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ABSTRACT

Aim & Hypothesis: This study’s specific aims were: 1) To compare the levels of IL-1β and
IL-10 in peri-implant crevicular fluid (PICF) between patients with healthy implants (HI) and
patients with implants with peri-implantitis (PI), and 2) to compare the levels of IL-1β and
IL-10 in PICF and their correlation with changes of clinical parameters (probing depth [PD],
bleeding on probing [BOP]) in patients with PI before and after non-surgical mechanical
debridement with peri-implant pocket irrigation with chlorhexidine digluconate (NSMD).
The hypothesis was that levels of IL-1ß would be higher in PI vs. HI, and levels of IL-10
would be lower in PI vs. HI.
Materials & Methods: Patients with implants that were HI or PI were recruited for the
study. All participants underwent a clinical and radiographic evaluation. PICF was collected
for ELISA analysis of levels of IL-1β and IL-10. PI participants received NSMD, returned
after 4 weeks for peri-implant pocket irrigation, and again returned 4 weeks later, where
PICF was collected for ELISA analysis of levels of IL-1β and IL-10, and clinical parameters
were measured.
Results: Ten patients in the HI group and 12 patients in the PI group participated. IL-10
measurements in all participants were below detection level and were not included. Neither
the amount nor the concentration of IL-1ß was significantly different between PI and HI at
baseline (p=0.076 and p=0.058, respectively). IL-1ß concentration was significantly higher in
PI at follow-up compared to baseline (p=0.032). At baseline, PI had significantly deeper PD
more clinical attachment loss (CAL), more BOP and a higher plaque index compared to HI
(p=0.005, p<0.001, p<0.001, and p=0.035, respectively). When comparing PI between
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baseline and follow-up, at follow-up, PD (p<0.001), CAL (p=0.001), and BOP (p=0.006)
were significantly lower. Although clinical parameters were negatively correlated with IL-1ß
concentration at baseline, only BOP was statistically significant (rs = -0.516, p = 0.018). This
trend continued at Visit 3, only none of the correlations was statistically significant.
Conclusions: Based on our findings, NSMD for PI significantly improved clinical
parameters, including PD, CAL, and BoP. There were no significant differences between
levels of IL-1β in PICF between patients with HI and patients with PI. Future studies
including larger samples and a longer period of observation after peri-implant therapy may
allow us to draw safer conclusions about the therapeutic value of NSMD and identify
biomarker profiles that can aid in the diagnosis and treatment of PI.
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Introduction
Periodontal disease and dental caries are the primary causes of tooth loss in adults1.
Loss of teeth can compromise the function and aesthetics of patients. Dental implant therapy
has been a successful method of replacing missing teeth. However, dental implants are at risk
for peri-implant diseases that threaten their long-term prognosis creating serious concerns to
both clinicians and patients.

Periodontal Disease
Periodontal disease is an important public health problem in the United States and a
strong risk factor for tooth loss2,3. In the most recent analysis of National Health and
Nutrition Examination Survey (NHANES) data, it was reported that over 47% of United
States (US) dentate adults aged 30 and older (representing approximately 65 million adults)
are diagnosed with periodontitis. Thirty-eight percent of the adult population 30 years and
older and 64% of adults 65 years and older were estimated to be diagnosed with either
moderate or severe periodontitis4.

Dental Implant Therapy
Dental implant therapy is considered a successful choice for replacing missing teeth
due to periodontitis, caries or for other reasons5. The long-term maintenance of
osseointegration and the success of implant therapy depends on the preservation of healthy
marginal soft and hard peri-implant tissues6. Despite the high success and survival rates of
dental implants, numerous biological complications can still occur, including peri-implant
mucositis (PIM) and peri-implantitis (PI). PIM is a reversible inflammatory reaction causing
redness and swelling localized to the soft tissue around implants in function, with no
radiographic evidence of bone loss5,7. PI is described as an inflammatory reaction associated
14

with pocket formation and loss of the surrounding supporting bone of the functioning
implant5,7. Treatment of PI still remains a challenge for clinicians, and as of today, there is no
consensus on the guidelines for the most effective therapy8. If PI continues, bone loss can
progress to a level that the implant can be at higher risk of failure.

Risk Factors for Peri-implant Diseases
The prerequisites and main etiological factors for the development of peri-implant
diseases are the presence of bacterial plaque, and the host’s inflammatory response of periimplant tissues. However, poor oral hygiene9, history of periodontitis10, and cigarette
smoking11 could also increase the incidence of peri-implant diseases. Several other risk
indicators, like diabetes, genetic traits, alcohol consumption, presence of keratinized mucosa,
implant characteristics, and “occlusal overload” have been associated with biological
complications of implants5,12,13. Additional research has been recommended to be conducted
with the aim to validate the risk factors for the onset and progression of peri-implant
diseases14.

Diagnosis of Peri-implant Disease
The diagnosis of peri-implant health or disease is currently based on several
concomitant clinical findings around dental implants, including bleeding on probing (BoP),
purulence, probing depth (PD), and radiographic evidence of bone loss15. Research efforts
are currently underway to correlate biologic parameters and biochemical markers of
inflammation to morphologic changes and clinical parameters around healthy and diseased
implants12,16. Peri-implant crevicular fluid (PICF) could serve as an additional diagnostic tool
and it has been proposed as a promising medium for the detection of peri-implant
activity16,17. The PICF has its origin at the base of the marginal gingival sulcus, and it can be
15

collected by several noninvasive techniques16,17. Levels of biochemical mediators secreted
into the PICF seem to reflect the degree of inflammatory reaction of peri-implant tissues12.

Prevalence of Peri-implant Diseases
An accurate estimate of the true prevalence of peri-implant diseases remains
controversial since distinct differences in the incidence and prevalence of PI have been
reported by a number of authors5. The Consensus Report of the Sixth European Workshop on
Periodontology suggests that PIM occurs in about 80% of subjects (50% of sites restored
with implants), and PI affects between 28% and 56% of subjects (12–40% of sites)5, while
according to the Third European Academy of Osseointegration Consensus Conference18, the
prevalence of PI over a period of 5–10 years following implant placement seems to be in the
order of 10% of implants and 20% of patients19. In another study of 216 patients with 987
implants, between 55.6% and 77.4% of the subjects and 43.3% of the implants showed
evidence of PI20. Differences in the definitions of peri-implant diseases, in the thresholds for
bone loss and inflammatory parameters, including BoP and PD, and in the characteristics of
the study population could explain the large amount of heterogeneity in the reported
prevalence of the different peri-implant diseases19.

Non-surgical Mechanical Treatment for Peri-implant Disease
Since bacterial plaque on implant surfaces remains the main causative factor that
triggers the inflammatory response of the peri-implant tissues, thus causing peri-implant
diseases, the removal of bacterial plaque is a crucial step in the therapy of peri-implant
infections. However, to date, decontamination of implant surfaces is hard to achieve, and
there is a lack of consensus on the most effective method. Both mechanical and chemical
methods have been recommended in order to accomplish these goals. Non-surgical
16

mechanical debridement alone has limited efficacy in the management of PI. Therefore
adjunctive chemical agents (i.e., irrigation with local disinfectants, local antimicrobials) may
enhance the healing following treatment with non-surgical mechanical debridement13,21. In a
previous randomized control trial (RCT), both therapies, either with mechanical debridement
using plastic curettes and antiseptic therapy with chlorhexidine digluconate (CH, 0.2%) or
laser instrumentation, resulted in a significant decrease in PD and a significant gain in
Clinical Attachment Level (CAL) in patients with PI, without any significant difference
between the two therapies22.

Host Immune Response in Peri-implant Disease
The continuous balance between the host immune response and potential subgingival
pathogens determines the clinical condition of peri-implant tissues23. Bacterial colonization
around newly placed dental implants occurs even as early as one week after their
placement24,25. The subgingival bacteria and their products stimulate host immune defense
cells to release numerous inflammatory mediators such as prostaglandins and cytokines, and
can cause peri-implant inflammation19,26. Overproduction of pro-inflammatory cytokines can
alter connective and bone tissue metabolism, leading to loss of connective tissue and alveolar
bone around dental implants27,28.

Role of Cytokines in Peri-implant Disease
Overproduction of cytokines is associated with clinical signs of inflammation;
however, the types and amounts of cytokines normally released are not known29. Studying
inflammatory markers in PICF around healthy implants could help establish a baseline level
of the different cytokines for comparisons at the various stages of peri-implant disease23.
Several studies have compared the cytokine levels in PICF between healthy and diseased
17

implants in order to identify a potential diagnostic biomarker that could detect reversible
changes before the clinical changes of peri-implant diseases are established12,30–33. However,
to date, such a sensitive diagnostic test has not been introduced for diagnosing peri-implant
diseases, and it still remains a challenge for periodontal and implant research.

Pro-inflammatory IL-1ß and Anti-inflammatory IL-10
IL-1ß, a pro-inflammatory cytokine, and IL-10, an anti-inflammatory cytokine, have
been studied as possible biomarkers for diagnosing or monitoring peri-implant diseases6,26,34.
IL-1ß has been associated with presence of Escherichia coli (E. coli) in a study of PI
patients35. However, it is difficult to compare results between studies, as the qualifying
criteria for PI are different from study to study. In addition, limited evidence exists on the
PICF levels of IL-1ß and IL-10 in peri-implantitis. For instance, in a similar study on the
PICF levels of IL-1ß and IL-10 6, the authors defined peri-implantitis on implants that had no
prostheses and had not been in function. However, following European Workshop on
Periodontology’s consensus, in order to diagnose peri-implantitis, implants need to be under
function (with prostheses) for 1 year or more, so physiological bone remodeling after implant
installation is completed36.
It has been suggested that IL-1 and IL-10 have a “yin-yang” relationship, implying
they are complementary, and the immune system seeks to establish a balance between these
two cytokines. More specifically, IL-1ß, as a marker of active inflammation, is detected in
higher concentrations in the PICF of diseased implants compared with clinically healthy
implants (HI)30,37,38. On the other hand, IL-10, as a traditional ‘‘stop-signal’’ for active
inflammation, plays a major role in suppressing immune and inflammatory responses39. IL10, produced by T-helper 2 cells (Th-2), macrophages, and B cells (which are components of
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the immune system) may counterbalance the immune response by inhibiting the synthesis of
pro-inflammatory cytokines, such as IL-1, IL-2, IL-6, IL-8, tumor necrosis factor-α (TNF-α)
and interferon-γ (IFN-γ) 6. Since IL-10 is considered as an “anti-inflammatory” cytokine,
higher IL-10 levels in PICF have been found in healthy peri-implant conditions, which
demonstrate the anti-inflammatory predominance in sites without clinical signs of disease6.
However, other authors found that there was no correlation between the concentration of IL1ß and IL-10 in PICF of healthy or diseased dental implants26,40,41. It is worth mentioning
that in these studies, a limiting factor was that the differential diagnosis between peri-implant
health and peri-implant disease was based only on PDs, without any radiographic
examination of bone levels around implants27,28.
Evidence regarding the exact role of pro- and anti-inflammatory factors in periimplant diseases is currently scarce and controversial. Limited studies have also
demonstrated the kinetics of example cytokines of pro- and anti-inflammatory pathways,
such as IL-1ß and IL-10, by exploring the effect of anti-infective therapy on the local
immunologic profile in peri-implant diseases. For instance, anti-infective therapy of PI with
adjunctive local drug delivery or photodynamic therapy in one study resulted in a decrease of
IL-1ß and an increase of IL-10 levels in PICF compared to baseline42. On the other hand,
anti-infective therapy of PI with surgical debridement using abrasive sodium carbonate airpowder and resin curettes did not change the PICF levels of IL-10 compared to baseline43.
Further research on the levels of IL-1ß and IL-10 in PICF between healthy and
diseased implants, and how non-surgical mechanical therapy can modify them, is highly
recommended to understand better their role and their diagnostic use as biomarkers in periimplant diseases.
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Significance
This study will provide further insight into the role and the diagnostic value of IL-1ß
and IL-10 as biomarkers in peri-implant diseases, by comparing the PICF levels of IL-1ß and
IL-10 of HI and implants with PI, and investigating how non-surgical mechanical therapy can
modify their levels. This study aims to set the stage for understanding better the levels and
roles of these mediators in the pathogenesis of PI.
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Aim and Hypothesis
The specific aims of this clinical research project were: 1) To compare the levels of
IL-1β and IL-10 in PICF between patients with HI and patients with implants with PI and 2)
to compare the levels of IL-1β and IL-10 in PICF and their correlation with the changes of
clinical parameters (PD, BoP) in patients with implants with PI before and after non-surgical
mechanical therapy with peri-implant pocket irrigation with chlorhexidine digluconate.
The hypothesis was that levels of IL-1ß would be higher in PI vs. HI, and levels of
IL-10 would be lower in PI vs. HI.
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Research Design
This study was a combination of a cross-sectional study and a non-randomized
controlled clinical study. The cross-sectional study aimed to compare the levels of IL-1β and
IL-10 in PICF between HI and implants with PI (Visit 1). The non-randomized controlled
clinical study aimed to compare the levels of IL-1β and IL-10 in PICF and their correlation
with the changes of clinical parameters (PD, BoP) in implants with PI before and after nonsurgical mechanical therapy with peri-implant pocket irrigation with chlorhexidine
digluconate. Only subjects diagnosed as PI at Visit 1 were invited to participate in Visit 2
and Visit 3.
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Materials and Methods
Participants
Inclusion Criteria for Participants
The following inclusion criteria were applied to participants:
1.

Patients needed to be presenting for routine post-implant dental visit.

2.

Participants needed to be at least 18 years old.

3.

Participants needed to be English speakers.

4.

Participants must have had at least one implant-supported prosthesis under
functional loading for at least two years. This means that the dental implant
has been restored with the crown for at least 2 years.

5.

Participant must have been willing to attend 2 follow-up visits from baseline
visit (first one 4 weeks ± 1 week, second one 8 weeks ± 1 week after baseline
visit), in case at least of one of his/her implants was diagnosed with PI in the
study.

Exclusion Criteria for Participants
The following exclusion criteria were applied to participants:
1.

Patients with an acute intraoral infection (e.g., herpetic gingivostomatitis,
herpangina, abscesses) were excluded.

2.

Patients with any systemic disease that had an impact on periodontal and periimplant status (e.g., diabetes mellitus, HIV/AIDS, rheumatoid arthritis) were
excluded.

3.

Patients with current immunosuppressive chemotherapy at the time of consent
were excluded.
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4.

Patients who self-reported pregnancy or lactation were excluded to avoid any
radiographs on pregnant women and hormonal changes that could affect the
health of peri-implant tissues and aggravate existing peri-implant disease.

5.

Patients who required antibiotic premedication for routine dental procedures
according to 2014 American Dental Association (ADA) guidelines were
excluded.

6.

Patients who reported being current smokers were excluded.

7.

Patients who received antibiotics within 3 months before undergoing consent
procedures for the study were excluded.

8.

Patients who had been on a daily use of steroids, non-steroid antiinflammatory or aspirin therapy within the last 3 months before undergoing
consent for the study were excluded.

9.

Patients who had peri-implant therapy (even dental prophylaxis) within the
past three months before undergoing consent for the study were excluded.

10.

Patients who were unable to perform basic oral hygiene measures
(toothbrushing, flossing) due to physical disorders or any other constraints at
consent were excluded.

11.

Patients reporting a history of any contraindication to local dental anesthesia
were excluded.

12.

Patients who were unable or unwilling to sign informed consent form (ICF)
were excluded.
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Inclusion Criteria for Implants
Participants may have had more than one implant, but only one implant was included
in the study. The following decision rule was applied to select the implant of inclusion from
qualifying implants:
1.

If the participant had one qualifying implant, it were included in the study.

2.

If the participant had more than one qualifying implant, but only one of the
implants was diagnosed as PI, then this implant was included in the study.

3.

If the participant had more than one qualifying implant, but all of them were
diagnosed as HI, the implant closest to the midline was selected for inclusion
in the study6.

4.

If the participant had more than one qualifying implant that was diagnosed as
PI, the one with the deepest average PD was selected for inclusion in the
study6.

The decision rule for inclusion of implants is presented below in Figure 1.

Figure 1. Decision Rule for Selecting Implant of Inclusion.
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The following inclusion criteria were applied to dental implants:
1.

Implants that have been under functional loading for at least two years were
included.

2.

Implants diagnosed as HI or PI were included.

Exclusion Criteria for Implants
The following exclusion criteria were applied to dental implants:
1.

Implants that had been under functional loading for less than two years were
excluded.

2.

Implants diagnosed as PIM were excluded.

3.

Implants that supported restorations with pink porcelain were excluded, since
pink porcelain around the implant-supported restorations can prevent accurate
PD measurement and collection of PICF.

Definitions
In this study, implants in participants were classified as HI if they exhibited no
clinical signs of inflammation, had an absence of BoP on all sites of the implant,
demonstrated PD<5 mm on all sites of the implant, and showed no evidence of radiographic
bone loss (≤2 mm at mesial and/or distal site of the implants)14. Participants who had
implants with clinical signs of inflammation of BoP and/or PD≥5 mm but no evidence of
radiographic bone loss (≤2 mm at mesial and/or distal site of the implant) were classified as
PIM14 and were not eligible for the study. Participants were classified as PI if they exhibited
clinical signs of inflammation with BoP and/or suppuration, had at least one site on the
implant with PD≥5 mm, and showed radiographic evidence of bone loss (>2 mm at mesial
and/or distal site of the implants) with no implant mobility14,44.
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Products
Table 1 below describes the products used in this study.

Table 1. Products Used.
Product Descriptions
Product
Periopaper strip
Periotron 8000
Superfloss
Interproximal brush
2% Xylocaine ® Dental with
epinephrine 1:100,000, 1.7 ml
3% Carbocaine ® mepivacine
hydrochloride injection, 1.7 ml
Ultrasonics and graphite
curettes
Syringe: Terumo ®, 3cc/ml
(0.90 x 25 mm) 20G x 1”,
Peridex ®, CH oral rinse USP,
0.12%,

Description
Periopaper®, Oraflow
Oraflow Inc
Superfloss Oral-B, Procter &
Gamble
Proxabrush ®, Sunstar
Americas, Inc., GUM Brand
DENTSPLY Pharmaceutical

Location
NY, USA
Plainview, NY, USA
Cincinnati, OH, USA
Chicago, IL, USA
York, PA, USA

Cook-Waite
Hu-Friedy

Chicago, IL, USA

Terumo Medical Corporation

Somerset, NJ, USA

Sunstar Americas, Inc., GUM
Brand

Chicago, IL, USA

Study Flow
Table 2 below describes the procedures following during all three study visits.
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Table 2. Study Flow
Visit Number
Who Attends
Time for Visit
Informed Consent
Demographic Information/ Medical
History
Oral Hygiene Instructions
Evaluate Inclusion/ Exclusion Criteria
Standardized Clinical Evaluation
Standardized Radiographic Evaluation
Collection of PICF
Non-Surgical Mechanical Debridement
Peri-implant Pocket Irrigation
Compensation

Visit 1
HI & PI
1-1.5
hours
X

Visit 2
PI Only
20-30
minutes

Visit 3
PI Only

X
X
X
X
X
X
X (PI
only)
X (PI
only)
$20 gift
certificate

X
X

X
X

X

X

1 hour

X

X
$15 gift
certificate

$20 gift
certificate

As shown in Table 2, at Visit 1, which took 1 to 1.5 hours, patients were consented
and evaluated for inclusion/exclusion criteria. Only those diagnosed as HI or PI were eligible
to participate in the study. All participants were asked to complete a questionnaire including
their demographic information and medical history, and were given oral hygiene instructions
(OHI). All participants also underwent a clinical evaluation and a radiographic evaluation as
well as collection of PICF. Those diagnosed as PI underwent non-surgical mechanical
debridement with peri-implant pocket irrigation with chlorhexidine digluconate.
After Visit 1, those who were diagnosed as HI and had completed the study
requirements, were compensated and dismissed. Those diagnosed as PI were invited to
participate in Visits 2 and 3. At Visit 2, which took 20-30 minutes, demographic and medical
information was updated, OHI was provided, and the participant underwent a clinical
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evaluation. The participant also underwent peri-implant pocket irrigation with chlorhexidine
digluconate. For Visit 3, the participant again updated demographic and medical information,
received OHI, underwent a clinical evaluation followed by collection of PICF from the same
site from which PICF was collected at Visit 1. Visit 3 was the last visit for patients diagnosed
with PI.
Figure 2 below shows the visit pattern for the study flow.

Figure 2. Visit Schedule.
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Clinical Evaluation
Clinical evaluation was performed by one examiner at the following six periodontal
or peri-implant sites: mesiobuccal, buccal, distobuccal, distolingual/distopalatal,
lingual/palatal, and mesiolingual/mesiopalatal) of all teeth, excluding third molars, and of all
implants, and included the following:
•

Plaque index: presence/absence of bacterial plaque (0, 1);

•

BoP within 15 seconds (0, 1) 44

•

PD: distance from the mucosal margin to the bottom of the probable sulcus

•

REC: distance from the Cemento-Enamel Junction (CEJ)/implant neck to
mucosal margin

•

CAL: distance from the CEJ/implant neck to the bottom of the probable sulcus),
and

•

Suppuration (0, 1) within 15 seconds.

PD, REC and CAL were recorded to the nearest millimeter using a North Carolina
periodontal probe (PCP-UNC 15; Hu-Friedy Manufacturing Company, Chicago, III).

Radiographic Evaluation
The same examiner as the one conducting the clinical examination also performed
radiographic evaluation of any interproximal bone loss around each implant included in the
study, based on periapical radiographs that had already been exposed for each subject and
implant and were already saved in the patient’s axiUm records. In the case of absence of any
periapical radiographs of implants or radiographs exposed over 6 months before, new
periapical radiographs of implants included in the study were obtained for more accurate
diagnosis of the status of peri-implant bone.
30

Linear bone measurements were taken on the mesial and distal surfaces of each
implant from reproducible reference points – the implant shoulder - for the determination of
bone loss. A horizontal line was drawn through the shoulder of the implant, and the distance
from this line to the first bone-to-implant contact was measured at the mesial and distal site
of the implant. Radiographic bone loss was determined after calculating the distortion rate of
radiographs using the known dimensions of the implant as reference values.
The diagnosis of HI or PI was based on clinical parameters and radiographic
evaluation of bone levels around implants.

Collection and Storage of PICF
PICF was collected from the implant site with the deepest PD. If there was more than
one site with the same measurement as the deepest PD, the site that was most mesial was
selected. After isolating the implant with a cotton roll to prevent contamination with saliva,
supragingival plaque was removed with curettes and wet gauzes without touching the periimplant marginal gingiva. The peri-implant crevicular site was then dried gently with an air
syringe. PICF was collected with one Periopaper strip (Periopaper®, Oraflow, NY, USA)
inserted gently into the orifice of the sulcus/pocket, 1-2 mm subgingivally, in order to avoid
any mechanical injury, and was left in place for 30 seconds according to manufacturer’s
guidelines. Strips visibly contaminated by saliva or blood were discarded and a new strip was
used to collect PICF.
Following collection of PICF, the volume of the sample on the paper strips were
measured using a calibrated Periotron 8000 (Oraflow Inc, Plainview, NY, USA). Periotron
8000 was calibrated once every 3 months, following the manufacturer’s guidelines. The
readings from the Periotron 8000 were converted to an actual volume (µl) by reference to the
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standard (calibration) curve, by using the specific software that accompanies the device.
After PICF collection, the strip was placed immediately in an Eppendorf tube labeled with
subject ID.
Another Periopaper strip was inserted into the same peri-implant crevicular site for
PICF collection, following exactly the same protocol. This method allowed for collection of
a higher volume of PICF for cytokine analysis, especially from HI, where PICF volume was
expected to be low due to the absence of clinical signs of inflammation. After PICF
collection and Periotron measurement, the second Periopaper strip was also placed
immediately in the same Eppendorf tube that the first strip was placed in. The samples were
placed in a small container with ice, until they were transported to TUSDM laboratory and
were stored at -80°C until subsequent cytokine analysis with ELISA45.

Sample Preparation
After all samples in the study were collected, they were analyzed for IL-1β and IL-10
concentrations in the TUSDM laboratory over a period of two weeks. Separate plates and
assays were used for measuring each cytokine. To measure IL-1β, the Quantikine® ELISA
Human IL-1β/IL-1F2 Immunoassay (Catalog No. DLB50), (R & D Systems, Inc.,
Minneapolis, MN)46 was used, and to measure IL-10, the Quantikine® ELISA Human IL-10
Immunoassay (Catalog No. HS100C), (R & D Systems, Inc., Minneapolis, MN)47 was used.
Although these analyses were conducted separately, because the sample preparation steps
were the same for the analyses of both cytokines, so they will be described here together.
Samples were retrieved from storage in the -80°C freezer and thawed for 10 minutes.
Next, reagent diluent in the form of phosphate buffer saline (PBS, Pierce 20X PBS Tween 20
Buffer, Thermo Fisher Scientific, Cambridge, MA) in the amount of 250 µL was added to
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each sample. Then each Eppendorf tube was vortexed for 1 minute. The samples were then
transferred to a shaker for 30 minutes at 4°C. After shaking the tubes for 30 minutes, the
Periopaper strip was removed and placed into a spin basket (Corning® Costar® Spin-X®).
The basket was then put again into the same tube, and then all tubes were centrifuged at
15,000 g for 8 minutes.

Preparation of IL-1β Reagents
The Quantikine ELISA kit for IL-1β detection included the following items: human
IL-1β microplate, human IL-1β standard, human IL-1β conjugate, assay diluent RD1-83,
calibrator diluent RD5-5, calibrator Diluent RD6C, wash buffer concentrate, color reagent A
and color reagent B, stop solution, and plate sealers46.
First, all reagents were brought to room temperature. Next, the human IL-1β standard
was reconstituted. Six test tubes were required for preparing various concentrations of IL-1β
standard, and these were to contain IL-1β standard reconstituted to the following
concentrations: 125, 62.5, 31.3, 15.6, 7.8, and 3.9 pg/ml46. Reconstitution was done with
calibrator diluent RD6C because the samples being tested were fluid rather than cell
cultures46. The reconstitution produced a stock solution of 250 pg/ml, which was allowed to
sit for 15 minutes with gentle agitation before dilutions were made in the vials.
To create the dilutions, first, 500 µL of calibrator diluent was pipetted into each tube.
Next, 500 µL was transferred to the first tube to produce concentration of human IL-1β
standard at 125 pg/ml. The tube was mixed thoroughly, and then 500 µL of the solution was
pipetted out of this tube and transferred to the vial for the next lowest concentration, 62.5
pg/ml. This dilution series continued for all six vials, such that the last vial contained 1,000
pg/ml at a concentration of 3.9 pg/ml. Per manufacturer instructions, the undiluted human IL-
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1β (at concentration 250 pg/ml) serves as a high standard, and the calibrator diluent alone
serves as the zero standard (0 pg/ml)46.
Two other reagents needed preparation: the wash buffer and the substrate solution. To
prepare the wash buffer, 20 mL of wash buffer concentrate was added to distilled water, and
this prepared a total of 500 mL of wash buffer. To create the substrate solution, color
reagents A and B were mixed together in equal volumes within 15 minutes of use. Enough
substrate solution was created in order to accommodate adding 200 µL per well for the
analysis.

Preparation of IL-10 Reagents
The Quantikine ELISA kit for IL-10 detection included the following items: human
IL-10 HS microplate, human IL-10 HS standard, human IL-10 HS conjugate, assay diluent
RD1-10, calibrator diluent RD6-10, wash buffer concentrate, stop solution, substrate
(lyophilized NADPH with stabilizers) and substrate diluent, amplifier (lyophilized amplifier
enzymes with stabilizers) and amplifier diluent, and plate sealers47.
First, all reagents were brought to room temperature. Next, the human IL-10 standard
was reconstituted. Seven polypropylene test tubes were required for preparing various
concentrations of IL-10 standard, and these were to contain IL-10 standard reconstituted to
the following concentrations: 50, 25, 12.5, 6.25, 3.13, 1.56, and 0.78 pg/ml47. Reconstitution
was done with calibrator diluent RD6-10 to produce a stock solution of 500 pg/ml. The
solution was allowed to sit for 15 minutes with gentle agitation before dilutions were made in
the vials.
To make the dilutions, first, 900 µL of calibrator diluent was pipetted into the first
tube (for 50 pg/ml), and 500 µL of diluent was pipetted into the remaining tubes. Next, 100
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µL was transferred to the first tube to produce concentration of human IL-10 standard at 50
pg/ml. The tube was mixed thoroughly, and then 500 µL of the solution was pipetted out of
this tube and transferred to the vial for the next lowest concentration, 25 pg/ml. This dilution
series continued for all seven vials, such that the last vial contained 1,000 pg/ml at a
concentration of 0.78 pg/ml. Per manufacturer instructions, the IL-10 concentration of 50
pg/ml serves as a high standard, and the calibrator diluent alone serves as the zero standard (0
pg/ml)47.
Several other reagents were needed: wash buffer, substrate solution, and amplifier
solution. To create the wash buffer, 100 mL of wash buffer concentrate was added to distilled
water to prepare 1,000 mL of wash buffer47. The substrate solution was created by
reconstituting the substrate in 6 mL of substrate diluent at least 10 minutes before use47.
Careful attention was taken to avoid contamination of the substrate solution47. Amplifier
solution was created by reconstituting the lyophilized amplifier in 6 mL of amplifier diluent
at least 10 minutes before use47. Again, careful attention was taken to avoid contamination of
the amplifier solution47.

IL-1β Assay Procedure
Each standard, sample, and control was assayed in duplicate on the plate. After
reagents and working standards were prepared, excess microplate strips were removed from
the plate frame, and returned to the foil pouch containing the desiccant pack and resealed.
Next, 50 µL of assay diluent RD1-83 was added to each well per manufacturer’s
instructions46. After this, 200 µL of standard, sample, or control were added per well. The
sample was first diluted by mixing 50 µL of sample with 150 µL of calibrator diluent RD6C.
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After the wells were filled, they were covered with adhesive strips and incubated for two
hours at room temperature. A plate layout was used to record standards and samples assayed.
After the incubation period, each well was aspirated and washed, and this process was
repeated twice for a total of three washes46. The wash procedure involved filling each well
with 400 µL of wash buffer using a squirt bottle46. After the last wash, any remaining wash
buffer was removed by aspirating or decanting. The plate was then inverted and blotted
against clean paper towels.
After the wash procedures, 200 µL of human IL-1β conjugate was added to each well,
and each well was covered with a new adhesive strip. Then the plates were incubated at room
temperature for two hours. After this, the aspiration and wash step was repeated for a total of
three washes46. Next, 200 µL of substrate solution was added to each well, and the plate was
incubated for 20 minutes at room temperature while being protected from light46.
Fifty µL of stop solution was then added to each well, making the colors in the wells
change from blue to yellow. Within 30 minutes, the optical density was determined using a
microplate reader set to 450 nm with wavelength correction46.

IL-10 Assay Procedure
Each standard, sample, and control were assayed in duplicate on the plate. After
reagents and working standards were prepared, excess microplate strips were removed from
the plate frame, and returned to the foil pouch containing the desiccant pack and resealed.
Next, 50 µL of assay diluent RD1-10 was added to each well. Next, 200 µL of either
standard sample, or control was added per well. For sample, 70 µL of the sample was mixed
with 130 µL of diluent to total 200 µL. The wells were then covered with the adhesive strip
provided in the kit.
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The plates were incubated for 2 hours at room temperature on a horizontal orbital
microplate shaker (0.12” orbit) set at 500 ± 50 rpm per manufacturer’s instructions47. A plate
layout was used to record standards and samples assayed.
After incubation, the plates underwent a wash procedure. The wash procedure
involved first removing liquid from the wells by inverting the plate and decanting the
contents. Next, excess liquid was removed by grasping the plate firmly and tapping the
inverted plate on a clean paper towel at least five times. Next, each well was filled with 400
µL of wash buffer using a squirt bottle. After adding wash buffer, liquid was again removed
from the wells by inverting the plate and decanting the contents. These steps in the wash
procedure were repeated five times, for a total of six washes. After the last wash, the inverted
plate was tapped on a clean paper towel at least ten times to remove excess wash buffer.
Next, 200 µL of human IL-10 HS conjugate was added to each well. The wells were
again covered with a new adhesive, and incubated for two hours at room temperature on the
shaker47. After this, the wash procedure was repeated once again. Next, 50 µL of substrate
solution was added to each well, and each well was covered with a new adhesive strip again.
The plate was then incubated for one hour at room temperature on the shaker, but the plate
was not washed afterward. Instead, 50 µL of amplifier solution was added to each well, then
each well was covered with a new adhesive strip and the plate was incubated for 30 minutes
at room temperature on the shaker. The addition of the amplifier solution initiated color
development47.
Finally, 50 µL of stop solution was added to each well. The addition of stop solution
does not affect the color in the wells. To collect data on the results, the optical density of
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each well was determined within 30 minutes using a microplate reader set at 490 nm with
wavelength correction47.

Calculation of Results
The results calculations were handled the same way for both IL-1β and IL-10 assays.
The duplicate readings for each standard, control and sample were averaged, and the average
zero standard optical density was subtracted. Software (Multiskan EX, ThermoFisher) was
used to generate a four parameter logistic curve fit to create a standard curve47. The
concentration was then read from the standard curve, and multiplied by the dilution factor.
This generated one result per participant per specimen, and provided not only the amount of
cytokine in the sample, but also the concentration47.

Oral Hygiene Instructions
All participants received both verbal and written reinforcement of Oral Hygiene
Instructions (OHI) (using a demo model) in toothbrushing, the use of superfloss (Superfloss
Oral-B, Procter & Gamble, Cinncinati) and an interproximal brush (Proxabrush ®, Sunstar
Americas, Inc., GUM Brand, Chicago, IL) around the neck of the implant. The same methods
of OHI as used in the Periodontology Department of TUSDM were described to the subject,
and were documented to serve as the written reinforcement for the subject. Subjects were
given a toothbrush, superfloss and interproximal brushes and written OHI to take and use at
home.

Non-surgical Mechanical Debridement
For participants diagnosed as PI, non-surgical mechanical debridement was
performed under local anesthesia of the peri-implant soft tissues. The peri-implant soft
tissues were anesthetized with up to one carpule of lidocaine with local infiltration (2%
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Xylocaine ® Dental with epinephrine 1:100,000 1.7 ml, distributed by DENTSPLY
Pharmaceutical, York, PA). In cases where epinephrine was contraindicated, the peri-implant
soft tissues were anesthetized with carbocaine (3% Carbocaine ® mepivacine hydrochloride
injection, 1.7 ml, by Cook-Waite). Mechanical debridement of implants was carried out with
implant-safe instruments (ultrasonics and graphite curettes (Hu-Friedy, Chicago, IL, USA))
with a plastic covering/sleeve). Instrumentation was carried out until the operator felt that the
implant surfaces were adequately debrided.

Peri-implant Pocket Irrigation
Non-surgical mechanical debridement was followed by peri-implant pocket irrigation
using a syringe (Terumo ®, 3cc/ml (0.90 x 25 mm) 20G x 1”, Terumo Medical Corporation,
Somerset, NJ) with 6 cc of 0.12% CH (chlorhexidine digluconate, Peridex ®, CH oral rinse
USP, 0.12%, Sunstar Americas, Inc., GUM Brand, Chicago, IL) 35. Peri-implant pocket
irrigation with chlorhexidine digluconate also occurred at visit 2 for patients with PI.

Visit 1
Visit 1 took 1 to 1.5 hours to complete. Informed consent was obtained by either the
PI (EP) or a co-investigator (SA). The participants were asked to read the ICF, and were
given ample time to have any questions answered. Then they were asked to sign the ICF.
Participants were given a copy of the ICF. Next, participants were asked to complete
demographic information and a medical history. Inclusion/exclusion criteria were evaluated,
and a periodontal/peri-implant clinical evaluation was done using the clinical evaluation
protocol as described previously. The radiographic evaluation of implant(s) followed.
Inclusion/exclusion criteria for implants were evaluated and a final decision for
eligibility of the participant was made. In the case that the participant was determined to be
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ineligible to participate in the study, they were withdrawn from the study. OHI were given to
all enrolled subjects.
If the participant was classified as HI, PICF was collected and his/her study
participation ended after Visit 1. If the participant was classified as PI, PICF was collected,
and then non-surgical mechanical debridement of implants occurred followed by peri-implant
pocket irrigation (according to routine clinical care) in Visit 1. Then, the participant was
scheduled for Visit 2.

Visit 2
Visit 2 took 20-30 minutes, and was scheduled 4 weeks (± 1 week) after Visit 1. Only
those classified as PI at baseline (Visit 1) were scheduled for Visit 2. (Visit 2 is standard of
care for patients receiving treatment for PI in order to reinforce OHI, monitor patient’s
plaque control and to optimize the outcome of treatment for PI.)
At Visit 2, medical and dental history was updated and any changes were recorded.
Withdrawal and eligibility criteria were evaluated. An oral examination followed, and any
abnormal findings were recorded. The participant was informed of all our findings.
Participants received reinforcement of standardized OHI, as at Visit 1. Peri-implant pocket
irrigation followed, as at Visit 1, without any dental anesthesia or any other professional
instrumentation. The participant was then scheduled for Visit 3.

Visit 3
Visit 3 took 1 hour, and was scheduled 4 weeks (± 1 week) after Visit 2. Only those
who were classified as PI at baseline (Visit 1) and who completed Visit 2 were scheduled for
Visit 3. (Visit 3 is considered standard for patients receiving treatment for PI in order to
evaluate the response and outcome of treatment that was provided for PI.) At Visit 3, medical
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and dental history was updated and any changes were recorded. Withdrawal and eligibility
criteria were evaluated. Oral examination followed, and any abnormal findings were
recorded, and the subject was informed accordingly.
PICF samples were collected from the same site as previously collected at baseline
Visit 1. After this, clinical re-evaluation of the implants that were initially diagnosed as PI
was done, applying the same methods as at Visit 1. Subjects received reinforcement of
standardized OHI as they had at Visit 1. Afterwards, subjects were considered to have
completed the study successfully and were dismissed. Notes from the dental exam and the
radiographs that occurred became part of the subjects' clinical dental record in axiUm.

Blinding
PICF samples were collected from the subjects. After samples were collected, they
were immediately sealed in Eppendorf tubes with labels stating only a subject ID, and placed
on ice. Samples were transported to Dr. Driss Zoukhri’s laboratory at Tufts University
School of Dental Medicine (TUSDM) for ELISA analyses. The laboratory analysis was
blinded to the subject and group that the sample was from.

Sample Size Calculation
A power calculation was conducted using nQuery Advisor (Version 7.0). A mean
(SD) IL-1β concentration of 67.51 (62.90) pg/ml was assumed for healthy implants, and a
mean (SD) IL-1β concentration of 439.89 (182.67) pg/ml was assumed for implants with
peri-implantitis 6. The calculation concluded that a sample size of n = 5 per group resulted in
a Type I error rate of 0.05 and a power of 80%. However, a sample size of n = 5 per group
would not be adequate to represent the subject population, and a sample size of n = 10 per
group was preferred. Based on the standard deviations above, a sample size of n = 10 per
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group could detect a difference of 190 pg/ml between groups with a Type I error rate of 0.05
and a power of 80%. The difference of 190 pg/ml was considered to be clinically significant.
Anticipating a drop-out rate of 20% of subjects in the study, we targeted a sample size of n =
13 subjects per group.

Statistical Analysis
Descriptive statistics (means, medians, standard deviations, and inter-quartile ranges)
were computed. For each comparison of cytokine levels (concentration of IL-1β, amount of
IL-1β, concentration of IL-10, and amount of IL-10), the comparison planned was between
HI and PI was conducted via an independent samples t–test or Mann Whitney U tests based
on the normality of the data.
As the results turned out, no measurements of IL-10 were available, so it was not
included in testing. Considering the actual amounts and concentrations of IL-1β measured,
both were found to have a non-normal distribution, and therefore, the Mann Whitney U test
was used for comparison. Also, PICF volume was found to be non-normal, so the Mann
Whitney U test was used to compare PICF levels.
For each comparison of cytokine levels for PI between baseline and follow-up, the
analysis was conducted via a paired t–test or a Wilcoxon signed-rank test based on the
normality of the data. For the comparison of changes in PD for PI between baseline (Visit 1)
and follow-up visit (Visit 3), the analysis was conducted via a paired t-test or Mann Whitney
U test based on the normality of the data. As stated before, because IL-10 was not available,
these comparisons were only made with IL-1β. Further, because amount and concentration of
IL-1β had a non-normal distribution, and because PICF also had a non-normal distribution,
the Mann Whitney U test was used for comparisons.
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For the comparison of PD and CAL between PI and HI at baseline, independent ttests were used because the data were considered normally distributed. For the comparison of
BOP, percentage of sites with PD ≥ 5 mm, and Plaque Index between PI and HI at baseline,
the Mann Whitney U test was used for comparisons because the data were considered not
normally distributed. For comparisons in PI between baseline and Visit 3, paired t-tests were
used for PD and CAL, and for BOP, percentage of sites with PD ≥ 5 mm, and Plaque Index,
analysis was conducted via Wilcoxon signed-rank test.
The Spearman rank correlation coefficient was used to assess the correlations
between the levels of IL-1β (amount, concentration) and clinical parameters. Spearman rank
correlation coefficient was also used to assess the correlations between levels of cytokines
and PD. P-values less than 0.05 were considered statistically significant. R version 3.3.1 was
used in the analysis.
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Results
Twenty-two people consented for the study: ten HI and twelve PI. All twenty-two
participants completed both visits except for one participant the PI group, who did not attend
Visit 3 and was removed from the Visit 3 analysis, but kept in the baseline (Visit 1) analysis.
The PICF sample of one HI participant was lost due to an error that happened during
processing of the PICF sample so the cytokine results were not available and were not
included in the analysis; however, for this subject the clinical variables were used in the
analysis. Each subject had one implant evaluated and analyzed in this study. IL-10 results are
not available for any analysis since all specimens tested below the detection level; only IL-1ß
results are presented.
Table 3 shows the demographic distribution of categorical variables in the sample.

Table 3. Distribution of Categorical Variables

Description
All Subjects
Gender
Race/Ethnicity*
Has at least one
site with PD ≥ 5
mm on implant

Category

All, n (%)

HI, n (%)

PI, n (%)

All
Male
Female
White
Non-White

22 (100%)
16 (73%)
6 (27%)
16 (73%)
6 (27%)

10 (45%)
7 (70%)
3 (30%)
9 (90%)
1 (10%)

12 (55%)
9 (75%)
3 (25%)
7 (58%)
5 (42%)

No

10
(45.5%)

10 (100%)

0 (0%)

p-value, Fisher's
Exact Test
NA
1.000
0.162

< 0.001

12
0 (0%)
12 (100%)
(54.5%)
Age, years
61.0
All
59.6 (12.9) 62.2 (10.3)
0.608**
(mean, sd)
(11.3)
*Non-white includes Asian (n=4), Hispanic (n=1), and multi-racial (n=1). ** P-value on ttest. Percentages refer to column percentages.
As shown above in Table 3, the distribution of gender and race was not significantly
Yes

different between HI and PI subjects. The mean and standard deviation (SD) of age in HI was
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59.6 years (SD 12.9), and in PI, it was 62.2 years (SD 10.3 years). The distribution of age
was approximately normal and the difference in means was not statistically significant
(p=0.608). The above data indicate homogenous distribution of subjects in both groups (HI,
PI).
The mean number of days between Visit 1 and Visit 3 for PI was 55.6 (SD 9.7 days),
which is approximately 8 weeks healing time after non-surgical mechanical debridement of
implants with PI.

Clinical Results
Subject-level clinical parameters
Table 4 below shows the subject-level clinical profile of HI and PI subjects at
baseline, including means, SD, medians, and interquartile range (IQR). For those clinical
parameters where means and SD are presented in the table, the distribution was
approximately normal and the parametric t-test was used for comparisons. For those
parameters where medians and IQR are presented in the table, the distribution was not
normal and the non-parametric Mann Whitney U test was used for comparisons.
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Table 4. Subject Clinical Profile at Baseline (Visit 1)
Description
Number of
teeth
Full-mouth
probing
depth (PD)
(mm)
Full-mouth
clinical
attachment
level (CAL)
(mm)
Full-mouth
percentage of
sites with
bleeding on
probing
(BOP),
baseline
Plaque Index
(PI), full
mouth (%)

All,
mean
(sd)

HI,
mean
(sd)

PI,
mean
(sd)

All,
Median

All,
IQR

HI,
Median

HI,
IQR

PI,
Median

PI,
IQR

p-value

-

-

-

25.5

23.027.8

26.5

23.028.0

25.0

23.827.0

0.525

2.6
(0.4)

2.3
(0.2)

2.7
(0.4)

-

-

-

-

-

-

0.005*

2.7
(0.6)

2.6
(0.6)

2.8
(0.5)

-

-

-

-

-

-

0.410

-

-

-

12.8%

7.6%21.5%

6.3%

4.4%10.4%

21.4%

15.9%36.9%

< 0.001*

-

-

-

12.4%

9.2%30.0%

11.6%

7.8%12.5%

25.2%

9.3%36.6%

0.277

*Significance: p <0.05
Both HI and PI subjects had a median of at least 25 teeth at baseline (Visit 1) (median
HI 26.5, IQR 23.0 to 28.0, median PI 25.0, IQR 23.8 – 27.0). Number of teeth was not
significantly different (p = 0.525) between HI and PI subjects. Full-mouth PD (HI: mean 2.3
mm vs. PI: mean 2.7 mm) and full-mouth percentage of sites with BOP (HI median 6.3% vs.
PI median 21.4%) were significantly higher in PI subjects compared to HI ones (p = 0.005
and <0.001, respectively). However, full-mouth CAL was not significantly different between
groups at baseline (HI mean 2.6 mm vs. PI mean 2.8 mm, p = 0.410). Although plaque index
was higher in PI vs. HI subjects (HI median 11.6% vs. PI median 25.2%), this difference was
not statistically significant between two groups (p = 0.277).
Figure 3 shows a bar plot of the full mouth PD by group at Visit 1, and Figure 4
shows the full mouth CAL by group at Visit 1.
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Figure 3. Subject-level (Full-mouth) Probing Depth at Visit 1
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* indicates p=0.005.

Figure 4. Subject-level (Full-mouth) Clinical Attachment Level at Visit 1

Clinical Attachment Level (mm)
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As shown in both Figures 3 and 4 above, the subject-level full-mouth PD and CAL
for PI was similar to HI subjects, but PD was statistically significantly different, and CAL
was not.
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Figure 5 below shows a box plot of full-mouth percentage (%) of sites with BOP in
both HI and PI subjects.

Figure 5. Subject-level full-mouth Bleeding on Probing (BOP) at Visit 1 in
HI and PI subjects.

* indicates p<0.001.
Subjects with implants diagnosed with PI had a greater percentage (%) of sites with BOP
compared to subjects with implants diagnosed as HI.
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Implant-level clinical parameters
Implant-level clinical profiles at baseline (Visit 1) for HI and PI subjects are
presented in Table 5 with means, SDs, medians, IQRs, and statistical tests. For those
parameters where means and SD are presented in the table, the distribution was
approximately normal and the parametric t-test was used for comparisons. For those
parameters where medians and IQR are presented in the table, the distribution was not
normal and the non-parametric Mann Whitney U test was used for comparisons.

Table 5. Implant-level Clinical Profile at Baseline (Visit 1)
Description

All,
mean
(sd)

HI,
mean
(sd)

PI,
mean
(sd)

All,
Media
n

All,
IQR

Median

HI,
IQR

PI,
Media
n

PI,
IQR

p-value

Probing depth
(PD) (mm)

4.0
(1.7)

2.5
(0.4)

5.2
(1.4)

-

-

-

-

-

-

< 0.001*

Clinical
attachment
level (CAL)
(mm)

4.2
(1.8)

2.6
(0.4)

5.5
(1.4)

-

-

-

-

-

-

< 0.001*

Percentage of
sites with BOP
(%)

-

-

-

33.3%

0%95.8%

0.0%

0.0%0.0%

91.7%

66.7%100.0%

< 0.001*

-

-

-

33.3%

0.0%62.5%

0.0%

0.0%0.0%

58.3%

33.3%87.5%

0.001*

Plaque Index,
implant, (%)

-

-

-

0.0%

0.0%16.7%

0.0%

0.0%0.0%

16.7%

0.0%20.8%

0.035*

IL-1ß amount
(pg)

-

-

-

66.7

53.8118.9

57.0

35.361.0

109.2

64.2123.2

0.076

PICF volume
(ml)

-

-

-

0.7

0.4-1.2

0.5

0.2-0.6

0.9

0.7-1.8

0.023*

IL-1ß
concentration
(pg/ml)

-

-

-

86.1

67.8122.5

113.9

99.7126.0

77.8

63.289.2

0.058

Percentage of
sites with PD
≥ 5 mm (%)

* Significance: p <0.05
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HI,

Per Table 5, implants in PI subjects had less favorable clinical parameters than
implants in HI ones at baseline (Visit 1). PI implants had a significantly larger mean PD (5.2
mm vs. 2.5 mm, p < 0.001) and mean CAL (5.5 mm vs. 2.6 mm, p < 0.001). PI implants also
had a significantly larger percentage of sites with BOP (median PI 91.7% vs. median HI
0.0%, p < 0.001). PI had a significantly larger percentage of sites with PD greater than or
equal to 5 mm (PI median 58.3% vs. HI median 0.0%, p = 0.001) indicating that few
implants diagnosed with PI had more than one site per implant with PD greater than or equal
to 5 mm. Plaque Index was significantly higher in implants in PI vs. HI at baseline (PI
median 16.7% vs. HI median 0.0%, p = 0.035).
Both the amount of IL-1ß (PI median 109.2 pg vs. HI median 57.0 pg) and the
concentration of IL-1ß (PI median 77.8 pg/ml vs. HI median 113.9 pg/ml) in PICF from
implants were not significantly different between PI and HI at baseline (p = 0.076 and p =
0.058, respectively). However, PICF volume was statistically significantly higher in PI
subjects compared to HI ones (PI median 0.9 µl vs. HI median 0.5 µl, p=0.023).
Figures 6 and 7 below illustrate the implant-level PD and CAL in both PI and HI
subjects.
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Figure 6. Implant-level Probing Depth at Visit 1

Probing Depth (mm)

7
6
5

*

4
3
2
1
0
HI

PI
Study Group

* indicates p<0.001.
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Figure 7. Implant-level Clinical Attachment Level at Visit 1.
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* indicates p<0.001.
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As shown in Figures 6 and 7, the implant-level PD and CAL for PI was significantly
higher (slightly more than two-fold) compared to PD and CAL for HI subjects.
Figures 8, 9, 10, 11, 12 and 13 below show distributions of implant-level BOP,
percentage of sites ≥ 5 mm, Plaque Index, amount of IL-1ß, volume of PICF, and
concentration of IL-1ß between implants diagnosed as HI and PI.

Figure 8. Implant-Level BOP by Group at Visit 1.

* indicates p<0.001.
Implants diagnosed with PI had a greater percentage (%) of sites with BOP compared to
implants diagnosed as HI.
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Figure 9. Implant-Level Percentage of Sites with Probing Depth ≥ 5 mm by
Group at Visit 1.

* indicates p<0.001.
Implants diagnosed with PI had a greater percentage (%) of sites with PD ≥ 5 mm compared
to implants diagnosed as HI.
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Figure 10. Distribution of Implant-Level Plaque Index by Group at Visit 1.

* indicates p=0.035.
PI implants had significantly higher Plaque Index scores than HI ones.
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Figure 11. Distribution of Amount of IL-1ß by Group at Visit 1.

No significant difference in IL-1β amount in PICF between HI and PI implants.
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Figure 12. PICF Volume at Visit 1.

* indicates p=0.023.
PI implants had a significantly higher volume of PICF compared to HI.
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Figure 13. Concentration of IL-1ß (pg/ml) at Visit 1.

No significant difference in IL-1β concentration in PICF between HI and PI implants.
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Figures 8 and 9 above show that the PI group experienced greater percentages of sites
with BOP and greater percentages of sites with PD ≥5 mm on their implants compared to the
HI group. Figure 10 shows that PI had significantly higher Plaque Index scores than HI; HI’s
Plaque Index was uniformly low. In Figure 11, no significant difference in the amount of IL1ß in PICF was found between implants with PI compared to HI ones. However, a
significantly higher volume of PICF was observed in PI implants compared to HI ones as
shown in Figure 12. This may explain why, in Figure 13, concentrations of IL-1ß were
ultimately found to be lower in PI compared to HI, because the concentrations are the result
of dividing the IL-1ß amount by the PICF volume (however this difference was not
statistically significant).
Table 6 shows implant-level clinical variables in PI implants at baseline (Visit 1) and
at Visit 3. For those parameters where means and SD are presented in the table, the
distribution was approximately normal and the parametric paired t-test was used for
comparisons. For those parameters where medians and IQR are presented in the table, the
distribution was not normal and the non-parametric Wilcoxon signed rank test was used for
comparisons.
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Table 6. Implant-level Clinical Profile in PI at both Visit 1 and Visit 3
Implant,
Visit 1
PI
mean
(sd)

Implant,
Visit 3
PI Only
mean
(sd)

Implant,
Visit 1,
median

Implant,
Visit 1,
IQR

Implant,
Visit 3,
median

Implant,
Visit 3,
IQR

p-value

5.2 (1.4)

4.1 (1.3)

-

-

-

-

< 0.001*

5.5 (1.4)

4.3 (1.3)

-

-

-

-

0.001*

-

-

91.7%

66.7%100.0%

16.7%

16.7%41.7%

0.006*

-

-

58.3%

33.3%87.5%

33.3%

0.0%66.7%

0.014*

Plaque Index (%)

-

-

16.7%

IL-1ß amount (pg)

-

-

109.2

PICF volume (µl)

-

-

0.9

0.7-1.8

0.4

0.4-0.9

0.005*

IL-1ß
concentration
(pg/ml)

-

-

77.8

63.2-89.2

168.7

104.5241.6

0.032*

Description
Probing depth
(PD) (mm)
Clinical
attachment level
(CAL) (mm)
Percentage of sites
with BOP (%)
Percentage of sites
with PD≥ 5 mm
(%)

0.0%20.8%
64.2123.2

* Significance: p <0.05
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0.0%
89.6

0.0%0.0%
57.9120.2

0.395
0.076

As shown in Table 6, PD and CAL of implants diagnosed with PI decreased
significantly (p < 0.001 and p = 0.001, respectively) between Visit 1 and Visit 3. Percentage
of sites with BOP also decreased significantly (p=0.006). Percentage of sites with PD ≥ 5
mm on the implant (medians 58.3% to 33.3%) reduced significantly (p=0.014) after nonsurgical mechanical debridement. Plaque Index was not significantly different at implants
with PI between Visit 1 and Visit 3 (p=0.395). The amount of IL-1ß did not change
significantly from Visit 1 to Visit 3 (109.2 vs. 89.6, p = 0.076). However, PICF volume
decreased significantly after non-surgical mechanical debridement with peri-implant pocket
irrigation with chlorhexidine digluconate (0.9 vs. 0.4, p = 0.005). Ultimately, the
concentration of IL-1ß increased significantly from Visit 1 to Visit 3 (77.8 vs. 168.7, p =
0.032), since there was a decrease in PICF (the concentrations are the result of dividing the
IL-1ß amount by the PICF volume).
Figures 14 and 15 below show mean PD and mean CAL in PI at Visits 1 and 3.
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Figure 14. Implant-level Probing Depth at Visit 1 and Visit 3 in PI.
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* indicates p<0.001.
PD decreased significantly between Visit 1 and Visit 3 in PI implants.

Figure 15. Implant-level Clinical Attachment Level at Visit 1 and Visit 3 in

Clinical Attachment Level (mm)

PI.
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* indicates p=0.001.
CAL decreased significantly between Visit 1 and Visit 3 in PI implants.
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Table 7 below presents the change in percentage of implant sites with PD ≥ 5 mm
between Visit 1 and Visit 3.

Table 7. PI Implant Sites with PD ≥ 5 mm at Visit 1 and Visit 3.
Number of Implant Sites with PD ≥5 mm, PI (n=11)*
n (%)
Number of
Implant Sites

0

Visit 1

0 (0%)

Visit 3

4 (36%)

Any sites
with PD ≥ 5
mm

1

2

3

4

5

6

0
(0%)
2
(18%)

4
(36%)
2
(18%)

2
(18%)

2
(18%)
2
(18%)

1
(9%)
0
(0%)

2
(18%)

11 (100%)

1 (9%)

7

0 (0%)

(64%)

*n=11 subjects were included in this comparison, since one subject diagnosed with PI at
Visit 1 did not attend Visit 3.
As shown in Table 7, the percentage of implant sites with PD ≥ 5 mm decreased from
Visit 1 to Visit 3.
Table 8 below shows the changes of the deepest PD on the implant in PI between
Visit 1 and Visit 3.
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Table 8. Sites with Deepest PD at Visit 1 and Visit 3 on PI Implants.

Study ID
1
2
3
4
5
6
7
8
9
10
11

Site(s)
Mesio buccal
Mesio palatal
Mesio palatal
Mesio buccal
Mesio palatal
Mesio lingual
Mid buccal
Distal buccal
Mesio buccal
Distal palatal
Distal buccal

Deepest PD
at Visit 1
6
5
9
6
8
10
8
6
6
8
5

PD at Visit 3
3
4
6
4
5
5
5
3
5
4
3

Table 8 shows that non-surgical mechanical debridement with peri-implant pocket
irrigation with chlorhexidine digluconate resulted in a reduction of the deepest PD in all
implants diagnosed with PI.
Figures 16, 17, 18, 19, and 20 show the distributions of implant-level BOP,
percentage of implant sites with PD≥5 mm, IL-1ß amount (pg), PICF volume (µl), and IL-1ß
concentration (pg/ml) comparing PI implants between Visit 1 and Visit 3.
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Figure 16. Implant-Level BOP in PI: Visit 1 vs. Visit 3.

* indicates p=0.006.
Non-surgical mechanical debridement with peri-implant pocket irrigation with chlorhexidine
digluconate resulted in a significant reduction of BoP in implants with PI.
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Figure 17. Implant-Level Percentage of Sites with PD ≥ 5 in PI: Visit 1 vs.
Visit 3.

* indicates p=0.014.
Non-surgical mechanical debridement with peri-implant pocket irrigation with chlorhexidine
digluconate resulted in a significant reduction of percentage (%) of implant sites with
PD≥5mm in implants with PI.
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Figure 18. Distribution of Amount of IL-1ß in PI: Visit 1 vs. Visit 3.

No significant difference in the amount of IL-1ß in PICF in PI implants between Visit 1 to
Visit 3.
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Figure 19. PICF Volume in PI: Visit 1 vs. Visit 3.

* indicates p=0.005.
Non-surgical mechanical debridement with peri-implant pocket irrigation with chlorhexidine
digluconate resulted in a significant reduction of PICF volume in implants with PI.
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Figure 20. Concentration of IL-1ß (pg/ml) PI: Visit 1 vs. Visit 3.

* indicates p=0.032
Concentrations of IL-1ß in PICF were found to be significantly higher at Visit 3 compared to
Visit 1.
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Cytokine Results
Figure 21 (a through d) below shows scatter plots of several clinical parameters
(BOP, CAL, PD, and Plaque Index) by IL-1ß concentration in PICF in all implants at
baseline Visit 1.

Figure 21a-21d. Concentration at Baseline (Visit 1)
a. BOP

b. CAL

c. PD

d. Plaque Index

Note: rs indicates Spearman correlation, and p indicates p-value.
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At baseline, BOP was negatively correlated with IL-1ß concentration (rs = -0.516);
the correlation was statistically significant (p = 0.018). CAL (rs = -0.245), PD (rs = -0.425),
and Plaque Index (rs = -0.270) were also negatively correlated with IL-1ß concentration, but
none of these correlations were statistically significant (p = 0.282, p = 0.056, and p = 0.236,
respectively).
Figure 22 (a through d) below shows scatter plots of several clinical parameters
(BOP, CAL, PD, and Plaque Index) by PI IL-1ß concentration among PI at Visit 3.
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Figure 22a-22d. Scatterplots of Clinical Parameters and IL-1ß
Concentration in PI implants at Visit 3.
a. BOP

b. CAL

c. PD

d. Plaque Index

Note: rs indicates Spearman correlation, and p indicates p-value.
At Visit 3, correlations between clinical parameters and IL-1ß concentration were
negative regarding CAL (rs = -0.207) and PD (rs = -0.311), but these were not statistically
significant (p = 0.542 and p = 0.352, respectively). The correlation between IL-1ß
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concentration and BOP was weakly negative (rs = -0.057), but was also not statistically
significant (p = 0.867). No correlation value was reported between Plaque Index and IL-1ß
concentration at Visit 3 due to the presence of only two distinct values for Plaque Index.
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Discussion
This study did not find any significant difference between levels of IL-1β in PICF
between patients with HI and patients with implants with PI, and could not evaluate the
difference between levels of IL-10 because of the inability to measure this cytokine in the
specimens collected. The main objectives of this study included investigating the relationship
between implant status and inflammatory and anti-inflammatory cytokines, and in
quantifying the clinical changes seen in PI patients after non-surgical mechanical
debridement. Non-surgical mechanical debridement with peri-implant pocket irrigation with
chlorhexidine digluconate improved significantly clinical parameters in implants with PI in
this study. This was evident with a reduction in PD, CAL, number of implant sites with a PD
≥ 5 mm, and a reduction in the maximum PD between Visits 1 and 3 for PI patients. There
was a large reduction in number of implant sites with BoP between Visit 1 and Visit 3 in
implants with PI suggesting that inflammation of peri-implant tissue decreased.
Unfortunately, IL-10, the anti-inflammatory cytokine measured in this study, was
below detection level in all subjects, and therefore could not be measured. However, IL-1ß
was reliably measured in both HI and PI at Visit 1, and in PI at Visit 3. At Visit 1, a larger
amount of IL-1ß was detected in samples from PI compared to HI (although the difference
was not statistically significant). This may have been partly because a larger amount of PICF
was harvested from PI compared to HI. PI provided more PICF likely due to having higher
levels of inflammation at the implant (collection site) compared to HI, and therefore a higher
PICF volume was collected from PI. Because the calculation of the concentration requires the
amount of IL-1ß to serve as the numerator, and the volume of PICF to serve as the
denominator, and because a larger amount of PICF was obtained from PI compared to HI at
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baseline, the resulting concentrations showed that PI actually had a lower concentration of
inflammatory cytokine IL-1ß at baseline (Figure 11). It is speculated that individuals with
peri-implantitis might have provided a higher PICF volume than healthy individuals simply
due to the inflammation process, which may have diluted the cytokines due to the higher
flow rate of the sulcular exudate48.
The results seen with the improvement in PI after non-surgical mechanical therapy
not inconsistent with prior literature. In a study of 16 PI patients who underwent mechanical
cleansing, authors found that mechanical treatment was effective in reducing peri-implant
mucositis and PD, and also improved attachment levels, leading the researchers to speculate
that mechanical cleansing alone may be sufficient treat peri-implant mucositis21. In another
study of 20 PI patients treated with mechanical debridement, the authors concluded that 6
months following treatment, there were significant improvements in clinical parameters22.
Therefore, the remarkable improvement seen in PI patients in this study between Visit 1 and
Visit 3 is consistent with the literature.
In another study of treatment for PI, 20 patients with moderate to advanced PI were
treated with either an Er:YAG laser or mechanical debridement using plastic curettes and
antiseptic therapy with chlorhexidine digluconate (0.2%)22. The authors found that at 6
months following treatment, participants in both arms experienced significant clinical
improvements, and that the Er:YAG laser was associated with a statistically significant
higher reduction of BOP compared to the chlorhexidine digluconate22. In another study, 40
patients with PI were randomized to two groups, but all underwent mechanical debridement
with titanium curettes and with a glycine-based powder airpolishing system43. One group
received local drug delivery (LDD) and the other group received adjunctive photodynamic
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therapy (PDT) after 12 months43. Both groups experienced improved clinical parameters at
follow-up, including statistically significant reduction in BOP and PD43. The authors
concluded that non-surgical mechanical debridement with adjunctive PDT was equally
effective compared to LDD43.
But an important question exists as to what the most effective intervention regimen is
to use in peri-implantitis. To address this question, Byrne wrote a critical summary of a
Cochrane Database systematic review, where he explained that at the time, there was little
evidence as to the most effective method, and although the treatments reviewed were all
effective, not enough evidence exists to recommend one definitely over the other49. He
observed that simple mechanical debridement approaches achieved results as often as
complex therapies49. However, it was also noted that the quality of the evidence was
limited49.
The inconclusive results from studying the correlation between clinical condition and
cytokines are also consistent with the literature. Murata and colleagues compared IL-1ß
concentrations between those with PI, PIM, and HI, and while PIM and HI had uniformly
low concentrations, as in the current study, PI had a large variance of concentrations30.
Similarly, Petkovic and co-workers compared IL-1ß concentrations between patients with PI,
PIM, and HI, and while they found a trend towards higher concentrations in those with PI,
they also found that the variance in IL-1ß concentration measurements increased with PI,
again displaying a trend but limiting IL-1ß’s use as a clinical biomarker31. A systematic
review of the possibility of using elements in PICF to improve the diagnosis of PI included
twelve papers focusing on IL-1ß as a potential diagnostic marker for PI32. Their review found
that studies universally report statistically significant differences in IL-1ß concentration
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between PI and HI, but that this alone cannot be used as a diagnostic tool, and instead, can be
used as an additional criterion to improve the robustness of the diagnosis32. An updated
review on the same topic in 2016 echoed these findings, observing that there is some
evidence to support the contention that implants with PI present higher levels of proinflammatory cytokines in PICF compared to HI, but evidence for the use of these cytokines
as markers of PI is too limited at present33.
These findings can be illustrated by reviewing a study that was designed similarly to
the current one. In the study by Casado et al., authors included small samples of HI, PI, and
mucositis patients and conducted a cross-sectional study using PICF similar in design to the
baseline measurements in this study6. While an analysis of variance (ANOVA) was
statistically significant when testing for both IL-10 and IL-1β, and trends were apparent, the
box plots presented showed significant overlap in the ranges of each cytokine for each
diagnosis. Hence, although the statistics were significant, there was no clinical significance
to this finding, meaning it could not be used for clinical decision-making, specifically
diagnosis. In the current study, therefore, it is possible that with enough sample, statistical
significance could be obtained, but it is unlikely that these cytokines could be used clinically,
such as in a profile to help with diagnosing PI or monitoring treatment for PI.
The Casado et al. paper showed a weak dose-response trend for both cytokines and
implant health, and did not examine changes in cytokines following non-surgical mechanical
therapy of the PI group. Another cross-sectional study that began after this study commenced
compared 34 individuals with HI with 34 individuals with PI with the aim of developing a
biomarker profile to differentiate the two groups50. As part of this profile, the authors
measured IL-1β. They found a statistically significant difference in that the HI group had a
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lower average concentration of IL-1β compared to PI, but the variance in the PI group was so
large that it prevented IL-1β from being a useful biomarker of disease50.
After the current study commenced, a new paper was published that analyzed clinical
parameters and cytokine levels in PI after Er:YAG laser treatment51. After six months after
treatment, 9 of the 41 participants had their PI stabilized (as defined in the study). In
comparisons between the stabilized and non-stabilized patients, those who were stabilized
had a statistically significantly lower concentration of IL-1β51. However, due to the small
sample of stabilized patients and the large variance in the non-stabilized patients, IL-1β and
other biomarkers measured in the study could not be used to develop a definitive biomarker
profile associated with PI51.
Part of the challenge of studying IL-1ß in both HI and PI is that this biomarker has a
large variance, even within a relatively homogenous population. Figure 11 shows that the
IQR at Visit 1 in both HI and PI was between 20 and 30 pg/ml, which is very different from
what is expected of clinical measurements in peridontology, such as PD and CAL. This was
even more evident in the PI patients who were measured twice, at Visit 1 and Visit 3. Per
Figure 18, the same patients who had a relatively small IQR in terms of IL-1ß concentration
at Visit 1 had a very large one at Visit 3, approximately 8 weeks after non-surgical
mechanical debridement, when the IQR expanded from close to 25 to approximately 140.
This presents a statistical challenge, because working with such an unstable measurement
that apparently has such large intra- and inter-individual differences in variance prevents the
easy application of this biomarker as a diagnostic tool, or marker of treatment progress.
There are several potential explanations for the cytokine findings in this study. First,
there is the potential that IL-1ß is not only a pro-inflammatory cytokine, but it is also a
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marker of a repair process taking place. This would explain why it may have been lower in
the PI group at baseline, because the HI group was in an active healing or repair process
around the implants, and non-surgical mechanical debridement was needed in PI to stimulate
this process. Also, in PI, although there was significant variance, overall, IL-1ß
concentrations were higher at Visit 3, and this again could be interpreted as a marker that
repair was taking place that was stimulated from the non-surgical mechanical debridement.
It was observed by Watari and colleagues in 1996 that IL-1ß was expressed in “true”
human hematopoietic progenitor cells52. In a 2012 study by Sonomoto and colleagues, it was
determined that IL-1ß induced differentiation of human mesenchymal stem cells (MSCs) into
osteoblasts and mineralization, leading the authors to conclude that IL-1ß-treated human
MSCs could be used in the treatment of damaged bone and for inducing self-repair of
damaged tissue, including osseous tissue53. Wyszynski and colleagues took this research
further, and found that IL-1ß induced stem cell factor, and showed that this suggested that a
repair process was taking place when IL-1ß was present54. However, these results should be
interpreted with caution, because it is possible that there is a more complicated role for IL-1ß
as shown by its many associations and apparent functions. It is important to recognize that
the amount of IL-1ß measured in this study at Visit 3 was similar to the measurement at Visit
1, probably due to reduction in inflammation, less volume of PICF was harvested at Visit 3.
A second explanation for this study’s findings is that IL-1ß alone may not be strongly
associated with PI status, but it may be a part of a panel of biomarkers that could be
identified as elevated in PI patients. Cochran stated that a cascade of events leads to
osteoclastogenesis which leads to bone loss via the receptor activator of nuclear factor-kappa
B (RANK)-RANK ligand (RANKL)-osteoprotegerin (OPG) axis27. Hence, measuring the
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presence of RANKL mRNA, or RANKL/OPG ratio may contribute in addition to IL-1ß in
developing a profile of PI. Graves observed that IL-6 and IL-11 are related cytokines that
appear to have different functions in periodontal bone loss; these could possibly be measured
and contribute to the profile28. Also, a number of studies have shown that TNF-α has a
significant role in bone loss, and could be added to the list of biomarkers to measure28.
Duarte and colleagues also studied similar cytokines; their results suggest that IL-12, TNF-α,
RANKL, OPG, and IL-4 may also may be expressions of peri-implant disease and could be
added to the profile55. The same team did a more recent systematic review of whether a
cytokine profile could distinguish HI from PI, and found that there was moderate evidence
that a profile could be developed, but currently, the evidence was limited33.
A third explanation could be that there is indeed a significant relationship between
IL-1ß production and PI status, but there are difficulties inherent in measuring this
relationship that have to do with the mechanisms of repair. For example, Lachmann and
colleagues suggested that IL-1ß and other cytokine measurements in inflamed periodontal
tissue may be affected by the higher flow rate of sulcular exudate, which can cause
inconsistencies in concentrations from sample to sample from the same individual at the
same time48. Further, as mentioned earlier, this could explain also why more PICF was
harvested in this study from PI compared to HI.
If this is the case, these issues need to be taken into account in study design. First,
multiple samples may be needed from PI patients. The two samples taken in this study may
not have been enough to get an accurate measurement of IL-1ß in PI; had more samples been
taken, a more precise measurement would have been available. Second, when comparing HI
to PI in studies, it can be expected that without accounting for it in study design, more PICF
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will be collected automatically from PI. Studies should pilot PICF collection from HI and PI
to calibrate how many samples to take to achieve harvesting the same overall volume.
This study has several strengths as well as limitations. The strengths include having
two measurements of the PI group, one before and one after non-surgical mechanical
therapy. This allowed researchers to quantify the changes in cytokines as well as clinical
parameters post-treatment, and analyze their correlation. This study also used clear,
replicable definitions of PI and HI; this study used radiographs for diagnosis, which is not
always reported in similar studies. Another strength is the contribution to the growing body
of literature around studying biomarkers as potential tools to assist with PI diagnosis and
treatment assessment. The study was also designed carefully to minimize bias; all of the
treatments and measurements were done by the same researcher, and all analyses took place
at the same laboratory.
In terms of limitations, the inability to measure IL-10 limited the potential to correlate
inflammatory and anti-inflammatory cytokines with clinical parameters. It is possible that IL10 needed to be collected using micro-pipettes instead of paper strips in order to harvest
more PICF volume, especially in HI 6. Finally, a smaller sample and a shorter time frame
between treatment and the second measurement of cytokines may have masked a larger
difference that could have been found with a greater sample size, and a measurement after a
longer time since treatment.
Although this study did not demonstrate IL-1β as a reliable clinical biomarker to be
used in diagnosis or managing treatment of PI, it is possible that other biomarkers measured
in PICF could be helpful in this regard. Per the recent systematic review mentioned earlier,
many other biomarkers are being studied in PICF as disease biomarkers, such as IL-17, IL-6,
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IL-8, INF-ᵞ, MIP-1α, TNF-α, and RANKL33. These collective findings suggest that there is a
hope for finding biomarker profiles of peri-implant conditions that can be useful for
diagnosis and disease management.
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Conclusion
Based on our findings, the following conclusions can be drawn: First, there were no
significant baseline differences between levels of IL-1β in PICF between patients with HI
and patients with PI, and this study could not evaluate the difference between levels of IL-10
because of the inability to measure this cytokine in the specimens collected. Second, nonsurgical mechanical debridement with peri-implant pocket irrigation with chlorhexidine
digluconate improved clinical parameters significantly in this study. PI had higher levels of
BOP and plaque index compared to HI at the implant level at baseline. Between baseline and
follow-up, PD, CAL, and BOP were significantly lower in PI. Third, PI clinical
improvements did not significantly correlate with IL-1β levels. Future studies including
larger samples and a longer period of observation after peri-implant therapy may enable us to
draw safer conclusions about the therapeutic value of non-surgical peri-implant therapy and
identify biomarker profiles that can aid in the diagnosis and treatment of peri-implant
diseases.
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APPENDICES
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Appendix A: Tables
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Table 1. Products Used.
Product Descriptions
Product
Periopaper strip
Periotron 8000
Superfloss
Interproximal brush
2% Xylocaine ® Dental with
epinephrine 1:100,000, 1.7 ml
3% Carbocaine ® mepivacine
hydrochloride injection, 1.7 ml
Ultrasonics and graphite
curettes
Syringe: Terumo ®, 3cc/ml
(0.90 x 25 mm) 20G x 1”,
Peridex ®, CH oral rinse USP,
0.12%,

Description
Periopaper®, Oraflow
Oraflow Inc
Superfloss Oral-B, Procter &
Gamble
Proxabrush ®, Sunstar
Americas, Inc., GUM Brand
DENTSPLY Pharmaceutical

Location
NY, USA
Plainview, NY, USA
Cincinnati, OH, USA
Chicago, IL, USA
York, PA, USA

Cook-Waite
Hu-Friedy

Chicago, IL, USA

Terumo Medical Corporation

Somerset, NJ, USA

Sunstar Americas, Inc., GUM
Brand

Chicago, IL, USA
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Table 2. Study Flow
Visit Number
Who Attends
Time for Visit
Informed Consent
Demographic Information/ Medical
History
Oral Hygiene Instructions
Evaluate Inclusion/ Exclusion Criteria
Standardized Clinical Evaluation
Standardized Radiographic Evaluation
Collection of PICF
Non-Surgical Mechanical Debridement
Peri-implant Pocket Irrigation
Compensation

Visit 1
HI & PI
1-1.5
hours
X

Visit 2
PI Only
20-30
minutes

Visit 3
PI Only

X
X
X
X
X
X
X (PI
only)
X (PI
only)
$20 gift
certificate

X
X

X
X

X

X
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1 hour

X

X
$15 gift
certificate

$20 gift
certificate

Table 3. Distribution of Categorical Variables

Description
All Subjects
Gender
Race/Ethnicity*
Has at least one
site with PD ≥ 5
mm on implant

Category

All, n (%)

HI, n (%)

PI, n (%)

All
Male
Female
White
Non-White

22 (100%)
16 (73%)
6 (27%)
16 (73%)
6 (27%)

10 (45%)
7 (70%)
3 (30%)
9 (90%)
1 (10%)

12 (55%)
9 (75%)
3 (25%)
7 (58%)
5 (42%)

No

10
(45.5%)

10 (100%)

0 (0%)

p-value, Fisher's
Exact Test
NA
1.000
0.162

< 0.001

12
0 (0%)
12 (100%)
(54.5%)
Age, years
61.0
All
59.6 (12.9) 62.2 (10.3)
0.608**
(mean, sd)
(11.3)
*Non-white includes Asian (n=4), Hispanic (n=1), and multi-racial (n=1). ** P-value on ttest. Percentages refer to column percentages.
Yes
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Table 4. Subject Clinical Profile at Baseline (Visit 1)
Description
Number of
teeth
Full-mouth
probing
depth (PD)
(mm)
Full-mouth
clinical
attachment
level (CAL)
(mm)
Full-mouth
percentage of
sites with
bleeding on
probing
(BOP),
baseline
Plaque Index
(PI), full
mouth (%)

All,
mean
(sd)

HI,
mean
(sd)

PI,
mean
(sd)

All,
Median

All,
IQR

HI,
Median

HI,
IQR

PI,
Median

PI,
IQR

p-value

-

-

-

25.5

23.027.8

26.5

23.028.0

25.0

23.827.0

0.525

2.6
(0.4)

2.3
(0.2)

2.7
(0.4)

-

-

-

-

-

-

0.005*

2.7
(0.6)

2.6
(0.6)

2.8
(0.5)

-

-

-

-

-

-

0.410

-

-

-

12.8%

7.6%21.5%

6.3%

4.4%10.4%

21.4%

15.9%36.9%

< 0.001*

-

-

-

12.4%

9.2%30.0%

11.6%

7.8%12.5%

25.2%

9.3%36.6%

0.277

*Significance: p <0.05
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Table 5. Implant-level Clinical Profile at Baseline (Visit 1)
Description

All,
mean
(sd)

HI,
mean
(sd)

PI,
mean
(sd)

All,
Media
n

All,
IQR

Median

HI,
IQR

PI,
Media
n

PI,
IQR

p-value

Probing depth
(PD) (mm)

4.0
(1.7)

2.5
(0.4)

5.2
(1.4)

-

-

-

-

-

-

< 0.001*

Clinical
attachment
level (CAL)
(mm)

4.2
(1.8)

2.6
(0.4)

5.5
(1.4)

-

-

-

-

-

-

< 0.001*

Percentage of
sites with BOP
(%)

-

-

-

33.3%

0%95.8%

0.0%

0.0%0.0%

91.7%

66.7%100.0%

< 0.001*

-

-

-

33.3%

0.0%62.5%

0.0%

0.0%0.0%

58.3%

33.3%87.5%

0.001*

Plaque Index,
implant, (%)

-

-

-

0.0%

0.0%16.7%

0.0%

0.0%0.0%

16.7%

0.0%20.8%

0.035*

IL-1ß amount
(pg)

-

-

-

66.7

53.8118.9

57.0

35.361.0

109.2

64.2123.2

0.076

PICF volume
(ml)

-

-

-

0.7

0.4-1.2

0.5

0.2-0.6

0.9

0.7-1.8

0.023*

IL-1ß
concentration
(pg/ml)

-

-

-

86.1

67.8122.5

113.9

99.7126.0

77.8

63.289.2

0.058

Percentage of
sites with PD
≥ 5 mm (%)

* Significance: p <0.05
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HI,

Table 6. Implant-level Clinical Profile in PI at both Visit 1 and Visit 3
Implant,
Visit 1
PI
mean
(sd)

Implant,
Visit 3
PI Only
mean
(sd)

Implant,
Visit 1,
median

Implant,
Visit 1,
IQR

Implant,
Visit 3,
median

Implant,
Visit 3,
IQR

p-value

5.2 (1.4)

4.1 (1.3)

-

-

-

-

< 0.001*

5.5 (1.4)

4.3 (1.3)

-

-

-

-

0.001*

-

-

91.7%

66.7%100.0%

16.7%

16.7%41.7%

0.006*

-

-

58.3%

33.3%87.5%

33.3%

0.0%66.7%

0.014*

Plaque Index (%)

-

-

16.7%

IL-1ß amount (pg)

-

-

109.2

PICF volume (µl)

-

-

0.9

0.7-1.8

0.4

0.4-0.9

0.005*

IL-1ß
concentration
(pg/ml)

-

-

77.8

63.2-89.2

168.7

104.5241.6

0.032*

Description
Probing depth
(PD) (mm)
Clinical
attachment level
(CAL) (mm)
Percentage of sites
with BOP (%)
Percentage of sites
with PD≥ 5 mm
(%)

0.0%20.8%
64.2123.2

* Significance: p <0.05
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0.0%
89.6

0.0%0.0%
57.9120.2

0.395
0.076

Table 7. PI Implant Sites with PD ≥ 5 mm at Visit 1 and Visit 3.
Number of Implant Sites with PD ≥5 mm, PI (n=11)*
n (%)
Number of
Implant Sites

0

Visit 1

0 (0%)

Visit 3

4 (36%)

Any sites
with PD ≥ 5
mm

1

2

3

4

5

6

0
(0%)
2
(18%)

4
(36%)
2
(18%)

2
(18%)

2
(18%)
2
(18%)

1
(9%)
0
(0%)

2
(18%)

11 (100%)

1 (9%)

7

0 (0%)

(64%)

*n=11 subjects were included in this comparison, since one subject diagnosed with PI at
Visit 1 did not attend Visit 3.
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Table 8. Sites with Deepest PD at Visit 1 and Visit 3 on PI Implants.

Study ID
1
2
3
4
5
6
7
8
9
10
11

Site(s)
Mesio buccal
Mesio palatal
Mesio palatal
Mesio buccal
Mesio palatal
Mesio lingual
Mid buccal
Distal buccal
Mesio buccal
Distal palatal
Distal buccal

Deepest PD
at Visit 1
6
5
9
6
8
10
8
6
6
8
5
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PD at Visit 3
3
4
6
4
5
5
5
3
5
4
3

Appendix B: Figures
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Figure 1. Decision Rule for Selecting Implant of Inclusion.

94

Figure 2. Visit Schedule.
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Figure 3. Subject-level (Full-mouth) Probing Depth at Visit 1

Probing Depth (mm)

6
5

*

4
3
2
1
0
HI

PI
Study Group

* indicates p=0.005.
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Figure 4. Subject-level (Full-mouth) Clinical Attachment Level at Visit 1

Clinical Attachment Level (mm)

6
5
4
3
2
1
0
HI

PI
Study Group
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Figure 5. Subject-level full-mouth Bleeding on Probing (BOP) at Visit 1 in
HI and PI subjects.

* indicates p<0.001.
Subjects with implants diagnosed with PI had a greater percentage (%) of sites with BOP
compared to subjects with implants diagnosed as HI.

98

Figure 6. Implant-level Probing Depth at Visit 1

Probing Depth (mm)

7
6
5

*

4
3
2
1
0
HI

PI
Study Group

* indicates p<0.001.
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Clinical Attachment Level (mm)

Figure 7. Implant-level Clinical Attachment Level at Visit 1.
8
7
6
5

*

4
3
2
1
0
HI

PI
Study Group

* indicates p<0.001.
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Figure 8. Implant-Level BOP by Group at Visit 1.

* indicates p<0.001.
Implants diagnosed with PI had a greater percentage (%) of sites with BOP compared to
implants diagnosed as HI.
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Figure 9. Implant-Level Percentage of Sites with Probing Depth ≥ 5 mm by
Group at Visit 1.

* indicates p<0.001.
Implants diagnosed with PI had a greater percentage (%) of sites with PD ≥ 5 mm compared
to implants diagnosed as HI.
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Figure 10. Distribution of Implant-Level Plaque Index by Group at Visit 1.

* indicates p=0.035.
PI implants had significantly higher Plaque Index scores than HI ones.
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Figure 11. Distribution of Amount of IL-1ß by Group at Visit 1.

No significant difference in IL-1β amount in PICF between HI and PI implants.
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Figure 12. PICF Volume at Visit 1.

* indicates p=0.023.
PI implants had a significantly higher volume of PICF compared to HI.
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Figure 13. Concentration of IL-1ß (pg/ml) at Visit 1.

No significant difference in IL-1β concentration in PICF between HI and PI implants.
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Figure 14. Implant-level Probing Depth at Visit 1 and Visit 3 in PI.

Probing Depth (mm)

7
6
5

*

4
3
2
1
0
Visit 1

Visit 3
Time of Visit

* indicates p<0.001.
PD decreased significantly between Visit 1 and Visit 3 in PI implants.
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Figure 15. Implant-level Clinical Attachment Level at Visit 1 and Visit 3 in

Clinical Attachment Level (mm)

PI.
8
7
6

*

5
4
3
2
1
0
Visit 1

Visit 3
Time of Visit

* indicates p=0.001.
CAL decreased significantly between Visit 1 and Visit 3 in PI implants.
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Figure 16. Implant-Level BOP in PI: Visit 1 vs. Visit 3.

* indicates p=0.006.
Non-surgical mechanical debridement with peri-implant pocket irrigation with chlorhexidine
digluconate resulted in a significant reduction of BoP in implants with PI.
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Figure 17. Implant-Level Percentage of Sites with PD ≥ 5 in PI: Visit 1 vs.
Visit 3.

* indicates p=0.014.
Non-surgical mechanical debridement with peri-implant pocket irrigation with chlorhexidine
digluconate resulted in a significant reduction of percentage (%) of implant sites with
PD≥5mm in implants with PI.
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Figure 18. Distribution of Amount of IL-1ß in PI: Visit 1 vs. Visit 3.

No significant difference in the amount of IL-1ß in PICF in PI implants between Visit 1 to
Visit 3.
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Figure 19. PICF Volume in PI: Visit 1 vs. Visit 3.

* indicates p=0.005.
Non-surgical mechanical debridement with peri-implant pocket irrigation with chlorhexidine
digluconate resulted in a significant reduction of PICF volume in implants with PI.
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Figure 20. Concentration of IL-1ß (pg/ml) PI: Visit 1 vs. Visit 3.

* indicates p=0.032
Concentrations of IL-1ß in PICF were found to be significantly higher at Visit 3 compared to
Visit 1.
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Figure 21a-21d. Concentration at Baseline (Visit 1)
a. BOP

b. CAL

c. PD

d. Plaque Index

Note: rs indicates Spearman correlation, and p indicates p-value.
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Figure 22a-22d. Scatterplots of Clinical Parameters and IL-1ß
Concentration in PI implants at Visit 3.
a. BOP

b. CAL

c. PD

d. Plaque Index

Note: rs indicates Spearman correlation, and p indicates p-value.
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