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Abstract
The main objective of this study was to evaluate the response to treatment in implants with peri-
implantitis depending on the presence or absence of keratinized mucosa.

Materials and Methods: 100 implants with peri-implantitis were treated non-surgically at the
Prosthodontics and Occlusion Teaching Unit of the University of Valencia. Records were registered at day
zero (recession, bleeding on probing, suppuration, probing depth, bone loss and plaque index), at 1, 3 and
6 months.

Results: In both groups a slight increase in recession and disappearance of suppuration took place, and
no bone loss was observed during the 6 months. However, both probing depth, bleeding on probing and
plaque index, after an initial reduction, increased again in the group without keratinized mucosa (KM).

Conclusions: Implants with KM presented better results after non-surgical treatment as well as in their
medium-term evolution, although it would be advisable to increase the number of samples in order to
achieve greater scienti�c evidence and standardization in the treatment protocol.

Clinical relevance: The role of keratinized mucosa in the development of peri-implantitis has been
mentioned in many publications, but less has been emphasized regarding its in�uence on the success of
the treatment of this pathology. The presence of keratinized mucosa has been found to play a
determinant role in the evolution of non-surgical treatment of peri-implantitis. The amount of keratinized
mucosa should be considered in the treatment of peri-implantitis, as well as when planning connective
tissue grafts accompanying the decontamination of implants in the absence of keratinized mucosa.  

Introduction
Implant treatment has recently become a frequent treatment option in order to replace missing dental
pieces. However, over the years the presence of complications, both mechanical and biological, has been
repeatedly observed. Peri-implantitis has become a relatively frequent biological complication, with a
range of 1–47% [1], and an important one as well, since it can lead to the loss of the implant.

Treatment of peri-implantitis focuses on decontamination of the implant surface and conditioning of the
surrounding tissues. A former non-surgical phase should always be performed, as it allows to evaluate
the tissue response and the patient's hygiene [2]. Many authors endorse that this �rst non-surgical phase
is generally effective in resolving peri-implantitis [3–6], although the effectiveness of non-surgical
treatment has been a controversial subject, with a diversity of opinions throughout the literature [1, 7].

Various factors can in�uence the occurrence of peri-implantitis such as: history of periodontitis, tobacco
consumption, diabetes, inadequate plaque control, absence of regular maintenance, absence of
keratinized mucosa (KM), genetic factors, systemic conditions, iatrogenic factors, etc. [8–10]. Such
factors may also in�uence the long-term evolution of peri-implantitis treated implants.
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Hence, the main purpose of this study was to assess the response to treatment in implants with peri-
implantitis in relation to the presence or absence of keratinized mucosa.

The working hypothesis proposed stated that implants which are not surrounded by keratinized mucosa
present worse health maintenance in the medium term.

Materials And Methods
A prospective study was carried out in order to evaluate the response to treatment of 100 implants (from
the brand Biomet 3i) with peri-implantitis, placed in the Prosthodontics and Occlusion Teaching Unit of
the University of Valencia. The implants included in the study were selected during the control visits
carried out in the year 2021. It was imperative that they had been loaded with their de�nitive prosthesis
for at least one year, presented clinical signs of peri-implantitis following the criteria indicated in the 2017
Workshop [9] and had an adequate general periodontal health status.

Initial records related to the patient were collected (age, sex, tobacco consumption habits and history of
periodontitis), having placed all implants in patients already treated and periodontally stabilized [11]; as
well as other features related to the implants: Millimeters of keratinized mucosa measured in the mid
zone of the buccal site in implants using a periodontal probe CP 15 by Hu-friedy® (Chicago,IL, USA);
Recession: millimeters of gingival margin retraction with respect to the prosthetic crown (where the
gingival margin was located at the time of prosthesis placement) measured in the mid-buccal site;
Silness and Löe plaque index; Bleeding and suppuration: its presence or absence was measured. Probing
depth using the CP15 periodontal probe (at six points: mesiobuccal, buccal, distobuccal, mesiopalatal,
palatal and distopalatal); Gingival in�ammation (Löe and Silness Gingival Index); and percentage of
bone loss: measured using Rhinoceros software (Robert Mcneel & Associates. Seattle, USA) on
radiographs taken with Rinn system positioners (Denstsply, Illinois, USA). The years since prosthesis
placement were also recorded. All data were collected by a single operator.

Once the initial records were obtained, a non-surgical decontamination treatment was performed under
local anesthesia (articaine 4% and adrenaline 1:100,000) which consisted in the removal of plaque and
calculus from the implant surface using ultrasound (SP Newtron, Satelec Acteon, Olliergues, France) and
H3 tip (Satelec Acteon, Olliergues, France), implant-speci�c titanium curettes by Hu-friedy® (Chicago,IL,
USA), curettage of the internal epithelium of the pocket with Hu-friedy® 4R/4L curette (Chicago, IL, USA),
subgingival irrigation with an antiseptic (chlorhexidine 0.2%), administration of antibiotic (metronidazole
500 mg every 8 hours/7 days) and antiseptic (0.2% chlorhexidine gel 3 times a day for 15 days).
Supragingival scaling treatment was also performed in the rest of the oral cavity and oral hygiene
instructions were provided. There were no patients allergic to the drugs administered, therefore, all of
them received the same treatment.

After completing the treatment, a re-evaluation was carried out at 1 month, 3 months and 6 months to
assess the outcome of the treatment, in which the same data as at baseline were collected to analyze
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both the initial results and the medium-term evolution (Table 1). In the evaluation at one month it was
also determined whether the patient should go on to maintenance or whether a previous surgical phase
was required.

A statistical analysis was performed with the data obtained.

Table 1
Timeline

Timeline

Pre-study (T0) Day 0 1 month (T1) 3 months (T2) 6 months (T3)

Baseline records and treatment 1st follow-up 2nd follow-up 3rd follow-up

Ethics and consent to participate
The study was approved by the Human Research Ethics Committee of the University of Valencia with
procedure number 183748 in accordance with the Declaration of Helsinki. All participants signed a
written informed consent.

Statistical analysis
Simple binary logistic regression models were estimated using generalized estimating equations (GEE) to
explain the probability of implant recession, bleeding and suppuration on probing or in�ammation of the
implant depending on the presence or absence of KM over time.

Likewise, for clinical variables of ordinal or continuous nature (probing depth, bone loss, plaque)
generalized linear models were also applied under the GEE approach. This type of approach is justi�ed by
the multiplicity of implants per patient, thus controlling the dependence of the observations.

The models were replicated adjusting the time since implant placement and the the amount of KM (no
presence, <=2, >2mm). In order to study the association between the presence of KM and the pre-
treatment clinical situation, the above methodology was also employed.

The signi�cance level used in the analyses was 5% (α = 0.05). Due to the multilevel design of the data
(several implants per patient), assuming a high intra-subject correlation (ρ = 0.75), a power of 89% was
obtained.

Results
A total of 100 implants with peri-implantitis were analyzed in 25 patients (17 females and 8 males), with
a mean age of 64.6 ± 6.3. The mean time of implant loading was 12.27 ± 5.6. From the total number of
subjects analyzed, 21 presented a previous history of periodontitis versus 4 that did not, suggesting a
strong relationship between a previous history of periodontitis and the development of peri-implantitis.
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The sample was divided into two groups of implants based on the presence or absence of KM. In the
records obtained at baseline (Pre-study T0), 51.0% of the implants presented KM, with a mean KM band
width of 1.43 ± 1.68 mm, and 49.0% presented an absence of KM (Fig. 1). The remaining implant
characteristics at baseline are shown in Table 2.

Table 2
Clinical parameters of the implants at T0.

Clinical parameters at T0

  with KM without KM

Time since placement (years) 10.6 14.0

Recession (mm) 2.47 ± 1.86 0.66 ± 0.96

Bleeding % 100 100

Suppuration % 59.60 48.00

Probing depth (mm) 5.16 ± 1.28 4.43 ± 1.09

Bone loss % 46.78 29.97

Plaque index 2.02 ± 0.77 1.46 ± 0.89

At one-month follow-up (T1), three implants had been extracted due to poor prognosis and evolution.
From this moment on, the entire analysis was performed on 97 implants.

When analyzing the evolution of the initial parameters after treatment, a slight, not statistically
signi�cant, increase in recession was observed at one month follow-up (T1), but which remained stable
(p = 0.151) in the subsequent follow-ups (T2 and T3), both for implants with and without KM (p = 0.773)
(Fig. 2).

The presence of bleeding underwent signi�cant changes throughout follow-up. These changes appeared
to be associated with the presence of KM (p < 0.001). Bleeding was substantially reduced at one month
(T1) in both groups, but eventually reappeared over time, being more pronounced as the amount of KM
present decreased (p < 0.001), with rates exceeding to 72% in the absence of KM (Fig. 3).

Treatment practically eliminated suppuration (p < 0.001), being equally effective whether there was or not
KM (p = 0.218) and this situation was sustained throughout the follow-ups.

Probing depth, which was initially deeper in the absence of KM, was reduced after treatment in both
groups (T1), but thereafter, those implants with KM maintained a stable probing depth and those without
KM increased once again. From a descriptive level, there seemed to be a different evolutionary pattern in
both groups (Fig. 4).
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Regarding bone loss, signi�cant differences were detected at T0: the less quantity of KM surrounded the
implant, the greater quantity of bone loss was experienced (OR = 0.96; p = 0.001). Thereafter, all clinical
assessments were stable, with no bone alterations observed throughout the follow-up period.

The bacterial plaque index was initially higher in implants without KM (OR = 0.44; p = 0.027). After
treatment, there was a similar reduction in both groups (T1) that seemed to be maintained at 3 months.
However, the descriptive impression was that in implants without KM it tended to rebound at 6 months,
while it continued to decline in implants with KM. The model concludes that plaque will progress again
more readily in the total absence of KM (p = 0.007) (Fig. 5).

Discussion
Over the years, non-surgical treatment of peri-implantitis has been considered a limited treatment when it
comes to solving peri-implant infection [2]. Thanks to technological advances and treatment evolution,
new research suggests an improvement in the results previously presented, [6,12,13,]. Roos-Jansaker
obtained a reduction of bleeding on probing from 97–38% remaining stable at 3 months, and Nart
pointed out a reduction of probing depth to less than 5 mm in 95.45% and none presented progression of
bone loss. The present results are in line with these studies, with a decrease in bleeding on probing from
100–12.4% after initial treatment, a statistically signi�cant reduction in probing depth from 4.78 mm to
3.68 mm and no progression of bone loss.

Regarding the non-surgical treatment sequence, no standard protocol exists, but it varies according to the
studies; the most standardized one being the mechanical decontamination of the implants and the
administration of antiseptics [14]. The intake of systemic antibiotics also seems to improve outcomes
[15, 16]. In the present study, decontamination was performed by ultrasound and curettage, irrigating with
0.2% chlorhexidine and Metronidazole 500 mg every 8 hours for 7 days [6].

Based on previous knowledge of periodontal infections, it is apparent that modi�cations in clinical
conditions are necessary to prevent recurrence of the pathology. One of the clinical conditions that would
be convenient to alter, besides hygiene, is the amount of KM [17]. In the research presented, already at
baseline, the absence of KM was associated with a poorer clinical and radiographic status of the implant.
Therefore, the effectiveness of the treatment must be evaluated by comparing the evolution of the two
groups (with and without KM) and not the �nal values at 6 months. KM seems to in�uence the medium-
term stability of many of the clinical signs of peri-implantitis. The presence of pre-treatment recession
was signi�cantly higher without the presence of KM but remained stable in both groups throughout the
visits. Treatment signi�cantly eliminated bleeding at 1 month but increased in the absence of KM in the
medium term. Suppuration was similar in both groups. It was eliminated after treatment and remained
stable. Probing depth was greater in the absence of KM; the reduction was of similar extent in both
groups, but subsequently rebounded in the absence of KM while remaining stable in its presence. In the
pre-treatment phase, the plaque index was higher in the absence of KM, subsequently reduced by 1 point
on average, although a recurrence was observed in the group without KM. Finally, in�ammatory signs
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increased from the third month in implants without KM. At the beginning of the treatment all clinical
signs improved, but over the months, in many of the implants without KM, they returned to levels similar
to the initial ones, which seems to indicate that the presence of KM intervenes in the medium and long
term stability of peri-implant health.

However, there are current studies still pointing out that the role of KM in peri-implantitis has low scienti�c
evidence and needs further research [18, 19].

Conclusions
Implants with presence of KM obtain better results after non-surgical treatment of peri-implantitis as
well as during their evolution and stability in the medium term, emphasizing the stability in the
reduction of bleeding, probing depth and plaque index.

It is convenient to standardize the protocol for non-surgical peri-implant treatment.

Although the present study is supported by other works in the literature, it would be advisable to
increase the number of samples in order to achieve greater scienti�c evidence.

Declarations
Author Contributions

C.F.B. and A.F.F. wrote the main manuscript text, C.L.R supervised the research and the text, M.G.S and
M.F.S. prepared the stadistic analysis and the �gures and tables. R.A.P and C.F.B did the investigation.

Con�ict of interests and funding

There was no con�ict of interest. No funding was obtained for this study.

References
1. Derks J, Tomasi C. (2015) Peri-implant health and disease. A systematic review of current

epidemiology. J Clin Periodontol 42: 158–171. doi: 10.1111/jcpe.12334.

2. Renvert S y Polyzois I (2018). Treatment of pathologic peri-implant pockets Periodontology 2000
Vol. 76, 2018, 180–190. doi: 10.1111/prd.12149.

3. Schwarz F, Becker K, Renvert S (2015) E�cacy of air polishing for the non-surgical treatment of peri-
implant diseases: a systematic review. J Clin Periodontol 42:951–959. doi: 10.1111/jcpe.12454.

4. Mettraux GR, Sculean A, Burgin WB, Salvi GE (2016) Two-year clinical outcomes following non-
surgical mechanical therapy of peri-implantitis with adjunctive diode laser application. Clin Oral
Implants Res 27:845–849. doi: 10.1111/clr.12689.

5. Roos-Jansåker AM, Almhojd US, Jansson H (2017) Treatment of peri-implantitis: clinical outcome of
chloramine as an adjunctive to non-surgical therapy, a randomized clinical trial. Clin Oral Implants



Page 8/12

Res 28:43–48. doi: 10.1111/clr.12612.

�. Nart J, Pons R, Valles C, Esmatges A, Sanz-Martín I, Monje A. (2020) Non-surgical therapeutic
outcomes of peri-implantitis: 12-month results. Clin Oral Investig Feb;24(2):675–682. https://doi:
10.1007/s00784-019-02943-8.

7. Koldsland OC, Wohlfahrt JC, Aass AM (2018) Surgical treatment of peri-implantitis: prognostic
indicators of short-term results. J Clin Periodontol 45(1):100–113. https:// doi: 10.1111

�. Heitz-May�eld LJA. (2008). Peri-implant diseases: diagnosis and risk indicators. Journal of Clinical
Periodontology 35 (Suppl. 8): 292–304. doi: 10.1111/j.1600-051X.2008.01275.x.

9. Schwarz F, Derks J, Monje A, Wang HL. (2018). Peri-implantitis. Journal of Clinical Periodontology
Jun;45 Suppl 20: S246-S266. doi: 10.1111/jcpe.12954.

10. Lin GH, Chan HL, Wang HL. (2013). The Signi�cance of Keratinized Mucosa on Implant Health: A
Systematic Review. Journal Periodontology Dec;84(12):1755–67. doi: 10.1111/jcpe.12954.

11. McCracken G, Asuni A, Ritchie M, Vernazza C, Heasman P. (2017) Failing to meet the goals of
periodontal recall programs. What next? Periodontol 2000 75: 330–352. doi: 10.1111/jcpe.12954.

12. Trejo PM, Bonaventura G, Weng D, Caffesse RG, Br gger U, Lang NP. (2006) Effect of mechanical and
antiseptic therapy on peri-implant mucositis: an experimental study in monkeys. Clin Oral Implants
Res17:294–304. doi: 10.1111/j.1600-0501.2005.01226.x.

13. Roos-Jansaker AM, Almhojd US, Jansson H (2017) Treatment of peri-implantitis: clinical outcome of
chloramine as an adjunctive to non-surgical therapy, a randomized clinical trial. Clin Oral Implants
Jan;28(1):43–48. doi: 10.1111/clr.12612.

14. Heitz-May�eld LJ, Salvi GE, Botticelli D, et al. (2011) Anti-infective treatment of peri-implant
mucositis: a randomized controlled clinical trial. Clin Oral Implants Res 22:237–241. https://

15. Hallstrom H, Persson GR, Lindgren S, Olofsson M, Renvert S. (2012) Systemic antibiotics and
debridement of periimplant mucositis. A randomized clinical trial. J Clin Periodontol 39:574–581.
doi: 10.1111/j.1600-0501.2010.02078.x.

1�. Faggion CM Jr, Listl S, Fruhauf N, Chang HJ, Tu YK (2014) A systematic review and Bayesian
network meta-analysis of randomized clinical trials on non-surgical treatments for peri-implantitis.
Clin Periodontol 41:1015–1025. doi: 10.1111/j.1600-0501.2010.02078.x.

17. Barootchi S, Ravidà A, Tavelli L, Wang HL. (2020) Nonsurgical treatment for peri-implant mucositis: A
systematic review and meta-analysis. Int J Oral Implantol 13(2):123–139.

1�. Dreyer H, Grischke J, Tiede C, Eberhard J, Schweitzer A, Toikkanen SE, Glöckner S, Krause G, Stiesch
M. (2018) Epidemiology and risk factors of peri-implantitis: A systematic review. J Periodontal Res
Oct;53(5):657–681. doi: 10.1111/jre.12562

19. Marcantonio C, Nicoli LG, Marcantonio Junior E, Zandim-Barcelos DL. (2015) Prevalence and
Possible Risk Factors of Peri-implantitis: A Concept Review. J Contemp Dent Pract Sep 1;16(9):750-7.
https://doi: 10.5005/jp-journals-10024-1752.



Page 9/12

Figures

Figure 1

Presence of KM

Figure 2
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Variations in the prevalence of recession according to KM Group: Results for simple logistic regression
with EEG model.

Figure 3

Changes in bleeding prevalence according to KM Level: Simple logistic regression results with EEG
model.
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Figure 4

Changes in BoP according to KM Group: Simple linear regression results with EEG model.
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Figure 5

Evolution of plaque index over time.


