro-
nic, Ebhausen, Germany) as described in another
study®. In group-2, a 0.2% CHX gel had been
placed on the internally connected abutments
prior to placement of the prosthesis'’. In Group-3,
steam-disinfection had been performed immedi-

ately before PL. The assignment of individuals to
their particular assemblies was obscured by prin-
cipal investigator.

Blinding

All investigators that performed clinical, radio-
logic, and statistical analyses were blinded to the
study groups.

Patient Demographic Data and
Dental Implants

A questionnaire was used to collect informa-
tion on gender, age, recent visits to dentists and/
or hygienists, and tooth brushing and interprox-
imal-flossing habits. Moreover, data on implant
geometry, functional duration, insertion torque,
insertion depth and type of prosthesis retention
were reconstructed from patient’s dental records.
Patients were also asked if they ever experienced
loosening of implant prosthesis since loading.
This data was recorded and concealed by the
principal investigator.

Clinical and Radiographic Parameters
Peri-implant modified bleeding index (mBI)'?,
PD" and PI'? were measured on 6 surfaces per
implant by a skilled examiner (kappa score 0.86).
Using the long-cone paralleling technique'*'® dig-
ital intraoral radiographs were taken; and CBL
was demarcated as a vertical void from 2 mm un-
der TAT till crestal bone'®. Clinical (kappa score
0.88) and radiographic investigations (kappa
score 0.86) were performed by a researcher.

Statistical Analysis

Statistical analyses were performed using the
commercial software SPSS version 22 (IBM
Corp., Armonk, NY, USA). Group comparisons
were done using one way analysis of variance and
Bonferroni post-hoc adjustment tests. Statistical
significance was noted for p-values which were
less than 0.05. Associations between sex, age, oral
hygiene habits (flossing/brushing), and implant
dimensions and longevity were evaluated using
logistic regression models. Power and sample
sizes (nQuery Advisor 6.0, Statistical Solutions,
Boston, MA, USA) were established using a pi-
lot data. In order to detect a 2 mm difference in
peri-implant PD in the study groups (alpha of 5%),
it was estimated that with inclusion of at least 19
individuals per group, the study would have a
power of 88%.
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Results

Demographics

Groups 1, 2 and 3 comprised of 20 (9 females
and 11 males), 20 (8 females and 12 males) and 20
(5 females and 15 males) participants with com-
parable mean ages, respectively. Brushing-teeth
twice a day was reported by 90%, 95% and 90%,
among subjects of groups 1, 2 and 3, respectively.
Similarly, 70%, 60% and 75% patients in groups
1, 2 and 3 reported once daily interproximal floss-
ing, correspondingly. All patients were receiving
dental prophylaxis and periodic oral examina-
tions semiannually as recommended by their oral
healthcare professionals (Table I). Loosening of
implant-retained prostheses since loading was re-
ported by none of the participants.
Implants

Sixty implants (20, 20 and 20 in groups 1, 2 and
3, respectively) were assessed clinically and ra-
diographically in the study participants. Implants
were located in the region of missing mandibu-
lar bicuspids or molars. All implants were plat-
form-switched and delayed-loaded; and had di-
ameters and lengths ranging between 4-5 mm and
11-13 mm, respectively. All implants had been
placed at bone level and had been restored with
screw-retained restorations. In groups 1, 2 and 3,
implants were functional for 5.28 + 0.25, 5.18 +
0.16 and 5.22 £+ 0.27 years, respectively.

Peri-Implant Soft-Tissue Parameters and
Crestal Bone Loss

Statistical comparisons showed no difference
in peri-implant mPI, CBL, mBI, and PD in the
patient population (Table II). A nonsignificant
correlation was observed between clinical and ra-
diologic peri-implant parameters and gender, age,

Table I. Characteristics of the study groups details.

brushing, and dentists’ visits. There was no cor-
relation between clinical and radiologic parame-
ters and with implant dimensions and longevity
(data not shown).

Discussion

The IAl is often criticized in the scientific liter-
ature for its role in the development and advance-
ment of peri-implant disease'”. The reason is that
micro-gaps present at the IAI can allow toxins to
escape and damage peri-implant tissues*. We hy-
pothesized that disinfection of abutments can be
done using AP, 0.2% CHX or steam-disinfection
and there is no difference in their disinfection ef-
fectiveness. Our 60 months’ follow-up results are
in accordance with this hypothesis as statistical
evaluations showed no difference in the radiolog-
ic and clinical peri-implant parameters around
implants in which abutment disinfection was done
using AP (Group-1), 0.2% CHX gel (Group-2) or
steam-disinfection (Group-3). These results are
shown in Table II. Nevertheless, it is endorsed
that these results be interpreted cautiously, as the
results are by no means meant to debar the disin-
fection efficacy of AP and 0.2% CHX gel in com-
parison with steam disinfection.

Survival of dental implants is often linked with
protocols such as insertion torque, surgical tech-
nique, and use of adjunct treatments like photobio-
modulation and growth-factor therapy'®". Howev-
er, we perceive that a critical factor irrespective
of the protocols referenced above, that influences
implant success and long-term survival is daily
oral hygiene maintenance (DOHM). We support
results of a two-year observational study in which,
influence of DOHM on peri-implant clinical and

Parameters Group-1 Group-2 Group-3

Patients (n) 20 20 20

Gender 11 males 12 males 15 males
9 females 8 females 5 females

Age in years 49.8 £ 4.1 years 47.4 + 3.3 years 45.7 + 2.1 years

Daily toothbrushing

Once daily 2 (10%) 1 (5%) 2 (10%)

Twice daily 18 (90%) 19 (95%) 18 (90%)

Interproximal flossing

Once daily 14 (70%) 12 (60%) 15 (75%)

2 to 3 times per week 6 (30%) 8 (40%) 5 (25%)

Routine visits to dentists/hygienists

Annual 0 0 0

Every 6-months 20 (100%) 20 (100%) 20 (100%)
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Table II. Peri-implant soft-tissue parameters and crestal bone loss.

Parameters Group-1 Group-2 Group-3
Implants (n) 20 20 20

Modified plaque index 0.3+0.08 0.4 +0.04 0.5+ 0.006
Modified bleeding on probing 0.2+0.007 0.3+0.004 0.3+0.002
Probing depth (mm) 0.4 +£0.05 mm 0.4 +£0.06 mm 0.3+ 0.03 mm
Crestal bone loss (mesial) (mm) 0.2 £0.004 mm 0.2 £0.002 mm 0.3 +0.0005 mm
Crestal bone loss (distal) (mm) 0.1 £0.005 mm 0.2 £0.001 mm 0.2 +£0.005 mm

radiologic status in medically compromised and
healthy subjects was investigated'. In an observa-
tional study', the authors demonstrated that as long
as DOHM is strictly carried out, dental implants
can remain clinically and radiologically stable in
medically challenged as well as healthy indivi-
duals. We administered a questionnaire to all pa-
tients in which information related to DOHM was
extracted. It is notable that at least 90% subjects in
all groups were faithfully performing DOHM by
brushing twice daily, and as many as 60% subjects
in all groups were performing interproximal flos-
sing at least once a day. Our clinical and radio-
logical investigations support the self-reported
DOHM information as minimal sites of plaque ac-
cumulation, gingival bleeding and pocketing were
observed in all patients. In a prospective four-year
follow-up study Corbella et al* investigated the
effect DOHM protocols on implant survival in pa-
tients having undergone full-mouth rehabilitation
using dental implants. All patients in the Corbella
study? received professional dental hygiene treat-
ment (PDHT) and oral hygiene instructions every
six months. At 48 months of follow-up, Corbella
and associates?® concluded that adoption of a sy-
stematic oral hygiene maintenance protocol is ef-
fective in minimizing the risk of plaque accumu-
lation around implants; thus, reducing the risk of
complications or peri-implant diseases. We agree
with the results of Corbella study®. In our investi-
gation, all participants received PDHT and regular
oral examinations/instructions every six months
at a dental facility (DF). Since DOHM and PDHT
can keep dental implants clinically and radiolo-
gically table up to at least 4 years in completely
edentulous individuals®’, authors of the present in-
vestigation propose that these protocols can also
benefit partially edentulous individuals (such as
those included in our study) regardless of type of
method used for abutment disinfection method
used at PL.

Education and socioeconomic status (SES) are
important factors that influence oral health?.

Regrettably, the questionnaire used in the current
investigation did not assess income and literacy
status of the target population. Nevertheless, it is
perceived that all patients were health literate and
understood the importance of oral hygiene main-
tenance. Moreover, from a financial perspective,
it is also speculated that all patients had a sta-
ble income status that possibly influenced them
to visit their oral health care providers every six
months and attain professional dental prophylaxis.
It should also be emphasized that all participants
that were assessed in the current investigation
had a history of periodontal disease. It is possible
that their DOHM protocols were initially compro-
mised; and were educated about the significance
of DOHM at the time of implant placement and/or
PL, which most likely compelled them to impro-
ve their brushing and flossing habits and to visit
their oral healthcare providers routinely for perio-
dic examinations. The authors therefore suggest
that there is not benefit of performing abutment
disinfection prior to PL using AP or 0.2% CHX
gel in individuals that are non-compliant towards
routine dental visits. Thus, patient education and
periodic oral evaluations should be recommended
to all patients.

Stagnation or accumulation of plaque in the sub-
gingival areas facilitates the growth of pathogen-
ic bacteria including Porphyromonas gingivalis,
Escherichia coli and Treponema denticola at the
IAI and microleakage of their toxins through mi-
cro-gaps at the [Al is linked with the initiation and
progression of peri-implant diseases®. Similarly,
the peri-implant sulcular fluid (PISF) volume and
its cytokine profile are altered in patients with in-
flamed peri-implant soft and osseous tissues*-%2".

Limitations

Due to limitations in funding sources, objec-
tives and span of the present study could not be
expanded to incorporate microbiologic and im-
munologic investigations. In other words, sub-
gingival plaque samples were not collected for
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microbial in all groups. Moreover, tobacco-prod-
uct users and patients with immunocompromised
health statuses were not sought as these factors
are independent risk factors of peri-implantitis
irrespective of the type of abutment disinfection
protocol used prior to PL*?*. We hypothesize that
DOHM in addition to routine visits to medical
and dental healthcare providers can help min-
imize the risk of peri-implant infections in vul-
nerable populations and this is independent of the
type of abutment disinfection protocol used be-
fore PL. Further studies are needed to these this
hypothesis.

Conclusions

Decontamination of implant abutments di-
rectly before PL can be performed using AP or
0.2% CHX gel. Regular dental visits and DOHM
significantly contribute towards maintaining
peri-implant health after PL.
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