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Summary 
 
Background 
 
An exponential growth in the popularity of dental implant therapy has been 

accompanied by a higher incidence of peri-implant disease and implant failure. 

Decreased implant stability may be a sign of advanced peri-implantitis. The non-

invasive, quantitative measures of implant stability offered by resonance frequency 

analysis (RFA) and damping capacity analysis (DCA) may have the potential to aid in 

peri-implant disease diagnosis and monitoring post-operative healing and stability.  

 

Aims  

This prospective clinical study aimed to investigate the effect of peri-implantitis 

treatment on clinical and radiographic parameters, to determine if DCA and MRFA can 

be used diagnostically to quantify post-operative healing following PI treatment and to 

investigate if recorded Periotest™ (PTV) and Implant stability quotient (ISQ) values 

demonstrate a high correlation with each other. A further aim was to identify which 

method correlates better with the clinical and radiographic parameters.  A secondary 

aim was to ascertain the most appropriate time to re-evaluate the peri-implant hard and 

soft tissues following treatment. 

 

Materials & Methods 

This was a prospective clinical study on a cohort of Dublin Dental University Hospital 

subjects who had been diagnosed with peri-implantitis.  

Baseline data recorded following prosthesis deconstruction included periodontal 

probing depths, clinical attachment levels, keratinized tissue width, bleeding and plaque 

scores. ISQ and PTV levels were recorded and baseline radiographs were also taken. 

All patients received non-surgical therapy and were then assigned to receive either 

further non-surgical therapy, resective surgery, guided tissue regeneration or guided 

bone regeneration surgery, based on their unique clinical presentation.  

Following treatment, re-evaluation took place at 3, 6 and 12-months, where the above 

clinical parameters were again recorded, with the exception of regenerative cases, 

where 3-month probing measurements were omitted. Supportive periodontal therapy 

was provided at each follow-up appointment and radiographs were repeated at 1-year.  
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Results 

26 subjects were included with a total of 85 implants diagnosed with peri-implantitis 

receiving treatment. Whole data sample analysis revealed statistically significant 

improvements in all periodontal and radiographic parameters over the 12-months, with 

the exception of keratinized tissue levels. Improved implant stability as indicated by 

increased ISQ and decreased PTV levels, were observed but were not significant. The 

greatest improvements in peri-implant parameters and strongest correlations with ISQ 

and PTV level changes were found in the regenerative treatment subgroups. A high 

degree of correlation between Osstell™ and Periotest™ devices was found when 

applied to monitoring implant stability changes after regenerative interventions.  

 

Discussion & Conclusion 

All four treatment modalities resulted in improved clinical and radiographic peri-

implant parameters, with non-significant increased implant stability, as indicated by 

Osstell™ and Periotest™ devices, being observed over 12-months.  

Implants treated with a regenerative surgical approach underwent the most significant 

improvements, as evidenced by reduced probing depths, enhanced clinical attachment 

gain, decreased inflammation and greater bone fill. Regenerative treatment subgroups 

also exhibited the strongest correlations between changes in peri-implant parameters 

and changes in ISQ and PTV levels at 6 and 12-months.  

A high degree of correlation was found between both devices when used to monitor 

changes in implant stability following regenerative interventions. While evidence was 

found indicating both devices may be used as complimentary diagnostic tools in 

quantifying post-operative changes following peri-implantitis treatment, RFA 

correlated more accurately with changes in clinical and radiographic parameters than 

DCA.  

Within the limitations of this study, 12-months appears to be the most appropriate time 

to re-evaluate the stability of implants treated for peri-implant disease.  
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Introduction: 
 
The previous 30 years have yielded vast improvements in the research and knowledge 

of dental implants, which have changed the restorative landscape for dental 

professionals inexorably. Their ability to dramatically improve oral health related 

quality of life is well known and they provide the clinician with a reliable prosthodontic 

treatment option for replacing missing or failing teeth, to enhance retention of poorly 

fitting prostheses and to support fixed partial dentures in hybrid restorations. 

 

While the concept of osseointegration of endosseous titanium implants in human bone 

was first described in the 1950s, studies thirty years later proved that this can be 

achieved and focused on the fact that ‘delicate surgical technique’ and healing without 

loading for at least three to four months was crucial for successful osseointegration 

(Albrektsson et al., 1981). Since then, there has been an exponential growth in dental 

implant therapy with more than two million dental implants being placed annually by 

periodontists, oral and maxillofacial surgeons and general dental practitioners alike 

(Klinge et al., 2005). This increase in popularity has been followed by a higher 

incidence of peri-implant disease (PID) and implant failure, with peri-implant disease 

having the potential to affect more than half a million dental implants per annum (Atieh 

et al., 2013). 

 

Implant stability is the critical component in determining whether an implant has 

reached a sufficient degree of osseointegration at which it may be loaded safely. Due to 

archaic implant stability testing methodologies, such as reverse torque measurements, 

non-invasive and quantitative methods have been developed. These include the 

Periotest™ and Osstell™ devices, utilizing damping capacity and resonance frequency 

technologies, respectively. They provide measurements of implant stability which do 

not inflict damage to the bone-implant interface and may be utilised for quantitative 

assessment (Aparicio et al., 2006, Meredith et al., 1996) . However, the potential 

application of these technologies to aid in the diagnosis and treatment of PID has rarely 

been considered or explored.  
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This study aims to assess the influence which treating peri-implant disease has on 

clinical and radiographic parameters, as well as on the Periotest™ and Osstell™ device 

measurements. It aims to determine if these technologies may be used diagnostically to 

quantify post-operative healing following treatment of peri-implantitis, and whether 

there is a high degree of positive correlation between devices. A further aim is to 

identify which method correlates better with the clinical and radiographic parameters of 

an implant which has been treated for peri-implantitis. A secondary aim of the study is 

to ascertain the most appropriate time to re-evaluate the peri-implant hard and soft 

tissues following treatment for peri-implant disease. 
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1.1  Definitions of Peri-implant diseases 
 

1.1.1   Peri-implant Mucositis (PIM) 
 

Definitions for peri-implant disease have evolved in tandem with emerging knowledge 

on the nature of the disease process. Following the initial description by Mombelli in 

1987, whereby Peri-implantitis (PI) was considered a ‘site specific infection’, which 

shared many common features with chronic periodontitis (Mombelli et al., 1987), the first 

definitions for PID were proposed at the first European Workshop on Periodontology 

(Albrektsson & Isidor 1994). In harmony with the classification of gingivitis and 

periodontitis affecting teeth, peri-implant disease was defined under two categories; peri-

implant mucositis which correlates to gingivitis and peri-implantitis which correlates to 

periodontitis (Albrektsson & Isidor 1994). Peri-implant mucositis was defined as “a 

reversible inflammatory reaction of the tissues surrounding an implant, much akin to 

gingivitis”, with the significant differentiating factor between it and PI being no loss of 

surrounding bone (Albrektsson & Isidor 1994).  

 

The definition was revisited in 2008 at the sixth European Workshop on Periodontology 

in 2008, whereby PIM was defined as “the presence of inflammation in the mucosa of 

an implant with no signs of loss of supporting bone” (Zitzmann and Berglundh, 2008), 

and can be diagnosed clinically by redness and swelling of the gingival soft tissues, 

with bleeding on probing being the most important diagnostic clinical feature (Lindhe 

et al., 2008).More recently, at the 2017 world workshop on periodontal and peri-

implant diseases and conditions, the consensus report of workgroup 4 provided updated 

case definitions for PIM based on current scientific evidence. The following criteria 

were required to make a diagnosis: “Presence of bleeding and/or suppuration on gentle 

probing with or without increased probing depth compared to previous examinations” 

and “the absence of bone loss beyond crestal bone level changes resulting from initial 

bone remodelling” (Berglundh et al., 2018). 

 
1.1.2 Peri-implantitis 

 
Following the landmark Mombelli et al., 1987 publication, definitions of PI have all 

focused around the additional loss of bone surrounding the implant, which remains the 

critical diagnostic feature. From the first European Workshop on Periodontology, PI 

was deemed in addition to the features of PIM, to be irreversible and have associated 
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bone loss (Albrektsson & Isidor 1994). Clear diagnostic criteria for peri-implant disease 

was one of the main aims of the sixth European Workshop on Periodontology’s 

consensus report in 2008. The mucosal lesion in peri-implantitis is often associated with 

deep pocketing and suppuration but as a key diagnostic feature, is always accompanied 

by loss of supporting marginal bone (Lindhe et al., 2008). Froum and Rosen (2012) 

proposed a more detailed classification for peri-implantitis, where early, moderate and 

advanced stages were based on standardised parameters such as pocket depth, presence 

of bleeding and suppuration on probing and the extent of bone loss along the implant 

length. This was to decrease confusion over diagnosis, to aid in determining 

effectiveness of specific treatments and for evaluating treatments employed (Froum and 

Rosen, 2012). A 2013 systematic review and meta-analysis by Atieh et al., outlined 

specific clinical criteria to define the peri-implant diseases: PIM was defined as 

inflammed mucosa with a bleeding index of 2 or over and/or suppuration and always 

without bone loss. PI encompassed inflamed mucosa that bled on probing, with probing 

pocket depths of 5mm or over and, “cumulative bone loss of 2mm or over and/or 3 

threads of implant” (Atieh et al., 2013). 

 
As exemplified, significant lack of homogeneity exists in the literature for defining the 

peri-implant diseases. This poses challenges for a multitude of study designs, 

epidemiological and clinical alike, which require standardised case definitions. 

Therefore, a critical goal of the  2017 world workshop was to provide case definitions 

for PID, which clinicians and researchers can follow. The consensus report defined PI 

as being a “plaque-associated pathological condition around dental implants, 

characterized by inflammation in the peri-implant mucosa and subsequent progressive 

loss of supporting bone” (Berglundh et al., 2018). 

The report recommended that to diagnose an implant as having PI, the following 

diagnostic criteria must be present:  

•   Presence of bleeding and/or suppuration on gentle probing 

•   Increased probing depth compared to previous examinations  

•   Presence of bone loss beyond crestal bone level changes resulting from initial 

bone remodelling (Berglundh et al., 2018). 

In situations where data from previous examination is unobtainable, PI is defined by the 

following features: 

•   Bleeding or suppuration on gentle probing 
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•   Probing depths of ≥6mm 

•   Bone levels ≥3mm apical of the most coronal portion of the intraosseous part of 

the implant. (Berglundh et al., 2018) 

It is hoped that clinicians worldwide will adopt the new definitions for peri-implant 

disease to ensure homogeneity of diagnosis, accurate prevalence rates and to enhance 

progress in effective prevention and treatment strategies. 

 

1.2 Prevalence and Incidence of Peri-implant disease 

Not unlike variations in defining PID, there has been considerable disparity in its 

reported prevalence across a wide range of studies. A systematic review conducted by 

Zitzmann and Berglundh (2008) cited the limitation that few cross-sectional studies 

actually provide data on PID prevalence, with only 2 studies with 662 implants and 216 

individuals available for inclusion in the analysis.  The authors reported that PIM 

occurred in 80% of subjects and 50% of implants. PI was found to occur between 28% 

and ³56% of subjects and in 12% to 43% of individual implant sites. Only implants in 

function for 5 years or over were included in the review (Zitzmann & Berglundh, 

2008). A lower reported prevalence was found in a review by Mombelli et al., (2012) 

where 10% of implants and 20% of subjects 5-10 years following implant placement 

exhibited PI. The authors cited the heterogeneous nature of disease definitions, critical 

bone loss and cut-off probing depths for diagnosis, as well as varying treatment and 

maintenance protocols, as complicating factors in determining PID prevalence 

(Mombelli et al., 2012). A more recent systematic review and meta-analysis by Atieh et 

al., (2013) demonstrated further inconsistencies between reported PID prevalence. This 

review included 9 studies with 1497 participants with a total of 6283 implants. Peri-

implant mucositis was present in 63.4% of individuals and 30.7% of implant sites, 

whereas peri-implantitis occurred in 18.8% of participants and 9.6% of individual 

implants (Atieh et al., 2013). A widely referenced systematic review and meta-analysis 

which included 11 studies encompassing 2,136 patients was conducted by Derks & 

Tomasi in 2015. Case definitions for PID and severity of disease varied widely. PIM 

prevalence ranged from 19-65% and PI from 1-47%. The estimated weighted mean 

prevalence of subjects which had PIM was 43% (CI: 32-54%), with 22% of subjects 

having PI (CI: 14-30%) (Derks and Tomasi, 2015). 
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A 2018 longitudinal case series carried out by Renvert et al., followed up 86 patients for 

a mean of 23 years who had received dental implants (Brånemark, Nobel pharma, 

Gothenburg, Sweden). They found that the rate of PID was high, with 23.8% of 

implants displaying PIM and 13.7% exhibiting PI. While almost 60% of the original 

study group were either deceased or medically compromised and unable to take part, 

such long term data is rarely encountered in PID literature (Renvert et al., 2018a). 

 

While the majority of studies focus on the prevalence of PID, van Velzen and co-

workers (2015), carried out a 10-year prospective cohort study examining the implant 

survival rate and incidence of peri-implant disease. Follow-up data for 177 patients who 

received 374 sandblasted and acid-etched surface Straumann® implants (Straumann 

AG, Waldenburg, Switzerland) were available for analysis, 10-years after implant 

installation. Implants were placed at differing locations in the maxillae and mandibles, 

with various implant diameters, neck designs and lengths utilized. Peri-implantitis was 

diagnosed by the combined presence of bleeding on probing and ≥1.5mm bone loss 

after loading. The incidence of PI at 10-years was 7.0%, with an implant survival rate 

of 99.7%. The incidence of PI in this patient cohort was relatively low considering that 

a diagnostic threshold of ≥1.5mm peri-implant bone loss was chosen (van Velzen et al., 

2015). 

 

Despite heterogeneity of case definitions, diagnostic criteria and disease thresholds 

resulting in a lack of general consensus regarding the definitive prevalence of PID, it 

may be surmised that development of PID is “not uncommon”,  after implant therapy 

(Atieh et al., 2013). When we consider the fact that over 2 million dental implants are 

placed annually, PID has the potential to affect more than 500,000 implants per annum 

worldwide (Atieh et al., 2013, Klinge et al., 2005). 

 

1.3  Aetiopathology of Peri-implant disease 
 

1.3.1: Peri-implant mucosal anatomy 
 
Knowledge of the anatomical structures of the peri-implant tissues is essential when 

considering  the aetiopathogenesis of peri-implant disease. While the peri-implant soft 

tissues may resemble the periodontal soft tissue architecture, there are several different 

features. Peri-implant soft tissues develop as a consequence of the wound-healing 
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process following implant placement in bone (Berglundh et al., 2019). Following 

osseointegration, a junctional epithelium is formed, with collagen fibres from the 

alveolar bone crest aligning in a parallel direction to the implant’s long axis, with an 

absence of periodontal ligament which surrounds the root (Berglundh et al., 2019, 

Berglundh et al., 1991). In addition, the supra-crestal connective tissue in peri-implant 

soft tissues contains lower density blood vessels and fibroblast count than their 

periodontal counterparts (Berglundh et al., 2019, Berglundh et al., 1991) . 

 

1.3.2 Microbial biofilm 
 
The microbial colonisation and biofilm formation around implants follows a similar 

sequence to that of teeth (Kilian et al., 2016). Colonisation by oral bacteria with 

resulting biofilm formation has been shown to initiate within 30 minutes of implants 

being exposed to the oral environment (Furst et al., 2007). Akin to the periodontium, 

the early colonisers include predominantly aerobic gram-positive rods and cocci and 

also some facultative-anaerobic bacteria, albeit in much lower levels (Berglundh et al., 

2019). Streptococci in particular, have the ability to adhere to hard tissue surfaces in 

teeth, implants and prosthetic restorations (Berglundh et al., 2019). Studies have shown 

that partially dentate patients who receive implants are colonised with flora similar to 

those found in adjacent teeth with high levels of motile cocci, rods and spirochaetes. 

Peri-implant microbial sampling of edentulous patients who receive implants has 

yielded species akin to those regularly found at the alveolar ridge region (De Boever 

and De Boever, 2006, Heitz-Mayfield and Lang, 2010). 

 

If an implant presents with signs of PI, the biofilm is characterized by elevated numbers 

of facultative, gram-negative anaerobes with red complex pathogenic species such as 

Porphromonas gingivalis,Tanerella forsythia and Treponema denticola as well as 

Fusobacterium sp and Prevotella intermedia from the orange complex (Heitz-Mayfield 

and Lang, 2010). Fusobacterium nucleatum is thought to play an important role as a 

secondary colonizer as it enables communication between bacteria and prolonged 

recruitment of red complex bacteria to the peri-implantitis lesion (Berglundh et al., 

2019). Microbial biofilm formation has been shown to be under the influence of the 

surface it is adhering to, with Staphylococcus aureus being found in high levels at 

deeper PI sites and associated with suppuration as well as bleeding on probing. This 
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species is not thought to be strongly implicated in chronic periodontitis lesions, 

highlighting subtle differences in the bacterial colonizer’s composition for the 2 

diseases (Rams et al., 1990, Renvert et al., 2008a, Heitz-Mayfield and Lang, 2010). 

 

1.3.3: Host response  

The symbiotic relationship in healthy peri-implant mucosa which exists between early 

colonisers and the host, changes to one of dysbiosis if plaque is allowed to accumulate 

on implant surfaces, with the ensuing development of an inflammatory response 

observed in PIM (Berglundh et al., 2019). A ‘cause-and-effect’, relationship between 

the inflammatory response developing as a consequence of bacterial biofilm 

accumulation in humans has been shown (Heitz-Mayfield and Salvi, 2018). Foundation 

studies proving the relationship between plaque accumulation and gingival 

inflammation in humans have demonstrated reversibility of such inflammation 

following reinstitution of oral hygiene practices (Loe et al., 1965). In a study by 

Pontoriero et al., (1994) partially edentulous patients who had received implants were 

asked to abstain from any oral hygiene regimen for 3 weeks, following which their oral 

hygiene practices were recommenced. The findings mirrored those of Loe et al., where 

visible signs of inflammation such as redness, swelling and bleeding were observed 

where plaque control ceased (Pontoriero et al., 1994). Another experimental PIM study 

by Zitzmann et al., (2001) demonstrated that the plaque induced inflammatory response 

featured increased numbers of T- and B-cells in both gingival  and peri-implant 

mucosal tissue biopsies (Zitzmann et al., 2001). A key feature of the PIM lesion is its 

location in the connective tissue lateral to the junctional epithelium, not extending 

apical to the pocket epithelium (Berglundh et al., 2019). 

 

A paper of paramount significance by Albrektsson et al., (1986) proposed various 

criteria to define implant success. Among these, was an acceptable level of crestal bone 

loss of 1.5mm after 1 year of loading for machined surface implants. This was then 

further elaborated on to permit 0.2mm loss per annum following the initial 12months 

(Albrektsson et al., 1986). The findings of this study must be considered when 

differentiating between normal physiological bony remodelling following implant 

placement, and pathological bone loss from peri-implantitis. Research investigating the 

progression of PIM to PI has largely been restricted to animal studies due to the ethical 

implications of allowing disease progression and obtaining histopathological human 
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samples (Heitz-Mayfield and Salvi, 2018). The shift from PIM to PI involves the 

migration of the inflammatory infiltrate in an apical and lateral direction, with invasion 

of the supra-crestal connective tissue, with subsequent loss of attachment between the 

implant and connective tissue (Berglundh et al., 2019). Such disease progression shares 

obvious similarities with periodontitis, however, the onset of PI has been reported to 

occur earlier and if untreated, will progress in a non-linear, increased rate than that of 

periodontitis (Derks et al., 2016). This 9-year retrospective study identified 105 

implants, with mean marginal bone loss of 3.5 +/- 1.5mm over a mean follow up of 9 

years, with an estimated annual rate of bone loss of 0.4mm, which vastly exceeds the 

0.05-0.30mm range described in numerous periodontitis studies (Axelsson and Lindhe, 

1978, Loe et al., 1978, Derks et al., 2016). 

 

Histopathological differences between periodontitis and PI lesions include;  

•   The apical third of the peri-implant pocket contains an ‘uncovered, severely 

inflamed connective tissue’, which is adjacent to large amounts of microbes 

on the implant surface. 

•   An inability to separate the crestal bone from the inflammatory cellular 

infiltrate, due to the absence of a periodontal ligament, contributing to the 

non-linear, accelerated bone loss.  

•   The inflammatory infiltrate in PI lesions are over twice the size and contain 

increased amounts of neutrophils, macrophages and plasma cells as 

periodontitis lesions (Berglundh et al., 2019). 

These differences are due to the anatomical variance, with the peri-implant apparatus       

lacking cementum, surpra-crestal attachment fibres and the periodontal ligament 

(Berglundh et al., 2019). 

 

1.4  Risk indicators for peri-implantitis 
 

For the establishment of true risk factors for a disease, prospective longitudinal studies 

are required. Regarding PID, such studies are rare and the vast majority of the literature 

includes cross-sectional and retrospective studies, and hence can only identify risk 

indicators for PID (Heitz-Mayfield, 2008).  
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Two seminal reviews of the literature were published in 2008 regarding PID diagnosis 

and risk indicators for PID. Cross-sectional analysis of the included studies allowed for 

the identification of several risk indicators: There was a high level of evidence that poor 

oral hygiene, smoking and a history of periodontal disease were risk indicators for PID, 

limited evidence that alcohol consumption and diabetes with poor metabolic control are 

associated with PID and finally, limited and conflicting evidence for the association of 

genetic traits with PID (Lindhe et al., 2008, Heitz-Mayfield, 2008). 

 

1.4.1 Standard of Oral Hygiene 

Substantial evidence exists that a poor standard of self-performed plaque control is 

highly associated with PI. Lindquist et al., carried out a prospective clinical study in 

1997, with a 10-year follow up period. An association between poor plaque control and 

peri-implant bone loss was reported, which increased when the patients also smoked 

(Lindquist et al., 1997). 

Ferreira et al., (2006) performed a cross sectional study of 212 individuals in a 

Brazilian population who had received 578 dental implants. The authors found that the 

association between plaque levels and extent of PID was dose dependent, with an OR of 

3.8 (95% CI 2.1-6.8) for PI for those with a poor plaque control and an OR of 14.3 

(95% CI 9.1-28.7) for those with a very poor plaque control when compared to those 

with good levels of oral hygiene (Ferreira et al., 2006). In a study by Serino and Ström 

(2008), 48% of implants in inaccessible areas for hygiene practices or implants which 

supported prosthetic designs which patients could not clean, exhibited peri-implantitis, 

while only 4% of implants in accessible areas did. This study highlighted the 

importance of correct oral hygiene instructions, patient compliance and prosthesis 

design which permits such oral hygiene efforts. (Serino and Strom, 2009). Lack of 

compliance with supportive periodontal and implant therapy has also been shown to 

influence PID development. Rinke et al., (2011) collected data of 89 patients over 68 

months. Patients who did not comply with regular maintenance visits had an 11-fold 

increased chance of developing PI, compared to those with good compliance (OR: 0.09, 

CI: 0.01-0.58, p=0.011) (Rinke et al., 2011). 

 

1.4.2 Tobacco Smoking 

A systematic review and meta-analysis by Strietzel et al., (2007) described smoking as 

a significant risk factor for dental implant therapy as a whole. 35 studies were included 
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in the review and 29 in the meta-analysis, which revealed that smokers were twice as 

likely to have implant failure than non-smokers and this increased to an OR of 3.61 for 

those also received augmentation procedures. More specifically relating to PID, 11 

studies demonstrated significantly increased peri-implant marginal bone loss in smokers 

(Strietzel et al., 2007). 

In addition to increased risk of PI development from poor compliance, Rinke et al., 

(2011) also identified a highly significant association between smoking and PI, with an 

odds ratio of 31.58 (5.13-195.25) (Rinke et al., 2011). A multilevel cross-sectional 

study by Pimental et al., (2018) examined a total of 179 patients, with 490 implants.  PI 

occurred in 62.5% of smokers, compared to 16.6% of non-smokers and smoking 

increased the probability of a subject having peri-implantitis 3-fold (PR: 3.49, p=0.001) 

(Pimentel et al., 2018).  

Following poor oral hygiene, smoking is considered as the second most paramount risk 

indicator for disease progression of periodontitis and peri-implantitis and has also been 

found to be an aggravating factor to pre-existing poor plaque control  (Lindquist et al., 

1997) (Heitz-Mayfield and Lang, 2010). 

 

1.4.3 History of Periodontal Disease 

With numerous parallels in the development and progression of periodontitis and peri-

implant disease, an individual’s susceptibility to periodontitis will logically transfer to 

an increased susceptibility to peri-implantitis (Heitz-Mayfield, 2008).  

Several systematic reviews have revealed a significantly greater risk of PI development 

in patients who have been previously treated for periodontitis compared to those with 

no history of periodontal disease. Schou et al., (2006) conducted a literature review, 

which investigated whether patients who had previously experienced tooth loss due to 

periodontitis, had a higher susceptibility to peri-implantitis and peri-implant marginal 

bone loss, compared to those who had not. The authors failed to find any significant 

differences in the survival rates of the implants after 10 years, however, there were 

significantly more individuals affected by PI, with a risk ratio of 9 over 10 years and 

peri-implant bone loss, with a mean difference of 0.5mm over 5 years, in the group 

associated with periodontitis (Schou et al., 2006).  

Karoussis et al., (2007) carried out a systematic review of 15 prospective studies, which 

examined the short (<5 years) and long-term (≥5 years) prognosis of dental implants 

which have been placed in periodontally compromised patients. Similarly to Schou et 
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al., (2006), no significant differences were found in short and long-term survival rates 

between patients with a periodontitis history and patients with a healthy periodontium. 

However, the authors found that patients with a history of chronic periodontitis may 

exhibit significantly deeper probing depths, peri-implant bone loss and a higher 

incidence of PI when compared with those of periodontal health. The authors further 

stated that for patients with aggressive periodontal disease, short-term implant 

prognosis is acceptable but the long-term prognosis is unknown (Karoussis et al., 2007). 

A systematic review and meta-analysis by Safii et al., (2010) compared implant 

survival and peri-implant bone loss in patients with periodontitis and in those with 

periodontal health. In contrast to Schou et al., (2006) and Karoussis et al., (2007),  

implant failure was 3 times more probable in patients with periodontal disease, with an 

odds ratio of 3.02. Furthermore, a random effects model showed increased peri-implant 

bone loss in the periodontitis subjects (Safii et al., 2010).  

Roccuzzo et al., (2012) conducted a 3-arm prospective cohort study, whereby 112 

patients were divided into three groups: Periodontally healthy, moderate chronic 

periodontitis and severe chronic periodontitis. Following periodontal disease 

stabilisation, implants were placed. At 10-year follow up, significantly higher peri-

implant pocket depths of ≥6mm were recorded in the patients with a periodontitis 

history, as well as higher bleeding on probing scores. Additional treatment for PI was 

performed in only 10.7% of patients without a periodontitis history, 27% of those with 

a moderate periodontitis history and 47.2% of cases of severe periodontitis, including 

antimicrobial and /or surgical intervention (Roccuzzo et al., 2012). 

 

In addition to the aforementioned three proven risk indicators for PID (Heitz-Mayfield, 

2008), the association between poorly controlled diabetes mellitus and peri-implantitis 

is limited. The previously described cross-sectional study by Ferreira et al., (2006) 

found PIM was present in 64.6% of subjects and PI in 8.9%, with an odds ratio of 1.9 

(95% CI: 1.0-2.2) for poorly controlled diabetic subjects presenting with PI (Ferreira et 

al., 2006). Similarly, evidence for the influence of alcohol consumption on PID is also 

limited. Galindo-Moreno et al., (2005) conducted a prospective study which found that 

peri-implant bone loss had a significant association with smoking, poor oral hygiene 

and daily intake of >10g of alcohol (Galindo-Moreno et al., 2005, Heitz-Mayfield, 

2008). 
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In contrast to the literature supporting the above risk indicators, a recent long term 

follow-up study assessing the prevalence of the peri-implant diseases and their risk 

indicators over 23 years revealed contradictory findings (Renvert et al., 2018). 86 

subjects who had received Brånemark® dental implants (Systems Nobelpharma, 

Göteborg, Sweden) were re-evaluated at a mean follow-up time of 23.3 years later. 

Peri-implantitis occurred in 26.7% of cases. Interestingly, smoking status, presence or 

absence of ≥1mm-keratinised mucosa, gender or a previous history of periodontal 

disease could not be used as risk indicators to predict future PI after 20-26 years. The 

only risk indicator of PI development was if a subject had ≥3 implants. A possible 

explanation as to why smoking was not shown to be a risk indicator in the study was the 

low frequency of smokers in the patient cohort. Furthermore, treatments were provided 

to manage development of PID, although the interventions were not sufficient to 

manage PI in all cases. In addition, only 40% of the original study group were available 

23 years later, which may have affected the results (Renvert et al., 2018a). 

 

1.4.4 Peri-Implant Keratinised Mucosa 

The necessity of a zone of keratinised tissue around dental implants in order to maintain 

the health of the peri-implant apparatus has been a contentious issue in the literature. In 

theory, the presence of keratinised mucosa will facilitate correct oral hygiene practices, 

minimise inflammation and gingival recession of the implant and hence, could have the 

ability to minimise peri-implant bone resorption (Wennstrom and Derks, 2012). A 

systematic review of 19 human and animal studies attempted to answer this question. 

Significant heterogeneity was encountered in both data reporting and study design, so 

no meta-analysis could be completed. Overall, the evidence pertaining to the 

importance of keratinised mucosal presence around implants or the specific amount 

required to maintain health and stability was limited. Due to scarcity of information in 

the literature, it was not possible to assess the possible relationship of keratinised 

mucosa and peri-implant bone levels or implant loss, however, a proportion of studies 

reported significantly higher bleeding and plaque levels at implants with <2mm 

keratinised tissue (Wennstrom & Derks, 2012). 

Schwarz et al., (2018) designed an experimental peri-implant mucositis, randomised-

controlled human study to analyse how keratinised tissue width influences the 

development and resolution of such lesions, using different healing abutment 

microstructures. It was found that following 21 days of experimental PIM, implants 
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with a surrounding keratinised mucosal width of ≥2mm, were less prone to PIM 

development and had enhanced disease resolution (Schwarz et al., 2018). Thoma et al., 

(2018) carried out a systematic review and meta-analysis on the influence of soft tissue 

augmentation procedures to either increase the zone of keratinised tissue or to increase 

the thickness of the peri-implant soft tissues. The authors found that gain in keratinised 

mucosa  achieved by apically repositioned flaps with autogenous soft tissue, resulted in 

improvements in bleeding scores and marginal bone levels, compared to maintenance 

groups. Furthermore, this gain of mucosal thickness,  resulted in a significant decrease 

in marginal bone loss over time (Thoma et al., 2018). 

Overall, the literature suggests that a peri-implant  keratinised tissue width of  <2mm 

may contribute to increased  plaque accumulation, inflammation, bleeding on probing 

and PIM. However, more research is needed on how it may impact peri-implant 

marginal bone loss and hence, PI. 

 

1.4.5 Influence of cement in peri-implant tissues 

Cement-retained restorations may allow for compensation of suboptimal implant 

angulation by use of customised abutments. However, biological complications such as 

fistulae, suppuration as well as peri-implant bone loss of 2mm have been more 

frequently reported with cement retained restorations compared to screw-retained (5-

year incidence of 2.8% compared to 0% for screw-retained), as found in a 2012 

systematic review (Sailer et al., 2012). A systematic review by Staubli et al., (2017), 

focused more specifically on the role that excess cement may play as a risk indicator for 

PI. Cement-retained implant restorations, in particular fixed partial dentures and those 

with subgingival crown margins had an increased risk of cement retention sub-

mucosally with a subsequent increased risk of peri-implant disease and bone loss. This 

was more commonly observed with shorter soft tissue healing periods of <4 weeks. 

Higher incidences of PI was found in immediate loading cases or where restorations 

were cemented following re-entry, with the review surmising that excess cement was a 

possible risk indicator for PID (Staubli et al., 2017). 

 

1.4.6 The influence of implant surface characteristics on peri-implant disease  

Great advances have been made in the field of implant surface treatment via 

mechanically and chemically altering the surface to improve bone-implant contact and 

enhance osseointegration. In general, moderately rough and rough surfaces will provide 
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the most optimal integration, however, exposed rough surfaces may lead to increased 

plaque accumulation on implant threads, with subsequent PI development (Renvert et 

al., 2011b).  

 

Wennström et al., (2004) carried out a prospective, randomized-controlled trial where 

Astra Tech® turned implants and Astra Tech® Tioblast® implants were placed in 51 

patients who required at least 2 implants. Every second implant placed had a turned 

surface. From the 5-year follow up period, no implants were lost due to PI and there 

was no increased risk of PI for the fully etched implants compared to the turned ones 

(Wennstrom et al., 2004). 

These findings may be contrasted to those of a 2-centre retrospective study by Polizzi et 

al., (2013), which included 96 patients who received both TiUnite Brånemark implants 

(243 implants), which have a moderately rough surface and turned Brånemark 

implants(257 implants), with minimal surface roughness. After 10 years, there was a 

significantly greater overall survival rate with the TiUnite, moderately rough surface 

implants. However, PI, was diagnosed in 4 patients which accounted for 10 implants 

(2.0%), with TiUnite implants representing 9/10 implants which developed PI (Polizzi 

et al., 2013). 

A systematic review by Renvert et al., (2011) identified a lack of existing studies 

investigating how implant surfaces may affect peri-implant disease susceptibility. The 

authors concluded that limited evidence in human studies suggested that smooth-

surfaces may be less prone to PI than rough surfaces, however, the data were 

contrasting and definitive conclusions could not be made (Renvert et al., 2011). Since 

2011, no definitive answer has been provided as to whether roughened implant surfaces 

have a significant effect on PID initiation and progression and thus, remains an 

ambiguous area of periodontal research (De Bruyn et al., 2017).  

 
1.5  Methods in peri-implant disease detection and diagnosis 
 
 
1.5.1 Clinical examination 
        
1.5.1.1  Peri-implant Probing 

 
Current available clinical measurements may not be reliable in determining the true 

histologic level of the connective-tissue attachment around teeth (Fowler et al., 1982). 
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However, the use of periodontal probing to record periodontal probing depths and 

clinical attachment levels remains the primary technique for detecting and diagnosing 

periodontal disease and measuring clinical response to treatment (Listgarten, 1980). As 

previously described, the peri-implant architecture differs significantly from that of the 

periodontium, and hence, the reliability and accuracy of the periodontal probe in peri-

implant disease diagnostics has been a matter of debate throughout the literature (Coli 

et al., 2017). 

 

Classic studies from the 1970s demonstrated that when there is active periodontitis, the 

probe tip will penetrate the epithelium, into the underlying connective tissue, giving an 

overestimation of the pocket depth, while in health, there will be increased resistance to 

probing, yielding an underestimation of the actual apical extent of the pocket depth 

(Listgarten et al., 1976). 20 edentulous patients with 125 implant fixtures were recalled 

after a mean follow up time of 7.6 years in a study by Lekholm et al., (1986). A 

multitude of clinical, radiographical and microbiological parameters were recorded. 

Despite a high proportion of the sites exhibiting deep probing depths and bleeding, 

there was minimal bone loss or pathogenic bacteria. The authors suggested radiographic 

examination of peri-implant bone levels, combined with mobility testing of the fixtures 

were preferable prognostic factors to probing and bleeding on probing (Lekholm et al., 

1986). In contrast, a prospective clinical study by Quirynen et al., (1991) involving 108 

patients with implant supported mandibular overdentures, did correlate marginal bone 

levels on radiographs with clinical attachment levels. The highest correlations were 

found in sites without intra-bony craters. The authors concluded that clinical attachment 

level measurements are reliable indicators for peri-implant marginal bone levels 

(Quirynen et al., 1991). In an experimental animal study by Lang et al., (1994), the 

probe tip extended to the apical portion of the junctional epithelium around healthy 

implants, whereas in the ligature-induced peri-implantitis sites it penetrated the 

inflamed connective-tissue by a mean of 0.52mm. The authors concluded that probing 

around implants is a reliable diagnostic technique for PID (Lang et al., 1994). Another 

animal study which conducted measurements in healthy conditions around teeth and 

implants, found that probe penetration was deeper at implants and their conclusions 

echoed others regarding the differences in probing depth measurements between 

implants and teeth (Ericsson and Lindhe, 1993). With probe penetration being shown to 

be deeper in peri-implant tissue (Ericsson and Lindhe, 1993), a review paper by 
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Mombelli and Lang (1994), stated that a peri-implant probing depth of 3mm may be 

considered normal around implants displaying peri-implant health (Mombelli and Lang, 

1994). 

 

Additional considerations have been given to probing around implants. It has 

previously been suggested that probing the peri-implant soft tissues may damage the 

mucosal seal. Etter et al., (2002) carried out an experimental study where the authors 

investigated healing following probing using a force of 0.25N. Complete reinstitution of 

the mucosal seal was observed following 5 days of healing (Etter et al., 2002). Probing 

using a conventional probe with light pressure, not exceeding 0.25N will not damage 

the peri-implant soft tissue architecture and is recommended for evaluating the health of 

the peri-implant tissues (Heitz-Mayfield 2008). A multi-centre clinical study by Stanner 

et al., (2017) compared discomfort and pain following periodontal and peri-implant 

probing. Using visual analogue scores, peri-implant probing appeared to cause 

significantly more pain than periodontal probing  (Stanner et al., 2017). 

 

The weight of the evidence suggests that probing the peri-implant tissues remains an 

important diagnostic tool for PID. Albeit, the clinician must consider the differences in 

tissue anatomy and the limitations of probing around implants compared to teeth.  

 
 
 
 

1.5.1.2  Bleeding on Probing (BOP) 
 

The recording of bleeding upon periodontal probing is a paramount component of the 

periodontal examination of teeth (Greenstein, 1984). In a landmark study by Lang et al., 

(1990), 41 patients who had been treated for periodontitis were followed-up for 

20months and probing depths, attachment levels and bleeding on probing were recorded 

every 2-6 months. BOP was shown to have low sensitivity and high specificity for 

future probing attachment loss. Active BOP was a poor predictor of future disease 

progression, but the absence of BOP at a site acts as a good predictor for future health 

and hence, BOP was recommended as an essential tool in periodontal disease 

monitoring (Lang et al., 1990). 
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The true diagnostic value of bleeding on probing around implants has been a more 

controversial topic in the literature. The peri-implant soft tissue architecture has been 

shown to have a higher tendency to bleed on probing than the periodontium, especially 

if light probing forces are exceeded (Gerber et al., 2009). Studies predating the current 

decade found BOP to be a more useful indicator of PID. Much akin to the Lang et al., 

(1990) study, which found absence of BOP to be a good predictor for future periodontal 

health, a prospective clinical study by Jepsen et al., (1996) found BOP to be a highly 

negative predictive value for continued peri-implant attachment loss. In other words, a 

lack of BOP was a good indicator of peri-implant health (Jepsen et al., 1996). These 

findings were supported in another prospective clinical study by Luterbacher et al., 

(2000) which aimed to evaluate clinical and microbiological diagnostic tests for teeth 

and implants during supportive periodontal therapy (SPT). An important finding was 

that sites exhibiting BOP at over half the recall visits over the 24 month period had 

disease progression, hence, the finding that  ≥50% of sites with BOP had a positive 

predictive value of 100%. The corresponding highest positive predictive value of BOP 

around teeth was 40%,  with BOP having higher positive and negative predictive values 

around implants than teeth, from which the authors recommended BOP as a valuable 

test in PID diagnostics (Luterbacher et al., 2000). 

Such findings can be contrasted with more recent studies and reviews which have 

questioned the validity of giving such strength to BOP as a diagnostic tool, which is 

often found in the consensus reports. Results from a 2008 systematic review described a 

wide range of BOP occurrence at 24-91% of implants, with a greater tendency to bleed 

for implants with increased time in function (Zitzmann and Berglundh, 2008). Coli et 

al., (2017) highlighted the fact that the Luterbacher et al., (2000) study did not report on 

data relating to BOP at stable peri-implant and periodontal sites, as it is possible that 

these sites also would have exhibited BOP. Furthermore, increased pocket depths were 

used as a definition for PI, without evidence of peri-implant bone loss being required. 

Relevantly, both Jepsen et al., (1996) and Luterbacher et al., (2000) are quoted in the 

consensus report by Heitz-Mayfield (2008) and are underpowered and lack appropriate 

definitions for PI among other limitations (Coli et al., 2017). 

It could thus be surmised that while BOP is a useful indicator in PID detection, it 

should not be used in the absence of further diagnostic tests including probing and 

radiographs.  
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1.5.1.3  Radiographic analysis 
 

Radiographic analysis represents an essential diagnostic tool at the clinician’s disposal 

for both the planning of surgical implant placement and the detection and monitoring of 

peri-implantitis. As previously described, Albrektsson et al., (1986) proposed an 

acceptable level of 1.5mm crestal bone loss after 1 year of loading for machined surface 

implants. In addition, a further 0.2mm bone loss per annum was permitted, in order to 

stay within the defined boundary of implant success (Albrektsson et al., 1986). This 

provided the cornerstone for the latest consensus report and workshop on periodontal 

and peri-implant diseases (Berglundh et al., 2018). PI diagnosis requires the presence of 

bone loss ‘beyond crestal bone level changes’, which occur following the early bony 

remodelling after implant placement and where no previous radiographs are available, 

‘bone levels ≥3mm apical of the most coronal portion of the intraosseous part of the 

implant’ (Berglundh et al., 2018).   

The principle radiographic techniques utilized include intra-oral long-cone paralleling 

peri-apical radiographs as well as orthopantomography. Such techniques aim to 

diagnose interproximal loss of bone and to monitor marginal bone levels around 

implants. A fixed reference point is used, usually the implant-abutment junction or 

implant shoulder, which is measured to the interproximal bone level at baseline 

following prosthesis delivery. This is then monitored longitudinally  (Heitz-Mayfield, 

2008). Kullman et al., (2007) compared panoramic and intra-oral radiographs to assess 

which method provided the most accurate information regarding peri-implant marginal 

bone levels. The results revealed that both methods were comparable in their reliability 

to detect interproximal bone levels around dental implants (Kullman et al., 2007) 

 

The use of radiography in assessing PID is not without its limitations. Garcia-Garcia et 

al., (2016) carried out a cross-sectional study comparing radiographic bone levels for 46 

implants requiring surgical treatment for peri-implant defects, with intra-operative 

measurements recorded during the surgical intervention. The measurements made intra-

operatively were on average 1.3 +/- 3.3mm more apical than those measured on peri-

apical intra-oral radiographs. In addition, peri-apical radiographs were unable to 

identify correct defect morphology (Garcia-Garcia et al., 2016). Further limitations such 

as the difficulty in detecting oral and palatal/lingual bone levels, poor sensitivity in 

detection of early bone loss changes, underestimation of marginal bone loss, as well as 
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image resolution and distortion issues have been described (Heitz-Mayfield, 2008). The 

accuracy of radiographs as diagnostic tools may be enhanced by utilizing image 

analysis software such as subtraction radiography, as well as cone-beam computer 

tomography technology, however, such technologies can be expensive and increase the 

radiation dosage to the patient (Heitz-Mayfield, 2008).  

 

It is transparent that the current primary indices available to the clinician to assist in the 

identification, diagnosis and surveillance of peri-implant diseases all encompass their 

own limitations, with low sensitivity in identifying PID, risk of future attachment loss 

and peri-implant bone loss. An over-reliance on probing depths and BOP may lead to 

over-diagnosis of peri-implantitis with subsequent over-treatment (Coli et al., 

2017).The authors of this review further suggest that clinicians should be hyper-vigilant 

when patients present with symptoms such as redness, pain, swelling and significant 

peri-implant bone loss and be prepared to treat accordingly (Coli et al., 2017). 

 
 

1.6 Treatment of Peri-implant mucositis 
 
Treatment protocols devised to manage the peri-implant diseases stem from those 

utilised in the treatment of periodontitis. Owing to the fervent nature of biofilm 

formation and its adhesion onto various screw shaped designs and mechanically and 

chemically altered surfaces, surface debridement is the fundamental goal of PIM and PI 

treatment (Renvert et al., 2008b).  

 

Both consensuses from the 6th and 7th European workshops on periodontology reiterated 

that, like gingivitis, peri-implant mucositis is characterised by the reversible nature of 

the host response of the peri-implant soft tissues to the microbial challenge in dental 

plaque (Lindhe et al., 2008, Lang et al., 2011). The resolution of inflammation is 

primarily achieved by mechanical debridement of the implant surface. This is routinely 

carried out using pure titanium or ceramic hand instruments, which reduce the risk of 

damaging the implant surface, with or without chemical agents as adjunctive therapies 

(Renvert and Polyzois, 2018). Other mechanical instruments used include ultra-sonic 

scalers with specialised polyether-etherketone-coated tips, air-abrasion devices and 

titanium brushes (Figuero et al., 2014). A clinical trial which incorporated the use of a 

glycine powder air-abrasion device following mechanical debridement did not have a 
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significant additional benefits in pocket depth or bleeding on probing reduction 

compared to the control group who received mechanical debridement only (Ji et al., 

2014).  

 

Adjunctive treatments to mechanical therapy include chemotherapeutic approaches, 

with the use of locally delivered antimicrobials or mouth-rinses such as chlorhexidine 

and the use of Er:YAG lasers. The evidence behind use of chlorhexidine as an adjunct 

has yielded mixed results. A clinical study by Felo et al., (1997) compared the effects of 

self-administered chlorhexidine irrigation with a powered oral irrigator to chlorhexidine 

rinsing in patients with PIM and shallow probing depths. The irrigation protocol was 

more effective in reducing bleeding and modified gingival index scores as well as 

producing less calculus and staining (Felo et al., 1997). A 2011 randomized controlled 

double-blind clinical study was conducted by Heitz-Mayfield and co-workers.  29 

patients were recruited from four universities and clinical centres in Switzerland and 

Australia, with at least 1 implant diagnosed with PIM. The subjects were randomized 

into either the test group, where non-surgical debridement was provided with adjunctive 

chlorhexidine gel and the control group who received a placebo gel. Adjunctive 

chlorhexidine gel did not produce significant differences in PIM resolution compared to 

non-surgical debridement and oral hygiene instructions alone. Furthermore, implants 

whose restorations had supramucosal margins demonstrated enhanced improvements 

following treatments compared to those with submucosal margins (Heitz-Mayfield et 

al., 2011). 

 

The restorative suprastructure must facilitate optimal access for the patient to achieve 

sufficient plaque control and should be altered if it impedes this. A randomised 

controlled clinical trial conducted by de Tapia and co-workers (2019), evaluated the 

effect that prosthesis modification to facilitate improved oral hygiene access has as an 

adjunct to non-surgical therapy for PIM treatment. 6 months after treatment, significant 

benefits were demonstrated in reduction and resolution of peri-implant mucosal 

inflammation in the test group who underwent prosthesis contour modification, 

compared to the control group who received mechanical therapy only (de Tapia et al., 

2019). 
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Regardless of which adjunctive treatment is chosen to accompany the mechanical 

debridement, an essential component of reversing the PIM lesion is effective self-

performed plaque control by the patient. Power-driven toothbrushes, flossed dental tape 

and/or interdental brushes should be employed, as well as self-performed irrigation of 

inflamed areas by the patient (Renvert and Polyzois, 2015, Felo et al., 1997). 

 

1.7 Treatment of Peri-implantitis 
 
Complex thread geometry, modified roughened implant surfaces, inaccessible gram-

negative anaerobic microbes, as well as a deeply apical inflammatory cell infiltrate 

causing loss of direct implant-bone contact, all pose significant difficulties when 

attempting to halt and manage a peri-implantitis lesion (Figuero et al., 2014). While the 

primary aim of PI treatment remains the debridement and decontamination of the 

implant surface, access may be impeded by the above factors. Furthermore, where 

marginal bone loss has occurred, regeneration of bone and the peri-implant structures as 

well as re-osseointegration should be the ultimate goal (Figuero et al., 2014). The 

literature comprehensively and consistently demonstrates that mechanical non-surgical 

therapy alone is insufficient in the treatment of PI.  Nonetheless, non-surgical therapy 

should always be performed prior to any surgical intervention so the clinician can 

evaluate the healing response, the patient’s ability to command optimal plaque-control 

and in cases where surgery may not be suitable, it may limit the extent of the 

inflammation (Renvert et al., 2008b, Renvert and Polyzois, 2018). 

 
1.7.1 Non-surgical treatment of peri-implantitis 
 
Similar techniques utilized in the non-surgical management of PIM lesions are 

employed in PI defects. These include mechanical debridement with titanium or 

carbon-fibre curettes, ultrasonic devices, air-abrasive devices and lasers. A powered air-

abrasive system, based on low-abrasive glycine powder which does not damage the 

implant surface, has been shown to be an effective method of biofilm removal from 

implant surfaces (Figuero et al., 2014). 

Sahm et al., (2011) carried out a randomized controlled clinical trial on 30 patients with 

at least 1 implant which displayed early to moderate PI. The study aimed to compare 

the efficacy of an air-abrasive device with conventional debridement, when applied 

non-surgically to peri-implantitis defects. Implants from several well-known implant 
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companies, with both machined and rough surfaces were included. The test group 

received air abrasion treatment in the form of amino acid glycine powder, while the 

control group received conventional mechanical debridement with carbon curettes and a 

chlorhexidine digluconate adjunct. While limited improvements were noted in 

attachment levels for both groups, the air-abrasive group demonstrated significantly 

enhanced BOP reductions than the conventional mechanical debridement group (Sahm 

et al., 2011).   

A more recent in-vitro study carried out by Ronay et al., (2017) used 180 roughened 

surface SPI Element RC Inicell® (Thommen Medical, Switzerland) implants which 

were ink stained and mounted in models to resemble various peri-implantitis defects. 

Curettes, ultra-sonic devices and an air-abrasion device were used to remove the dye 

which simulated the microbial biofilm. Though none of the treatment modalities could 

achieve complete surface cleaning, the air-abrasive device demonstrated significantly 

superior cleaning for all defect configurations. Furthermore, the air-abrasive was shown 

to be the least technique-sensitive technique when compared between a qualified 

periodontist and dental school graduate (Ronay et al., 2017). 

 
Lasers have also been proposed as a treatment modality in PI due to their physical, 

ablative and bactericidal properties. The erbium-doped yttrium aluminium garnet or 

Er:YAG, laser has demonstrated the ability to remove subgingival biofilm and calculus, 

without compromising the integrity of the implant surface (Figuero et al., 2014). In a 

2008 consensus report, the authors concluded that “minor beneficial effects of laser 

therapy on peri-implantitis have been shown” (Lindhe and Meyle, 2008). In a single 

masked randomized clinical intervention trial conducted by Renvert and co-workers, 21 

subjects with severe PI defects were randomized to either receive treatment with an air-

abrasive device or an Er:YAG laser. 6 months after treatment, both modalities resulted 

in similar reductions in pocket depths, bleeding on probing and suppuration, without 

significant differences (Renvert et al., 2011a). 

 

The adjunctive use of antimicrobial products such as antibiotics and antiseptics have 

been advocated in some studies as they aim to reduce bacterial loads to levels 

compatible with peri-implant health, which is difficult via mechanical means alone 

(Figuero et al., 2014).  
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A wide range of local-delivery antimicrobials have been used, including minocycline 

microspheres, slow-release doxycycline gel and tetracycline-containing fibres (Renvert 

and Polyzois, 2018). In a randomised-controlled clinical trial by Bütcher et al., (2004), 

28 patients with 48 peri-implantitis defects all received mechanical debridement and 

0.2% chlorhexidine irrigation. The test group were then randomised to receive slow-

release doxycycline gel (Altriox™), while the control group continued receiving the 

same treatment.  The test group had significant reductions in probing depths, bleeding 

scores and increased attachment levels compared to the control (Buchter et al., 2004). A 

series of randomised controlled clinical trials conducted by Renvert et al., revealed 

enhanced clinical benefits when minocycline-containing microspheres were used as 

adjuncts to mechanical therapy over chlorhexidine gel, including improvements in 

pocket depth reduction, especially with repeated administration. There is currently a 

lack of clinically controlled studies which have evaluated the potential efficacy of 

adjunctive systemic antimicrobial treatment on the treatment of PI lesions (Renvert and 

Polyzois, 2018). Overall, systematic and narrative reviews by expert peri-implantitis 

researchers have surmised that locally delivered antimicrobials, particularly when 

compared to chlorhexidine application, result in improved clinical outcomes regarding 

bleeding on probing and probing depths. This approach may be of benefit when patients 

are unsuitable for invasive surgical therapy (Renvert et al., 2008b, Renvert and 

Polyzois, 2018).  

 
1.7.2 Surgical treatment of peri-implantitis 
 

As previously described, due to the complexities involved with biofilm adhesion to 

modified implant surfaces, thread geometry and difficult access for mechanical 

decontamination, non-surgical therapy alone has been shown to be largely ineffective at 

resolving more advanced PI lesions, which require an invasive surgical approach 

(Renvert and Polyzois, 2018).  

The primary objective of surgical intervention is to provide adequate access for biofilm 

and calculus removal to enable healing, resolution of inflammation and reduce risk of 

disease progression in the future (Renvert and Polyzois, 2015). Furthermore, surgical 

rationale aims to modify the soft and hard peri-implant tissue anatomy in order to 

obtain the holy grail of bony regeneration and re-osseointegration (Figuero et al., 2014). 

Surgical treatment of peri-implantitis lesions involve either a resective or regenerative 
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approach, with a large component of each focusing on the decontamination of the 

implant surface using a mechanical, chemical, photodynamic or combination approach 

(Renvert and Polyzois, 2015). 

Treatment planning and clinical decision making regarding the selection of the surgical 

approach, depends on the implant location, type of defect present and clinical situation. 

Generally, in posterior sites or non-aesthetic areas, where negative aesthetic outcomes 

are not of grave consequence, a resective approach may be selected, which aims to 

remove infected soft tissue and apically reposition the flap to enhance adequate plaque-

control access and achieve pocket depth reduction. In the aesthetic zone, the aim will be 

to minimise thread exposure and poor aesthetic outcomes, while providing adequate 

access for surface decontamination and regeneration if the defect is amenable (Renvert 

and Polyzois, 2018). 

Due to the limitations previously described regarding the clinical and radiographic 

evaluation of defect configuration, the number of walls and exact configuration may 

only be revealed following flap elevation (Schwarz et al., 2010, Renvert and Polyzois, 

2018).  

It must be highlighted that not all implants with advanced peri-implant disease are 

treatable. Peri-implantitis is a well-recognised cause of late implant failure, with 

progressive peri-implant bone resorption and infection leading to loss of 

osseointegration and implant mobility (Klinge et al., 2005). Furthermore, the clinician 

may opt to carry out the removal of an implant with an advanced peri-implantitis lesion 

where the patient may be unsuitable for surgical intervention or the outcome is too 

unpredictable.  

 

1.7.2.1 Resective surgical approach: Access flap surgery and Apically positioned flaps 

The objective of access flap surgery is to permit implant surface decontamination whilst 

maintaining and conserving the peri-implant soft tissues. This approach aims to 

preserve and maintain the peri-implant mucosal margin around the implant neck and 

therefore, is only achievable when the bone loss is relatively shallow (Figuero et al, 

2014). Access surgery for treatment of PI has been scarcely investigated in the literature 

(Claffey et al., 2008.)  

In a case series by Leonhardt et al., (2003), 26 turned surface Brånemark implants with 

peri-implant bone loss ≥3 threads were treated with access surgery, decontamination 

with hydrogen peroxide and concomitant systemic antibiotics. Treatment was deemed 
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to be successful over a 5-year follow up period for 58% of implants as disease 

resolution was achieved. However, despite treatment, 7 implants were lost and bone 

loss and disease progression proceeded at 4 other implants. Smoking was found to be a 

negative risk factor for treatment success (Leonhardt et al., 2003). A multi-centre 

prospective clinical study by Heitz-Mayfield and co-workers was published in 2012. 

Open flap debridement, decontamination of implant surfaces using mechanical 

debridement and saline and the use of systemic amoxicillin and metronidazole as an 

adjunctive therapy for moderate to advanced PI was investigated as an anti-infective 

protocol. At 12months, all 36 implants treated had probing depths <5mm, with 47% of 

implants displaying resolution of inflammation by negative BOP scores. Furthermore, 

92% had bone gain or stable bone levels (Heitz-Mayfield et al., 2012). 

Apically repositioned flaps may enhance access for adequate self-performed plaque 

control and eliminate diseased peri-implant pockets. Serino and Turri conducted a 

prospective clinical study in which 86 implants with PI were treated by apically 

positioned flap access, surface decontamination using ultrasonic scalers under 

chlorhexidine irrigation and osseous re-contouring to eliminate angular defects. To 

meet the study’s inclusion criteria, subjects were required to have 1 or more implant 

with signs of PI including: probing pocket depths of ≥6mm , BOP and/or suppuration 

and ≥2mm mesial or distal bone loss. Brånemark® (Nobel Biocare, Gothenburg, 

Sweden), Astra Tech® (Mölndal, Sweden) and ITI® (Straumnan Institute AG, 

Waldenburg, Switzerland) implants were included.  At 24 month follow-up, 48% of 

subjects had no sign of PI, 77% of patients had no implants with probing depths ≥6mm 

with bleeding and/or suppuration following probing. However, 36 implants presented 

with persistent PI. Over the 2 year follow-up period it was observed that, implants with 

no signs of PI after treatment had a tendency to remain healthy, while those that still 

exhibited signs of PI following treatment tended to undergo disease progression (Serino 

and Turri, 2011). 

 

1.7.2.2 Implantoplasty 

Following apically repositioned flap surgery, the exposed implant threads may be prone 

to biofilm adhesion and post-surgical bacterial contamination. It has been suggested 

that a surface modification procedure or ‘implantoplasty’ may be of benefit to 

mechanically smoothen the exposed supracrestal implant threads (Figuero et al., 2014).  
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Romeo and co-workers carried out a clinical trial where resective surgery was provided 

for 17 ITI®(Straumann Institute AG, Waldenburg, Switzerland) implants, with the 

addition of implantoplasty for the test group. Surface modification via implantoplasty 

appeared to positively influence the survival of implants at 36 months, with a 

favourable reduction in BOP, suppuration and peri-implant pocket depths compared to 

the control group (Romeo et al., 2005). A similar clinical trial by the same research 

group recruited 19 subjects with a total of 38 ITI® titanium plasma sprayed-surfaced 

implants exhibiting peri-implantitis. 10 patients were randomized to receive resective 

surgery plus implantoplasty, while 9 subjects received resective surgery alone. The 

influence of implantoplasty on marginal bone loss was the primary investigative 

interest. At 36 month follow-up, radiographic analysis of standardised peri-apical 

radiographs revealed significantly lower mean marginal bone loss around implants that 

received a combined resective and implantoplasty approach, compared to the control 

group (Romeo et al., 2007).  

32 patients with advanced PI were recruited for a randomised controlled clinical study 

by Schwarz et al., (2011). All 38 implants, which consisted of 10 of the most widely 

used implant systems with varying implant surface characteristics, underwent flap 

surgery, granulation tissue excision and implantoplasty at the facial and supracrestal 

exposed threads. Following randomization, surface decontamination was then carried 

out with either Er:YAG laser or plastic curettes and saline. The intra-bony component 

of the defects were then grafted with a natural bone mineral and a collagen membrane 

placed. Both treatments resulted in similar pocket depth reductions and attachment gain, 

indicating the success of the combined resective, regenerative and implantoplasty 

approach, but failed to find a significant difference between decontamination protocols 

(Schwarz et al., 2011). 

 

A concern over the utilization of the implantoplasty technique is the release and spread 

of titanium particles into the peri-implant tissues. A recent systematic review found 

increased levels of titanium particles in sites which had received implantoplasty. This 

finding was confounded by the fact that sites of PI already yield higher levels of 

titanium particles compared to implants exhibiting peri-implant health (Suarez-Lopez 

Del Amo et al., 2018). 
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1.7.2.3 Implant surface decontamination 
 

Once surgical access has been obtained, it is critical to disinfect the contaminated 

surface of the implant, so the surface may be conducive to regeneration of bone and 

ultimately, re-osseointegration (Claffey et al., 2008). Decontamination may entail 

chemical, mechanical, photodynamic or a combination of such approaches, many of 

which have previously discussed. Regarding their application intra-operatively, 

Schwarz et al., (2006) investigated the influence of different treatment approaches on 

ligature induced PI in 5 beagle dogs. The defects were randomly assigned in a split-

mouth design to receive closed or open flap debridement using either an ultrasonic 

scaler, plastic curettes with metronidazole gel or a Er:YAG laser as decontamination 

approaches. While open debridement using the ultrasonic device resulted in the greatest 

attachment gain, following histological analysis, the Er:YAG therapy yielded the 

greatest degree of bone-implant contact or re-osseointegration (Schwarz et al., 2006).  

The effectiveness of a promising decontamination protocol on different implant 

surfaces was investigated by Alotaibi et al., in 2018. The researchers used 12 implant 

pieces with an Osseotite® (Zimmer Biomet, Palm Beach Gardens, Florida, USA) and 

12 pieces with a Ti-Unite®(Nobel Biocare, Kloten, Switzerland) surface. The implant 

pieces were inserted into the complete lower denture fitting surfaces of 6 edentulous 

patients and plaque was allowed to accumulate undisturbed for 30 days. The 

decontamination protocol included the use of a titanium brush (PeriBrush™) combined 

with chemical decontamination, utilizing 3% hydrogen peroxide for 1 minute. The 

samples underwent microbial analysis and scanning electron microscopy to examine the 

effect of the titanium brush on the implant surfaces. Following analysis, complete 

surface decontamination was revealed for 5 out of 24 implants, including 1 Ti-Unite® 

and 4 Osteotite® surfaces. There was a significantly increased mean CFU/ml 

demonstrated on the Ti-Unite® surfaces, with streptococci identified as the dominant 

bacterial species present on the surfaces with incomplete decontamination. Neither 

implant surface was not negatively altered by the PeriBrush™. The authors concluded 

that when the above decontamination protocol is applied to implant surfaces in 

edentulous subjects, complete surface decontamination may be achieved (Alotaibi et al., 

2018). 
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While the literature reveals that all methods of surface decontamination yield resolution 

of the inflammatory lesion, in general, significant re-osseointegration and bony 

regeneration is not achieved (Claffey et al., 2008). Furthermore, despite a great variety 

of methods being described such as; chlorhexidine and saline washes, hydrogen 

peroxide application, air powder abrasion, manual debridement and laser therapy, no 

gold standard has been definitively ascertained (Claffey et al., 2008). 

  

 
1.7.2.4 Regenerative surgery 
 

The primary objectives of regenerative surgery around implants are to support tissue 

dimensions during healing in order to prevent mucosal recession, regenerate peri-

implant hard and soft tissues and to maximise the potential of achieving re-

osseointegration (Figuero et al., 2014). Following flap elevation, the presence of a 3-

walled or crater-like 4-walled bony defect, especially in the aesthetic zone,  may 

indicate that a regenerative technique may be employed, with autogenous bone or bone 

substitutes such as a xenograft material, in combination with a resorbable membrane. 

Defects with 2-walls or less usually are unsuitable for regeneration as alveolar bone 

morphology does not permit retention of the grafting material (Renvert and Polyzois, 

2015, 2018).  

 
 
 
 
 
1.7.2.4.1 Peri-implant defect configuration 
 

Accurate identification of the peri-implant defect configuration,  knowledge of the 

individual treatments indicated for that defect type, including limitations, are essential 

components of PI treatment planning and success.  

 

A seminal clinical study by Schwarz et al., (2007) aimed to primarily compare and 

evaluate naturally occurring peri-implantitis defects in humans and ligature-induced PI 

in dogs, as is the common method applied when investigating PID in animals. 

Furthermore, the study provided a classification system for peri-implant bone defects. 

40 implants in 24 patients were treated surgically for PI and the defects assessed. 2 
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different classes of defects were described: Class-1 defects, which displayed well-

defined intrabony vertical components and enabled a subdivision of 5 sub-classes 

(Class-1a to Class-1f) and class-2 defects, which displayed consistent horizontal bone 

loss. The majority of Class-1 intrabony defects also had a Class-2, horizontal 

component. The Class-1e defect which presented with a circumferential pattern of bone 

loss was the most commonly occurring defect in both naturally occurring human peri-

implantitis defects (55.3% of cases) and in the ligature-induced animal model (86.6% of 

cases). Ligature placement and subsequent plaque accumulation was carried out in 5 

beagle dogs who received a total of 15 implants. Both peri-implant bone defect size and 

configurations occurring in dogs via the experimental model resembled the naturally 

occurring defects in humans (Schwarz et al., 2007). 

The same lead author conducted another clinical trial in 2010, focusing on the impact 

peri-implant defect configuration may pose on the success of regenerative surgery.  27 

patients with moderate to advanced PI, exhibiting 3 different types of PI lesions (Class-

1b, 1c, 1e) were all treated by open flap debridement, application of a xenograft hard 

tissue graft (Geistlich BioOss® spongiosa granules, Wolhusen, Switzerland) and a 

resorbable collagen membrane (Geistlich BioGide®). At 12 month follow up, the 

circumferential (Class-1e) defects had significantly higher improvements in mean 

bleeding on probing, clinical attachment level and reduction of mean probing depths. 

Those defects with buccal dehiscence and semi-circular bone resorption or buccal 

dehiscence and circular bone resorption responded unfavourably (Schwarz et al., 2010). 

 

Evidently, defect morphology plays an essential part in the healing following guided 

tissue regeneration procedures of peri-implant defects. In general, the wider the defect, 

with least bony walls supporting it, will have poor potential for new attachment, 

regeneration and bone gain. A narrow defect, in particular with a circumferential bone 

loss pattern, may expect the most clinical improvement and regenerative potential. 

 

1.7.2.4.2 Grafting materials 
 
A wide range of grafting materials have been used in the regenerative surgery of PI 

defects. These include autogenous bone, xenografts, allografts and alloplasts. There is 

no current ‘gold standard’ regenerative treatment which has proven to offer any vast 

clinical superiority over another (Claffey et al., 2008). The majority of regenerative 
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protocols include a combination of grafting material and a barrier membrane, with a 

submerged approach often used to enable undisturbed healing and minimise infection 

risk (Claffey et al., 2008). 

 

A 4-year follow-up case series of a seminal randomised controlled clinical trial was 

completed by Schwarz and colleagues in 2009. 20 patients with 20 ‘moderate’ 

intrabony peri-implantitis defects were randomly assigned to receive either access flap 

surgery combined with a nanocrystalline hydroxyapatite Ostim® (Heraeus, Hanau, 

Germany) grafting material or access flap surgery with adjunctive bone xenograft 

BioOss® (Geistlich, Wolhusen, Switzerland) and a collagen membrane (BioGide®, 

Geistlich, Wolhusen, Switzerland). The 4-year results revealed that mean pocket depth 

reductions and attachments gains were highest in the xenograft and collagen membrane 

group and the long-term outcomes of using the Ostim® without a barrier membrane 

was poor (Schwarz et al., 2009). A recent randomized clinical trial by Renvert et al., 

enrolled 41 adults with 3 or 4-walled peri-implant effects. Open flap debridement was 

provided for all subjects, with the addition of bovine xenograft endobon® (Zimmer 

Biomet, Palm Beach Gardens, Florida, USA) for the test group. At 12month follow-up, 

42.9% of test subjects demonstrated successful treatment outcomes such as probing 

depth values ≤5mm, bony defect fill≥1mm, no BOP or suppuration. This was compared 

to the control group, where only 5.0% of subjects were treated successfully with 

surgical debridement alone. The authors recommended the adjunctive use of a bone 

xenograft when treating 3 or 4-wall peri-implant bone defects (Renvert et al., 2018b). 

A 7-year follow up study by Roccuzzo and co-workers, evaluated the long-term results 

of a regenerative surgical protocol which included; open flap debridement, application 

of EDTA 24% gel, followed by chlorhexidine 1% gel for chemical decontamination and 

the intrabony defects were then filled with deproteinized bovine bone mineral with 10% 

collagen (BioOss®, Geistlich, Wolhusen, Switzerland).  In addition, if the region lacked 

keratinised tissue, a connective tissue graft harvested from the maxillary tuberosity was 

placed. 26 patients with 1 crater-like defect around either sandblasted large grit and 

acid-etched surface (SLA) or titanium plasma-sprayed surface (TPS) Straumann® 

implants (Straumann AG, Basel Switzerland) were included. Following surgical therapy 

provision, all patients were enlisted on a regular supportive periodontal therapy 

programme. At 7 years, the survival rate for TPS implants was 71.4% and 83.3% for 

SLA. When treatment success was defined in terms of the absence of BOP and/or 
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suppuration, probing depths ≤5mm and no progression of bone loss, treatment success 

was achieved in 58.3% of SLA implants but only 14.3% of the TPS. The authors 

concluded that despite complete resolution of PI being difficult to achieve, the above 

regenerative surgical protocol combined with appropriate maintenance therapy, resulted 

in enhanced clinical health and function of implants, in particular, those with an SLA 

surface (Roccuzzo et al., 2017, Roccuzzo et al., 2011). 

 

A recent experimental PI study in Labrador dogs aimed to evaluate the effect of 

different bone substitutes on hard and soft tissue healing at implants with varying 

surface characteristics (Almohandes et al., 2019). Rough, TiO-blasted and acid etched 

implants (EV Astra Tech Implant System™ , Dentsply Implants IH AB, Molndal, 

Sweden) were placed in group A and smooth, acid–etched implants (Astra Tech 

Implant System™) in group B. Experimental PI was induced 3 months after implant 

installation with cotton ligatures. Using a randomization model, surgical treatment was 

allocated to 1 of 4 categories: no augmentation, defect fill with deproteinized bovine 

bone mineral BioOss® (Geistlich, Wolhusen, Switzerland), defect fill with biphasic 

bone graft Symbios® (Dentsply Implants, Molndal, Sweden) and BioOss® covered 

with a resorbable collagen membrane (BioGide®, Geistlich, Wolhusen, Switzerland). 

Histological results 6 months after surgery demonstrated that smooth surface implants 

had significantly higher bone gain, increased frequency of re-osseointegration, 

improved resolution of the PI lesions and superior preservation of the mucosal margin 

than the rough surface implants. Overall differences between the control and various 

bone substitutes were small, with larger histological defect fill for sites augmented with 

BioOss® alone and Symbios® (Almohandes et al., 2019). 

 
Ramanauskaite et al., (2016) carried out a systematic review and meta-analysis on the 

treatment of PI. Following a review of the literature, the authors proposed a novel 

surgical approach for treating peri-implant defects. Following non-surgical therapy to 

reduce inflammation, a full-thickness flap is raised and granulomatous tissue removed. 

Decontamination is achieved by air-polishing with glycine powder,  EDTA acid 

application, followed by chlorhexidine irrigation. The intrabony defect is then packed 

with human allograft in the form of demineralized freeze-dried bone allograft which has 

been impregnated with a gentamycin mix, combined with autologous leucocyte-

platelet-rich fibrin (L-PRF). The graft is then covered with L-PRF membranes and 
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primary closure obtained (Ramanauskaite et al., 2016). With no definitive gold 

standards defined in the literature regarding treatment approach and materials to be 

utilised, such protocols may represent a promising treatment philosophy aimed at 

maximising decontamination of the implant surface, as well as enhancing regeneration 

potential of the defect.  

 
1.7.2.4.3 Barrier Membranes 
 
While applying the concept of guided tissue regeneration to peri-implant defects is a 

predictable way to treat osseous defects as well as enhancing soft tissue healing, the 

additional placement of barrier membranes over bone grafting has been a controversial 

topic and does not appear to provide any significant adjunctive effects (Claffey et al., 

2008).  

Roos-Jansaker and co-workers evaluated bone fill, 36 months after the regenerative 

surgical intervention of PI defects using either an alloplastic Algipore® (Dentsply 

Implants, Molndal, Sweden) material alone or with Algipore® and a resorbable 

membrane (Osseoquest®, W.L Gore & Associates, Flagstaff, Arizona, USA). Defect 

fill was maintained over the 3 years in both groups, with the group incorporating a 

membrane failing to show significant differences (Roos-Jansaker et al., 2011, Roos-

Jansaker et al., 2007). 

In addition, failures of regenerative surgery have been reported and in the majority of 

these cases, membrane exposure has been implicated, especially where non-resorbable 

e-PTFE membranes were used (Claffey et al., 2008, Renvert and Polyzois, 2015).  

 
1.7.2.4.4 Leucocyte-Platelet-Rich Fibrin (L-PRF) 
 
Pathological bone resorption in periodontal disease and peri-implant disease results 

from the interplay between host response and the mounting bacterial challenge. Other 

commonly occurring clinical scenarios result in bone loss, such as a tooth extraction, 

where alveolar ridge resorption results in reduced bony dimensions for subsequent 

implant placement. As previously described, various methods have been developed in 

periodontal regeneration to attempt to overcome such consequences. In addition to 

guided bone regeneration, techniques such as alveolar ridge preservation and 

augmentation have been further evolving. With significant advances in these 

approaches in recent years, clinicians now demand the most predictable outcomes in 

terms of soft tissue wound healing and bone regeneration. Such outcomes may be 
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enhanced by physiologic concentrations of growth factors and scaffolds (Strauss et al., 

2018). The use of platelet concentrates has been an area of rapid research and 

development. Blood-derived products were initially used in medicine to treat conditions 

like severe thrombopenia and later as fibrin glues. Platelets have the ability to stimulate 

angiogenesis, cell proliferation and matrix remodelling, through high quantities of 

growth factors such as TFb-1 (transforming growth factor b-1), PDGF-AB (platelet-

derived growth factor AB) and VEGF (vascular endothelial growth factor) (Dohan 

Ehrenfest et al., 2009). 

 

Several different protocols, products and techniques for platelet concentrates have been 

commercially developed, leading to the necessity for a definitive classification as 

devised by Dohan Ehrenfest et al., (2009). While preparation methods and clinical 

applications are often shared, the 4 primarily used concentrates in oral surgery and 

periodontology have been identified as P-PRF (pure platelet-rich fibrin), L-PRP 

(leucocyte and platelet-rich plasma), P-PRP (pure platelet-rich plasma) and L-PRF 

(leucocyte and platelet-rich fibrin) (Dohan Ehrenfest et al., 2009). L-PRF was 

developed in France in 2001 by Choukroun and co-workers. Due to the fact that it is 

produced without any gelifying agents or anti-coagulants, it may be classified as a 

second-generation platelet concentrate (Dohan Ehrenfest et al., 2009). It holds several 

advantages over other methods as it yields a high quantity of L-PRF clots at low costs, 

with relative ease of use. In addition, platelets and leucocytes are preserved and 

collected with high efficiency.  

 

In general, the procedure for producing L-PRF requires venepuncture with venous 

blood collected in glass tubes, which are then immediately centrifuged at a low speed. 3 

layers are visible, with the acellular plasma top layer, the red blood cell base layer and 

then PRF clot in the centre. The clot contains a strong fibrin matrix of the platelets and 

leucocytes, which can then be manipulated by pressure into a robust membrane or 

mixed with hard tissue graft for a range of regenerative applications (Dohan-Ehrenfest 

et al., 2009). A study of cell composition of the L-PRF model revealed greater than 

50% of leucocytes and 97% of platelets were concentrated in a specific 3-dimensional 

distribution, with a highly dense and mature fibrin network (Dohan Ehrenfest et al., 

2010). An in vitro analysis by Schär et al., (2015) compared the quantity and release of 

growth factors between L-PRP and L-PRF. It was revealed that L-PRF contained higher 
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amounts of released transforming growth factor B1 (TGF-B1), enhanced long-term 

release of growth factors and was a stronger inducer of cell migration than L-PRP 

(Schar et al., 2015). 

 

The application of L-PRF to the regeneration of periodontal and peri-implant defects, as 

well as its potential use in optimising osseointegration of dental implants is a relatively 

new field in periodontology. Consequently, high levels of quality evidence are 

relatively scarce. Castro et al., carried out 2 comprehensive systematic reviews and 

meta-analyses in 2017. The first review focused on the application of L-PRF in the  

treatment of furcation and intrabony defects as well as in periodontal muco-gingival 

surgery. Significant pocket depth reduction, attachment level gain as well as bone fill 

were found in studies which compared L-PRF to open flap debridement alone in the 

treatment of intrabony defects. Similar findings were reported in the treatment of 

furcation defects, while L-PRF obtained similar outcomes for keratinised tissue width 

and recession reduction when compared to the use of autogenous connective tissue 

grafts (Castro et al., 2017a). It should be highlighted that most of the articles included, 

incurred a moderate risk of bias whereby blinding methods and allocation concealment 

were often not applied. Reduction of post-operative discomfort and enhanced wound 

healing were highlighted as particular advantages of L-PRF usage (Castro et al., 2017). 

The second review included 14 articles which focused on the application of L-PRF in 

alveolar ridge preservation, sinus augmentation and implant therapy. L-PRF use alone 

in ridge preservation procedures resulted in improved alveolar width preservation 

compared to natural healing. Histologically faster healing of bone occurred in both 

internal and external-sinus augmentation procedures when L-PRF was used as an 

adjunct to xenografts. (Castro et al., 2017b). Two randomized controlled trials which 

were included in the systematic review evaluated the influence of L-PRF on implant 

stability and early bone remodelling.  

Oncü et al., (2015) used resonance frequency analysis to compare stability of implants 

inserted with or without L-PRF. For the test group, the acellular plasma portion of L-

PRF was used to wet the implant surface before it was inserted into the osteotomy 

which had been lined with L-PRF membrane. Mean implant stability quotient values 

were similar at placement, however, at 1 and 4-week follow up visits, the values were 

significantly higher in the L-PRF group. The authors concluded that L-PRF may 

increase initial osseointegration (Oncu and Alaaddinoglu, 2015). One must 
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acknowledge that while there were significant differences in implant stability values, 

both test and control group implants demonstrated high stability readings according to 

the implant stability quotient values, so the true value of the adjunctive use of L-PRF 

should be questioned. Another randomized controlled trial by Boora et al., (2015), 

found that implants with  L-PRF membranes placed over the head of the implant at 

installation, exhibited 50% less initial crestal bone resorption at both 4 and 12 weeks 

after placement (Boora et al., 2015). 

 

The application of platelet concentrates to the treatment of peri-implantitis is in its 

infancy, with few studies reporting its usage. Experimental bony defects were created 

around implants placed in the tibia of 8 rabbits in a study by Lee et al., (2012). L-PRF 

was placed into the bony defect in the test group, with the corresponding areas left 

unfilled in the control. Histomorphometric analysis revealed significantly higher mean 

bone formation and mean bone-implant contact in the L-PRF group following healing 

(Lee et al., 2012). Hamzacbi et al., (2015) conducted the first human study to compare 

the effectiveness of L-PRF application and conventional flap surgery on the treatment 

of peri-implant bone defects. 19 patients with 38 implants were diagnosed with peri-

implantitis, with diagnostic criteria including probing depths of ≥5mm and radiographic 

bone loss of ≥2mm with BOP. The subjects were randomly assigned to either receive 

open flap debridement with adjunctive L-PRF membranes or open flap debridement 

alone.  Peri-implant defects were classified according to the Schwarz et al., 2007 

classification. All implants demonstrated a degree of horizontal bone loss, with an 

infrabony component. The majority of defects in the test group were class 1d (buccal 

and lingual dehiscence with circumferential bone resorption), while in the control 

group, there were high numbers of class 1b (buccal dehiscence and intrabony 

component) and 1e (circumferential bone resorption) defects. At 6-month follow up, 

regardless of the defect configuration, the L-PRF group demonstrated significantly 

higher clinical attachment level gain and mean probing depth reductions than the 

control group. Furthermore, the amount of keratinised tissue for the L-PRF group also 

increased significantly. Such results, while limited to 1 study reveal promising findings 

for the adjunctive use of L-PRF to conventional access surgery for the treatment of PI 

defects. More studies are required to focus on actual bone fill and re-osseointegration 

using L-PRF (Hamzacebi et al., 2015). Novel techniques, incorporating the use of 
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platelet concentrates, such as the one described by Ramanauskaite et al., (2016) may 

yield promising advances in peri-implant defect regeneration.  

 
1.8 Re-osseointegration following treatment of peri-implantitis 
 
No specific definition has been outlined in the literature for re-osseointegration, 

however, it is thought to represent the “formation of new bone onto a previously 

biofilm contaminated implant surface,” (Renvert et al., 2009). The question as to 

whether treatment of PI can result in true re-osseointegration has been controversial in 

the literature and is primarily restricted to animal studies (Persson et al., 1999, Persson 

et al., 2001, Sennerby et al., 2005, Schwarz et al., 2006, Almohandes et al., 2019). 

Early research focused on the animal model in order to carry out histological analysis. 

Persson et al., (2001) investigated the influence different implant surfaces had on re-

osseointegration following treatment of PI in the dog model. Experimental ligature-

induced PI was treated by systemic antibiotics, flap elevation, curettage and saline 

irrigation. Substantial re-osseointegration occurred at the rough surface implants, but 

this was minimal at the smooth surface implants. Histological analysis revealed a 

connective tissue capsule along the bone-implant interface, opposed to true bone-

implant contact, seen in osseointegration (Persson et al., 2001). This evidence built on 

the findings of an earlier experimental study by the same research group in 1999. 

Histological analysis revealed that while the experimental peri-implantitis inflammatory 

lesion was resolved following treatment, the amount of re-osseointegration was 

minimal and consisted of a thin connective tissue capsule which separated the surface 

of the implants from the new bone (Persson et al., 1999). Similar findings regarding the 

histological architecture of re-osseointegration were discovered in an experimental PI 

study by Sennerby et al., (2005), again, using the dog model. The researchers found that 

at turned surface implants (Straumann®, Waldenburg , Switzerland), new bone was 

“consistently separated from the implant surface by a thin capsule of connective tissue” 

(Sennerby et al., 2005). 

A systematic review by Renvert et al., (2009) investigated the evidence for re-

osseointegration following PI treatment at contaminated implant surfaces. 25 animal 

studies were included in the review, which revealed that access surgery with closed 

healing positively affected the rate of re-osseointegration compared to non-surgical 

therapy. Additionally, surgical therapy and the use of adjunctive regenerative materials 

resulted in  variable levels of re-osseointegration. The authors concluded that while re-
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osseointegration is possible, the extent to which it can be achieved is influenced by 

different implant surface characteristics and that surface decontamination alone will not 

achieve a substantial level of re-osseointegration. While the choice of grafting material 

used in the regenerative protocols did not seem to play a significant role, the best results 

for re-osseointegration were obtained by a combination of guided bone regeneration 

and graft material. Furthermore, the literature failed to identify a predictable method of 

achieving re-osseointegration in a previously contaminated site, with the various 

techniques yielding a wide range of re-osseointegration from 1-84% (Schwarz et al., 

2006, Renvert et al., 2009). 

 

The application of such studies to the human model is difficult due to obvious ethical 

restrictions, hence, it has not been studied to a comprehensive degree. In a human case 

series, peri-implantitis lesions were treated surgically using porous titanium granules 

following decontamination of the implant surface with titanium curettes and 24% 

EDTA gel. Following 12months of healing, the implant and surrounding structures 

were excised and histological and micro CT analysis were carried out. Porous titanium 

granules were shown to be in close contact with new bone, with the graft porosities 

being occupied by the new bone, which also extended onto the surface of the implant. 

Furthermore, there was phosphorus and calcium in the newly formed bone embedding 

both the granules and implant, demonstrating that re-osseointegration is possible in the 

human model (Wohlfahrt et al., 2011). 

 

With limited human histological evidence, conclusions regarding the potential of 

surgical procedures to obtain re-osseointegration on the implant surface are difficult. 

Defect morphology appears to play a pivotal role in the predictability of regenerative 

treatment outcomes (Renvert and Polyzois, 2015). At this moment in time, the clinician 

must rely on surrogate indicators of re-osseointegration, such as radiological evidence 

of bone-implant contact and increasing implant stability over time following treatment, 

using technologies such as resonance frequency and damping capacity analysis. 

 
1.9 Supportive peri-implant therapy 
             
With the unpredictable response of peri-implant lesions to resective and regenerative 

surgery, and the negligible impact non-surgical therapy has on the disease, prevention is 

paramount. Thorough risk assessment of patient factors, such as smoking history, poor 
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oral hygiene and a history of periodontal disease, as well as site specific factors such as 

lack of keratinised tissue and extensive grafting requirements, must be conducted prior 

to implant placement (Renvert and Polyzois, 2018). If PI has already been established 

and treated, supportive maintenance therapy is a vital component in the prevention of 

disease recurrence. Cornerstone studies in periodontal literature have demonstrated the 

importance of regular periodontal maintenance to prevent disease recurrence and tooth 

loss (Fardal et al., 2004, Axelsson et al., 2004). A cross sectional study from 2011 

found an 11-fold increased risk of peri-implantitis development for patients who do not 

commit to regular post-placement maintenance, compared to patient who demonstrated 

good compliance (Rinke et al., 2011).  

 

Several studies, have demonstrated that successful outcomes obtained by surgical peri-

implantitis therapy can be maintained in the long-term with appropriate supportive 

periodontal therapy. Serino, Turri and Lang (2015) completed a 5-year follow up study 

of 27 patients with 71 implants, which had received resective surgery for peri-

implantitis defects and subsequent regular maintenance appointments (Serino and Turri, 

2011, Serino et al., 2015). Of these implants, only 9 (13%) implants in 4 patients 

underwent probing attachment loss over the 5-year follow-up period. A circumferential 

residual probing pocket pattern, of 3-4 sites around the implant, was a high predictor of 

future disease progression. The authors concluded that patients with high levels of 

plaque control, engaged in a 6-monthly recall interval, maintained post-surgical peri-

implant conditions (Serino et al., 2015).  

Schwarz et al., carried out a 7-year observational follow-up study of the combined 

surgical treatment protocol from the aforementioned 2011 study. Annual recall 

appointments were performed at the Oral Surgery department of Heinrich Heine 

University, Düsseldorf, Germany, which included the provision of professional plaque 

removal and oral hygiene reinforcement. In addition, periodontal maintenance was 

provided by the referring dentists. Results revealed that at 7 years follow-up, both study 

groups: Er:YAG laser and plastic curettes with sterile saline, combined with natural 

bone mineral and a collagen membrane, were associated with similar attachment level 

gains and mean reductions of BOP. The authors concluded that a combined 

resective/regenerative protocol was successful in the long-term, but did not appear to be 

significantly influenced by the decontamination method used (Schwarz et al., 2017). 
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Heitz-Mayfield and co-workers (2018) carried out a similar prospective study with a 5-

year follow up. 24 patients with 36 implants, which had been diagnosed with PI, were 

treated by an anti-infective surgical technique, incorporating open flap debridement 

with adjunctive systemic antibiotics. A successful treatment outcome was defined by 

the absence of probing depths ≥5mm with bleeding and/or suppuration and also a lack 

of peri-implant bone loss progression. Patients were recalled for their maintenance 

appointments at least every 6 months, which included removal of the sub and supra-

mucosal biofilm, professional prophylaxis of all other implants and teeth, as well as oral 

hygiene advice. At the 5-year follow up appointment, 63% of patients had a successful 

outcome. However, only 42% of all implants achieved complete resolution of PI. While 

supportive therapy maintained the post-surgical achievements in the majority of 

patients, recurrence of PI did occur in others and 2 patients had 1 implant removed due 

to progressive bone loss (Heitz-Mayfield et al., 2018). 

A comprehensive systematic review by the same lead author examined numerous 

aspects of peri-implantitis treatments, including the impact of maintenance care. 

Successful outcomes were found to be influenced by the quality of the maintenance 

provided. The authors recommended 3 to 6-monthly maintenance visits, which should 

include oral hygiene instructions and professional plaque removal (Heitz-Mayfield and 

Mombelli, 2014). 

                   
 
1.10 Implant stability 

Implant stability may be defined as the ‘absence of clinical mobility’, which is also a 

proposed definition of osseointegration (Sennerby and Meredith, 2008). With the 

development of implant designs, surface technologies and understanding of loading 

protocols, the immediate or early loading of implants which demonstrate high primary 

stability has been possible. However, successful outcomes depend on the surgical and 

restorative clinician’s ability to determine the degree of implant stability, as well as 

changes in such stability which may accompany bony remodeling, novel bone 

formation and pathological bone loss due to peri-implant disease (Sennerby and 

Meredith, 2008). 

Several traditional methods of testing implant stability, both during implant installation, 

the early healing phase and later in function, have been used. A percussion test uses a 

dental mirror handle, which is tapped against the implant carrier. If a high pitched, 
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ringing sound is obtained, the implant supposedly has good primary stability. Reverse 

or unscrewing torque measurements are another method, where the implant is removed 

if it rotates under the applied torque at the abutment connection stage. This increases 

the fracture risk of an implant which may still be in the process of osseointegration 

(Sennerby and Meredith, 2008).  

Clinical perception based on the cutting resistance of the implant when it is inserted is 

often used as a measure of primary stability. However, tapered implant designs may 

produce a firm stop and lead to the false perception of high primary stability. Raising a 

flap to visually assess bone-implant contact is another method with obvious limitations. 

These methods are largely crude, yield poor qualitative information and can fracture the 

implant under torque stress (Sennerby and Meredith, 2008, Valderrama et al., 2007). 

 

An obvious necessity exists for reliable, repeatable and non-invasive methods of 

measuring implant stability. Damping capacity and resonance frequency analyses 

provide objective measurements of implant stability which do not inflict damage to the 

implant-tissue interface (Aparicio et al., 2006, Meredith et al., 1996). 

 

1.11 Damping Capacity Analysis (DCA) 

Damping capacity may be defined as the ability of a material to absorb energy (Black 

and Kosher, 2019). The application of this branch of materials science to 

periodontology and implant dentistry is limited to the use of the Periotest™  device.  

  

1.11.1 Periotest™  

The Periotest™  device was developed at the University of Tubingen, Germany 

(Schulte et al., 1983). It is an electronic instrument originally used to dynamically test 

the damping characteristics of the periodontal ligament, in order to obtain an objective 

value of tooth mobility (Lukas and Schulte, 1990). It has been described as a simple, 

non-invasive, reproducible tool which can also be applied to test the damping 

characteristics of the bone-implant interface (Olive and Aparicio, 1990, Teerlinck et al., 

1991, van Steenberghe and Quirynen, 1993). The device comprises of a metal hand-

piece with a metal electromagnet or ‘slug’, which is tapped in a perpendicular direction 

towards the head of the implant 16 times in 4 seconds. The electromagnet is decelerated 

when it contacts the implant. With a greater degree of implant stability, the deceleration 

will be higher and hence, there will be a higher damping effect of the peri-implant 
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tissues (Lukas and Schulte, 1990, Olive and Aparicio, 1990, Aparicio et al., 2006). The 

contact duration per impact of the ‘slug’ on the implant is in the range of a millisecond 

and represents ‘the real measuring parameter’ (Olive and Aparicio, 1990). This is 

recorded by an accelerometer, however, instead of using the contact time in 

milliseconds as the stability value, the instrument software performs a mathematical 

calculation to relate stability to a numerical scale (Olive and Aparicio, 1990). This 

numerical scale takes the form of Periotest™ values (PTVs), whereby the lower the 

PTV, the higher the degree of tooth or implant stability. The PTVs range from -8 to 

+50, however, the literature reports a more limited in-vivo PTV range of -5 to +5 for 

measuring implant stability (Oh et al., 2009, Andreotti et al., 2017). For example, a 

clinical study by Teerlinck and co-workers (1991), utilized the Periotest™ to measure 

the stability of 60 Branemarktm implants in the mandibular arch. A mean PTV of -1.74 

was recorded. Repeated measurements for individual implants were within a 1 PTV 

range for 95% of the measurements, demonstrating high reproducibility (Teerlinck et 

al., 1991).  

 

1.11.2 Periotest™ in predicting implant stability  
 
Several studies have examined the prognostic value of the Periotest™ in predicting 

decreasing stability and implant failure. In a clinical study by Olivé and Aparicio 

(1990), 204 Brånemark® (Nobelpharma AB, Gothenburg, Sweden) implants were 

placed at varying positions in the maxillae and mandibles of 36 consecutive subjects 

and PTVs recorded immediately after abutment connection and before prosthetic 

delivery. Failure of 7 implants occurred at the time of abutment connection, all of 

which had a PTV of over 9, accompanied by clinical mobility when the implant was 

rotated. Following prosthesis delivery, a further 8 implants failed, 6 of which had initial 

PTV ≥ +4. Loading was delayed in 9 other implants with high initial PTVs (+3 to +8) 

for a minimum of 4 months and a decrease of 3 PTVs was found. The authors 

concluded that the Periotest™ provided a reproducible and quantitative, objective 

measure of implant stability prior to prosthetic fit. It may also yield valuable 

information regarding the loading of implants with poor osseointegration, represented 

by a high PTV (Olive and Aparicio, 1990). A prospective study by Drago (2000) 

included 40 patients who had PTVs recorded at second stage surgery, final impression, 

prosthesis delivery and 6 and 12-months following loading. 113 regular-platform, 
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Biomet 3i® (Palm Beach Gardens, Florida, USA) endosseous implants were placed into 

various positions of the participant’s maxillae and mandibles. The Periotest™ device 

yielded a positive predictive value of 64%, i.e: the device could identify non-integrated 

implants at second stage surgery and 1 year following occlusal loading, 64% of the 

time. Despite these findings, Drago concluded that PTVs recorded at second stage were 

not valid predictors of non-integrated implants 1 year following occlusal loading 

(Drago, 2000).  A retrospective study by Verhoeven and co-workers (2000), aimed to 

evaluate how accurate gingival index, plaque index, probing depth and Periotest™ 

measurements were at detecting peri-implant bone loss compared to radiographic 

evaluation. 16 fully edentulous subjects who had received 2 IMZ® (Germany) implants 

in the mandible to support dolder-bar overdentures were assessed. While the Periotest™ 

yielded the highest specificity, the sensitivity of all 4 parameters was poor, 

demonstrating a high proportion of false-negative results which may underestimate 

pathological peri-implant bone loss. The authors concluded that radiographic evaluation 

remained the gold standard in detecting peri-implant bone loss and that the Periotest™ 

device should be restricted to verifying osseointegration at second stage surgery 

(Verhoeven et al., 2000). 

Such findings may be contrasted to a 10-year retrospective study on a large sample size, 

by Noguerol and co-workers, which evaluated the accuracy of the Periotest™  in 

determining primary implant stability and whether PTVs correlated with radiographic 

analysis in assessing secondary implant stability (Noguerol et al., 2006). 1084 

Branemark® implants (Nobel Biocare, Barcelona, Spain), of different lengths and 

diameters, were placed in both the anterior and posterior segments of the upper and 

lower jaws of 316 patients in a private periodontal practice over 10 years. Clinical, 

radiographic and Periotest™ data were collected and analysed with bivariate and 

multivariate statistical models to determine how they corresponded to early failures. 

Various sensitivity and specificity values were recorded at different cut-off points and a 

threshold PTV of -2 was found to provide the highest sensitivity for implant stability 

(84% sensitivity, 39% specificity). In essence, if a cut-off PTV of -2 at implant 

placement was applied, 84% of implants that went on to fail were accurately identified, 

while only 39% of implants which went on to be successful were predicted. Periotest™   

was also found to provide a more accurate prognostic method than radiographs at first-

stage surgery and can offer a useful method of assessing the stability or degree of 

osseointegration at second-stage surgery (Noguerol et al., 2006). 
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A narrative review by Aparicio, Lang and Rangert (2006) assessed the validity and 

clinical significance of biomechanically testing the implant-bone interface with 

damping capacity and resonance frequency analysis. Despite extensive clinical and 

experimental evaluation, including many of the above studies, the prognostic value of 

the Periotest™ to detect loss of stability, could not be definitively concluded. While 

positive PTVs suggest decreasing implant stability and negative PTVs indicate an 

increase, such changes are usually recognized after the fact, which indicates a high 

specificity but low sensitivity of the device. Due to a variety of factors including 

striking position and location of the implant within the arch, the reproducibility is 

questionable and single readings have limited clinical value. Only repeated 

measurements over time may confirm stability with a greater degree of accuracy 

(Aparicio et al., 2006). 

 

No scientific literature to date has been published which incorporates the use of the 

Periotest™ device in assessing implant stability and treatment outcomes following 

surgical and non-surgical interventions for peri-implant disease. 

1.11.3 Factors influencing Periotest™ values & limitations 

The Periotest™ device offers several advantages over other measures of implant 

stability.  Complex deconstruction of the implant suprastructure is usually not required, 

enabling the PTVs to be recorded against a single implant crown or abutment. In 

addition, it is relatively inexpensive, does not require specific components per implant 

and is quick and easy to use. However, several clinical variables may influence the 

PTVs obtained, leading to potential inaccuracies in measuring implant stability. The 

Periotest™ can be technique sensitive, with a change in angulation and striking height 

of the handpiece encompassing a significant impact on the PTVs obtained. This also 

leads to difficulties when attempting to obtain a repeatable PTV in the same position at 

simultaneous and subsequent measurements. 

 

A seminal study by Neil Meredith and colleagues (1998) aimed to establish the 

relationship between PTVs and the following variables; contact time, striking position 

of the metal hand-piece and abutment length (Meredith et al., 1998). They found a 

linear relationship between contact time and PTVs and also between striking height and 

PTVs for implants measured both in-vivo and in-vitro. The in-vivo data yielded greater 
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scatter, which was linked to test and patient variables, including the hand-piece position 

and distance from the implant when striking, as well as a damping effect from the soft 

tissues. The authors concluded that the device’s sensitivity to the aforementioned 

clinical variables limit its use in assessing implant stability (Meredith et al., 1998).  The 

clinician must aim to position the handpiece perpendicular to the long axis of the 

implant abutment. An in-vitro study by Faulkner et al., (2001), found that due to the tip 

of the handpiece itself being 2mm in diameter, a small change in angulation can cause 

the ‘effective point of contact to change by this diameter’, with a variation of 2mm 

causing a PTV change between 2.5-4.0. The authors suggested that in order to minimise 

this risk, a small angle must be maintained between the handpiece and abutment 

(Faulkner et al., 2001). To substantiate this finding, several clinical studies have 

demonstrated that a change in handpiece striking height of 1mm can produce a 

difference of 1-2 PTVs (Olive and Aparicio, 1990, Teerlinck et al., 1991, Aparicio et 

al., 2006). The length of the healing abutment, often used to measure implant stability 

when using the Periotest™, appears to have an influence on the PTVs obtained. If the 

measurement is made on a long abutment, apical to the abutment-implant connection, 

the resulting PTV will be higher than if it was made at the interface, to the value of 3-4 

PTVs (Drago, 2000, Teerlinck et al., 1991).  

 

The anatomical location of the implant and its surrounding bone density appears to 

result in PTV variations.  Implants positioned in the mandibular symphyseal region 

have been the strongest predictor of PTV variance, possibly due to increased bone 

mineralization at the implant-bone interface (van Steenberghe and Quirynen, 1993, 

Johansson and Albrektsson, 1987). Significantly lower PTVs in the mandible than 

maxilla have been demonstrated, suggesting higher primary implant stability in the 

lower arch (Buser et al., 1990, Olive and Aparicio, 1990). A large-scale study by 

Truhlar et al., (1997) recorded PTVs at second stage surgery for 2212 Specra-System® 

(Core-Vent Corporation, Las Vegas, Nevada, USA) implants of varying designs. Using 

the Lekholm and Zarb, 1985 classification of bone densities, the mean PTV of implants 

in the highly-dense, type-I bone, found in the anterior mandible was -4.12, while 

implants in the least dense, type-IV bone, located in the anterior and posterior maxilla, 

had a mean PTV of -2.64 (Truhlar et al., 1997).  
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Conflicting findings regarding the influence of implant length and diameter on PTVs 

have been found in the literature (Olive and Aparicio, 1990, Teerlinck et al., 1991, 

Aparicio et al., 2006). Haas and co-workers conducted an in-vitro study in which 10 

IMZ® (Germany) implants all of 4mm diameter and 15mm length, were embedded in 

autopolymerizing methyl-methacrylate at different depths. PTVs were then recorded for 

each implant. The values increased at decreasing embedding depths, indicating that if 

applied in-vivo, poorer implant stability would be detected for implants surrounded by 

less peri-implant bone (Haas et al., 1999). Other authors have not found a correlation 

between varying implant lengths and different PTVs (Mericske-Stern et al., 1995) . The 

consensus is that with greater implant length, in the absence of peri-implant bone loss, 

the larger the surface area which is in contact with bone and hence, the lower the PTV 

will be (Drago, 2000, Aparicio et al., 2006). Similarly, with increased implant diameter, 

a lower PTV will be found due to increased mean greater surface area in contact with 

the bone and increased implant stability (Drago, 2000). The length of time an implant is 

in situ will also influence its stability. This may be demonstrated by lower PTVs being 

encountered with increasing length of follow-up (Teerlinck et al., 1991, van 

Steenberghe et al., 1995). In a study by van Steenberghe et al., (1995), decreasing PTVs 

were observed after 5 years of follow-up for 213 Brånemark implants in the mandibular 

arch. Continued bony remodeling and stiffness of the bone-implant interface following 

implant placement has been suggested to explain such findings (van Steenberghe et al., 

1995, Aparicio et al., 2006). 

 

There is widespread consensus throughout the literature that due to the aforementioned 

technique sensitivities and clinical variables, a single Periotest™ value at a specific 

time-point, does not offer sufficient information or clinical value regarding implant 

stability. Therefore, standardized longitudinal Periotest™ measurements, at the same 

striking position with the same abutment height and diameter are necessary, to provide 

a more accurate measure of implant stability (Drago, 2000, Faulkner et al., 2001, 

Aparicio et al., 2006). 

 

1.12 Resonance frequency analysis (RFA) 

Resonance frequency analysis is another technology which has been applied to the 

evaluation of implant stability. It presents a simple, repeatable and objective method for 

implant stability testing, due to its minimally invasive, non-destructive and standardized 
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technique. Following obligatory removal of the implant suprastructure, a metal rod or 

smartpeg™, is connected to an implant via a screw connection and acts as a pre-

calibrated transducer. The peg contains a magnet which receives magnetic pulses from 

a compact, handheld computer. The peg vibrates in 2 perpendicular directions, 

providing 2 implant stability readings, corresponding to the peri-implant bone in the 

buccal-lingual and mesio-distal directions. This fixed lateral force mimics clinical 

loading which occurs during function (Sennerby and Meredith, 2008). The results are 

represented as a standardized unit of implant stability known as the implant stability 

quotient or ISQ.  The higher the smart peg vibration (hertz), the higher the stability of 

the implant, with 1 ISQ correlating to approximately 1,000 Hz. The ISQ is mapped on 

an arbitrary scale of 1-100, for which, according to the manufacturer, values of 70 and 

above represent high, 60-69 medium and less than 60, low implant stability (Sennerby 

and Meredith, 2008). The ISQ is the equivalent to the PTV which represents implant 

stability values for the Periotest™ device, however, conversely to PTVs, the higher the 

ISQ reading, the greater degree of implant stability indicated. 

 

1.12.1 Evolution of RFA technology 

Meredith and co-workers first suggested that RFA could be applied to testing the 

stability and potentially osseointegration of dental implants in 1996. Meredith and his 

team at Bristol Dental Hospital carried out a seminal in-vitro study, measuring RFA 

using a small transducer attached to dental implants that were embedded at varying 

heights in an aluminium block. They discovered a strong correlation (r=0.96, p<0.01) 

between the resulting frequency and height at which the implant was set (Meredith et 

al., 1996). Furthermore, the clinical increase in stiffness which occurs in bone during 

osseointegration, was replicated by embedding implants in self curing 

polymethylmethacrylate resin. RFA measurements were then taken at different time 

periods during polymerization. The results yielded a significant increase in resonance 

frequency relating to increasing stiffness. Such measurements were also completed for 

implants in-vivo and the findings correlated well with the results from the in-vitro 

testing (Meredith et al., 1996). On the back of such studies, first and second-generation 

RFA instruments were developed. They required each transducer to have its own 

specific resonance frequency, enforcing the calibration of different transducers using a 

standard, before the clinician could compare measurements. Results could not be 
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interpreted chairside and the systems were not user-friendly (Sennerby and Meredith, 

2008). 

Third and fourth-generation RFA instruments aimed to provide a compact, battery-

driven system which facilitated simple, quick, chairside measurements. Two 

commercially available devices were constructed to measure implant stability 

(Valderrama et al., 2007). Electronic resonance frequency analysis (ERFA) technology 

uses a wire as a direct connection between the L-shaped cantilever beam which acts as a 

transducer and the resonance frequency analyzer.  The transducer is connected to an 

implant by a screw attachment. Piezoelectric crystals stimulate the transducer-implant 

complex and also act as a receiving element to detect the beam response (Valderrama et 

al., 2007, Sennerby and Meredith, 2008).  

The most recent commercially available fourth-generation devices include the Osstell 

ISQ™, Osstell IDX™ and Osstell Beacon™ devices (Osstell AB, Gothenburg, Sweden), 

which use magnetic resonance frequency analysis (MRFA) technology. A unique, 

single-use smartpeg™ is required for each implant system, which is connected into the 

well of the implant and acts as a pre-calibrated transducer.  

 

In 2007, Valderrama et al., conducted a prospective randomized human clinical 

controlled trial to test, among other variables, if the results of the older ERFA device 

could be correlated with the newer MRFA devices. Over 1400 measurements were 

taken on 34 newly placed Straumann® (Straumann AG, Basel, Switzerland) implants in 

the posterior maxilla and mandible, over a 12-week period using both ERFA and 

MRFA devices. Both devices gave decreased stability readings 1-3 weeks following 

implant installation, small changes from 3-6 weeks and then significantly increased 

stability readings from 6-12 weeks post-placement. It was concluded both devices gave 

repeatable ISQ values, although the MRFA device routinely gave ISQ readings 8-12 

points higher. It was concluded MRFA gave reproducible ISQ readings and values from 

the newer MRFA technology should not be compared to the older ERFA values for 

clinical diagnostic purposes. Furthermore, it was highlighted in this study, as in others 

(Huwiler et al., 2007), that the stability of newly placed implants decreases in the first 2 

weeks, before recovering and increasing from week 3 onwards. In addition, at 12 weeks 

post-placement, implants with initially low ISQ readings, yielded similar values to 

those which had demonstrated high initial ISQ values at implant installation 

(Valderrama et al., 2007, Huwiler et al., 2007). In the aforementioned Oncü et al., 
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(2015) clinical study, RFA was used to compare the stability of implants which had 

been placed with or without L-PRF lining the osteotomy sites. Mean ISQ values, while 

similar at placement, were significantly higher in the L-PRF group at 1 and 4-week 

follow up appointments (Oncu and Alaaddinoglu, 2015). 

 

1.12.2 Factors influencing RFA measurements & limitations 

In tandem with the Periotest™ device, several clinical, biological and mechanical 

variables which influence the accuracy and repeatability of Osstell™ readings, have 

been reported in the literature. 

 

1.12.2.1 Influence of alveolar bone variables on RFA  

Clinical variables which may impact ISQ values, include cortical bone thickness, bone 

quality and anatomical location of the implant (Meredith et al., 1996, Sennerby and 

Meredith, 2008).  

Previous studies have described a strong positive correlation between ISQ readings, 

cortical bone thickness (Sennerby and Meredith, 2008, Miyamoto et al., 2005) and 

vertical bone height (Nkenke et al., 2003). A Japanese clinical study by Miyamoto et 

al., (2005) evaluated the influence of cortical bone thickness and implant length on 

implant stability at placement, utilizing RFA and computed tomography. 225 Astra 

Tech® (Mölndal, Sweden) implants of several different lengths were placed in various 

sites in the maxillae and mandibles of 50 subjects. Osstell™ measurements were carried 

out at placement. A strong linear correlation was found between cortical bone thickness 

and RFA (r=0.84, p<0.0001), with a weak negative correlation found between implant 

length and stability (r=-0.25, p<0.0005). The authors concluded that RFA enhances the 

chance of successful outcomes in implant therapy and that increased cortical bone 

thickness will result in higher implant stability (Miyamoto et al., 2005). An 

experimental study in the canine model by Monje et al., (2018), found that thickness of 

the lingual cortical bone was negatively correlated to ISQ levels, due to a portion of the 

implant being placed in a more buccal position. Therefore, the negative correlation may 

owe itself to the decreased height and width of buccal bone, rather than any increased 

thickness in the lingual bone (Monje et al., 2018).  

As previously discussed, several studies have demonstrated that implants with initially 

low stability values, yield increased readings over time, when compared to implants 

with high ISQ values at placement (Friberg et al., 1999, Olsson et al., 2003, Becker et 
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al., 2005, Aparicio et al., 2006, Valderrama et al., 2007). This may be explained by the 

remodeling of surrounding bone, adaptation to masticatory function and mineral 

composition of the bone (Aparicio et al., 2006). In addition, a correlation has been 

identified between the primary stability of an implant and the quality of the bone. 

Implants in soft type-IV bone with low primary stability, demonstrate a significant 

increase over time when compared with those placed in dense type-I or II bone, which 

may actually undergo a slight decrease in ISQ values, due to remodeling of marginal 

bone. However, all implants tend to reach a similar level of stability after 12 months 

(Sennerby and Meredith, 2008, Huwilier et al., 2007). Turkyilmaz et al. (2009) 

conducted a human cadaver study using computed tomography and RFA. 24 rough 

surface Neoss® (Neoss Ltd, Mölnlycke, Sweden) implants were placed into the 

posterior and anterior portions of 3 cadaver mandibles. Significant correlations were 

found between bone density, insertion torque and ISQ values regarding implants placed 

in the mandible, with the authors concluding that RFA is an effective method for 

assessing implant stability (Turkyilmaz et al., 2009). 

In contrast with the Periotest™ device, the Osstell™ generally demonstrates higher ISQ 

values in the maxilla than the mandible (Becker et al., 2005, Bischof et al., 2004, 

Sennerby and Meredith, 2008). Such findings are not universal however. Ostman et al., 

(2006) recorded implant stability with RFA following placement of 905 Brånemark® 

implants in 267 consecutive patients. Higher ISQ values were found in the mandible 

than the maxilla, in posterior sites compared to anterior, in wide-platform implants over 

narrow or regular-platforms and in male subjects. In addition, lower primary stability 

was recorded with increased implant length (Ostman et al., 2006). 

 

1.12.2.2 Orientation of the transducer & torque application 

The position and orientation of the RFA transducer as well as the torque applied to the 

smartpeg™, have been found to influence the resulting ISQ values. Veltri et al. (2007) 

conducted a clinical study whereby 9 patients who had received a total of 55 

Brånemark® implants (Nobel Biocare AB, Gothenberg, Sweden) in their edentulous 

maxillae, were followed up after 3 years. Osstell™ as then used to measure implant 

stability. It was discovered that an approximate increase of 10 ISQ units occurred when 

measurements were performed with the transducer parallel to the alveolar crest, 

opposed to perpendicular. (Veltri et al., 2007).  
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In contrast to the increased peri-implant bone thickness found in the mesio-distal 

aspects, lower ISQ values are generally encountered in the bucco-lingual direction, 

reflecting the thin buccal bone commonly present. The newer generation Osstell 

Mentor™ device measures the highest and lowest RFA measurements whenever the 

difference is greater than 3 ISQ units. This may account for differences found between 

stability readings in MRFA and ERFA systems (Sennerby & Meredith, 2008). 

 

Recent studies have investigated whether applying different torque values to the 

smartpeg™ during tightening may affect the ISQ values obtained.  

A 2019 in-vitro study investigated the minimum torque application required to attach 

the smartpeg™ into the head of the implant in order to give an accurate ISQ value. 

Manual connection without standardized torque measuring equipment may have the 

potential to decrease the accuracy of the ISQ reading (Salatti et al., 2019). 100 

Intraoss® implants of the same dimensions were inserted into polyurethane blocks and 

divided into 10 groups including those torqued by a male, a female and those connected 

to a digital torque wrench with different torque settings. It was found that applying 10-

17Ncm torque to a smartpeg™ , yields accurate ISQ values without the risk of 

damaging the connection in the implant head, with 10Ncm being the optimal torque 

value applied (Salatti et al., 2019). 

Contrasting results were found in an in-vitro trial by Kästel et al., also from 2019. The 

researchers aimed to investigate if insertion torque values applied to the smartpeg™, by 

means of subjective finger pressure, could affect the ISQ values. 30 standardised 

internal-hex implants from Denstsply Sirona® (Bensheim, Germany), were placed into 

dense bovine ribs of D1 bone quality at 50 Ncm. The test group was made up of 4 

clinicians with various experience levels, who hand tightened the corresponding 

smartpegstm. The ISQ values were taken in mesial and buccal directions at a 90-degree 

angulation to the smartpeg™. Insertion torque values were determined by recording the 

removal torque required using an analog torque meter device (Tohnichi Manufacturing, 

Tokyo, Japan). For the control group, smartpegs™ were mechanically inserted into the 

implants using an electronic MegTorq® device (Megagen Implants, Luton, U.K) and 

again, the removal torque was measured with the analog torque meter. All examiners 

were blinded to the study design and protocol. Results revealed a manual torque value 

range of 2 Ncm to 11Ncm, with a pre-determined torque value of 5 Ncm for the control 

group. Within the manual torque value range, the mean ISQ values decreased by 0.18 
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on the buccal aspect and 0.81 on the mesial. No statistically significant difference was 

found on the resulting ISQ values between hand and mechanical smartpeg™ torque 

application (buccal p=0.890 and mesial p=0.343). The authors concluded that varying 

forces applied by clinicians of different experience levels had no significant impact on 

the ISQ values produced and that finger tightening of the smartpeg™ is a reliable and 

objective measure of ISQ value (Kastel et al., 2019). 

Evidently, the clinical relevance and influence which varying torque values have on 

ISQ readings should be further investigated.  

 

1.12.2.3 Implant manufacturer 
Findings in the literature indicate that implants of every implant system eventually 

approach a similar level of stability, however, the actual ISQ range which represents 

stability, differs between each implant system. While it is important to note that 

different designs, surfaces and configurations of implants by the same manufacturer 

may alter the following ISQ ranges, Straumann® (Straumann AG, Waldenburg, 

Switzerland) implants appear to reach a stable ISQ level in the range of 55-65, whereas, 

Brånemark®(Nobel Biocare AB, Gothenberg, Sweden) implants achieve stability 

between 65 and 75. This level of stability at any stage throughout the lifetime of an 

implant, indicates a safe level of stability, while an ISQ of below 45 for Straumann® 

and 55 for Bråanemark®, should alert the clinician that interventions to increase 

implant stability may be required (Sennerby & Meredith, 2008).  

 

 

1.12.3 Applications of RFA in implant therapy 

RFA has the potential to deliver important clinical information regarding the condition 

of the bone-implant interface at various stages of implant therapy. To date, there has 

been a lack of consensus and clear documentation on how to utilize ISQ values for their 

optimal clinical benefit. An obvious goal in implant therapy is to avoid implant failure. 

With higher failure rates encountered with immediately loaded implants and those 

placed in a previously grafted site, as well as higher rates amongst inexperienced 

clinicians, assessing implant stability prior to loading may significantly lower the risk 

of failure (Sennerby and Meredith, 2008). 

Osstell™ may aid the decision-making process for replacing an immediately loaded 

provisional restoration with a permanent prosthesis following healing. ISQ values 
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above 65 indicate a favourable response to immediate loading, whereas, low ISQ 

readings may indicate excessive loading and failure of the fixture. Similarly, during a 

post-loading review examination, low ISQ readings may indicate that implant failure is 

likely. If the prosthesis is removed and an unloaded healing period of approximately 6 

weeks enacted, it may provide sufficient time for the implant to regain stability 

(Sennerby and Meredith, 2008). 

As previously discussed, continuous marginal bone resorption may occur following 

implant placement. The Osstell™ manufacturer advise that a decrease of approximately 

3 ISQ units per millimeter of marginal bone loss can be expected and ISQ readings 

beyond this may alert the clinician of the necessity for regular radiographs, follow-up 

appointments or intervention. 

Furthermore, RFA has the potential to provide a valuable resource for documenting the 

clinical outcomes of implant therapy which may be applied in a medico-legal setting, as 

well as when referring patients back to the restoring dentist, who may be assured that 

the implant is stable prior to restoration (Sennerby & Meredith, 2008).  

 

The accuracy of using RFA to detect failing implants has been controversial. Several 

studies have questioned the actual benefits of its routine use in surveilling implant 

stability over time (Huwiler et al., 2007, Abrahamsson et al., 2009, Monje et al., 2018).   

A seminal experimental animal study was conducted by Abrahamsson et al., in 2009. 

Labrador dogs were used to assess how RFA values related to the initial phases of 

osseointegration around implants with varying surface characteristics. Following 3 

months of healing in extracted mandibular premolar sites, SLA surface or turned 

surface Straumann® (Straumann AG, Waldenburg, Switzerland) implants were placed 

in 20 dogs. Following randomization, they were divided into 4 groups in order to study 

healing at the following time points after implant placement: 2 hours, 4 days, 1, 2, 4, 6, 

8 and 12 weeks (Abrahamsson et al., 2009). RFA measurements were then conducted at 

placement, 1-3 time points during the healing period and at the end of the experiment. 

Following sacrifice and histological analysis, no correlations were found between 

marginal bone level, bone density, bone to implant contact percentage and ISQ values. 

None of these histological parameters representing osseointegration were reflected in 

ISQ changes at any time point over the 3-month healing period. Regarding RFA, there 

were no statistically significant differences found between the turned and SLA 

implants. The authors concluded that the potential of RFA to predict implant stability 
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over time and to determine when it should be loaded must be questioned (Abrahamsson 

et al., 2009). 

A clinical study by Nedir et al. (2004) compared immediately loaded and implants 

which were loaded conventionally following 3 months of healing. Osstell™ was used to 

measure ISQ at placement, 1, 2, 4, 6, 8, 10 and 12 weeks post-operatively. All fixtures 

were SLA ITI® (Straumann AG, Waldenburg, Switzerland) implants, placed at various 

positions in the upper and lower jaws. Osstell™ was found to be unreliable in 

identifying mobile implants. The authors echoed the findings of other studies which 

state that RFA does not provide a measure of osseointegration, but determines the 

stiffness of the implant-bone complex, which may represent the degree of 

osseointegration (Bischof et al., 2004, Nedir et al., 2004). Albeit, a cut off ISQ of ≥47, 

was determined as being a reliable indicator for predicting implant stability (Nedir et 

al., 2004). These findings may be explained by the fact that RFA determines stability as 

a function of stiffness of implants in bone. When an implant exhibits mobility, it has 

low stiffness and therefore, the first RFA may not be detectable, leading to a falsely 

increased ISQ value which represents the 2nd resonance frequency (Nedir et al., 2004, 

Meredith, 1998, Aparicio et al., 2006). 

Rodrigo et al., (2010) conducted a prospective case series which assessed how RFA and 

a novel clinical method could assess implant stability. 4114 SLA Straumann® 

(Straumann AG, Waldenburg, Switzerland) implants were placed in 1680 patients by 2 

private practitioners over 42 months. The surgeons used a novel ‘clinical perception to 

rotation’, implant stability measure. In one of the implant centers, the Osstell™ Mentor 

device was used at placement of 542 implants and a second ISQ measurement was 

made when healing was complete, but prior to restoration, approximately 3 months 

later. The threshold ISQ value for implant stability was determined as being ≥60. 

Primary stability Osstell™ values were unable to predict implant failure or survival as 

none of the implants with <60 ISQ, failed. However, in its assessment of secondary 

implant stability 3 months following placement, ISQ values exhibited a significant 

correlation with implant outcomes. Almost 20% of implants with an ISQ below 60, 

failed. Furthermore, there was good correlation between the novel clinical method to 

assess stability and RFA (Rodrigo et al., 2010). 

Conspicuously, the evidence is quite paradoxical and unclear regarding the accuracy of 

using RFA to detect failing implants. Due to the limitations discussed, RFA must be 
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used in combination with traditional diagnostic methods which evaluate a potentially 

failing implant, such as radiographic evaluation. 

 
1.12.4: Use of RFA in Peri-implant disease  
 
While RFA technology was developed to deliver an objective measure of implant 

stability, it has been hypothesized that it could be applied ‘emperically’, to monitor 

peri-implant bone loss caused by peri-implantitis (Monje et al., 2018, Meredith et al., 

1996). Difficulties with utilizing RFA to diagnose and monitor PI, arise from the fact 

that while there may be active and untreated peri-implant bone loss around an implant, 

the ISQ reading may be high or low, depending on the pattern of bone loss and its effect 

on implant stability (Sennerby & Meredith, 2008).  

An experimental study in dogs was carried out by Sennerby and co-workers in 2005. In 

this study, experimental peri-implantitis was induced for 3 months around both turned 

and roughened SLA ITI® (Straumann AG< Waldenburg, Switzerland) implants in the 

edentulous mandibles of 4 beagle dogs. The animals then underwent surgical therapy, 

which included open-flap debridement, decontamination of implant surfaces and 

antibiotics. Histological examination was carried out after 6 months. The study 

demonstrated that ISQ values are dependent on the actual implant surface 

characteristics, with sandblasted acid-etched (SLA) implants (1.424 +/- 201 Hz) 

showing a greater decrease in ISQ values compared to turned implants (1.266 +/- 

186Hz) during the ligature-induced PI phase. Peri-implant bone loss of 3.1 to 3.4mm 

corresponded to the decrease of RFA values between 1,266 and 1,424Hz units, 

demonstrating a linear correlation. Subsequently, during the healing phase, RFA values 

had a greater increase at the SLA sites than at the turned surface implants. Significantly 

more re-osseointegration also occurred at the SLA surface implants. Such findings 

demonstrate a linear correlation between peri-implant bone loss and decreased RFA 

values, with the authors also suggesting that repeated RFA measurements may reveal 

discrete bone level changes during the remodeling, breakdown and repair of the peri-

implant tissues (Sennerby et al., 2005). Ex-vivo studies have also demonstrated a linear 

correlation between RFA and vertical bone defects around implants (Turkyilmaz et al., 

2009, Chan et al., 2010, Yao et al., 2017).  

 

A recent seminal study by Monje et al., (2018) made significant findings regarding the 

diagnostic accuracy of RFA in relation to progressive peri-implant bone loss.  
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The study aimed to investigate how progressive bone loss via experimentally induced 

PI in dogs impacted on the ISQ values and to investigate the association between 

several commonly used clinical parameters and ISQ values. A randomized two-arm in-

vivo animal study design was used, in which, 72 TICARE® (Valladolid, Spain) implant 

fixtures (36 had roughened and 36 had machined coronal-surfaces) were placed in 12 

healthy beagle dogs. Half of the implants were placed <1.5mm from the buccal flange, 

with the other half placed ≥1.5mm from this position. Within these, 36 implants in 6 of 

the dogs were assessed with ligature-induced PI over 3 time-points and at 1 time-point 

after a period of spontaneous PI progression. RFA was measured using the Ossetell™ 

ISQ Mentor device. Marginal bone loss (MBL) was calculated using computed 

tomography at 4 sites around each implant and the bone-to-implant contact was 

examined using histologic specimens.  

Results revealed a strong negative correlation between ISQ and MBL (r=-0.58, 

p<0.001) for all time-points. As follow up proceeded, higher MBL and lower ISQ 

values were observed. A prediction of the MBL corresponding to ISQ values showed a 

decrease in 1 ISQ unit to be related to 1.13mm of MBL, whereas Sennerby et al., 

(2005) found that 1 ISQ unit accounted for 0.43mm of MBL. A statistically significant 

correlation was found when the bone-implant contact and ISQ values were compared 

after spontaneous progression of PI (r=0.34; p=0.04), however, the results for the 

control group were not significant (r=0.07; p=0.68). 

Interestingly, the ISQ values failed to correspond to any of the clinical parameters 

recorded including; bleeding on probing, suppuration, probing depth and recession. In 

addition, as the experimental PI progressed and the peri-implant bone loss became more 

advanced, there was a drop in MRFA repeatability and reproducibility. ISQ values 

decreased from a 65% perfect match at placement, to a 44% perfect match at the final 

interval. The authors concluded that RFA was accurate in the diagnosis of progressive 

bone loss and that a statistically significant decrease in ISQ values was recorded as PI 

progressed. The clinical relevance of RFA as a diagnostic tool however, was 

controversial as implant stability remained high and clinical parameters did not 

correspond to ISQ changes, Furthermore, the more advanced the degree of peri-implant 

bone loss, the more inaccurate the RFA measurements were at reporting similar values. 

RFA should not be used as a singular diagnostic tool for PI (Monje et al., 2018). 
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1.12.5 The use of RFA in assessing Peri-implant disease treatment outcomes  

Current available evidence regarding the use of RFA in assessing peri-implant disease 

treatment outcomes is relatively scarce. The relationship between ISQ values and 

changes in peri-implant parameters following non-surgical and surgical intervention, 

such as plaque levels, BOP, probing depths or radiographic bone level changes and 

defect fill, remains largely unexplored. 

 

In the Sennerby et al., (2005) dog model, ISQ values were shown to be dependent on 

implant surface characteristics, with sandblasted acid-etched surfaces demonstrating 

greater stability than turned surfaces during healing after regenerative surgery. 

Repeated RFA measurements were advised which may reveal discrete bone level 

changes during the healing of peri-implant tissues following regenerative surgery 

(Sennerby et al., 2005). 

A randomized controlled clinical trial was conducted by Wohlfahrt and co-workers in 

2012, building on their human case series from 2011, which was examined in section 

1.8. A similar intervention protocol was enacted, whereby the test group of 16 PI 

lesions were treated by regenerative surgery using porous titanium granules following 

decontamination by titanium curettes and 24% EDTA acid gel. They were compared to 

the control group (n=16) which received open flap debridement and surface 

decontamination only. Brånemark®, Astra-tech® and Straumann® implants were 

included. RFA measurements, radiographs, peri-implant pocket depths and BOP were 

all recorded at baseline and 12 months after surgery. There were significantly greater 

changes in defect height and percentage fill in the test group at 12 months. In addition, 

the porous titanium granules group demonstrated an ISQ increase of 1.6, contrasting to 

a reduction of 0.7 for the control group, indicating improved implant stability for the 

regenerative surgical protocol (Wohlfahrt et al., 2012). 

 

1.13 Relationship of RFA & DCA 

The scientific literature directly comparing the Periotest™ and Osstell™  devices is 

limited and somewhat controversial. 

 

1.13.1 Correlation of RFA & DCA 

Nkenke et al. (2003) conducted a human cadaver study where bone density was 

assessed using computed tomography. 48 stepped cylinder screw Frialit® implants 
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(Friadent, Mannheim, Germany) were inserted into the maxillae and mandibles of 3 

human specimens. ISQ, PTV and peak insertion torque values were assessed. 

Histologic analysis was then conducted, focusing on bone-to-implant contact and 

trabecular bone pattern factor and their correlations with implant stability 

measurements. RFA was the only implant stability measurement which demonstrated a 

correlation to the bone-implant-contact. Mean RFA values did not correlate with DCA 

or peak insertion torque values. The authors concluded that RFA was superior 

compared to DCA and peak insertion torque in terms of correlating the stability of an 

implant to the histological pattern (Nkenke et al., 2003).  

In 2008, Zix et al., carried out a clinical trial aimed at correlating DCA and RFA when 

used in-vivo. A total of 65 patients with 213 clinically stable implants were measured 

using both techniques, with mean values yielding an ISQ of 58 and PTV of -5. The 

authors found that the correlation of both systems was moderate to good, however, the 

Periotest™ was more susceptible to clinical variables and the intraclass correlation 

signified decreased accuracy for PTVs. In addition, both techniques showed significant 

correlation to the diameter of the implant but not the length (Zix et al., 2008). A 

comparative study on the canine model conducted by Oh et al. (2009) found a strong 

correlation between both devices, whereas, a meta-analysis of implant stability testing 

methods by Cehreli et al. (2009) found none. A randomized controlled clinical trial 

(Pang et al., 2014) investigating the clinical outcomes of magnesium-incorporated 

oxidized implants showed a strong association between both sets of values immediately 

following surgery and 8 weeks after, whereas the strength of this relationship 

subsequently decreased at 3 and 15-month follow-up (Pang et al., 2014). RFA has been 

reported to be more accurate in recording implant stability measurements when 

compared to DCA (Nkenke et al., 2003, Zix et al., 2008), while conversely, DCA has 

been described as being more reliable when used intra-operatively (Schnitman et al., 

2014).  

A 2017 systematic review found that implant stability measurements using RFA and 

DCA coincided in a just 46% of cases (Andreotti et al., 2017).  

 

1.13.2 Practical application of RFA & DCA 

Both devices offer unique advantages and disadvantages regarding their ease of use, 

technique sensitivities and cost-effectiveness. In addition to the variables previously 

described in sections 1.11.3 and 1.12.2, the Periotest™ device, is clinically more time 
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and user-friendly, as well as being more cost efficient than the Osstell™. A specific, 

single-use smartpeg™ is not required for each implant and the suprastructure does not 

always need to be removed if it is unsplinted and supports a single unit (Meredith et al., 

1996, Andreotti et al., 2017, Zix et al., 2008).  However, the literature demonstrates a 

narrow average PTV range for implant stability of -5 to +5. This provides a limited 

range for testing implant stability and for comparison with other measures of implant 

stability, such as the ISQ scale of Osstell™. On the other hand, the necessity for a 

single-use smartpeg™ for each implant system and prosthesis deconstruction, 

especially for cement retained restorations, limit the advantages of the Osstell™ device 

(Zix et al., 2008, Choi et al., 2014, Andreotti et al., 2017). 

 

1.13.3 Comparing threshold values of RFA & DCA 

When considering studies related to the prognostic value of both devices, the limit ISQ 

value was found to be “47 with 100% sensitivity and 97% specificity” (Oh and Kim, 

2012, Noguerol et al., 2006), whereas the “limit PTV value was -2 with 84% sensitivity 

and 39% specificity”, (Oh and Kim, 2012, Nedir et al., 2004, Noguerol et al., 2006). 

Therefore, the data would suggest that RFA is a more accurate technology than DCA 

(Zix et al., 2008, Choi et al., 2014), as well as being the most frequently used method in 

clinical studies. (Andreotti et al 2017). Sennerby and Meredith (2008) suggest that an 

ISQ value below 40 indicates an implant which is prone to failure. This data is in line 

with Cannizzaro et al., (2013) who described implants with low stability or failure as 

having an ISQ of below 40.  

In spite of these findings, the accuracy of the threshold values for ISQ and PTV in 

defining the failure or success of implants has not yet been fully illuminated (Sennerby 

& Meredith 2008, Oh and Kim, 2012).  

 

1.13.4 Systematic reviews on the relationship between RFA & DCA 

In 2017, Andreotti et al., carried out a seminal systematic review which assessed the 

relationship between the 2 methods and investigated whether similar implant stability 

values are obtained when applied to the same clinical scenario. Six studies were 

included, 3 of which have been previously mentioned (Oh & Kim, 2012, Cannizzaro et 

al., 2013, Pang et al., 2014). A high degree of heterogeneity was found regarding study 

designs, objectives, implant systems used and timing of implant stability measurements. 

In addition, a multitude of varying implant lengths, diameters, surfaces, grafting 



 71 

protocols and anatomical positions were found between studies. For example, 3 studies 

compared 2 different implant systems (Pang et al., 2014, Cannizzaro et al., 2013, Park 

et al., 2010), while another compared 2 grafting techniques used for implant placement 

(Cannizzaro et al., 2007). Oh and Kim., (2012) examined the relationship between bone 

quality analysis and implant stability analysis using RFA and DCA, while Palarie et al. 

(2012) evaluated the findings of implant surfaces treated with calcium phosphate for 12 

months. Implant stability values as measured by RFA and DCA, were only compared 

within each study, therefore, the scope to compare clinical scenarios and implant 

stability readings using the 2 devices between the studies is limited. In total, 50 average 

PTV and ISQ values were recorded. Pearson’s correlation coefficient was applied, 

which demonstrated a significant and negative correlation between the mean values, 

indicating that, as was previously known, ISQ values increase and PTV values 

decrease. Implant stability measurements coincided in 46% of cases. Several paramount 

conclusions were made. Notably, quantitative methods of measuring implant stability 

such as RFA and DCA should not be used alone without complementary methods such 

as clinical and radiographical analysis. No current consensus and standardization 

regarding the classification of implant stability using DCA and RFA devices currently 

exists and while both methods may provide reliable results, the discrepancies between 

them may cause miscommunication and disagreement between clinicians. Therefore, 

the operator should choose a preferred method and use the same device in all analyses 

for each patient (Andreotti et al., 2017). 

 

A recent systematic review and meta-analysis by Monje et al. (2019) examined the 

accuracy of quantitative devices currently available to monitor implant stability such as 

Osstell™ , Periotest™   and insertion torque measurements. It also evaluated the 

relationships between primary stability (in terms of ISQ and insertion torque values) 

and implant survival greater than 1 year, as well as the stability of the peri-implant bone 

levels. Lastly, by means of ISQ values, it aimed to evaluate the relationship between 

primary and secondary implant stability. 37 articles were deemed eligible for 

assessment from which 17 reported on implant stability using Osstell™, 2 used 

Periotest™ and 7 used both RFA and insertion torque. A strong statistical significance 

was found between primary and secondary implant stability (p<.001) when the 

Osstell™ was used. There was no relationship between the 2 implant stabilities detected 

using the other diagnostic tools, including Periotesttn. No statistical significance was 
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detected for the relationship between ISQ or PTV and implant survival. The review 

cited limited data on primary implant stability using the Periotest™ as well as a high 

level of heterogeneity (98%), accounting for the lack of clear results regarding implant 

survival and PTVs. RFA was recommended for use in monitoring short term changes 

following implant placement, as it is useful in detecting changes from mechanical to 

biological stability. In addition, as Andreotti et al., (2017) also concluded, an isolated 

ISQ value should not predetermine any clinical decisions. Overall, the accuracy of the 

current methods available to test implant stability necessitates further evaluation 

(Monje et al., 2019). 

 

1.14 Combined use of RFA & DCA in monitoring peri-implant disease & assessing 

treatment outcomes 

The literature hitherto, has seldom compared the use of RFA and DCA technologies in 

monitoring peri-implant disease progression or explored their potential in assessing PI 

treatment outcomes. Existing studies have been restricted to laboratory based analysis 

which simulate peri-implant bone loss. 

 

Lachmann et al., (2006) conducted an in-vitro experiment by polymerizing 4 standard 

Brånemark® implants (Nobel Biocare AB, Gothenburg, Sweden) into acrylic blocks in 

order to compare the performance of DCA and RFA in assessing peri-implant bone 

loss. Such bone loss was simulated by trephining specified portions of material 

encasing the implants in millimeter portions. The 2 devices yielded comparable results, 

suggesting an agreement between the measured ISQ and PTVs and the simulated peri-

implant bone loss. Furthermore, significant correlation of Osstell™ and Periotest™ 

values was observed. However, in line with other studies, the Osstell™ was concluded 

as being the more accurate device (Andreotti et al., 2017, Zix et al., 2008, Lachmann et 

al., 2006).  

A 2014 in-vitro study compared the reliability of the Osstell™ Mentor and Periotest™  

devices in assessing both circumferential and vertical peri-implant bone loss (Choi et 

al., 2014).  16 IMPLANT M® (Shinhung Co., Ltd, Seoul, Republic of Korea) fixtures 

were polymerized into acrylic resin with a similar elasticity coefficient to cortical bone. 

This was subsequently removed around the implant neck to mimic both bone loss 

patterns. No variations in ISQ or PTVs were observed in 1 or 2 walled defects. The 3-

walled defects exhibited non-significant changes in stability values with increasing 
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levels of bone loss. The circumferential defects did result in significant ISQ and PTV 

changes, with 1 PTV unit increasing and 3 ISQ units decreasing per 1mm of bone loss. 

Such defects also exhibited high linear correlation between PTV and ISQ which was 

not found in vertical defects. The authors concluded that while both devices may be 

useful in detecting decreased implant stability as a result of circular peri-implant bone 

loss, partial vertical defects are not detected due to the remaining partial integration of 

the implant with the remaining bone and hence, radiographic analysis must be 

performed (Choi et al., 2014). 

 

Despite acrylic resin having a similar elasticity coefficient to cortical bone, the results 

of such in-vitro studies do not replicate the differing quality of bone encountered 

throughout human maxillae and mandible. There is an obvious need for research which 

applies the Periotest™ and Osstell™  devices to clinical peri-implantitis lesions to 

evaluate their true potential in monitoring peri-implant disease and treatment outcomes. 
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2.   Materials and Methods 
 
2.1 Aims and Objectives 

The aims for this study were: 

•   To investigate the effect of peri-implantitis treatment on clinical and 

radiographic parameters. 

•   To determine if DCA and MRFA can be used diagnostically to quantify post-

operative healing following PI treatment. 

•   To investigate if recorded PTVs and ISQs demonstrate a high correlation with 

each other. 

•   To identify which of these two methods of measuring implant stability 

correlates better with the clinical and radiographic parameters.  

 

In addition, a secondary aim of the study was to ascertain the most appropriate time to 

re-evaluate the peri-implant hard and soft tissues following treatment. 

 
2.2  Ethical Approval 

 

Ethical approval for this study was granted by the Saint James’ Hospital/Adelaide and 

Meath Hospital research ethics committee (J-REC) on the 12th of April 2018. (Appendix 

1) 

 
2.3  Study Design 
 
This study was a prospective clinical study on a cohort of Dublin Dental University 

Hospital (DDUH) patients who have previously received implants to support removable 

prostheses or screw-retained implant prostheses and who have been diagnosed with 

peri-implantitis. 

 

The fundamental design and methodology of the current study followed the outline of a 

longitudinal study completed by fellow D.Ch.Dent (Periodontics) graduate student, Dr 

Ed Madeley in 2019, entitled, ‘The use of MRFA as an adjunct to conventional clinical 

examination following peri-implantitis treatment’. In the above study, 18 patients were 

recruited and a total of 57 implants were treated. The current study is a continuation of 

the above-mentioned study. The only difference in method was the introduction of the 
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Periotest™ to the current study, as an additional method to the Osstell™ for measuring 

implant stability.  

 

 
2.4  Funding 

 
This clinical study was funded by the postgraduate research budget provided by the 
DDUH.  
 
2.5 Study sample  

Subjects were recruited from the following population of patients: 

a)   Those referred to the DDUH for management of their peri-implant disease. 

b)   Peri-implant disease was observed in the DDUH whilst undergoing unrelated or 

ongoing treatment and transferred to the Periodontal department for assessment. 

 
2.5.1 Inclusion Criteria 

1.   Implants included in the study were restricted to the following implant 

companies: Straumann®(Waldenburg, Switzerland), Ankylos® (Dentsply, 

York, Pennsylvania, USA), Nobel Biocare®(Kloten, Switzerland) and 

Biomet 3i innovations®(Palm beach gardens, Florida, USA). 

2.   Implants supporting removable or fixed implant prostheses that could be 

safely removed.  

 

2.5.2 Exclusion Criteria: 

1.   Dental implants not produced by the aforementioned 4 implant companies. 

2.   Subjects who had received treatment for peri-implant disease in the 3 

months prior to study commencement. 

3.   Pregnant or lactating females. 

4.   Subjects with a medical or psychological condition that would preclude 

them from receiving peri-implant surgical therapy.  

 

2.6 Consent 

Subjects who were deemed suitable for inclusion in the study were given an informed 

consent form and participant information leaflet (Appendix 2) by a designated 

gatekeeper, covering all aspects of what the study entailed. The potential participants 
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were then contacted after 7 days to determine if they wanted to participate in the study. 

During this conversation, the subjects were encouraged to ask any questions or ask for 

more information they may require before potentially agreeing to take part. In addition, 

the principal researcher’s email address was given on the participation information 

leaflet in case the subjects had any further questions thereafter.  

 

2.7 Study Outline 

Subjects were assessed by 3 examiners: Principle researcher (MN), study supervisor 

(IP) and fellow researcher (PH).  

The baseline assessment yielded a high amount of data collection, which were collected 

on an individualized patient data sheet (Appendix 3). Medical, social and dental history 

including medication intake, smoking status and oral hygiene regimen was recorded.  

Implant prostheses (Full-arch prostheses, implant-supported fixed partial dentures and 

single unit implant-retained crowns) were deconstructed and removed to allow 

sufficient access and visibility for baseline measurements, and to allow delivery of the 

healing abutments for Periotest™ and the smartpeg™ for Osstell™  implant stability 

measurements. Six-point probing pocket depth, gingival recession, keratinized tissue 

width, plaque and bleeding levels were all recorded. Baseline radiographs were also 

taken, comprising of orthopantomograms or intra-oral peri-apical films, with a 

paralleling technique.  

 

Following baseline assessment, peri-implant disease was classified according to the 

Berglundh et al., 2018 classification for peri-implant mucositis and peri-implantitis.  

All patients received oral hygiene instructions as well as prophylaxis of the implants 

which included non-surgical therapy. Definitive treatment was then planned, tailored to 

the individual patient and site requirements. When surgical intervention was deemed 

necessary, the treatment choice and technique followed an evidence-based approach 

and a separate consent form was signed by the patient when the risks and benefits of 

such interventions had been thoroughly explained. Treatment was provided by either 

MN or IP. Following treatment intervention, MRFA, DCA and clinical measurements 

were taken at 3, 6 and 12-month follow up appointments. In regenerative cases, probing 

pocket depths were recorded only at 6-months and 12-months to avoid disturbance of 

the regenerative healing process. Radiographs were taken at the 12-month follow up 

appointment to assess bone level changes. At each follow-up appointment, medical and 



 77 

social history was updated, oral hygiene was reviewed, and prophylaxis was provided 

when indicated. Table 1 provides an overview of the timeline of research appointments 

used in this study.   

 

 Baseline 3 Months 6 Months 12 Months 

Clinical Measurements ✓ 
	  

✓* ✓ 
 

✓ 
 

MRFA (Osstell™) ✓ 
 

✓ 
 

✓ 
 

✓ 
 

DCA (Periotest™) ✓ 
 

✓ 
 

✓ 
 

✓ 
 

Treatment ✓ 
 

   

Radiographs ✓ 
 

  ✓ 
 

Oral Hygiene Instructions ✓ 
 

✓ 
 

✓ 
 

✓ 
 

Table 1: Research timeline 

*No clinical measurements taken at 3months where regenerative surgery performed 

 

2.8  Clinical Parameters 

Clinical parameter assessment and implant stability measurements were carried out by 

examiner (IP).  

 

Plaque levels were recorded at 6 sites around each implant as being present or absent, 

according to the O’Leary plaque index (O'Leary et al., 1972). Following this, the plaque 

levels around each implant were determined and expressed as percentages.  

 

Six-point probing pocket depth measurements were taken around each implant to the 

nearest millimeter with a Hu-Friedy® UNC 15 periodontal probe (Hu-Friedy, Chicago, 

IL, USA). Bleeding on probing was also taken at the same six sites and recorded as 

being present or absent. Gingival recession measurements were also at the six-sites per 

implant, again, to the nearest millimeter. Levels of keratinized tissue width surrounding 

the buccal aspect of each implant were recorded by the UNC 15 periodontal probe. 
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2.9  Radiographic Measurements 

Radiographs supplied with the patient referral, were evaluated for grading and quality. 

If deemed sufficiently diagnostic and taken within the previous 3 months, they were 

used as baseline to prevent re-exposure of the patient to radiation. If no radiographs had 

been supplied with the patient referral, orthopantomagram or intra-oral periapical 

radiographs were taken at baseline and at 12-month follow-up to re-examine peri-

implant bone levels following treatment. Radiographic technique utilized was a long-

cone paralleling method. One examiner assessed the radiographs (MN) using Planmeca 

Romexis Pro® software, as used in the DDUH. Pre-calibration was conducted by 

measuring the length of an implant, from the apex to the implant platform. 

Subsequently, distal and mesial measurements were then taken from the first point of 

bone contact on the implant surface to the implant platform, comprising of 2 

measurements at baseline and at the 12-month follow-up, per implant.  

 

2.10   Implant Stability Measurements 

Implant stability was assessed using the 2 aforementioned analyses techniques; 

damping capacity, in the form of the Periotest™ device and magnetic resonance 

frequency, utilizing the Osstell™ device.  

 

            2.10.1 Periotest™  

The Periotest™ (Medizintechnik Gulden, Modautal, Germany) incorporates damping 

capacity analysis to measure the damping characteristics of the periodontal ligament 

around teeth and can be applied to the bone-implant interface (Olive and Aparicio, 

1990). 

Periotest values were recorded at baseline assessment, 3, 6 and 12-month follow-up 

appointments. Although the Periotest™ can be applied to a single unit implant crown or 

abutment directly, without deconstruction of the prosthesis, for uniformity, all 

measurements were recorded on a healing abutment which was hand tightened into the 

well of each implant. Whenever possible, the same healing abutment was used and 

contact made as close to the implant head as possible. The metal hand-piece was held in 

a perpendicular direction, from a bucco-lingual or linguo-buccal direction, to the head 

of the implant until a Periotest value was obtained (Figure 1). One PTV was recorded 

per implant (Figure 2). 
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Figure 1: Periotest Classic device with metal handpiece and data screen. Image 
courtesy of  Medizintechnik Guldentm promotional material (http://www.med-
gulden.com/products.php) 
 

 

 
Figure 2: Application of metal handpiece of Periotest™ device to healing abutment 

of a Nobel Biocare® dental implant. Image of study participant, demonstrating 

application of the metal handpiece of the Periotest™. 
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     2.10.2 Osstell™  
 

Osstell IDX™ device (Osstell AB, Gothenburg, Sweden, Figure 3) was used for MRFA 

recordings of implant stability. Following deconstruction of the implant-retained 

prosthesis or removal of the implant crown and the recording of the PTVs, a single-use 

smartpeg™, unique to the implant manufacturer and type of connection, was inserted 

into the well of each implant and hand tightened as per manufacturer’s instructions. The 

magnetic sensor was then applied to the smartpeg™ in bucco-lingual and mesio-distal 

directions (Figure 4). Each ISQ measurement was taken 3 times for standardization and 

enhanced accuracy. The most consistent ISQ value in each direction was recorded and a 

mean of the 2 recordings was assigned to that particular implant for the timepoint 

measured. Following the removal of the smartpeg™, prophylaxis of the implant surface 

was performed with titanium curettes, 0.2% chlorhexidine irrigation and gel. The 

prosthesis was then replaced and torqued to 20n. 

 
Figure 3: Osstell IDX™ device (Osstell AB, Gothenburg, Sweden) with on- screen 

ISQ readings per implant. Image courtesy of Osstell.com website.  
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Figure 4 Application of Osstell IDX™ device (Osstell AB, Gothenburg, Sweden): 

Insertion of Smartpeg™ into the implant well and use of magnetic sensor. Image 

courtesy of Osstell.com  

 

 
 
2.11 Treatment 
 
Following deconstruction of the implant-retained prosthesis, all implants were treated 

non-surgically using mechanical debridement with titanium curettes, 0.2% 

chlorhexidine irrigation, followed by application of 1% chlorhexidine gel.  

Each prosthesis was assessed for optimal oral hygiene accessibility, in order for 

interdental brushes to be utilized. If re-contouring was required, it was completed either 

chairside or using the on-site laboratory technician. The necessity for surgical 

intervention was assessed for each specific implant, depending on the peri-implant 

defect configuration and patient related factors.  The surgical protocol included access 

to the entire implant surface by raising a full thickness muco-periosteal flap, completion 

of open flap debridement with titanium curettes and chemical decontamination of the 

implant surface with 3% hydrogen peroxide.  If the defect configuration permitted, for 

example: a circumferential peri-implant defect, regenerative materials were then 

utilized.  

Several regenerative materials were included in the study; hard tissue xenografts 

included Endobon® (Zimmer Biomet 3i, Palm Beach Gardens, Florida, USA) and 
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Hydroxycol® (Surgacoll, Cork, Ireland). Novabone® (Osteogenics, Lubbock, Texas, 

USA) was used as the alloplastic grafting material and Osseoguard® (Zimmer Biomet 

3i, Palm Beach Gardens, Florida, USA), was utilized as the resorbable collagen barrier 

membrane. In addition, Leucocyte platelet-rich fibrin (L-PRF), applying the intraspin® 

concept, was manipulated into barrier membranes, plugs and rings, to be placed around 

the treated implant, as well as being mixed with Endobon® and fibrinogen to form L-

PRF Block. The clinical approach used at each treatment site was selected based on 

clinical judgement, in light of the peri-implant defect configuration. 

Specifically tailored oral hygiene instructions were given at baseline and the subject’s 

oral hygiene was reviewed and reinforced at each follow-up appointment thereafter.  

 

2.12 Data Analysis 

A unique tabulated data collection sheet was used to collect data for each implant 

(Appendix 4). All data were then transferred to Microsoft Excel® spreadsheets and 

following cleaning of the data, inputted into SPSS® software (IBM®, USA) for 

statistical analysis. 

 

2.13 Statistical Analysis 

All data components were statistically analysed at implant level. Using SPSS® 

software, the data were initially tested to determine if they were normally distributed or 

not.  

Aforementioned clinical peri-implant parameters, ISQ and PTVs were assessed, as well 

as peri-implant bone levels from the baseline and 12-month follow-up assessments. 

Statistical significance and mean values were determined for normally distributed data 

using One-Way ANOVA analysis. A Kruskal-Wallis H test was performed for non-

parametric data, for which mean and median values were calculated. 

 

Sub-group analysis was performed to determine the effects of the various treatments 

provided in the study. There were four treatment groups included in the statistical 

analysis: 

1.   Non-surgical therapy as a monotherapy (NSTx, Treatment modality I, TMI). 

2.   Non-surgical therapy followed by a resective or open-flap debridement 

approach (OFD, Treatment modality II, TMII). 

3.   Non-surgical therapy, open flap debridement and the application of guided 



 83 

tissue regeneration, with either a resorbable collagen membrane or L-PRF plugs, 

rings or membranes. (OFDm, Treatment modality III, TMIII) 

4.   Non-surgical therapy, open flap debridement and the application of guided bone 

regeneration with the use of either a resorbable collagen membrane or L-PRF 

membrane and a hard tissue regenerative material (Endobon®, Novabone®, 

Hydroxycol® or L-PRF Block). (OFDb, Treatment modality IV, TMIV) 

 

Initially, all implants were analysed as a whole data set, in line with the peri-implant 

parameters outcome analysis. Following this, the data were then analysed per specific 

treatment modality subgroup.   

 

Changes in the marginal bone level, deepest probing depth, average probing depth, 

average clinical attachment level, keratinized mucosa width, bleeding on probing and 

plaque score, were measured for correlation with changes in ISQ and PTVs, recorded at 

the same points in time. Pearson correlation coefficient testing was used for normally 

distributed data, whereas Spearman’s rank correlation coefficient was applied to non-

parametric data.  

To assess correlation between the Osstell™ and Periotest™  devices in measuring initial 

implant stability and changes following treatment at each time point, Pearson or 

Spearman correlation coefficient tests were also used.  
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3. Results 
3.1 Demographics 
 
26 subjects (18 female, 8 male) were included in this study, with 85 implants in total. 

The participant age range was between 42 and 79 years, with a mean age of 60.5 years 

of age. 

10 patients (3 males, 7 females), with 35 implants, had Periotest™ values were 

recorded supplementary to the Osstell™ measurements.   

Implant company distribution was as follows: 7 Ankylos® implants (Dentsply Sirona, 

York, Pennsylvania, USA), 1 Straumann® (Straumann Institute AG, Waldenburg, 

Switzerland) and the remaining 77 were either Brånemark® (Nobel Biocare AB, 

Gothenberg, Sweden), Nobel Replace® (Nobel Biocare AB, Gothenberg, Sweden) or 

Biomet 3i® (Palm beach gardens, Florida, USA). Out of 85 implants diagnosed with 

peri-implantitis, 50 were supporting full-arch fixed prostheses. Fifteen retained implant-

supported overdentures by means of a bar, while  7 used locator attachments. Three 

implants supported fixed partial dentures, while 11 implants supported single unit 

implant restorations.  

Three implants exhibited total loss of osseointegration at assessment and were 

subsequently explanted. 

3.2 Peri-implant outcomes 

Peri-implant clinical and radiographic outcomes at baseline, 3-month, 6-month and 12-

month time-points are outlined in Table 2. Following a descriptive analysis and 

assessment of normal and non-normally distributed data, Kruskal-Wallis H test was 

performed for non-parametric data, for which mean and median values were calculated. 

Statistical significance and mean values were determined for normally distributed data 

using One-Way ANOVA analysis. Considering all four treatment modalities in unison, 

treatment resulted in improvements at all time points. There was an overall mean bone-

level gain of 0.74mm, which was statistically significant (p<0.05). A reduction in mean 

plaque scores from 77.71% at baseline to 49.99% at 12-months, was also statistically 

significant (p<0.000). The deepest mean probing depth reduced by 1.81mm (p<0.000), 

while the average probing depth reduced by 1.74mm (p<0.05). There was an average 

clinical attachment gain of 1.59mm (p<0.05) and a reduction in mean bleeding on 

probing scores of 25.60% (p<0.05). Conversely to all other peri-implant parameters, 

there were no statistically significant changes in keratinised tissue levels over the 12-
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month follow-up period (p=.782) 

Variable Baseline 3 Months 6 Months 12 Months  
Marginal Bone Level 
(mm) 

82   79 N 
-4.16 (2.10)   -3.42 (1.97) Mean (SD) 
0.00   0.00 Min Bone  

Loss 
12.10   8.60 Max Bone  

Loss 
   .023** Sig. 

Deepest Probing 
Depth (mm) 

86 33 81 83 N 
5.82 (2.48) 3.54 (1.27) 3.80 (1.46) 4.01 (1.77) Mean (SD) 
2.00 2.00 2.00 1.00 Min 
17.00 7.00 8.00 10.00 Max 
   .000** Sig. 

Average Probing 
Depth (mm) 

86 34 82 83 N 
4.93 (2.30) 2.61 (1.00) 3.19 (1.29) 3.27 (1.63) Mean (SD) 
1.50 1.17 1.33 1.00 Min 
16.83 4.67 8.00 9.33 Max 
   .000** Sig. 

Average Clinical 
Attachment Loss (mm)  

86 34 81 83 N 
5.49 (2.40) 2.97 (1.45) 3.74 (1.60) 3.90 (1.82) Mean (SD) 
1.50  1.17 1.33 1.00 Min 
16.83 7.76 9.66 10.00 Max 
   .000** Sig. 

Bleeding on Probing 
(%) 

86 34 81 83 N 
57.35% 
(44.08) 

22.06% 
(29.75) 

30.26% 
(32.87) 

31.75% 
(36.40) 

Mean (SD) 

66.66% 0.00% 16.66% 16.66% Median 
0.00% 0.00% 0.00% 0.00% Min 
100.00% 100.00% 100.00% 100.00% Max 
   .003* Sig. 

Plaque Score (%) 
 
 
 
 
 
 

86 34 81 83 N 
77.71%(40.48) 31.68% 

(43.83) 
39.93% 
(42.93) 

49.99% 
(46.92) 

Mean (SD) 

100.00% 0.00% 25.00% 33.33% Median 
0.00% 0.00% 0.00% 0.00% Min 
100.00% 100.00% 100.00% 100.00% Max 
  

 
 
 

.000* Sig. 

Keratinized Tissue 
(mm) 

85 72 81 82 N 
1.93 (1.91) 1.72 (1.76) 2.00 (1.64) 1.93 (1.70) Mean (SD) 
0.00 0.00 0.00 0.00 Min 
7.00 7.00 6.00 7.00 Max 
   .782** Sig. 

Table 2: Clinical Periodontal Outcomes 

*Kruskal-Wallis test completed for non-normally distributed data at the 0.05 

significance level. ** One-way ANOVA completed for normally distributed data at 0.05 
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significance level 

 

Trends in peri-implant clinical parameters, as outlined in table 2, are represented by the 

following figures. The periods of significance over the 12-month follow-up period, are 

represented by Kruskal-Wallis test for non-parametric data and a One-Way ANOVA 

analysis for normally distributed data.  

 
Figure 5: Deepest Probing Depth  
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Figure 6: Average Probing Depth 

 

 
Figure 7: Average Clinical Attachment Level 
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Figure 8: Average Bleeding on Probing Scores 
 

 
Figure 9: Average Plaque Scores 
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Figure 10: Average Keratinized Tissue Levels 
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3.3 Resonance Frequency and Damping Capacity Analysis Outcomes 
 
Table 3 outlines the ISQ and PTV outcomes at baseline, 3-month, 6-month and 12-

month time-points. A one-way ANOVA analysis was conducted for the normally 

distributed ISQ and PTV data. 

 

ISQ scores increased from a mean baseline of 64.35 to 66.66 at 12-months post-

treatment, however, this was not statistically significant (p=.207). Similarly, a decrease 

of mean baseline Periotest™ values, from -0.75 to -1.84 at 12-months, was also not 

statistically significant (p=.576) 

 
Variable Baseline 3 Months 6 Months 12 Months  
ISQ Score (1-100) 84 76 80 82 N 

64.35 (8.94) 64.59 (8.64) 66.31 (8.26) 66.66 (8.32) Mean 
(SD) 

31.00 25.00 38.00 42.50 Min 
80.00 82.00 83.00 83.00 Max 
   .207** Sig. 

PTV Score (-10 to 10) 33 27 34 34 N 
-0.75 (2.92) -1.51 (3.89) -1.82 (3.59) -1.84 (3.63) Mean 

(SD) 
-6.00 -7.00 -8.00 -8.00 Min 
5.00 10.00 7.00 7.00 Max 
   .576** Sig. 

Table 3: Resonance Frequency and Damping Capacity Analysis Outcomes 
 
** One-way ANOVA completed for normally distributed data at 0.05 significance level 

 

Figures 11 and 12 demonstrate trends in ISQ and PTV levels across each time-point, 

with significance levels reported as for peri-implant clinical outcomes.  
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Figure 11: Trend in ISQ levels 
 
 

 
Figure 12: Trend in PTV levels 
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3.4   Sub-Group Analysis 
 
Sub-group analysis was performed to determine the effects of the various treatment 

approaches provided in the study. There were four treatment groups included in the 

statistical analysis: 

 

1.   Non-surgical therapy as a monotherapy (NSTx, Treatment modality I, TMI). 

2.   Non-surgical therapy followed by a resective or open-flap debridement 

approach (OFD, Treatment modality II, TMII). 

3.   Non-surgical therapy, open flap debridement and the application of guided 

tissue regeneration, with either a resorbable collagen membrane or L-PRF plugs, 

rings or membranes. (OFDm, Treatment modality III, TMIII) 

4.   Non-surgical therapy, open flap debridement and the application of guided bone 

regeneration with the use of either a resorbable collagen membrane or L-PRF 

membrane and a hard tissue regenerative material (Endobon®, Novabone®, 

Hydroxycol® or L-PRF block (OFDb, Treatment modality IV, TMIV). 

 

 

Data of a normal-distribution were tested for statistical significance and means by way 

of One-Way ANOVA analyses. A Krusal-Wallis analysis was conducted for non-

normally distributed data, whereby means and median values as well as statistical 

significance were computed. Treatment modalities which reported statistical 

significance in their sub-group analysis, underwent a post-hoc time point analysis. 
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Sub analysis of peri-implant bone level changes following treatment over the 12-month 

study period, revealed no statistically significant changes following the application of 

any treatment modality (Table 4).   

 

Bone Level Changes (mm) Baseline 12 Month Change  
Treatment Modality I 19 19 N 

3.20 (1.00) 0.64 (0.88) Mean (SD) 
0.50 2.60 (bone gain) Min 
6.90 -1.40 (bone loss) Max 
 .127 Sig. 

Treatment Modality II 12 12  
2.94 (1.94) -0.50 (1.35) Mean (SD) 
0.00 0.75 (bone gain) Min 
6.70  -4.25(bone loss) Max 
 .763 Sig. 

Treatment Modality III 27 28 N 
4.45 (1.63) 0.76 (1.52)  Mean (SD) 
2.50 4.55 (bone gain) Min 
10.65 -0.85 (bone loss) Max 

 .280 Sig. 
Treatment Modality IV 22 20 N 

4.77 (2.25) 1.13 (1.58) Mean (SD) 
1.10 5.50 (bone gain) Min 
9.55 -1.55 (bone loss) Max 
 .139 Sig. 

Table 4: Treatment sub-group analysis of peri-implant bone level changes 
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All four treatment modalities resulted in significant reductions in the deepest probing 

depths per sub-group. The most statistically significant reductions yielded from 

regenerative surgeries, with a mean -1.64mm (2.43) reduction when a resorbable 

membrane or L-PRF membrane were utilized (p=.000) and a -3.00mm (3.54) reduction 

when a hard tissue graft was incorporated into the treatment protocol (p=.000) (Table 

5). Tukey post-hoc time point analysis was completed for each treatment modality 

which resulted in statistical significance (Appendix 5). 

 

Deepest Probing Depth 
(mm) 

Baseline 3 Month 
Change 

6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 21 19 21 21 N 
4.66 (1.52) -1.21 (1.13) -1.23 (1.22) -1.38 (1.16) Mean 

(SD) 
3.00 0 0 0 Min 
8.00 -4.00 -5.00 -3.00 Max 
   .000 Sig. 

Treatment Modality II 12 12 12 12 N 
4.41 (1.50) -0.91 (1.08) -1.66 (1.15) -1.33 (1.07) Mean 

(SD) 
2.00 0.00 0.00 0.00 Min 
6.00 -3.00 -3.00 -3.00 Max 
   .009 Sig. 

Treatment Modality III 28  27 28 N 
6.00 (2.40)  -2.11 (2.35) -1.64 (2.43) Mean 

(SD) 
3.00  1.00 3.00 Min 
13.00  -10.00 -10.00 Max 
   .000 Sig. 

Treatment Modality IV 23  21 22 N 

7.21 (2.89)  -2.52 (2.82) -3.00 (3.54) Mean 
(SD) 

3.00  3.00 5.00 Min 
17.00  -10.00 -11.00 Max 
   .000 Sig. 

Table 5: Treatment sub-group analysis of deepest probing depth changes 
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Statistically significant reductions in average probing depths were found in the non-

surgical treatment group at all time-points (p=.000) and for both regenerative treatment 

modalities at both 6-month (p=.000) and 12-month (p=.000) follow-up appointments 

(Table 6). Appendix 6 describes the Tukey post-hoc analysis for significant reductions 

in average probing depths.  

 
Average Probing Depth 
(mm) 

Baseline 3 Month 
Change 

6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 21 20 21 21 N 
3.92 (1.28) -1.49 (1.27) -1.02 (1.15) -0.88 (1.13) Mean 

(SD) 
2.16 .33 .67 1.5 Min 
7.00 -5.50 -4.50 -3.83 Max 
  . .000 Sig. 

Treatment Modality II 12 12 12 12 N 
3.56 (1.47) -0.69 (.95) -1.18 (.90) -1.05 (-.97) Mean 

(SD) 
1.50 1.00 0.00 .33 Min 
5.83 -2.33 -3.00 -2.67 Max 
   .066 Sig. 

Treatment Modality III 28  27 28 N 
5.23 (2.15)  -2.03 (1.93) -1.55 (2.15) Mean 

(SD) 
1.50  .50 2.83 Min 
10.83  -8.00 -8.16 Max 
   .000 Sig. 

Treatment Modality IV 23  22 22 N 
6.06 (2.83)  -1.23 (3.34) -1.30 (4.03) Mean 

(SD) 
3.00  11.16 12.50 Min 
16.83  -4.73 -6.33 Max 
   .000 Sig. 

Table 6: Treatment sub-group analysis of average probing depth changes 
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A significant gain in clinical attachment was obtained where non-surgical therapy and 

both regenerative surgical protocols were applied (Appendix 7 for post-hoc analysis). A 

resective surgical approach, which encompassed surface decontamination and open flap 

debridement, resulted in a non-significant gain of 0.61mm (0.94) (p=.611) (Table 7). 

 

Clinical Attachment (mm) Baseline 3 Month 
Change 

6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 21 20 21 21 N 

4.06 (1.23) -1.55 (1.27) -0.99 (1.38) -1.00 (1.04) Mean 
(SD) 

2.16 0 .16 1 Min 
7.00 -5.50 -4.50 -3.83 Max 
  . .000 Sig. 

Treatment Modality II 12 12 12 12 N 

4.16 (1.84) -0.51 (0.80) -0.91 (0.81) -0.61 (0.94) Mean 
(SD) 

1.50 1.33 0.00 .67 Min 
7.46 -1.50 -2.50 -2.67 Max 
.   .611 Sig. 

Treatment Modality III 28  27 28 N 
6.01 (2.17)  -1.78 (1.84) -1.23 (2.17) Mean 

(SD) 
2.50  1.00 2.83 Min 
10.83  -7.50 -7.50 Max 
   .005 Sig. 

Treatment Modality IV 23  21 22 N 
6.51 (2.75)  -2.46 (2.65) -2.75 (2.99) Mean 

(SD) 
3.00  2.50 2.66 Min 
16.83  -11.00 -12.00 Max 
   .000 Sig. 

Table 7: Treatment sub-group analysis of average clinical attachment level changes 
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There were no significant changes in keratinized tissue levels over the 12-month 

follow-up period in any of the 4 treatment modalities, despite the addition of a 

membrane or L-PRF membrane in treatment modality 3 or hard tissue grafting 

combined with L-PRF in treatment modality 4 (Table 8). 

 

Keratinized Tissue (mm) Baseline 3 Month 
Change 

6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 21 20 21 21 N 
2.61 (1.78) -0.02 (0.73) 0.28 (0.83) -0.19 

(1.01) 
Mean 
(SD) 

0 -2.00 (loss) -2.00 (loss) -3.00 
(loss) 

Min 

7.00 1.5 (gain) 1.00 (gain) 2.00 (gain) Max 
   .984 Sig. 

Treatment Modality II 12 12 12 12 N 
0.33 (0.44) 0.04 (0.54) 0.58 (0.97) 0.22 (0.97) Mean 

(SD) 
0.00 -1.00 -1.00 -1.00 Min 
1.00 1.00 2.00 2.00 Max 
   .284 Sig. 

Treatment Modality III 28 23 27 28 N 
1.87 (1.91) -0.87 (0.28) -0.11 (1.01) -0.16 

(0.79) 
Mean 
(SD) 

0 -1.00 -2.00 -3.00 Min 
6 0.00 3.00 3.00 Max 
   .569 Sig. 

Treatment Modality IV 22 17 21 21 N 
2.45 (2.13) 0.00 (0.89) -0.40 (1.35) -.35 (1.59) Mean 

(SD) 
0.00 -2.00 -3.00 -3.00 Min 
6.00 2.00 2.00 3.00 Max 
   .822 Sig. 

Table 8: Treatment sub-group analysis of keratinized tissue level changes 
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Implants which received a resective surgical approach resulted in a significant reduction 

in mean bleeding on probing levels at 3 and 6-months after intervention (p=.000). In 

addition, when a hard tissue regenerative approach was applied, a significant reduction 

in bleeding on probing was seen at 6 and 12-months (p=.001) (Table 9). Appendix 8 

demonstrates post-hoc analysis of significant findings. 

 

Bleeding on Probing (%) Baseline 3 Month 6 Month  12 Month   

Treatment Modality I 21 20 21 21 N 

42.00% (45) 19.00% (27) 21.00% (25) 18.00% (33) Mean 
(SD) 

38.00% 11.00% 18.00% 18.00% Median 
0.00 0.00 0.00 0.00 Min 
100.00 100.00 83.00 100.00 Max 
   .105 Sig. 

Treatment Modality II 12 12 12 12 N 
80.00% (22) 26.00% (35) 20.00% (21) 43.00% (41) Mean 

(SD) 
85.00% 8.00% 18.00% 35% Median 
33.00 0.00 0.00 0.00 Min 
100.00 100.00 67.00 100.00 Max 
   .000 Sig. 

Treatment Modality III 28  27 28 N 
47.00% (49)  34.00% (37) 32.00% (33) Mean 

(SD) 
17.00%  17.00% 17.00% Median 
0.00  0.00 0.00 Min 
100.00  100.00 100.00 Max 
   .371 Sig. 

Treatment Modality IV 23  21 22 N 
71.00% (36)  38.00% (36) 31.00% (37) Mean 

(SD) 
50.00%  32.00% 18.00% Median 
0.00  0.00 0.00 Min 
100.00  100.00 100.00 Max 
   .001 Sig. 

Table 9: Treatment sub-group analysis of bleeding on probing changes 
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All four treatment approaches, combined with oral hygiene instructions, resulted in 

statistically significant reductions in plaque levels, albeit, at 12months there was an 

increase of 4.00% in plaque score for the non-surgical treatment group (Table 10). 

Appendix 9 demonstrates post-hoc analysis of significance for each treatment modality.  

 

Plaque Score (%) Baseline 3 Month 6 Month  12 Month   

Treatment Modality I 21 20 21 21 N 

48.00% (50) 15.00% (36) 18.00% (27) 52.00% 
(51) 

Mean 
(SD) 

18.00% 0.00% 0.0% 100.00% Median 
0.00 0.00 0.00 0.00 Min 
100.00 100.00 83.00 100.00 Max 
   .008 Sig. 

Treatment Modality II 12 12 12 12 N 
88.00% (29) 47.00% (42) 48.00% (46) 38.00% 

(12) 
Mean 
(SD) 

100.00% 50.00% 35.00% 100.00% Median 
0.00 0.00 0.00 0.00 Min 
100.00 100.00 100.00 100.00 Max 
   .035 Sig. 

Treatment Modality III 28  27 28 N 
81.00% (37)  51.00% (40) 50.00% 

(47) 
Mean 
(SD) 

100.00%  50.00% 50.00% Median 
0.00  0.00 0.00 Min 
100.00  100.00 100.00 Max 
   .009 Sig. 

Treatment Modality IV 23  21 22 N 
92.00% (26)  42.00% (47) 38.00% 

(44) 
Mean 
(SD) 

100.00%  18.00% 35.00% Median 
0.00  0.00 0.00 Min 
100.00  100.00 100.00 Max 
   .000 Sig. 

Table 10: Treatment sub-group analysis of plaque level changes 
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There were no statistically significant changes in ISQ levels over the 12-month follow-

up period for any treatment modality. All surgical treatments resulted in an initial 

decrease in ISQ values at 3-months. The ISQ levels in the resective surgical approach 

remained relatively stable over the 12-month follow up. When a regenerative approach 

using a membrane only was applied, a decrease in ISQ values at each time-point was 

seen. The greatest increases in ISQ values at 6 and 12-months were in the non-surgical 

and hard-tissue regenerative sub-groups, however, these changes remained non-

significant (Table 11). 

 

 
Osstell™ (ISQ) Baseline 3 Month 

Change 
6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 21 20 20 20 N 
68.26 (4.81) 0.17 (4.55) 2.72 (4.04) 2.90 (5.21) Mean 

(SD) 
59.00 -8.00 -2.50 -4.00 Min 
76.50 11.50 12.50 16.00 Max 
  . .336 Sig. 

Treatment Modality II 12 12 12 12 N 
66.58 (7.44) -0.08 (5.58) 0.33 (7.48) 0.54 (5.70) Mean 

(SD) 
51.00 -9.00 -18.50 -11.00 Min 
80.00 9.00 10.50 9.50 Max 
   .994 Sig. 

Treatment Modality III 27 24 27 28 N 
64.51 (7.22) -2.08 (4.55) -0.64 (4.44) -0.33 (5.06) Mean 

(SD) 
46.00 -17.00 -8.50 -15.00 Min 
77.00 6.00 10.00 8.00 Max 
   .917 Sig. 

Treatment Modality IV 22 20 21 22 N 
61.52 (10.58) -0.31 (3.83) 2.11 (4.49) 3.77 (5.78) Mean 

(SD) 
31.00 -8.00 -6.50 -7.50 Min 
76.50 6.50 8.00 15.00 Max 
   .404 Sig. 

Table 11: Treatment sub-group analysis of ISQ changes 
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In tandem with changes in ISQ values, no statistically significant changes were detected 

in Periotest™ values at 12-months. The greatest decrease in PTV levels at 12-months 

were observed in implants which received non-surgical therapy (-2.00 mean PTV) and 

open flap debridement (-2.33 mean PTV) (Table 12).   

 

Periotest™ (PTV) Baseline 3 Month 
Change 

6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 7 6 7 7 N 
-1.85 (2.26) -0.67 (1.63) -1.85 (2.54) -2.00 

(1.91) 
Mean 
(SD) 

1.00 1.00 2.00 1.00 Min 
-5.00 -3.00 -5.00 -5.00 Max 
  . .581 Sig. 

Treatment Modality II 3 3 3 3 N 
-3.33 (3.78) -2.33 (3.51) -2.66 (5.03) -2.33 

(4.04) 
Mean 
(SD) 

1.00 1.00 2.00 2.00 Min 
-6.00 -6.00 -8.00 -6.00 Max 
   .455 Sig. 

Treatment Modality III 9 6 10 10 N 
-1.11 (2.52) -0.66 (.51) -0.80 (1.39) -1.90 

(1.52) 
Mean 
(SD) 

4.00 0.00 2.00 1.00 Min 
-4.00 -1.00 -3.00 -4.00 Max 
   .384 Sig. 

Treatment Modality IV 14 12 14 14 N 
0.57 (2.90) 0.63 (2.33) -0.07 (1.81) -0.71 

(2.30) 
Mean 
(SD) 

5.00 6.00 3.00 3.00 Min 
-5.00 -3.00 -3.00 -4.00 Max 
   .427 Sig. 

Table 12: Treatment sub-group analysis of PTV changes 
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3.5 Correlation Analysis 
 
Correlation testing was performed for changes in each aforementioned peri-implant 

parameter at 3, 6 and 12-month time points and corresponding changes in ISQ and PTV 

readings at each matching time point. A Pearson correlation coefficient test was applied 

to normally distributed data, while a Spearman rank correlation coefficient test was 

applied to non-normally distributed data.  

The data were analysed in 3 main sections. Firstly, the whole data sample were 

analysed with all implants included. Following this, the data were analysed per 

treatment modality subgroup, as per section 3.4. Lastly, ISQ and PTV levels at each 

time-point were analysed using correlation testing in order to examine the possible 

relationship between both devices. Sub-group analysis was also performed to determine 

correlations between both devices based on treatment modality utilized.  

 
3.5.1   Correlation analysis of peri-implant treatment outcomes, implant stability 

quotient and Periotest™ values 

 

Analysis of the data set as a whole revealed the following correlations between changes 

in peri-implant parameters, implant stability quotient and Periotest™ values: 

(Significant correlations for normally distributed data are represented in scatterplots, 

figures 13-15) 

 

A mean bone level gain of 0.46mm (S.D 1.67) from baseline to 12-months and an 

overall mean gain of 1.35 (S.D 5.66) ISQ units did not yield a significant correlation. In 

addition, no significant correlation was observed between a mean reduction of -1.44 

(S.D 2.19) Periotest™ values and bone level gain of .46mm (S.D 1.67) 

 

No significant correlation was reached between 3 and 6 month changes in deepest 

probing depths and changes in ISQ levels. However, a moderate negative correlation 

was found at 12-months (r=-.468, p=<.000) (Figure 13). This equated to a mean 

reduction of 1.93mm (2.45) in deepest probing depth from baseline to 12-months and 

an increase of 1.35 ISQ units (5.66). No significant correlations were reached between 



 103 

changes in deepest probing depth and Periotest™ values at any of the 3 time points. 

 

 

While no significant correlation was reached regarding the changes in average probing 

depths and ISQ levels at 3 and 6-month intervals, a mean reduction of 1.62mm (2.26) 

average probing depth a mean ISQ increase of 1.35 (5.66) yielded a moderate negative 

correlation at 12-months (r=-.422, p=<.000) (Figure 14). Similar to changes in deepest 

probing depth, when the average probing depth changes were compared to changes in 

PTV at 3, 6 and 12-months, no significant correlations were observed. 

 

A moderate level of negative correlation was also demonstrated when Pearson’s 

correlation coefficient was applied to changes in clinical attachment levels and ISQ 

levels at 12-months (r=-.429, p=<.000) (Figure 15). This represented a 1.47mm (2.19) 

gain in attachment levels from baseline and in increase of ISQ units of 1.35 (5.66). 

Furthermore, no significant correlations were observed at 3 and 6-months between 

clinical attachment level and ISQ value changes or between attachment level changes 

and Periotest™ values at any time point.  

 

When changes in bleeding on probing scores were compared to changes in ISQ values 

and PTV’s over each time point, no significant correlations were observed. Likewise, 

when mean plaque scores were compared to ISQ values, no significant correlations 

were revealed at any time points.  

However, a moderate negative correlation was detected when a reduction of 34.35% 

(42.93) in mean plaque levels from baseline to 3-months, was compared to a mean 

reduction of -0.28 (2.20) Periotest™ values for that time point (r=-.723, p=<.028). In 

addition, a weak negative correlation was found when mean plaque levels, which 

reduced from baseline to 6-months by 37.65% (52.47), were compared to a mean 

reduction of -0.88 (2.30) Periotest™ values for that time point (r=-.359 p=<.037). 
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Figure 13: Scatterplot displaying correlation between deepest probing depth and ISQ 
changes at 12-months. (r=-.468, p=<.000) 
 
 
 

 
Figure 14: Scatterplot displaying correlation between average probing depth and ISQ 
changes at 12-months. (r=-.422, p=<.000) 
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Figure 15: Scatterplot displaying correlation between clinical attachment level and 
ISQ changes at 12-months. (r=-.429, p=<.000) 
 
 
 
3.5.2 Correlation analysis of treatment sub-groups 
 

Pearson correlation coefficient and Spearman correlation coefficient tests were applied 

to normal and non-normally distributed data, respectively, in order to determine 

correlations between peri-implant parameter changes and those in ISQ and PTV levels, 

based on treatment subgroup modality (significant correlations are represented as 

scatterplots in Appendix 10). Owing to the fact that the non-surgical and resective 

surgical treatment subgroups for Periotest™ had less than 10 implants per group, no 

correlation analysis was performed as the groups were undervalued. However, 

correlation analysis was performed for both regenerative treatment modalities.  

 

Moderate negative correlations were found at 6-months between changes in deepest 

probing depth and ISQ levels for the resective surgery subgroup (r=-.576, p=.050; 

reduction in probing depth of 1.16mm with a corresponding 1.16 ISQ increase) and at 

12-months for the guided tissue regeneration group where a barrier membrane was 

utilized (r=-.454, p=.015; 3.04mm decrease in probing depth and corresponding .33 ISQ 

increase). A strong negative correlation was found at 12-months for the hard tissue 
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grafting subgroup (r=-.743, p=.000; 3.04mm decrease in probing depth Vs 3.77 ISQ 

increase) (Table 13).  

Pearson Correlation: 
Deepest Probing Depth 
(mm) Vs ISQ 

3 Month 6 Month  12 Month   

Treatment Modality I 19 21 
 

21 
 

N 
 

-1.55mm (1.87) -1.23mm 
(1.22) 

-1.38mm (1.16) Mean PPD difference 
(S.D) 

.17 (4.55) 2.00 (4.48) 1.50 (5.80) Mean ISQ difference 
(S.D) 

.104 .305 .169 Pearson Correlation 

.662 .192 .477 Sig. (2-tailed) 

Treatment Modality II 
 

12 12 
 

12 
 

N 
 

-.91mm (1.08) -1.16mm 
(1.15) 

-1.33mm (1.07) Mean PPD difference 
(S.D) 

-.16 (5.51) 1.16 (5.48) .62 (5.64) Mean ISQ difference 
(S.D) 

-.446 -.576* -.202 Pearson Correlation 
.146 .050 .528 Sig. (2-tailed) 

Treatment Modality III  
 

27 
 

28 
 

N 

 -2.22mm 
(2.32) 

-1.75mm (2.42) Mean PPD difference 
(S.D) 

 .64 (4.44) .33 (5.06) Mean ISQ difference 
(S.D) 

 -.180 -.454* Pearson Correlation 
 .369 .015 Sig. (2-tailed) 

Treatment Modality IV  
 

21 22 
 

N 
 

 -2.42mm 
(2.90) 

-3.04mm (3.49) Mean PPD difference 
(S.D) 

  2.11 (4.49)  3.77 (5.78) Mean ISQ difference 
(S.D) 

 -.428 -.743** Pearson Correlation 
 .053 .000 Sig. (2-tailed) 

Table 13: Subgroup correlation analysis between changes in deepest probing depths 
and ISQ levels 
 
*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
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Correlation testing of changes in deepest probing depth and PTV levels failed to reach 

statistical significance in either TMIII or TMIV at any time point (Appendix 11). 

 

A moderate negative correlation was found when changes in average probing depths 

and ISQ values at 12-months were compared for implants which received a barrier 

membrane (r=-.431, p=.022; ISQ reduction of -0.33 Vs average probing depth decrease 

of 1.55mm), whereas a strong negative correlation was revealed for implants which 

received hard tissue grafting (r=-.697, p=.000; ISQ reduction of 3.77 Vs average 

probing depth reduction of 2.62mm).  

While no significant correlation between average probing depth and PTV changes was 

found in the barrier membrane group at 6 or 12-months, implants which underwent hard 

tissue grafting had a moderate correlation at 12-months (r=.585, p=.028; PTV reduction 

of 0.71 Vs average probing depth reduction of 2.62mm). (Tabulated data and significant 

correlation scatterplots in Appendix 12 & 13). 

 

When changes in clinical attachment levels and ISQ values underwent correlation 

testing, 2 significant correlations were revealed. Implants which received non-surgical 

therapy had a moderate negative correlation at 6-months (r=.452, p=.045; ISQ reduction 

of 1.50 Vs CAL reduction of 1.00mm), while those which underwent a regenerative 

approach using a barrier membrane had a moderate negative correlation (r=.393, 

p=.039; ISQ reduction of 0.33 Vs CAL reduction of 1.19mm). Implants which received 

hard tissue grafting yielded a strong negative correlation at 12-months (r=-.717, p=.000; 

ISQ reduction of 3.77 Vs CAL reduction of 2.75mm). Regarding changes in clinical 

attachment levels and Periotest™ values, a moderate correlation at 12-months was 

revealed for implants which received a hard tissue grafting procedure (r=.582 p=.022; 

PTV reduction of -0.71 Vs CAL reduction of 2.75mm) (Tabulated data and significant 

correlation scatterplots in Appendix 14 & 15) 

 

When changes in bone levels over 12-months were compared to changes in ISQ levels 

at the last study time point, only implants treated with non-surgical therapy revealed a 

significant correlation between bone gain and ISQ increase (r=.472, p=.048; 15mm 

bone gain Vs 1.50 mean ISQ increase) (Appendix 16). No significant correlations 

between bone and PTV changes were revealed. (Appendix 17).  
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The only significant correlation regarding changes in bleeding and probing compared to 

changes in ISQ levels, was found at 6-months for implants which received non-surgical 

therapy only (r=.447, p=.048; 21% decrease in BOP Vs a 2.00 ISQ increase) (Table and 

scatterplot in Appendix 18). 

 

No significant correlations between changes in bleeding and probing and Periotest™ 

values were found (Appendix 19).  

 

In addition, several significant correlations were revealed when changes in plaque 

levels were compared to changes in ISQ and PTVs. A moderate correlation was reveled 

when changes in plaque levels were compared to changes in ISQ values at 12-months 

for implants which received regenerative surgery by means of a membrane (r=.593, 

p=.001; Plaque score decrease of 39% Vs ISQ decrease of -0.33) and by means of hard 

tissue grafting (r=-.445, p=.038; Plaque score decrease of 41% Vs ISQ increase of 

3.77).  

Regarding correlations between changes in plaque levels and PTVs, a strong correlation 

was found at 6-months for implants which received guided tissue regeneration (r=-.871, 

p=.001; Plaque score decrease of 33% Vs PTV decrease of 0.80) (See Appendices 20 & 

21 for full tabulated data and scatterplots of significant correlations).  

 

No statistically significant correlations between baseline keratinized tissue levels and 

peri-implant parameters were found (Appendix 22).  
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3.5.3 Correlation analysis of ISQ & PTV 

ISQ and PTV levels at each time-point were analysed using correlation testing in order 

to examine the possible relationship between both devices.  

Pearson correlation coefficient testing was applied to the whole data set, firstly to mean 

PTV and ISQ values at baseline, 3, 6 and 12-month measurements and then to the 

changes in PTV and ISQ values following treatment at 3, 6 and 12-months.  

Furthermore, a sub-group analysis of each treatment modality was performed using 

Pearson correlation testing for both mean PTV and ISQ values at baseline, 3, 6 and 12-

month measurements and then to the changes in PTV and ISQ values following 

treatment at 3, 6 and 12-months. 

 

3.5.3.1 Correlation analysis of ISQ Vs PTV for whole data set 

Strong negative correlations were found when mean ISQ and PTV levels were 

compared for the whole data set at baseline (r=-.724, p=.000; mean ISQ 64.35 Vs mean 

PTV -0.75), 3-months (r=-.747, p=.000; mean ISQ 64.59 Vs PTV -1.51), 6-months (r=-

.791, p=.000, mean ISQ 66.43 Vs mean PTV -1.82) and 12-months (r=-.808, p=.000; 

mean ISQ 66.67 Vs mean PTV -2.47) (See Table 14, Figure 16 & Appendix 23-

Scatterplots of significant correlations).  

 

Pearson 
Correlation: 
ISQ Vs PTV 

Baseline 3 Month 6 Month  12 Month   

All 84 76 80 82 ISQ (N) 

 33 27 34 34 PTV (N) 

 64.35 (8.94) 64.59 (8.64) 66.43 (8.13) 66.67 (8.32) Mean ISQ 
(S.D) 

 -.75 (2.92) -1.51 (3.89) -1.82 (3.59) -2.47 (3.45) Mean PTV 
(S.D) 

 -.724** -.747** -.791** -.808** Pearson 
Correlation 

 .000 .000 .000 .000 Sig. (2-
tailed) 

Table 14: Correlation analysis of mean PTV Vs ISQ values for whole data set 
 
*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
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Figure 16: Scatterplot of 12-month correlation in mean PTV Vs ISQ values (r=-.808, 

p=.000) 

 
 

When mean ISQ and PTV level changes at 3, 6 and 12-months were tested for 

correlation, a moderate negative correlation was found at 12-months which was 

statistically significant (r=-.491, p=.004, mean ISQ increase 1.35 Vs mean PTV 

decrease -1.44). (Table 15, Figure 17).  

 

Pearson Correlation: 
ISQ Vs PTV 

3 Month 6 Month  12 Month   

All 76 80 82 ISQ (N) 

 27 34 34 PTV (N) 

 -.73 (4.58) 1.01 (4.70) 1.35 (5.66) Mean ISQ difference (S.D) 

 -.28 (2.20) -.88 (2.30) -1.44 (2.19) Mean PTV difference (S.D) 

 .138 -.128 -.491** Pearson Correlation 

 .512 .477 .004 Sig. (2-tailed) 

Table 15: Correlation analysis of mean PTV Vs ISQ value changes for whole data set 
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*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
 

 
Figure 17: Scatterplot of 12-month correlation in PTV Vs ISQ value change (r=-.491, 

p=.004) 

 

 
3.5.3.2 Sub-group analysis of ISQ Vs PTV correlations 
 
As described in the previous sub-group analysis, the non-surgical and resective surgical 

treatment subgroups for Periotest™ totaled less than 10 implants per group, hence, no 

correlation analysis is included in this section. However, the correlations ran for these 2 

sub-groups is included in appendix 24. 

 

Pearson correlation testing of mean ISQ and PTV values for each regenerative 

treatment modality at baseline, 3, 6 and 12-month measurements was performed. 

Several significant correlations were found; Implants which underwent a regenerative 

surgical approach utilizing a resorbable membrane had strongly significant negative 

correlations at baseline (r=-.906, p=.001, mean ISQ 64.51 Vs mean PTV -1.11), 6-

months (r=-.771, p=.009, mean ISQ 63.88 Vs mean PTV -1.90).  and 12-months (r=-

.801, p=.005, mean ISQ 64.17 Vs mean PTV -3.10). Implants which received a 



 112 

regenerative approach with hard tissue grafting had strongly significant negative 

correlations between devices at all time-points: baseline (r=-.863, p=.000, mean ISQ 

61.83 Vs mean PTV .46), 3-months (r=-.812, p=.001; mean ISQ 61.12 Vs mean PTV 

.75), 6-months (r=-806, p=.009, mean ISQ 64.47 Vs mean PTV -.07).  and 12-months 

(r=-.951, p=.000, mean ISQ 66.00 Vs mean PTV -.57, scatterplot, figure 19) (Table 16). 

 

Pearson 
Correlation: 
ISQ Vs PTV 

Baseline 3 Month 6 Month  12 Month   

Treatment Modality 
III 

27 24 27 28 ISQ (N) 

 10 6 10 10 PTV (N) 

 64.51 (7.22) 63.16 (7.04) 63.88 (6.86) 64.17 (6.97) Mean ISQ (S.D) 

 -1.11 (2.52) -2.66 (1.86) -1.90 (2.60) -3.10 (2.92) Mean PTV (S.D) 

 -.906** -.751 -.771** -.801** Pearson Correlation 

 .001 .086 .009 .005 Sig. (2-tailed) 

Treatment Modality 
IV 

21 20 21 22 ISQ (N) 

 14 12 14 14 PTV (N) 

 61.83 
(10.74) 

61.12 
(11.56) 

64.47 (10.83) 66.00 (10.72) Mean ISQ (S.D) 

 .46 (2.98) .75 (4.53) .07 (3.49) -.57 (3.17) Mean PTV (S.D) 

 -.863** -.812** -.806** -.951** Pearson Correlation 

 .000 .001 .001 .000 Sig. (2-tailed) 

Table 16: Subgroup correlation analysis of of mean ISQ Vs PTV values at each time-
point (TMIII & TMIV) 
 
*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
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Figure 18: Scatterplot of Baseline correlation in ISQ Vs PTV levels for TMIII (r=-

.906, p=.001) 

 
 

 
Figure 19: Scatterplot of 12-month correlation in ISQ Vs PTV levels for TMIV (r=-

.951, p=.000) 
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When treatment subgroup analysis of ISQ and PTV level changes at 3, 6 and 12-months 

were tested for correlation, a statistically significant correlation was only found at 12-

months for implants which received a regenerative hard tissue grafting approach (r=-

.778, p=.001, mean ISQ increase 3.77 Vs mean PTV decrease -0.71, scatterplot, figure 

20) (Table 17) 

(Full tabulated data for all treatment modalities in Appendix 25) 

 
Pearson 
Correlation: 
ISQ Vs PTV 

3 Month 6 Month  12 Month   

Treatment 
Modality III 

27 27 27 ISQ (N) 

 10 10 10 PTV (N) 

 -2.17 (4.63) -.64 (4.44) -.33 (5.06) Mean ISQ difference (S.D) 

 -.60 (.54) -.80 (1.39) -1.90 (1.52) Mean PTV difference (S.D) 

 -.049 -.199 -.345 Pearson Correlation 

 .937 .582 .329 Sig. (2-tailed) 

Treatment 
Modality IV 

19 21 22 ISQ (N) 

 11 14 14 PTV (N) 

 -.31 (3.83) 2.11 (4.49) 3.77 (5.78) Mean ISQ difference (S.D) 

 .63 (2.33) -.07 (1.81) -.71 (2.30) Mean PTV difference (S.D) 

 -.019 -.133 -.778** Pearson Correlation 

 .955 .651 .001 Sig. (2-tailed) 

Table 17: Subgroup correlation analysis of mean ISQ Vs PTV value changes at 3, 6 

and 12-months 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level 
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Figure 20: Scatterplot of 12-month correlation in ISQ Vs PTV level changes for 
TMIV (r=-.778, p=.001 
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4. Discussion 
 
The aim of the study herein was to assess the impact of peri-implantitis therapy on a 

number of clinical parameters as well as on the stability of treated implants as measured 

by the Periotest™ and Osstell™ devices. In addition, it aimed to determine whether 

there is a high degree of correlation between the values produced by these two devices 

and which method of implant stability measurements correlates better with the clinical 

and radiographic parameter changes following peri-implantitis treatment.  

A secondary aim of the study was to ascertain the most appropriate time to re-evaluate 

the peri-implant hard and soft tissues following treatment.  

 

With the exception of keratinized tissue width present on the buccal side of the treated 

implants, all periodontal and radiographic parameters improved over the study duration. 

One year following treatment, there was an overall bone-gain of 0.74mm (p<0.05), a 

mean reduction in deepest probing depth of 1.81mm (p<0.00), reduction in average 

probing depth of 1.74mm (p<0.05) and an average clinical attachment gain of 1.59mm 

(p<0.05). In addition, there was a mean reduction in bleeding on probing scores of 

25.60% (p<0.05) and plaque levels of 27.72% (p<0.00).  

 

When examining reductions in probing depths, bleeding scores, plaque levels and 

attachment level gain, the most significant improvements were all at the 3-month time-

point. There was then a slight deterioration at 6-months and a further decline at 12-

months, albeit, all tested parameter improvements remained statistically significant 

when compared to baseline. Bleeding scores reduced by 35.39% at 3-months, 27.09% 

at 6-months and 25.60% at 12-months, while there was an initial plaque score decrease 

of 40.03%, with this reducing to 31.78% at 6-months and a 27.72% reduction at 12-

months. There was an initial clinical attachment level gain of 2.52mm at 3-months, 

1.75mm at 6-months and 1.59mm at 12-months. Average probing depths reduced by 

2.32mm at 3-months, 1.74mm at 6-months, with a 12-month reduction of 1.66mm and 

lastly, deepest probing depths reduced by a mean 2.28mm at 3-months, 2.02mm at 6-

months, with a 12-month reduction of 1.74mm.  

Several studies in the literature describe similar findings, with greater initial 

improvements following treatment of peri-implant disease, only for a degree of relapse 

to occur in the subsequent follow-up duration. Compliance to maintenance therapy and 
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decreased standards of oral hygiene are often cited as critical factors. Rinke et al., 

(2011) demonstrated that patients who had received implants and did not comply with 

regular SPT visits had an 11-fold increased risk of developing PI, while Ferreira et al., 

(2006) found an odds ratio of 3.8 (95% CI 2.1-6.8) for PI in subjects with poor plaque 

control, which increased to 14.3 (95% CI 9.1-28.7) for those with very poor plaque 

control when compared to those with good levels of oral hygiene (Ferreira et al., 2006). 

Following PI treatment, supportive therapy is a critical factor in long-term success. 

Serino et al., (2015) demonstrated only 13% of implants which had received resective 

surgery and 6-monthly maintenance visits thereafter, underwent probing attachment 

loss over 5-years. In the study herein, 50 treated implants out of 86 supported full arch-

fixed prosthesis. Difficulties in applying optimal oral hygiene to complex fixed 

restorations has been demonstrated in the literature. Serino and Ström (2008), showed 

48% of implants in inaccessible areas for hygiene practices exhibited PI, while only 4% 

of implants in accessible areas did.  

 

Due to the slight deterioration in initial improvements from 3 to 12-months in this 

study, clinical re-evaluation at 3-months, a time-point often used to re-evaluate teeth 

treated for periodontal disease, would seem premature and therefore, a longer follow-up 

period may provide a more accurate reflection on the clinical scenario. It is also 

pertinent to note that no 3-month clinical measurements were carried out on implants 

which received regenerative therapy, so as to not disturb the healing process. Therefore, 

the above results indicate significant improvements at 3-months for implants which 

received non-surgical and resective therapy only. While there were overall 

improvements in all measured clinical outcomes, the greatest improvements in peri-

implant parameters resulted from regenerative surgical interventions, a finding 

analogous to the existing literature, Non-surgical therapy yielded statistically significant 

reductions in mean probing depths, plaque levels and gain in clinical attachment at 12-

months, albeit, as anticipated, the changes were less than the 3 surgical treatment 

modalities. Interpretations from the resective subgroup results are limited as only 12 

implants received such intervention. Statistically significant reductions were found in 

deepest probing depths (-1.33mm decrease, p<.009), bleeding on probing (-37% 

decrease, p<.000) and plaque levels (-50%, p<.035) at 12-months. These results are in 

line with the findings of Heitz-Mayfield and co-workers in 2012, where open flap 

debridement and systemic antibiotic therapy resulted in a reduction in all PPD to <5mm 
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and 47% of implants displaying no bleeding on probing at 12-months (Heitz-Mayfield 

et al., 2012). Similarly, a clinical study of 86 implants with PI treated by apically 

repositioned access flaps, resulted in 48% of subjects with PI resolution and 77% of 

patients without PPD >6mm at 24-months. However, 36 implants did display persistent 

PI, with those exhibiting signs of inflammation after treatment being more likely to 

undergo further disease progression (Serino and Turri, 2011).  

 

Enhanced clinical improvements were observed in the 2 regenerative treatment groups, 

which is line with the scientific literature to date. It is worth mentioning that these 

implants had the most advanced peri-implant defects at baseline, so one would expect 

the greatest improvements in clinical and radiographic parameters. The greatest 

reduction in deepest PPD and gain in CAL was seen in the hard tissue grafting group, 

where in addition to open flap debridement and membrane placement, hard tissue 

grafting material or L-PRF membranes combined with hard tissue material were placed; 

a 3.00mm (p<.000) deepest PPD reduction and a 2.75mm (p<.000) gain in CAL at 12-

months were found. 

The greatest reduction in average probing depth levels was for the regenerative 

membrane group which used either a resorbable barrier or L-PRF membrane, with a 

1.55mm average PPD reduction (p<.000) at 12-months. The hard tissue grafting group 

also yielded the greatest reduction in bleeding on probing and plaque scores, with a 

40% (p<.001) and 54% (p<.000) reduction at 12-months, respectively. While no 3-

month measurements were carried out for the regenerative subgroups, there were 

continued reductions in mean deepest probing depths (-.48mm), average probing depth 

(-.07mm) and clinical attachment gain (-0.29mm) between the 6 and 12-months follow-

up period for the hard tissue grafting group. In addition, unlike the non-surgical and 

resective treatment groups, there was also a continued improvement in bleeding and 

plaque levels at 6 and 12-month timepoints for both regenerative groups.  

 

Several studies have demonstrated greater improvements in clinical parameters 

following regenerative interventions (Schwarz et al., 2009, Roos-Jansaker et al., 2007, 

2011, Figuero et al., 2014, Ramanauskaite et al., 2016). Roccuzzo et al., treated single 

intrabony PI defects with hard tissue grafting using BioOss®. The subjects were then 

followed up for 7-years. TPS surface implants underwent a mean PPD reduction from 

7.2mm to 4.8mm at twelve months and to 3.4mm at 7-years. SLA implants meanwhile, 
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had a mean PPD reduction from 6.6mm to 3.4mm at 12 months and to 3.2mm at 7-

years. In addition, mean bleeding on probing scores reduced from 90% to 55% at 

twelve months and to 30% at 7-years for the TPS group and from 75% to 12.5% at 

twelve months and to 7.5% at 7-years for the SLA group (Roccuzzo et al., 2011, 2017). 

In their randomized clinical trial, Renvert et al., (2018b), treated test subjects exhibiting 

advanced PI, with hard tissue grafting using Endobon®. At twelve months, there was a 

mean PPD reduction of 2.5mm, which was a significantly greater improvement than the 

control group, which received open flap debridement alone. These results are 

comparable to the 3.0mm mean deepest PPD reduction and 54% mean BOP decrease 

obtained in this study at twelve months, in the hard tissue grafting subgroup.  

When considering the application of L-PRF membranes to the treatment of PI defects, 

Hamzacebi and co-workers (2015), demonstrated a mean PPD reduction of 2.82mm for 

implants treated with open flap debridement and an adjunctive L-PRF membrane, 

compared to a 2.05mm decrease in the control group, which received access flap alone,  

at 6-months. This is consistent with changes in our study, where the incorporation of a 

barrier or L-PRF membrane to the defect, yielded a reduction in average PPD of 

2.03mm at 6-months and 1.55mm at 1-year, compared to a 1.18mm and 1.05mm 

reduction for the open flap debridement group, at 6 and 12-months respectively.  

 

In our study, an overall bone-gain of 0.74mm at 12-months was recorded, which was 

statistically significant when compared to baseline bone levels (p<.023). However, 

when treatment subgroup analysis was performed, no statistically significant changes in 

bone levels from baseline to 12-months were revealed. Even when the barrier 

membrane (mean bone gain of 0.76mm, p=.280) and hard tissue grafting regenerative 

subgroups (mean bone gain of 1.13mm, p=.139) were analysed, the changes in peri-

implant bone levels remained statistically non-significant. When applied to the clinical 

scenario in everyday practice, a gain of 1.13mm in peri-implant bone levels following 

regenerative surgery would usually be clinically significant, particularly when 

combined with a reduction in probing depths and inflammation. A limitation of the 

bone-level analysis in this study was the lack of standardization of the x-rays taken. 

Orthopantomagrams or intra-oral periapical radiographs using the long-cone paralleling 

technique, were taken at baseline and at the 12-month follow-up appointment. 

Planmeca Romexis Pro® software was used to measure the extent of bone loss from the 

implant shoulder to the first point of contact on the alveolar crest, however, no 
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radiographic stent was used. Several studies have questioned the accuracy of 

conventional radiographs in diagnosing peri-implant bone loss. Garcia-Garcia et al., 

(2016) conducted a cross-sectional study which revealed up to a 1.3mm 

underestimation of bone loss around the proximal sites of implants with PI (Garcia-

Garcia et al., 2016). Further limitations such as the inability to detect buccal/lingual 

bone levels, poor sensitivity in detecting early bone level changes, image resolution and 

distortion issues have also been cited (Heitz-Mayfield, 2008).  

 

No statistically significant differences in keratinized mucosa width were observed at the 

four different timepoints, either when the whole sample or individual treatment 

subgroups were analyzed.  In addition, no significant correlations were found between 

keratinized mucosa levels and the extent of peri-implantitis severity. Following the four 

conventional treatment modalities used in this study, a gain in keratinized mucosa width 

would not usually be anticipated. However, the use of L-PRF in specific cases alters 

such expectations. While the systematic review by Castro et al., (2017a), focused on the 

gain in keratinized mucosa width around teeth, a mean difference of only 0.3mm 

(p=0.2, CI: -0.7 to 0.2), was found between the L-PRF and connective tissue grafting 

groups, when combined with a coronally advanced flap at 6-months. If these findings 

were applied to the implants in our study which received either an L-PRF membrane or 

L-PRF block, one may have predicted a greater gain in keratinized mucosa width for 

this cohort.  

The addition of a conventional soft tissue augmentation procedure to implants with a 

baseline keratinized musoca width of <2mm, may have resulted in decreased plaque 

accumulation, bleeding on probing and marginal bone loss thereafter, as has been found 

in several clinical trials and systematic reviews (Wennstrom & Derks, 2012, Roccuzzo 

et al., 2017, Schwarz et al., 2018, Thoma et al., 2018). However, the lack of significant 

correlations for implants with the most advanced peri-implantitis and narrowest band of 

keratinized mucosa, questions such findings for this patient cohort.  

 

ISQ values for the entire data set displayed an initial trend of minimal changes at 3-

months (0.24 mean ISQ increase), while more pronounced increases were noted at 6-

months (1.96 ISQ units) and 12-months (2.31 ISQ units), however, such increases in 

implant stability were not statistically significant. While mean ISQ values did not show 

a drop in ISQ levels at 3-months, several implants did exhibit this phenomenon. In 
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addition, all surgical treatment modalities showed an initial decrease in mean ISQ units 

at 3-months; resective group (-0.08 ISQ units), regenerative group with barrier 

membrane (-2.08 ISQ units) and guided bone regeneration with hard tissue grafting (-

0.31 ISQ units). Initial decrease in ISQ levels following implant placement has been 

widely reported in the literature (Friberg et al., 1999, Aparicio et al., 2006, Huwiler et 

al., 2007, Valderrama et al., 2007, Oncu et al., 2015). Such studies found a decrease in 

implant stability in the first 2 weeks post-placement, correlating to initial bony 

remodeling before increasing from week 3 onwards. All implants displayed similar ISQ 

levels at 12-weeks, even when initial ISQ readings were low. In relation to the initial 

decrease detected for all 3 surgical modalities to treat PI in this study, possible surgical 

trauma to the peri-implant architecture, with subsequent healing following surgical 

intervention may explain a decrease at the 3-month timepoint. In contrast, a mean 

increase of 0.17 ISQ units was observed at 3-months for the non-surgical treatment 

group, where less disruption of the bone-implant interface would have occurred.   

 

None of the 4 treatment modalities resulted in statistically significant changes in ISQ 

levels at any timepoint. However, for the non-surgical, resective surgery and guided 

bone regeneration with hard tissue grafting subgroups, there was an increase in ISQ 

levels from 3 to 6-months, with levels stabilizing for the latter 6 months of the study. 

Interestingly, there was an increase of 2.72 ISQ units at 6-months for the non-surgical 

group, which stabilized to a 2.90 ISQ unit increase compared to baseline at the final 

follow-up appointment. The underpowered resective group had a 12-month ISQ unit 

increase of 0.54, while the regenerative treatment group incorporating hard tissue 

grafting had an increase of 2.11 ISQ units at 6-months and a 3.77 ISQ unit increase at 

12-months. The implants in the regenerative surgical group which utilized a barrier 

membrane only, responded differently in this regard, showing a decrease in ISQ values 

at each timepoint.  

 

Analysis of overall PTV level changes revealed that unlike Osstell™, where an initial 

drop in stability was detected, there was an improvement in implant stability at 3-

months (-0.75 PTV decrease), with a further increase in stability readings (-1.82 PTV) 

at 6-months and subsequent stabilization of PTV levels at 12-months (-1.84 PTV). 

However, like ISQ values, no changes were statistically significant at any timepoint. 

While the true prognostic value of Periotest™ in implant therapy had been a 
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controversial topic, some studies have shown Periotest™ to be a useful tool in 

predicting decreased implant stability and implant failure following placement, 

particularly if high PTV levels are observed at second stage surgery and prosthesis 

delivery (Olive and Aparicio, 1990, Verhoeven et al., 2000). Furthermore, Noguerol 

and co-workers (2006) concluded that in addition to offering an accurate assessment of 

the degree of osseointegration at 2nd-stage surgery, Periotest™ offered a more accurate 

prognostic method than radiographs at implant placement, with a threshold PTV of -2 

found to provide the highest sensitivity for implant stability (Noguerol et al., 2006). 

Data on the application of Periotest™ in monitoring implant stability following peri-

implantitis treatment is scarce.  

 

In tandem with Osstell™ findings, there were no statistically significant changes in 

PTV levels for any treatment modality at any timepoint. Due to the small sample size of 

33 implants in total, the validity of the subgroup analyses of PTV changes is limited. 

All four treatment approaches resulted in a decrease of PTV levels at 6 and 12-months, 

with the most pronounced reductions found in the non-surgical (-1.85 PTV at 6-months, 

-2.00 at 12-months) and resective surgical (-2.66 PTV at 6-months, -2.33 PTV at 12-

months) treatment subgroups. The most minute changes at each timepoint occurred in 

the hard tissue grafting regenerative subgroup, where a -0.07 PTV decrease was found 

at 6-months and a -0.71 PTV decrease at 12-months. Notably, this treatment cohort had 

the highest number of implants included at 14. 

 

Correlation analysis of the whole data sample revealed several statistically significant 

correlations between changes in peri-implant clinical parameters and ISQ levels. 

Moderate levels of significant negative correlations were found between changes in 

average PPD (r=-.422, p=<.000), deepest PPD (r=-.468, p=<.000), clinical attachment 

levels (r=-.429, p=<.000) and ISQ level changes from baseline to 12-months.  

 

Whole sample correlation analysis between changes in peri-implant clinical parameters 

and PTV levels revealed less statistically significant correlations than the corresponding 

ISQ changes. No significant correlations were reached between changes in PTV and 

bone levels, deepest PPD, average PPD, clinical attachment levels, bleeding on probing 

or keratinized tissue levels. However, a strong negative correlation was detected 

between mean plaque levels and PTV changes from baseline to 3-months (r=-.723, 



 123 

p=<.028). In addition, a weak/moderate negative correlation was found when mean 

plaque levels and PTV changes from baseline to 6-months were compared (r=-.359 

p=<.037).  

 

Correlation analysis of treatment subgroups revealed strong correlations between 

changes in periodontal parameters and ISQ levels in the hard tissue grafting group. 

Implants which received a hard tissue graft such as xenograft or L-PRF block, yielded a 

strong negative correlation for changes in deepest PPD (r=-.743, p=.000), average PPD 

(r=-.697, p=.000) and clinical attachment levels (r=-.717, p=.000) at 12-months. The 

only significant correlation regarding changes in bleeding on probing compared to 

changes in ISQ levels, was found at 6-months for implants which received non-surgical 

therapy only (r=.447, p=.048), while a moderate correlation was found between plaque 

levels and ISQ changes at 12-months for the regenerative membrane (r=.593, p=.001) 

and the hard tissue grafting (r=-.445, p=.038) subgroups. 

 

Surprisingly, the only significant correlation between bone level changes and ISQ value 

changes at 12-months was a moderate correlation for the non-surgical treatment group 

(r=.472, p=.048). An explanation may lie with recent published evidence from Monje et 

al., (2018). This group demonstrated that the more advanced the degree of peri-implant 

bone loss, such as those encountered in our regenerative subgroups, the more inaccurate 

Osstell™ becomes at reporting similar values. Monje and co-workers did find 

significant evidence that RFA is accurate in the diagnosis of progressive bone loss 

associated with peri-implantitis, with a statistically significant decrease in ISQ levels 

revealed as bone loss progressed. However, as has been shown in the study herein, its 

clinical relevance was questioned, as implant stability remained high throughout the 

experimental study and did not always correlate to changes in clinical and radiographic 

parameters (Monje et al., 2018).  

Our results which yielded a lack of correlation between bone level changes and ISQ 

value changes, differ from some findings in the scientific literature. Sennerby and co-

workers (2005) for example, found a linear correlation between peri-implant bone loss 

and decreasing ISQ levels in the experimental PI animal model, with the suggestion that 

repeated RFA measurements may detect discrete bone level changes following surgical 

PI intervention (Sennerby et al., 2005). Meanwhile, at 12-months, Wohlfahrt et al., 

(2012) found significantly greater radiographic defect fill and corresponding ISQ level 
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increase in the regenerative test group (mean ISQ increase of 1.6 and defect fill 

2.70mm) compared to the control group (mean ISQ decrease of 0.6 and defect fill 

1.10mm), which received open flap debridement only. A mean defect fill of 2.70mm is 

significantly greater than our findings of 1.13mm for the hard tissue grafting subgroup 

at 12-months (Wohlfahrt et al., 2012).  

 

While its clinical application has been recently questioned (Monje et al., 2018), the 

strong correlations found between changes in periodontal probing depths, attachment 

levels and ISQ values at 12-months for regenerative surgery, together with a lack of 

significant correlations at 3 and 6-months, make an argument for 12-months post-

surgery being the optimal time to use Osstell™. Furthermore, its most beneficial use 

may be in regenerative cases, which displayed the strongest correlations with clinical 

parameters. Osstell™ technology utilizes round ISQ values without decimal places. 

Hence, mean ISQ changes at 12-months such as those found in the resective subgroup 

(ISQ increase of 0.62), would not be detected. This may be contrasted to a mean 3.77 

ISQ increase for the hard tissue grafting subgroup at the same timepoint.  

 

As the non-surgical and resective surgical treatment subgroups for Periotest™ had less 

than 10 implants per group, no correlation analysis was performed. However, testing for 

both regenerative treatment modalities was conducted. Correlation testing of changes in 

bone levels, deepest probing depths, bleeding on probing and PTV levels failed to reach 

statistical significance in either regenerative treatment modality at any timepoint. 

Implants which received a hard tissue graft such as xenograft or xenograft combined 

with L-PRF, yielded a moderate positive correlation for changes in average PPD 

(r=.585, p=.028) and clinical attachment levels (r=.582, p=.022) at 12-months. In 

addition, a strong correlation was found between plaque levels and PTV changes at 6-

months for the guided tissue regeneration subgroup which utilized a barrier membrane 

(r=-.871, p=.001).  

From our results, the evidence for the most appropriate time to utilize damping capacity 

analysis in monitoring post-operative changes is less clear. No significant correlations 

were revealed when PTV changes were compared to peri-implant parameters for the 

data sample as a whole. However, a moderate correlation between changes in average 

probing depths and clinical attachment levels and PTV changes at 12-months would 

indicate that, along with Osstell™, a 1-year follow-up appointment may be appropriate 
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in cases where hard tissue grafting has been completed. One must again debate the 

clinical relevance of these changes. A mean decrease of -0.71 PTV at 12-months for 

average probing depths and clinical attachment levels in the hard tissue group would 

not actually be detected on the Periotest™ device which also records round numbers 

only. To date, no literature has been published which has investigated the application of 

the Periotest™ in monitoring post-operative changes after PI treatment.  

 

Based on the above findings, it is apparent that within the study’s limitations, both 

devices may be applied to quantifying specific post-operative changes. However, RFA 

technology correlates more accurately and has a wider application than DCA, when 

assessing clinical and radiographic parameters following treatment of peri-implantitis. 

 

This was, in essence, a pilot study which aimed to assess the degree of correlation 

between Osstell™ and Periotest™ devices in detecting changes in implant stability 

following the intervention of 4 different treatment approaches for peri-implantitis 

defects. Once the results were compiled, a sample calculation was therefore performed 

to determine how many implants at baseline and 12-months would be required to detect 

statistically significant differences based on mean values and standard deviations. 112 

implants at baseline and 112 at 12-months would be required for ISQ levels, while 73 

implants at baseline and 73 at 12-months would be needed for PTV levels.  

 

Bearing this sample calculation in mind, with the small data set as a limitation, 

correlation analyses between ISQ and PTV for the whole data set was conducted. 

Strongly significant negative correlations were found between devices at each 

timepoint, with the strongest correlation at 12-months (r=-.808, p=.000; mean ISQ 

66.67 Vs mean PTV -2.47). When correlations of the whole data set focused on ISQ 

and PTV level changes at 3, 6 and 12-months, the only significant correlation was a 

moderate negative correlation at 12-months (r=-.491, p=.004, mean ISQ increase 1.35 

Vs mean PTV decrease -1.44).  

Numerous studies have examined the possible relationship between both devices, with 

contrasting findings (Nkenke et al., 2003, Zix et al., 2008, Oh et al., 2009, Cehreli et al., 

2009, Pang et al., 2014, Andreotti et al., 2017, Monje et al., 2019). As mentioned 

previously, high heterogeneity of study designs makes true comparisons difficult. 

Nkenke et al., (2003) found no correlation in an in-vitro study, while Zix et al., (2008) 
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found a moderate to good correlation in-vivo. A strong correlation was found in the 

canine model by Oh et al., (2009), while Pang et al., (2014) found a strong association 

initially following implant insertion, with a decrease over the 15-month follow-up 

during their randomized controlled trial. The seminal systematic review by Andreotti 

and co-workers revealed that from 50 mean ISQ and PTV measurements recorded, the 

2 technologies coincided in just 46% of cases.  A consistent finding in the literature is 

that Osstell™ is determined to be more reliable and accurate than Periotest™  in the 

majority of clinical scenarios. The limit ISQ value has been found to be ‘47 with 100% 

sensitivity and 97% specificity’ (Oh and Kim, 2012, Noguerol et al., 2006). By contrast, 

the ‘limit PTV value of -2 has 84% sensitivity and 39% specificity’, (Oh and Kim, 

2012, Nedir et al., 2004, Noguerol et al., 2006). Therefore, the data would suggest that 

RFA is a more accurate technology than DCA in measuring implant stability (Zix et al., 

2008, Choi et al., 2014), as well as being the most researched and frequently used 

method in clinical studies (Andreotti et al 2017). 

 

Correlation analysis between both devices was performed for both regenerative 

subgroups as non-surgical and resective groups were underpowered. Analysis of mean 

ISQ and PTV values for implants which received guided tissue regeneration by means 

of a barrier membrane, revealed strong negative correlations at baseline (r=-.906, 

p=.001), 6-months (r=-.771, p=.009).  and 12-months (r=-.801, p=.005). Strong 

negative correlations were revealed at all timepoints for the hard tissue grafting group, 

with the strongest correlation being at 12-months (r=-.951, p=.000). Treatment 

subgroup analysis of ISQ and PTV level changes at 3, 6 and 12-months were then 

tested for correlation, with a statistically significant correlation only being found at 12-

months for implants which received a regenerative hard tissue grafting approach (r=-

.778, p=.001). To date, only in-vitro studies have investigating the application of both 

technologies to peri-implant disease detection (Lachmann et al., 2006, Choi et al., 2014) 

and to the best of this author’s knowledge, no studies have compared their use in 

monitoring post-operative changes following treatment. Therefore, within the limits of 

the current study, novel evidence has been presented of a strong correlation between 

Osstell™ and Periotest™  devices in monitoring changes in implant stability following 

regenerative interventions. In particular, the strongest correlations were revealed at the 

12-month post-operative timepoint for regenerative surgical approaches utilizing either 

a barrier or L-PRF membrane alone or a barrier or L-PRF membrane in combination 
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with hard tissue grafting material.  

 

From a pragmatic viewpoint, the Osstell IDXtm device was reliable, easy to use and 

produced repeatable ISQ measurements at each appointment. However, several 

shortcomings were noted throughout the study. The necessity to remove complex 

suprastructures was time consuming and insertion of a unique, single-use smarpegtm 

was costly over the study duration. With emerging evidence on the influence of which 

varying torque applications have on ISQ readings (Salatti et al., 2019, Kästel et al., 

2019), a limitation of our study was that no standardized device was utilized for 

smartpeg™ insertion. Instead relying on hand tightening alone, albeit by the same 

operator each time. Furthermore, while the transducer was held as perpendicular to the 

alveolar crest as possible in every case, again, the lack of a standardized method of 

positioning and orientating the transducer, may have affected ISQ readings for the same 

implants at different study timepoints, as described by Veltri et al., (2007). Notably, 

occasional difficulties arose when attempting to obtain ISQ readings in the anterior 

maxillary region. The 6 and 12-month readings of one implant in this position had to be 

omitted due to an inability to obtain ISQ readings after the 3-month timepoint.  

 

The Periotest™ holds a practical advantage over Osstell™  for single units, by enabling 

the clinician to record PTV levels using the existing implant crown or abutment, 

without suprastructure deconstruction and without the additional cost of a unique 

smartpeg™ . This may be particularly useful in cement-retained restorations. In our 

study however, this advantage was negated by the use of healing abutments, as PTV 

recordings were made after ISQ values, when prosthesis removal was already complete. 

Another shortcoming of our study was that healing abutments of different heights were 

occasionally used for the same implant at different timepoints, which may have 

influenced the repeatability of the PTV obtained (Drago 2000, Teerlinck et al., 1991). 

Akin to Osstell™, changes in angulation and striking height of the hand-piece may also 

have influenced repeated measurements without a method of standardization being 

employed (Olive and Aparicio, 1990, Faulkner et al., 2001). On a practical level, 

Periotest™ values were generally less reliable and more difficult to obtain than ISQ 

readings in all sites, with more repeated attempts being required to generate a PTV 

reading. This is a finding commonly cited in the literature (Zix et al., 2008, Andreotti et 

al., 2017).  



 128 

 

A conclusion found ubiquitously in the literature is that neither technology should be 

used alone to measure implant stability and post-operative changes after treatment of 

PI. Complimentary diagnostic methods such as conventional clinical and radiographic 

examinations must also be performed. In addition, a single reading is of little diagnostic 

value and should not predetermine any clinical decisions, with standardized, 

longitudinal ISQ and PTV measurements necessary to provide a more accurate 

diagnosis. The results of our study echo such findings.  

 

In order to garner the true applicability of these results to clinical implant practice, 

several paramount study limitations must be considered: 

 

The relapse of plaque and bleeding scores between 3 and 12-months after treatment 

may have precluded enhanced treatment outcomes. With 3-monthly supportive therapy 

appointments reflecting the gold standard in clinical practice, such an intervention at 9-

months may have yielded more sustained clinical improvements, as no SPT was 

provided over a 6-month interval between the 2 final timepoints.  

 

Despite a total of 85 implants being treated, the most significant limitation in the study 

is the small sample size. This is further pronounced when considering only 33 implants 

received Periotest™ analysis. This limitation is further emphasized when considering 

the 85 implants were spread across the 4 treatment subgroups. A total sample size of 12 

implants in the resective surgical group, for example, exemplifies how a continuation of 

this study design, with larger samples sizes, may yield more statistically significant 

results.  
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5.   Conclusions 
 
Over a 12-month follow-up period, all four treatment modalities resulted in improved 

clinical and radiographic peri-implant parameters.  

 

Increased implant stability post-treatment, as indicated by Osstell™ and Periotest™ 

devices, was observed, albeit, such changes were not statistically significant.   

 

Subgroup analysis and correlation testing revealed that implants treated with a 

regenerative surgical approach underwent the most significant improvements, as 

evidenced by reduced probing depths, enhanced clinical attachment gain, decreased 

inflammation and greater bone fill. Regenerative treatment subgroups also exhibited the 

strongest correlations between changes in peri-implant parameters and changes in ISQ 

and PTV levels at 6 and 12-months. 

 

While evidence was found indicating both Osstell™ and Periotest™  devices may be 

used as complimentary diagnostic tools in quantifying post-operative changes following 

peri-implantitis treatment, MRFA correlated more accurately with changes in clinical 

and radiographic parameters than DCA.  

 

A high degree of correlation was found between both devices when used to monitor 

changes in implant stability following regenerative interventions. 

 

Within the limitations of this study, 12-months appears to be the most appropriate time 

to re-evaluate the stability of implants treated for peri-implant disease.  
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  PARTICIPANT INFORMATION LEAFLET  
 Longitudinal analysis of treatment of peri-implant disease utilizing 

magnetic resonance frequency and damping capacity analysis. A pilot 

study. 

You are being invited to participate in a research study:  

In order to make an informed judgement on whether you want to be part of this research study, you 
should understand its potential risks and benefits. This leaflet gives you information about the research 
study. Ask us if there is anything that is not clear or if you would like more information. Once you 
understand the study, you will be asked to sign a consent form if you wish to participate.  

Study Summary:  

This study will collect information on the healing of the tissues around your implant following treatment 
for implant-disease. We aim to measure the stability of your implant in the bone and the healing of the 
surrounding tissues following treatment for peri-implant disease.  

Background information:  

Dental implants are susceptible to a disease process similar to gum disease seen on natural teeth, known 
as either Peri-Implant Mucositis or Peri-Implantitis. 

Peri-Implant Mucositis is an inflammation of the gums surrounding your implant(s) and Peri-Implantitis 
is an inflammation, which in addition, results in some loss of the bone surrounding your implant(s). 

If left untreated Peri-implant mucositis may lead to Peri-implantitis, which may eventually result in pain, 
swelling and potentially loss of the implant(s). Treatment of peri-implant disease consists of improving 
your oral hygiene regime, most often cleaning around the implant(s) and if indicated surgical treatment of 
the implant(s). 

Magnetic Resonance Frequency Analysis (MRFA) is a technology that has become available in the past 
two decades and has been adapted to allow your dental clinician to test the stability of your implant(s). A 
small magnetic peg is fixed to the top of your implant and a sensor shows how stable the implant is. This 
process is quick, pain free and does no lasting damage to your implant(s).  

Damping capacity analysis (DCA) is another technology which can be used by the clinician to test the 
stability of your implant (s).  
 
The Periotest™  device has an electronically monitored tapping head which tells the dentist how stable 
your implant (s) is in the bone. Again, it is quick, non-invasive and does not cause any damage to your 
implant(s), bone or fixtures attached to the implant(s). 
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Study Overview:  

This study aims to assess if the Osstell™ and Periotest™  devices can be used as effective methods of 
assessing the success of treating disease around implants. Measurements will be taken before and after 
any required treatment. Following completion of the treatment and study the results of the Osstell™and 
Periotest™  measurements and clinical measurements will be compared to see if healing can be detected 
by both machines. 

All treatment will be carried out as normal based on the specific type of disease of the implant and 
therefore the treatment received by yourself will be unaffected by the study; the only difference to 
treatment is additional measurements taken pre- and post-treatment. (Osstell™  & Periotest™ ) 

Are you suitable for this study?  

To be included in the study you must fulfill the criteria below:  

•   Be 18 years old or over.   
•   Require treatment of peri-implant mucositis or peri-implantitis (disease around your implant(s)). 
•   Be in good general health and able to tolerate minor dental surgeries. 
•   Be able to give consent to participate in this study and sign a consent form approved by the 

Research Ethics Committee, St James’ Hospital. 
•   Be able to attend all the appointments described below  If you are initially included in the study 

but you fail to complete all stages of the treatment due to poor attendance, you will have to be 
excluded from the study.   

Study Appointments: 

 Screening appointment: You will be invited to attend an initial screening appointment to confirm you 
are suitable for treatment and that you fit the criteria for the study. If you are suitable you will be 
invited to participate. You will be given a detailed description of the study and some written 
information to take home.   

1.  Study visit 1: Pre-surgery. A consent form will be signed to show you understand and agree to 
participate. If necessary, x-rays will be taken at this time (This is the normal procedure for any 
implant treatment). 

2.  Study visit 2: This will include any necessary treatment of your implant(s); which may be as simple as 
cleaning around the implant to surgery on the tissues surrounding the implant. 

3.  Maintenance visits: Following the treatment of the implant(s) we will need to see you for 1 
appointment each month to check the implant is kept clean and is healing well. At 3,6 and 12 
months, we will also retake our Osstell™ and Periotest™  measurements. 

 

The types of dental treatments provided in this study are an 
alternative to:  
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No treatment – allowing the peri-implant disease to progress. 

Dental treatment is associated with risk. The risks associated with this 
type of treatment include:  

•   Pain following treatment.  
•   Bleeding following surgery. 
•   Swelling of the gums after the surgery. 
•   Bruising of the face following the operations.  
•   Failure of the treatment. 
•   Loss of the implant through deterioration of the pre-existing condition. 

Other information of relevance to the study:  

•   Participants will have to pay for their treatment. However, monthly maintenance appointments 
and any measurements appointments will be provided free of charge. 

•   Other dental treatments such as fillings cannot be provided in the study.   
•   If for any reason we have to exclude you from the study but you would like to continue with 

your treatment in the Dublin Dental Hospital, you can.   
•   Your identity will remain confidential. Your name will not be published.   
•   If you decide to participate in this study, you may withdraw at any time.  
•   If you decide not to participate, or withdraw, you will not give up benefits that you had before 

entering the study.   
•   You understand that the investigators may withdraw your participation in the study at any time 

without your consent. 

Contact details  

If you have any questions please contact the principal researcher, Dr Michael Nolan. 

Email: Michael.Nolan@dental.tcd.ie 

Emergency contact number: 01 6127250  

Appendix 2: Participant Information Leaflet  
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Informed Consent Form 
 

Longitudinal analysis of treatment of peri-implant disease utilising 

magnetic resonance frequency and damping capacity analysis. A pilot 

study. 

  
Staff Conducting Research  

Dr.	  Michael	  Nolan	  

Dr.	  Ioannis	  Polyzois	  

Dr.	  Peter	  Harrison	   

This	  study	  will	  collect	  information	  on	  the	  healing	  of	  the	  tissues	  around	  your	  implant	  following	  
treatment.	  We	  aim	  to	  measure	  the	  stability	  of	  your	  implant	  and	  the	  nature	  of	  the	  surrounding	  
tissues	  following	  treatment	  for	  peri-‐‑implant	  disease. 

Study Overview: 

This study aims to assess if the Osstell™ and Periotest™  devices can be used as effective methods of 
assessing the success of treating disease around implants. Measurements will be taken before and after 
any required treatment. Following completion of the treatment and study the results of the Osstell™and 
Periotest™  measurements and clinical measurements will be compared to see if healing can be detected 
by both machines. 

All treatment will be carried out as normal based on the specific type of disease of the implant and 
therefore the treatment received by yourself will be unaffected by the study; the only difference to 
treatment is additional measurements taken pre- and post-treatment. (Osstell™  & Periotest™ )_ 

The aim of the study: 	  

To assess if the Osstell™and Periotest TM devices can be used to test the stability around healing implants 
following treatment and to see if the treatment results in improved implant stability readings. We will 
also evaluate the correlation between both sets of readings. 

Confidentiality:  

Your	  name	  will	  not	  be	  used	  to	  identify	  the	  sample	  and	  no-‐‑one	  outside	  the	  study	  group	  will	  have	  
access	  to	  your	  details	  to	  ensure	  your	  confidentiality.	   

Consent:  

Having	  read	  the	  participant	  information	  leaflet,	  if	  you	  wish	  to	  participate	  please	  sign	  the	  
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declaration	  below.	  Should	  you	  not	  wish	  to	  take	  part	  in	  this	  study,	  it	  will	  have	  no	  impact	  on	  the	  care	  
you	  receive	  from	  the	  hospital	  and	  do	  not	  sign	  the	  declaration	  below.	   

Declaration:  

I	  have	  read,	  or	  had	  read	  to	  me,	  the	  information	  leaflet	  for	  this	  project	  and	  I	  understand	  the	  
contents.	  I	  have	  had	  the	  opportunity	  to	  ask	  questions	  and	  all	  my	  questions	  have	  been	  answered	  to	  
my	  satisfaction.	  I	  freely	  and	  voluntarily	  agree	  to	  be	  part	  of	  this	  research	  study,	  without	  prejudice	  to	  
my	  legal	  and	  ethical	  rights.	  I	  understand	  that	  I	  may	  withdraw	  from	  my	  study	  at	  any	  time	  and	  I	  have	  
received	  a	  copy	  of	  this	  agreement.	   

______	  I	  consent	  to	  my	  records	  including	  radiographs	  or	  photographs	  being	  used	  for	  research	  
purposes.	   

______	  I	  agree	  to	  the	  further	  use	  of	  data	  (e.g.	  radiographs	  and	  photographs)	  collected	  during	  this	  
study	  in	  possible	  future	  studies,	  without	  the	  need	  for	  my	  additional	  consent.	   

______	  I	  agree	  to	  the	  possible	  publication	  of	  results	  from	  this	  study 	  

______	  I	  understand	  that	  any	  of	  the	  research	  or	  educational	  purposes	  referred	  to	  above	  will	  preserve	  
my	  anonymity	  and	  my	  name	  will	  not	  be	  linked	  to	  any	  of	  these	  activities	  or	  publications.	   

______	  I	  understand	  that	  I	  may	  withdraw	  from	  this	  study	  at	  any	  time	  I	  wish	   

Participant’s	  name:.................................................................................	  Contact	  
details:......................................................................................	  Participant’s	  signature:	  
.................................................................................................	  Date:.................................................................................................	   

I	  have	  explained	  the	  nature	  and	  purpose	  of	  this	  research	  study,	  the	  procedures	  to	  be	  undertaken	  
and	  any	  risks	  that	  may	  be	  involved.	  I	  have	  offered	  to	  answer	  any	  questions	  and	  fully	  answered	  such	  
questions.	  I	  believe	  the	  participant	  understands	  my	  explanation	  and	  has	  freely	  given	  informed	  
consent.	   

Investigator’s	  signature:	  ........................................................................	  Date:....................................	   

Appendix 3: Informed Consent Form 
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Appendix 4: Clinical data sheet 
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Deepest Probing Depth (mm) Baseline 3 Month 
Change 

6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 21 19 21 21 N 
4.66 (1.52) -1.21 (1.13) -1.23 (1.22) -1.38 

(1.16) 
Mean 
(SD) 

3.00 0 0 0 Min 
8.00 -4.00 -5.00 -3.00 Max 
   .000 Sig. 

Treatment Modality II 12 12 12 12 N 
4.41 (1.50) -.91 (1.08) -1.66 (1.15) -1.33 

(1.07) 
Mean 
(SD) 

2.00 0.00 0.00 0.00 Min 
6.00 -3.00 -3.00 -3.00 Max 
   .009 Sig. 

Treatment Modality III 28  27 28 N 
6.00 (2.40)  -2.11 (2.35) -1.64 

(2.43) 
Mean 
(SD) 

3.00  1.00 3.00 Min 
13.00  -10.00 -10.00 Max 
   .000 Sig. 

Treatment Modality IV 23  21 22 N 

7.21 (2.89)  -2.55 (2.82) -3.00 
(3.54) 

Mean 
(SD) 

3.00  3.00 5.00 Min 
17.00  -10.00 -11.00 Max 
   .000 Sig. 

 

 
 
1-Way ANOVA Tukey Post-Hoc Test: TM1: Deepest Probing Depth 

 Baseline 3 Months  6 Months 12 Months 

Baseline  -1.21mm, 
p=.034 

-1.23, p=.020 -1.38mm, p=.000 

3 Months -1.21mm, p=.034  Non-
significant 

Non-significant 

6 Months -1.23mm, p=.020 Non-significant  Non-significant 
12 Months -1.38mm, p=.000 Non-significant Non-

significant 
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1-Way ANOVA Tukey Post-Hoc Test: TM2: Deepest Probing Depth 
 Baseline 3 Months  6 Months 12 Months 
Baseline  Non-significant -1.66, p=.007 -1.33, p=.044 
3 Months Non-significant  Non-

significant 
Non-significant 

6 Months -1.66mm, p=.007 Non-significant  Non-significant 
12 Months -1.33mm, p=.044 Non-significant Non-

significant 
 

 
1-Way ANOVA Tukey Post-Hoc Test: TM3: Deepest Probing Depth 

 Baseline 3 Months  6 Months 12 Months 

Baseline   -2.11, p=.001 -1.64, p=.005 
3 Months   Non-

significant 
Non-significant 

6 Months -2.11mm, p=.001   Non-significant 
12 Months -1.64mm, p=.005  Non-

significant 
 

 
1-Way ANOVA Tukey Post-Hoc Test: TM4: Deepest Probing Depth 

 Baseline 3 Months  6 Months 12 Months 

Baseline   -2.55, p=.001 -3.00, p=.000 
3 Months   Non-

significant 
Non-significant 

6 Months -2.55mm, p=.001   Non-significant 
12 Months -3.00mm, p=.000  Non-

significant 
 

 
Appendix 5: Treatment sub-gup analysis of deepest probing depth changes with 
Tukey post-hoc analysis of significant data. 
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Average Probing Depth 
(mm) 

Baseline 3 Month 
Change 

6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 21 20 21 21 N 
3.92 (1.28) -1.49 (1.27) -1.02 (1.15) -.88 (1.13) Mean 

(SD) 
2.16 .33 .67 1.5 Min 
7.00 -5.50 -4.50 -3.83 Max 
  . .000 Sig. 

Treatment Modality II 12 12 12 12 N 
3.56 (1.47) -.69 (.95) -1.18 (.90) -1.05 (-.97) Mean 

(SD) 
1.50 1.00 0.00 .33 Min 
5.83 -2.33 -3.00 -2.67 Max 
   .066 Sig. 

Treatment Modality III 28  27 28 N 
5.23 (2.15)  -2.03 (1.93) -1.55 (2.15) Mean 

(SD) 
1.50  .50 2.83 Min 
10.83  -8.00 -8.16 Max 
   .000 Sig. 

Treatment Modality IV 23  22 22 N 
6.06 (2.83)  -1.23 (3.34) -1.30 (4.03) Mean 

(SD) 
3.00  11.16 12.50 Min 
16.83  -4.73 -6.33 Max 
   .000 Sig. 

 

 
 
1-Way ANOVA Tukey Post-Hoc Test: TM1: Average Probing Depth 

 Baseline 3 Months  6 Months 12 Months 

Baseline  -1.49mm,p=.000 -1.02, p=.010 -.88, p=.010 
3 Months -1.49mm, p=.000  Non-

significant 
Non-significant 

6 Months -1.02mm, p=.010 Non-significant  Non-significant 
12 Months -.88mm, p=.010 Non-significant Non-

significant 
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1-Way ANOVA Tukey Post-Hoc Test: TM3: Average Probing Depth 
 Baseline 3 Months  6 Months 12 Months 
Baseline   -2.03, p=.000 -1.55, p=.009 
3 Months   Non-

significant 
Non-significant 

6 Months -2.03mm, p=.000   Non-significant 
12 Months -1.55mm, p=.009  Non-

significant 
 

 
1-Way ANOVA Tukey Post-Hoc Test: TM4: Average Probing Depth 

 Baseline 3 Months  6 Months 12 Months 

Baseline   -1.23, p=.002 -1.30, p=.000 
3 Months   Non-

significant 
Non-significant 

6 Months -1.23mm, p=.002   Non-significant 
12 Months -1.30mm, p=.000  Non-

significant 
 

 
Appendix 6: Treatment sub-group analysis of average probing depth changes with 
Tukey post-hoc analysis of significant data. 
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Clinical Attachment (mm) Baseline 3 Month 
Change 

6 Month 
Change 

12 Month 
Change 

 

Treatment Modality I 21 20 21 21 N 
4.06 (1.23) -1.55 (1.27) -.99 (1.38) -1.00 

(1.04) 
Mean 
(SD) 

2.16 0 .16 1 Min 
7.00 -5.50 -4.50 -3.83 Max 
  . .000 Sig. 

Treatment Modality II 12 12 12 12 N 

4.16 (1.84) -.51 (.80) -.91 (.81) -.61 (.94) Mean 
(SD) 

1.50 1.33 0.00 .67 Min 
7.46 -1.50 -2.50 -2.67 Max 
.   .611 Sig. 

Treatment Modality III 28  27 28 N 
6.01 (2.17)  -1.78 (1.84) -1.23 

(2.17) 
Mean 
(SD) 

2.50  1.00 2.83 Min 
10.83  -7.50 -7.50 Max 
   .005 Sig. 

Treatment Modality IV 23  21 22 N 
6.51 (2.75)  -2.46 (2.65) -2.75 

(2.99) 
Mean 
(SD) 

3.00  2.50 2.66 Min 
16.83  -11.00 -12.00 Max 
   .000 Sig. 

 
 
1-Way ANOVA Tukey Post-Hoc Test: TM1: Clinical Attachment Loss 

 Baseline 3 Months  6 Months 12 Months 
Baseline  -1.55mm,p=.000 -.99, p=.023 -1.00, p=.020 
3 Months -1.55mm, p=.000  Non-

significant 
Non-significant 

6 Months -.99mm, p=.023 Non-significant  Non-significant 
12 Months -1.00mm, p=.020 Non-significant Non-

significant 
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1-Way ANOVA Tukey Post-Hoc Test: TM3: Clinical Attachment Loss 
 Baseline 3 Months  6 Months 12 Months 
Baseline   -1.78, p=.003 -1.23, p=.038 
3 Months   Non-

significant 
Non-significant 

6 Months -1.78mm, p=.003   Non-significant 
12 Months -1.23mm, p=.038  Non-

significant 
 

 
 
1-Way ANOVA Tukey Post-Hoc Test: TM4: Clinical Attachment Loss 

 Baseline 3 Months  6 Months 12 Months 
Baseline   -2.46, p=.001 -2.75, p=.000 
3 Months   Non-

significant 
Non-significant 

6 Months -2.46mm, p=.001   Non-significant 

12 Months -2.75mm, p=.000  Non-
significant 

 

 
 
Appendix 7: Treatment sub-group analysis of average clinical attachment level 

changes with Tukey post-hoc analysis of significant data. 
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Bleeding on Probing (%) Baseline 3 Month 6 Month  12 Month   

Treatment Modality I 21 20 21 21 N 

42.00% (45) 19.00% (27) 21.00% (25) 18.00% (33) Mean 
(SD) 

38.00% 11.00% 18.00% 18.00% Median 
0.00 0.00 0.00 0.00 Min 
100.00 100.00 83.00 100.00 Max 
   .105 Sig. 

Treatment Modality II 12 12 12 12 N 
80.00% (22) 26.00% (35) 20.00% (21) 43.00% (41) Mean 

(SD) 
85.00% 8.00% 18.00% 35% Median 
33.00 0.00 0.00 0.00 Min 
100.00 100.00 67.00 100.00 Max 
   .000 Sig. 

Treatment Modality III 28  27 28 N 
47.00% (49)  34.00% (37) 32.00% (33) Mean 

(SD) 
17.00%  17.00% 17.00% Median 
0.00  0.00 0.00 Min 
100.00  100.00 100.00 Max 
   .371 Sig. 

Treatment Modality IV 23  21 22 N 
71.00% (36)  38.00% (36) 31.00% (37) Mean 

(SD) 
50.00%  32.00% 18.00% Median 
0.00  0.00 0.00 Min 
100.00  100.00 100.00 Max 
   .001 Sig. 

 
 
 
Kruskal-Wallis Post-Hoc Test: TM2: Bleeding on Probing 

 Baseline 3 Months  6 Months 12 Months 
Baseline  -54%, p=.003 -60%, p=.002 -37%, p=.031 
3 Months -54%, p=.003  Non-

significant 
Non-significant 

6 Months -60%, p=.002 Non-significant  Non-significant 
12 Months -37%, p=.031 Non-significant Non-

significant 
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Kruskal-Wallis Post-Hoc Test: TM4: Bleeding on Probing 
 Baseline 3 Months  6 Months 12 Months 
Baseline   -33%, p=.015 -40%, p=.001 
3 Months   Non-

significant 
Non-significant 

6 Months -33%, p=.015   Non-significant 
12 Months -40%, p=.001  Non-

significant 
 

 
 
Appendix 8: Treatment sub-group analysis of bleeding on probing changes with 
Tukey post-hoc analysis of significant data. 
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Plaque Score (%) Baseline 3 Month 6 Month  12 Month   
Treatment Modality I 21 20 21 21 N 

48.00% (50) 15.00% (36) 18.00% (27) 52.00% (51) Mean 
(SD) 

18.00% 0.00% 0.0% 100.00% Median 
0.00 0.00 0.00 0.00 Min 
100.00 100.00 83.00 100.00 Max 
   .008 Sig. 

Treatment Modality II 12 12 12 12 N 
88.00% (29) 47.00% (42) 48.00% (46) 38.00% (12) Mean 

(SD) 
100.00% 50.00% 35.00% 100.00% Median 
0.00 0.00 0.00 0.00 Min 
100.00 100.00 100.00 100.00 Max 
   .035 Sig. 

Treatment Modality III 28  27 28 N 
81.00% (37)  51.00% (40) 50.00% (47) Mean 

(SD) 
100.00%  50.00% 50.00% Median 
0.00  0.00 0.00 Min 
100.00  100.00 100.00 Max 
   .009 Sig. 

Treatment Modality IV 23  21 22 N 
92.00% (26)  42.00% (47) 38.00% (44) Mean 

(SD) 
100.00%  18.00% 35.00% Median 
0.00  0.00 0.00 Min 
100.00  100.00 100.00 Max 
   .000 Sig. 

 
Kruskal-Wallis Post-Hoc Test: TM1: Plaque Score 

 Baseline 3 Months  6 Months 12 Months 
Baseline  -33%, p=.024 Non-

significant 
Non-significant 

3 Months -33%, p=.024  Non-
significant 

-40%, p=.010 

6 Months Non-significant Non-significant  -37%, p=.045 
12 Months Non-significant -40%, p=.010 -37%, p=.045  
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Kruskal-Wallis Post-Hoc Test: TM2: Plaque Score 
 Baseline 3 Months  6 Months 12 Months 
Baseline  -41%, p=.011 -40%, p=.027 Non-significant 
3 Months -41%, p=.011  Non-

significant 
Non-significant 

6 Months -40%, p=.027 Non-significant  Non-significant 
12 Months Non-significant Non-significant Non-

significant 
 

 
Kruskal-Wallis Tukey Post-Hoc Test: TM3: Plaque Score 

 Baseline 3 Months  6 Months 12 Months 
Baseline   -30%, p=.008 -31%, p=.008 
3 Months   Non-

significant 
Non-significant 

6 Months -30%, p=.008   Non-significant 
12 Months -31%, p=.008  Non-

significant 
 

 
Kruskal-Wallis Tukey Post-Hoc Test: TM4: Plaque Score 

 Baseline 3 Months  6 Months 12 Months 

Baseline   -50%, p=.002 -54%, p=.000 
3 Months   Non-

significant 
Non-significant 

6 Months -50%, p=.002   Non-significant 

12 Months -54%, p=.000  Non-
significant 

 

 
Appendix 9: Treatment sub-group analysis of plaque level changes with Tukey 

post-hoc analysis of significant data.  
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1.   TMII: Resective surgery: 6-month correlation (r=-.576, p=.050) 
 

 

 
 

2.   TMIII: Guided Tissue Regeneration: 12-month correlation(r=-.454, p=.015) 
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3.   TMIV: Guided Bone Regeneration: 12-month correlation (r=-.743, p=.000) 

 
Appendix 10: Scatterplots of significant correlations between changes in deepest 
probing depth and ISQ levels 
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Pearson Correlation: 
Deepest Probing Depth (mm) 
Vs PTV 

3 Month 6 Month  12 Month   

Treatment Modality III  10 10  

 -2.22mm (2.32) -1.75mm (2.42) Mean PPD 
difference 
(S.D) 

 -.80 (1.39) -1.90 (1.52) Mean PTV 
difference 
(S.D) 

 -.570 -.188 Pearson 
Correlation 

 .085 .603 Sig. (2-tailed) 
Treatment Modality IV  14 14  

 -2.42mm (2.90) -3.04mm (3.49) Mean PPD 
difference 
(S.D) 

 -.07 (1.81) -.71 (2.30) Mean PTV 
difference 
(S.D) 

 .446 .508 Pearson 
Correlation 

 .110 .064 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
 
Appendix 11: Subgroup correlation analysis between changes in deepest probing 
depths and PTV levels 
 
 

 

 

 

 

 

 

 

 

 

 

 



 164 

Pearson Correlation: 
Average Probing Depth 
(mm) Vs ISQ 

3 Month 6 Month  12 Month   

Treatment Modality I 20 21 21 N 
-1.52mm (1.23) -1.03mm (1.14) -1.02mm 

(1.00) 
Mean PPD difference 
(S.D) 

.17 (4.55) 2.00 (4.48) 1.50 (5.80) Mean ISQ difference 
(S.D) 

.179 .385 .260 Pearson Correlation 

4.55 .094 .267 Sig. (2-tailed) 

Treatment Modality II 
 

12 12 12  
-0.61mm (.83) -1.10mm (1.01) -0.96mm (.99) Mean PPD difference 

(S.D) 
-.16 1.16 (5.48) .62 (5.64) Mean ISQ difference 

(S.D) 
-.272 -.412 .006 Pearson Correlation 
.393 .183 .984 Sig. (2-tailed) 

Treatment Modality III  27 28 N 
 -2.00mm (1.90) -1.55mm 

(2.15) 
Mean PPD difference 
(S.D) 

 -0.64 (4.44) -.33 (5.06) Mean ISQ difference 
(S.D) 

 -.177 -.431* Pearson Correlation 
 .376 .022 Sig. (2-tailed) 

Treatment Modality IV  21 22 N 
 -2.24mm (2.11) -2.62mm 

(3.30) 
Mean PPD difference 
(S.D) 

 2.11 (4.49) 3.77 (5.78) Mean ISQ difference 
(S.D) 

 -.370 -.697** Pearson Correlation 
 .099 .000 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
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1.   TMIII: Guided Tissue Regeneration: 12-Month correlation (r=-.431, 

p=.022) 
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2.   TMIV: Guided Bone Regeneration: 12-Month correlation (r=-.697, p=.000) 

Appendix 12: Subgroup correlation analysis between changes in average probing 

depths and ISQ levels & Scatterplots of significant correlations. 
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Pearson Correlation: 
Average Probing Depth 
(mm) Vs PTV 

3 Month 6 Month  12 Month   

Treatment Modality III  10 10  
 -2.00mm (1.90) -1.55 (2.15) Mean PPD 

difference (S.D) 
 -.80 (1.39) -1.99 (1.52) Mean PTV 

difference (S.D) 
 -.287 .137 Pearson 

Correlation 
 .422 .705 Sig. (2-tailed) 

Treatment Modality IV  14 14  
 -2.24mm (2.80) -2.62mm 

(3.35) 
Mean PPD 
difference (S.D) 

 -.07 (1.81) -.71 (2.30) Mean PTV 
difference (S.D) 

 .408 .585* Pearson 
Correlation 

 .147 .028 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
 
 

1.   TMIV: Guided Bone Regeneration: 12-Month correlation (r=.585, p=.028) 
 

 
Appendix 13: Subgroup correlation analysis between changes in average probing 

depths and PTV levels & Scatterplots of significant correlations 
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Pearson Correlation: 
Clinical Attachment Level 
(mm) Vs ISQ 

3 Month 6 Month  12 Month   

Treatment Modality I 20 21 
 

21 
 

N 

-1.55mm 
(1.26) 

-1.09mm (1.17) -1.00mm 
(1.04) 

Mean CAL 
difference (S.D) 

.17 (4.55) 2.00 (4.48) 1.50 (5.80) Mean ISQ 
difference (S.D) 

.246 .452* .311 Pearson 
Correlation 

.296 .045 .182 Sig. (2-tailed) 

Treatment Modality II 
 

12 
 

12 
 

12 
 

N 
 

-0.50mm 
(.68) 

-0.96mm (.80) -0.61mm 
(.94) 

Mean CAL 
difference (S.D) 

-.16 (5.51) 1.16 (5.48) .62 (5.64) Mean ISQ 
difference (S.D) 

-.268 -.431 -.064 Pearson 
Correlation 

.399 .162 .844 Sig. (2-tailed) 
Treatment Modality III  27 

 
28 
 

N 

 -1.78mm (1.84) -1.19mm 
(2.12) 

Mean CAL 
difference (S.D) 

 -.64 (4.44) -.33 (5.06) Mean ISQ 
difference (S.D) 

 -.107 -.393* Pearson 
Correlation 

 .595 .039 Sig. (2-tailed) 

Treatment Modality IV  21 
 

22 
 

N 
 

 -2.46mm (2.65) -2.75 (2.99) Mean CAL 
difference (S.D) 

 2.11 (4.49) 3.77 (5.78) Mean ISQ 
difference (S.D) 

 -.369 -.717** Pearson 
Correlation 

 .099 .000 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
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1.   TM1: Non-surgical therapy: 6-Month correlation (r=.452, p=.045) 

 
2.   TMIII: Guided Tissue Regeneration: 12-Month correlation (r=.393, p=.039) 
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3.   TMIV: Guided Bone Regeneration: 12-Month correlation (r=-.717, p=.000) 
 

 
 
 

Appendix 14: Subgroup correlation analysis between changes in clinical 

attachment and ISQ levels & Scatterplots of significant correlations 
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Pearson Correlation: 
Clinical Attachment Level 
(mm) Vs PTV 

3 Month 6 Month  12 Month   

Treatment Modality III  10 10 
 

N 
 

 -1.78mm (1.84) -1.19mm 
(2.12) 

Mean CAL 
difference 
(S.D) 

 -.80 (1.39) -1.90 (1.52) Mean PTV 
difference 
(S.D) 

 -.286 .239 Pearson 
Correlation 

 .423 .505 Sig. (2-tailed) 
Treatment Modality IV  14 

 
15 
 

N 
 

 -2.46mm (2.65) -2.75 (2.99) Mean CAL 
difference 
(S.D) 

 -.07 (1.81) -.71 (2.30) Mean PTV 
difference 
(S.D) 

 .374 .582* Pearson 
Correlation 

 .187 .022 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
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1.   TMIV: Guided bone regeneration: 12-Month correlation: (r=.582 p=.022) 

 
Appendix 15: Subgroup correlation analysis between changes in clinical 

attachment  and PTV levels & Scatterplots of significant correlations  
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*Correlation is significant at the 0.05 level (2-tailed) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pearson Correlation: 
Bone Level change (mm) Vs ISQ 

12 Months   

Treatment Modality I 21 N 
0.15mm (1.15) Mean bone level change (S.D) 
1.50 (5.86) Mean ISQ difference (S.D) 
.472* Pearson Correlation 

.048 Sig. (2-tailed) 

Treatment Modality II 
 

12 N 
0.29mm (2.13) Mean bone level change (S.D) 
.62 (5.64) Mean ISQ difference (S.D) 
-.051 Pearson Correlation 
.874 Sig. (2-tailed) 

Treatment Modality III 28 N 
0.76mm (1.59) Mean bone level change (S.D) 
-.33 (5.06) Mean ISQ difference (S.D) 
.270 Pearson Correlation 
.174 Sig. (2-tailed) 

Treatment Modality IV 22 N 
0.49mm (1.98) Mean bone level change (S.D) 

3.77 (5.78) Mean ISQ difference (S.D) 
-.017 Pearson Correlation 
.943 Sig. (2-tailed) 
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1.   TMI: Non-surgical therapy: 12-Month correlation (r=.472, p=.048) 

 
 

Appendix 16: Subgroup correlation analysis between changes in bone and ISQ 

levels at 12 Months & Scatterplot of significant correlation for non-surgical 

therapy subgroup 
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Pearson Correlation: 
Bone Level change (mm) Vs PTV 

12 Month   

Treatment Modality III 10 N 
0.76mm (1.59) Mean bone level change (S.D) 
-1.90 (1.52) Mean PTV difference (S.D) 
-.209 Pearson Correlation 
.562 Sig. (2-tailed) 

Treatment Modality IV 14 N 
0.49mm (1.98) Mean bone level change (S.D) 

-.71 (2.30) Mean PTV difference (S.D) 
.058 Pearson Correlation 
.843 Sig. (2-tailed) 

Appendix 17: Subgroup correlation analysis between changes in bone and PTV 

levels at 12-Months 
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Spearman Correlation: 
Bleeding on Probing (% 
change) Vs ISQ 

3 Month 6 Month  12 Month   

Treatment Modality I 20 
 

21 
 

21 
 

N 
 

-25% (57) -21% (38) -18% (51) Mean BOP difference 
(S.D) 

.17 (4.55) 2.00 (4.48) 1.50 (5.80) Mean ISQ difference 
(S.D) 

.388 .447* .329 Spearman Correlation 

.091 .048 .156 Sig. (2-tailed) 

Treatment Modality II 
 

12 
 

12 
 

12 
 

N 
 

-54% (42) -20%(21) -37% (31) Mean BOP difference 
(S.D) 

-.16 (5.51) 1.16 (5.48) .62 (5.64) Mean ISQ difference 
(S.D) 

-.049 .040 -.378 Spearman Correlation 
.879 .903 .225 Sig. (2-tailed) 

Treatment Modality III  27 
 

28 
 

N 
 

 -34% (37) -14% (56) Mean BOP difference 
(S.D) 

 -.64 (4.44) -.33 (5.06) Mean ISQ difference 
(S.D) 

 -.366 -.218 Spearman Correlation 
 .061 .264 Sig. (2-tailed) 

Treatment Modality IV  21 
 

22 
 

N 
 

 -30% (52) -39% (46) Mean BOP difference 
(S.D) 

 2.11 (4.49) 3.77 (5.78) Mean ISQ difference 
(S.D) 

 -.287 -.396 Spearman Correlation 
 .338 .068 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
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1.   TMI: Non-surgical therapy: 6-Month correlation (r=.447, p=.048) 

 
 

 
 
Appendix 18: Subgroup correlation analysis between changes in bleeding on 

probing and ISQ levels & Scatterplot of significant correlation for non-surgical 

therapy subgroup at 6-months 
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Spearman Correlation: 
Bleeding on Probing (% 
change) Vs PTV 

3 Month 6 Month  12 Month   

Treatment Modality III  10 
 

10 N 
 

 -34% (37) -14% (56) Mean BOP difference 
(S.D) 

 -.80 (1.39) -1.90 (1.52) Mean PTV difference 
(S.D) 

 .609 .047 Spearman Correlation 
 .062 .898 Sig. (2-tailed) 

Treatment Modality IV  14 
 

15 
 

N 
 

 -30% (52) -39% (46) Mean BOP difference 
(S.D) 

 -.07 (1.81) -.71 (2.30) Mean PTV difference 
(S.D) 

 .028 .016 Spearman Correlation 
 .924 .957 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
 
Appendix 19: Subgroup correlation analysis between changes in bleeding on 

probing and PTV levels  

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 179 

Spearman Correlation: 
Plaque Score (% change) Vs 
ISQ 

3 Month 6 Month  12 Month   

Treatment Modality I 20 
 

21 
 

21 
 

N 
 

-30% (45) -30% (51) -3% (72) Mean Plaque 
difference (S.D) 

.17 (4.55) 2.00 (4.48) 1.50 (5.80) Mean ISQ 
difference (S.D) 

.167 -.134 -.114 Spearman 
Correlation 

.480 .574 .632 Sig. (2-tailed) 

Treatment Modality II 
 

12 
 

12 
 

12 
 

N 
 

-41% (39) -40% (65) -23% (36) Mean Plaque 
difference (S.D) 

-.16 (5.51) 1.16 (5.84) .62 (5.64) Mean ISQ 
difference (S.D) 

.254 -.160 -.056 Spearman 
Correlation 

.426 .619 .862 Sig. (2-tailed) 
Treatment Modality III  27 

 
28 
 

N 
 

 -33% (46) -39% (61) Mean Plaque 
difference (S.D) 

 -.64 (4.44) -.33 (5.06) Mean ISQ 
difference (S.D) 

 .082 .593** Spearman 
Correlation 

 .684 .001 Sig. (2-tailed) 

Treatment Modality IV  21 
 

22 
 

N 
 

 -49% (54) -41% (69) Mean Plaque 
difference (S.D) 

 2.11 (4.49) 3.77 (5.78) Mean ISQ 
difference (S.D) 

 -.300 -.445* Spearman 
Correlation 

 .186 .038 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
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1.   TMIII: Guided Tissue Regeneration: 12-Month correlation (r=.593, p=.001) 

 
 

2.   TMIV: Guided Bone Regeneration: 12-Month correlation (r=-.445, p=.038) 

 

 
Appendix 20: Subgroup correlation analysis between changes in plaque score % 
and ISQ levels & Scatterplots of significant correlations 
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Spearman Correlation: 
Plaque Score (% change) Vs 
PTV 

3 Month 6 Month  12 Month   

Treatment Modality III  10 
 

10 
 

N 
 

 -33% (46) -32% (61) Mean Plaque 
difference (S.D) 

 -.80 (1.39) -1.90 (1.52) Mean PTV 
difference (S.D) 

 -.871** -.046 Spearman 
Correlation 

 .001 .900 Sig. (2-tailed) 
Treatment Modality IV  14 

 
15 
 

N 
 

 -49% (54) -41% (69) Mean Plaque 
difference (S.D) 

 -.07 (1.81) -.71 (2.30) Mean PTV 
difference (S.D) 

 .263 .109 Spearman 
Correlation 

 .363 .709 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
 

1.   TMIII: Guided Tissue Regeneration: 6-Months (r=-.871, p=.001) 

 
Appendix 21: Subgroup correlation analysis between changes in plaque score % 

and PTV levels & Scatterplot of significant correlation. 



 182 

Correlation Testing: 
Baseline Keratinised Tissue (mm)  

  

Baseline Bone Level (mm) 82 N 
0.46 (1.67) Mean Bone Level difference (S.D) 

1.99mm (1.91) Mean Baseline KT (S.D) 

.150 Pearson Correlation 

.186 Sig. (2-tailed) 

Baseline Deepest Probing Depth 
(mm) 

85 N 
5.89 (2.45) Mean Deepest PPD difference (S.D) 

1.99mm (1.91) Mean Baseline KT (S.D) 

.156 Pearson Correlation 

.154 Sig. (2-tailed) 
Baseline Average Probing Depth 
(mm) 
 

85 N 
4.92 (2.29) Mean Average PPD difference (S.D) 

1.99mm (1.91) Mean KT difference (S.D) 
.147 Pearson Correlation 

.179 Sig. (2-tailed) 
Baseline Clinical Attachment Level 
(mm) 

85 N 
5.49 (2.40) Mean CAL difference (S.D) 
1.99mm (1.91) Mean KT difference (S.D) 

.009 Pearson Correlation 

.934 Sig. (2-tailed) 
Baseline Bleeding on Probing Score 
(%) 

85 N 
57% (44) Mean BOP difference (S.D) 
1.99mm (1.91) Mean KT difference (S.D) 

-.164 Spearman Correlation 

.134 Sig. (2-tailed) 
 

Baseline Plaque Score (%) 
 
 
 
 
 
 
 
 

85 N 
77% (40) Mean PS difference (S.D) 

1.99mm (1.91) Mean KT difference (S.D) 

-.156 Spearman Correlation 

.155 Sig. (2-tailed) 

Appendix 22: Baseline keratinized tissue and peri-implant parameter correlation 
testing 
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1.   Baseline ISQ Vs PTV correlation (r=-.724, p=.000) 

 

 
2.   3-Month ISQ Vs PTV correlation (r=-.747, p=.000) 
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3.   6-Month ISQ Vs PTV correlation (r=-.791, p=.000) 
 

 
 
 

 
4.   12-Month ISQ Vs PTV correlation (r=-.808, p=.000) 

 

 
Appendix 23: Scatterplots of significant correlations for ISQ & PTV for whole data 
set 
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Pearson Correlation: 
ISQ Vs PTV 

Baseline 3 Month 6 Month  12 Month   

Treatment Modality I 20 20 20 20 ISQ (N) 

 7 7 7 7 PTV (N) 

 68.26 (4.81) 68.70 (6.28) 71.15 (5.90) 70.60 (6.65) Mean ISQ (S.D) 

 -2.83 (1.83) -2.83 (1.83) -3.71 (3.49) -3.71 (3.35) Mean PTV (S.D) 

 -.590 -.781 -.944** -.811 Pearson 
Correlation 

 .218 .066 .005 .050 Sig. (2-tailed) 

Treatment Modality 
II 

12 12 12 12 ISQ (N) 

 3 3 3 3 PTV (N) 

 66.58 (7.44) 66.41 (6.54) 67.75 (4.94) 67.20 (7.02) Mean ISQ (S.D) 

 -3.33 (3.78) -5.66 (1.15) -6.00 (1.73) -6.33 (2.08) Mean PTV (S.D) 

 .871 .982 -.189 -.913 Pearson 
Correlation 

 .326 .121 .879 .267 Sig. (2-tailed) 

Treatment Modality 
III 

27 24 27 28 ISQ (N) 

 10 6 10 10 PTV (N) 

 64.51 (7.22) 63.16 (7.04) 63.88 (6.86) 64.17 (6.97) Mean ISQ (S.D) 

 -1.11 (2.52) -2.66 (1.86) -1.90 (2.60) -3.10 (2.92) Mean PTV (S.D) 

 -.906** -.751 -.771** -.801** Pearson 
Correlation 

 .001 .086 .009 .005 Sig. (2-tailed) 

Treatment Modality 
IV 

21 20 21 22 ISQ (N) 

 14 12 14 14 PTV (N) 

 61.83 
(10.74) 

61.12 
(11.56) 

64.47 (10.83) 66.00 (10.72) Mean ISQ (S.D) 

 .46 (2.98) .75 (4.53) .07 (3.49) -.57 (3.17) Mean PTV (S.D) 

 -.863** -.812** -.806** -.951** Pearson 
Correlation 

 .000 .001 .001 .000 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level 
 
Appendix 24: Subgroup correlation analysis of mean ISQ Vs PTV values at each 
time-point (including TMI and TMII) 
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Pearson Correlation: 
ISQ Vs PTV 

3 Month 6 Month  12 Month   

Treatment Modality I 20 20 20 ISQ (N) 

 7 7 7 PTV (N) 

 .17 (4.55) 2.00 (4.48) 1.50 (5.80) Mean ISQ difference (S.D) 

 -.66 (1.63) -1.85 -1.85 (1.95) Mean PTV difference (S.D) 

 .017 -.609 -.633 Pearson Correlation 

 .974 .200 .177 Sig. (2-tailed) 

Treatment Modality II 12 12 12 ISQ (N) 

 3 3 3 PTV (N) 

 -.16(5.51) 1.16 (5.48) .62 (5.64) Mean ISQ difference (S.D) 

 -2.33 (3.51) -2.66 (5.03) -2.33 (4.04) Mean PTV difference (S.D) 

 .972 .693 -.183 Pearson Correlation 

 .152 .512 .883 Sig. (2-tailed) 

Treatment Modality 
III 

27 27 27 ISQ (N) 

 10 10 10 PTV (N) 

 -2.17 (4.63) -.64 (4.44) -.33 (5.06) Mean ISQ difference (S.D) 

 -.60 (.54) -.80 (1.39) -1.90 (1.52) Mean PTV difference (S.D) 

 -.049 -.199 -.345 Pearson Correlation 

 .937 .582 .329 Sig. (2-tailed) 

Treatment Modality 
IV 

19 21 22 ISQ (N) 

 11 14 14 PTV (N) 

 -.31 (3.83) 2.11 (4.49) 3.77 (5.78) Mean ISQ difference (S.D) 

 .63 (2.33) -.07 (1.81) -.71 (2.30) Mean PTV difference (S.D) 

 -.019 -.133 -.778** Pearson Correlation 

 .955 .651 .001 Sig. (2-tailed) 

*Correlation is significant (2-tailed) at the 0.05 level 
** Correlation is significant (2-tailed) at the 0.01 level  
 
Appendix 25: Subgroup correlation analysis of mean ISQ Vs PTV value changes at 
3, 6 and 12-months (including TMI and TMII) 
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