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ABSTRACT

Background: Dental implants are an increasingly popular treatment modality in the replacement
of teeth. With the greater uptake and longevity of implants, there is also a likely increase in the
incidence of biological complications. Limited data exists concerning longitudinal (20+ years)
clinical peri-implant parameters, including marginal bone level changes in edentulous and

partially edentulous patients.

Objectives: The aim of this retrospective cohort study was to examine the outcomes of implant
treatment in fully and partially edentulous patients with respect to clinical peri-implant
parameters, including marginal bone level changes in patients with dental implants after at least

20 years.

Materials and Methods: Twenty-two partially and fully edentulous patients, of 278 originally
treated individuals who could be tracked and recalled were reviewed after receiving turned-
surface 3.75mm Branemark implants® (Nobel Biocare AB, Goteborg, Sweden) of various lengths
between 1981 and 1985. These implants were restored with various suprastructures including:
overdentures, full fixed dentures, partial fixed dentures and single crowns. At review, the
following clinical implant parameters were assessed: plaque scores, bleeding scores, probing
depths, peri-implant mucosal recession, probing attachment levels, bleeding on probing and

radiographic marginal bone loss.

Results: The 22 patients examined had received 97 implants. Seven implants (14%) in 3 patients
were lost. The patients had a mean age at insertion of 48.5 years and the mean age at
examination was 73 years. A mean probing depth of 3.3mm (SD 1.0) was measured with 39% (SD
30) of the implants showing bleeding on probing. Significantly more mucosal inflammation and

plague were seen at implants supporting full fixed dentures and partial fixed dentures (p = 0.006



and p <0.001 respectively). Over a median of 22 years of service, the observed mean bone loss
was 1.1mm (SD 0.9). Marginal bone loss was significantly greater in smokers and ex-smokers
compared to never smokers (p <0.001). Although below statistical significance, there was a
tendency for more bone loss around implants supporting overdentures (1.2mm, SD 1.1)
compared to implants restored with full fixed dentures (1.0mm, SD 0.8), partial fixed dentures

(0.7mm, SD 0.9), and single crowns (0.4mm, SD 0.6).

Conclusion: Good clinical outcomes can be achieved with turned surface Branemark implants
over 20 years, with only minimal soft tissue inflammation and minimal radiographic bone loss

being observed.
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1. INTRODUCTION

Dental implants are an increasingly popular treatment modality in the replacement of teeth. With
the rapid uptake of this treatment modality, complications may also arise. Although dental
implants are considered to be a relatively reliable treatment modality for complete and partial
edentulism, complications of a technical (mechanical) and/or biological nature can occur?, which
can contribute towards implant failure. It has been reported that the incidence of biological and
technical complications may be somewhat underestimated®. A review of clinical complications
(biologic and technical) of implant-supported fixed partial dentures concluded that “variations in
study design and reporting procedures limit the available data and therefore precluded proper

analysis of certain complications®”.

However, it has been noted that there is still limited information available regarding the
incidence, prevalence, and risk factors that are associated with peri-implant diseases® *. This
discrepancy can be partially attributed to by a lack of longitudinal studies capturing this
information. In the 2012 VIl European Workshop on Periodontology, similar sentiments regarding
a lack of long term clinical data was identified by participants where they were also surveyed
regarding their opinions concerning the reporting of outcome domains in future dental implant
studies®. Here, it was identified that future dental implant research should identify and measure

patient reported outcomes®, peri-implant health” %, as well as restorative outcomes’.

Whilst there has been an explosion in implant research conducted up to a 10 year follow up,
limited data exists for longer observation periods extending up to 20 years'®. Even less so are
studies exceeding a 20 year follow up period, where there have only been three'*™*® published.

Therefore, more studies capturing peri-implant data (patient-reported outcomes, peri-implant
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health, and restorative outcomes’) for implants exceeding a 20 year observation period is

required.

In the formulation of my clinical research question, it was proposed that a long term clinical study
be performed to identify and report on peri-implant health related parameters on a pre-existing
cohort here at Sydney Dental Hospital to provide meaningful contribution to this pool of data.

This chosen cohort is unique on several facets:

1. They were among the earliest recipients of dental implants in Australia, and were

a mixture of both public and private patients.

2. They have all been treated by the same group of clinicians (surgeons and restoring

dentists) — all of whom were working in the same institution at the time.

3. They were recipients of turned surface Branemark implants® (Nobel Biocare AB,

Gotheborg, Sweden) inserted at least twenty years ago.

In a previous retrospective follow-up study conducted on this same cohort on the long-term
survival of dental implants and prosthetic suprastructures', the cumulative survival of implants
and implant-supported prostheses following 20 years of placement and the impact of the type of
prosthetic suprastructure on implant survival was evaluated. Here it was revealed that the 20 year
implant estimated cumulative survival was 92%, with a patient-based implant survival of 80%. The
prosthetic estimated cumulative survival rate was reported to be 94% for single crowns, 80% for
fixed partial prosthesis, 50% for fixed full prostheses, and 22% for overdentures. It was concluded
that implants supporting overdentures were significantly more likely to be lost compared to

implants restored with fixed full reconstructions.

Following on from this investigation, additional clinical questions were also raised:

13



1. What is the prevalence and severity of peri-implant bone loss/peri-implant
diseases on the surviving implants of this aforementioned cohort following 20+

years after placement?

2. Are there any risk factors contributing to the incidence and severity of peri-
implant bone loss/peri-implant diseases, as identified in the patient’s medical

history (e.g. diabetes, smoking)?

3. Does the suprastructure have any effect on the extent of peri-implant bone loss

and the development of peri-implant disease?

4, Does the implant location have any effect on bone loss and the development of

peri-implant diseases?

This paper will consequently review the nature of peri-implant diseases, examining any
contributory effects that the patient’s medical history may have on the prevalence of peri-implant

diseases.
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2. DEFINITIONS

As a treatment modality, dental implants rely on the concept of osseointegration — first described
by Branemark®. Osseointegration can be defined as “a process whereby clinically asymptomatic
rigid fixation of alloplastic materials that is achieved and maintained, in bone during functional

»16

loading”™.

The outcome of implant therapy is often reported in success and survival rates. Commonly
accepted criteria for the assessment of implant success were proposed by Albrektsson and co-
workers'’, identifying clinical evidence of successful osseointegration. This assessment can be
based on survival rates, continuous prosthesis stability, radiographic bone loss, and absence of

infection in the peri-implant soft tissues.

Although implants are considered to be a relatively reliable treatment modality of complete and
partial edentulism, complications of a technical (mechanical) and biological nature can occur?,

which can contribute towards implant failure.

2.1. Biological complications

‘Biological complications’ refer to disturbances in implant function characterised by biological
processes that affect the supporting peri-implant tissues. Such examples of biological
complications include soft tissue dehiscence, peri-implant bone loss exceeding 2 mm, peri-implant

mucositis, inflammation under the fixed prosthesis, and hypertrophy/hyperplasia of soft tissue.

These complications also include early and late implant failures and adverse reactions in the peri-

implant hard and soft tissues, whilst implant loss is also classified as a biological complication.
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2.2, Technical complications

‘Technical complications’ is a collective term referring to mechanical damage of the implant,
implant components and suprastructures. Technical complications of implant components or
prostheses frequently occur and the incidence of some technical complications may be specific to

certain implant systems™®.

2.3. Success

‘Success’ can further be defined as a surviving (i.e. present) osseointegrated implant that is
capable of satisfying other criteria, including functionality (being able to chew effectively),
absence of tissue pathology (maintain osseointegration in the absence of pain and pathology), as
well as meeting the patient’s satisfaction (satisfactory gingival and prosthetic aesthetics and
absence of discomfort). Success parameters are often related to implant survival, peri-implant
soft tissue, prosthetic outcomes, and the patient’s subjective evaluation. Many classification
systems have been proposed in the reporting of treatment outcomes on dental implant therapy™,
encompassing the evaluation of implant longevity/survival, as well as patient-centred aspects of
the treatment outcome (physiological, psychological, economic impact). However, the clinician’s
objective evaluation and the patient’s subjective perception of a successful outcome often do not

agree®.

Implant success or failure is influenced by several factors, which can be divided into being either

21, 22

‘local’ or ‘systemic’ in nature . These factors are listed in Table 2.3-A and can be influential in

either the early or late phases of implant therapy.
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Table 2.3-A: Factors associated with success and failures in implant dentistry

Local factors Interdental space

Infected sites

Soft tissue morphology

Width of keratinised soft tissue

Systemic factors Oral lichen planus, ectodermal dysplasia, and Sjogren’s syndrome

Psychiatric diseases

Transplantation

Cardiovascular disease

Diabetes

Osteoporosis

Bisphosphonates

Radiotherapy

2.4, Failure

‘Failure’ on the other hand is defined as the point at which an implant, measured in some
quantitative way, has failed to meet a defined acceptable level®. This definition includes a great
variety of clinical situations, ranging from symptomatic mobile implants, to those with greater
than 0.2mm of bone loss after the first year of loading®’, to those exhibiting bleeding on probing
from pocket depths greater than Smm?*. Failures can be further classified into biological failures,
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mechanical failures, iatrogenic failures, or inadequate patient adaptation. These sub

classifications are as elaborated below in Table 2.4-A:

Table 2.4-A: Classification of dental implant failures

Biological
Early (before loading) Represents a failure to establish osseointegration
Late (after loading) Represents a failure to maintain the achieved
osseointegration
Mechanical Failure of components (implant, connecting screws, bridge
frameworks, coatings, suprastructure failures)
latrogenic A stable and osseointegrated implant that cannot be used
due to malpositioning (also includes nerve damage)
Inadequate patient adaptation Failure of components (implant, connecting screws, bridge
frameworks, coatings, suprastructure failures)
2.5. Biological failure

‘Biological failure’ is defined as an inadequacy of the host tissue in establishing or maintaining
osseointegration. This can also be further subdivided into early and late failures, where an early
failure represents a failure to establish osseointegration due to an interference with the healing
process, and a late failure is representative of a failure to maintain osseointegration — i.e. there

are processes contributing to the breakdown of osseointegration.
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Early failures are often the result of a disruption to the initial healing process, resulting in fibrous
scar tissue formation between the implant surface and the surrounding bone®. Consequently,
this can allow the down-growth of epithelium, resulting in implant mobility, before leading to
eventual failure. On the other hand, late failures are affected by a combination of factors,

including the microbial environment, along with the prosthetic restoration.

This loss of osseointegration is clinically evident in the form of either implant mobility or
radiographically as a peri-implant radiolucency, which is the result of replacement of the bone
tissue with a fibrous connective tissue capsule that is unable to meaningly contribute to the

functional capacity of the bone-implant unit.
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3. RISK FACTORS AND THEIR CONTRIBUTION TO
SUCCESS AND FAILURE OF DENTAL IMPLANTS

3.1. Local Factors

3.1.1. Interdental space

Dental implant placement requires careful three-dimensional analysis of the surgical site, with
careful attention paid to the available restorative space, bone volume and root positions of the
adjacent teeth. Placement of a dental implant that encroaches on the root surfaces of the
neighbouring teeth can lead to complications affecting the peri-implant hard and soft tissues as
well as the neighbouring teeth, which would result in an aesthetic compromise with potential loss

and thus failure of the implant or tooth®.

As a general guide, dental implants should be installed within the alveolar envelope. The implant
position in relation to the bucco-oral and mesio-distal dimensions of the alveolar ridge is a factor
thought to influence the degree of bone remodelling following implant placement”. Such
remodelling may consequently have a negative influence on the soft tissue topography and the

aesthetic outcome of the implant therapy®.

The respect for these biological concepts has led to several clinical guidelines regarding the
correct implant positioning in relation to bucco-oral and mesio-distal bone dimensions®. For the
bucco-oral dimension, it is suggested that the buccal bone thickness should be at least 2mm, and
even preferably 4mm. In the mesio-distal dimensions, it is suggested that the distance between a
tooth and an implant should not be <1.5mm and between two implants, not <3mm. In order to
fulfil these criteria, bone augmentation procedures, orthodontics, enameloplasty, or restorative

materials are often recommended®.
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3.1.2. Previously infected sites

Immediate implants have been popular in the past to assist in streamlining patient care and
attempted to maximise the amount of available bone following tooth extraction®. Clinical studies
have demonstrated immediate implant placement into extraction sockets can be successful®’.
However, when implants are placed into an infected site that has been debrided, different

outcomes may be encountered. An infected site is defined as one that has exhibited a range of

the following symptoms: pain, periapical radiolucency, fistula formation, and/or suppuration.

Truninger et al.** conducted a prospective clinical study reporting the survival of immediate
implants to replace teeth exhibiting periapical pathology. In his study, one group of 17 patients
were treated with immediate implants placed into sites with pre-existing periapical pathology
(pain, periapical radiolucency >1mm, fistula formation, and/or suppuration), whereas the control
group of 17 patients received the same immediate implants placed into pathology-free sites. The
implants were subsequently loaded and restored 3 months after placement. The authors reported
that 5 of the patients were removed from the study due to the inability to attain primary stability
during placement, while the remaining patients had a 100% survival rate at 12 and 36 months. It
was concluded that there were no statistical differences in complications or survival when

comparing immediate implants placed in the two different site types.

Similarly, Villa et al.** also examined immediate implants placed into the extraction sockets of
maxillary infected teeth. Here, an infected tooth was defined as demonstrating clinical or
radiographic evidence of advanced endodontic or periodontal lesions, or root fracture. In total, 33
patients over one year were observed, with 76 implants being placed into infected sites, while 24
were placed into pathology-free sites. Here, the authors defined an implant as ‘surviving’ when it
was stable when tested individually, with no pain or signs of infection being detected during

clinical examination and no radiographic evidence of peri-implant pathology was observed. It was
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reported that there were no statistically significant differences between the 2 groups after an

observation period of 1 year.

Lindeboom et al.** performed a randomised prospective trial placing 50 immediate implants into
50 patients with hopeless teeth that demonstrated radiographic evidence of apical periodontitis.
Patients were randomised into 2 even groups: immediate placement, and delayed placement (3
months post-extraction). In both groups, all the implants were submerged without loading for a
period of 6 months. The authors used the following success criteria in their studies: no implant
mobility at second stage surgery, no radiographic evidence of peri-implant pathology, and no
bone loss exceeding 2mm. 32 of the implants were placed in the anterior maxilla and 18 were
placed in the premolar region. It was reported that the success rate after 6 months was 92% in

the immediate placement group, and 100% in the delayed placement group.

In animal models, histomorphometric studies on immediate implants placed into sites with
periapical pathology have revealed little difference in the percentage of bone-implant contact

when compared to non-diseased controls*>.

There seem to be several factors that play an important role in the success of immediate dental
implants placed into infected sites, including the surgical technique, achieving primary stability,
additional augmentation required, and adequate debridement and degranulation of the infected

tissues. Unfortunately, most of these aforementioned studies report only short follow up times.

3.1.3. Antibiotics

Some dental implant failures may be due to bacterial contamination at implant insertion®.
Infections around dental implants are difficult to treat and almost all infected implants have to be

removed>®.
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In general, antibiotic prophylaxis in surgery is recommended for patients at risk of infectious
endocarditis; for patients with reduced host response, where surgery is being performed in
infected sites; in cases of extensive and prolonged surgical interventions; and when large foreign
materials are implanted. In order to minimise infection after dental implant placement, various

prophylactic systemic antibiotic regimens have been suggested.

A statistically and clinically significant difference in implant failures was found in a meta analysis
of six randomised controlled trials by Esposito®’. Their meta analyses also suggests that 2g or 4g of
Amoxicillin administered orally as a single administration one hour preoperatively had a 0.33 risk
ratio of reduced dental implant failure. No significant adverse effects were reported neither. The
authors also concluded that it is still unknown as to whether postoperative antibiotics are

beneficial, and which dosage, duration and type of antibiotic is the most effective.

3.1.4.  Soft tissue morphology

Mucosal recession surrounding dental implants has been reported in the literature as being a soft
tissue complication. In a prospective clinical study by Evans and Chen?®, the aesthetic outcomes of
immediately placed implants was evaluated, based upon the gingival biotype. Of the 42 patient
included in the study, 24 of these patients were classified as having a thin biotype with the
remaining 18 patients having a thick biotype. Patients with a thin biotype demonstrated greater
mucosal recession compared to thick biotype subjects (1.0mm vs. 0.7mm respectively), however
this difference lacked statistical significance. Buccal recession was also more prevalent in thin

biotypes, than that of thick biotypes (85.7% vs. 66.7%).

3.1.5. Width of keratinised soft tissue

Aesthetic outcomes in implant dentistry are of major concern, and soft tissue morphology is an

important factor to consider when working within the aesthetic zone. The presence of an
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adequate zone of keratinised mucosa has often been mentioned as essential for the aesthetic
success and long term survival of dental implants. It has been assumed that keratinised gingiva
and non-keratinised oral mucosa differ in their resistance towards bacterial infection, particularly
at the implant-mucosa interface. An adequate zone of keratinised gingiva has been defined as

having 22mm of masticatory mucosa with >1 mm of attached gingiva®.

However, only limited studies are available evaluating the impact of the width of keratinised
tissue on implant survival/success. Bouri et al.** conducted a cross sectional study involving 200
implants placed in 76 patients that had been restored for a minimum of 12 months. Bouri’s
objective was to determine if there was a relationship between the width of keratinised mucosa
surrounding a dental implant and the health of the surrounding peri-implant soft and hard tissues.
Within this cohort, 110 implants were found to have 22mm of keratinised tissue, while the
remaining 90 had <2mm. The authors consequently reported that those patients with <2mm had
significantly more bleeding on probing and a significantly higher mean alveolar bone loss than for

those patients with 22mm zone of keratinised tissue.

A similar finding was also reported by Chung and co-workers*" in their retrospective cross
sectional study involving 69 patients. They also investigated the relationship between the
presence of keratinised mucosa and the long term maintenance of 339 implants of different
surfaces. Clinical parameters including probing depth and radiographic evaluation were analysed.
The authors reported a higher occurrence of inflammation and plaque accumulation in
keratinised and attached mucosa widths <2mm, while the lack of an adequate attached mucosa

zone only had minor effects on alveolar bone levels.

Roos-Jansaker et al.*? echoed similar sentiments in their report on 999 implants with a follow-up
period ranging between 9 and 14 years. The authors reported that the amount of keratinised

mucosa was greatly associated with mucositis and bone loss exceeding 3 implant threads.
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In contrast, Wennstrom et al.** evaluated the soft tissue health surrounding 171 implants in
relation to the width of keratinised mucosa. Despite 61% of the implants having no attached
gingiva surrounding the implants, they found this to have had no bearing upon the peri implant
health of the tissues. It was thus concluded that the lack of attached mucosa presented no issues

in the maintenance of the health of peri-implant soft tissues.

As can be seen, there is still controversy regarding the need for keratinised/attached gingiva
surrounding an implant, and whether or not this characteristic contributes to its long term

survival.

3.1.6. Implant stability

Implant stability is an important factor that influences the long term success of an implant.
Esposito et al.** performed a systematic review examining implant success rates in immediate,
early, and conventionally loaded implants. The authors concluded that a high degree of primary

stability is a requirement for successful immediate or early loading.

Orenstein and co-workers® completed a prospective study of 3,111 implants placed in 800
patients, in which they focussed upon the 3 year survival of 89 implants that exhibited clinical
mobility at the time of placement. This mobility was assessed by gently applying pressure to the
implant to determine if it could be depressed or rotated. The authors defined survival as being
clinically stable with an absence of pain and infection and reported survival rates for 2 time
periods — from implant insertion to prosthetic restoration (loading), and from prosthetic
restoration to 3 years. Implant survival of 78.8% was reported from insertion to loading and
95.9% from prosthetic restoration to the 3 year recall. The authors also concluded that the

survival was closely related to mobility of the implant at the time of insertion.
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Molly*® conducted a review to evaluate the relationship between bone density and primary
stability in implant therapy. It was concluded that there was no evidence supporting any means of
defining primary stability, or that any particular threshold could be used to provide a predictive
value of future implant outcomes. The primary stability of an implant at placement will remain a
critical factor in the survival of an implant, however, the critical level needed to ensure implant

survival is still yet to be defined.

3.2. Systemic Factors

Systemic diseases may affect oral tissues by increasing their susceptibility to other diseases or by
interfering with healing. Additionally, systemic conditions may be treated with medications or

other therapies that potentially affect implants and the peri-implant tissues.

3.2.1.  Oral lichen planus, ectodermal dysplasia, Sjégren’s syndrome, and psychiatric diseases

47,48

There is little evidence to evaluate the impact of scleroderma , oral lichen pIanus49, ectodermal

2031 Sisgren’s syndrome® and neuropsychiatric disorders on the success of dental

dysplasia
implant therapy. No controlled studies to date can be found regarding these conditions that
demonstrate any positive or negative effect on the outcome of implant therapy. For all these
conditions, only case reports or case series could be identified. Similarly, only case reports on

selected psychiatric diseases, neurologic disabilities, or genetic disorders — such as Down

syndrome>?, autism®*, Huntington disease, and schizophrenia® — have been published.

3.2.2. HIV/AIDS

Several case reports have demonstrated successful implant-prosthetic rehabilitation in AIDS
and/or HIV patients. A recent report concluded that no medication for routine dental treatment is

needed in HIV positive patients, provided that their immune status is stable. A short term study
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investigating the clinical outcome of a group of HIV-positive patients compared to a HIV-negative
control group found the success rates for both groups were 100% with no differences in clinical

outcomes being noted between the two groups®®.

3.2.3. Transplantation

Patients receiving transplanted organs generally undergo long-term immunosuppressive therapy,
usually consisting of Cyclosporine A and often also combined with steroids. Several animal studies
have demonstrated that Cyclosporine may negative influence bone healing around dental
implants and may even impair the mechanical retention of dental implants previously integrated

in bone®” %,

3.2.4. Osteoporosis

Osteoporosis is defined as a decrease in bone mass and bone density, manifesting with an
increased risk and/or incidence of fracture®. There are multiple case control studies on the

efficacy of dental implants in patients with osteoporosis.

Sixteen women, all with a diagnosis of osteoporosis (low bone density or the occurrence of low-
trauma fractures), were assessed in one retrospective study investigating the success of implants
placed between 6 months and 11 years previously. The overall success rates were 97.0% for

maxillary implants and 97.3% for mandibular implants®.

Corticosteroids or other endocrinopathies can cause osteoporosis. Corticosteroids are used for a
variety of conditions, including Crohn’s disease, asthma, pemphigus, and polyarthritis. There have
been case reports of dental implants placed and successfully maintained in patients with these

conditions®*®3,

27



Von Wowern and Gotfredsen® evaluated implant therapy in subjects with and without a
diagnosis of osteoporosis by measuring changes in mineral content of the mandibular bone in 7
osteoporotic and 11 non-osteoporotic women 5 years after functional loading of their implants.
No implant failures were observed for any patient, but a statistically significant difference in
marginal bone loss over the observation period was noted for the osteoporotic group (0.47mm vs.

0.01mm).

Becker et al.”® compared a case population of 49 individuals who had experienced implant loss to
a control population consisting of 49 successful recall patients. Ten patients in the test group and
7 in the control group had a history of osteoporosis. On analysing the factors associated with
implant integration failure they found no association between bone density, assessed at the

radius and ulna and the risk of implant failure.

3.2.5. Bisphosphonates

Bisphosphonates reduce or even suppress osteoclast function, and are used in the treatment of
such disorders as malignancies affecting the bone (including multiple myeloma and bone
metastases of breast and prostate cancer) and for treatment of osteoporosis and Paget’s disease.
Intravenous bisphosphonates therapy is considered a major risk factor for bisphosphonate-
related osteonecrosis of the jaw (BRONJ)®®. The insertion of dental implants is contraindicated for

subjects on this type of medication®” .

The risk of BRONJ appears to be much lower for oral than for intravenous drug administration, but
appears to increase with the duration of bisphosphonate therapy®. The risk of implant failure in
patients taking oral bisphosphonates is currently unknown and remains the subject of

controversy.
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A controlled study®® found no statistically significant difference between a group of patients with
dental implants receiving oral bisphosphonates (Alendronate or Risedronate) compared to a
control group of dental implant patients over the course of at least 3 years. After the observation
period, 100 % of the implants in the test group and 99.2% of the implants in the control group (no

bisphosphonates) were considered successful.

A retrospective study’® found similar implant failure rates for patients taking oral
bisphosphonates to that observed for a healthy control population. The authors concluded that
oral bisphosphonates represent no risk factor for osteonecrosis in implant surgery. They limited
this conclusion to a duration of bisphosphonate intake of no longer than 3 years and also warned

against simultaneous medication with corticosteroids.

3.2.6. Radiotherapy

When analysing radiotherapy as a risk factor for dental implant placement, two aspects need to
be considered: the effect of the cancer or disease, and the effect of its treatment on the tissues
containing the implants. Radiotherapy treatment may have been provided before the implants

were placed, or treatment may have been in subjects with already existing implants.

Several factors may influence success rates in irradiated patients. These include, but are not
limited to: the source, dose, and fractionation of irradiation, concomitant therapies (i.e.
chemotherapy, hyperbaric oxygen therapy), the anatomic region of implantation, and the timing

of medical and dental therapies’".

Colella and co-workers’® compared the implant failure rates of pre-implant radiotherapy and
post-implant radiotherapy. This systematic review found similar failure rates (3.2 % vs. 5.4%
respectively). The authors acknowledged the difficulty in comparing the studies included due to

the heterogeneity of disease conditions, combinations of treatments (radiotherapy and
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chemotherapy), sequence of events, time of follow-up, differences in the exact site of implant
placement in relation to the region of radiotherapy, implant systems used, confounding variables
(systemic disease, smoking, parafunction), and parameters used for assessment. The authors did
not find evidence in the literature to support delaying implant placement after radiotherapy for 6
to 12 months to maximise implant success. No implant failures were found to occur below a

radiation dose of 45Gy.

A retrospective study reported the survival rates of 631 implants inserted in cancer patients over
a mean follow-up period of 6.3 years”. This group of irradiated patients were compared to a
control group of non-irradiated patients receiving implants at the same clinic during the same
period. During this period, 147 implants in patients undergoing radiotherapy were lost (23.3%)
and 76 implants (12.4%) failed in the control group. High implant failure rates were especially
seen after high dose radiotherapy and a long time after irradiation. Failures occurred in all
craniofacial regions, but the greatest risk of implant failures was found for the frontal bone,

zygoma, mandible, and nasal maxilla.

There is a risk of osteoradionecrosis in irradiated patients when placing dental implants. Esser and
Wagner’ reported 2 cases of osteoradionecrosis from a total of 249 implants in the irradiated
maxilla and mandible. Three patients from a group of 64 patients rehabilitated had necrosis of
soft tissues in the floor of the mouth following implant placement. Osteoradionecrosis resulted in

continuity defects of the mandible and loss of implants in the region.

Hyperbaric oxygen (HBO) therapy has been advocated to improve the survival and success rates,
as well as to minimise the risk of osteoradionecrosis associated with dental implant placement in
irradiated bone’®. Nevertheless, the use of HBO in irradiated patients remains controversial in the
literature. In a recent Cochrane systematic review, Esposito et al.”® compared the success,

morbidity, patient satisfaction and cost effectiveness of dental implant treatment performed with
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and without HBO in irradiated patients. They concluded that HBO therapy in irradiated patients

requiring dental implants may not offer any clinical benefits.
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4. MECHANICAL FAILURES AND COMPLICATIONS

Technical (or mechanical) complications that can be encountered include: screw
loosening/fracture, veneering material chipping/fracture, wear and/or total replacement of
acrylic resin teeth, framework fracture, loss of screw access filling material, fracture of the
opposing restoration, or patient dissatisfaction. These may be further categorised into implant-

related and prosthesis-related.

The most frequent implant related technical complication reported by Papaspyrikakos and co-
workers”” for implant-supported fixed complete dental prostheses was abutment/occlusal screw
loosening. From a total of 752 implants analysed, screw loosening was reported to occur in 31
implants. The estimated annual complication rate for 5 and 10 years were 10.4% and 20.8%
respectively. They also found that the second most common implant-related technical
complications was screw fracture. Parafunction resulting in occlusal overload, cyclic stress loading
fatigue from occlusal forces and framework misfit have been suggested reasons of screw fracture.

The 5 and 10 year estimated complication rates were 9.3% and 18.5% respectively.

Screw-related complications are indeed commonly reported. In their meta-analysis, Bozini et al.”®
reported estimated rates of abutment and prosthetic screw fracture after 15 years of 6.3% and
11.7%, respectively. Implant screw joints are susceptible to screw loosening or fracture because
of the magnitude and direction of oral forces and the strength limitation of the components.
Factors that may contribute to screw complications include: inadequate preloading on the screws,
over tightening of the screws leading to stripping and/or screw deformation, and/or occlusal

overload from parafunction, occlusal interferences, or excessively long cantilevers.

Dudic and Mericske-Stern’® categorised prosthetic problems with overdentures into the following
groups: complications and failures of implant-retained parts (abutments, bars and anchors,

retainers, occlusal screws), mechanical and structural failures of prostheses (denture base, teeth,
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prosthetic design, fabrication of new dentures), prosthesis-related adjustments (relining,

occlusion, aesthetics, hyperplasia).

A meta-analysis of the prosthodontic complications rates of implant supported fixed dental
prostheses in edentulous patients’® reported veneer fractures representing the most frequent
prosthodontic complication with estimated cumulative rates of veneer fractures over an
observation period of 5, 10 and 15 years of 30.6%, 51.9% and 66.6%, respectively. Acrylic resin
veneers require sufficient material thickness and support from their underlying frameworks to
withstand forces in the oral cavity. Veneer fractures may be caused by material failure, design
issues, and/or technical errors®. The estimated rates for framework fractures, material wear, and
aesthetic deficiencies during the same follow-up period were 8.8%, 43.5%, and 9%, respectively.
The frequency of both acrylic resin fractures and wear is influenced by such factors as the

opposing dentition and the presence of parafunctional habits®" .

Fracture of the metal framework is a non-reversible complication that presents to a lesser extent.
Commonly cited reasons for their occurrence are poor alloy choice and decreased cross-sectional
dimension distal to the most posterior implant®*. Most fractures occurred at the beginning of the
cantilever arms®. Thus attention should be given to the selection of the alloy type, the

framework design, and the height of the framework®.
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5. SHORT AND REDUCED DIAMETER IMPLANTS

Ideal implant placement requires an adequate osseous housing within the residual ridge. Often,
due to the physiological resorptive effects that ensue following tooth extraction®, this residual
ridge is inadequate. In such cases, augmentation procedures are required either simultaneously
or preceding implant placement. Bone augmentation techniques such as guided bone
regeneration (GBR)¥, block grafts®®, sinus elevation®, and distraction osteogenesis®™ have been
proposed — all of which can lead to successful increases in bone volume of the residual ridge for
implant placement. As a result, alternative treatment modalities have been suggested to
overcome this challenge, including the placement of short dental implants or reduced diameter
implants®. The advantage of such alternatives includes the avoidance of vital anatomic structures,
reduced surgical mortality, reduced treatment time and costs, which also contributes to increased
patient satisfaction®’. Further benefits include a reduced risk of sinus perforation and mandibular
paraesthesia. Both short and reduced diameter implants have been reported to have quite

successful outcomes.

There is a general lack of consensus within the literature defining the dimensional limits of a short
implant. Various dimensional cut-offs range from 11mm?®’, 10mm®', down to 8mm® have been
employed. It has also been argued that because an implant can be placed at differing horizontal
levels, a short implant should be defined as an implant that has been designed with an intra-bony

length of 8mm or less*®.

Short implants have been demonstrated in the literature to be a predictable and reliable
alternative to bone augmentation procedures®. In terms of survival rates, short implants have
relatively high survival rates of 99.1% over a mean, albeit short observational period of 3.2 £ 1.7
years”. They also have lower reported failure rates when compared to longer implants®® *°. The

high survival rate is however dependent upon confounding factors, such as bone density, patient
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factors (systemic diseases, smoking status, parafunctional habits), the implant surface, timing of

implant placement and prosthetic factors'®® '

. Most implant failures have been reported in the
literature to be early failures — that is occurring during the healing phase, at abutment
connection, or during the first year of function'®. Jaw shape and bone quality have been
considered to be the most important determinants of early failures in Branemark Dental

Implants®.

When comparing survival rates of implants placed in augmented sites to that of short implants
placed in native bone, more favourable results are yielded with shorter implants. The implant
survival rates of when placed in augmented sites ranged from 92.1-100% for guided bone
regeneration; from 90-100% for distraction osteogenesis and from 76-100% for onlay bone grafts

over 1-7 years™™

. SLA implants placed in sites with residual bone heights of 5mm requiring
transmucosal sinus floor elevation yielded a 5 year cumulative survival rate of 95.71%, in
comparison with 98.2% for short implants with the same surface being installed in similar

1% Thus, the use

maxillary sites'®. Similar findings were also published by Tonetti and co-workers
of short implants as an alternative to additional grafting procedures could be advocated to solve

specific problems.

Short implants have been demonstrated to have greater micro-movements, especially in the
osseous regions in contact with the compression surfaces (the side away from the force vector)'?’.
In addition, it has also been demonstrated that the straighter the alignment of the implant, the
greater the potential for bending and flexure of the implant'®. This in effect transfers the greatest
stress potential on the crestal third of the implant, especially when the implant is subjected to
lateral forces, with very little of the stress being transferred to the apical portion'®. In fact, it has
been demonstrated that the maximum bone stress is a constant force that is concentrated around
the coronal cortical anchorage point. This was also a feature that was independent of the implant

107

length and bicortical anchorage™’. In addition, the first 3-5 threads are mostly involved in the
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stress absorption®”’

. Furthermore, the increase in implant length from 7mm to 10mm did not
significantly improve its anchorage™™. These aforementioned studies however, do suggest that an

optimal implant should be wider rather than longer. Therefore, implant diameter, rather than

length may be more critical in the distribution of prosthetic loads to the bone-implant interface.

Similar to short implants, the choice of implant diameter is dependent upon the type of
edentulism, the volume of residual bone, the available space for prosthetic reconstruction, the
emergence profile, along with the occlusion. Narrow diameter implants (those defined as having a
diameter less than 3.75mm), are indicated where there is reduced interradicular bone or a thin
alveolar crest, and for the replacement of teeth with a small cervical diameter. Here, the
placement of a narrow diameter implant — like short implants — can be an alternative to additional
bone-augmentation surgeries. The same surgical and prosthetic guidelines applied to regular sized
implants (diameter 23.75mm) can be applied to narrow diameter implants, with a few studies
analysing the clinical outcomes of such implants. These reports have demonstrated good medium
and long term results. Vigolo and Givani''* presented a 5 year retrospective study on 52 mini-
implants with diameters ranging from 2.9-3.25mm that were used for single tooth restorations.
Here, they reported a total implant survival rate of 94.2%. This was then preceded by a
subsequent 7 year prospective study of the same type of narrow diameter implants for single
tooth or partial prostheses, where similar survival rates were achieved (95.3%)*?. Similar survival
rates were reported by Zinsli and co-workers'*® examining 298 3.3mm diameter implants restored
with a variety of prostheses (single crowns, fixed partial or complete prosthesis, or overdentures).
They reported a cumulative survival rate of 98.7% and 96.6% after 5 and 6 years respectively. The
investigators also noted that the failures of these narrow diameter implants were infrequent, and
that prosthetic complications that occurred were mainly due to fatigue fractures, which were

unrelated to the use of narrow diameter implants.
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It has also been suggested that the implant diameter may also be an influencing factor in the
survival rates of implants, with wider implants being hypothesised as having greater mechanical
stability and osseointegration as a result of the bicortical stabilisation, which increases the surface

114

area for osseointegration, and higher contact bone-implant contact area™". This also leads to

1> Finite element analysis have revealed a

better stress distribution within the surrounding bone
3.5 fold reduction in crestal strain''®. The same study also noted a 1.65 fold reduction in crestal
strain with increasing implant length. Other studies have also refuted the claim that implant
diameter can compensate for implant length however®™ . Renouard and Nissand’s™ review
paper noted that narrow diameter implants reported low failure rates collectively. The authors
also concluded that the levels of evidence provided by the literature remains low, with very few
randomised controlled studies being available to investigate the relationships between bone
density, implant length and diameter, and survival rates. From a biomechanical perspective, short

implants are a predictable treatment modality in oral rehabilitation, with lower failure rates often

being achieved.

Prosthetically, a wider implant diameter can aid in decreasing the cantilever that may be
encountered in the restoration of wide edentulous spaces by facilitating more favourable
distribution of occlusal forces''®. The use of a wide implant diameter will also facilitate a more
optimum emergence profile in such situations, thus aiding in aesthetics, whilst also facilitating
oral hygiene measures™®. Conversely, where narrow diameter implants are used for the
restoration of wide edentulous spaces, increased strain at the crestal portion of the implant,

120 In addition,

along with an unfavourable distribution of occlusal forces on the implant will result
these narrow diameter implants will be at increased risk of implant body and abutment screw

fracture™®.

Modifications to the implant design have also been applied to counteract their reduced length.

These modifications include modified body shapes, new thread designs, and surface
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modifications**

. New developments in surface micro-topography and chemistry, such as acid-
etching, grit blasting and titanium plasma spraying, have altered micro-topography of the implant
surfaces, increasing their roughness and surface area. Short implants with a roughened surface
have demonstrated a significantly lower failure rate, compared with that of machined surfaces,

with an odds ratio of 3.6’

. When rough surface dental implants were analysed, there were no
significant differences regarding the cumulative survival rate between wider and narrower
implants*?3. A similar conclusion was drawn in a meta-analysis*'’, where short narrow-diameter
implants did not demonstrate any higher failure rates when compared to their regular diameter

counterparts, with rough-surfaced implants with a minimal length of 7 mm representing no risk

factor for implant failure, provided they were not placed in the anterior maxilla.

Excessive crown-to-implant ratios (i.e. a ratio greater than 1:1) have been reported to be

detrimental to implant survival'**

. Crown-to-implant ratios between 0.5 and 1 were proposed to
prevent peri-implant bone stress, crestal bone loss, and eventually implant failure'”. A recent

systematic review which included only 2 studies has refuted this claim however?°.

Bone quality has been hypothesised as being a strong predictor of treatment outcome, given that

127,128 Greater

the lowest survival rates are reported in the posterior maxilla for short implants
survival rates are reported in other anatomical sites, and this may be the result of the increased
bone density found at these other anatomical areas (the mandible for instance), the improved
mechanical properties of the implant-bone interface, and the reduced stress concentration in
bone. Different healing potentials between the maxilla and mandible have been demonstrated,
with maxillary bone demonstrating peri-implant cancellous bone that includes rapid formation of
new trabeculae by the recruitment of new populations of osteogenic cells within the adjacent
healing compartment in unison with remodelling of the pre-existing lamella trabeculae. While in

cortical bone, peri-implant bone regeneration relies exclusively on lamellar bone remodelling®.

All of these aforementioned factors facilitate primary stability and early osseointegration'?.
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Low bone density and poor bone quality within the implant site has been hypothesised to be the
cause of many short implant failures. Short implants placed in type IV bone resulted in

9130 Moreover, the highest failure

significantly more failures than those placed in type lll bone
rates for short implants were reported in older studies that were performed under routine
surgical procedures irrespective of the bone quality, with machined-surface implants, and in

anatomic sites with poor bone density®. Therefore, a reduction in bone density may lead to early

implant failure due to peri-implant strains**®.

Differing survival outcomes of short implants have been hypothesised to be the result of the
operator’s learning curves. In their review article, Renouard and Nisand® noted lower survival
rates for implants that were placed utilising a standard surgical protocol, which may have reduced
primary stability of the implant at insertion. Some of the more recent publications on short
implants though, have instead employed an adapted surgical protocol that facilitates primary
stability. In these instances, osteotomy preparation was altered in sites of poor bone density,

through either the use of osteotomes, not tapping and/or not countersinking.
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6. PERI-IMPLANT DISEASES

Whilst long-term success” " *2 has been documented with dental implants, they are not immune
to complications, which include biological complications involving the hard and soft peri-implant
tissues. Such biological complications include peri-implant mucositis and peri-implantitis — both of

which pose significant challenges for the clinician and the patient®*>.

6.1. DEFINITIONS AND PREVALENCE OF PERI-IMPLANT DISEASES

Peri-implantitis and peri-implant mucositis are inflammatory lesions affecting the tissues
surrounding an implant™*. Peri-implant mucositis is defined as an inflammatory lesion confined to
the soft tissues surrounding an implant, in the absence of bone loss proceeding the initial bone
remodelling that occurs during healing. Peri-implantitis on the other hand, is an inflammatory

135 It must be noted

lesion that also affects supporting bone beyond biological bone remodelling
that bone loss due to bacterial infection is to be discriminated from bone loss due to remodelling,

such as in instances where implants are placed too deep™®, or in too close proximity to

neighbouring structures®®.

Diagnosis of peri-implant mucositis requires bleeding and/or suppuration on probing and no
evidence of radiographic bone loss beyond that seen following biological bone remodelling. Bone
loss can only be determined by comparison against a baseline radiograph that was taken at the
time of suprastructure placement. Where such a baseline radiograph does not exist, it has been
recommended that a vertical distance threshold of 2 mm from the expected marginal bone level

d**. A differential diagnosis of

following remodelling post-implant insertion be adopted instea
peri-implantitis must also include the investigation and identification of any other possible

contributing underlying problem(s), such as fracture of a component, or the presence of a foreign

body.
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The prevalence of peri-implant mucositis is a common occurrence®’, and has been reported to be
present in 48% of implants followed for a period between 9-14 years. On the other hand, a
variance of incidences for peri-implantitis has been reported in the literature. This is due in part to
the lack of consensus used to define the radiographic bone loss threshold in describing the
disease criteria. Furthermore, the diversity of implant brands and designs also hampers this
process in reaching a consensus. The 1°* European Workshop on Periodontology for instance,
suggested that the ‘criteria of success demand an average marginal bone loss of less than 1.5 mm
during the first year after the insertion of the prosthesis and thereafter less than 0.2 mm annual
bone loss.”**® Berglundh on the other hand proposed the following criteria for peri-implantitis; 2.5
mm peri-implant bone loss; probing depths greater than 6 mm; and the presence of BOP or
suppuration on probing®. While other studies have diagnosed peri-implant diseases on the basis

of exposed implant threads following over 1 year in functional loading® **’

. Thus, incidences of
peri-implantitis in the literature have ranged from 6.61%"’ to 36.6%"° over an average

observation period of 10 years.

6.2. PATHOGENESIS

The inflammatory process of peri-implant mucositis surrounding a dental implant is very much
analogous to that of gingivitis surrounding a natural tooth. Following implant placement,
glycoproteins from saliva adhere to the exposed titanium surfaces, giving rise to microbiological

140

colonisation and biofilm formation™". Experimental gingivitis models as originally described by

Loe' have been used to outline the cause-effect relationship that exists between biofilm
formation and peri-implant mucositis**2. The tissue response to plaque has also been observed in
a dog model, demonstrating that the size of the inflammatory infiltrate in response to the

bacterial challenge created by de novo plaque formation was identical to that of adjacent natural

teeth'. The clinical and microbiological response to the development of experimental gingivitis
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and experimental peri-implant mucositis has also been studied by Pontoriero and co-workers'*,

with no significant differences between both lesions.

The epithelial sealing around implants has been reported to be similar in function to that adjacent

144
h

to natural teeth™. In fact, it is concluded that there is no evidence that any structural differences

between teeth and implants exist that would significantly alter the host response to the bacterial

142,195 Thys, the hypothesis of biofilm formation on implant surfaces causing peri-

challenge
implant mucositis, and that subsequent removal of this biofilm will resolve this condition, is in fact

an extrapolation of these findings.

To this effect, experimental peri-implantitis has also been replicated in ligature-induced animal
models. Lindhe'*® found that peri-implant lesions developed directly into the surrounding
supporting bone. This is in contrast to periodontitis lesions of natural teeth, where the lesion was
contained by the periodontal fibres. Similar histological observations were also reported by

Lang™ in his ligature-induced peri-implantitis and periodontitis lesions in monkeys.

Treatment aimed at eliminating the biofilm by mechanical debridement of the peri-implant
pocket and systemic antibiotics seem to improve clinical conditions**®. In a dog model, mechanical
debridement in conjunction with systemic Amoxicillin and Metronidazole yielded in resolution of

the experimentally induced peri-implantitis lesions*.

Peri-implant diseases are also associated with gram-negative anaerobic bacteria similar to those
found around periodontally affected teeth. The composition of associated microflora is vastly
different between failing and successful implants. Successful implants were colonised by gram-
positive cocci, whilst large amounts of gram-negative bacteria were found surrounding failing
implants. Fusobacteria, spirochetes, and black pigmenting organisms, such as P. intermedia were

often found in diseased sites™** ***>*,
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It has been hypothesised that the implant surface roughness as well as its chemical composition
may have an impact on both the quantity and quality of plaque formation. Contamination of the
titanium oxide layer has been linked to failure of osseointegration through peri-implantitis
pathogenesis. Teughels and co-workers™? noted that rougher surfaces as well as those surfaces
with high surface free energy (a natural characteristic of titanium), will accumulate and retain
more plaque. The author also added that initial adhesion of bacteria often begins in locations with
high wetability (also another natural characteristic of titanium), and where bacteria are protected

from shear forces — such as in grooves, pits and implant threads.

In a similar manner to gingivitis being a precursor to periodontitis, peri-implant mucositis is also
the precursor to peri-implantitis. However, like the causal relationship between gingivitis and
periodontitis, peri-implant mucositis does not necessarily always progress to peri-implantitis.
Additionally, evidence exists to suggest that implant mucositis, like gingivitis, is reversible when

effectively treated™.

Similar to periodontitis, peri-implantitis is the result of a host-modulated immune response to the
overwhelming bacterial insult. Similarities between microorganisms associated with both
periodontal disease and peri-implantitis have been reported in the literature. High proportions of
putative periodontal pathogens, such as P. gingivalis, P. intermedia, T. forsythia, and T. denticola
have been sampled from the implant surfaces within peri-implantitis lesions™" *>*. Additionally, S.
aureus and Enterococci spp. may also be important pathogens in the initiation of peri-implantitis

155, 156

lesions . In contrast, healthy peri-implant microbiota are associated with gram-positive

facultative cocci and rods™’.

Human biopsies of peri-implantitis and periodontitis lesions have demonstrated that these two
lesions share many common features. In both lesions, the connective tissue adjacent to the
epithelium is infiltrated by inflammatory cells, with B-lymphocytes and plasma cells being the
predominating cell types. Upregulation of pro-inflammatory cytokines is also another common
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feature shared between these two lesions, with such cytokines as interleukin (IL)-1, IL-6, IL-8, IL-

12, and tumour necrosis factor-alpha (TNF-a)™.

Despite the similarities between peri-implantitis and periodontitis lesions in terms of the
pathogenic bacteria and the immunological components, the rate of disease progression and
tissue destruction appears to be more rapid in peri-implantitis lesions. In experimental dog
studies, undisturbed plague accumulation on implants and natural teeth over 3 months was
investigated™®. Clinical findings after 3 months demonstrated the formation of large plaque
masses, inflamed soft tissues surrounding the implants and teeth, as well as bleeding on probing.
Histological examination revealed that both the gingiva and peri-implant mucosa showed an
inflammatory cell infiltrate contained within the apical extensions of the junctional epithelium.
The composition of these infiltrates was similar, with extensive loss of collagen coupled with a
significant increase in the number of inflammatory cells. It was however noted that the
inflammatory lesion was almost 3-fold higher, and the apical extensions of the lesion was greater
in the peri-implant mucosa compared to the gingiva. This host response has been demonstrated

irrespective of the implant system employed'®.

In another monkey study, the inflammatory response of ligature-induced peri-implantitis and
ligature-induced periodontitis was investigated in both ankylosed and normal teeth'®.
Histological examination of the teeth and implants revealed a greater extent of bone loss and
inflammatory infiltrate around implants and ankylosed teeth. The authors speculated that the

increased susceptibility to inflammation and bone loss may be related to the absence of inserting

collagen fibres in both the implants and ankylosed teeth.

It has been noted that following ligature removal, some of these lesions will go into remission,
while the majority of sites will experience further bone loss. Studies have demonstrated that
around 25% of cases will display further rapid bone loss within a 1 year period following ligature
removal’®. This implies that once a peri-implantitis lesion has been established, spontaneous
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progression of the disease with additional bone loss will probably ensue. Similar observations

were also made by Berglundh et al.'®®

comparing peri-implantitis lesions with periodontitis
lesions. They noted that a ‘self-limiting’ process seems to exist in the tissues surrounding natural
teeth due to a protective connective tissue capsule of the supracrestal gingival fibres. This
connective tissue capsule seems to separate the lesion from the alveolar bone. In contrast to
natural teeth, this self-limitation could not be observed in peri-implant tissues, where the lesion
extended to the bony crest. Consequently, this lesion has also been observed to progress into
bone marrow in some instances™®* '®. Based upon the tissue anatomy surrounding implants it
seems that all implants appear to be susceptible to peri-implantitis'®®. Thus it can be expected

that some peri-implantitis lesions would progress quite rapidly and therefore the diagnosis and

treatment should be completed in a timely manner.

6.3. RISK FACTORS

Human clinical longitudinal studies of a prospective nature are required to accurately identify true
risk factors™. The following risk factors that may lead to the establishment and progression of

peri-implant diseases'®’” have been identified.

6.3.1. Poor plaque control

Given the microbial aetiology of peri-implant diseases, the daily removal of the biofilm on implant
surfaces is essential in the prevention of these diseases. The prosthetic design should facilitate
mechanical cleaning by the patient with appropriate oral hygiene aids, and also allows clinical
evaluation and probing by the dentist. The literature supports this assertion with Lindquist'®®
reporting an association between poor oral hygiene and peri-implant bone loss after a period of

9

10 years. Similarly, Ferreira and co-workers'® also reported a dose-dependent association

between full plaque scores and peri-implant diseases, where very poor oral hygiene was highly
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associated with peri-implantitis, with an odds ratio of 14.3; 95% Cl 2.0-4.1. Another study
performing site level analysis of implants found that a diagnosis of peri-implantitis is frequently
associated with limited accessibility or capability for appropriate oral hygiene measures in
contrast to accessible sites where peri-implantitis was rarely encountered'’®. Thus the
establishment of a regular periodontal maintenance program would help to assess the adequacy
of plaque removal efforts and to allow intervention at the earliest convenience when problems

are detected.

6.3.2. Previous periodontal disease

Although systematic reviews have indicated that implant survival rates may not be affected by
previous periodontal history, peri-implantitis was found to be a frequent occurrence in patients
with a history of treated periodontitis, as compared to those without a history of periodontitis**
169,171,172 "1t must be noted that despite showing a positive correlation, these systematic reviews
still display a fair degree of heterogeneity in the patient profile and designs, outcome measures,
and Supportive Periodontal Therapy regimes. Furthermore, there was also a failure to mention

any confounding factors within the included studies, and thus definitive correlations cannot be

made®.

6.3.3.  Smoking

Smoking has been identified as the second most important risk factor for both periodontitis and
peri-implantitis after poor plaque control™. The association between smoking and peri-
implantitis has been observed in cohort studies and in systematic reviews'>*’®. A higher risk was

associated with smokers, with reported odds-ratios ranging between 3.8 to 31.6""".
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6.3.4. Diabetes

There is limited evidence suggesting an association between diabetes and peri-implantitis.
Systematic reviews have suggested that the current evidence does not draw a definitive
conclusion of diabetics suffering from a higher incidence of peri-implantitis*®> > ¢, These
reviews however, do highlight that glycaemic control is an important factor when assessing this
relationship. Hyperglycaemia can impact tissue repair and host defence mechanisms with the
formation of advanced glycation end products, which affects both neutrophil function and

178

collagen homeostasis™'°. Consequently, the tissue repair ability and defensive mechanisms within

diabetic patients is impaired against the bacterial insult presented by plaque.

6.3.5. Genetic traits

Genetic variations have been referenced as a risk factor for peri-implantitis, however, there are
conflicting results that draw no definitive conclusion between IL-1 gene polymorphism and peri-
implantitis. A recent systematic review'”® which included 27 articles found no consensus amongst
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those studies. Gruica and co-workers™" though, reported that IL-1 genotype positive smokers had

a significantly greater risk of developing biological complications and/or peri-implant bone loss.

6.3.6. Occlusal overload

Occlusal overload has been hypothesised in the literature as being a possible contributor to peri-
implant bone loss. Although clinical studies have mentioned that occlusal factors may be
associated with the loss of oral implants, this causative relationship has never been convincingly
demonstrated. The combination of small cohort sizes with an even smaller frequency of implant
failures together with the difficulty in quantifying the magnitude, direction, duration and
frequency of the applied occlusal force and the tolerance threshold of the host, make reporting
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such a correlation rather difficult™". Much of the knowledge from this field has been extrapolated
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from a small number of experimental animal studies, where it has been difficult to draw

conclusions.

Implants have also been demonstrated to be less tolerable to non-axial occlusal loading, with
more dynamic remodelling being demonstrated surrounding the cortical, and especially

I'82. Forces affect different bones or bone tissues rather

trabecular bone tissue in a dog mode
differently, with a degree of adaptation. When a mild force (1500-3000 microstrain) is subjected
to a dental implant, the resultant biological reaction is one of bone apposition. A force beyond
this range will result in bone resorption and eventually even lead to fracture'®. A recent

systematic review has also suggested a positive correlation between peri-implant bone loss and

occlusal overload*®*.

6.3.7. Residual cement

Cemented prostheses are commonly used in practice today owing to their relative simplicity,
elimination of prosthesis screw loosening, improved aesthetics, and economy when compared to
a screw-retained prosthesis. However, the cementation may result in the possibility of leaving
behind traces of excess cement on the implant or in the surrounding soft tissues, resulting in peri-

185 188 Furthermore, this excess cement may also impinge on access for

implant diseases
mechanical debridement of the subgingival space'®’. The identification of excess cement may be
difficult in a radiographic survey due to most commonly used cements having poor
radiodensities'®®. The role of residual cement in the aetiology of peri-implantitis is still unclear. It
has been proposed that the cement may act as an irritant to the peri-implant mucosa, similar in
nature to the effect of calculus around the roots of periodontally involved teeth™’. Furthermore,
the surface of the cement remnants may facilitate bacterial or biofilm attachment. Consequently,

the residual cement may facilitate microbial contamination® or it may contribute to a toxic

reaction by the peri-implant tissues'®".
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6.4. DIAGNOSIS

Early detection of peri-implant diseases along with early intervention is essential, given that the
treatment of peri-implantitis is not predictable and also difficult to perform. The diagnostic
process is focused on diligent evaluation of the peri-implant soft and hard tissues and involves a
combination of clinical and radiographical parameters — including the inflammatory status of the
peri-implant mucosa, gingival recession, bleeding on probing, probing pocket depths and

radiographic bone level changes over time.

The first comprehensive clinical and radiographical diagnosis and assessment of the implant
should be completed following final prosthesis installation. These measurements are recorded as
baseline measurements and used for comparison to detect any pathological changes in the

future.

6.4.1.  Probing

Probing is performed around the entire circumference of the implant, similar to that of a natural
tooth. It is usually completed with a traditional manual periodontal probe using a probing force of
between 0.2-0.3N"* '3, Removal of the prosthesis can help facilitate probing around the entire
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circumference of the implant™". It has been demonstrated that any disruption of the soft tissue-

implant interface caused by probing will result in the formation of new epithelial attachment

19 Probing is to be performed to the base of the implant sulcus, and the probing

within 5 days
depth recorded as the measurement between this reference point to the crest of the peri-implant

mucosa. Clinical attachment levels can be measured against a fixed reference point on the

suprastructure.

It is important to note that changes in these parameters over time compared to the baseline

measurements mentioned above are indispensable to diagnose the incidence of pathological

49



changes in the peri-implant tissues. Without accurate baseline measurements, early pathological
changes cannot be detected. Factors including the surgical technique employed, implant design,
implant positioning, or the design and quality of the suprastructure will impact upon peri-implant

tissues and are able to initiate non-pathological remodelling processes.

Bleeding on probing alone is indicative of soft tissue inflammation, while increasing probing depth
and bleeding indicates the need for additional radiographic examination'®. In peri-implantitis, the
probe may penetrate beyond the connective tissue onto the alveolar bone. The presence of

137,196

suppuration is indicative of acute pathological changes and warrants further evaluation.

6.4.2. Radiographs

While peri-implant mucositis is an inflammatory lesion that is confined to the peri-implant
mucosa, peri-implantitis also encompasses bone loss. Therefore, radiographic examination is an
important diagnostic aid to diagnose and to determine the extent and pattern of peri-implant
bone loss. Radiographs must be taken at both the time of implant placement and particularly at
the time of suprastructure insertion. These radiographs are considered the baseline and are used
to compare all future radiographs against. It must also be stressed that not all peri-implantitis
lesions may be radiographically detectable. The radiographs should be taken perpendicular to the
implant body and must be able to clearly demarcate the implant threads. In cases where there
has been an increase in probing depths coupled with positive bleeding scores, supplementary

radiographs may reveal an implant-specific saucer-shaped intraosseous lesion.

Unlike periodontitis, peri-implantitis lesions can be localised to just the facial and/or lingual
aspects of the implant, and thus may be masked with routine dental radiography. To overcome
this, cone beam computed tomography (CBCT) is now increasingly being employed to visualise the
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extent of these lesions in a three-dimensional plane™’. It must be noted however that there are

limitations to the accuracy of CBCT when assessing peri-implant defects of horizontal bone width
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of <0.5mm, where it has been reported that there was a significant discrepancy between the

radiological and the histological evaluations (1.93 + 1.59mm) of peri-implant defects <0.5mm™%.

6.4.3. Mobility

Implant mobility is a useless parameter for the diagnosis of peri-implant diseases. Implant
mobility is only found where integration has been completely lost, and indicates the need for
explantation'®. Even with significant bone loss, an implant with remaining osseointegration in the
apical portion may not demonstrate mobility’®>. Mobility of the restoration and/or abutment
however is indicative of loose or broken components. This can promote plague accumulation
within or surrounding the mobile components and thus may facilitate the development of peri-

implant diseases.

Studies have demonstrated that bacteria are able to reside within the internal components of
implants, where they are also sheltered from host defences. Bacteria have also been found within

the implant-abutment and at the abutment-prosthesis interface?®® >

6.4.4.  Secondary diagnostics

Bacterial culturing, inflammatory markers, and genetic diagnostics have been proposed as
additional methods for evaluating the condition of peri-implant tissues. The efficacy of these

tests, however, remains to be validated*®.

Non-invasive diagnostic tools, such as resonance frequency analysis (RFA)*®, have been

advocated to monitor implant stability. RFA quantifies the degree of bone-implant contact during
the early phases of healing and has been used to study jaw bone healing following implant
installation. Implant stability is assumed when the RFA quotient is within the range of 57-70.
However, no RFA predictive value for loss of implant stability has ever been evaluated. Therefore,

the use of this diagnostic method in the diagnosis of peri-implantitis is still questioned®®.
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7. TREATMENT

7.1. Peri-implant mucositis

Therapies proposed for the management of peri-implant mucositis appear largely based upon the
evidence available for the treatment of gingivitis. Hence, the mechanical removal of the biofilm
constitutes the basic element for treatment. Only few studies are available evaluating the various
anti-infective protocols for treating peri-implant mucositis. However, both animal and human
clinical studies confirm that peri-implant mucositis is reversible by mechanical cleaning alone®®.

In a monkey study®”

, experimentally induced peri-implant mucositis lesions were treated with
either; mechanical cleaning only; mechanical cleaning with adjunctive 0.2% chlorhexidine gel and
0.12% chlorhexidine mouth rinse; or no treatment at all. No significant differences were found
between the two treatment groups in terms of plaque indices, gingival inflammation and
histological appearance after 2 months of treatment. Given the similar outcomes achieved from

both treatment modalities, the authors concluded that mechanical cleaning alone was sufficient

in achieving clinical and histological resolution of the peri-mucositis lesions.

Similarly, in a recent randomised clinical trail’®, 29 patients with one implant diagnosed with peri-
implant mucositis were assigned to either test treatment (consisting of tooth brushing instruction
together with 0.5% chlorhexidine gel), or control treatment (consisting of tooth brushing
instruction with a placebo home-applied gel). At baseline, all implants also received non-surgical
mechanical debridement before the patient was allocated to their respective treatment. After 3
months, no statistical significant differences in peri-mucosa inflammation (as assessed by bleeding
scores and mean probing depth) were noted between the two treatment modalities. The authors
also noted that complete resolution of bleeding was only achieved in 38% of the implants. It was
concluded that the adjunctive use of chlorhexidine gel did not provide any additional benefit

compared to mechanical cleaning alone.
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7.2. Peri-implantitis

There is currently no accepted standard for the treatment of peri-implantitis®”’. Given the
similarities in aetiology between periodontitis and peri-implantitis, anti-infective measures similar
to those used to treat periodontitis have been adopted to treat peri-implantitis’®®. Thus four main
strategies are currently employed: mechanical debridement, pharmacological therapy, surgical
therapy, and laser therapy. The treatment of peri-implantitis can also be staged into a non-
surgical phase (mechanical debridement with or without antimicrobial therapy) followed by a

surgical phase (resective or regenerative therapy)?”’.

Mechanical debridement of the contaminated implant surfaces must always be preceded by
detailed oral hygiene instructions. Given the importance of plaque control as a risk factor in the
development of peri-implant diseases, the patient’s supragingival plaque control is paramount in
retarding the recontamination and recolonisation of the subgingival environment with
periodontal pathogens. Furthermore, existing periodontal disease should ideally be treated prior
to implant placement as periodontal pockets are a potential niche for peri-implant pathogens. If
peri-implantitis is found in patients with untreated periodontitis, periodontal treatment must also

be concurrently delivered when treating the peri-implantitis.

Various modalities to treat infected implants have been described and tested in animal and
human studies. The primary treatment goal is to clean and disinfect the implant surface to render
it biocompatible to allow healing of the inflammatory lesion, and even possibly facilitate re-

osseointegration.

Mechanical debridement should be carried out by non-metal instruments made from carbon
fibre, plastic or titanium, as common metal instruments may damage or roughen the implant
surface®®. It has been proposed that this induced roughness may promote plaque accumulation,

although there is no direct evidence to support this’®. Damage to the implant surface induces
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changes in the chemical oxide layer that may increase the amount of corrosion. This process

consequently impairs fibroblast adhesion and thus biocompatibility of the implant®*.

Thorough mechanical debridement can be impaired where limitations exist in terms of access and
visibility and/or the availability of instruments. In such instances, pharmacological intervention —
encompassing systemic and local antibiotics and chemotherapeutic agents — may be indicated as
adjuncts to mechanical therapy and/or surgery. These agents may be delivered directly into the
peri-implant sulci or as a mouthrinse to deplete these residual plaque reservoirs. Limited clinically
controlled trials have evaluated the efficacy of such adjunctive therapy. Ciancio and co-workers***
reported statistically significant reductions in plaque, gingival and bleeding indices compared to
the placebo control group following the administration of Listerine in conjunction with

mechanical debridement. Porras et al.?*

reported the additional application of 0.12%
chlorhexidine gel along with local irrigation of 0.12% chlorhexidine solution with mechanical
debridement did not enhance the clinical results when compared to the mechanical debridement-
only cohort. Decontamination procedures including the use of sterile saline, chlorhexidine, citric
acid, hydrogen peroxide, and CO, laser have been evaluated in animal studies. No significant
differences were observed between these different decontamination agents*. Similar findings
were also found with the use of abrasive air-powder in an animal model, where predictable and

complete resolution of the experimental peri-implantitis lesions was not accomplished®*.

However in a randomised controlled clinical trial**®

involving 30 patients with at least one implant
affected by peri-implantitis, the use of an air-abrasive device with glycine powder resulted in a

significantly greater reduction in bleeding on probing (43.5 £ 27.7% vs. 11.0 + 15.7% [P < 0.05]), as

compared with mechanical debridement combined with antiseptics (chlorhexidine digluconate).

The clinical and microbiological effects following mechanical therapy have also been examined,
with levels of T. denticola, T. forsythia, P. micra, and of F. nucleatum being significantly

reduced?®®.
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The use of antibiotics as an adjunct to mechanical debridement of peri-implantitis lesions remains
controversial, given the lack of randomised controlled trials. Differing antibiotic regimes, dosage,

217 Leonhardt and co-

delivery systems, timing, and duration make such comparisons difficult
workers™® reported a 58% success rate following surgical treatment in conjunction with systemic
antibiotics (Amoxicillin and Metronidazole) on their cohort of 9 patients with 26 implants. Despite

.2 reported

their interventions, 7 implants in four of the patients were lost. Biichter et a
favourable clinical outcomes with the use of local antibiotics (Doxycycline) in his cohort of 28
patients being treated for peri-implantitis following mechanical debridement of the implants. He
reported significant improvements in bleeding scores along with a significant difference in mean

probing attachment levels of 0.6 mm. Mombelli and co-workers*®

also reported favourable
improvements after 1 year in both the mean probing depths, and quantitative as well as

qualitative changes in microbial parameters following the administration of systemic

antimicrobials (Ornidazole) in conjunction with mechanical debridement.

In a randomised clinical trial*®

comparing the efficacy of an adjunctive local antibiotics
(minocycline microspheres) with a local antimicrobial (1% chlorhexidine gel), demonstrated that
the use of the microspheres resulted in a significantly greater reduction of mean probing depths
of 0.3 mm after 12 months. The adjunctive use of chlorhexidine resulted in a limited reduction in
bleeding scores only. Similar favourable clinical outcomes of minocycline microspheres in

conjunction with mechanical therapy were also reported by Salvi et al.?**.

Surgical access to the contaminated implant surface may be indicated in a number of situations.
The consensus report of the 6" European Workshop on Periodontology concluded that non-

134,222 This statement has also

surgical therapy of peri-implantitis was not found to be effective
been supported by subsequent randomised controlled clinical trials aimed at investigating the

outcomes following different approaches for non-surgical debridement and decontamination with

either chlorhexidine digluconate, an erbium-doped laser (Er:-YAG), an air abrasive, or an ultrasonic
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device. These studies concluded that all treatment procedures investigated resulted in only

|223 224

limited clinical™” and almost no microbiological improvements at 6 months**". Thus, advanced
peri-implantitis lesions with the characteristic saucer-shaped bony defects can only be effectively
treated/decontaminated using a surgical approach. This view was also supported by Karring and
co-workers®®”® who reported that a peri-implant lesion exceeding 5 mm with exposed implant
threads cannot be decontaminated by submucosal debridement alone. However, there are no
randomised controlled trials to date comparing the clinical outcomes of access surgery as a

monotherapy in the treatment of peri-implantitis*®’.

Some studies have indicated that resective surgical procedures involving implantoplasty (with
diamond burs, Arkansas stone and silicone polishers) to reduce the surface roughness, and thus
supposedly decrease de novo plaque formation, may have a positive effect on the survival rates of

226 227 The authors noted significant

rough-surfaced implants affected by peri-implantitis
improvements in peri-implant probing depths, suppuration and bleeding scores over 3 years. This
treatment modality however may result in overheating of the fixture as well as possible

embedding of titanium particles into the surrounding tissues, which may initiate an additional

inflammatory response.

Regenerative procedures following the decontamination of implant surfaces have also been
advocated. However, there is thus far, no evidence indicating GBR procedures provide any

additional benefit in achieving good long-term treatment outcomes™”.

Preclinical and clinical studies have used erbium-doped yttrium aluminium garnet (Er:YAG) laser

228223 Dental lasers were assumed to be

to decontaminate and debride infected implant surfaces
efficient in decontaminating implant surfaces due to their use of a uni-directional light beam,
which seemed to provide better access to the implant surface compared to manual

instruments®*°

. Additionally, Er:YAG laser used at low energy densities have a high bactericidal
potential without causing morphological changes to the implant surface by inducing excessive
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heat*!

. Favourable formation of new bone has also been demonstrated in animal experimental
peri-implantitis studies, where the laser-treated implant surface tended to produce a greater
bone-implant contact compared to the curetted controls®*%. Several studies have shown promising
short term outcomes following the use of Er:-YAG laser therapy in conjunction with both non-

224,228,233, 234 \\ith notable improvements in clinical and microbiological

surgical and surgical access
parameters. However, after 12 months, Schwarz’?® reported that the entire patient cohort had to
be retreated due to deterioration in attachment levels and high bleeding scores, despite the
patients maintaining good levels of oral hygiene. Although minor beneficial effects of laser
therapy on peri-implantitis have been shown, the research in this area is still limited with rather

short observation periods (less than 12 months), and thus further long-term studies are required

to validate its effectiveness®*.

The Cumulative Interceptive Supportive Therapy (CIST) protocol as proposed by Mombelli
and Lang in 1998 is a decision tree employed for both implant maintenance and in treating
peri-implant diseases. This protocol requires the assessment of key clinical parameters: the
presence of biofilm, the presence or absence of bleeding on probing, the presence or absence of
suppuration, increased peri-implant probing depth and evidence of radiographic alveolar bone
loss that consequently dictates the nature of the treatment applied. A key feature of this strategy
lies in the fact that each consecutive treatment step builds upon the former. This results in a
treatment strategy that is cumulative in nature with increasing anti-infective potential, in light of
the worsening clinical parameters. The CIST protocol is as displayed below in Error! Reference
source not found.. Whilst this strategy is commonly employed, there is little evidence to support

rigid adherence to this protocol.
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Plague index < 1 o Mechanical debridement A
and BOP - (neg.) e Polishing and scaling
PPD <3 mm
> N Plague index = 1 . s 5
and BOP + (pos.)
Antiseptic cleansing
PPD 4-5 mm | 0.1% CHX gel 2 = daily B
. 4 for 3-4 weeks
BOP + (pos.) //
no cratering + =k
take an X-ray -
) Systemic or local c
BOP + (pos. antibiotic therapy
EE S I | notable cratering <2 mm -
+ +
BOP + (pos.) Resective or D
bone loss > 2 mm > regenerative surgery

Depending upon the mucosal condition and probing depth, either regime A, or regime A+B, or regime A+B+C or regime
A+B+C+D are performed (A = mechanical debridement; B = antiseptic cleansing; C = antibiotic therapy; D = resective or
regenerative surgery)

Figure 7.2-A: Decision tree for CIST
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8. CONCLUSION

Dental implants are a well established treatment modality for the replacement of missing teeth.
Good long-term success rates have been reported for implants being placed in favourable
anatomical positions in healthy patients with good oral hygiene. Studies have demonstrated that
the success and failure of dental implants can be influenced to varying degrees by local and
systemic factors. Technical and biological considerations are also crucial in increasing the clinical
success rate of dental implants. However, in clinical practice, the possibility of implant
rehabilitation is often favoured as an alternative to therapies aimed at the preservation of the
natural dentition, despite the long term success being at least as good — with lower treatment
costs, time and morbidity. Given the associated difficulty in diagnosing and treating the biological
and technical complications of implant therapy, greater caution should be exercised by the

clinician when considering this as a treatment modality.
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Part B: Scientific paper

The Long Term Stability of Soft
and Hard Tissues Surrounding
Branemark Dental Implants
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AIMS

To examine the long term outcomes of implant therapy in relation to peri-implant
clinical parameters (probing depths, bone loss, mucosal recession and mucosal

inflammation).

To investigate the effect of contributory factors in the patient’s medical history at the

time of examination on the outcome of their implant therapy.

To investigate the effect of the prosthetic suprastructure on the extent of peri-implant

bone loss and the development of peri-implant disease.

To examine the effect of implant location on peri-implant bone loss.
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10. MATERIALS AND METHODS

10.1. Patient selection

Patients for this retrospective cohort study were recruited from Sydney Dental Hospital, a
university clinic, for clinical and radiographic evaluation. These patients formed a unique patient

pool, all possessing the following common characteristics:

a. They were all recipients of either single or multiple turned-surface Branemark
implants® (the only implant system offered at the time) that were inserted at
least 20 years ago

b. They were among the earliest recipients of dental implants in Australia, having
also been a mixture of both public and private patients

c. They have all been treated by the same group of clinicians (surgeons and restoring

dentists), all of whom were employed at Sydney Dental Hospital at the time

The total patient pool comprised of 278 patients, all of whom had undergone dental implant
therapy between the period of January 1981 and May 1994. Utilising this pool, patients were

meticulously tracked through a number of various avenues, including:

a. Previous dental record searches

b. Contacting their next of kin

c. Contacting their restoring dentist
d. Various Government database searches
e. An electoral roll search

Where patients were successfully tracked, they were then contacted by mail or e-mail and/or

telephone, with a letter detailing the nature of this research project being issued along with an
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invitation to participate. This invitation however required the patient’s voluntary attendance to

Sydney Dental Hospital in order to perform the clinical assessment.

Thus the cohort consisted of patients that met the following inclusion criteria:

a. There was a minimum period of 20 years since implant placement at the time of
their re-examination

b. They were able to be tracked and contacted

c. They were willing to participate and able to physically present to Sydney Dental

Hospital for re-examination

Eventually, 22 patients were available for examination at the time of this study, with a total of 97

implants being examined. The mean follow up period was 22.6 years, with a range of 6 years.

10.2.  Ethics approval

This research protocol was approved by the Sydney South West Area Health Service Human
Research Ethic Committee, Australia (protocol number X12-0023 & HREC/12/RPAH/33). Patients
were informed that their data would be used for statistical analysis and provided their written
consent to participate in the study following the issue of written and verbal advice. This research
project was conducted in accordance with the World Medical Association Declaration of Helsinki

2008,

10.3. Implant placement and prosthesis reconstruction

All implants included in this study were turned-surface Branemark implants® with a diameter of

3.75mm and of varying lengths of either 7mm, 10mm, 13mm, 15mm, 18mm, and 20mm. These

i http://www.wma.net/en/30publications/10policies/b3/index.html
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implants were all surgically placed between January 1981 and May 1992 by one of three Oral

Surgeons employed at Sydney Dental Hospital at the time.

All implant installations were placed under local anaesthesia in all patients, in accordance with the
manufacturer’s guidelines following a two-staged protocol. After an initial healing period of 4
months in the mandible and 6 months in the maxilla, abutment connection was then completed in
a second stage surgery. Following another healing period of 3 months, the suprastructures were
fabricated using the system’s components. The four groups of reconstructions (some examples

are shown in Figure 10.3-A) included:

Single crowns (screw-retained)

Implant-borne fixed acrylic partial dentures (screw-retained)

Implant-borne fixed acrylic full dentures (screw-retained)

Implant-borne bar-retained removable acrylic full upper and/or lower dentures

Prosthetic reconstructions were performed by either a senior Prosthodontist or a Prosthodontics

Registrar at Sydney Dental Hospital at the time.

None of the examined patients were consequently prescribed or enrolled into any supportive
periodontal therapy program following crown insertion over the last 20+ years, though some

patients had voluntarily presented to Sydney Dental Hospital for suprastructure repairs.
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21 single crown (screw-retained)

o B

Implant-borne bar-retained removable acrylic full upper denture

Figure 10.3-A: Prosthetic reconstructions as seen at re-evaluation
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10.4. Clinical examination

Prior to clinical and radiographic examination, a thorough medical history was elicited from each
patient. Information pertaining to the patient’s medical history and general health is as outlined

in

Table 10.4-A below.

Table 10.4-A: Medical and general health history gathered

Cardiovascular issues Rheumatic fever
Hypertension Bleeding disorders
Respiratory issues Central nervous system issues
Diabetes and glycaemic control (HbA1c) Thyroid issues

Infectious diseases Musculoskeletal issues
Immune disorders Gastro-intestinal issues
Hepatic issues Cancer

Medications Allergies

Hospital admissions/operations Smoking habits

Peri-implant soft tissues were evaluated clinically by a single examiner. The following clinical

parameters were assessed:

e Modified plaque index (mPl) for all implants’
e Modified bleeding index (mBlI) for all implants’
e Peri-implant probing depths (PD) in millimetres at 6 sites around the implant

e Distance between the implant shoulder and the mucosal margin (DIM) in millimetres
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e Probing attachment level (PAL) in millimetres calculated by adding PPD to DIM

e Bleeding on probing (BOP) after 30 seconds at 6 sites around the implant

All clinical measurements were recorded utilising an automated probe (Florida Probe®, Florida
Probe Corporation, Gainesville, FL, USA). The Florida Probe® is advantageous in its application of a
constant force, electronic measurement to 0.1mm, along with the electronic storage of clinical
data. The probe tip has a diameter of 0.4mm, and the probing force is pre-set to a constant force

of 25g.

During the clinical examination, any incidences of biological and/or technical complications were
identified and treated. In the case of a biological complication, a cumulative interceptive anti-

infective treatment protocol as suggested by Mombelli & Lang*

(Error! Reference source not
found.) was instituted. In the event of technical complications that required repair or where there

were failures that required further treatment planning, additional appointments were

subsequently arranged with the Prosthodontist.

10.5. Radiographic measurements

For evaluation of the marginal bone levels (MBL), digital periapical radiographs were taken of
each of the implants at the time of clinical examination. All radiographs were taken using a long
cone Rinn holder (Dentsply, York, PA, USA) paralleling device?®. Radiographic machinery used
were Pro X Planmeca (PlanmecaOy, Helsinki, Finland) with Scan-X Phosphor plates (Air
Techniques, Melville, NY, USA) set at 70 kV 8mA with an exposure of 200mGy. The measured
distance between 3 implant threads was used as the basis for calibration and to account for any

2% The MBL was determined to be the distance

magnification and distortion of the images
between the top of the implant shoulder (implant-abutment interface) and the first visible bone-
implant contact, measured on the mesial and distal aspect of each implant using a x10-15

magnification” (as demonstrated in Figure 10.5-A). These 2 values of the radiographic
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assessment of the bone levels mesially and distally were then averaged to one value each per

implant for data analysis.

75
1.8
P -
1.16  0.98
Implant Shoulder

Measurements in red represent actual measurements in millimetres and the green measurement represent the actual
measurement on the image, which is then used for scaling and calibrating the measurements.

Figure 10.5-A: Assessment of the distance from the shoulder to the first bone-to-implant contact on the
digitised radiographs

Before radiographic analysis was performed, intra-examiner calibration was conducted utilising 10
radiographs chosen at random and re-measured 48 hours apart. The intra-examiner repeatability

was 0.90 (Pearson correlation, p <0.01).

All radiographic measurements were performed by the one examiner, with measurements being
recorded on two separate passes, one hour apart. The agreement between measurements

yielded a « statistic of 0.83.
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The recently acquired radiographs taken at the time of clinical examination were then
subsequently used for comparison against any pre-existing radiographs that were taken at the
time of prosthetic reconstruction, or at the time of implant placement. These radiographs that
were successfully obtained were then digitised, and measurements were obtained with the use of
a computer software program (Imagel, National Institute of Health, USA). The aforementioned

process was also used for the radiographic analyses of these radiographs.

The radiographic crestal bone change was then calculated by subtracting the MBL at baseline

from the MBL measured at the time of re-examination.

The radiographic bone loss was calculated for the time points between restoration and the follow-
up examination. Bone loss of 1.0mm in the first year of service, and 0.2mm per year thereafter

was used as a radiographic threshold for peri-implantitis®%.

10.6.  Statistical analysis

Data were available for 97 implants in 22 patients. Data were summarised by mean (standard

deviations). Comparisons between groups were made by t tests at the patient and implant levels.

The suprastructures were re-categorised into the following 4 categories for analysis, in keeping

with a previous study of this same cohort:

1. Overdenture (implant-borne bar-retained removable acrylic full upper and/or lower
dentures)

2. Full fixed denture (implant-borne fixed acrylic full upper and/or lower dentures)

3. Partial fixed denture (implant-borne fixed acrylic partial upper and/or lower dentures)

4. Single crown.
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Relative risks were calculated using Yates continuity correction, with mid-P exact P values and
small-sample adjusted confidence intervals. P values less than 0.05 were regarded as significant. R

3.1.1" was used for all analyses.

'R Core Team (2014). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. (http://www.R-project.org/)
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11. RESULTS

11.1. Patient cohort

Twenty-two patients from an initial patient pool of 278 patients were enrolled in this study. From
this initial pool of implant patients who had undergone dental implant therapy at Sydney Dental
Hospital at least 20 years ago, 51 patients (18.3%) were deceased, 12 (4.3%) had insufficient
records to facilitate the tracking of these patients, and 147 (52.9%) patients could not be located

despite our exhaustive search methods. Patient drop outs are illustrated in Figure 11.1-A.

Of the remaining 68 patients who could be contacted, 22 volunteered to present to Sydney Dental
Hospital for clinical re-examination, thus forming the participant cohort. The remaining 46
patients formed the non-participant cohort. Within the non-participant cohort, 3 patients
provided conflicting information and were adamant that they had never received implants, and
another 3 patients were in such poor health that their next of kin recommended against their
participation. A further 40 patients declined the invitation to present to the hospital for clinical re-
evaluation, citing distance, mobility issues, and/or personal reasons. The ethnicity of the patients

varied between European descent, East-Asian, Indian, Indigenous Australian and Australian-born.

71



Initial Patients Participation Patient
patient pool contacted status status

Deceased
51 patients

Not available Insufficient records
210 patients 12 patients

Uncontactable
147 patients

. Conlflicting records
278 patients

3 patients
Non-participation Poor health
46 patients 3 patients
Available Declined
68 patients 40 patients
Participated Re-evaluated
22 patients 22 patients

Figure 11.1-A: Patient contacts and dropouts

11.2. Patient demographics

The patient demographic data is presented in Table 11.2-A. There was an even distribution of
males and female participants, with implants being placed at the median age of 48.5 years. For
the non-participants, there were a higher proportion of females (72%) than males (28%) and their
median age of placement was also higher at 58.5 years old. The present clinical examination of
the patients occurred at the median age of 73 years. Thus, at the time of this examination, the
implants of the participant cohort had a median of 22 years of service. Within the participant
patient cohort at the time of examination, there were 4 diabetics (18%), 7 never-smokers (32%),

14 ex-smokers (32%) and only 1 smoker (5%). The year of implant placement within the
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participant patient cohort ranged from 1986 to 1992, whilst in the non-participants, the range
was greater, extending from 1981 to 1992. During the follow-up, 7 of the implants (representing
7% of the total implants analysed) in 3 participants (14% of the patient cohort) were lost. In the
participant patient cohort, a slightly greater number of implants were placed in the maxilla (51%)
compared with the mandible (49%). In the non-participants, this trend was reversed, with more

implants located in the mandible (69%) than in the maxilla (31%).

The suprastructures were categorised into 4 categories: overdenture, full fixed denture, partial
fixed denture, and single crowns. Within the participant cohort, when analysed at a patient level,
overdentures comprised the largest proportion of suprastructures (n = 16, 70%), followed by
single crowns (n = 4, 17%), full fixed dentures (n = 2, 9%), and partial fixed dentures (n = 1, 4%).
When analysed at an implant level, overdentures also comprised the largest proportion of
suprastructures (n = 74, 76%), followed by full fixed dentures (n = 13, 13%), single crowns (n = 6,
6%), and partial fixed dentures (n = 4, 4%). For the non-participant cohort, when analysed at a
patient level, the overdentures also comprised the largest proportion (n = 34, 76%), followed by
single crowns (n = 9, 20%), and then full fixed dentures (n = 1, 2%). There were no partial fixed
dentures in this cohort. When this cohort was then analysed at an implant level, overdentures
comprised 86% (n = 125) of the suprastructures, followed by single crowns (n = 11, 8%), with both
full fixed dentures (n = 5) and partial fixed dentures (n = 4) having the same distribution (3%

each).

The vast majority of the examined cohort received regular length implants (n = 92, 95%), with only
5% (n = 5) of the cohort receiving short implants (7mm). Conversely, there were more recipients
of short implants (< 10mm) within the non-participant cohort (n = 23, 16%), with the remaining
majority of these patients receiving regular length implants of either 10mm, 13mm, 15mm,

18mm, or 20mm lengths (n = 122, 84%).
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Table 11.2-A Demographic data of the patient cohort

Patient level Implant level
Participant Non-participant Participant Non-participant
(N=22) (N=46) (N=97) (N =145)
% n % n % n %
Sex
Male 11 50 13 28 —
Female 11 50 33 72 —
Age at implant placement: 48.5 41.8-57.5 58.5 42.8-64.0 —
median, interquartile range
Age at examination: 73.0 66.0-79.3 = — =
median, interquartile range
Diabetes 4 18 —
Smoker
Never-smoker 7 32 =
Ex-smoker 14 64 —
Smoker 1 5 —
Year of placement
1981 2 4 12 8
1982 0 0 0 0
1983 0 0 0 0
1984 1 2 6 4
1985 1 2 2 1
1986 1 5 6 13 8 8 16 11
1987 0 0 1 2 0 0 1 1
1988 2 1 2 6 6 6 4
1989 5 23 4 20 21 11 8
1990 4 18 6 13 25 26 18 12
1991 3 14 19 41 15 15 58 40
1992 7 32 5 11 23 24 15 10
Years of service: median, 22 21-24 22 21-
interquartile range 24
Lost 3 14 7 7
Location
Mandible 13 59 27 59 48 49 100 69
Maxilla 12 55 19 41 49 51 45 31
Suprastructure
Overdenture 16 70 34 76 74 76 125 86
Full fixed denture 2 9 13 13 5
Partial fixed denture 1 4 4 4 4
Single crown 4 17 21 6 6 11
Length (mm)
5 5 19 13
0 0 4 3
10 20 21 40 28
13 38 39 24 17
15 19 20 28 19
18 6 6 10 7
20 9 9 3 2
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11.3.  Clinical findings

Table 11.3-A: Summary of clinical findings

Patient level | Implant level
(n=22) (n=97)

Mean SD | Mean SD
Modified plaque index (mPI) 1.9 0.8 2.0 0.8
Modified bleeding index (mBI) 1.6 1.0 1.8 0.9
Probing depth (mm) 3.2 0.9 33 1.0
Probing attachment level (mm) 3.3 1.1 3.5 1.3
Bleeding on probing (%) 42 20 39 30
Marginal bone level difference (mm) 1.0 0.7 1.1 0.9
Marginal bone level loss (%) 6.8 4.6 7.2 5.9

The clinical findings within the participant cohort are presented in Table 11.3-A. When analysed at
a patient level, patients showed a mean modified plaque index of 1.9 and a mean modified
bleeding index of 1.6. The mean probing depth was 3.2mm, the mean probing attachment level
(PAL) was calculated to be 3.3mm and bleeding on probing (BOP) was observed at 42% of probing
sites. When the radiographic crestal bone levels were analysed, the mean marginal bone level
(MBL) difference/mean marginal bone loss compared to baseline was calculated to be 1.0mm.

This equates to a mean MBL loss of 6.8% of the total implant length.

When analysed at an implant level, patients exhibited a mean modified plaque index and mean
modified bleeding index of 2.0 and 1.8 respectively. The mean probing depth and mean probing
attachment levels were calculated to be 3.3mm and 3.5mm respectively. BOP was observed at
39% of the probing sites. The mean MBL was 1.1mm, which equates to a mean MBL loss of 7.2%

of the total implant length.

75



Ten implants in 4 patients (4 prostheses) showed peri-implantitis (probing depth > 5mm and
bleeding on probing at any site). All these implants were located in the maxilla and all supported

overdentures.

Figure 11.3-A illustrates the frequency distribution of different probing depths measured during
the clinical re-evaluation within the participant cohort. The frequency for each of the probing
depths as a proportion of the total 582 probing sites is listed as a percentage above each of the
bars. Most of the probing depths recorded were shallow, being either 2mm (32.1% of total sites
measured), 3mm (34.4% of total sites measured) or 4mm (17.7% of total sites measured) and 15%

of depths being greater than 4 mm.

34.4%

200-
32.1%

150-

17.7%

Count

100-

8.4%

5%
1.5%
_ 0.2% 0.3%
—_— | S—
7 8 9

4 5 6 10
Probing Depth (mm)

0.2% 0.2%
0 1

Figure 11.3-A: Histogram of the probing depths at the 582 probing sites
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Figure 11.3-B: Frequency histogram of the probing attachment levels (PAL) as calculated at each of the

582 probing sites

Figure 11.3-B illustrates the frequency distribution of the calculated probing attachment levels
(PAL) as measured at each of the probing sites during the clinical re-evaluation within the
participant cohort. The frequency for each of the probing attachment levels as a proportion of the
total 582 probing sites is listed as a percentage above each of the bars. The highest frequency of
PAL was calculated to be either 2mm (29% of all sites measured), 3mm (30.9% of all sites
measured), or 4mm (19.1% of all sites measured) — representing a trend for loss of attachment

over the 20+ year observation period.
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Table 11.3-B: Clinical parameters by suprastructure at a patient level

Overdenture  Full fixed Partial fixed Single crown P*
(n=16) denture denture (n=4)
(n=2) (n=1)
Modified plaque index (mPI) 1.9 (0.9) 2.5(0.7) 3.0 1.5(0.6) 0.26
Modified bleeding index (mBl) 1.5(0.7) 3.0(0) 3.0 1.3(1.5) 0.08
Probing depth (PD) 3.2 (1.0) 3.0(0.3) 3.8 3.2(1.0) 0.84
Bleeding on probing (BOP) 41 (22) 54 (26) 33 46 (16) 0.77
Probing attachment level (PAL) 3.4(1.3) 3.1(0.5) 3.8 3.2(1.0) 0.90
MBL® difference (mm) 1.2 (0.8) 0.9 (0.2) 0.7 0.6 (0.7) 0.84
MBL® difference (%) 8.2 (5.5) 6.1 (0.6) 4.9 3.0(3.6) 0.56

P values from Kruskal-Wallis test, §Marginal bone level.

The results of the clinical parameters investigated by suprastructure at a patient level are shown

in Table 11.3-B.

However, the low number of full fixed dentures (n = 2), partial fixed dentures (n = 1), and single

crowns (n = 4) compared to overdentures (n = 16) does not allow for a meaningful analysis

regarding significant statistical differences.
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Table 11.3-C: Clinical parameters by suprastructure at an implant level

Overdenture Full fixed Partial fixed Single P*
(n=74) denture denture crown
(n=13) (n=4) (n=6)
Modified plaque index (mPI) 1.9 (0.8) 2.5(0.5) 3.0(0.0) 1.8(0.4) 0.005*
Modified bleeding index (mBl) 1.6 (0.7) 2.8 (0.4) 3.0(0.0) 2.0(1.2) <0.001*
Probing depth (PD) 3.3(1.0) 3.0(0.4)  3.8(0.3) 3.3(1.0) 0.40
Bleeding on probing (BOP) 36 (31) 53 (33) 33 (14) 44 (17) 0.27
Probing attachment level (PAL) 3.6 (1.5) 3.1(0.6) 3.8(0.3) 3.3(1.0) 0.63
MBL® difference (mm) 1.2 (1.1) 1.0(0.8) 0.7 (0.9) 0.4(0.6) 0.33
MBL® difference (%) 8.5(7.4) 6.1 (4.9) 4.9 (6.3) 2.1(3.00 0.20

*P values from Kruskal-Walis test, P values from ANOVA, *P < 0.05, §Marginal bone level.

When analysed at an implant level, the modified plaque and modified bleeding indices both

showed significant differences (p <0.05) based on the type of suprastructure. Full fixed dentures

and partial fixed dentures displayed significantly higher index values than overdentures and single

crowns. There were no significant differences by type of suprastructure for any of the other

clinical parameters investigated (Table 11.3-C).
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Figure 11.3-C through to Figure 11.3-l illustrate the different clinical parameters measured at
implants in relation to the respective type of suprastructure. These results are presented as box
plots. For the box plots, the middle line across the box indicates the median value, the box limits
show the interquartile range (25th and 75th centiles), the whiskers extend to the extreme points
within 1.5 times the interquartile range from the upper or lower quartile, and any points further
from the quartiles are shown individually. Owing to the small numbers, the box and whisker

structure is not fully present for some figures.
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Figure 11.3-C: Box plots of the modified plaque index (mPI) based upon the suprastructure type
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Figure 11.3-D: Box plots of the modified bleeding index (mBI) based upon the suprastructure type
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Figure 11.3-E: Box plots of the probing depths (mm) based upon the suprastructure type
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Overdenture (n = 74) Full fixed denture (n = 13)  Partial fixed denture (n = 4) Single crown (n = 6)

Figure 11.3-F: Box plots of the probing attachment level (PAL) based upon the suprastructure type
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Figure 11.3-G: Box plots of the bleeding on probing (BOP) compared between the suprastructures
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Figure 11.3-H: Box plots of the marginal bone level (MBL) difference as measured in mm as compared

between the suprastructures
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Figure 11.3-1: Box plots of the marginal bone level (MBL) difference as a percentage of implant length as

compared between the suprastructures
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11.4. Contributory factors

Table 11.4-A: Effects of patient contributory factors on clinical outcome measures at a patient level

Smoking status Diabetes

Never- Ex-or Difference P Non- Diabetic Difference P

smoker current diabetic (n=4)

(n=7) smoker (n=18)

(n=15)

mPI~ 1.5 2.0 0.5(-0.1t01.2) 0.084 1.8 2.3 0.5(-0.8t01.8) 0.21
mBI° 1.3 1.8 0.5(-0.3t01.3) 0.287 1.5 2.2 0.7 (-0.6t0 2.0) 0.25
PD™ (mm) 3.3 3.1 -0.2(-1.0t0 0.5) 0.27 3.2 2.9 -0.3(-1.5t00.8) 0.35
BOP“ (%) 48 39 -9 (-31to0 13) 0.36 40 50 10 (-8 to 27) 0.28
PAL' (mm) 33 3.3 0.0(-09t00.8) 0.46 3.4 3.0 -0.4(-1.9to1.1) 0.39
MBL® difference 0.3 1.1 0.8(-0.1t0 1.8) 0.04* 1.0 1.1 0.1(-0.6t00.8) 0.66
(mm)
MBL® difference 2.1 7.5 5.4(-29to14) 0.11 6.8 7.0 0.2(-49to05.3) 0.85

(%)

“P values from Wilcoxon rank sum tests, *P< 0.05, ~Modified plaque index, CModified bleeding index, “Probing depth,

“Bleeding on probing, 'Probing attachment levels, §Mz:lrgim:ll bone level.

As there was only 1 smoker, this person was combined with the ex-smokers for the data analyses.

There were no significant differences by smoking status or diabetes status when clinical outcomes

were examined at the patient level, except for MBL difference when measured in mm for smokers

(Table 11.4-A). Ex- or current smokers showed significantly more bone loss around the implants

than never-smokers.
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Table 11.4-B: Effects of patient contributory factors on clinical outcome measures at an implant level

Smoking status Diabetes

Never- Ex-or Difference P’ Non- Diabetic Difference P’

smoker current diabetic (n=23)

(n=27) smoker (n=74)

(n=70)

mPI~ 14 2.3 0.9(0.6to1.2) <0.001*1.9 2.5 0.6 (0.3t0o 0.9 0.001*
mBI° 1.4 2.0 0.6 (0.3t00.9) 0.001* 1.6 2.6 1.0 (0.7 to 1.4) <0.001*
PD” (mm) 3.2 3.3 0.1(-0.3t00.4) 0.71 3.2 3.3 0.1 (-0.4t0 0.6) 0.69
BOP* (%) 34 40 6 (-7 to 20) 041 34 53 19 (-4to34)  0.011*
PAL' (mm) 3.2 3.7 0.5(0.0t00.9) 0.61 3.5 3.6 0.1(-0.6t0 0.7) 0.90
MBL® difference 0.4 1.2 0.8 (0.5t0 1.2) <0.002*1.0 1.3 0.3(0.2t00.8) 0.22
(mm)
MBL® difference 3.2 8.5 5.3(2.3t08.2) 0.007* 7.1 8.6 1.5(-2.2t0 5.3) 0.38

(%)

“P values from Wilcoxon rank sum tests, *P< 0.05, ~Modified plaque index, cModified bleeding index, "Probing depth,

“Bleeding on probing, 'Probing attachment levels, §I\/Iargina/ bone level.

As there was only 1 smoker, this person was combined with the ex-smokers for the data analyses.

When examined at the implant level, the marginal bone loss (MBL difference in mm and as a

percentage) was significantly greater in smokers and ex-smokers compared to never-smokers (p

<0.001). Modified plague and modified bleeding indices were also significantly higher in smokers

than in never-smokers (p <0.001 and p = 0.001 respectively). Probing depth, bleeding on probing

(BOP) and probing attachment levels (PAL) did not differ by smoking status (Table 11.4-B).

BOP was significantly more frequent among diabetic patients than non-diabetic patients (p =

0.016). Modified plague and modified bleeding indices were also significantly higher in diabetic

patients compared to non-diabetics (p = 0.001 and p <0.001 respectively). However, no other

clinical parameter differed based on the diabetes status.
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11.5. Radiographic findings

Table 11.5-A: Marginal bone level (MBL) difference by location

Mandible Maxilla Difference P
(n=48) (n=49)
MBL difference (mm) 0.93 1.29 0.36(-0.12t0 0.85) 0.24
MBL difference (%) 5.7 9.6 3.9(0.6t07.2) 0.04

Table 11.5-A reveals that the marginal bone level (MBL) difference as a percentage of the implant
length was significantly greater in the maxilla than in the mandible (p = 0.04), but when measured

in mm, this difference was not significantly different (p = 0.24).
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Figure 11.5-A: Histogram of the marginal bone level (MBL) difference for the implants

Figure 11.5-A illustrates the frequency distribution of the marginal bone level (MBL) difference as
measured in mm for each of the implants as calculated from the radiographic analyses for the
participant cohort. The frequency of each of the calculated MBL difference measurements as a
proportion of the total number of analysed implants is listed as a percentage above each of the
bars. 69 of the 97 implants (71.1%) had baseline radiographs available for analysis. Most MBL

differences were 0-1 mm, and the frequency of larger differences appeared to decrease following

an exponential distribution.
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11.6. Relative risk for bone loss by suprastructure

Table 11.6-A: Risk ratios for bone loss by suprastructure

Bone loss<1mm Boneloss >1mm  Risk ratio 95% CI P
n % n %
Overdenture 27 55 22 45 0.90 0.18-4.58 0.75
Full fixed denture 7 54 6 46 0.92 0.17-5.08 0.75
Partial fixed denture 3 75 25 0.50 0.05-5.15 0.86
Single crown (reference) 2 67 1 33 1.00

The clinical findings showed that the greatest prevalence of bone loss was associated with

overdentures or full fixed dentures. The risk ratio for bone loss, however, showed no difference

between these 2 suprastructures. The likelihood of bone loss where partial fixed dentures were

used was less in comparison [0.50 (95% CI = 0.05-5.15)] to that of overdentures or full fixed

dentures (Table 11.6-A), but the differences were not significant.
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12. DISCUSSION

It has been suggested that when more than 20-25% of patients within a study patient cohort are

2% This current study had a loss to follow-

lost to follow-up, a study will not provide reliable data
up rate of 79.9%, compared with 36%", 37%", and 56%" published in similar studies. However,
none of these aforementioned studies had a dropout rate below 25% either, because the nature
of such long term studies naturally involves a high attrition rate of participants. In the present
study, more than half (52.9%) of the 278 original patients could not be located anymore. Some
possible reasons for the failure to locate these patients included the patients being deceased,
living in either another country or in an elderly-care facility, or having changed names or
addresses. Given these challenges, it would be difficult for any study with an observation period
of more than 20 years to achieve a dropout rate below 25% and certainly none of the
aforementioned, including this study, have managed to do so. Even though the loss to follow-up

was high, the participants in the study did have some similarities with the larger cohort (Table

11.2-A Demographic data of the patient cohortTable 11.2-A).

Given the retrospective nature of the present study, the potential for bias certainly remains high.
If this study could be redesigned, a prospective study would have been preferable. Edentulous
patients may have been randomised to receive either a full fixed prosthesis or an implant-
retained overdenture. Patients could have been followed more carefully until they dropped out.
Most of the patients in the present study were of European or Australian-born, one from India,
one from the Middle-East, two patients were Chinese, and one was an Aboriginal. This study
shows that there is an external applicability of the data from the Swedish studies to other
populations. The average age of participants was 48.5 years at the time of implant placement

113 \where the average age

which is similar to that found in other comparable long-term studies
ranged between 48 to 54 years. The follow-up time of our study was 21-24 years. There are only

three other studies with a minimum follow-up time of 20 years. A further two articles have
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reported follow up periods of 5-25 years’®® and 10-24 years®*’. Our study nonetheless

contributes to the body of evidence on 20-year implant data.

An important consideration for any clinician and patient is the expected longevity and possible
complications associated with implant therapy, along with its associated prosthetic
reconstruction. This is critical as implant therapy involves an invasive surgical procedure of varying
degrees of complexity. However, long-term follow-up studies are scarce, involve only a small
number of patients and generally report on only one type of restorative prosthesis. To date, there
are only limited studies that report on the clinical outcomes of implants following at least 20 years
of service with fixed full prostheses, fixed partial prostheses, and overdentures using the turned
Branemark implant®***. However, no study has compared or reported on all of these prostheses
in one cohort together, including the addition of single crowns. Furthermore, to our knowledge,
there is no study with an observation period of more than 20 years investigating the impact of

prosthetic suprastructure on the marginal bone loss of the supporting implant.

The outcomes of the present 20-year study showed that the radiographic crestal bone levels were
more or less maintained around turned-surface Branemark implants®, with only minimal
changes/bone loss being observed. These results were observed in all subjects within the patient

cohort and seemed to be independent of the suprastructures.

Although the use of titanium oral implants has become a routine clinical procedure in the clinical

practice for the rehabilitation of partially edentulous patients®??, several factors have been shown

238, 243 244-246

to affect the short and long term outcomes. Among them, tobacco smoking has been

176, 247, 248

demonstrated to represent a risk factor for early and late implant loss , biological

complications (peri-implant diseases), and marginal bone loss> ** 7% 24

. Cigarette smoking has
various local and systemic effects on the human body. The local effects are regulated by cytotoxic
and vasoactive substances within tobacco smoke, such as nicotine. Systemically, cigarette

smoking adversely affects the immunologic response with disturbances in peripheral neutrophil
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251

granulocytic function®®, a decrease in the prostacyclin in urine®’ that results in vasodilation,

direct vasoconstriction®?, limited antibodies®?, and an effect on peripheral immunoregulatory T-

cells™*

. In the present study, implants in current and ex-smokers showed higher marginal bone
loss compared to implants placed in never-smoking patients. The bone loss around implants
correlates well with the patient’s smoking status. This is in agreement with other studies where a

smoking habit negatively affected the long-term outcomes of implant therapy®’* 176 180 255260,

The higher marginal bone loss could be partially explained through the findings of Oates and co-
workers®®, who demonstrated that pyridinoline levels are specifically elevated in the crevicular
fluid of smoking implant patients, which may affect the implant success in part through
alterations in the level of bone resorption. Lambert and co-workers®®? suggested that increased
implant failures in smokers are not the result of poor healing or osseointegration, but rather due

to the exposure of peri-implant tissues to tobacco smoke.

Smoking also influences the bone. Studies demonstrate a lower mineral bone content within
smokers. In an experimental study in rats in which subperiosteal bone formation was stimulated,
Boyne and Herford found those rats exposed to cigarette smoke produced less bone than in the

control rats®®

. Rats that were not exposed to cigarette smoke and received 1.0mg of nicotine via
a patch applied to their backs exhibited 35% less bone growth than those exposed to smoke, and
50% less bone growth than the control group. The fact that tobacco smokers display higher
proportions of implant failures and marginal bone loss compared with non-smokers has now been

well documented?®*”- 264265

In the present study, 53% of diabetics presented with peri-implant BOP, which is lower than that

reported in the literature®®® 2%’

. The presence of bleeding on gentle probing is a useful parameter
for the diagnosis of mucosal inflammation®. Lang and co-workers®®® have demonstrated that
healthy peri-implant sites had an absence of BOP, while there was increased BOP at peri-implant

mucositis sites (67%), and at peri-implantitis sites (91%). A possible explanation for the lower BOP
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scores in this study could be due to the low probing force used ?*°. The Florida Probe® system
used in the present study utilises a constant probing force of 25g. Similar findings were also found
by Luterbacher and co-workers?”® who evaluated the prognostic value of BOP in monitoring peri-
implant mucosal conditions within a periodontally maintained group. Here, it was concluded that
the positive predictive value for worsening peri-implant tissue conditions was 100% where there
was greater than 50% BOP in subjects showing any bleeding site at more than half of their recall

visits over a 2 year period.

In the present study, when analysed at the implant level, diabetic patients had significantly
greater BOP and greater modified plaque and bleeding indices. No other clinical outcomes were
affected by the diabetic status of the patients. Of the 4 diabetic patients, 2 of these patients had
poor glycaemic control (HbAlc > 8%). Diabetes is a systemic disease that may be responsible for a
wide range of mechanisms that result in delayed wound healing and increase the patient’s
susceptibility to infection or implant loss*’*. There has only been one cross-sectional study
describing the link between diabetes and peri-implantitis. Ferreira and co-workers®®’ reported a
prevalence of 64.6% peri-implant mucositis and 8.9% peri-implantitis in 212 non-smoking
Brazilians. The diabetic status of each of these patients was evaluated at the time of surgery, as
well as at the time of re-evaluation. Following a multivariate analysis, the risk variables associated
with increased odds for having peri-implant disease were identified as: gender, plaque scores, and
periodontal BOP. Furthermore, the presence of periodontitis and diabetes were statistically
associated with greater risk of peri-implantitis (OR 1.9 [Cl 2.1-5.6]) — especially in those subjects

with poor metabolic control.

The relatively minimal marginal bone loss observed over the 20 year observation period in the
present study may be related to the turned surface of the implants with minimal roughness.
Increases in surface roughness and surface free energy have been shown to facilitate microbial

153, 272

biofilm formation on dental implant and abutment surfaces . Experimental dog studies have
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suggested that the progression of untreated peri-implantitis lesions varied among different types
of implants'®* '**, being more pronounced at implants with a moderately rough surface (e.g. sand-
blasted and acid-etched) as opposed to those with a turned surface®”>. Clinical studies in partially
edentulous patients have also shown that implants with a rough surface display higher rates of
peri-implantitis and late failures than those implants with moderately roughened or turned

surfaces?’* %",

Another drawback in this study lies upon its reliance upon initial radiographic records taken at the
time of implant placement. Twenty-eight out of 97 (28.9%) implants did not have baseline
radiographs available for analysis. Furthermore, the vast majority of radiographic records used for
analysis were panoramic tomography. Although radiographic techniques including panoramic
tomography and long cone paralleling techniques have been used to monitor marginal bone levels

at implants and to diagnose interproximal bone loss®’®

, their limitations in image resolution and
distortion are also well documented®’” 2’8, Another drawback of conventional radiography
includes its inability to monitor facial and lingual or palatal bone levels; a low sensitivity in the

278, 279

detection of early bone changes; along the with underestimation of bone loss . Alternatives

to conventional radiographic techniques in detecting changes in bone density include subtraction

80 multi-slice computer tomography (CT) and cone beam volume imaging. CT and

radiography
cone beam allow evaluation of the osseous structures in 3 planes without overlay or distortion®'.

Unfortunately, these techniques were not available when the implants being investigated in the

present study were inserted.

The mean change in marginal bone levels over the 20+ year observation was very small. A
frequency distribution analysis of the different bone loss categories revealed that the majority
(47.4%) of implants showed small bone level alterations (< 1mm), while 15.5% of the implants
exhibited between 1.1 and 2mm and 8.2% of the implants had bone loss exceeding 2mm. The

mean change was 1.1mm when analysed at an implant level, which equates to a mean annual
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bone loss 0.05mm. When compared against other long-term studies also of the same implant
system, this result is identical to that reported by Lindquist and colleagues over an observation
period of 15 years®® and by Lekholm et al. observed over 20 years™; but lower than that found by
Ekelund and co-workers™ (0.08mm over 20 years); and higher than that reported by Astrand and

co-workers' (0.03mm observed over 20 years).

When analysed by suprastructure, all 10 implants (10.3% of the total implants analysed) of the
present study affected with peri-implantitis supported overdentures (PPD >5mm, BOP positive at
any site, and evidence of radiographic marginal bone loss). Figures on the prevalence of peri-
implantitis vary considerably in the literature, from 0.31% for single tooth replacements to 6.47%
for implants involved in fixed partial dentures after at least 5 years of follow-up®, and 12-43% of
implants after at least 5 years of follow-up®. It is worth noting that these figures are based on a
small number of studies that show large variations in study design, patients and implants

included, and the definitions used to define peri-implantitis.

Statistical analysis of the data from the present study revealed that although the greatest
prevalence of bone loss was associated with overdentures or full fixed dentures, there were no
statistically significant differences between these 2 suprastructures and partial fixed dentures or
single crowns. However, analysis of the marginal bone loss by suprastructure at both the patient
and implants levels indicated a trend: implants supporting overdentures showed the highest bone
loss, followed by implants supporting full fixed dentures, partial fixed dentures, and single crowns.
The prosthetic estimated cumulative survival rate in a previous study of the same population
cohort also exhibited a similar trend, with the lowest cumulative survival rate of 22% being
reported for overdentures, 50% for full fixed prostheses, 80% for fixed partial prostheses and 84%
for single crowns'. This marginal bone loss observation is also consistent with a review by
Berglund and co-worker’s', where implant-supported overdentures and fixed complete dentures

showed greater bone loss (beyond 2.5mm) than implants restored with fixed partial dentures and
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single tooth replacements (4.76% and 3.78% vs. 1.01% and 1.28%). The authors also reported that
peri-implant tissue complications (such as excessive swelling, hyperplasia requiring surgical
therapy, fistula or suppuration) were higher for implants supporting overdentures compared to
those supporting fixed reconstructions (0.27 vs. 0.19 [complete] and 0.15 [partial] incidences per

patient over a 5 year period).

One hypothesis for the increased bone loss seen in overdentures is that high occlusal forces and
loading on distal cantilever bar extensions (a common restorative suprastructure in the present
study cohort) are responsible for the excessive bone loss around implants, leading to loss of
osseointegration, and potentially implant failure. There is still controversy regarding the ideal
design of an overdenture attachment that provides optimum force distribution around its
supporting implants to allow bone loading within physiologic levels. In-vitro experiments and
numeric analyses have suggested that overdenture attachment design may influence stress/strain

magnitudes around implants and that lower stresses occur around unsplinted implants®®*2. |

n_
vivo however, it has been shown that bar retainers contribute to force partitioning (load sharing)
between implants; that higher forces are exerted on unsplinted implants; and that loading on

distal cantilever bar extensions does not lead to excessive bone loss around implants?®> %,

During this long follow up period, a small number of the implants suffered from a significant
amount of bone loss. According to Albrektsson et al.”’, a successful implant should not lose more
than 0.2mm of bone after the first year of function. In keeping with this suggested criteria,
implants with more than 4.0mm of bone loss after 20 years should be defined as failures.
Applying this criteria for successful implants, 2 of the implants in this study would have been
defined as failures, despite them still well-supporting the various suprastructures, with the
majority of them also not causing any clinical problems. In light of this, neither the patients nor
the clinicians judged these implants a failure, and thus, it may be time to redefine the aspect of

bone loss within these criteria in relation to the long term success of implants.
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The clinical implant parameters examined in the present study (mPl, mBI, BOP, PD, and
radiographic MBL) are important indicators of peri-implant diseases that may lead to loss of an
implant. Today peri-implant diseases are considered the result of the imbalance between
bacterial overload and host defences®. In this study, the majority of the overdentures were cast
bar-retained dentures which have been reported to be difficult for patients to clean®®” % —
particularly for older patients who have limited manual dexterity and vision. Similarly, many of
the full and partial fixed denture designs did not facilitate hygiene access and were also
challenging for the patient to clean, as evidenced by the higher mPl and mBI scores recorded.
Despite this, probing depths around the implants were predominately shallow (84.2% of implant
probing sties were between 2-4mm; mean probing depth was 3.3mm) and BOP was present on

only 39% of the 97 implants examined. It is also worth noting that the vast majority of these

patients were not enrolled in any regular maintenance program over the past 20 years.

It also has to be mentioned that the small sample size of this cohort led to a low power for the
comparative analyses. A larger sample size would have thus increased the power of the statistical

analyses.

In conclusion, the treatment of both complete and partially edentulous patients with turned
titanium implants seems to function well over 2 decades, providing patients with good support for
fixed and removable constructions with no major complications. Minimal soft tissue inflammation
and minimal radiographic bone loss was observed, despite the vast majority of the patients not

being enrolled in a regular maintenance program.
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