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I. INTRODUCTION

Purpose

Implants can fail without the signs and symptoms usually seen with ailing

dentition. The problem for the clinician or restorative dentist is to identify criteria by

which to assess implant health. Although some criteria to assess implant health have

been proposed (1), research has shown most traditional parameters of periodontal health

lack validity when applied to implants (2). Failures, although relatively uncommon,

often complicate the treatment plan (see Table 1).

It is clear that implants differ from teeth in that they have no periodontal

ligament, blood supply, or mechanoreceptor feedback. Additionally, in natural dentition

there is no clinical equivalent to the implant 2" stage surgery and implant loading. At

present, there is limited understanding of why crestal bone loss occurs between 2nd

stage surgery and implant loading. The purpose of this study was to learn more about

how crevicular fluid levels of Interleukin-1beta (IL-13), a marker of bone loss,

compares between implants and natural dentition. Additionally, our purpose was to see

how these levels change after definitive restoration.

Hypothesis

The null hypothesis is that crevicular fluid levels of IL-13 around implants are

not significantly different from levels around natural teeth and are not affected by the

placement of a definitive restoration.



This hypothesis will be evaluated through the following:

Specific aims

1. To evaluate the resting levels of IL-13 in the crevicular fluid around implants

in the healing abutment phase and the contra-lateral natural tooth.

2. To evaluate the resting levels of IL-13 in the crevicular fluid before and after

definitive implant restoration.

Background and Significance.

Criteria for Implant Success

Criteria to define a clinically successful or failing implant have remained

controversial. The first published paper on criteria of implant success was by

Schnitman and Shulman (3), presented at the 1979 NIH Harvard Conference. Implant

success was defined for Linkow blade implants which have a fibrous connective tissue

anchorage or ligament relationship with the implant. This is histologically unlike the

tissue relation with titanium implants, which consists of a bone-implant interface at the

light microscopy level. This latter histological relationship is termed osseointegration.

Nevertheless, these criteria represent the first attempts to reach a consensus definition of

success for dental implants. These criteria included (3):

• Mobility less than 1 mm in any direction.

• Radiologically observed radiolucency at the implant bone interface, graded

but no success criterion defined.

• Bone loss no greater than one third of the vertical height of the bone.



• Gingival inflammation amenable to treatment; absence of symptoms,

infection, damage to adjacent teeth, parasthesia, anesthesia or violation of the

mandibular canal, maxillary sinus, or floor of the nasal passage.

• Functional service for 5 years in 75% of patients.

Recognizing the fibrous-blade implant relationship is different from

osseointegration of titanium implants, Albrektsson et al. (4) at the NIH Conference

(1986) defined successful osseointegration as:

• The individual unattached implant is immobile when tested clinically.

• No evidence of peri-implant radiolucency.

• The mean vertical bone loss is less than 0.2 mm annually after the first year of

service.

• That individual implant performance is characterized by an absence of

persistent and/or irreversible signs and symptoms such as pain, infections, neuropathies,

parasthesia, or violation of the mandibular canal.

By these criteria, a success rate of 85% at the end of a 5 year observation period

and 80% at the end of a 10 year period have been considered minimum levels for

success. These criteria for success were subsequently revised by Smith and Zarb (5) to

include the criterion that implant placement must be performed such that it may be

functionally restored.

The First European Workshop on Periodontology (6) defined failure as the first

instance at which the performance of the implant, measured in some quantitative way,

falls below a specified, acceptable level. The group (6) classified oral implant failures

according to the osseointegration concept into four main factors.



• Biological: Early or primary (before loading)-failure to establish

osseointegration. Late or secondary (after loading) failure to maintain the achieved

Osseointegration.

• Mechanical: Fracture of implants, connecting screws, bridge frameworks,

coatings etc.

• Iatrogenic: nerve damages, wrong alignment of implants, etc.

• Inadequate Patient Adaptation: phonetical, esthetical, psychological

problems, etc.

Classifications of implant fixtures are useful as a basis for long term assessment

of implants and comparing individual implant systems. However, they offer little help

in the decision making for the clinical management of ailing or failing implants.

Implant failure is not commonly observed (see Table 1). However, when

implants do fail it can be sudden and without warning. It is clear that implants are

different from teeth in that they have no periodontal ligament, blood supply, or

mechanoreceptor feedback associated with natural dentition. There is a need to

establish why implants fail and how failure differs from failure of natural teeth.

Biologically related implant failure appears to be relatively rare. In a study of

patients with 28.12 Branemark implants Adell et al. (7) demonstrated a 7.7% failure rate

over a 5-year period (bone graft excluded). There is a general trend towards maxillae

having almost 3 times as many failures as mandibles (8-10). Surgical trauma, together

with anatomical conditions, are believed to be the most important etiological factors for

early implant losses (9). The low prevalence of failures attributable to peri-implantitis



suggests that jaw volume, bone quality, and overload are the 3 major determinants for

late implant failures with the Branemark implant system (8).



Table 1. Studies of single tooth implants that have recorded early and late
implant failures after loading. Type of surface coating and time of service are also

recorded.

Authors (ref no.) Type of implant coating Implants Length of
used Inserted/failed time restorations

followed

Henry et al (11) CPT 107/3 5 yr

Balshi et al (12) CPT 22/1 3 yr

Avivi-Arber & Zarb CPT 49/1 1-8 yr
(13)

Malevez et al (14) CPT 84/2 3-62 mths

Thilander et al (15) CPT 27/0 3 yr

Becker and Becker CPT 24/1 1-2 yrs
(16)

Engquist et al (17) CPT 82/2 1-5 yrs

Jemt et al (18) CPT 23/1 3 years

Jemt and Petterson CPT 70/1 3 years
(19)

Ekfeldt et al (20) CPT 93/2 14-55 mths

Sullivan et al (21) CECPT 147/5 up to 3yrs

Levine et al (22) TPS 174/97.7% 6 mths

Behneke et al (23) TPS 320/6 not
recorded.

Karlsson et al (24) CPT 47/0 not
recorded.

Norton, MR (25) CPT 27/0 0-6yrs

Haas et al (26) TPS 501/76% no

differentiation

between restorative

CaSCS

De Wijs et al (27) TPS 81/96.1% 5 yrs of
loading

Gomez-Roman, G TPS 696/97.6% upto 5yrs
(28)

Saddoun et al (29) HA 1499/96.1% Upto 8yrs.
max 697/31 All cases

full/partia/single teeth

CPT = Commercially Pure Titanium. CECPT = Chemically etched commercially pure titanium.

TPS = Titanium Plasma Sprayed. HA = Hydroxyapatite coated commercially pure titanium.

i
|-
*
*
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Despite the fact we have criteria and or a limited understanding of the

epidemiology of failing implants, we do not have a good clinical monitor for

determining the health or disease status of dental implants. The ideal parameter for

monitoring implant conditions should be sensitive enough to distinguish early signs of

implant failure. It is only by understanding potential causes for loss of osseointegration

that a treatment modality may become evident. Some have advocated that implant

health should be assessed by the same criteria currently used for periodontium (31).

Traditional Parameters of Implant Health.

In the examination of the periodontium, the clinical “ruler' is the periodontal

probe which is used to determine health versus disease activity through the assessment

of attachment loss (31). Other clinical parameters generally accepted as being related to

periodontal health include plaque accumulation, redness, swelling, bleeding on probing

(BOP), suppuration, pocket depth and crevicular fluid volume. These traditional

parameters are of some use but have little predictive value for future disease activity

(32). The use of periodontal parameters has a twofold purpose: descriptive and

predictive. The description of periodontal tissues theoretically provides a means of site

comparisons, and over time it provides a means of monitoring health status and

observing the effectiveness of treatments. Unfortunately, clinical parameters to assess

periodontal health are poorly correlated to outcomes such as tooth loss (32).

As there are no perfect ways of predicting the progression of periodontal disease,

the question is, what are the best ways? Lang et al. (30) did a retrospective study to



evaluate the prognostic value of bleeding on probing (BOP) in identifying sites at risk

for periodontal breakdown during the maintenance phase of periodontal therapy. They

concluded that lack of BOP indicates that site is less likely to break down so BOP is a

limited but yet useful prognostic indicator in clinical diagnosis for patients in

periodontal maintenance phase.

The use of periodontal parameters to assess the health of implants has been

questioned (1). There are no studies which demonstrate the validity of using traditional

periodontal parameters for assessing implant health.

In a study by Apse et al., (1) they looked at the various clinical parameters of

assessing periodontal disease as related to implants including plaque index (PI),

Gingival index (GI), Bleeding on Probing (BOP), Probing Depth (PD), and keratinized

mucosal Index (KMI). At the 9 year results of the study they concluded that periodontal

indices, when applied to osseointegrated peri-implant mucosa, are of limited value and

may be of little clinical significance when considered as measures of success or failure

of osseointegrated dental implants.

Mombelli et al. (33) reported data that showed a significant difference in the

distribution of morphotypes of bacteria comparing implant sites classed as successful

against failing implants. Failing implants were defined as cases with marked loss of

bone radiographically and pocket probing depths P5mm around implants. Spirochetes

were not found in the crevicular fluid of any of the successful cases. Failing sites also

harbored significantly elevated numbers of motile rods and fusiform bacteria. The

treatment protocol that Mombelli suggested for these sites included mechanical

cleaning, irrigation of all peri-implant pockets greater than 3 mm with 0.5%



chlorhexidine and systemic antimicrobial therapy (1000mg of ornidazole for 10

consecutive days).

The radiographically observed progressive marginal bone loss seems to be

universally accepted as a sign of an ailing / failing implant (4). However, it is not clear

to what extent the marginal bone loss should have progressed before treatment is

indicated, and further, the ability to accurately assess radiographs is called into question

in a number of studies (34). The extent of bone loss has been shown to be more

significant than what is present on the radiograph (34).

In review, traditional methods of assessing implant health such as attachment

loss and bleeding indicies, are of little value, in predicting implant loss, so newer

techniques of assessing the crevicular fluid need to be looked at more closely.

Implant Failure: bone implant interface

Implant failure has been defined previously as an early or late biologic failure

(6). A number of studies have reported that marginal bone is lost during the healing

period following the implantation of the fixture (7,8) and that it is more significant in

the maxillary arch.

Remodeling is known to occur following abutment connection and loading of

the abutments with a prosthesis. The total mean marginal bone loss from the beginning

of the healing period to the end of the remodeling period (1 year after abutment

connection) has been variously estimated between 0.9-1.6mm (7-10). However,

persistent bone loss can occur subsequently.



After the initial surgical trauma of implant placement, bone healing has been

described in 3 stages (35). The first stage includes formation of a hematoma and

circulatory changes due to liberation of chemical breakdown products. These products

function as mediators, acting on surrounding cells and attracting cells from blood and

surrounding tissues. The second stage will advance along one of two possible paths:

REGENERATION or REPAIR. Regeneration means replacement of the wounded

region by bone, while repair means replacement by non-mineralized tissue such as some

type of collagenous scar and a fibrous band around the implant. The 3rd stage is

characterized by wound maturation via modeling and remodeling. Assuming that bone

regeneration occurs, modeling and remodeling would be responsible for reshaping or

consolidation of bone at the site in question.

Investigating the first stage as potential for failure of implants, micro-motion is

biologically significant. Its principal effect is to destroy the network of connective

tissue, which serves as the initial scaffold for bone development. This destruction leads

to repair rather than regeneration. The orthopedic literature was the first to identify this

significance, Charnley (36) and Uhthoff (37) pointed out that in the absence of micro

motion there was a ‘solid incorporation of screw by the bone.”

The second key phase following established implant integration is the response

to or reaction of an established bone-implant interface to loading, in terms of the

biological response to these stimuli and by what mechanisms these responses occur.

Frost (38) has postulated that bone responds to mechanical stimuli by means of coupled

activities of cells. These cells include osteoclasts and osteoblasts, acting in coupled

10



fashion in Basic Multicellular Units (BMUs). The processes of bone turnover and

maintenance are carried out by groups of cells that function as organized units called

BMUs. These cells do not behave independently, but rather collectively, to carry out

specific bone functions. These BMUs are more active at the periosteal level, which may

be critical when assessing crestal bone loss in implants.

To explain bone response to loading Frost (38) postulates that the quantity in

relation to which the system tries to control strain is the ‘minimum effective strain’

(MES). Strains greater than the MES are supposed to ‘turn on the adaptive response,

while strains less than the MES are supposed to leave the response off. The MES for

remodeling is of the order 100-300ue, while that for modeling is about 1500–3000ue,

according to Frost. According to the theory, increased mechanical usage should increase

the modeling response and depress the remodeling activity. Although opposite in sign,

both responses act to increase and conserve the bone material where it is needed to

counter the effects of loading.

Experiments by Hoshaw et al. (39) and Brunski et al. (40) consider Frost's

theory with respect to loading at a bone-implant interface. The experimental model

consisted of 7 mm Branemark implants in dog tibiae. The implants were loaded for 500

cycles/day for 5 consecutive days. They found increased modeling near loaded

implants, consistent with Frost’s theory.

Frost's theory initially identifies in-vivo microdamage in bone. In addition,

Martin and Burr (41) have provided evidence of enhanced remodeling activity in

cortical bone exposed to fatigue loading conditions. Microdamage was evident in areas

where remodeling was induced. They also suggested that elevated loads (or stress

11



concentrations) resulted in fatigue damage that is repaired by enhanced remodeling as

long as the bone is within a physiologic and adaptive range (i.e., “15% of ultimate bone

strength). There may be an inadequate safety range to overcome the repair process and

the implant would fail. Experimental evidence relating overload of implants to bone

loss involves animal (42,43), human (44–46) and the orthopedic literature (56-67).

Isidor (42) looked at the breakdown of bone around oral implants following

excessive occlusal load or plaque accumulation in monkeys. A prosthesis was placed in

supra-occlusal contact with the antagonizing splint, causing a lateral displacement of the

mandible during occlusion and, therefore, a lateral rather than an axial directed occlusal

load. They saw loss of osseointegration in 62% of the implants placed in occlusal

overload. The loss of osseointegration was observed 4.5 months to 15.5 months after

the occlusal overload commenced. Implants without loading but with plaque

accumulation had an average bone loss of 1.8 mm after 18 months, but did not lose

osseointegration.

Hurzeler et al. (43) looked at the changes in the peri-implant tissues subjected to

orthodontic forces and ligature breakdown in monkeys. The study used 5 male

cymologus monkeys and a split mouth design of ligature induced peri-implantitis in

combination with repetitive mechanical trauma. Histologic and computer assisted

histomorphometric analyses were performed to determine the amount of peri-implant

bone loss and the percentage of direct mineralized bone to implant contact around each

endosseous oral implant. The repetitive mechanical trauma showed no histologic effect

on the peri-implant bone loss in healthy or in diseased implant sites. They concluded

12



that the key problem seems to be the determination when loading on implants exceeds

the physiological range of bone adaptation, which may then cause implant failure.

Quirynen et al. (44) attempted to explain the loss of osseointegration during the

first three years of loading. They concluded that excessive marginal bone loss

correlated well with the presence of overload due to lack of anterior contact, the

presence of parafunctional activity and osseointegrated full fixed prosthesis in both

jaws.

Rangert et al. (45) retrospectively assessed 39 patients who had implant

fractures. They were unable to conclude whether bone loss occurred prior to the

fracture of the implant as a result of overload or the bone loss resulted from the initial

crack development in the implant. He did suggest that overload-induced resorption

seemed to precede implant fracture in a significant number of the patients, especially in

single molar, single implant sites.

Observations by Sanz et al. (46) described 6 titanium implants failed in the

absence of marginal infection. It was proposed that excessive biomechanical force

resulted in the progressive breakdown in the interface between the titanium and the soft

tissue.

The problem of establishing a link between biomechanical overload and implant

loss has been investigated through the use of finite element analysis (48), photoelastic

studies (49), and recently gingival crevicular fluid analysis (50). Finite element analysis

and photo-elastic studies examined the stress concentrations around implants within a

bone model. These finite element analyses of bone-anchored prostheses on six

implants, either in the maxilla or mandible, with a variety of cantilever lengths, have

13



shown that the greatest stresses occurred on the most distal implant/bone interface on

the loaded side and significantly increased with the length of the cantilever (51-54).

Further work has been carried out with finite element analysis to investigate the

influence of restorative material on the bone stress patterns (54,55). This seemed to

show no effect on the bone stress patterns, whichever occlusal material is used. With

finite element analysis the interpretation of results is often inconclusive because it is

based on uncertain data.

Ethically, it is impossible to study the effect of adverse loading or biomechanical

force on dental implants in the clinical situation. Additionally, it is difficult to test the

effect of repeated micromotion. No experimental evidence has so far been reported that

directly associates biomechanical overload and implant failure in animal models. Much

of our knowledge regarding mechanical overload has been the extension of orthopedic

literature to dental implants. The orthopedic literature is full of documented cases of

aseptic loosening of total hip and knee prostheses (56-67). It is still useful to assess the

literature from the view point of the cellular mechanism of total hip replacement (THR)

loss, as it may give clues as to mechanisms of dental implant failure.

Histologic analysis indicates that when biomechanical demands exceed the

functional capacity of the bone at the bone-implant interface, the bone remodeling

process is triggered by the accumulation of microcracks. With bone resorption, the

mechanical properties of the titanium-bone interface is further compromised. With

continued application of stress, accumulation of microdamage increases. The bone

tissue is then replaced by fibrous encapsulation (59).

14



The danger of comparing the orthopedic literature to dental implant literature is

that the orthopedic model is an enclosed system. The mouth is a totally unique model in

the mammal in that the implant must exist in two environments. The successful

transmucosal passage of the implant post from the external environment of the oral

cavity to the internal environment of the bone and associated soft tissues is critical in the

longevity of the implant (68).

Having established that bone remodeling occurs at the bone implant interface

upon loading, the next question is to investigate which markers and what mediates

between the processes of modeling and remodeling.

Mechanical stress appears to evoke biomechanical and structural responses in a

variety of cell types, in vivo and in vitro. The cellular basis for how biomechanical

forces can cause the replacement of differentiated bone tissue by soft tissue may be

explained by the in vitro studies by Yeh and Rodan (69). They found that the

application of tensile forces to osteoblastic cells in culture resulted in the early

enhancement of IL-1 (and prostaglandin E2), a potent inducer of bone resorption. Saito

et al. (70-71) have shown that when teeth are orthodontically moved and when cultured

periodontal ligament cells are subjected to repeated tensile force, there is increased IL-1

(and prostaglandin E2 synthesis). These observations have been confirmed by Shimizu

et al. (72). The production of IL-1, prostaglandin, PG E2 and other biological

modulators may result in the induction of a tissue remodeling response characterized by

loss of specialized bone tissue and fibroplasia (73–75).



Interleukin-1-beta

In humans, IL-1 has been found to exist in 2 major forms: IL-10 and IL-1B (76).

Although both forms are distinct gene products, they recognize the same receptor site

and share the same biologic properties. Stimuli for IL-1 (Osteoclast activating factor

OAF) production include microorganisms, endotoxin (LPS), antigen-antibody

complexes, clotting components, and other cytokines. During the immune response,

antigen presentation is dependent upon IL-1 production by the presentation cell, direct

contact with T-cells, and the expression of class I major histocompatibility complex

(MHC) antigens on the cell membrane (77).

IL-1 is a cytokine that mediates a broad spectrum of biologic effects including

immune regulation, inflammation, and connective tissue metabolism (77). This

mediator can induce connective tissue destruction and osteoclastic bone resorption, and

may work synergistically with other cytokines, such as tumor necrosis factor (TNF), to

cause increased bone destruction (78–79). In addition to stimulating bone resorption,

bone formation is inhibited. Additionally, there is a growing body of evidence

suggesting IL-1B may be important in the pathogenesis of periodontal disease (80-87).

IL-1B has been shown in gingival crevicular fluid samples from clinically

inflamed sites in humans and peripheral blood monocyte culture supernatants from

periodontal patients. IL-1 has been shown to stimulate osteoclastic bone resorption in

vivo (84). Other cytokines such as TNF have also been shown to be able to increase

osteoclastic bone resorption (78).

16



Recently Johnson et al. (88) evaluated clinical, microbiological, and gingival

crevicular fluid profiles in periodontitis-resistant and periodontitis-susceptible subjects

during four weeks of experimental gingivitis. The gingival crevicular fluid analysis

included determining IL-13 and prostaglandin (PG E 2) amounts. Results indicated

clinical signs of inflammation, microbiological patterns and gingival crevicular fluid

(GCF) profiles progressed similarly in both groups.

Recently, we have demonstrated that diseased implants can be distinguished

from healthy implants by the presence of elevated levels of interleukin-1 (89,90). An

analysis of IL-13 levels in diseased implants compared to those in matching healthy

implants in 12 patients indicated that the level of IL-13 was approximately three times

the level at healthy sites (89). IL-13 levels therefore may be useful in monitoring the

health status of dental implants (90).

This work has been further supported by Salcetti et al. (91) in a study of 21

patients with failing implant sites. They looked at both the plaque collected from the

failing implant site and the crevicular fluid. The crevicular fluid was analyzed for

catabolic resorbing agonists Prostaglandin E2 (PGE2), Interleukin-13 (IL-13) and

anabolic bone forming growth factors, transforming growth factor 3 (TGF■ ) and

platelet-derived growth factor (PDGF). This study found greater detection frequencies

of P.nigrescens, P.micros, F. nucleatum SS vincentii, and Nucleatum ss nucleatum, as

well as significant elevations in GCF levels of PGE2, IL-13 and PDGF in mouths with

failing implant sites as compared to mouths with healthy control implants.

17



Recent literature includes the use of cross-sectional studies comparing levels of

IL-13 in GCF of failing implants with that of either clinically healthy implants or

natural teeth (92). Unfortunately, longitudinal studies are lacking.

Other markers have been used to monitor implant sites (93–98). Eley and Cox

(95) carried out a cross-sectional study to correlate clinical parameters with protease

activity. They found that total enzyme activities had good diagnostic specificity and

sensitivity as predictors of clinical parameters and the figures were especially high for

elastase activity as a marker of bone reduction.

The only longitudinal study of gingival crevicular fluid samples looked at the

Glycosaminoglycan (GAG) profile within the fluid (96). They looked at a group of

clinically successful Tubingen implants. Samples of GCF were collected at stages of 1

2 weeks, 5-6 weeks, and 3 months of post insertion healing prior to restoring with

crowns, also, at 2 weeks and more than 4 months after crowning and occlusal loading of

the implants. The results suggested that GAG composition of GCF, collected

superficially at the gingival margin, might in part reflect the metabolic activities of the

deeper periodontal tissues of alveolar bone and periodontal ligament. Two GAG bands,

hyaluronic acid and chondroiten 4 sulphate (C4S), were detected in GCF from implants,

similar to the profile from teeth. High GCF volumes and GAG contents, notably C4S,

may reflect post operative alveolar bone responses, particularly resorption at various

stages of healing and function of successful implants. This work was further supported

by Okazaki et al. (97) but they concluded that the predominant isomer was delta Di-0S

followed by delta Di-4S.

18



Boutros et al. (98) looked at the neutrophil derived enzymes that are present in

the GCF using a very small sample of (n=5) failing implants in a cross-sectional study.

They found a statistically significantly higher level of neutrophil elastase,

myeloperoxidase, and B-glucuronidase around failing implants compared to successful

implants.

Preliminary studies

In preliminary studies to determine if this project was practical, we monitored 5

maxillary anterior incisors in a periodontally healthy patient starting with initial banding

and placement of orthodontic forces. Gingival crevicular fluids were collected and

analyzed for IL-13 levels at day 1, 3, 7, 14, 21, 28, 35, 42 and 49. Additionally, the

crevicular fluids from 5 dental implants after initial loading were monitored during the

same time frame. The results are shown in Table 2.
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Table 2:

IL-1B Levels in Crevicular fluid around Dental Implants and Maxillary
Central Incisors After Application of Biomechanical Force

IL-13 (pg/ul) IL-1B (pg/ul)
+Standard deviation + Standard deviation

Day Maxillary Incisors Dental Implants
with orthodontic movement after initial loading

1 583 + 18 612 + 27

3 574 + 12 594 + 24

7 358 + 26 524 + 19

14 275 + 25 425 + 23

21 251 + 42 356 + 29

28 216 + 12 306 + 32

35 528 + 21 * 283 + 24

42 472 + 24 243 + 34

49 312 + 25 226 + 28

*on day 35, orthodontic braces were adjusted and increased biomechanical force was applied.

Based on our preliminary observations, it appears that when biomechanical force

was placed to both the maxillary incisor and the dental implants, there was a rapid

elevation in the levels of IL-13. Normal base levels of IL-13 in natural dentition and a

healthy implant are 68.2 and 120.4 pg/ul, respectively. The IL-13 levels for initially

loaded implants referenced in Table 2 represent elevated levels consistent with bone

loss. With time, it appears that both the teeth and dental implants adapt to the
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biomechanical force and the IL-13 levels decreased. When additional orthodontic force

was applied to the maxillary incisors, the IL-13 levels increased to the elevated level

within 24 hr. These preliminary data suggest that the clinical aspect of this proposed

project is both feasible and likely to produce clinically relevant information.

In summary this literature review has outlined why failure of root formed

endosseous implants are poorly understood. Although it is known that failures occur at

a rate of less than 8%, and that failures occur most often in the first year after implant

placement, the lack of valid assessment criteria to predict implant failure limits our

understanding. This discussion demonstrates that implant failure by biomechanical

overload of implants is plausible, but direct experimental evidence is lacking.

Interleukin 13, a cytokine that mediates early stages of bone resorption, has been

studied in patients with natural dentition and more recently in the crevicular fluid

around implants. IL-13 may be a sensitive marker of inflammation from the crevicular

fluid. However, data is lacking regarding the resting levels of IL-13 in the crevicular

fluid around implants in the healing abutment phase compared to a contra-lateral natural

tooth. Additionally, because bone loss around implants occurs soon after stage II

surgery, it seems logical that a sensitive marker of bone loss should be monitored during

implant healing and initial loading. By monitoring IL-13 levels following second stage

surgery, we will provide comparative information to natural dentition and longitudinal

information occurring as a result of definitive restoration.
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II. METHODS

Patient Selection.

The population consisted of subjects from the UCSF Postgraduate Prosthodontic

Clinic, the VA Medical Center Dental clinic and private practice. Each subject signed

an informed consent form that had been reviewed and approved by the Committee of

Human Subjects Research at UCSF (appendix 1). Inclusion criteria included a medical

history with no abnormalities detected such as diabetes or heart conditions requiring

antibiotic prophylaxis, no history of antibiotic therapy in the 2 months prior to testing.

Subjects had to be at least 18 years of age with either a single tooth or multiple implant

restoration opposed by natural dentition. A periodontally healthy contra-lateral natural

tooth with no pocketing and opposed by natural dentition also had to be present.

Subjects with a removable prosthesis were excluded. Patients should not have received

a non-autologous bone graft or undergone any periodontal or implant therapy within 21

days.

A profile was established to provide a database of information about the patients

dental and implant history. The enclosed data sheet was completed for each subject

(appendix 2).

Clinical Procedure

Restoration of the implant was carried out according to a set protocol (Fig. 1).

An impression was made to the fixture level using a two piece impression coping with a

polyvinyl siloxane impression material. A periapical radiograph was taken to confirm

seating. All crowns were fabricated in one of two ways: if the angulation was
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satisfactory a crown was waxed and cast to a UCLA abutment, or if the angulation was

unsatisfactory a custom abutment was waxed and cast with either Type III gold

Firmalay” (Jelenko, Armonk, N.Y.) or Olympia” (Jelenko, Armonk N.Y). The crown

was finished with Vita 900 3D" porcelain (Vita Zahnfabrik, Bad Sackingen, Germany).

Two weeks after impressions the restoration was delivered and either cemented or

screwed into place.

Crevicular fluid sampling was completed at intervals as shown in Figure 1.
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Placement of Implant

3 months - mand arch

6 months - max arch

Implant Uncovered

3 weeks-healing abutment
placed

1st sample - P1

1 week

2nd sample - P2
Definitive restoration =>

fy 1 week

3rd sample - L1

1 week

4th sample - L2

Figure 1 - Time line for sampling the crevicular fluid from the dental

implants and contra-lateral natural dentition.
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Gingival crevicular fluid sampling

Gingival fluid samples were collected from the crevicular sulcus of each implant

prior to any invasive procedure that could result in crevicular tissue damage such as

impression coping placement. Sites selected for GCF sampling were isolated with

cotton rolls. A gentle stream of air was directed parallel to the tooth or implant surface

for 5-10 seconds to dry the area. Sterile periopaper strips (Oraflow, Amityville, NY)

were inserted into the sulcus surrounding the implant on the mesiobuccal line angle, and

the peri-implant fluid collected. Sampling was performed for 2 minutes or until the

maximum sampling volume (0.1 pul) was obtained, whichever occurred first (89). The

distance the GCF had wicked up the periotron point was measured and recorded to the

nearest O.5 mm. The strip was immediately sealed in a microfuge tube and stored at

-5°C until testing (89).

Laboratory Procedures - Measurement of IL-1B

The crevicular fluid was eluted from the Periotron points the day prior to testing.

Elution buffer (0.1 mol/l) phosphate - buffered saline, 0.01% bovine serum albumin was

added to the periotron point and allowed to equilibrate overnight at 4°C (89). The

points were suspended within the microfuge tube and centrifuged for 5 minutes. The

samples were allowed to equilibrate to room temperature for 14 hours. The level of IL

13 was determined by enzyme linked immunosorbant assay (ELISA). A high sensitivity

ELISA kit was purchased from R & D Systems Inc. (Minneapolis, MN.) and the

manufacturer’s instructions closely followed.

The principle of the assay involves the quantitative sandwich enzyme

immunoassay technique (99). A monoclonal antibody specific for IL-13 was precoated
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onto a microplate. Standards and samples were pipetted into the wells and any IL-13

present was bound by the immobilized antibody. After washing away any unbound

substances, an enzyme-linked polyclonal antibody specific for IL-13 was added to the

wells. Following a wash to remove any unbound antibody-enzyme reagent, a substrate

solution was added to the wells and color developed in proportion to the amount of IL

13 bound in the initial step. The color development was stopped and the intensity of the

color measured.

The assay procedure was carried out as in Figure 2. The optical density of each

well was determined within 30 minutes using a micro-plate reader (model MRS 80;

Dynatech Labs, Alexandria, Virginia) set to 490 nm. Wavelength correction was set at

690 nm.
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preparation of all reagents and standards

add 50 pil of assay diluent

150 pul of standard or sample to each well

incubate 14–20 hours

wash 4 times

200 pul conjugate to each well

incubate 3 hours

wash 4 times

add 50 pul of substrate solution to each well

incubate 45 mins

add 50 pul of amplifier solution to each well

incubate 45 mins

add 50pul stop solution to each well
read at 490nm within 30 mins

Wavelength correction 690 nm

Figure 2. ELISA assay procedure summary from R&D Systems Inc.

(Minneapolis, MN)
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Determination of the concentration of IL-13

Each ELISA assay comes with a standard concentration of IL-13 from which a

serial dilution is prepared to give a set of standards, from which the microplate reader

creates a standard curve. From the standard curve the microplate reader reads a value for

each sample. Each sample was then adjusted for the proportion of fluid that the periotron

point had adsorbed by factoring in the distance the GCF had wicked up the periotron

point.

Data analyses

Analysis of the results was carried out using the statistical program called Primer

of Biostatistics. (Version 4.0, Stanton. A. Glantz). Means and standard deviations were

obtained for all groups. A paired t-test was used to compare the two IL-13 levels

recorded prior to definitive restoration. A paired t-test was also used to compare the

two IL-13 levels recorded after definitive restoration. After grouping the data a paired t

test was used to compare pre- and post-definitive restoration levels. An ANOVA was

used to compare the natural dentition values among each sampling group (P1, P2, L1

and L2). Other variables evaluated included the influence of diameter and type of

definitive restoration.

Expected Results

If the null hypothesis is correct, then we would not expect to see an increase in

the IL-13 level with loading. However, we could also postulate that if loading does
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have an effect on the bone-implant interface and that remodeling is occurring. Then we

might expect to see an immediate increase in the IL-13 level. As the bone and soft

tissue accommodates to the new forces placed upon it a reduced level of IL-1B might be

expected.

III. RESULTS

Fifteen patients were identified as suitable for the study, nobody declined to

participate and twelve completed the study. The summary of patient and implant data is

shown in Table 3. This data was collected with a view to the future so if the study was

expanded from a pilot study more variables would be able to be assessed. The subjects

included five females and seven males with an average age of 46 years and a range from

25-64 years. As will be reviewed in the discussion only eight of the patients were able to

be analyzed with a consistent technique.

The levels of IL-13 in crevicular fluid around dental implants at the P1 and P2 stages,

before definitive restoration is summarized in Table 4. The raw data is in Appendix 3.

P1 values averaged 82.2 pg/ul with a range from 12.4 to 157.7 pg/ul. P2 values averaged

112.7pg/ul with a range from 41 to 211.3 pg/ul. No statistical significance was identified

from the two IL-13 levels recorded prior to the placement of the definitive restoration so

the data sets were combined.
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Table3.
Summary
ofPatientandImplantData.

PatientDataImplantDataandRestorationData

prosthesis

Agesexposition
in
smokerimplantDiameterLengthOcciwearcontact
inlatexcurstypeImphNT

archtype"(mm)(mm)centric

154FpostmandnC)3i3.7511.5yesyesnoFPD2029 228Fpostmandno
Branemark
511noyesnoST1930 356MpostmaxnoBicon

411yesyesnoST413 462Mpostmandno3i3.7511.5noyesnoFPD2821 545Fpostmandno3i3.7511.5noyesnoFPD1929 667MpostmandnC)Bicon
511yesyesnoST3019 725FantmaxnC)

Sterioss
511nonoyesST89 851FpostmaxnC)3i3.7513noyesyesST611 931Mantmaxno3i3.7513nononoST98 1058MpostmandnC)Sterioss3.811nC)nonoFPD1930 1164MantmaxnC)Bicon

411nononoST107 1248Mantmaxno3i511.5nC)noyesFPD125 FPD=FixedPartialDenture
*Branemark/Sterioss=Nobelbiocare
USAInc.3i-ImplantInnovationsInc.,PalmBeachGardens.Florida. ST=SingletoothrestorationBicon=Bicon

Inc.Boston,USA. NT=Naturaltooth
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Table 4. Levels of IL-13 in dental implants pre-definitive restoration. (N = 8)

Sampling Mean level of IL-13 Standard Deviation

Stage (pg/ul)

P1 82.2 +53.8

P2 112.7 +64.6

Paired t-test

t = -1.026 with 14 degrees of freedom; P = 0.322

The post-definitive restoration values of IL-13 for sampling stage L1 averaged

70.3 pg/ul with a range from 36.6 to 150 pg/ul and the values for L2 averaged 94.3 pg/ul

with a range from 37.1 to 165.7 pg/ul. The two time periods were statistically not

significantly different so the data was combined (Table 5).

Table 5. Levels of IL-13 (pg/ul) in dental implants post-definitive restoration

Sampling Mean level of IL-13 Standard Deviation

Stage (pg/ul)

L1 70.3 +37.0

L2 94.3 +51.9

Paired ttest.

= -1.163 with 7 degrees of freedom; P = 0.283

When the pre- and post-efinitive restoration data was compared there were no significant

differences between them. (Table 6)
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Table 6. Levels of IL-13 (pg/ul) pre- and post-definitive implant restoration

Sampling Mean levels of IL-13 Standard Deviation

Stage (pg/ul) in dental implants

P1 and P2 97.5 +59.6

L1 and L2 82.3 +45.2

Paired t-test

t = 0.771 with 15 degrees of freedom; P=0.453

The levels of IL-13 in the natural dentition averaged 74.9 pg/ul, with a range of

18.4 to 457.7 pg/ul. An analysis of variance (ANOVA) was performed on the values for

the natural dentition at each sampling stage and no statistical significance was found

between the groups as would be expected. (Table 7).

Table 7. Levels of IL-13 associated with natural dentition at each stage of sampling.

Sampling stage Mean IL-13(pg/ul) Standard deviation

P1 57.9 23.7

P2 51.7 37.9

L1 108.9 142.1

L2 81.1 31.2

ANOVA

F = 0.93

P = 0.439
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The mean of the P1 and P2 levels for the natural dentition were compared to the

resting levels of IL-13 in the crevicular fluid of dental implants prior to definitive

restoration. (Table 8).

Table 8. Mean levels of IL-13 in natural dentition compared to pre-definitive restoration

implants.

Sampling stage IL-1B (pg/ul) Standard Deviation

Mean level natural dentition 74.9 +42.8

Mean P1+P2 implants 97.5 +59.6

Paired t-test

t = -0.925 with 14 degrees of freedom; P = 0.371

There is no significant difference in resting levels of IL-13 between natural

dentition and implants prior to definitive restoration. Levels of IL-13 from the crevicular

fluid of natural dentition to implants after definitive restoration were also compared.

(Table 9).
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Table 9. Levels of IL-13 in natural dentition compared to post-definitive restoration

levels

IL-1B (pg/ul) Standard Deviation

Mean level natural dentition 74.9 +42.8

Mean L1 and L2 implants 82.3 +45.3

Paired t-test

t = -0.336 with 14 degrees of freedom; P = 0.742

There were no significant differences between groups. This failure to detect

significant differences between groups is most likely to be the result of our small sample

size. To detect a change of 40 pg/ul, assuming a standard deviation of 60, O = 0.05 and

power = 80%, we would need a sample size of 11 subjects to reduce the risk of possible

type II error.

Considering some of the other variables of the study, wide diameter implants

levels of IL-13 were compared pre- and post-definitive restoration and with the natural

dentition. (Table 10).
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Table 10. Influence of wide diameter implants on levels of IL-13

Sampling stage Mean IL-13(pg/ul) Standard deviation

Pre-restoration 151 +46.8

Post-restoration 89.3 +48.7

Natural 67.4 +38.6

dentition

ANOVA

F = 5.58

P = 0.015

Multiple comparisons revealed that there are significant differences using a

Student-Newman-Keuls (SNK) test between pre-restoration implant levels of IL-13 and

post-restoration levels and also between pre-restoration levels of IL-13 in implants and

natural dentition levels for wide diameter implants. (Table 11).

Table 11. Comparison of pre- and post-implant levels of IL-1B and natural dentition

levels of IL-13 in subjects with wide diameter implants N=3. ANOVA and SNK tests

were used.

Comparison Difference of means P3 0.05

(pg/ul)

pre-rest v nat dent 83.6 yes

pre-rest v post rest 61.7 yes

post-rest v nat dent 21.8 InO
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To assess the risk of Type II error with such a small sample size power analysis

reveals to detect a change of 40 pg/ul, assuming a standard deviation of 48.7, 0 = 0.05

and power = 80%, we would need a sample size of 30 subjects.
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IV. DISCUSSION

Assay technique

Eight patients were analyzed using the high sensitivity ELISA assay technique.

However, as a result of the company experiencing problems with contamination of the

ELISA kits, a decision was made to try the lower sensitivity assays from the same

manufacturer (R&D Systems).

We tried to determine the effect of the change of the assays and whether the

results obtained from the two assays were comparable. Two patients complete series (N =

16) were repeated with the lower sensitivity assay. A paired t-test was used to compare

the two sensitivities and found to be significantly different. (Table 12). It was also noted

that the low sensitivity ELISA kit produced much higher standard deviations and really

justified the use of the higher sensitivity assay. As a result it was decided that the two

data sets could not be combined. The difference in the two assay procedures may in part

be explained by the process of freeze-thawing of the samples. The samples were stored

with the periotron point still present in the buffered solution, it is possible that the process

of thawing and centrifuging the samples again could have resulted in an increase in the

concentration of the IL-13 within the buffered solution.
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Table 12. Levels of IL-13 (pg/ul) using high and low sensitivity ELISA assay kits.

N=16

Mean level of IL-1B (pg/ul) Standard deviation

High sensitivity ELISA Assay 81.9 +43.9

Low sensitivity ELISA Assay 159 +101.2

Paired t-test

t=-3.38 with 15 degrees of freedom; P=0.004

To further assess the problem of inter-assay variation, one patient (N=10) was

compared with two separate low sensitivity assay procedures. Again the two assay

procedures were compared using a paired t-test and a statistically significant difference

found between the two separate assays. (Table 13). Once again there is the possibility of

a difference as a result of the freeze-thaw of the samples. The mean levels of IL-13

increased with the second assay procedure so this might support the theory that the

process of repeating the assay procedure results in an increase in the measurable levels of

IL-13 and therefore it is possible the data could be combined from the two assay

techniques.

i
:
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Table 13. Assessment of inter-assay precision. Levels of IL-13 measured on two

separate low sensitivity assay plates (pg/ul).

Mean levels of IL-1B (pg/ul) Standard deviation

Assay 1 127.1 +104.7

Assay 2 172.9 +141.7

Paired t-test

t = -2.6 with 9 degrees of freedom; P = 0.029

Sampling technique

In previous studies, GCF has been collected by inserting the filter paper into the

crevice for 5 secs, 30 secs, or 60 secs depending on what the health status of the natural

tooth/implant and what was being determined (92). In this study 2 minutes was utilized

as used by Kao et al (89). Last et al. (96) showed reduced levels of GCF collected from

around healthy implants compared to natural teeth. We were particularly concerned with

having sufficient levels of IL-13 to measure. However, a longer sampling time increased

likelihood of contamination from saliva and plasma components. Smith et al. (100)

reported that 63% of GCF samples collected with paper strips were positive for saliva or

bacteria coated with salivary amylase. Further, the risk for salivary contamination was

greater in posterior sites than in anterior sites. We did not test our samples for

contamination. In this study it is unlikely saliva would have contaminated the strips and

:
3
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would not have reduced the concentration of IL-13, however it could have affected the

volume reading on the periotron point.

This pilot study evaluated the effect of placement of the definitive restoration on

the IL-13 levels within the gingival crevicular fluid. Two measurements were made one

week apart before definitive restoration and two separate measurements one week apart

after definitive restoration. There are no studies reported in the literature following IL-13

levels on a longitudinal basis.

Natural dentition

Previous studies (85,86) have monitored the levels of IL-13 in natural dentition of

patients with gingivitis, and adult periodontitis. In one study (86) a total of 132 patients

were examined. The following mean E standard deviation (SD) amounts of IL-13 were

found in the study: 55 healthy patients, 96.8 + 74.2 pg/ul; 30 patients with gingivitis,

182.2 + 136.2 pg/ul; and 47 patients with periodontitis, 567.8 + 291.7 pg/ul. Kao et al.

(89) found levels consistent with these and also recorded large standard deviations. Our

findings for levels of IL-13 of 74.6 + 42.8 pg/ul in the natural dentition appear to be

consistent within these findings for healthy teeth. However, levels were not consistent on

a week by week basis within the individual patients. This variability may be related to

oral hygiene or as a result of the inter-assay variability. Unfortunately the effect of oral

hygiene on the levels of IL-13 day by day has not been evaluated.
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Dental implants

Kao et al (89) reported on standard levels of IL-13 associated with healthy dental

implants in patients who also had a failing implant. Levels of IL-13 from the crevicular

fluid of healthy implants that had been functioning for at least 36 months were 120.4 +

73.4 pg/ul (n=12). There are no reported values in the literature for implants with a

healing abutment and out of occlusion. Our values were all obtained at least 3 weeks post

second stage surgery were a little higher than those for natural teeth, (mean 97.5 + 59.6

pg/ul versus 74.9 + 42.8 pg/ul), but not statistically different from those of natural teeth.

Following placement of the restoration the mean level apparently dropped slightly to 82.3

+ 45.3 pg/ul, but there was no significant change as compared to resting levels of IL-13

pre-placement and compared to the natural dentition resting levels. Once again our levels

appear to be a little lower than other reported values when one might expect them to be

higher as the bone and soft tissue may be still undergoing some functional adaptation.
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Comparative results

Table 14. Summary of Results

Levels (pg/ul) of IL-13 in dental implants before and after definitive restoration and in

the contra-lateral natural tooth.

Mean level of IL-13 Standard deviation

(pg/ul)

Pre-definitive restoration 97.5 +59.6

Post-definitive restoration 82.3 +45.3

Contralateral natural tooth 74.9 +42.8

All the implants appeared to be clinically healthy at the time of 2"stage implant

surgery and at the time of placement of the restoration. We should probably not expect to

See any significant effect on definitive restoration. One variable that might be considered

is the question of what may be occurring within the week time frame following the

definitive restoration. Seven days may be too long a period in which to detect any

change. It is possible the levels of IL-13 may have fluctuated and returned to resting

levels. Within the limitations of this study and the practicalities of recalling the patient

every day to follow levels of IL-13 may produce more clinically relevant results.

Last et al. (96), in a longitudinal study looking at GCF volume and GAG levels around

Tubingen implants, found that 2 weeks after crowning, the GCF volume increased and
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GAG levels tended to rise (C4S in particular), before returning, by 4 months, to those

levels recorded before crowning.

In this study, all sites were sampled from the mesio-buccal aspect of either the natural

tooth, the implant healing abutment, or the implant crown. Masada et al. (86) found that

sites tested in natural teeth had varying but measurable levels of IL-1, while at other sites

of the same patient IL-1 was not measurable. He therefore argued that it was more likely

that production and release of IL-1 occurs locally and in response to the prevailing

disease activity at each site.

Variables

There are obviously many variables that limit the interpretation of our data. No

measurement of occlusal load was performed although we are trying to assess the

inflammatory and biological response to the placement of the definitive restoration.

Loading and placing the implant in occlusal function is only part of what was assessed.

The data shown in Table 3 was collected with a view to the future so the study could be

expanded further and more variables could be looked at. No measurement of the distance

of the healing abutment to the opposing tooth was recorded there is always the potential

for occlusal loading prior to the placement of the definitive restoration.

One of the potential variables in this study is the influence of different surface

characteristics of the implant. Types of implants assessed included commercially pure

titanium, titanium alloy, and hydroxyapatite coated commercially pure titanium.

Parala et al. (101) conducted an in-vitro study on the relative production of IL

13 and TNFoº by mononuclear cells after exposure to dental implants with different

surface characteristics. They found that there were considerable differences in the
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generation of IL-1B/TNFo by the different implants. Hydroxyapatite coated implants

showed the highest levels of IL-1B production. However the clinical significance of this

production remains to be determined. Surface coating may be a potential variable along

with other implant factors of length and diameter. Patient factors may include bone

quality, quantity and oral hygiene.

The size of the implant may affect production of IL-13. The majority of the

implants in this study were 11 mm in length, but 4 patients had wide diameter fixtures.

Holmgren et al., (102) in a finite element analysis study examining the influence of

implant diameter, implant shape and load direction, concluded that the largest diameter of

implant is not always the best choice for minimizing cortical bone-implant interface

stress. They concluded that there was an optimum implant diameter for each specific

patient data set and that the clinician should carefully consider the morphology of the

bone involved.

Future Outlook and Studies

Future research should include further clinical studies and laboratory

investigations.

Clinical Studies

In the light of what has already been discussed, it is clear that more evidence is

required in the form of a larger longitudinal clinical trial. To reduce the risk of potential

type II errors, power analysis of the trends found in this study would require at Q−0.05

and power of 80%, a minimum of 30 patients.
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More baseline data is required for normal values, particularly depending on the

types of restorations, surface coatings, lengths and diameters of different implants.

There is need to find further evidence for the effects of loading on implants. Is there a

difference in the levels of IL-13 around implants in multiple implant reconstructions?

A further study could evaluate the differences in levels of IL-13, where there is

increased stress, for example, on the most distal implant abutments on prostheses with

long cantilevers.

Laboratory studies

To establish the nature of the cellular interaction that brings about the release of

IL-13 and the types of cells that produce this cytokine. The analysis of stressing and

straining cells to see how release of cytokines is simulaedi. showing much promise.

Establishment of an animal model to cyclic load implants and measure the

response of the bone. One of the problems of animal models at the present time, is there

limited usefulness in terms of their replication of the human jaw in function differences,

in force application and cyclic loading.

A possible further investigation as potential for implant failure is that of a

genetic component to implant failure (103). Work is underway to look at the potential

of assessing all patients that have implant failure considering the risk assessment. It

appears that like many other diseases the loss of implants is probably multifactorial so

genotyping combined with other risk factors may become a powerful predictive tool of

implant failure.
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V. CONCLUSIONS

This longitudinal pilot study was designed to investigate the role of definitive

restoration in the production of IL-13 around dental implants. No difference was

observed in measurable levels of IL-13 pre- and post-definitive restoration.

There was a trend towards slightly higher levels of IL-13 around implants

compared to the contra-lateral natural tooth.

This longitudinal pilot study has shown that IL-13 is a potential marker for

monitoring long-term implant health. Although further longitudinal work is required

this study validates the novel methodology sort in establishing potential predictors of

implant health and subsequent approaches to treatment.
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Appendix 1

UNIVERSITY OF CALIFORNIA, SAN FRANCISCO

CONSENT TO BE ARESEARCH SUBJECT

Project title: The Role of Interleukin-1 beta in Implant Loading.

1.

3.

Edward Hems, B.D.S. and Donald A. Curtis, D.M.D. from the Department of
Restorative Dentistry are conducting a study to learn more about the role of a spec■ ic
protein that is released around the gum of implants when they are in function. With
the information from this study, the investigators hope to further their understanding of
how implants respond to exposure in the mouth and how the body responds to them.

I am being asked to participate in this study because I have recently had a single tooth
implant placed.

If I agree to participate in this study the following procedures will be performed:
a. A paper point (similar to a thin strip of coffee filter paper) will be placed into the

crevice between the implant and the gum. Fluid will be collected for two minutes on
3 separate occasions:
1. One week after the provisional restoration is placed.
2. One week after adjustment of the provisional.
3. One week before placement of the final restoration.

b. Photographs will be taken at each stage.
c. A standard health questionniare will be filled out.

. My participation in this study will in no way alter my normal course of treatment.

The investigator anticipates that there will be no discomfort or risk due to the implant.

. My participation in this project is voluntary, and I am free to refuse or withdraw
without jeopardy to my treatment.

. My alternative to participation in this study is to receive the standard care given to
patients with single tooth implant restorative needs.

. I will not be paid for my participation in this study.

. Participation in research will cause a loss of privacy, but information about me will be
kept as confidential as possible. My name will not be used in any published reports
about this study.
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3/17/98

9. This study has been explained to me by Dr. Edward P. Hems and my questions were
answered. If I have any further questions about the study I may call Dr. Donald Curtis at
(415) 476,5827.

I have received a copy of the Experimental Subject’s Bill of Right’s along with a copy
of this Consent Form. If I wish to participate I should sign below.

Date Subject’s Signature

Person Obtaining Consent
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Appendix 2

The Role of interleukin-1-beta in Implant Loading

Patient Profile

Name

DOB (mm/dd/yy)
Gender male/female

Medical History contributory / non contributory
Date 1st seen

(mm/dd/yy)

Standard Medical History Questionnaire from UC Prosthodontic program
Antibiotics taken in last 2 months

1

2

3

4

Social History

Alcohol consumption (units per week)
5< 6-10 11-15 16-20 21-25 26>

Tobacco use Yes No

How long yrs

when stopped yrs

If yes; Type Filter Cigarettes Role your own Pipe Cigar

Cigarettes per day None Occasional 1-20 20-40 40+

Dental survey
Surgeon (name)

Date of stage 1 surgery
Date of stage 2 surgery

Analysis of implant site:
Anterior Maxilla

Anterior Mandible

Posterior Maxilla
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Posterior Mandible

Type of grafting material

Number of grafting procedures and dates 1 2 3

Type of implant
Commercial make

lot #

Diameter (mm)
Length (mm)
Type of coating (circle as appropriate)

Commercially pure titanium Hydroxyapaptite coated

Titanium Alloy Titanium Plasma sprayed

Dental history
How tooth was lost from proposed implant site?

Caries Periodontal disease Trauma

Radiographic Appearance

Previous surgeries to tooth (apicoectomy)
width of ridge M-D (mm)

B - L (mm)

Peri-apical of implant site prior to placement Yes
Bone augmentation prior to surgery Yes

Bone quality Type 1 Type 2 Type3
Bone quantity

Peri-apical at 2"stage surgery
Bone quality
bone quantity

Evidence of bone loss at 2 nd stage Yes No

Number of threads exposed

Congenitally absent

No

No

Type4
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Teeth Remaining
Condition of teeth

mandible
crowns(teeth number)

FPDs (teeth number)
RPDS Yes No

Periodontal status

Periodontal health Yes No

Pockets greater than 5mm Yes No
keratinized mucosa yes/no

Occlusion

Tooth Opposing implant site #

Skeletal Pattern

Occlusal Scheme

Group Function

Canine guidance

Non working side interferences

History of
Joint Pain

Muscle pain

Range of jaw motion

history of bruxism
wear facets teeth #
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Assessment of healing abutment at stage 2

Date of visit No. 1 2

/ /9 / /9

Suppuration.

bleeding index

gingival index

plaque index

probing depth(mm)

Abutment height (above the mucosa mm)

Distance of abutment(from opposing tooth in mm)

IL-1B

Photographs YeS No

Consent form signed Yes No

Comments

/ /9 / /9
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Appendix 3

Raw data for high sensitivity ELISA assay:

P1 P2 L1 L2

O9 º pg/ul pg mm pg/ul pg mm pg/ul pg mm pg/ul
mm

PT#1
| #20 7.1 4 12.4 30 2.5 83.3 10 1.5 47.6 3 0.5 42.8

NT #29 |29.5 4 51.6 30 4.5 46.8 32 0.5 457.1 30 1.5 142.8

PT#2
| #19 22.4 1 157.7 30 1 211.3 5.2 1 36.6 30 4 52.6
NT #30 25.99 3 60.7 12.6 2 45 22 4 38.5 30 3 70

PT#3.
| #4 2.1 0.5 29.6 8.7 1.5 41 10.47 1.5 48.9 10.7 3 149
NT#13 8 1.5 37.5 10.63 3 25.3 10.52 1.5 49.2 8.8 2 41.6

PT#4.

| #27 |10.28 0.5 144 7.3 0.5 102.2 6.7 0.5 96 2.6 0.5 37.1
NT 8.1 1.5 37.8 3.9 1.5 18.4 9.2 1.5 43 6.3 0.5 90.7
#21

PT#5.
| #19 3.5 0.5 50 6.6 0.5 94.2 5.1 0.5 72.9 8.8 1 62.9

NT #29 |14.5 1 103.6 4.9 1 35 13.7 1 97.8 14.1 1 100.7

PT#6.
| #30 5.2 0.5 74.2 12.1 0.5 172.8 10.5 0.5 150 9.7 0.5 138.5
Nt #19 6.7 1 47.9 13.7 1 97.9 7.7 1 55 4.3 0.5 61.4

PT#7.
| #9 8.7 0.5 124.3 11.6 0.5 165.7 14.6 2 52.1 7.4 0.5 105.7
Nt #8 1.7 0.5 24.3 9 0.5 128.6 11.4 1 81.4 12.6 1.5 60

PT#8.
| #6 9.2 1 65.7 2.2 0.5 31.4 4.1 0.5 58.6 11.6 0.5 165.7
Nt #11 10.6 1.5 50.5 13.9 1.5 66.2 13.9 2 49.6 11.4 1 81.4
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Raw data for low sensitivity ELISA assay.

| P1 P2 L1 L2

| pg lengt pg/ul pg mm pg/ul pg mm pg/ul pg mm pg/ul(mm)
PT #7
| #9 26 0.5 371.4 18 0.5 257.1 39.5 2 141.4 8.4 0.5 120
Nt #8 || 21.3 0.5 304.3 12.9 0.5 184.3 10.44 1 74.6 24.3 1.5 115.7

PT#8
| #6 11.6 1 82.9 1 0.5 14.2 2.1 0.5 30 16.8 0.5 240
NT #11 || 13.9 1.5 66.2 38.6 1.5 183.8 65.9 2 235.4 17.11 1 122.2

PT #9
| #9 68.2 1.5 324.7 37.9 1 270.7 37.8 1.5 180 5.6 2.5 16
NT #8 |26.4 1.5 125.7 10.3 1 73.5 4.15 0.5 59.3 1.8 0.5 25.7

PT#10.

| #19 |65.2 2 232.8 2.4 1 17.1 15.8 2 56.4 60.8 3 144.8
NT #30 |46.8 2 167.1 7.1 3 16.9 5.6 2 20 10.7 1.5 50.9

PT 11.
| #10 8.7 4 15.3 0 1 O 0.1 0.5 1.4 19.6 1 140
NT #7 0 2 0 0 0.5 O 0 0.5 0 0 0.5 0

PT12
| #12 20.8 0.5 297.1 6.2 0.5 88.5 0 0.5 0 28.9 2 103.2
NT #5 4.3 0.5 61.4 0.5 0 9.5 0.5 135.7 0 0.5 0

Repeated low sensitivity ELISA assay:

| P1 P2 L1 L2

pg lengt pg/ul pg mm pg/ul pg mm pg/ul pg mm pg/ul
(mm)

PT #9
| #9 88 1.5 419 54.4 1 386.4 40.6 1.5 193.3 4.9 2.5 14
NT #8 27.6 1.5 131.4 17.8 1 127.1 13.9 0.5 198.5 0 0.5 0

PT#10.
| #19 85.2 3 202.8
NT # 11.9 1.5 56.6
30
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