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Summary

Osseointegrated oral implants are becoming increasingly more common in restorative dentistry as
permanent replacements for lost or missing teeth. Peri-implant infections are a significant area of
treatment need but the current evidence base for treatment is low. Peri-implant and periodontal
infections share many similarities including clinical and pathological features and both have a
microbial aetiology. There is growing evidence that patients with an increased susceptibility to
periodontal disease have an increased susceptibility to peri-implantitis, very likely associated with
oral bacterial microflora dynamics. The present study was undertaken to further investigate
clinical and microbial aspects of peri-implantitis and periodontitis in a cohort of patients attending
the Dublin Dental Unversity Hospital.

Aims: The present study was undertaken to further understanding of (i) the risk indicators of oral
peri-implant infections including peri-implant mucositis and peri-implantitis, (ii) the bacterial
species associated with peri-implant infections and the influence of patient factors on
microbiological parameters, (iii) to compare periodontal and peri-implant healing following non-
surgical treatment clinically and microbiologically, (iv) to comapre the range and density of
bacterial species recovered from subgingival sites using paperpoint and currette sampling, (v) to
investigate the relative distribution of Candida spp. in periodontal pockets and the orai mucosa
and the population biology of the predominant species recovered, Candida albicans, from
periodontal and oral mucosal sites in patients affected by periodontitis compared to healthy
controls.

Methods: Fifty-one patients with dental implant restorations present for five or more years
underwent a detailed history, clinical and radiographic examination. The baseline findings were
examined in light of the periodontal disease history and smoking status. Patients affected by peri-
implant mucositis or peri-implantitis underwent non-surgical treatment, debridement and oral
hygiene instruction, and follow up at three and nine months post-treatment. Microbiological
sampling was undertaken using paper-points and curettes. Separate paper-point and curette
samples from 40 individual sites in 27 patients were tested semi-quantitatively for a panel of 29
bacterial species previously associated with periodontitis and peri-implantitis by checkerboard
DNA-DNA hybridisation analysis. For the remaining dental implant patients, paper-point and
curette samples were combined prior to checkerboard DNA-DNA hybridisation analysis. For 21
patients without implants, but who were affected with periodontitis, paper-point, curette and oral
wash samples were tested for Candida spp. by culture on CHROMagar Candida agar. The
population structure of selected isolates of C. albicans, the predominant species recovered, was
investigated using multilocus sequence typing (MLST) using oral carriage C. albicans isolates
from healthy controls as a comparison group.

Results: No significant association was observed between current smoking status and peri-
implantitis or implant loss (p=0.1). Severe periodontal disease was found to be significantly
associated with peri-implantitis or implant loss (p=0.03). For the patients affected by either peri-
implant mucositis and/or peri-implantitis and who completed treatment and follow up, a
significant decrease in bleeding on probing was noted for both groups (p<0.05). Furthermore the
percentage of sites with probing pocket depths of >6 mm was noted to be significantly decreased
for the peri-implantitis group (p<0.05) but not for the peri-implant mucositis group (p>0.05) nine
months following completion of treatment.

On an implant level significant reductions were noted in bleeding on probing and in
probing pocket depths, for both peri-implantitis and peri-implant mucositis sites (p<0.0001)
following treatment. Neither paper-point nor curette sampling yielded markedly greater amounts
of bacterial DNA. Paper-point sampling yielded a greater number of species than curette sampling
in 55% (22/40) of the sites tested. However in 30% (12/40) of the sites investigated, curette
sampling yielded a greater number of bacterial species than paper-point sampling. A combination
of both sampling techniques for individual sites produced the best results in terms of the range of
bacterial ssepcies detected. Treponema spp. were observed to be significantly elevated in peri-
implant sites compared to periodontal sites (p<0.05). The total of the mean values of the estimated
bacterial cell density per individual species detected from all of the samples investigated from
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peri-implantitis sites was 33% greater than that of peri-implant mucositis sites. Tanerella forsythia
and Porphyromonas gingivalis levels were significantly elevated (p<0.01) and Neisseria mucosa
percentage levels were elevated to a lesser extent (p<0.05) in periodontal and peri-implant sites
demonstrating probing depths of >5 mm and bleeding on probing. The levels of Treponema spp.
were significantly elevated, from periodontal and peri-implant sites in patients with a history of
severe periodontal disease, compared to patients with no history of severe periodontal disease
(p<0.05).

Following non-surgical treatment of patients with peri-implant mucositis or peri-
implantitis, significant reductions were observed in the levels of both Aggregatibacter
actinomycetemcomitans and P. gingivalis (p<0.01) at peri-implant sites. Almost 50% of peri-
implant sites showed an increase of >1% in the levels of oral streptococci (28/55),
Capnocytophaga spp. (28/55) and Eikenella corrodens (28/55) following treatment. No significant
differences were observed between peri-implant and periodontal sites for levels of A.
actinomycetemcomitans, P. gingivalis, T. forsythia, Treponema spp. and staphylococcal spp.
comparing baseline to nine months following treatment (p>0.05).

Candida spp. was recovered from 10/21 (46.7%) periodontitis patients and 16/50 (32%)
healthy subjects. Candida albicans predominated in both groups and was recovered from all
Candida-positive subjects. Candida-positive periodontitis patients yielded Candida from
periodontal pockets with average densities from curette and paper-point samples of 3,528 and
3,910 colony forming units (cfu)/sample, respectively, and 1,536 cfu/ml from oral rinses. The
majority (18/19) of periodontitis patients’ healthy sites sampled were Candida-negative. The 16
Candida-positive healthy subjects yielded an average of 279 cfu/ml from oral rinses. MLST
analysis of 31 C. albicans isolates from periodontitis patients yielded 19 sequence types (STs), 13
of which were novel. Eleven STs belonged to MLST clade 1. In contrast, 16 C. albicans isolates
from separate healthy subjects belonged to 16 STs, with four from clade 1. The distribution of STs
between both groups was significantly different (p=0.04) and indicated an enrichment of C.
albicans isolates in periodontal pockets that warrants a larger study.

Conclusions: 1. Patients with a history of severe periodontal disease were significantly more
likely to experience peri-implantitis and/or implant loss (p=0.03). Current smoking status was not
significantly associated with peri-implantitis or implant loss (p=0.1). 2. Non-surgical mechanical
treatment resulted in improvements in probing pocket depth and bleeding on probing in patients
with peri-implant mucositis and/or peri-implantitis. These findings indicate that non-surgical
mechanical treatment may be recommended as a first line treatment for these patient groups. 3.
Markedly differing results were obtained for the detection of microbial species from sub-gingival
and sub-mucosal sites using paperpoint and curette sampling and therefore combined samples
obtained using both methods should be used to more fully represent the micro-flora of the sub-
gingival or sub-mucosal site sampled. 4. Peri-implant samples yielded significantly higher levels
of Treponema spp. compared to periodontal sites (p<0.05). Furthermore, the levels of Treponema
spp. were significantly elevated from periodontal and peri-implant sites, in patients with a history
of severe periodontal disease (p<0.05). These findings indicate that levels of 7reponema spp. can
possibly be used to monitor the health of periodontal and peri-implant sites. 5. Candida spp. were
commonly isolated from the sub-gingival sites of periodontitis patients and were significantly
associated with active periodontitis. The observed enrichment of clade 1 C. albicans isolates from
periodontal pockets relative to oral carriage isolates indicates that clade 1 isolates may be
predisposed to the environment present in periodontal pockets and may contribute to the
periodontal disease process. This research provides dental practice with new and timely evidence-
based information on the aetiology, clinical management and outcomes of non-surgical therapy for
human peri-implant and periodontal diseases.
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Chapter 1

General Introduction



1.1 Overview

Peri-implant disease as presented by the 6™ European Workshop on Periodontology
(Zitzmann & Berglundh, 2008) is defined as “a collective term for inflammatory
reactions in the tissues surrounding an implant”. Peri-implant mucositis is defined as “the
presence of inflammation of the mucosa at an implant with no signs of loss of supporting
bone” (Figure 1.1a and 1.1b), whereas peri-implantitis, in addition to inflammation of the
mucosa, is characterised by a loss of implant supporting bone (Figure 1.2).

Approximately 10 million new dental implants are placed annually worldwide
(Millenium Research Group: US market for dental implants, 2003), yet our knowledge of
peri-implant infections is limited (Furst et al., 2007). In order to inform patients of the
possible associated risks of having dental implants, it is crucial that we first understand
the aetiology of peri-implant infections and likely contributing factors. This includes
determining which microorganisms are associated with these disease processes, what the
associated risk factors or risk indicators are and determining the evidence for different
treatments of peri-implant infections. The evidence base for the treatment of peri-implant
infections is recognised as being low and many treatment approaches are considered
empirical (Roos-Jansaker et al., 2006a). What is known is that peri-implant infections are
going to be a significant area of treatment need for the future (Renvert et al., 2006a).

The impact of the hygienic and mechanical debridement phase of treatment
(initial disease elimination therapy) on the composition of sub-gingival biofilms in
patients with peri-implantitis, whilst common to many recommended treatment strategies
for peri-implantitis, remains incompletely understood. Peri-implant and periodontal
infections share many similarities including clinical, pathological and microbiological
features. Both periodontitis and peri-implantitis are chronic inflammatory diseases with a
microbial aetiology (Zitzmann & Berglundh, 2008). In both periodontitis and peri-
implantitis, the persistent host inflammatory and immune response against the bacterial
challenge is responsible for the hard and soft tissue destruction (Zitzmann & Berglundh,
2008). In both periodontitis and peri-implantitis, host susceptibility is considered to be
important, however, the evidence base to support this is limited (Renvert & Persson,
2009). There is growing evidence that patients who are at an increased susceptibility to
periodontal disease, also have an increased susceptibility to peri-implantitis and
subsequent implant loss (Karoussis et al., 2002; Renvert & Persson, 2009). This likely

relates both to the microflora present within the patients’ mouth (Mombelli ef al., 1995)



Blesding

Periodontal probe

Implant-supported bridge

Figure 1.1a A photograph of a dental implant restoration affected by peri-implant
mucositis. The periodontal probe (Click Probe, Kerr Hawe, Germany) is in position in the
peri-implant crevice of the implant-supported bridge. Note the bleeding on probing
present.

Dental implant
Peri-implant bone level

Implant-supportad bridge

Figure 1.1b A peri-apical radiograph of the dental implant-supported bridge shown in
Figure 1.1a. Note the peri-implant bone levels demonstrate little bone loss.
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Figure 1.2 A peri-apical radiograph of a dental implant-supported bridge affected by
peri-implantitis. Note the peri-implant bone levels demonstrate extensive bone loss.



4
V



and genetic factors which determine the manner in which patients respond to peri-implant
and/or periodontal infection (Karoussis ef al., 2003).

While knowledge of the putative pathogens in periodontitis has been extensively
studied, it is of great importance to establish a similar knowledge base for peri-implant
diseases. The furthering of knowledge of both the composition of the sub-gingival flora
and the changes in the microflora in response to the non-surgical treatment of peri-
implantitis is urgently required. The present investigation sets out to increase
understanding of the aetiology of peri-implant diseases and provide clinical and
microbiological evidence as to the efficacy of non-surgical mechanical treatment in the

treatment of peri-implant infections.

1.2 Endosseous dental implants: osseointegration

The osseointegrated dental implant is based on the discovery by Swedish Professor Per-
Ingvar Branemark that titanium can be successfully fused into bone when osteoblasts
grow on and into the rough surface of the implanted titanium, forming a direct structural
and functional connection between the living bone and the implant (Linder et al., 1983).
One group who derived much benefit from the application of osseointegration are fully
and partially edentulous patients who regain oral function from new dental implant
restorations (Raghoebar ef al., 2000).

Endosseous dental implants are titanium screws that are placed within the bone of
the jaws and serve as prosthetic anchors to support crowns or bridges or to secure
dentures. The bone of the toothbearing region of the jaws forms an intimate interface with
the titanium implant surface, firmly holding the implant in place. This form of union
between the bone and the implant is termed osseointegration (i.e. the establishment and
maintenance of direct bone to implant anchorage). The first report of an osseointegrated
dental implant utilised to secure a complete mandibular denture was published in 1977
(Branemark et al., 1977). Since this time, the practice of dentistry has been transformed
and the quality of life of many patients has improved dramatically. Osseointegrated dental
implants often enable the optimal restoration of oral function (including eating and
speaking), aesthetics and overall well-being of patients in complex cases where
previously available treatment approaches were limited or inadequate (Raghoebar ef al.,
2000). In such instances, dental implants may offer the advantage of being the only
predictable way to replace missing teeth with a restoration which is fixed in the mouth,

the alternative being a removable denture. The option of a fixed restoration is invaluable,



especially in young patients. Dental implants may also be used to secure a denture which
no longer fits in place due to atrophy of the jaw bone following the loss of the patients
natural teeth. This is particularly important in the mandible where an elderly patient can
frequently no longer wear a complete lower denture during eating or speaking as it moves
around the mouth and is uncomfortable and embarrassing. For these patients, two or more
implants placed in the previous tooth bearing area of the mandible can secure the denture
in place so that the patient may eat, speak and smile without being concerned or
uncomfortable (Raghoebar ef al., 2000). The patient can remove the prosthesis at night
time in the privacy of their own home to facilitate cleaning of the implants and the
denture. The stabilisation and retention of a mandibular complete over-denture in the
atrophic mandible has been observed to dramatically improve the quality of life of
patients who previously experienced great difficulties in coping with a complete lower
denture (Feine ef al., 1994). Dental implants are also commonly employed to replace
missing teeth in simpler cases where they offer advantages over other types of prosthetic
restorations such as a fixed (Nevins & Langer ef al., 1991) or removable partial denture,
which are dependent on the structural integrity and periodontal support of the adjacent
natural tooth abutments.

The great contribution of dental implants to dentistry is highlighted by the ever
increasing demand for them and over 700,000 implants are placed every year in the USA
alone. Just as the supporting structures of the natural teeth can become damaged due to
chronic infection and inflammation, so too can the supporting structures of dental
implants. Such damage is caused by peri-implant infections, which are sub-divided into
peri-implant mucositis and peri-implantitis (Albrektsson & Isidor, 1994). Peri-implant
mucositis refers to a reversible inflammatory change of the peri-implant soft-tissues
without the loss of the implant supporting bone, whereas peri-implantitis is an
inflammatory process affecting the peri-implant tissues which results in loss of the

implant supporting bone (Albrektsson & Isidor, 1994).
13 Problems associated with peri-implant infections

Peri-implantitis results in the recession and apical shift of the supporting bone and
overlying soft-tissues that may result in display of the implant margin leading to aesthetic
and psychosocial problems (Yeung et al., 2008). In addition, a decrease in the mechanical
stability of the fixture may result in advanced peri-implantitis around short implants

(Esposito et al, 2008). Furthermore, peri-implantitis may compromise the long-term



prognosis for the implant restoration. Pjetursson ef al. (2012) noted in a group of 70
patients with 165 implants placed for a mean period of 7.9 years, that 4.2% of implants
experienced a loss of osseointegration due to peri-implantitis. Also, there is no direct
evidence of the influence of chronic infection in the peri-implant tissues on patients’
systemic health.

However, the systemic impact of periodontopathogens has been elucidated in
studies of periodontitis. A statistically significant increase in the risk of atherosclerosis
(Desvarieux et al., 2005), myocardial infarction and cardiovascular events (Pussinen ef
al., 2004) has been reported for patients with periodontitis compared to periodontally
healthy controls. Following meta-analyses of the available human data (Meurman ef al.,
2004), an increased risk of cardiovascular disease and stroke amongst periodontitis
patients was noted when compared to periodontally healthy controls. In a study of 628
Pima Indians over an 11-year period, the mortality rate from cardio-renal disease was
observed to be 3.5 times higher in diabetic patients with severe periodontitis compared to
periodontally healthy diabetic controls (Saremi ez al, 2005). Considerable evidence is
available linking poor maternal periodontal health and adverse pregnancy outcomes,
including preterm birth (Offenbacher er al., 1996). Michalovicz et al. (2006) undertook a
study of 823 women who received scaling and root planning between 13 and 21 weeks of
pregnancy or after delivery. However, the treatment was not observed to significantly
influence the pregnancy outcomes of delivery prior to 37 weeks or live preterm birth
(p<0.05). It is interesting to note that the treatment group had significantly fewer
spontaneous abortions than the control group of patients who did not receive treatment
(p=0.08). However, definitive evidence in terms of improved pregnancy outcomes for
patients who receive periodontal treatment are awaited (Michalovicz et al., 2006).

Evidence linking sub-gingival peri-implant biofilms and systemic complications
is currently not available. There is no reason to assume that a peri-implant infection is any
less detrimental to the host systemic system than periodontitis, in fact quite the contrary.
Furst et al. (2007) reported an increased prevalence of Staphylococcus aureus in
periodontal sites following placement of dental implants. Staphylococcus aureus can
express a diverse array of virulence factors and this organism can cause a wide range of
infections and disease syndromes.

The microorganisms associated with endosseous dental implants are often
similar to those of the periodontal micro-flora, however, differences have been observed

between the composition of the micro-flora of endosseous dental implants and those of



the natural teeth. The extent of this diversity is not yet understood as many
microorganisms often found in the oral cavity have not yet been specifically investigated
in peri-implant infections.

To the authors’ knowledge, the systemic impact of peri-implant infections has
not been specifically investigated. From studies of infections of the periodontal tissues, it
has been demonstrated that the microorganisms which colonise the pathological
periodontal pocket are often found in the blood stream of patients (bacteraemia) and at
remote sites from the oral cavity such as within the heart valves or kidneys (Paquette et
al., 2007). Also, an upregulation of inflammatory markers throughout the body generally
has been observed in patients with active periodontal infection (Paquette et al.,, 2007).
The peri-implant tissues are similar in many ways to the periodontal tissues (Lang &
Berglundh, 2011) and it is to be expected that microorganisms from the plaques around
endosseous dental implants are also translocated within the blood stream to distant sites
where they may mediate adverse affects. It may therefore be hypothesised that the
inflammation of the peri-implant tissues may lead to an upregulation of systemic
inflammatory markers. The first step in understanding the importance of peri-implant
infections on the health of the patient groupings generally is to have evidence as to which
microorganisms are present within peri-implant plaques.

By understanding the microorganisms that are present in peri-implant biofilms,
one can begin to understand the specific risks to patients’ overall medical well-being.
Certain microorganisms (e.g. S. aureus) that appear to be associated with peri-implant
infections (Furst er al, 2007) can express many virulence factors and therefore
theoretically pose a systemic risk to the patient. Furthermore, it is of priority to identify
which microorganisms are associated with peri-implant infections and which treatment
approaches are most effective in the management of peri-implant infections so that one
may have the knowledge to make informed treatment decisions and treat peri-implant
infections.

As the extent of the problems of peri-implant infections become more evident,
more and more emphasis in the dental literature is being placed on the restoration and
maintenance of peri-implant health. An Ovid Med-Line search reveals that, up to 1987,
there were no articles published in the dental literature using the search term “peri-
implantitis or peri-implant mucositis or peri-implant infections”. By 1997, there were 58
articles published on peri-implantitis, by 2007, the number of articles published on peri-

implant infections had risen to 296 and in September 2012 a total of 662 related articles



were retrieved. This upward trend is expected to continue reflecting the growing interest
of the dental community in the topic of peri-implant infections, the difficulties in
managing diseases of the peri-implant tissues and the expected increase in treatment

requirements for this patient group.
1.4 Peri-implant biofilm formation

Following the introduction of a prosthesis to the oral environment, a biofilm rapidly
forms on its surface (Teughels er al., 2011). Biofilms consist predominantly of a highly
hydrated exopolysaccharide matrix in which single microbial cells (mostly bacteria) and
microcolonies occur heterogeneously interspersed with pores and channels. Biofilms form
on all surfaces within an aqueous environment such as the oral cavity (Teughels et al.,
2004). Initial bacterial adhesion to prosthetic surfaces is a result of biochemical and
physic-chemical forces (Teughels e al, 2011). Initial colonisers provide a pellicle for
subsequent colonisers to adhere to (Rosan & Lamont, 2000).

The structure of oral biofilms is such that the outer layers may be influenced by
the patient’s host cellular and humoral immune defences. Similarly, pharmacological
chemotherapeutic agents, disinfectants and antibiotics may only interfere with those
microorganisms and their products to which they come into direct contact. Thus, the
deeper layers of a biofilm remain relatively undisturbed despite host immune defences,
the use of mouth wash disinfectants or administration of systemic or topical antibiotics
(Socransky & Haffajee, 2002). The transfer of genes encoding specific virulence factors
from one microbial species to another within the biofilm is possible, although such
mobile genetic (e.g. bacteriophages, plasmids and tranposons) elements usually only
transfer between the same or closely related species (Teughels ef al., 2011). Over time,
the biofilms mature and may accommodate a more diverse range of microorganisms
(Socransky & Haffajee, 2002) To date, much of the literature has focused on bacterial
species and little attention has been paid to oral yeasts (Maguire et al., 2008). Traditional
techniques employed to investigate the composition of the sub-gingival biofilm in health
and disease, include both light microscopy and culture techniques (under aerobic and
anaerobic conditions). Thus the microorganisms identified utilising these techniques
received greater and greater attention, yet much remains unknown or incompletely
understood (Socransky & Haffajee, 2002).

Perhaps there is an inherent bias in continuing to exclusively investigate

traditional putative periodontopathogens, in that the microorganisms identifiable by light



microscopy and culture techniques have been limited. It is known that there remains an
abundance of microorganisms in the oral environment which have yet to be identified and
may be identified using newer techniques (Paster et al,, 2006). More than 400 microbial
species are reported to exist in subgingival plaque and more than 500 microbial species
may be present in the oral environment (Paster et al., 2006). Aas et al. (2005) commented
that “the colonisation patterns and bacterial presence around teeth appear to depend on
many microorganisms previously not considered in studies”. The microbial flora of peri-
implantitis is poorly understood (Furst ez al., 2007). Implants demonstrating signs of peri-
implantitis demonstrate larger amounts of plaque with increased proportions of Gram-
negative anaerobic and facultative anaerobic species compared to that seen in health
(Leonhardt et al., 1999). The microflora of peri-implantitis is thought to be similar to that
of periodontitis (Lang & Berglundh, 2011).

However, differences may exist between the way microorganisms colonise tooth
surfaces and how they colonise titanium implants. When microorganisms previously not
considered in oral microbiology studies were investigated in the new peri-implant biofilm
by Furst ef al. (2007), new aspects of the colonisation patterns emerged. Staphylococcus
aureus is known to have the ability to attach to almost any type of titanium surface
(Stenstrom et al., 2009). Up to 15% of implant sites, 12 weeks post insertion of implants,
were positive for S. aureus (defined by a threshold value of >1x10° microorganisms)
(Furst et al., 2007). Also, it was noted that the peri-implant microflora immediately post-
implant insertion is similar to the peri-implant microflora detected 12 weeks post-implant
insertion. Furst et al. (2007) recommended that the early colonisation pattern of bacteria
be investigated in relation to its influence on the future development of peri-implant
infections.

There appears to be similarities in the microbiological profiles of periodontitis
and peri-implantitis. Differences have been detected between the microbiota of fully and
partially edentulous patients. For dentate patients, the periodontopathogens of
neighbouring teeth have been observed to colonise implant pockets and three- and six-
month data investigating 13 bacterium species appear to be similar (Mombelli et al.,
1995).

The risk factors for peri-implantitis and/or implant loss are not yet clear. Whilst
patients who have a demonstrated susceptibility to periodontal disease may be treated
successfully with osseointegrated dental implants (Nevins & Langer, 1995), controversy

remains as to whether this group of patients shows a decreased success rate in the longer



term compared to periodontally healthy patients and whether these patients have an
increased requirement for periodontal care. Pathogenic mechanisms proposed include the
colonisation of implant surfaces by bacteria from the plaque of neighbouring
periodontally compromised teeth which induce peri-implantitis and/or that the host
response to the bacterial challenge may mediate the inflammatory destruction of implant

supporting tissues (Karoussis et al., 2003).
135 The periodontal tissues in health

The periodontal tissues are those that support the tooth and include the gingivae,
periodontal ligament, cementum of the tooth’s root surface and alveolar bone (Lindhe ef
al,, 2003) (Figure 1.3). The gingival epithelium is divided into the oral epithelium,
sulcular epithelium and junctional epithelium. The oral epithelium extends from the
gingival margin to the mucogingival junction and is divided into the free gingival margin
and the attached gingivae. The attached gingivae describes the oral mucosa between the
free gingival margin and the alveolar mucosa. Where the attached gingivae meets the
alveolar mucosa is the mucogingival junction, where the pink gingival tissues meet the
brighter red alveolar mucosa (Egelberg & Badersten, 2004). The sulcular epithelium is
the epithelium which lines the gingival crevice and faces the tooth surface. Below the
sulcular epithelium is found the junctional epithelium, which attaches the soft tissues to
the tooth root surface (Egelberg & Badersten, 2004).

The oral epithelium is stratified, squamous epithelium and is keratinised. The
sulcular epithelium is also stratified squamous epithelium but is non-keratinised and is
made up of fewer cell layers than the oral epithelium. The junctional epithelium is non-
keratinised and is thinner, being 15-30 cells thick coronally and only a few cell layers
thick apically. The junctional epithelium has large intercellular spaces to facilitate the
movement of gingival crevicular fluid and immune cells, in particular polymorphonuclear
leukocytes. Below the epithelium is found the connective tissues, which consist of: a
dense network of collagen fibres; blood vessels; lymphatic vessels; nerves; immune cells
and ground substance. The cell of the connective tissues is the fibroblast, which produces
both the collagen fibres and the ground substance (Lindhe ef al., 2003).

The periodontal ligament ensheaths the entire root surface and is approximately
0.2-0.5 mm in width. The periodontal ligament is made up of bundles of collagen fibres
of varying orientation, which extend through the alveolar bone and into the cementum of

the root surface. The cementum is deposited directly on the dentine of the root and varies



in thickness between 0.1-1 mm (Lindhe ef a/., 2003). The cementum is made up of
calcium and phosphate crystals formed by the cementoblast cells. Two distinct layers are
noted: a) acellular cementum, which is formed during tooth development and b) cellular
cementum, where cementoblasts have been engulfed in the cementum they secrete
(Lindhe et al.,, 2003). The cementum acts to tether the periodontal ligament fibres to the
root surface. The alveolar bone is made up of thick compact bone, lining the root socket
and the outer layer of the buccal/lingual plate, and cancellous bone, between the compact
bone plates, being made up of bony trabeculae and bone marrow. The periodontal blood
supply consists of large vessels that gradually branch into smaller and smaller vascular
networks with interconnections (anastomoses) to each part of the periodontium. The
periodontal ligament is nourished by these vessels. Adjacent to the junctional epithelium,
there is a network of peripheral blood vessels known as the dento-gingival plexus
(Egelberg, 1966).

Clinically, in health, the gingival tissues are pink and may be pigmented. The
gingival surface is stippled and the tonus firm. The gingival margin is thin and the depth
of the gingival sulcus is shallow, being 3 mm or less. No bleeding is noted on gentle
probing, as in health there is little fragility of the vascular tissues (Lindhe ez al., 2003).

The periodontal tissues are embryologically derived from the epithelial
mesenchymal interactions in the region of the developing tooth root. Epithelial cells of
Hertwig’s root sheath proliferate into the ectomesenchyme in an apical direction from the
dental organ in an outer and an inner layer (Lindhe ef al., 2003). The inner layer induces
the surrounding ectomesenchyme to form odontoblasts and dentine of the root. When the
dentine is formed, the outer layer of the epithelial root sheath becomes fragmented and
ectomesenchmal cells of the dental follicle grow through the fenestrations, contact the
dentine surface and begin to form cementum (Lindhe ef al., 2003). The remaining
portions of the periodontium are formed by ectomesenchymal cells from the dental
follicle lateral to the cementum, which differentiate into fibroblasts, osteoblasts and
cementoblasts, forming periodontal ligament, alveolar bone and cementum respectively

(Egelberg & Badersten, 2004).
1.6 The anatomy of the peri-implant tissues

The peri-implant tissues arise as a result of the healing process following implant surgery.
The peri-implant soft tissues consist of oral epithelium and connective tissue and alveolar

bone. The outer surface of the peri-implant mucosa is made up of stratified, squamous
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Figure 1.3 Anatomy of the periodontal tissues. The tissues of the periodontium consist of
the cementum, the periodontal ligament, the alveolar bone and the gingivae.



epithelium that is keratinised and is continuous with the barrier epithelium facing the
implant surface. The oral epithelium facing the implant surface is described as the barrier
epithelium and is about 2 mm long and attached at its apical extent to the implant surface
by hemi-desmosomes (Gould ef al. 1984). The barrier epithelium is stratified, squamous
epithelium and is not keratinized, being just a few cells thick and stops approximately 1-
1.5 mm from the alveolar crest. A connective tissue zone, in direct contact with the
titanium dioxide surface of the implant, directly overlies the alveolar bone and is
continuous with the barrier epithelium (Liljenberg er al., 1996a). The barrier epithelium
and the connective tissue zone is described as the trans-mucosal attachment and consists
of approximately 2 mm of barrier epithelium and a zone of connective tissue attachment
of approximately 1-1.5 mm in depth (Liljenberg et al, 1996). The peri-implant
connective tissues consist of collagen (67%-85%), vascular tissues (0.3%) and fibroblasts
(11%-32%) (Gualini & Berglundh, 2003; Berglundh ef al., 2004). Collagen fibres, some
of which originate from the periosteum of the bone crest, run largely parallel to the
implant surface (Buser er al., 1992). The supra-periosteal blood vessels provide the blood
supply to the peri-implant soft tissues, contributing to the capillaries of the connective
tissues underlying the oral epithelium and the vascular plexus underlying the junctional
epithelium. The connective tissue of the trans-mucosal attachment has been observed to

contain relatively few vessels, all of which arise from the supra-periosteal blood supply

(Abrahamsson et al., 2002).
1 Comparison between the peri-implant and periodontal tissues

Anatomical differences have been observed between peri-implant and periodontal tissues
(please see Table 1.1). Whilst the periodontal tissues are embryologically derived, the
peri-implant mucosa structure and function is as a result of the healing process. Whilst the
eruption of a tooth leads to a seal between living tissues, the healing process of the peri-
implant tissues result in the attachment of living tissues to a foreign body. The coronal
soft tissue seal of the peri-implant tissues is made up both of epithelium and connective
tissues. The epithelium from the margins of the incision grows over the post surgical
granulation tissues in the regions of a dental implant and upon reaching the surface of the
dental implant moves in an apico-coronal direction to seal the implant with a 2 mm long
“new junctional epithelium” (Listgarden er al., 1996). The epithelial differentiation is
influenced by the signals coming from the underlying connective tissues. Attachment of

the epithelial cells to the implant surface results from the basal lamina and the formation
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of hemi-desmosomes (Kawahara et al,, 1998). The structure and function of the peri-
implant’s new junctional epithelium has been suggested to be similar to the mechanical,
structural and ultra-structural characteristics of the periodontal junctional epithelium
(Liljenberg et al., 1996). However, an increase in the collagen to fibroblast ratio and a
decrease in the vascularity in peri-implant “interfacial” tissues has been noted in
comparison to the periodontal tissues (Lang & Berglundh, 2011). Furthermore, the
arrangement of the peri-implant supra-crestal connective tissue fibres is in a
predominantly circular orientation parallel and/or vertical to the long axis of the implant
abutment (Buser et al, 1992). This differs significantly from that of the periodontal
supra-crestal connective tissue fibres. The observed anatomical differences are thought to
influence the onset and progression of peri-implant infections. As there is no evidence for
structural or functional differences between the periodontal and peri-implant junctional
epithelia, it has been proposed that the epithelial sealing of implants may be identical to
that of teeth (Lang & Berglundh, 2011). Further evidence is required to contrast the
physiological properties of the periodontal and peri-implant junctional epithelia.

The connective tissues between the alveolar bone and the junctional epithelium
are in direct contact to the implant surface and are divided into two zones. The inner zone,
which is in direct contact with the implant surface, 50-100 um in width, has been
observed to be rich in blood vessels and is thought to appear as scar tissue (Buser ef al.,
1992). The outer layer is richer in cells and blood vessels (Buser ef al, 1992). In an
animal-based model, the healthy peri-implant mucosa has been observed to contain more
collagen and less immune cells than the gingival connective tissues in health (Berglundh
et al., 1991). However, an inflammatory infiltrate has been observed to be present lateral
to the sulcular and junctional epithelium of both clinically healthy peri-implant mucosal
connective tissue and gingival tissues (Tonetti er al, 2005). Furthermore, there are
differences between the microflora and host mediated defence mechanisms of peri-
implant tissues and those of periodontitis. Histological examination of the periodontal and
peri-implant tissues have revealed important differences, namely:

1. The periodontal ligament space and periodontal fibres are found between the
natural tooth root surface and the alveolar bone, whereas a one or two cell layer is
interposed between the alveolar bone and the implant surface (Berglundh er al.,
1991).

2. The gingival and periodontal connective tissue fibres of the natural tooth are

orientated differently to those of the peri-implant tissues (Berglundh ez al., 1991).
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Table 1.1 Similarities and differences between periodontal and peri-implant tissues.

Periodontal tissues

Peri-implant tissues

Origin

Embryologically derived

Healing of oral epithelium
following surgery

Collagen to fibroblast ratio

Less in health than peri-
implant tissues

Greater in health than
periodontal tissues

Vascularity

Greater in health than peri-
implant tissues

Less in health than
periodontal tissues

Junctional epithelium

Similar

Similar

Supra-crestal connective
tissue fibres

Orientation perpendicular
to tooth/root surface

Circular orientation
parallel to the implant
surface

Inflammatory infiltrate

Present in health

Present in health




3. The junctional epithelium of the periodontal tissues is embryologically derived
from the reduced enamel epithelium of the tooth germ (Lindhe ef al., 2003). The
peri-implant epithelium is derived from the oral epithelium (Gould et al., 1984).

As structure and function are intimately related, similarities and differences are
therefore likely in the defence mechanisms of the periodontal and peri-implant tissues. As
to whether such differences are of clinical importance is not known until further evidence
is available comparing physiological and pathological mechanisms of the different tissue
types.

The junctional epithelium merits further discussion as it is a unique structure that
changes in structure so dramatically in disease and is then described as the periodontal
pocket epithelium. Therefore, the differences in the structure of the peri-implant
junctional epithelium may by comparison influence health, disease and healing
mechanisms of the peri-implant tissues.

The peri-implant soft tissues structure results from the healing processes in the
alveolar mucosa following implant placement. A soft tissue seal is established consisting
of an epithelial and connective tissue zones and is approximately 3 mm in corono-apical
length. However, the new peri-implant epithelium is phenotypically different to that of
the alveolar mucosa. It has been hypothesised that as the alveolar mucosa proliferates
apically along the implant surfaces, the stimuli coming from the underlying connective
tissue affects the phenotypical expression of the oral epithelium (MacKenzie & Hill,
1984). The epithelial cells attach to the implant surface directly via hemi-desmosomes
(James & Schultz, 1974). Human histological studies have indicated that the peri-implant
epithelium is similar to the gingival epithelium with regard to patterns of differentiation
and function. It is recognised that the epithelium lining the peri-implant sulcus share
many structural, ultra-structural and functional characteristics with the corresponding
gingival tissue (Carmichael ef al., 1991; Tonetti et al., 1995; Lilgenberg et al., 1996).

Whilst the junctional epithelium of the periodontal tissues is considered a unique
anatomical structure, due to its very high rate of cell turnover and adaptability to protect
against microbial stimuli, the gingival connective tissue and the peri-implant crevicular
fluid composition and volume were observed to be similar in 31 partially dentate implant
patients (Adonogianaki er al, 1995). The epithelial tissues that form the junctional
epithelium of the periodontium originate from the remnants of the epithelial root sheath
of Hertzwig, whilst the peri-implant junctional epithelium is derived from the oral

mucosa. It is hypothesised that the underlying connective tissues may influence the
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phenotype of the overlying epithelial cells, resulting in histological changes in the oral
mucosa as it encounters the peri-implant connective tissues. The influence of the
underlying connective tissues on the epithelium may be elucidated by considering the
changes in the gingival epithelium and oral mucosa following the placement of a
connective tissue graft in the treatment of a gingival recession lesion. A soft tissue
connective tissue graft is harvested from the palate and placed in a prepared recipient bed
in the mucogingival region of a mandibular incisor tooth. A successful outcome of the
surgery results in the soft tissues in the mandibular incisor region being thicker, a gain in
the clinical attachment level. The goal is to help prevent the progression of a recession
lesion and the transplanted connective tissues of the palate result in an increase in the
durability of the overlying labial gingivae and mucosa in the recipient site (Lang et al.,

1990).
1.8 Periodontal tissues in disease

The cause and effect relationship between plaque and gingivitis was established in a
classic proof of principle study by Loe ef al. (1965). Following abstinence of home oral
hygiene care, the previously healthy gingival tissues of subjects was observed to become
inflamed. Following professional removal of the plaque deposits, a resolution of the
inflammation was noted. The process of the development of gingivitis has been observed
from histopathological studies (Page & Schroeder, 1976) (Figure 1.4 (a-d), Figure 1.5).
Following the accumulation of plaque for several days, inflammation of the gingival
tissues is noted and gingivitis diagnosed. Persistence of the inflammation may result in
apical migration of the junctional epithelium, an increase in the lymphocyte and plasma
cell constituent of the inflammatory infiltrate and eventually periodontal bone loss.

In health, the sulcular and junctional epithelium is thin and demonstrates an even
connection with the underlying connective tissues. Immune cells are present but are
relatively few in number. Few vascular loops are present in the connective tissues
underlying the sulcular and junctional epithelium. The probing depth is shallow and there
is an absence of bleeding on probing (Egelberg & Badersten, 2004). Following the
accumulation of plaque along the gingival margin and into the sulcus, an increase in the
numbers of polymorphonuclear leukocytes in the sulcus and epithelium and connective
tissues is noted (Page & Schroeder, 1976). The sulcular and gingival epithelium increase
in thickness and downwards projections into the connective tissues (known as rete pegs)

form. The ordered blood vessels seen in healthy gingivae are replaced with a vascular bed
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Figure 1.4 Diagrammatic representiation of periodontal tissues in health and disease
adapted from Lindhe et al. (2003). Panel (a) shows healthy periodontal tissues that are not
inflamed and continuous sparse movement of neutrophils takes place from the periodontal
connective tissues to the coronal part of the junctional epithelium and the gingival sulcus.
Panel (b) shows periodontal tissues in gingivitis (early lesion). In response to microbial
colonisation at the gingival sulcus, the periodontal tissues become infiltrated with
monocytes/macrophages, lymphoctes and neutrophils. Panel (c¢) shows the periodontal
tissues in gingivitis (established lesion): Increased neutrophil migration and emigration
and proliferation of the junctional epithelium. The inflammatory infiltrate increases in
size with greater numbers of neutrophils, lymphocytes and monocytes/macrophages.
Blood vessels increase in number and collagen is broken down. Few plasma cells are
present. Panel (d) shows greatly increased leukocyte infiltrate with plasma cells making
up 10-30% of the inflammatory infiltrate. Also, there is a greatly increased neutrophil

migration to the gingival sulcus and neutrophil emigration.
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Figure 1.5 The periodontal tissues in periodontitis: a diagrammatic representation
adapted from Lindhe et al. (2003). Apical migration of the junctional epithelium,

increased lymphocyte and plasma cell constituent of the inflammatory infiltrate,
periodontal bone loss.






with loop-like formations (Egelberg, 1966). A breakdown of the collagen fibres of the
connective tissues is noted and an increase in the vascularity of the connective tissues
takes place. The probing depth increases slightly and bleeding on probing is noted
(Egelberg & Badersten, 2004). With further accumulation of plaque, a decreased
adaptation of the marginal gingivae to the tooth is noted, allowing for an increase in the
plaque present below the gingival margin leading to subgingival colonisation. The plaque
masses coalesce and are calcified to form subgingival calculus (Lindhe ef al.,, 2003). The
sulcular and junctional epithelium increase further in thickness with an increase in
intercellular spaces. Epithelial rete-pegs increase in number and penetrate more deeply
into the connective tissues. Polymorphonuclear leukocytes and immune cells increase in
number (Page & Schroeder, 1976). Further breakdown of the collagen fibres and increase
in vascularity of the connective tissues is noted. Deeper probing depths are noted and
bleeding on probing is elicited more easily (Egelberg & Badersten, 2004). With continued
down-growth of the plaque subgingivally, the epithelial tissues often further distend and
the junctional epithelium proliferates along the root surface and becomes ulcerated. The
connective tissue degrades further and an increase in vascularity and a greater density of
immune cells is observed. A breakdown of marginal alveolar bone is also noted. The
probing depth increases and bleeding on probing occurs readily (Egelberg & Badersten,
2004). The periodontal tissues are now referred to as a periodontal pocket (Egelberg &
Badersten, 2004). With continued inflammation, initiated and maintained by the
persistence of microorganisms within the plaque biofilm, extensive destruction of the
periodontal connective tissues and alveolar bone may occur (Page & Schroeder, 1976).
The resultant periodontal bone loss may lead to compromised bone support for the tooth

and eventual tooth loss (Lindhe ef al., 2003).
19 Histopathology of peri-implant infections

Histopathological studies have demonstrated that gingivitis and periodontitis lesions share
many similarities with peri-implant mucositis and peri-implantitis (Lang & Berglundh,
2011). Important differences have been highlighted between the anatomy of the peri-
implant tissues and that of the periodontal tissues and the pathological processes of peri-
implant mucositis/ peri-implantitis and gingivitis/periodontitis. However, important

similarities have also been noted including:
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a) Both peri-implant mucositis/peri-implantitis and gingivitis/periodontitis require
plaque as an initiating and stimulating factor for disease progression (Pontoriero et
al., 1994; Zitmann et al., 2001).

b) latrogenic factors have been shown to influence peri-implant mucositis/ peri-
implantitis and gingivitis/periodontitis i.e. access for home care (Serino & Strom
2009; Heitz-Mayfield et al., 2011).

¢) Maintenance care has been observed to be important in preventing peri-implant
mucositis/ peri-implantitis and gingivitis/periodontitis (Rinke ez al., 2010).

d) Both peri-implant mucositis/peri-implantitis and gingivitis/periodontitis share
similar constituents of their inflammatory infiltrates - although a differing relative
abundance has been recognised (Liljenberg et al., 1996; Gualini & Berglundh,
2003).

e) Both peri-implant mucositis/peri-implantitis and gingivitis/periodontitis have been
shown to be influenced by the patient’s genetic susceptibility (Laine et al., 2006;
Renvert & Persson, 2009).

In a histopathological investigation of 20 partially dentate implant patients comparing the
oral alveolar mucosa prior to implant placement and the peri-implant mucosa following
implant restoration, Liljenberg et al. (1996) noted that prior to implant placement, only
scattered inflammatory cells were observed. However, following implant placement and
restoration, the healthy peri-implant mucosa demonstrated significantly enhanced
numbers of acute inflammatory cells and leukocytes. In a follow up study comparing the
histology of periodontal and peri-implant tissues with those of the peri-implant tissues
following implant restoration, a greater proportion of B-cells and polymorphonuclear
leukocytes were observed in the gingival/periodontal tissues than in the peri-implant
mucosa, whilst the proportions of T-cells remained somewhat similar between the two
tissue types (Liljenberg ef al, 1996). The cause and effect relationship between dental
plaque and peri-implant inflammation was demonstrated in a proof of principle study by
Pontoriero et al. (1994). Following abstinence from oral home care methods (tooth
brushing, use of interproximal cleaning aids and mouthwashes) and professional
preventative measures (root debridement, scaling and polishing), inflammation was noted
in the previously healthy peri-implant tissues and peri-implant mucositis diagnosed.
Following the re-institution of professional preventative measures and oral home care

measures, the inflammation resolved and peri-implant health was noted. This study
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followed the methodology of the “experimental gingivitis” study of Loe et al. (1965) and
has been termed “the experimental peri-implant mucositis™ study.

Zitmann ef al. (2001) investigated the influence of the accumulation of de novo
plaque formation at teeth and implants in 12 partially dentate patients and noted that the
size of the inflammatory cell infiltrate and the proportion of the cells in the infiltrated
connective tissue increased at both teeth and implants during the observation period,
indicating that the peri-implant tissues do respond to the presence of plaque in a similar
manner as the periodontal tissues. Gualini & Berglundh (2003), in a study of 16 human
histopathological specimens from 10 patients restored with Branemark implants for at
least five years, noted that peri-implant mucositis sites demonstrated a well defined
inflammatory infiltrate in the connective tissues lateral to the barrier epithelium, whilst
peri-implantitis sites were observed to have three times greater infiltrated connective
tissue with frequent ulcerated pocket epithelium present. T and B cells were not noted to
differ markedly in their distribution between peri-implantitis and peri-implant mucositis
lesions. However, elastase positive cells and B cells were observed to be significantly
elevated in peri-implantitis lesions compared to peri-implant mucositis lesions (p<0.05).
Also, elastase positive cells were observed to be more diffuse throughout the lesion,
especially towards the centre of the infiltrated connective tissue lesion, when compared to
the peri-implant mucositis lesion, where these cells were observed to be predominately
peripheral, being adjacent to the barrier epithelium. Gualini & Berglundh (2003)
hypothesised that the large numbers of B-cells contributed to the aggressiveness and rapid
progression of the peri-implant lesions.

However, differences have been noted between periodontal and peri-implant
infections. The cellular composition and pattern of cytokine expression has been shown to
differ substantially from experimental peri-implant mucositis and experimental gingivitis
(Salvi et al., 2012). Matrix metalloproteinase-8 (MMP-8) concentrations were observed
to be significantly higher in peri-implant mucositis, than in gingivitis (p=0.012). From
histopathological observations, peri-implant mucositis and gingivitis early lesions share
similarities at three weeks. However, when lesions are present for extended periods, it has
been observed that peri-implant lesions are larger, and in direct contact with the
underlying alveolar bone and differ in the composition of host defence cells compared to
periodontitis lesions (Lang & Berglundh, 2011). The observed differences between peri-

implant and periodontal lesions may be understood in light of the differences in the

17



developmental origin of the cells of the peri-implant and periodontal tissues and the
structural differences that exist between them (Sadler, 1985).

It has been observed that peri-implantitis lesions demonstrated a cellular
infiltrate more consistent with that of acute inflammation: neutrophils and macrophages
have been observed to be present in greater proportions in peri-implantitis lesions than in
periodontitis lesions. However, in periodontitis, the cellular infiltrate is predominantly
one of chronic inflammation. It is important to note that plasma cells and lymphocytes
have been observed to make up the largest constituent of both peri-implantitis and
periodontitis cellular infiltrates (Lang & Berglundh, 2011). In a similar manner to
gingivitis, peri-implant mucositis is reversible (Lang & Berglundh, 2011) and this has
been demonstrated clinically (Pontotiero et al., 1994) and on a molecular level (Salvi et
al., 2011) utilising an experimental peri-implant mucositis model. Salvi et al. (2011)
undertook a clinical study examining 15 patients, employing checkerboard DNA-DNA
hybridisation to examine the subgingival microflora for 40 species. That study utilised the
mucosal crevicular fluid enzyme linked immunosorbent assay for matrix-
metalloproteinase-8 (MMP8) and interleukin-1beta (IL-1beta), prior to and following the
abstinence from home or professional oral hygiene for three weeks and subsequently
following three weeks of optimal home care. MMP-8 was observed to be significantly
elevated in peri-implant sites following three weeks of abstinence from oral hygiene
(p<0.05), demonstrating the cause and effect relationship between bacterial plaque and
peri-implant mucosal inflammation. It is interesting to note that the clinical parameters, as
determined by the gingival index, did not recover completely at peri-implant sites
compared to periodontal sites following the institution of optimal oral hygiene. The
authors suggest that this may indicate that a longer healing period may be necessary for
peri-implant tissues compared to the periodontal tissues following treatment.

The major difference between peri-implant mucositis and peri-implantitis is the
loss of peri-implant bone beyond that which would be expected as a part of the normal
healing of the peri-implant bone, which is referred to as post-surgical bone remodelling.
Lang & Berglundh (2011) hypothesised that the progression of peri-implant mucositis to
peri-implantitis takes place more rapidly than that of gingivitis to periodontitis, based on
the prevalence of peri-implantitis and the prevalence and progression rate of periodontitis
from longitudinal studies. The histological findings would also appear to fit this
hypothesis. For example, the inflammatory infiltrate of peri-implant lesions has been

noted to be larger than the inflammatory lesions of periodontitis (Lindhe ef al. 1992;
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Gualini & Berglundh, 2003; Piattelli ef al., 1998; Sanz et al., 1991), occupying up to 65%
of the connective tissues (Sanz et al., 1991). Furthermore, the peri-implant inflammatory
infiltrate has been noted to be in direct contact with the alveolar bone (Lindhe er al.,
1992) in contrast to the periodontitis inflammatory infiltrate where a connective tissue
capsule 1s interposed.

It is also thought that differing anatomical features of peri-implant tissues
compared to the periodontal tissues, including the circular arrangement of the supra-
crestal connective tissue fibres and the absence of a periodontal ligament, may facilitate
the more rapid lateral spread of the peri-implantitis lesion determining the morphology of
the peri-implant bone defect (Lang & Berglundh, 2011). Peri-implant bone loss has been
observed to usually result in a “four walled circumferential bone defect”. Also, it may be
hypothesised that presence of microorganisms, such as S. aureus, which can express an
array of lytic enzymes including hyaluronidase, further contributes to the lateral spread of
the peri-implant lesion (Furst et al., 2007; Heitz-Mayfield & Lang, 2010). Hyaluronidase
acts to catalyse the hydrolysis of hyaluronan, a constituent of the extracellular matrix,
thereby increasing tissue permeability and facilitating spread of the peri-implant
infection.

In peri-implantitis, B-cells and elastase positive cells have been observed to
occupy a significantly greater proportion of the inflammatory infiltrate, compared to the
lesions of peri-implant mucositis. As to whether this difference relates to a different
manner of response of the immune system in patients demonstrating bone loss and
therefore a susceptibility to peri-implantitis, or a different period of exposure and hence
an established lesion with a mature secondary response, remains to be investigated.
Inflammatory mediators result in the recruitment and activation of osteoclasts resulting in
alveolar bone loss. The specific mechanisms influencing the recruitment and activation of
osteoclasts in peri-implantitis and periodontitis have not yet been compared (Lang &
Berglundh, 2011).

Ligature induced infections are undertaken in the animal model through placing
a ligature around the neck of a tooth or implant in a sub-gingival or sub-mucosal position
and allowing time for plaque accumulation. It has been stated that ligature induced peri-
implant and periodontal infections share many common features, namely the size of the
lesion and the composition of the inflammatory infiltrate, with those of the corresponding

clinical infections (Lang et al., 1993, Lang & Berglundh, 2011), making animal studies of



histopathology and treatment approaches relevant to the clinical scenarios observed in
peri-implant infections.

Histopathological studies have demonstrated that the peri-implant pocket
epithelium is ulcerated and that there is a separation in the adhesion between the
connective tissues. Therefore, the translocation of microorganisms from the peri-implant
pocket to the tissues and circulation is likely and some authors have suggested that

bacterial invasion may occur (Lang & Berglundh, 2011).
1.10 The microbiology of the peri-implant niche

The microflora of peri-implant and periodontal sites share many common species
(Pontotiero et al., 1994; Mombelli et al., 1995). However, the newly exposed peri-implant
site 1s a novel niche with perhaps uniquely different ecological characteristics than the
periodontal site (Furst es al., 2007). Differences may exist between the colonisation
mechanism of microorganisms on tooth surfaces and that around titanium implants. When
microorganisms previously not considered in oral microbiology studies were investigated
in the new peri-implant biofilm by Furst et al. (2007), new aspects of the colonisation
patterns emerged. Staphylococcus aureus is known to have the ability to attach to almost
any type of titanium surface. Up to 39.1% of implant sites, 12 weeks post-insertion, were
positive for S. aureus (defined by a threshold value defined at >1x10° microorganisms)
(Furst ef al., 2007). Accordingly, differences have been observed between the peri-
implant and periodontal microflora (Botero et al., 2005; Furst et al., 2007). However, a
similar microflora has been isolated from individual patient’s periodontal and peri-
implant sites, therefore periodontal and peri-implant infections are thought to be
intimately related (Quirynen & Listgarten, 1990; Mombelli et al., 1995; Mengel et al.,
1996; Leonhardt et al., 2003b; Botero ef al., 2005; Furst ef al., 2007; Lang & Berglundh,
2011).

Increased proportions of Gram-negative anaerobic and facultative anaerobic
species have been isolated from implants demonstrating signs of peri-implantitis,
compared to those seen in health (Rams et al., 1983; Sanz et al. 1991; Leonhardt et al.
1999; Mombelli et al. 2002; Botero et al., 2005) including Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia (Hultin et al.,
2002; Luterbacher et al., 2000; Mengel & Flores-de-Jacoby, 2005). An increased
microbial load has been observed at peri-implant sites demonstrating peri-implant

infections compared to healthy controls (Mombelli & Lang, 1992; Hultin et al., 2002;
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Agerbaek er al., 2006). However, in one study, no difference was observed in the
microflora of clinically healthy and implants demonstrating signs of peri-implant
infection (Renvert ef al., 2007).

Edentulous  patients have been observed to harbour less A.
actinomycetemcomitans, P. intermedia and P. gingivalis than partially dentate patients
(George et al, 1994). It has been observed that the removal of all teeth prior to the
commencement of implant treatment can result in 4. actinomycetemcomitans no longer
being isolated from the oral flora (Danser ef al., 1995). However, in the peri-implant
microflora of 37 patients who had had their teeth extracted for periodontal reasons and
had implants placed for five or more years, a re-emergence of the traditional
periodontopathogens including P. gingivalis, P. intermedia, Prevotella nigrescens and A.
actinomycetemcomitans ~ was  observed  (Leonhardt et al, 1999y, "~ 4.
actinomycetemcomitans, P. gingivalis and P. intermedia have been more frequently
isolated in patients with a history of chronic periodontitis or aggressive periodontitis than
patients with no history of periodontal disease (Mengel & Flores-de-Jacoby, 2005).
Staphylococcal spp. and Candida spp. have also been isolated from patients displaying
signs of peri-implant infections (Leonhardt et al., 1999).

The establishment of the peri-implant biofilm was investigated by Furst ef al.
(2007) in a clinical investigation of the periodontal and peri-implant microflora of 14
partially dentate patients immediately prior to implant placement surgery, immediately
post-implant placement, and at 1, 4, 8 and 12 weeks following the implant placement
surgery. Significantly higher counts of S. gordonii, S. oralis, S. intermedius, Lactobacillus
acidophilus and Actinomyces naeslundii (type 1 and 2) were isolated from adjacent tooth
periodontal sites at four weeks post-implant placement (p<0.05) and Eikenella corrodens
(p<0.05), Fusobacterium nucleatum polymorphum (p<0.05), Peptostreptococcus micros
(p<0.05) and P. gingivalis (p<0.01) was found. After 12 weeks, 15 of the 40 species
examined were observed to have a higher bacterial load at periodontal sites adjacent to
the implant compared to pre-operatively. At one-week post-implant placement, only
Veillonella parvula (p<0.05) differed with higher loads at one week. However, at eight
weeks post-implant placement, 32/40 species demonstrated higher loads and at 12 weeks,
29/40 microorganisms demonstrated higher loads including P. gingivalis (p<0.05),
Tanerella forsythia (p<0.01) and Treponema denticola (p<0.001). Up to 39.1 % of
implant sites, 12 weeks post insertion of implants, were positive for S. aureus (defined by

a threshold value defined at >1x10° microorganisms) (Furst er al, 2007). Furst et al.
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(2007) concluded that “the sub-mucosal dental implant microbiota is already established
at the completion of the (implant placement) surgical procedure...” and that “the early
colonisation pattern may contribute and be explanatory to the development of peri-
implant lesions”. The early colonisers are thought to remain relatively unchanged.

Scanning electron microscopy and culture studies provided the first evidence of
the microbiologic aetiology of peri-implant disease. Rams et al. (1983; 1984) noted high
levels of spirochetes, fusiform bacteria and coccoid rods in deep peri-implant sites
demonstrating signs of bone loss, whereas implants with pockets not greater than 5 mm
yielded predominantly coccoid microbiota and very few rods. Almost half of the
microorganisms cultivable from the deep sites were gram-negative anaerobic rods
including Fusobacterium spp. and P. intermedia, thereby sharing many similarities with
periodontal diseases. These findings were confirmed by other investigators using ceramic
implants with peri-implant infections where a large selection of Gram-negative anaerobic
rods were present in sites demonstrating signs of peri-implant infections whereas low
numbers of microorganisms were isolated from healthy peri-implant sites in the same
patients and consisted of mainly gram-positive bacteria (Sanz et al, 1990). The
microflora associated with per-implantitis has been observed in most cases to be primarily
a mixed anaerobic flora containing Fusobacterium spp. and P. intermedia in high
numbers (Mombelli et al., 2002).

Interestingly, 10 edentulous patients were observed to harbour less A.
actinomycetemcomitans, P. intermedia and P. gingivalis than 14 partially dentate patients.
Furthermore, implants from which one of the three microorganisms was isolated were at a
significantly greater risk for bleeding on probing and demonstrated higher crevicular fluid
flow rates, suggestive of inflammation (George et al., 1994). Also, it was observed that in
partially dentate patients these three periodontopathogens were often isolated from the
peri-implant crevice within 14-28 days following surgical exposure of the dental implant
surfaces to the oral environment (Koka et al., 1993). Mombelli ef al. (1995) observed that
the peri-implant microflora of teeth and implants in the same mouth were similar three
and six months following surgical exposure of the implant, when 13 microbial species
were examined. The treatment concept evolved that it may be better to extract the natural
teeth prior to the placement of dental implants in patients with advanced periodontal
disease. However, more recently this treatment approach is no longer supported as the
evidence from longer observation intervals revealed that the periodontopathogens re-

emerge in the microflora of fully edentulous implant patents who have had implants in the
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medium term, indicating that it is often not possible to eliminate periodontopathogens
completely from the oral flora- even by extracting all of the natural teeth (Lang &
Berglundh, 2011). When a suitable ecological niche develops, colonisation and
proliferation of pathogenic species may take place in this novel ecological niche (i.e. the
peri-implant sulcus). Therefore, the consensus presently is that is not the presence or
absence of natural teeth which determines the peri-implant microflora, but the health of
the periodontal tissues supporting these natural teeth that is important (Lang & Berglundh
2011). The transmission of microorganisms from the periodontal to the peri-implant niche
has been frequently observed and therefore it is important to ensure that the periodontal
microflora is predominantly one associated with health.

Quirynen & Listgarten (1990), in a study of 24 partially edentulous implant
patients, reported that there were no significant differences in the micro-flora of peri-
implant and periodontal sites present within patients, highlighting that the periodontal
sites may serve as a reservoir for the bacterial colonisation of titanium implants in the
same mouth. Mombelli ef al. (1995) observed similar distributions of microorganisms
when comparing 10 patients with Branemark implants and 10 with ITI (International
Team for Implantology) implants. Fusobacterium spp. were isolated from 13 of the 20
implants, whereas P. gingivalis was only found in the peri-implant samples of two
patients. Interestingly, A. actinomycetemcomitans was not isolated from any peri-implant
site, and from only one periodontal site, despite all of the patients having had a history of
periodontal disease.

Mengel et al. (1996) observed in eight periodontitis patients with 36 implants,
one year following installation of the implants, no differences between periodontal and
peri-implant sites for A. actinomycetemcomitans, P. gingivalis or P. intermedia. Salcetti
et al. (1997) examined 21 patients with peri-implantitis and eight patients with healthy
implants. No significant differences were noted in these patients, between the microbial
inflammatory or growth factors mediators when comparing healthy to diseased implant
sites. However, greater detection frequencies of P. nigrescens, P. micros, F. nucleatum ss
vincentii, and F. nucleatum ss nucleatum, as well as significant elevations in GCF levels
of PGE2, IL-1 beta, and PDGF in mouths with failing implant sites were noted compared
to mouths with healthy control implants. The authors concluded that the risk of implant
loss appears to be primarily on a patient level.

Leonhardt ez al. (1999) examined the periodontal and peri-implant microflora of

37 patients who had had their teeth extracted for periodontal reasons and had implants
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placed for five or more years. A re-emergence of the traditional periodontopathogens
including P. gingivalis, P. intermedia, P. nigrescens and A.actinomycetemcomitans was
noted. Also, Staphylococcus epidermidis and Candida albicans were noted in 17% and
10%, respectively, of patients displaying signs of peri-implant infections.

Hultin ef al. (20005) investigated 15 partially dentate implant patients with
implants present for ten or more years. Probing pocket depths were noted to be
significantly greater around implants than periodontal sites. No marked differences were
noted between periodontal and peri-implant sites. 4. actinomycetemcomitans, P.
gingivalis, P. intermedia, B. forsythus, and T. denticola, were frequently detected at
implants demonstrating marginal bone loss of >2 mm.

Luterbacher et al. (2000) observed in 19 patients having a history of moderate to
severe periodontal disease that five years following implant placement, the combination
of the parameters of bleeding on probing with the detection of either 4.
actinomycetemcomitans, P. intermedia, P. gingivalis or T. denticola resulted in an
increased predictability for future peri-implant disease progression as reflected in an
increased probing depth or a decrease in the peri-implant bone density. Other
investigators have similarly observed that where bleeding on probing was present,
pathogenic species were more likely to be isolated (Savitt ef al., 1991; Socransky et al.,
1991).

Hultin ez al. (2002) reported on 17 partially dentate implant patients with a total
of 98 implants, of which 45 showed marginal bone loss of more than three fixture threads.
Lactoferrin and elastase crevicular fluid concentrations were noted to be higher in peri-
implantitis sites than periodontitis sites. Patients with peri-implantitis harboured higher
levels of periodontal pathogens including A. actinomycetemcomitans, P. gingivalis, P.
intermedia, B. forsythus and T. denticola than controls, suggesting a site-specific bacterial
driven inflammation rather than a patient-associated specific host response. In a study of
15 patients with peri-implant lesions, Leonhardt et al. (2003b) observed a similar
microflora between teeth and implant sites when culture and checkerboard DNA-DNA
hybridisation techniques were employed. The authors noted that checkerboard results
demonstrated good specificity compared to culture techniques.

Botero et al. (2005) conducted a study investigating clinical, radiographic and
microbiological parameters in 11 patients with 16 implants demonstrating deep probing
pocket depths and in eight patients with 15 stable implants. Samples were cultured for

Enterobacteriaceae spp. and facultative/anaerobic periodontal pathogens. P. gingivalis
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was detected in peri-implant sites demonstrating deep probing pocket depths, but not in
stable implants. A significant correlation between the sub-gingival microbiota from
implants and neighbouring teeth for Gram-negative enteric rods (p=0.02) and P.
gingivalis (p=0.04) was noted. This study highlights the mouth as one ecosystem with the
microflora of periodontal sites influencing those of peri-implant sites and those of peri-
implant sites influencing the composition of the microflora of the periodontal sites.

Mengel & Flores-de-Jacoby (2005) examined 39 partially dentate patients with a
total of 150 implants. Fifteen patients had experienced generalised aggressive
periodontitis that was well controlled prior to implant placement surgery, 12 patients had
been treated for generalised chronic periodontitis prior to implant placement surgery and
12 patients had no experience of periodontal disease. Clinical measures were taken and
the sub-gingival microflora composition examined by dark-field microscopy. A.
actinomycetemcomitans, P. gingivalis and P. intermedia were detected at teeth and
implants by DNA analysis. Aggregatibacter actinomycetemcomitans, P. gingivalis and P.
intermedia were more frequently isolated in patients with a history of chronic
periodontitis or aggressive periodontitis than healthy controls. Additionally, a somewhat
greater attachment loss was noted for implants and teeth in aggressive periodontitis
patients than those affected by chronic periodontitis or with no history of periodontal
disease. Microbiologically, generalised aggressive periodontitis subjects have been
observed to have fewer cocci and more motile rods and filaments at teeth and implants
than periodontally healthy subjects (Mengel et al., 2007).

The question arises as to whether bacterial load is the key determinant of peri-
implant disease or health state. This was addressed by Agerbaek ef al. (2006) in a study of
56 patients (127 implants). A higher bacterial load was observed at implants with probing
pocket depths of >4 mm than those sites with probing pocket depths of <4 mm. Hultin et
al. (2002) similarly noted higher bacterial amounts around implants affected by peri-
implant bone loss.

Differing findings from individual study groups may in part be explained by
differences in the criteria utilised to define health and disease: the patient sample pool; the
time since implant placement; sampling techniques employed and the microbial analysis
method employed. Paper-point and curette sampling techniques have been noted to differ
both qualitatively and quantitatively with regard to species isolated from individual sites
utilising both sampling techniques (Keil & Lang 1991; Renvert ef al., 1992; Gerber et al.,

2005). No study to date has compared the peri-implant and periodontal microflora
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utilising both paper-point and curette sampling techniques. The extent of similarities and
differences in peri-implant and periodontal microflora in health and disease requires

further investigation.
1.11  Risk Indicators

1.11.1 Periodontal disease experience and maintenance care

Are patients with a history of severe periodontal disease at an increased risk of
experiencing peri-implant infections? Peri-implant and periodontal infections share many
similarities with regard to clinical, pathological and microbiological features. Both
periodontitis and peri-implantitis are chronic inflammatory diseases with a microbial
aetiology, which is “necessary although not sufficient to initiate the disease” (Sanz,
2011). In both periodontitis and peri-implantitis host susceptibility is considered to be
important, however, the evidence base to support this is limited (Schou et al., 2006;
Karoussis et al., 2007). Pathogenic mechanisms proposed include: the colonisation of
implant surfaces by bacteria from the plaque of neighbouring periodontally compromised
teeth which induce peri-implantitis; and/or that the host response to the bacterial
challenge may mediate the inflammatory destruction of implant supporting tissues
(Karoussis et al., 2003).

[t has been demonstrated that the persistence of plaque is the causative stimulus
for the peri-implant inflammation (Serino & Strom, 2009). Laine ef al. (2006) observed a
significant increase in the carriage rate for allele 2 in the AL-1RN gene between peri-
implantitis patients and controls (56.5% vs. 33.3% respectively) (OR 2.6) and concluded
that “IL-1RN gene polymorphism is associated with peri-implantitis and may represent a
risk factor for this disease”. Therefore, it is likely that, similar to periodontitis, patient
susceptibility to peri-implant infection may be in part accounted for by genetic factors.

Whilst patients who have a demonstrated susceptibility to periodontal disease
may be treated successfully with osseointegrated dental implants (Nevins & Langer,
1995), controversy remains as to whether this group of patients shows a decreased
success rate in the longer term compared to periodontally healthy patients and as to
whether these patients have an increased requirement for ongoing periodontal care.
Wennstrom et al. (2006) noted that 51 patients treated for periodontal disease and
restored with dental implants demonstrated little peri-implant bone loss over a five-year
observation period. The authors took this to indicate that patients with a history of

periodontal disease could be successfully treated with dental implant restorations.
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A decreased survival rate of dental implants and an increased prevalence of peri-
implantitis has been reported in patients with a history of periodontitis compared to non-
periodontitis patients (Hardt et al., 2002; Karoussis et al., 2003; Roos-Jansaker et al.,
2006; Mengel et al., 2007; Gatti et al., 2008; Roccuzzo et al., 2010; 2012; Koldsland et
al.,2011; Costa et al., 2012; Renvert et al., 2012; Swierkot et al., 2012; Pjetursson et al.,
2012; Cho-Yan Lee et al., 2012). However, this is not universally supported as several
studies have not observed significantly increased risk of peri-implant infections in
patients with a history of periodontal disease (Brocard et al., 2000; Hultin et al., 2000;
Rosenberg ef al., 2004; Baelum & Ellegaard, 2004; De Boever et al., 2009). Furthermore,
peri-implantitis has been observed to affect patients with no demonstrated susceptibility
to peri-implant disease (Lang & Berglundh, 2011).

Renvert & Persson (2007) undertook a systematic review of the literature
examining whether patients with a demonstrated susceptibility to periodontal disease (i.e.
a history of periodontal bone loss) were similarly susceptible to peri-implant bone loss.
Unfortunately, due to poor study design and incomplete information being presented,
only two studies were considered of sufficient quality for inclusion in the systematic
literature review: Hardt ef al. (2002) and Karoussis ef al. (2003). The conclusion of this
systematic review was that, from the available evidence, there appeared to be an
association between a history of periodontal disease and the presence of peri-implantitis,
again suggesting a common mechanism of peri-implant bone loss between both disease
processes. However, Renvert & Persson (2007) suggested that the quality assessment of
both studies indicate that the risk of bias was high and recommend “‘further long-term
studies involving sufficient number of patients are needed before final conclusions can be
drawn about the outcome of implant treatment in patients with a history of periodontitis”.

Hardt et al. (2002) described a retrospective study 97 partially edentulous
patients with 346 implants, selected from the Gothenburg Branemark Clinic, placed in the
posterior maxilla without bone augmentation. Panoramic radiographs were examined at
baseline and at the position of the most coronal portion of the alveolar bone for all teeth,
determined as the level where the periodontal ligament space had a normal width. The
root length was measured and the distance from the CEJ to the coronal portion of the
alveolar bone. Subsequently, the age-related periodontal marginal bone loss score was
calculated, employing a formula of Bjorn and co-workers (1969), to describe the severity
of the periodontal disease experience. The two tail quartiles of the distribution of the

individual age related marginal bone loss scores were chosen to represent the individual
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with minimal experience of periodontal breakdown (Non-perio Group) and subjects
considered to be susceptible to periodontitis (Perio Group). Twenty-five patients were in
each group. The two groups differed with regards to a) mean periodontal bone level (92%
compared to 63%, respectively), b) the proportion of teeth with bone level of less than
half of the root length (1% compared to 26%, respectively). Patients were reviewed at
years one, three and five at the clinic and seen by their general dental practitioners
annually during the five year period. In the Non-perio group, 3.3% (3/92) of implants in
three of the 25 patients were lost, whereas eight of the 100 implants in seven of the 25
patients of the Perio group patients were lost. In the Non-perio group, 6/25 patients (24%)
experienced peri-implant bone loss of >2 mm, whereas, 16/25 (64%) of patients in the
Perio group demonstrated peri-implant bone loss of >2 mm (p=0.029). In total, 44% of
implants in the Non-perio group demonstrated peri-implant bone loss of >2 mm, whilst
62% of implants in the Perio group demonstrated peri-implant bone loss of >2 mm
(p=0.055). The authors acknowledged the significant limitations of the study in that the
clinical data relating to the periodontal and peri-implant conditions at follow up were not
available. Furthermore, the retrospective design provided limited data with regards to
smoking status.

Karoussis et al. (2003) outlined the findings of a retrospective analysis of 53
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