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ABSTRACT

Objectives: The aim of this pilot study was to compare the effectiveness of two different methods of
debridement on maintaining and improving peri-implant soft tissue health over a period of 12 months.
Materials and methods: Twenty adult patients (25 implants) were enrolled in a randomized, single-
blinded, parallel group clinical trial. All implants included showed no signs of pathologic bone loss.
Patients were scheduled to be reviewed every 3 months over a 12 months period. Nine patients
(15 implants) were randomly allocated to a test group and treated with a low abrasive air polishing
powder (Air-Flow® Perio, EMS) (AFP) and another nine (10 implants) to a control group and treated
with titanium curettes (TC). Peri-implant crevicular fluid samples were analyzed to quantitatively meas-
ure the concentration of six interleukins (IL-6, IL-8, IL-1B, TNF, IL-10 and IL-12). A multilevel analysis
was used to test the comparison between the two treatments. The same analysis was used to study
the relationship between clinical parameters and cytokines while controlling for confounding factors.
Results: There was no significant difference in bleeding on probing (BOP) between the two treatment
methods (p=.35). Both debridement techniques resulted in a similar reduction of BOP (40.04% and
39.93%). IL-6 was the only cytokine of the six investigated that demonstrated a correlation with a clin-
ical parameter (BOP) (p =.05).

Conclusions: Both treatment methods were proven to be effective in reducing peri-implant inflamma-
tion and preventing further disease progression. Some cytokines may act as markers for peri-implant
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disease as the present study showed a significant relationship between IL-6 and BOP.

Introduction

Dental implants are now commonly used for replacing miss-
ing teeth in partially or fully edentulous patients. As it hap-
pens with teeth, inflammation and disease progression
around implants may eventually lead to their failure. It is
now believed that peri-implant tissues respond to plaque in
a manner similar to natural teeth [1].

Peri-implant diseases represent a ‘collective term for
inflammatory reactions in the tissues surrounding the
implants [2]. Peri-implant mucositis has been defined as the
presence of inflammation of the mucosa adjacent to a dental
implant diagnosed with bleeding on gentle (<0.25N) probing
and no sign of loss of supporting bone’ [3]. In peri-implanti-
tis, the inflammatory process affecting the tissues surround-
ing a functioning implant leads to resorption of peri-implant
bone and these changes are often associated with suppur-
ation and deepened pockets [4].

We now know that the presence of gingival inflammation
may lead to a shift in the microbial environment inside the
gingival sulcus which in turn may lead to the progression of
gingivitis to periodontitis [5]. Lang and Berglundh [6] sug-
gested a similar path for the progression of peri-implant dis-
ease. The main aetiological factor for peri-implant disease is
plaque accumulation [1,7-12]. Additionally, a number of risk

indicators have also been identified for the development of
peri-implant mucositis which include residual cement, smok-
ing and not enrolling in maintenance visits [13].

Peri-implant disease has been recognized as an important
complication due to the rise in its prevalence. A meta-ana-
lysis demonstrated a prevalence of 43% (Cl: 32-54%) for peri-
implant mucositis and 22% (Cl: 14-30%) for peri-implantitis
[3]. It was suggested that monitoring peri-implant health by
recording clinical parameters and taking radiographs every
year following the installation of the supra-structure is essen-
tial for the early detection of signs of peri-implant disease
[3,4]. As with natural teeth, bleeding on probing (BOP)
around dental implants is a key clinical parameter for identi-
fying areas with peri-implant inflammation [3].

Cytokines have been shown to act as biomarkers for peri-
implant disease, as higher concentrations were detected in
advanced peri-implantitis cases than in cases with mild
inflammation [14]. However, controversial evidence exists
regarding which cytokines would correlate to disease pro-
gression [15].

IL-6 is considered a multiple function cytokine (pleiotropic)
which acts both locally in the tissues and systemically on the
liver to produce acute phase proteins [16]. A recent study
demonstrated that IL-1, IL-6 and IL-8 values were elevated in
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patients with progressing periodontal diseases [17]. Similar to
periodontal disease, the levels of inflammatory cytokines
were investigated around implants and were compared with
natural teeth [18]. Cytokine levels such IL-8, TNFa and IL-6
were found to be two to four times higher around implants.
Further work showed that IL-13 and TNF-a rises when bone
loss occurs around natural teeth and implants, thus the rise
in the value of these two cytokines can be indicative of bone
loss [19-21]. Another study demonstrated that the expression
of IL-6 in peri-implant mucositis cases shows a significant rise
when compared to healthy implant sites [22]. In a recent
study, the levels of IL-6, IL-17 and IL-33 in the per-implant
crevicular fluid around peri-implantitis sites were observed to
be in higher concentration when compared to healthy peri-
implant sites [23].

A number of different treatment modalities for the pre-
vention and treatment of peri-implant mucositis have been
investigated including the use of hand instruments like car-
bon fibre or titanium curettes [24,25]. The use of ultrasonic
instruments for maintenance around implants was ques-
tioned due of the possibility of implant surface damage [18].
Recently, using devices like an Air-powder abrasive system
resulted in significant reduction in plaque and bleeding
scores and results have been promising [26,27].

Overall, early detection and treatment of peri-implant
mucositis can prevent its progression to peri-implantitis as it
has been demonstrated that peri-implant mucositis is fully
reversible. Additionally, early detection and treatment of peri-
implantitis dramatically improve the prognosis of the
implants affected [28-31].

This study aims to compare the effect of two different
debridement methods for maintaining or improving peri-
implant soft tissue health and to investigate a possible rela-
tionship between inflammatory factor changes and changes
in the clinical parameters over a period of one year.

Materials and methods
Study design

The study was conducted in Trinity College Dublin and was
designed as a randomized, single-blinded, parallel group,
clinical trial (as recommended by the VIII European Workshop
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on Periodontology) [32], comparing the use of titanium
curettes to the use of glycine powder air polishing (Air-
Flow® Perio, EMS, Herrliberg, Switzerland) for maintaining
peri-implant health and treating peri-implant mucositis.
Ethical approval was gained from the Faculty of
Health Sciences, Research Ethics Committee, Trinity College
Dublin.

Study population

Subjects were recruited from a population of partially den-
tate patients that had received one or more dental implants
in the Dublin Dental University Hospital (DDUH), Trinity
College, within 5 years from the commencement of this
study. The hospital electronic records were searched and to
those 97 patients identified as possible candidates, an infor-
mation leaflet and an invitation letter were sent by a gate-
keeper. Both the information leaflet and invitation letter were
sent by post. Patients were given 3 months to reply. In the
invitation letter, patients were asked to reply either by e-mail
or by calling the Dental hospital line in order to confirm their
interest to participate in the study. Twenty-five patients
showed interest in participating.

These 25 patients were contacted by phone and an
appointment was arranged for them. This assessment took
place 2 weeks before baseline examination by the primary
investigator (L. A.). During assessment, the goals and objec-
tives of the study were explained to the patients.
Additionally, they were asked about recent antibiotic intake
and an oral examination was performed to ensure that they
fulfilled the inclusion criteria. Four of the patients were
excluded before baseline examination. Three of them due to
antibiotic intake and the fourth because it was difficult for
the examiner to access the periodontal pockets due to the
supra-structure design. One patient made it to the baseline
examination but failed to return for the follow up visits

The study started with 20 patients (13 females and seven
males) with an age range of 25-70 years. Out of the
20 patients, two were ex-smokers, and five were smokers
who smoked 3-10 cigarettes per day. Two patients dropped
out as they could not attend all appointments for personal
reasons. Eighteen participants (25 implants) completed the
study (Figure 1).

95 invitations
were sent

70 Invitations
turned down

Figure 1. Flow chart.

25 patients showed
interest participating

18 completed study

e Antibiotic intake (test)

One moved abroad (control)

One difficulties with probing

One lost interest during the study

3 excluded due to antibiotic intake
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Inclusion criteria

Each patient had to meet the following inclusion criteria:

At least eighteen years of age.
Patients with one or more single implant supported single
crowns placed and restored in the Dublin Dental School
and Hospital within the past five years. The peri-implant
tissues had to be either healthy or have 1-6 bleeding
sites without evidence of pathologic bone loss.

e Only implants replacing incisors canines and premolars
were included.

e Bone loss of <2mm assessed from the implant shoulder.

Exclusion criteria

Uncontrolled diabetes.

Patients on anti-inflammatory drugs.

Unable to give consent to participate in the study.
Children under 18 years of age.

Pregnant or lactating women.

Randomization

Patients were allocated randomly to the two different treat-
ment groups by a draw. Patients had to pick a folded paper
with a number from a cardboard box. Patients who picked
odd numbers were assigned to the control group, and those
who picked even numbers were assigned to the test group.
Both groups ended up with nine patients each. Ten implants
were followed in the control group and 15 implants in the
test group. A CONSORT checklist was used to report.

Baseline examination

All patients were given a detailed description of the study. At
baseline, patients signed consent before starting clinical
examination according to the Declaration of Helsinki. The
visit included an update of their medical history, dental his-
tory, social history, oral hygiene practices as well as a
detailed extra-oral and intra-oral examination, hard tissue
charting and periodontal charting. The detailed periodontal
charting was carried out for each patient and included full
mouth probing depths, plaque and bleeding scores. Probing
depth was measured by one previously calibrated examiner
(IP) using a single end metal periodontal probe (UNC 15 col-
our-coded probe, Hu-Friedy, Chicago, IL). The examiner did
not know which patient was allocated to which treatment
group. Debridement for all patients was provided by a post-
graduate student (L. A.).

Plaque scores were recorded using the O’ Leary index
[33]. All clinical parameters were measured at six sites
(mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-
lingual and disto-lingual). In the seventh European workshop
of periodontology, it was suggested that BOP when probing
with a force of 0.25 N is essential for the diagnosis of peri-
implant mucositis [6]. BOP was assessed at six sites per
implant (mesio, medio, disto/lingual and buccal). BOP %

around each implant was calculated by converting number
of sites that bled out of six into a percentage. Those pre-
sented with 0% were considered healthy. The distribution of
peri-implant mucositis among implants in both groups
before and after treatment is shown in Table 1.

Peri-implant mucositis diagnosis was based on the pres-
ence of BOP and bone loss <2mm assessed from the implant
shoulder and taking into consideration the physiological
remodelling process [6,32]. All subjects presented with the
bone level around their implants at the first implant thread
according to the pre-operative peri-apical radiograph at base-
line. When available, radiographs taken during implant res-
toration were used to aid diagnosis. Peri-apical radiographs
were viewed using (Planmeca Dimaxis, Helsinki, Finland).
Peri-apical radiographs were taken at baseline and at
12 months and were compared for progression of bone loss.
None of the implants included in the study show signs of
pathologic bone loss at the end of the study period. The
comparison was made through a consensus by two exam-
iners (I. P.) and (L. A.). Table 2 presents the general scheme
for both treatment groups.

Finally, the width of the keratinized mucosa (KM) was
measured at the mid-buccal zone. All data were recorded
and saved on the electronic data record system
(Salud Dental Suite, Dublin, Ireland).

Sample collection

Peri-implant crevicular fluid was collected using perio-
paperstrips (PerioPaper™, Gingival Fluid Collection Strips,
Ora-Flow, Smithtown, NY) from four sites around each
implant. The area was isolated using cotton rolls and hygo-
formic saliva ejectors. The paperstrips were inserted into the
peri-implant sulcus and left for 30s. Samples were then
stored in a 1.5-ml Eppendorf tube and transferred immedi-
ately on dry ice and stored afterward in —80°C freezer.
Samples were analysed on a LSR Fortessa using the commer-
cially available (BD Cytometric Bead Array (CBA) Human
Inflammatory Cytokines Kit, BD, San Jose, CA) for detection
and quantitation of inflammatory cytokines. Therapeutic visits
were arranged every 3 months for 12 months.

Table 1. Distribution of peri-implant mucositis before and after treatment.

Control groups Test groups Total

Before treatment

(BOP% = 0%) 3 1 4

(BOP% >0%) 7 14 21
After treatment

(BOP% = 0%) 7 9 16

(BOP% >0%) 3 6 9

Total 10 15 25
Table 2. General scheme for both treatments.
Baseline 3 months 6 months 9 months 12 months
Radiograph PICF sample PICF sample PICF sample Radiograph
PICF sample Clinical PM Clinical PM Clinical PM PICF sample
Clinical PM OH, advice OH, advice OH, advice Clinical PM
OH, advice Therapy Therapy Therapy OH, advice
Therapy Therapy

PICF: peri-implant crevicular fluid; PM: clinical parameters; OH: oral hygiene.



Treatment protocols for control and test groups

Patients were given oral hygiene instructions prior to treat-
ment, instructions for the use of inter-dental aids such as
dental floss, inter-dental brush and single-tufted brushes. No
chemical plaque control agents were prescribed. According
to the randomization of the patients, the control group
received debridement using titanium curettes (TC), and the
test group by the use of Air Flow® Perio (AFP).

Implants in the control group received debridement with
the use of titanium curettes (Titan, Buffalo, NY). Debridement
was done until no plaque could be detected.

In the test group, the implants were cleaned with the Air
Flow® Perio (Air-Flow, Master Piezon® EMS Electro Medical
Systems, Herrliberg, Switzerland). The Air Flow® utilizes air-
powder mixture and water ejected through a disposable
perio-flow nozzle tip which allows for its use sub-gingivally.
The powder used for debridement was the Air-Flow® powder
Perio, which utilizes extra-fine grains of glycine powder with
low density. The Air Flow® unit was set according to the
manufacturer instructions. The water was set to medium, and
the powder chamber was filled to the indicated maximum
powder level. The tip of the nozzle was inserted sub-gingi-
vally, and each peri-implant surface was cleaned for 5s as
recommended by the instructions from the manufacturer.

The natural teeth for patients in the test and control
groups were cleaned by an ultra-sonic device (EMS, Master
Piezon®, Nyon, Geneva, Switzerland). Polishing of implant
supra-structure and existing teeth was provided using Nupro
prophy paste, Dentsply, Pennsylvania, PA and a slow speed
prophy handpiece with a brush tip.

Extraction of peri-implant crevicular fluid

Six out of the nine control patients and seven out of the
nine test patients were randomly selected for cytokine analy-
ses. One sample per implant was taken during each follow
up visit, and from the peri-implant site with the deepest
probing depth. Cytokine levels were determined for eight
implants in the control group, and eleven implants in the
test group. Mean and standard deviations for the concentra-
tions of each cytokine (pg/ml) sampled from the deepest
pocket were investigated.

Peri-implant crevicular fluid was extracted from the perio
paper-strips by adding 180 pl of (Sigma-Aldrich®, Dulbecco’s
phosphate-buffered saline) (PBS) to each Eppendorf tube.
The Eppendorf containing the PBS and paper strip was

ACTA ODONTOLOGICA SCANDINAVICA 545

agitated by rocking for 10 min. The sample tube was then
vortexed vigorously for 30s prior to centrifugation for 10 min
at 4-8°C at 1200 rpm. Paper-strips were removed from the
eppendorfs and discarded. The samples were then labelled
and stored at —80°C before further analysis.

The commercially available kit used for this study
quantitatively measures six cytokines interleukin-8 (IL-8),
interleukin-6 (IL-6), interleukin-1 (IL-1B), interleukin 10
(IL-10), interleukin 12p70 (IL-12p70) and tumour necrosis
factor (TNF).

Statistical analysis

All statistical analysis was performed using statistical software
R (version 3.3.3, Vienna, Austria) and software packages Ime4
(Linear Mixed-Effects Models using ‘Eigen’ and S4) and arm
(Data Analysis Using Regression and Multilevel/Hierarchical
Models). The analyses were performed both at a patient and
an implant level. The mean for clinical parameters for both
groups were calculated. A multilevel analysis was used to
investigate the effect that these two treatments had on spe-
cific clinical parameters as well as on the concentration of a
selected number of cytokines while adjusting for other con-
founding factors such as age and smoking. A gradual multi-
level analysis test was performed to eliminate nuisance
parameters (non-significant variables).

Results

Eleven out of the 18 patients had a history of chronic
periodontitis. From these 11 patients, six were in the con-
trol group and five in the test group and they all had
their teeth extracted due to periodontitis. One participant
lost his teeth due to trauma and the remaining six
patients due to dental decay. For both groups, no patho-
logic radiographic bone loss had been observed during the
12-month period.

Clinical parameters around implants

Mean values of BOP % and PD around the implants for
both groups at the four time points are presented in Table
3. Control and test groups demonstrated a similar reduction
in the mean values of BOP%. Whereas, treatment resulted
in a mean reduction of PD of the value of 0.8 mm for the
control group and 0.9mm for the test group over the

Table 3. BOP%, plaque score and PD for both groups during the 12-month period.

% Sites BOP % Plaque PD mm
Visits Group Mean (+SD) Change Mean (+SD) Change Mean (+SD) Change
Baseline TC 50.03 (+38.51) 16.67 (+20.79) 5.0 (£0.81)
AFP 57.71 (£30.75) 35.56 (+28.80) 43 (+1.49)
3 months TC 28.33 (+£32.44) —-21.70 6.66 (+11.65) —10.01 4.8 (+1.31) —0.2
AFP 33.33 (£33.33) —24.38 16.67 (£24.40) —18.89 4.1 (+1.35) —0.2
6 months TC 13.33 (£15.31) —36.70 26.67 (£11.65) + 10.00 46 (+1.17) —04
AFP 34.44 (£41.53) —23.27 44,44 (+29.99) + 08.88 3.7 (£1.38) —0.6
12 months TC 9.99 (+16.10) —40.04 8.33 (x11.79) —08.34 4.2 (+0.78) —0.8
AFP 17.78 (£26.33) —39.93 26.67 (+28.03) —08.89 3.4 (+0.83) —-0.9

TC: titanium curettes; AFP: AIR Flow Perio.
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12-month period. The mean values for the plaque scores
per implant can be seen in also in Table 3.

Full mouth clinical parameters

Full mouth BOP and plaque score were also recorded for all
patients. It was noticed that both groups started with a simi-
lar average number of sites with BOP at baseline. A more
gradual reduction was observed for the control group when
compared to the AFP group. Whereas for full mouth plaque
scores, a fair reduction was observed for both groups
throughout the 12 months (Table 4)

Patient level analysis

A significant relationship was recorded between percentage
of BOP around the investigated implants in each patient and
visit 4 (p=.000283) with percentages of BOP around the
implants decreasing over time. A significant relationship was
also observed between full mouth plaque scores and BOP
(p=.05) with percentages of BOP around the implants
decreasing as overall plaque scores decreased. At a patient
level, none of the cytokines included showed any significant
relationship with BOP (Table 5). No significant relationship
was observed between any of the investigated variables and
PDs at a patient level.

Implant level analysis

Percentage of BOP around the investigated implants

Primary results (Table 6) show that a significant relationship
was recorded between percentage of BOP around the investi-
gated implants and visit 4 (p =.0000412) with percentages of
BOP around the implants decreasing over time. A significant
relationship was also observed between full mouth plaque
scores and BOP (p=.001) with percentages of BOP around
the implants decreasing as overall plaque scores decreased.
It is worth noting that the relationship between percentage
of BOP per implant and IL-6 levels in the deepest pocket
around these implants reached statistical significance

Table 4. Mean values for BOP and full mouth plaque score.

Visits Group % Full mouth BOP % full mouth plaque score
Baseline TC 24.98 (+26.01) 44.27 (+24.86)
AFP 2413 (£17.53) 55.80 (£ 16.45)
3 months TC 18.30 (+13.69) 36.60 (£17.82)
AFP 18.87 (+13.58) 32.27 (£7.66)
6 months TC 7.30 (+9.00) 34.20 (£16.23)
AFP 18.40 (+22.80) 49.67 (+15.66)
12 months TC 2.60 (+2.45) 34.80 (+9.80)
AFP 4.73 (£4.13) 31.67 (£10.65)

TC: titanium curettes; AFP: AIR Flow Perio.

Table 5. Results of model fit for the multilevel analysis BOP at a patient level.

(p=.05). The rest of the cytokines included, did not show a
significant relationship with BOP.

Regarding the treatment effect on BOP, there was a differ-
ence between both treatments but having controlled for a
number of variables this difference did not reach statistical
significance (p =.35).

Probing depth around the investigated implants

As for the PD (Table 7), when after running the model, it
showed that the effect of treatment was not significant
(p=.097). A gradual decline in the mean value of PD was
observed between the four visits. This effect was produced
while controlling for other confounding variables (p=.05)
and was shown to be significant. An effect was detected
between bleeding scores and probing depths in the deepest
sites around the treated peri-implant tissues. Bleeding scores
increased with increasing probing depths (p =.04).

After adjusting for the confounding factors, there was a
negative effect between the KM and the deepest PD.
Meaning more width of KM, the shallower were the probing
depths. The value although did not reach statistical signifi-
cance (p=.09).

Discussion

The study herein included 18 patients (25 implants) which
were randomly allocated to two groups. One control
(debridement with Titan, Langer, 5/6 and 1/2, Buffalo, NY)
and one-test debridement using Air Flow® Perio (Air-Flow,
Master Piezon® EMS Electro Medical Systems, Herrliberg,
Switzerland). The use of such material and method of
debridement was shown to be safe on natural teeth as well
as implants and also effective in biofilm removal [34-37]. In
an earlier study, more patient comfort was reported with the
use of Air-flow® when compared with manual debridement
[38]. However, the level of comfort was not taken into con-
sideration in the present study.

The clinical parameters considered were BOP and PD since
their increasing values could be a sign of disease progression
[6]. The results from the study herein demonstrated that

Table 6. Results of model fit for the multilevel analysis BOP at an implant
level.

Coefficient Estimate Std. error t Value p Value
Treatment —0.08 0.08 —0.95 35
Visit 2 —0.12 0.08 —1.55 12
Visit 3 —0.18 0.07 —247 .016
Visit 4 —0.36 0.08 —4.39 .00004
Plaque score overall 0.68 0.19 343 .001
-6 0.01 0.009 1.97 .05

Table 7. Results of model fit for the multilevel analysis PD at an implant
level.

Coefficient Estimate Std. error t Value p Value  Coefficient Estimate Std. error t Value p Value
Treatment —0.06 0.08 —0.76 46 Treatment 0.72 0.41 1.76 .097
Visit 2 —0.16 0.09 —1.74 .09 Visit 2 —0.03 0.26 —0.12 90
Visit 3 —0.23 0.09 —2.40 .021 Visit 3 —0.31 0.26 —1.16 24
Visit 4 —0.41 0.10 —3.99 .00028 Visit 4 —0.54 0.28 —1.91 .05
Plaque score overall 0.07 0.03 2.01 .05 Bleeding score 0.73 0.35 2.05 .04
I-10 0.08 0.04 1.78 .08 Keratinized mucosa 0.10 0.06 —1.68 .09




both groups achieved a similar mean reduction in BOP and
the difference between both treatments having controlled
for other variables did not reach statistical significance. It was
also observed that treatment resulted in a similar reduction
in PD for both the control and the test groups. Similar results
have been observed in earlier studies regarding BOP and PD
reduction following the use of curettes, ultrasonics or glycine
powder air-polishing devices to debride peri-implant sites
[27,39]. The use of mechanical debridement over a number
of visits as a treatment for peri-implant mucositis, has been
shown to be effective [27,34,39-41]. Similar improvements
were observed in the study herein as BOP and PD signifi-
cantly improved over a 12-month period.

In @ human clinical trial conducted on 29 patients diag-
nosed with peri-implant mucositis, the patients were ran-
domly assigned to two treatment groups [25]. The control
group received mechanical debridement alone, whereas the
test group received the additional use of antiseptic therapy
using 0.5% chlorhexidine gel. This trial showed no significant
difference between the two groups in overall probing depth
reduction after 3 months. From the data above, it can be
concluded that mechanical debridement alone is sufficient to
reduce PD values in sites diagnosed with peri-implant
mucositis.

The effect of Air Flow® Perio on PD values was tested by
Renvert et al. [42] in a clinical trial which included 21 patients
diagnosed with peri-implantitis and were randomly allocated
to two treatment groups. The first group received debride-
ment of the implant surface using the Air Flow® Perio, and
the second group received treatment with a laser monother-
apy. The mean PD reduction was 0.9mm for the Air Flow®
Perio and 0.8 mm for the laser group. The mean reduction of
PD in the Air Flow® Perio group was equal to the mean
probing depth reduction in the study herein which was
0.9mm.

The present study showed a significant relationship
between BOP and PD as the deeper the PD the higher was
the bleeding score. Additionally, it seems that the wider the
keratinized tissue buccal to the investigated implants the
shallower were the PDs. Such observation could be of inter-
est because it has been previously reported that higher BOP
and plaque scores were noticed around implants with a thin
KM [43-45]. We could speculate that the presence of
adequate width of KM around implants may help in the pre-
vention of peri-implant mucositis and peri-implantitis. Similar
observations were reported in another study where PDs were
deeper around implants with insufficient width of KM [46].
However, the findings of a later study [47] are in contrast
with the findings of the study herein as they reported no sig-
nificant relationship between PD and the width of keratinized
mucosa. Finally, a recent study [48] demonstrated that more
cases with peri-implant mucositis where present when KM
was present. Overall, the significance of KM around dental
implants to maintain peri-implant health remains controver-
sial [49,50].

The relationship between a number of inflammatory cyto-
kines and the clinical parameters was investigated as there
have been suggestions that changes in the levels of certain
inflammatory factors can be helpful for early diagnosis of
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disease initiation/progression [18,19]. In a structured review
by Preshaw and Taylor [51], it was demonstrated that increas-
ing levels of inflammatory cytokines and their interaction
around teeth are an important contribution to the pathogen-
esis of periodontitis. It was suggested that the over produc-
tion of inflammatory cytokines by the host in response to
bacteria may affect bone metabolism and cause bone resorp-
tion around natural teeth [52]. Since periodontitis and peri-
implantitis are inflammatory lesions around teeth and
implants, respectively, resulting in the loss of supporting
bone, it has been suggested that the rise in cytokine levels
such as IL-6, IL-8 and IL-12 in the peri-implant crevicular fluid
may act as a markers of peri-implant bone loss [15,53]. In
this study, one cytokine (IL-6) demonstrated a positive rela-
tionship with BOP.

The present study demonstrated low concentrations of
IL-10, IL-12 and TNF for both groups which did not follow a
certain trend of increase or decrease over the 12-month
period. This could be attributed to the fact that both IL-12
and IL-10 are associated with the activation and inhibition of
T-cell response, respectively, and are more related to the cel-
lular mediated immunity which takes place during the later
stages of inflammation and tissue destruction [54]. A number
of studies reported that IL-10 and IL-12 were found in high
concentrations only around implants with advanced peri-
implantitis [15,21,55]. Regarding the TNF concentrations, ear-
lier studies reported that this cytokine is elevated in sites
around teeth and implants with signs of bone loss [19,20]. It
was also detected in very high concentrations in cases with
severe peri-implantitis [23,54]. In the present study, all
implants included were either healthy or diagnosed with
peri-implant mucositis and none of the fixtures showed signs
of pathologic peri-implant bone loss. This could explain the
low concentration of cytokines like IL-10, IL-12 and TNF.

A fluctuation in the mean concentrations of IL-1f was
observed in both groups. Some studies reported that the rise
in the level of IL-1 was present in cases of bone loss, while
another study demonstrated that IL-1p rises in areas with
gingival inflammation [14,19,20,56]. It could be speculated
that the fluctuation in the concentration levels of IL-1 could
reflect the different states of peri-implant mucosal inflamma-
tion at different time points rather than disease progression.

In previous studies, the concentrations of certain cytokines
showed an increase in the presence of peri-implant disease
[15,23]. The present study showed a positive relationship
between the IL-6 concentrations and BOP. Statistical results
showed no relationship between IL-6 and changes in PD.
This observation is in agreement with results reported by
Liskmann et al. [57]. In their study, the IL-6 in saliva was ris-
ing when there was an increase in bleeding, PD and gingival
index.

Finally, It is well accepted that plaque is the main etio-
logical factor for peri-implant disease [1,11], and it is no sur-
prise that our data demonstrated a significant relationship
between high full mouth plaque scores and BOP. This study
clearly demonstrates the importance of plaque levels on
the long-term supportive maintenance of dental implants as
following treatment and resolution of inflammation, peri-
implant health was maintained for 12 months.
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To minimize selection bias, the participants in the study
herein were randomly assigned to the study or the control
group. The method of selection of the participants though
might have introduced such bias as all the patients had been
treated in the DDUH before, and as a result, might not have
been a representative cohort of the wider population.

One of the main limitations of this study should be the
limited number of observations. Additionally, inclusion of
smokers and patients with history of periodontal disease
might have significantly affected clinical measurements. A
number of the individual characteristics of each patient and
the effect that they might have had on the peri-implant tis-
sue response thought were taken into account when running
the multilevel model.

Another limitation of the study is that connection types
and implant surface characteristics were not recorded. These
implant characteristics might have affected plaque retention
and BOP levels.

Conclusion

Providing maintenance treatment for implants over regular
visits helps to maintain peri-implant health and reduce
inflammation in the peri-implant pockets. As presented by
the study herein, IL-6 has a positive relationship with the
increase in BOP, suggesting that cytokine levels could
reflect the state of inflammation. Cytokine levels can act as
markers for peri-implant disease; however, clinical parame-
ters remain the main criteria for diagnosis. Reliance on cyto-
kines for defining disease state could be misleading. Similar
studies in future should focus on larger sample sizes, clinical
parameters and the effect of IL-6 on treatment success or
failure.

The present study indicates that maintaining or improving
peri-implant hygiene over a 12-month period helps to reduce
the level of peri-implant inflammation. However, it could be
recommended that to compare the effects of the two-
debridement methods for the prevention of peri-implantitis a
longer period of follow up would be required.
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