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Patient-reported oralhygiene andimplant outcomes in general dental practice

Abstract

Background: This study investigated possible correlations between patient-performed implant hygiene and peri-

implant success and'disease, as well as patient-reported outcomes, inacommunity-based cohort.

Methods: Fifty-onepatients (78 implants) from two private general practices were surveyed on theirdental implant
treatment history, oral hygieneinstructions (OHI) received, home hygiene habits and currentimplant concerns. Their
dentition, plaque/calculus scores, and clinical implant parameters were examined. Correlations between hygiene

habits, risk factors, implant success and peri-implant diseaserates were assessed.

Results: Implants hadapatient-reported mean time in function of 6.7 years. Floss (74.4%), interdental brushes
(44.9%) and mouthwash(39.7%) were commonly used, while 7.7% of implants were only cleaned by brushing. Over
half (56.4%) of implants fulfilled the success criteria, 61.5% had peri-implant health, 24.4% mucositis and 7.7% peri-
implantitis. Only brushing (p<0.001) and detectable plaque/calculus (p<0.001) were significantly associated with
more peri-implant disease.Local prostheticfactors affecting cleaning accessibility significantly reduced implant
success (p<0.001). Patientsreported mixed recall of implant OHI, 7.7% of implants were aesthetically unsatisfactory

and 9.0% had perisimplant symptoms.

Conclusions: Lack of interproximal cleaning and the presence of plague/calculus were significantly associated with

peri-implant disease inacommunity-based general practice setting, and patients reported mixed recall of OHI.

Keywords: Dental implants; patient satisfaction, peri-implantitis; oral hygiene; survey
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Introduction:

Plaque-induced peri-implant disease is a biological complication that can occur around dental implants and includes
peri-implant mucositis;marginal inflammation of the adjacent soft tissues without significant bone loss, and peri-
implantitis, which alsoinvolves alveolar bone loss afterinitial healing.! These conditions have been reportedin
recent meta-analysestohave weighted mean prevalence at the patientlevel of about 45% for peri-implant
mucositis, and about20% for peri-implantitis.> 3 Studies of peri-implant disease prevalence have mostlybeen
conductedin university orspecialist-based clinics,? with only afew studies examining disease prevalence in

community-based cohorts./4”

Plague is considered a primary aetiological factorin the development of peri-implant disease, with higher plaque
levelsatthe implant®1! orlack of accessibility for cleaning the implant!2 significantly associated with peri-implantitis.
Patient-performed home hygiene is therefore a key component of peri-implant disease prevention®® % but the
efficacy of specifichygienesmethods and theirimpact on peri-implant outcomesis not established.!®> The implant-
specificoral hygieneinstructions (OHI) given to patients in otherwise controlled studies of peri-implant disease
management!® 7 s alsorarely described. While some studies have compared clinical outcomes of powered and
manual toothbrushesaround implants,'®2% interproximal cleaning methods have been inconsistentin these studies,
and whether hygiene methods additional to toothbrushing have any impact has not been shown. Interdental brush
(IDB) cleaning efficacy.has’been studied in acomparison of brush designs when applied by a hygienist?! but there are
very few studies of patientuse. Inastudy where individualised implant OHl were given for full-arch implant-retained
prostheses, IDBwere taken up by patients atthe highest rate compared to other hygiene methods, although clinical
parameters did notimprove overall 22 Whether DB, floss or variations on flossing e.g. thick floss with threader,
circumferential flossing method? are more effective in maintaining peri-implant health or managing peri-implant

disease is not known.

Of the studies examiningperi-implant outcomes in community-based cohorts,*” only one reported patients’ home
hygiene habits” and'didnotinvestigate any subsequent correlation to disease. Whether having adental implant
affects patients’ oral' hygiene behaviouris also unclear, as hygiene habits were reported to be largely unchangedin
one study,?* althoughhaving an implant has been shown toincrease patient compliance to attendance at supportive

periodontal therapy:®

Prostheticdesign and clinical execution can also affect peri-implant health, such as cemented prostheses showing
greaterrates of biological complications?®2” and peri-implant disease,?®3° particularly when incompletelyseated.?!
Oral hygiene accessibility is an important factorin peri-implant disease prevention'? and interproximal food

impaction around implants has been documented in recent studies.32-3
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Surveys of patients’ implant experiences have previously investigated patient satisfaction with function and
aesthetics,*> 7243538 gnd less commonly, self-rated ease of oral hygiene.”2*37 Again, only afew have surveyed

community-based cohorts.

This cross-sectional study therefore aimed to investigate patients’ oral and implant hygiene habits, theirimplant
treatmentand OHI histories, and evaluatethe implant outcomes (clinical parameters, implant success, peri-implant
disease prevalence, patient-reported concerns) of acommunity-based patient cohort. The study aimed to identify

possible specificoralhygiene risk factors and furtherresearch areas in the clinical practice of implant maintenance.

Material and methods:

This cross-sectional study involved patients from two private general practice clinics in Sydney, Australiawho were
known to have pre-existing.completely restored dentalimplants. They were recruited via mail invitation, waiting
room advertisement, or onattendinga routine recall appointment with one of the investigators (MC). Any patient
who had previously hadtheirimplant treatment completed by the examiner was noteligible forinclusion, to remove
observer bias, and pregnant women for whom radiographicexamination might be needed were also excluded.
Patientswhofit the inclusion criteriaand attended an appointment with investigator MC between November 2015
and May 2017 were enrolled consecutively inthe study, upon their consent. Participants agreed tocomplete a
guestionnaire andundergo a clinical examination. A prize draw to encourage participation was conducted. Ethics
approval forthis study:was granted by the Health Sciences Human Ethics Sub-Committee of the University of
Melbourne (Ethics ID 1443625), and was performed in accordance with the principles established in the Declaration

of Helsinki. All patients provided informed consent.

All questionnaires and'clinical examinations were administered by one examiner (MC). The subjects completed a
paper questionnaire (Supplementary information available online), providing information about their background
demographics, medical'and dental history, oral hygiene habitsin general, implant treatment history and any
subsequent problems,recollection of implant-specific OHl received, and their ongoing maintenanceroutine. Any

necessary clarificationswere made immediately by the examiner.

Clinical assessment:

Clinical examination ofthe patients’ dentition in general consisted of: teeth present, periodontal disease status
(intact periodontium, reduced periodontium in non-periodontitis patient, successfully treated stable periodontitis
patient or periodontitis patient with active disease), O’Leary plague control index (the percentage of tooth surfaces

with plaque detected using disclosing solution, six surfaces pertooth3°).
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Clinical examination of each implant consisted of: visual assessment of soft tissues, bleeding on probing, pocket
depths, percentage of surfaces with plaque or calculus detected using disclosing solution (sixsurfaces pertooth),
Mombelli modified gingival index,*° suppuration, keratinised mucosa presence or absence around the implant,
mucosal recession, any local factors affecting accessibility for cleaning (gap between abutment and crown, ridge lap
prosthesis [bucco-lingually], overcontoured or cantilevered pontic [mesio-distally], splinted crowns orimplant bridge

and/oropen contactipoint): Clinical examination record forms are available as Supplementary information online.

Radiographic assessment:

A periapical radiograph of each implant was taken using a parallel technique, unless aradiograph from within the
previous 12 month was available in the patient’s records. This strategy aimed to minimise excessive radiation
exposure to patients,as review radiographs of implants may be takenin the private practice environmenton a two-
yearly basis.** Only fourpatients in the cohort had radiographs from up to 7 months prior to the date of their
participation includedforassessmentin the study. The vertical distance from the implant platform to the level of
bone-implant contact was measured, and fixture depth (compared to adjacent or contralateral teeth), prostheticfit
and interproximal embrasure shapes (between the contact pointand crestal bone, mesially and distally) were

assessed onthe radiographs.

During the examinatienpatients werealso asked to describe theirimplant-specifichygiene habits and any current

symptoms or concerns, including aestheticconcerns.

Implant success was'determined accordingto criteria described by Karoussis et al. (2004):4?
e Absence of mobility.
e Absence of persistent subjective complaints (pain, foreign body sensation,and/or dysaesthesia).
e NoOPPD>5mm.
e No PPD=5mmrand bleeding on probing (BOP).
e Absence of acontinuous radiolucency around the implant.*®
e Afterthe firstyearof service, the annual vertical bone loss should notexceed 0.2 mm.

The presence of anyofithese findings deemed animplant to be unsuccessful.

Diagnosis of peri-implant health, mucositis or peri-implantitis was determined according to the latest

recommendations for standardised criteriainimplant research by Renvertetal. (2018):!

e Peri-implanthealth —absence of visual inflammation; lack of profuse (line or drop) bleeding on probing; and
absence of furtherbone loss followinginitial healing, which should not be >2mm

e Peri-implant mucositis —visual inflammatory signs; profuse bleeding and/or suppuration on probing; and
absence of bone loss beyond initial crestal bone remodelling

e Peri-implantitis—visual inflammatory signs; profuse bleeding and/or suppuration on probing; and bone level
>3mm fromthe implant platform, orbone loss >2mm afterinitial crestal bone remodellingand/or probing

depth26mm
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Implants which lacked inflammation at the time of examination but showed bone loss 22mm afterinitial remodelling

were excluded from analysis between healthy, mucositis and peri-implantitis groups.

Statistical analysis:

Data were described and correlations betweenimplant outcomes and variables were assessed. Atthe patientlevel,
medical history (age, smoking), dental history (periodontal disease status, regularity of dental attendance, whether
patientsrecalled having theirimplant(s) checked during recall appointments, history of failed implant, history of
peri-implant soft tissue complication, number of implants, O’Leary plague control index) and implant hygiene
(brushing only, presence of plaque/calculus at the implant, percentage of surfaces with plaque) risk factors were
compared with each'patient’s most severe peri-implant health/disease and success finding, to assess the influence of

known risk factors.

At the implantlevel, these same factors, as well asimplant history (reported yearsin function, whetherimplant OHI
was received onimplant completion orany time subsequently) and local implant factors (presence of keratinised
mucosal margin, screwsorcement retention of prosthesis, single crown or multi-unit prosthesis, any local factor
affecting cleaning aceessibility, deep fixture position, presence of natural mesial/distal embrasure shape) were

compared to implantoutcomes to assess theirinfluence.

Possible associations between known risk factors and variables found to be positively correlated toimplant
outcomes, were alsoexamined atthe implantlevel. The statistical software SPSSversion 23.0(SPSS, Chicago IL, USA)
was used for data.analysis;using Pearson’s Chi-squared tests, Pearson correlation, one-way ANOVA and independent
sample t-tests (p<0.05). This study was conducted in compliance with the STROBE guidelines for cross-sectional

studies.

Results:

Patient-reported history and outcomes:
Fifty-one eligible subjectswith 78 pre-existing dental implants with completed prostheses gave theirconsentto be
enrolledin the studysThe.demographics of the cohort (gender, age, smoking history and dosage, dental attendance

pattern) are showninTable 1.

Using patient-reported estimates, the implantsin this study had a mean of 6.7+4.3 yearsin function (range 7months
to 20 years, Figure 1), which was positively correlated to patient age (p=0.032, r=0.243). Subjectrecall of implant

checktiming, OHI timing, and history of complications (biological and prosthetic) are shownin Table 1.

Regarding practitionertype, subjects recalled that dental specialists performed implant surgery for 60.3% of the

implants while generaldental practitioners (GDPs) restored 53.8% of the implants. The 39.7% of implantsin the
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sample which were placed and restored by GDPs consisted of 19.2% provided by the patient’s regular GDP and

20.5% provided by another GDP with a special interestinimplanttreatment.

At the time of examination, three subjects (5.9%) expressed general dissatisfaction with soft tissue aesthetics
involving6implants (7.7%). Seven subjects (13.7%) reported peri-implant symptoms involving 7implants (9.0%),
including “tenderness” or “sensation” inthe gum, food impaction and the implant feeling “too forward”. Two

subjects (3.9%) reportedpain or discomfort when cleaning two implants (2.6%).

Patient-reported home hygiene:

The oral hygiene habits performed by the subjects at home, the average reported frequency, and methods
specifically used to clean theirimplant(s)are showninTable 2. At the implantlevel, 7.7% of implants were reported
by subjectsto be brushedonly, whileregularflossing (77.4%), interdental brush (IDB) (44.9%) and mouthwash

(39.7%) were the mostcommon additional techniques.

Dental examination findings and peri-implant outcomes:

The subject group had a mean O’Leary plague control index of 63.4417.6% (range 28.0-100.0%). The majority of
subjects had an intact periodontium (74.5%), while 15.7% had successfully treated stable periodontitis (with healthy
gingivaorgingivitis)and.9.8% were periodontitis patients with current active disease. Number of implants per
patient, implant prosthesisitype and retention type, and prevalence of some common clinical parameters are shown

inTable 3.

Of the implants with.inflammatory bleeding on probing (29.5%), this included a Mombelli modified gingival index
(mGl) of grade 1 (17.9%), grade 2 (10.3%) and grade 3 (1.3%), with a mean mGl of 0.4+0.7 (range 0-3). While 56.4%
of implants had plague/calculus present, the mean percentage of surfaces (out of 6 surfaces perimplant) with

plaque/calculus was 23.5% (range 0-100%).

Radiographicboneloesswasidefined as any loss greaterthan the expected initial crestal bone remodelling
appropriate for each implant system/type and was found in 41.0% of implants. Bone loss of >2mm afterinitial crestal
bone remodelling was found in 13.0% of implants. The implants had amean estimated bone loss of 0.8+1.2mm

ranging from 0-4.5mm; among the 41.0% of implants with bone loss, the mean estimated bone loss was 1.9t1.1mm.

The mean probingpocket depth (PPD) of eachimplant (6sites perimplant) ranged from 0.5-4.7mm, at an average of
2.2+0.7mm across the sample. When considering the deepest PPD of each implant, the mean deepest PPD across
the sample was 3.2+1.1mm (range 1-6mm). Only one implant demonstrated recession (2mm), while 6implants
(7.7%) had a more apical mucosal margin compared to the contralateral oradjacent teeth, ranging from 1-5mm

(mean3.2+1.7mm).
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The prevalence of local prostheticfactors that may affect plaque retention, ease of cleaning or accessibility are
showninTable 4. At least one of these factors was found in 64.1% of implants. One-third of implants (30.8%) were
classified from radiographs as having interproximal embrasure shapes similar to natural teeth whilethe remainder

had at least one embrasure that was not naturally shaped.

Subject-level (the worst diagnosis per patient) and implant-level success according to the criteriaoutlined by
Karoussis etal. (2004),**and peri-implant health/disease status according to the criteriaoutlined by Renvertetal.
(2018)* are shownin‘Table 5. A small numberof implants (6.4% of implantsin 5.9% of patients) demonstrated no
signs of inflammationyethad 22mm bone loss and could not be included inthe above peri-implant status groups or

subsequentanalysislbetween groups.

Risk factors for peri-implant disease status and implant success:

The distribution of implants with healthy, mucositis and peri-implantitis status among risk factor characteristic
groupsis showninTable 6, with statistical analysis across the 3 status groups shown. Significant differences found
when comparing two implant status groups, and in analysing implant success amongall implants, are shownin Table

7.

Oral hygiene
Whetheranimplant was reportedly only brushed (p=0.001) significantly affected peri-implant health status at the
implantlevel, especially between health and peri-implantitis (Tables 6, 7). Being cleaned by brushing alone was also

significantly associatedwith peri-implantitis over mucositis (p=0.009).

Peri-implant health was significantly correlated to the absence of plague/calculus atthe implant level (p<0.001) as
well as lower plaquesurface percentage (p<0.001), which was also associated with higherimplant success (p=0.005

[95% Cl: 6.0-32.3%)], 152%for successful vs 34.3% for not successful) (Table 7).

At the patientlevel, those with more severe peri-implant pathology tended to have higheraverage O’Leary plaque

control scores and were of olderage, but these findings were not statistically significant.

Periodontal factors

Periodontal disease statusdid notsignificantly correlate to eitherimplant success or peri-implant disease. Implants
in patients with active periodontal disease had higherrates of mucositis while implantsin patients with astable
treated periodontiumhad higherrates of peri-implantitis, but these differences were not statistically significant
(Table 6). Whetherthe patient smoked, and the presence of a keratinised mucosal margin did not show any

correlationtoimplant success or peri-implant disease status.

This article is protected by copyright. All rights reserved



Prosthetic factors
The presence of any local prostheticfactoraffecting cleaning accessibility significantly reduced implant success
(58.0% unsuccessful vs 17.9% without any of these factors; p<0.001) (Table 7) and trended towards more severe

pathology, but only reached significance between the healthy and peri-implantitis groups (p=0.038).

At the implantlevel, prosthesis retention by cementorscrew, and whetheranimplant was associated with asingle
crown or multi-unitprosthesis, did not correlate significantly toimplant success or peri-implant disease status.
Implants with aclose to natural embrasure shape mesially and distally had a higher success rate (66.7% vs 51.9%
with anyirregularembrasure shape) which was not statistically significant, and showed no correlation to peri -

implant disease status.

Implant treatment history
At the implantlevel, a history of a failed implant (p<0.001) or a history of a soft-tissue complication (p=0.005)
significantly affectedperi-implant health status overall and were significantly associated with peri-implantitis (Tables

6,7).

In this cohort, lowerreported yearsin function at the implant level was significantly associated with lowerimplant
success (p=0.007 [95% Cl: 0.7-4.2], 5.4 years not successful vs 7.8 years successful) (Table 7), but did not correlate to
peri-implant disease status. While higherreported yearsin function was correlated to older patient age, the latter

did not show significantcorrelations toimplant success or peri-implant disease status.

Generally, age at the time of examination, gender, and patient recall of whether OHl was given at the time of
implant completion oranytime subsequently did not show any correlation toimplant success or peri -implant

disease status.

Discussion:

Patient cohorts surveyedon theirimplant treatment experiences and outcomes have mostly been drawn from
“convenience samples”in university or specialty clinics,* while cohorts from the general community have only rarely
beensurveyed.*> 7 Thisstudy investigated acommunity-based private practice patient cohortin Australia, whichisa

rarity inthe literature.

Patient-reported findings
Surveyed aspects of the patient experiencevary widely in the literature, and in this study, patient reports of peri -

implant history, OHI history and current peri-implant status were emphasized.
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The 5.9% of patientsinthis study who were less than satisfied with the aesthetics of theirimplant treatment was
similartothe 4.4-7% found in community or general practice cohorts* > and 3-8.7% in university/specialist-based
cohorts” 243738 in the literature. Patient-reported discomfort around the implant or on performingimplant hygiene

israrely reported inthe literature, with 13.7% reporting discomfortin this study, asmall but notable proportion.

The oral hygiene habits of patients withimplantsisrarely reportedin the literature. Reported regular flossing (76.5%
of patients) was higherinthis study than the 45% found in a study of 40 private practice patients withimplants,’

while reported IDB use wassimilarat about 40%.

Patientrecall of implant:@HI receivedisrarely reported, and itappeared to be less thanideal in this study, with only
half of the cohortrecalling OHI at the time of implant completion. Whether patients did not remember or OHl was
not provided cannotibe estimated, and instructions given may not translate to hygiene methods performedin any
case. This was apparentinthis study’s results, as peri-implant disease outcomes correlated to reported hygiene
habits but not to whetheranyimplant OHl was received. Patients’ oral hygiene habits and levels priortoimplant
treatment, which may.not change afterimplant therapy,?* may therefore have animpact not just onimplant failure
rates** but possibly peri-implant pathology. This study’s findings support the need for careful hygiene assessment by
clinicians when consideringimplant therapy. Otherwise, hygiene compliance in periodontal disease patientsis
improved with betterunderstanding of possible benefits and disease sequelae, while clinical hygiene parameters are
improved when goalssetting, hygiene diary, self-assessment or feedback discussion methods are used.* These
strategies may also berapplicable to peri-implant disease prevention and warrant furtherresearch. The challenges of
long-term OHl communication and current best practices for behaviour change should be emphasised inimplant
education programs espécially as teaching ofimplant home hygiene has beenreported to be mixedinasurvey of

implant educatorsin Australia.*®

Implant success and peri-implant disease rates

Implantsuccess rategintheliterature depend greatly upon the criteriausedin e ach study.*’ This study’s implant-
level success rate of 56:4% after a mean 6.7 patient-reported yearsinfunctionis similarto otherstudies usingthe
same criteria (59.4%(to 79.1% after 10 years depending on periodontal disease history and implant design),* 48 while
otherrecentstudiesreported success rates of 51-90%.%°%-5° One study of patientsin a private general practice
research network reported a success rate of 81.3% aftera mean 4.2 years® when usingthe criteria by Albrektsson et
al. (1986),°! concludingitto be lowerthan studiesin specialist/university settings. In the current study, implant
success was significantly correlated toalonger mean time in function, perhaps an unexpected result compared to
the positive correlation found in meta-analysis between years in function and peri-implantitis prevalence.? However,
success considers patient-reported symptoms where the disease criteriado not, and symptomaticimplants havinga
shorter meantime in functioninthis study (although not statistically significant) may explain the finding.

Comparisons of implant successtotime infunction are rarely reported.

The diagnosticcriteriafor reports of peri-implant health and disease prevalence have also varied widely inthe

literature.! The recent consensus criteria outlined by Renvert et al (2018)* was used in this study to allow future
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standardised comparison. This study’s findings of mucositis (24.4%) and peri-implantitis (7.7%) prevalence at the
implantlevel were similarto weighted mean prevalence (30% and about 9% respectively) calculated inrecent meta-
analyses.?>2 At the patientlevel, this study’s findings (33.3% for mucositis and 7.8% for peri-implantitis) were lower
than the weighted mean prevalence of 43-63% and 18-22% respectively calculated in recent meta-analyses.? 3 Peri-
implant health prevalence (52.9% at patient-level, 61.5% at implant-level) was higher, mucositis prevalence was
similarand peri-implantitisiprevalence was lowerin this study compared to the Swedish implant registry study,>3
which reported 23.0%spatient-level and 39.3% implant-level health, 32.0% patient-leveland 35.1% implant-level
mucositis, 45.0% patient-leveland 24.9% implant-level peri-implantitis in 588 patients. These differences may be due
to the smaller sample'size orthe demographics of the private practices in this study. Rates of peri-implant health

have otherwise been'seldom reported.

Some limitations in the consensus diagnostic criteria of peri-implant health and disease! were found in analysing the
results of this study, where)5implants without signs of inflammation but which demonstrated bone loss could not be
categorised and weretherefore excluded from analysis. More research with long-term follow-up is needed to
determine if progressive bane loss can occurin the absence of inflammatory signs, although it was suggested to be

rare ina recentsystematicreview.>*

Peri-implant diseasesrisk factors

This study’s results are in agreement with the established literature on poorer oral hygiene as asignificant risk factor
for peri-implant disease,®**? with the lower plaque/calculus presence at the implant strongly correlating to peri-
implant health, andpatient reports of only brushing strongly correlated to peri-implantitis. The overall plaque levels
exhibited by patientsinthis study appeared to be high, with all patients exhibiting O’Leary plague control scores
>20%, consideredto be a threshold for “good” oral hygiene ina multicentre study in Sweden, met by 88.3% of peri-
implantitis patients in that study.>> At the implantlevel, 43.6% of implants in this study demonstrated no plaque
present, similarto 32.6%.in a private practice-based study,” while findings in specialist/university settings ranged

from 47.5%3% and 56%°¢ upto over87%.4357.58

The efficacy of patient-performed interdental cleaning methods for peri-implant healthis not established*> and
usuallyis not explicitly described in mucositis intervention studies. One study of patient-performed hygiene around
full-arch implant-retained prostheses afterinstruction found it to be generally poor?? but there are no similar studies
for fixed partial denture orsingle crown prostheses. This study showed that brushingalone is unlikely to be
adequate in preventing peri-implant disease, but subjects often performed more than one interproximal cleaning
method, and further researchinto the efficacy of differentinterproximal cleaning methods is warranted. Inthe
periodontal literature, IDBUse is recommended as the most efficacious®® and patient-preferred method.®° For peri-
implant use, only one study has compared IDB design efficacy when applied by a hygienist,?! and Kreve et al. (2016)
founditto be significantly taken up by patients afterinstruction, compared to other hygiene methods.22One

encouraging findingin this study was that implants that were cleaned more interproximally, especially with IDB, had
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fewerreportedyearsinfunction (i.e. werecompleted more recently), perhaps reflecting a greateremphasis on

thoroughimplant hygiene by practitionersinrecentyears.

There are risk factors for peri-implant disease which have been established or investigated in the literature, which
were not statistically significant orhad no apparent no effectin this study. The small number of smokers in this study
may have hiddenits strong effect on peri-implantitis.’®®! Active periodontal disease® ° 115362 or residual pockets®3 &
and lack of compliancetosupportive periodontal therapy are alsorisk factors for peri-implant disease, and this study
showed non-significant trends for peri-implantitis in patients with a stable treated periodontium, and peri-implant
mucositis in patients with active periodontal disease. The effects of the periodontal status variables compared to the
three peri-implant statuses are likely unclear due to the sample size. The effect of a higherimplant to subject ratio?
(i.e.the extent of peri-implant disease) may have been limited by the low number of patients with multipleimplants
inthis study. Absence of keratinised mucosa as a risk factor has been studied using variable criteria® and recently
reviewed to have limited evidence of impact upon self-performed hygiene,** and this study found no direct
correlation to detectable plaque/calculus or peri-implant disease status. The amount of attached mucosaas a
component of keratinised mucosa was not measured in this study but was found in a recent study to be significantly
associated with >2mm width of keratinised mucosa, below which threshold there were significantly poorer peri-

implant parameters.® Previously, the literature had primarily considered only keratinised attached mucosa.®’

The design of implantprostheses to facilitate oral hygiene accessibility is recommended!* given its high negative
predictive valuefor peri-implantitis,'2 but prosthetic design guidelines are not available. In this study, implant
outcomes were analysed accordingto whetherthe radiographicembrasure shapes between proximal contact to
crestal bone were closetto natural (i.e. as expected between teeth) or not, and while no significant correlations to
peri-implant health/disease were found, there was a non-significant trend towards greaterimplant success with
more naturally shaped embrasures, which warrants furtherresearchin alargercohort. The possibility of placement
innon-ideal sitesis one of the advantages of implant therapy, but with the additional concerns of proximal contacts
looseningovertimeland food impaction,3%3%68%° furtherresearch is warranted into interproximal implant hygiene,

prosthetic design and optimal cleaning methods in non-anatomical situations.

In this study, 84.3%of patients recalled theirimplants being checked during theirroutine recallappointments,
similarto the 80% of patients who had implant maintenance performed by general practitionersinthe Swedish
registry study.>® Maintenance provision by which practitioner types has otherwise rarely been outlined in the

literature dominated by specialist/university-based samples.

This study was cross-sectional and established a descriptive snapshot of implant patients in private general practice.
Comprehensive treatment records or baseline datawere lacking in many cases due to patients having moved
between dental practices, or having seen specialists for part of the treatment, whose records were not available.
Several possible impacting variables such as time in function, OHI history or a previous soft-tissue complication were
therefore relianton patientrecall whererecords were notavailable, and thisis alimitation of this study which
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reflects challengesinimplant record-keepingin clinical practice. Patient compliance torecommended implant
review frequency, which is recommended toimprove implant treatment success’™ also could not be assessed as this
data was often not available ornotrecorded. Patients’ reports of oral hygiene performed might also be different
from theiractual habits, whichisa limitation of survey-based research. While patient satisfaction and symptoms
were recorded descriptively in this study ratherthan usingascale, scales used in other studies vary widely and
cannot be comparedeeasilys’ 243738 Many risk factors were statistically assessed in this study with anincreased risk
of type l error as a consequence, which should be considered when interpreting the results. As this community -
based general practice setting.of study is relatively rare, itis hoped that the findingsin this study willengender

furtherresearchin'similarsettings which may provide greater clarity.

While peri-implant outcomes were reported at both the implant and patientlevel in this study, risk factors such as
oral hygiene habits and periodontal disease history have a patient-level effect. However, the number of patients
with multiple implants wiastoo small to calculate the relative impact of patient-level factors, and patient-level effects
should be consideredWwhen interpreting the results. The sample size was small as it was restricted to the patients
seen by one practitionerinigeneral private practice overan 18 month period, such that multiple logisticregression
analysis was notappropriate. However, the sample size was similarto other studies with general practitioner and
community-based cahorts, such as 40 patients with 43 implant crowns examined afterimplant placement by
periodontists and restoration by general dentists,” and 54 patients withimplantsin asample of 1000 Austrian
adults.® The study by Derks et al. sampled the Swedish data registry to survey 3827 implant patients with 588
examined.* >3 Itishopedfuture implant registries will allow similar large-scale evaluation of implant outcomesin

community settings.

Conclusions:

In this study, conducted.ina community-based general practice setting, implants being cleaned by brushingalone
had significantly more peri-implantitis, while lower presence of plaque/calculus was significantly correlated to peri-
implant health. This study.recorded the oral and implant hygiene habits and peri-implant symptoms reported by
patientsin the communityyand implant OHI was poorly recalled. Furtherresearch should continue intointerproximal
implant hygiene, practitioners’ OHl strategies and peri-implant outcomes in communitycohorts. The challenges of

long-term record-keeping forimplant review and maintenance should also be addressed.
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Tables:

Table 1. Patient-level and implant-level history, as reported by patients

Patient-level reported history n=51
Gender:
Female 51.0%
Male 49.0%
Age 56.6+14.2 years (range 25-84)
Smokers 7.8%, mean 9.0+4.6 cigarettes per day

Dental attendance pattern:

Regularatleast 12-manthly 92.2%
Regular12-24 monthly 3.9%
Onlywhenthereiisiaproblem 3.9%

Implant checktiming:

during regularrecall appointments 84.3%
during specificimplant review a ppointments 19.6%, 2.0% with a general dentist, 17.6% with a spedalist
notchecked to patient’s recollection 13.7%

O’Learyplaqueindex 63.4+17.6% (range 28.0-100.0%)
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History of failed implant 5.9%
Previous complication with existing i mplant(s) 20.4%

- history of a soft-tissue (biological) complication | 9.8%

- historyof a prosthetic complication 13.7%
Implant-level reported history n=78
OHl recalled at time.of completion 53.8%
OHl recalled at any subsequent.time 67.7%
No OHI recalled at any time 11.5%
History of a soft-tissue (biological) complication 10.3%
Historyof a prosthetic complication 9.0%

Table 2. Home dental hygiene habits and mean performance frequency at subject level (n=51) and implant-specific hygiene at implant level

(n=78)

Performed in general Mean times performed per day Performed regularly for each

Home hygiene method
implant (n=78)

at subject level (n=51) by subjects using the method

Toothbrushing 100.0% 2.0£0.4 | 7.7% (onlycleaned with brushing)
Regularflossing 76.5% 1.1+0.7 74.4%
Interdental brush (I1DB) 43.1% 1.5+0.7 44.9%
Superfloss™ 13.7% 0.6+0.4 9.0%
Circumferential floss 33.3% 0.7+0.5 24.4%
Mouthwash 35.3% 1.4+0.8 39.7%
Oral irrigator 5.9% 1.3+0.8 9.0%
Table 3. Patient-level and implant-level examination findings
Patient-level examination findings n=51
Periodontal status:
intact periodontium 74.5%

successfully treatedstable periodontitis (with healthy gingiva or gingivitis) | 15.7%

periodontitis patients with current active disease 9.8%
Numberofimplants:

1 58.8%

2 31.4%

3 7.8%

4 2.0%
Implant-level examination findings n=78

Prosthesis type:
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Single crowns 66.7%
Part of a multi-unit fixed prosthesis 29.5%
Overdenture-retaining abutments 3.8%
Prosthesis retention type:
Directscrew to fixture 53.8%
Cross-pin 2.6%
Cemented 39.7%
Clinical parameter present:
Visual soft tissue inflammation 10.3%
Non-keratinised mucosal margin 16.7%
Inflammatorybleedingon probing (BOP) 29.5%
Suppuration 3.8%
Probeable fixture threads 15.4%
Visible fixture threads 11.5%
Anyplaque/calculus present 56.4%

Mean percentage of surfaces (out of 6) with plaque/calculus

23.5% (range 0-100%)

Table 4. Frequency of local and radiographic-detected prosthetic factors at implant level (n=78)

Local prosthetic factor affecting cleaning Percentage
Gap between abutmentand.crown 20.5%
Ridge lap prosthesis (bucco=lingually) 10.3%
Overcontoured or cantilevered pontic (mesio-distally) 24.4%
Splinted crowns orimplant bridge 33.3%
Open contact point 7.7%
Radiographically-detected prosthetic factor

Deep fixture position 14.1%
Gap between fixture andabutment 3.8%

Table 5. Subject-level and implant-level success rates and peri-implant health/disease status

Subject level (worst diagnosis) (n=51)

Implant level (n=78)

Implant success 51.0% 56.4%
Peri-implant health 52.9% 61.5%
Peri-implant mucositis 33.3% 24.4%
Peri-implantitis 7.8% 7.7%
22mm bone loss, no signs of inflammation | 5.9% 6.4%
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Table 6. Characteristics and risk factors present in healthy, peri-implant mucositis and peri-implantitis groups, at the implant level. P values

<0.05 shown
Healthy Peri-implant Peri-implantitis (n=6) | P value
(n=48) mucositis (n=19)
Mean years in function 6.6 7.1 7.3 N.S.*
Mean patient age at time of exam (years) 57.6 58.3 71.8 N.S.*
Previous history of soft tissue complication (n=8) 3 (6.3%) 2 (10.5%) 3 (50.0%) 0.005
History of other failed implant (n=5) 1(2.1%) 1(5.3%) 3 (50.0%) <0.001
Plaque/calculus present (n=44) 8 (16.7%) 15 (78.9%) 5 (83.3%) <0.001
Mean percentage of surfaces (out of 6) with
plaque/calculus 13.9% 31.6% 72.2% | <0.001*
Implant brushed only (n=6) 2 (4.2%) 1(5.3%) 3 (50.0%) 0.001
Any local factor affecting,cleaning difficulty 27 (56.3%) 12 (63.2%) 6 (100%)
(n=a5) N.S.
Patient periodontal status:
Intact period ontium(n=53) 36 (75.0%) 13 (68.4%) 4 (66.7%)
Stable treated periodontium (n=12) 9 (18.8%) 1(5.3%) 2 (33.3%) N.S.
Active periodontitis (n=8) 3 (6.3%) 5(26.3%) 0 (0%)

*One-way ANOVA performedto compare 3 peri-implant status groups for linear data; Pearson’s chi-squared tests performed otherwise

N.S.— notsignificant

Table 7. Significant factors impacting implant success (n=78); two-group comparisons between healthy/mucositis/peri-implantitis status

(n=73) at the implant level. P values <0.05 shown

(n=50)

Implant Healthy vs Healthy vs peri- Mucositis vs peri-
success mucositis implantitis implantitis
Years in function 0.007#
Previous history of soft tissue.complication
0.001 0.035
(n=8)
History of other failed implant (n=5) <0.001 0.009
Plaque/calculus present (n=44) <0.001 0.042
Mean percentage of surfaces (out of 6) with
0.005# 0.003# 0.023#
plaque/calculus
Implant brushed only (n=6) <0.001 0.009
Any local factor affecting'cleaning difficulty
<0.001 0.038

#Independent sample t-test performed for linear data; Pearson’s chi-squared tests performed otherwise
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Figure caption:

Fig. 1. Patient-reportedimplant yearsinfunction (n=78)
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