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Abstract 

Conflicting evidence has found that oral implant outcomes may be related to age- and site- 

specific aspects of jawbone condition. An observational histon'cal study examined relationships 

between oral implant outcomes and age- and site-specific aspects of jawbone condition. Matched 

groups of older and younger adults, each with 45 complete or partial prostheses, demonstrated no 

significant difference in either ttieir cumulative oral implant success over 4 to 17 years, 92% 

survival for the older group compared to 87% for the younger group, or in the mean annual crestal 

bone loss associated with their complete prostheses, both with less than 0.05 mmlyear of bone loss 

after the first year of function. However, the younger fixed mandibular prostheses had significantly 

faster bone Ioss (0.047 mmlyear) after the fourth year of function cornpared to the matched older 

subgroup (0.005 mmfyear). Using the Lekholm and Zarb (1985) (LZ) classification, neither jawbone 

quantity nor quality were different between these subgroups. However, the older subgroup had been 

edentulous significantly longer (25.0 years) than the younger subgroup (1 3.6 years). The resulting 

supposition implies an increased susceptibility to bone loss for shorter penods of edentulism. 

Multivariate analysis of implant outcomes among 139 complete implant prostheses in 130 

consecutively treated patients over 4 to 17 years suggested Ihat implant success was related, albeit 

inconsistently, to jawbone condition, such that better survival was predicted with better LZ jawbone 

quantity and quality, and that crestal bone behaviour was best predicted by the number o f  years of 

edentulism, such that mean annual bone loss after the first year of function was predicted to range 

from 0.08 mm/year among sites edentulous 6 months at implant placement to 0.01 mmlyear among 

sites edentulous 30 years at implant placement. Facilitating this work, the validity and intra-observer 

reliability of the LZ classification were found to be acceptable for research purposes. Inter-obsewer 

reliability of the LZ classification was found to be fair at best. To improve future implant outcomes 

research, a concurrent study demonstrated excellent validity and reliability using quantitative 

cumputed tomography for assessment of the cancellous bone minerai density of jawbone. 
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Preface 

I have prepared this dissertation in the "Publishable Style". Chapter one presents the 

problem, objectives, hypotheses and rationale for the study, in addition to a literature review for 

scientific context. Chapters two through seven represent six independent studies aimed directly or 

indirectly at examining the hypotheses set out in chapter one. Chapter eight discusses the work and 

offers conclusions in the context of the objectives, hypotheses and our curent knowledge. The 

literature review in chapter one and the study in chapter two have been included in the dissertation 

as published previously, with permission by the exclusive copyright holder Quintessence Publishing 

Co., Inc., Carol Stream, Illinois, except for minor editing modifications and a srnall amount of 

additional matenal not included in the original publications for reasons of space efficiency. The 

publication represented by chapter two was CO-authored by Professor George Zarb and 1, with 

George as the second author. Otherwise I am the sole author of the thesis. Other collaborations o r  

technical help have been recognized in the acknowledgments. Permission for the inclusion of 

additional copyright material has been provided by the exclusive copyright holders and has been 

acknowledged specifically as it eppears in the manuscript. 
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Chapter One 

INTRODUCTION 

THE PROBLEM 

In the context of age- and site-specificity, the condition o f  jawbone continues to be 

considered an important deteminant of endosseous oral implant outcornes (Esposito 1999, Friberg 

1999). However, it been difficult to demonstrate a scientific understanding of this relationship 

(Bryant 1998). Friberg (1 999) recently defended the preeminence of bone quality in detemining 

implant success, nonetheless, his short-terrn clinical study found that failures were concentrated 

among short (7' mm) maxillary implants associated with advanced jawbone resorption patterns. 

Several decades have passed since orthopedic studies in animals first demonstrated that bone 

could attach, after a fashion, to pure titanium (Bothe, Beaton and Davenport 1940, Leventhal 1951)- 

Subsequent animal studies demonstrated that commercially-pure titanium would usually become 

fixed rigidly to bone when allowed to heal undisturbed in an intraosseous wound (Brinemark et al. 

1969), a response that was termed osseointegration (Brinemark et  al. 1977). There is now ample 

scientific evidence of the long-term success of implant supported dental prostheses in humans, led 

by Branemark's seminal investigation of middle-aged patients with advanced residual ridge 

resorption (Brsnemark et al. 1977). However, by 1975 only 68 percent of the first 1493 threaded 

titanium implants were stable enough to be loaded with oral prostheses (Table l ) ,  and additional 

implant surgery was required to replace failed implants in three out of every ten jaws operated, 

ostensibly in sites with unfavorable bone anatomy (Brinemark et al. 1977). Moreover, a minority of 

fixtures were associated with clinically significant ongoing resorption of crestal bone Ieading in sorne 

cases to late impfant failure (Branemark et al, 1977, Hansson 1977). Subsequent publications have 

verified the long-term efficacy of a complete fixed dental prosthesis supported by four to six 

implants in patients who had denture wearing problems (Adell et al. 1990, Henry, Bower and Wall 

1995, Zarb and Schmitt 1996a)- Maladaptive experiences with cornpiete lower dentures have also 

been resolved predictably by an overdenture prosthesis utilizing just two implants (Mericçke-Stern 

1994, Zarb and Schmitt 1996b)- In addition, prosthodontic options for the management of partially 

edentulous patients have been improved dramatically with implant prostheses (Zarb and Schmitt 

1 993b,c, Avivi-Arber and Zarb 1996, Wyatt and Zarb 1998). Fortunately, the functional and esthetic 

impact of oral implant prostheses has generally been favorable from the perspectives of both the 

dentist and patient (Haraldson and Carlsson 1979, Kiyak et al. 1990, Harle and Anderson 1993, Kent 

and Johns 1994, Geertman 1995). Research to date also suggests a high mean rate of success for 

oral implants, in the 90 percent range over 10 years, accompanied by mean crestal bone loss 

proximal to the implants of l e s  than 0.1 mm annually after the first year of function (Adell et al. 

1981, Adell et al, 1990, Henry, Bower and Wall 1995, Zarb and Schmitt 1996a). Despite this 

auspicious beginning, the problem remains whether rates of implant success or crestal bone loss 

can be predicted by age- o r  site-specific aspects of the condition o f  jawbone- 



Table 1 State of al1 Brinemark implant fixtures installed by June 3ûth, 1975 ' 

HeaIing 

With abutment only 

Subtotal 

Stable and loaded 

Mobile 

Rernoved 

Subtotal 

TOTAL 

117 7 percent 

8 

125 

1018 63 percent 

57 4 percent 

41 8 26 percent 

1493 

161 8 

* From Brinemark et al, (1 977) 

OBJECTIVES 

Primary objective - Oral implant outcome studies 

The primary objective of this dissertation, reported in chapters two through five, was to 

document oral implant outcomes as predicted by age- and site-specific aspects of jawbone 

condition. The original research proposa1 related to this is aifailable in Appendix 1. Two hypotheses 

were developed in relation to the primary objective, a matched old-young study hypothesis and a 

multivariate study hypothesis, as follows: 

1. Matched old-young study hypothesis - Oral implant outcomes in a group of consecutively 

treated prosthetic sites in older adults (at least 60 years of age at implant placement) do not 

differ from the outcomes observed in a group matched from consecutively treated prosthetic 

sites in younger adults (less than 50 years of age at implant placement) on the basis of gender, 

arch (maxilla vs- mandible), zone (anterior vs. posterior to a vertical line through the mental 

foramina), original prosthetic plan (fixed vs. overdenture), number of implants placed, year of 

implant surgery, and status of the opposing dentition (complete denture vs, removable partial 

or overdenture vs. fixed prosthesis or natural dentition); and 

2. Multivariate study hypothesis - Oral implant outcomes in consecutively treated completely 

edentulous jaws planned originally for oral implant prostheses cannot be predicted by age- or 

site-specific aspects of jawbone quantity or quality. 

Pertaining to these hypotheses, two main categories of oral implant outcomes were selected 

to recognize the essence of success criteria proposed initially by Albrektsson et al. (1 986), Smith 

and Zarb (1 989) and Albrektsson and Zarb (1 993) (Table 2), and modified subsequently at the 

Toronto symposium "Toward optimized treatment outcornes for dental implants" (Table 3) (Zarb and 

Albrektsson 1998). Firstly, absolute implant success, mainly using survival analysis, reflected the 

time-dependent assessment of clinical immobility and absence of pain or pathology associated with 



individual implants in bone. At each prosthetic appointment, immobility o f  each implant was 

assessed with the prosthesis removed by using an abutrnent forceps to gently gnp the attached 

abutment facilitating tightening of the abutment screw and gentle lateral force to check for implant 

movement. Secondly, crestal bone levels proximal to the implants, and their associated mean 

annual rate of vertical loss, were calculated on a time-dependent basis utikizing computer-assisted 

measurements from standardized radiographs. The quantity and quality of jawbone was determined 

according to the Lekhoim-Zarb (LZ) classification (Lekholm and Zarb 1 985). 

Table 2 Proposed success criteria for oral implants, Albrektsson et al. (1986) 

1) clinical immobility of the implant 

2) lack of peri-implant radiolucency 

3) absence of significant pain, infection o r  other pathology related t o  the implant 

4) vertical bone loss less than 0.2 mm annually after the first year of function 

5)* the implant does not preclude an esthetic prosthesis 

6)"" at  least 90 % success after 5 years and 85 % after 10 years in Zone 1, and 
a t  Ieast 85 % success after 5 years and 80 % after I O  years in Zone II 

' This criterion was introduced by Smith and Zarb (1 989). 
" Zone I is anterior to a vertical line passing through the mental foramina; 

Zone Il is posterior to Zone I (Zarb and Schmitt 1993b). The stricter Zone I 
implant success criterion was introduced by Albrektsson and Zarb (1 993). 

Table 3 Proposed success criteria for oral implants, Zarb and Albrektsson (1998) 

1) clinical immobility of the implant 

2) absence of pain o r  pathology related to the implant 

3) the implant does not preclude a functional and esthetic prosthesis 

4) vertical bone loss less than 0.2 mm annually after the first year of function 

The only way to conduct this investigation was using an observational study approach, in 

this instance a historical cohort design (Dawson-Saunders and Trapp 1994) involving oral implant 

outcornes in consecutively treated patients. Although an expenmentai randomized controlled trial is 

considered the most appealing design in scientific tradition, it could not be applied in this setting 

because the independent age- and site-specific factors involved could not b e  assigned to 

randomized groups. Moreover, the essential outcomes of the investigation, implant success and 

crestal bone loss, were ones that could only reasonably be assessed over a n  extended period of 



observation- Consequently, the study sample was selected from an existing research database 

involving patients treated consecutively with oral implants at least five years previously in the 

implant Prosthodontic Unit (IPU) at the Faculty of Dentistry, University of Toronto. 

Secondary objective - Reliability and validity studies 

To facilitate and expand this work, the secondary objective of  the dissertation, investigated 

in chapters six and seven, involved documentation of the reliability and validity of the LZ 

classification method for the assessment of jawbone quantity and quality, and the reliability and 

validity of quantitative computed tomography (QCT) for the assessment of cancelIous bone rnineral 

density (BMD) of the jaws. 

SIGNIFICANCE OF THE PROBLEM 

Four issues highlighted the rationale for considering the proposed research hypotheses: 

1) older adults form the largest potential group for oral implants, but osseous healing may be more 
compromised arnong elders compared to other age groups; 

2) younger oral implant patients expect to age for decades with successful implants; 

3) there is increased demand and use of oral implants in sites other than the resorbed anterior jaw 
where Brinemark originated his studies; and 

4) preliminary evidence suggests that the condition of jawbone is age- and site-specific, and that the 
age- and site-specific variation in jawbone condition may help predict oral implant outcornes. 

Projected population of Canada's seniors* 
(as % of Canada's population) 

(22%) 

1991" 2001 201 4 

Year 

Figure 1 Projected increase in Canadian adults 65 years and older 

* From Statistics Canada (1 9%) 
" Actual population from Statistics Canada Cat. 93-310 (1 992) 

Older adults form the largest potential group for oral implants 

lnitially, Brinemark implants were placed predominantly in middle-aged patients 

(Elrinemark et al. 1977). However, the potential need for oral implants is greatest in older adults 

and will continue to be so in the forseeable future. Unfortunately, bone condition and wound healing 
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rnay be compromised in older adults, as evidenced particulariy by an increased nsk of osteoporosis 

in old age, so it cannot be assumed that the osseointegration of oral impIants will be equally 

successful in individuais from ail age groups, 

Earty in the twentieth century the proportion of eiders in western couritries was about 5 

percent of the total population, lmproved living conditions has prompted a steady increase in Iife 

expectancy contributing to a corresponding increase in the nurnber and proportion of senior citizens 

in these countries (Havens 1981, Cowgill 1986). For example, over three million Canadians, 12 

percent of the population, were 65 years of age or older in 1991 (Figure 1) (Statistics Canada Cat. 

93-31 0 1992). This number is expected to double, exceeding six million and approaching 20 

percent of the population, within two decades, before the "baby boom" peak skews it even further 

(Statistics Canada 1991). 

1 Decayed & filted teeth - U.S. adults* 

Age Group 

Figure 2 Percent of decayed and filled remaining teeth among US.  adults 

* Adapted from National Institute of Dental Research - Miller et al. (1 987) and Meskin et al. (1 988) 

Cornptete edentutism - U.S. adults* 
- NCHS" 1962 

45-54 55-64 

Age Group 

Figure 3 Percent of edentulism among US. employed adults and seniors 

* From National Institute of Dental Research - Miller et al. (1987) 
" From National Center for Health Statistics (1 962) 



Concurrently, potential prosthodontic needs also increase with age. Oral deterioration and 

tooth loss are caused predorninantly by the time-dependent inability or unwillingness to manage diet 

and oral hygiene leading to canes and periodontal disease weinstein et al. 1978, Davis 1980, Burt 

et al- 1988). The detenoration of teeth and supporting bone is not compensated by any significant 

regenerative capacity in these tissues (Mjor 1986, Ten Cate 1994). Consequently, aging adults tend 

to accumulate increasing levels of functional and esthetic oral problems due to depleted dentitions 

or complete edentulism; the greater the loss the more difficult the problerns are to manage with 

traditional prosthodontic means (Haraldson, Karisson and Carlsson 1979, Kayser 1981, Wayler and 

Chauncey 1983, Leake, Hawkins and Locker 1994)- Moreover, traditional prostheses have a 

significant time-dependent nsk of morbidity and failure associated with them that sometimes leads 

to further tooth loss or resorption of bone support (TaIlgren 1972, Brill et al. 1977, Glantz et al. 1984, 

Glantz et al. 1990, Valderhaug 1991)- Ultimately, aging is associated with increases in the 

prevalence of decayed, filled (Figure 2) and missing teeth (Table 4, Figure 3) (Miller et al. 1987, 

Meskin and Brown 1988, Kalsbeek et al. 1991, Osterberg et al. 1991, Marcus et al. 1996). For 

example, employed US. adults 18 and 19 years of age had a mean of 12 decayed or filled tooth 

surfaces in a recent suwey, whilst middle-aged employed adults had a mean of 29 such surfaces 

(Miller et al. 1887). After middle-age the total number of decayed and filted teeth and tooth surfaces 

dropped, largely as a consequence of tooth loss. However, the percent of remaining teeth that were 

decayed and filled continued to nse throughout adulthood from a low of 28 percent of remaining 

teeth in the youngest employed adults to a high of 80 percent of remaining teeth in the 75 and older 

seniors group (Miller et al, 1987, Meskin et al. 1988). Furthemore, US. adults between age 18 and 

24 years were missing an average of only 1 tooth, whilst adults between age 55 and 64 years were 

missing an average of 10 teeth (Meskin et al. 1988). The senior citizen group (age 65 years or 

older) were missing an average of 18 teeth (Meskin et al. 1988). NonetheIess, recent studies 

suggest that the percentage of edentuiism will continue to decrease for al1 age groups including 

older adults (Miller et al. 1987, Marcus et al. 1996, Thompson and Kreisel 1998). Projections 

suggest the proportion of edentulism among US. Seniors will decrease by half, from recent 

estimates of  about 40 percent to approximately 20 percent, by 2025 (Thompson and Kreisel 1998). 

Based on the assumption of similar trends in the US. and Canada, including projections that the 

number of seniors will double in the same time period, it can be estimated that the total number of 

edentulous older adults in North America will probably be maintained during the first twenty-five 

years of the new millennium. At any rate, it can be assumed that the prevalence of missing teeth 

will continue to be highest among older adults. Fortunately, implant prostheses seem particularly 

apropos for the predicament of being elderly and edentulous, whether of the partial or complete 

variety (Zarb and Schmitt 1993a). It appears, therefore, that older adults will continue to form a 

disproportionately large pool of potential oral implant patients. These issues support the rationale 

for considering age as a factor in the successful osseointegration of oral implants. 



Table 4 Mean number of missing teeth in US. employed adults and seniors * 

Age Groups 

1 8-24 

25-34 

35-44 

45-54 

55-64 

Age 18-64 

65-74 

75+ 

Age 65 + 

Male 

1 .O 

1 -6 

3.8 

7.5 

10.5 

4.1 

16.7 

20.1 

18.1 

- 

Female 

1.1 

1.9 

4.6 

8.6 

10.1 

4.3 

16.7 

19.2 

17.7 

Total 

1.1 

1.7 

4.2 

8.0 

10.3 

4.2 

16.7 

19.5 

17.9 

* From Meskin et ai. (1 988) 

Younger oral implant patients expect to age with successful implants 

As noted, young adults do not represent the largest age group of potential implant patients. 

However, young adults in developed countries do have missing teeth due to trauma, congenital 

anomalies or dental disease (Avivi-Arber 1994, Gutmann and Gutmann 1994, Josefsson and 

Karlander 1995). Recent sutveys dernonstrated that adults under the age of 35 years had an 

average of one or two missing teeth (Table 4) (Meskin et al- 1988, Kalsbeek et al. 1991), and by the 

age of 35 years about 1 to 3 percent of adults in developed count~es were completely edentulous 

(Miller et al. 1987, Kalsbeek et al. 1991). Replacement of single or multiple missing teeth with 

implant prostheses appears to be a viable option for adults of al1 age groups (Avivi-Arber 1994, 

Wyatt 1996). Traditional prosthodontic therapies for partiafiy edentulous patients often require 

irreversible changes to existing teeth. Consequently, the implant option is particularly favorable for 

young partially edentulous adults with minimal history of previous dental disease or restoration 

(Avivi-Arber 1994, Wyatt 1996). However, young implant patients in  developed countries have 

realistic Iife expectancies of about 50 additional years (Havens 1981, Cowgill 1986) and they will 

probably expect to grow old with successful implants. The lingering question related to this centers 

on whether the osseointegration response can effedively outlive them. The proposed Iimit for 

crestal bone loss adjacent to successful oral implants of 0.2 mm per year implies that young implant 

patients could accumulate up to 8.0 mm of bone loss over a 40 year penod. Such a pattern could 

jeopardize implant stability for a young adult electing to have implants. This issue supports the 

rationale for considering age as a factor in the successful osseointegration of oral implants. 





Figure 4 Composite of dentate jaws and edentulous jaws with implants 

A. Maxillary sinus, B. Nasal cavity, C. Residual ridge, D. Alveolar bone, 
E. Basal bone, F. Mental foramen, G. Mandibular (Inferior alveolar) canal 

Age- and site-specific jawbone condition may predict irn plant outcomes 

Evidence is accumulating that the osseointegration response is dependent on jawbone 

condition (Bryant 1998, Fnberg 1999). However, it not entirely clear what specific related factors 

are important for the predidion of oral implant outcomes. The importance of jawbone quantity and 

quality, related specifically to the age- and site-specific aspects of jawbone condition, remains 

particularly unclear. Scientific publications related to these factors will fom the basis for the 

following critical review of Iiterature. 

REVIEW OF LITERATURE 

INTRODUCTtON 

At a ~dimentary level, bone-anchored prostheses require host bone sites with suficient 

dimensions and density to stabilize an adequate number and size of implants in satisfactory enough 

positions for the prosthetic needs at hand. Furthemore, they require an osteogenic wound-healing 

response, osseointegration, that is capable of foming and maintaining direct anchorage at the 

implant-bone interface. Not surprisingly, there is some disagreement about what osseointegration 

actually is (AlbreMsson and Sennerby 1990). In the present context, it is considered to be a clinicat 

phenornenon indicated by the sustainable immobility of a functional implant in bone without 

evidence of soft-tissue at the implant-bone interface (Sennerby et al. 1991). Evidently, this 



demands a convergence of several primary determinants including an appropriate implant material 

and design; attention to surgical protocol; host bone sites with a sufficient blood supply, cellular 

activity and architecture for osseous healing and remodeling; and prosthetic loading or other 

ecological insults that do not exceed the capacity of the implants to remain irnrnobilized. 

In this discussion, consideration will be given to evidence that bone condition is both age- 

and site-specific, and that these secondary determinants may indirectly influence the outcome of 

implant prosthodontic therapy through their presumed effects on bone condition. Loss of bone rnass 

and density is neariy ubiquitous during aging, particularly in hip and spine sites. Jawbone is also 

vulnerable to bone loss, although the etiology is likely different from that in weight bearing bones 

such as the hip and spine. Ofder adults rnay also be at an increased n'sk of having disease 

processes or rnedical treatments that could alter bone physiology and jeopardize osseointegration. 

Furthemiore, it is common to observe advanced resorption of  the jawbone in older adults after a 

period of edentulism, In this situation there rnay be an insuficient quantity of bone - height or width 

- to accommodate oral implants. A similar problem can anse in young individuals with congenitally 

missing teeth, where deficient jawbone development can preclude implant placement without n'dge 

augmentation. An additional concem in young growing patients is that osseointegrated implants will 

not adapt to facial growth and development, so prosthodontic results may become compromised 

with time, even if osseointegration is maintained. Nonetheless, age itself does not appear to affect 

osseointegration potential or the rate of crestal bone Ioss adjacent to oral implants, al1 other things 

being equal. In contrast, osseointegration potential does appear to be site-specific, as demonstrated 

by somewhat higher success rates reported for implants in the anterior mandible compared to the 

maxilla. One explanation for this relates to the oft-stated finding of supen'or bone quantity and 

quality in the anterior mandible compared to the maxilla. However, evidence related to this is far 

from conclusive. 

The concem in the present review, therefore, is to discuss whether and how clinical oral 

implant outcomes are affected by determinants related to age, jaw site and jawbone condition. At 

the outset, this material requires an ovewiew of age- and site-specificity in the skeleton and the 

jaws. There wilI then be an introduction of the clinical classification of jawbone condition in planning 

implant prosthodontics. Following this will be a discussion of evidence related to the potential 

effects of age, jaw site and bone condition on oral implant outcomes, prirnarily in ternis of absolute 

implant success and crestal bone levels. The final section will relate to the outcome of oral implants 

in growing patients. 

AGE AND SITE CONSIDERATIONS RELATED TO BONE CONDITION 

General bone physiology concepts 

Bone tissue is organized macroscopically into cortical and cancellous regions (Figure 5) 

(Heersche 1989, Ten Cate 1994). The cortical region represents a dense surface layer generally 

referred to as cortical or compact bone. The cancellous region represents a three-dimensional 



mesh network of  bone stnits (trabeculae) embedded in a soft tissue marrow. The cancellous region 

is generally referred to as spongy or cancellous bone, The term trabecular bone is sometimes 

considered synonymous with cancellous bone, however, in the present context the terms trabecular 

bone and trabeculae will refer to the actual stnits of bone in the cancellous region. The formation of 

bone, osteogenesis, requires an appropriate cellular production of osteoid matrix (primarily Type I 

collagen) in the presence of a good supply of blood, minera! (primarily calcium hydroxyapatite) and 

alkaline phosphatase (Ten Cate 1994). Specialized bone cells form and maintain bone structure 

through an ongoing, but non-unifom, remodeling of the skeleton, and an osseous healing response 

when necessary (Frost 1966, Frost 1983, Parfitt 1984a, Roberts and Gonsalves 1986, Heersche 

1989). Osteoclasts resorb bone, and are derived from a blood-borne population of hemopoetic stem 

cells. In contrast, osteoblasts f o m  bone, and are derived from a local population of connective- 

tissue stem cells- Ali bone surfaces are covered by a thin tissue: periosteum on the outer cortex 

and endosteum on the inner cortex and trabecular surfaces. This tissue contains bone cells that are 

responsible for remodeling near the surface creating parallel layers of bone called circumferential 

lamellae. Below the surface are a multitude of Haversian canal systems with bone cells responsible 

for remodeling around each canal in cylindrical layers called concentric lamellae (Roberts and 

Gonsalves 1986, Heersche 1989, Ten Cate 1994). 

The bony callus created in response to an osseous woufld or fracture is initially made up of 

woven (immature) bone, that is forrned more rapidly and is less organized and rigid than lamellar 

(mature) bone (Boyne 1970, Roberts and Gonsalves 1986). Lamellar bone is layered, dense and 

highly mineralized bone that slowly replaces woven bone and old lamellar bone in a time-dependent 

remodeling process (Roberts and Gonsalves 1986, Heersche 1989, Fleisch 1993). Orthopedic 

studies suggest that osteogenesis and osseous healing are favored by minimizing movement at the 

site of new bone formation (Messer, Hayes and Boyne 1967). flowever, recent evidence has 

suggested that a controlled amount of micromovement at the healing site may be more favorable 

for early osteogenesis than absolute rigid fixation (Goodship and Kenwright 1985). Although this 

finding has potential for improving osseous healing and preventing osseous nonunion in clinical 

practice, the direction and magnitude of micromovement needed and the method of its application 

have yet to be established, especially since it appears that excessive rnovement in an osseous 

wound can compromise vascularity and favor the formation of fibrous tissue or cartilage (Carter and 

Giori 1991). 
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Figure 5 Basic structure of bone displayed in the edentulous mandible 

Age- and site-specificity in the skeleton 

Bone rernodeling is an age-specific and site-specific phenornenon. In middle-aged and 

older adults slightly more bone is resorbed than formed leading to a gradua1 loss of bone mass 

(Parfitt l984b, Hamson 1989, Heersche 1989, Fleisch 1993). Aging is also associated with a 

reduction in thickness and an increase in porosity of cortical and trabecular bme structures (Roberts 

and Gonsalves 1986, Seeman 1995). This pattern of age-reIated bone loss appears to be more 

cornmon in trabecular bone t h a ~  cortical bone, in part because the rate of remodeling in trabecular 

bone is substantiaIly higher than that in corticai bone (Heersche, Beliows and Ishida 1998). These 

changes are highly variable between individuals and skeletal sites depending on several factors 

including, for exampie, peak bone mass, genetics, exercise, hormonal levels and nutritional levels 

(Cummings et al. 1985, Roberts and Gonsalves 1986, Hanison 1989, Lockington and Bennett 

1994). It has also been noted that increased age is associated with the accumulation of areas of 

hyperrnineralized bone that are resistant to healing, and that may tend to be more bnttle because of  



a lack of remodeling (Roberts and Gonsalves 1986)- Parfitt (1 984b) suggested that these age- 

related changes are fundamentally due either to overactive osteoclastic activity or underactive 

osteoblastic activity. The mechanisms underiying such changes have yet to be elucidated, 

however, the failure of osteobtast function to keep pace with resorption is believed to be a crucial 

factor in age-related bone loss. Despite this, the lamellar bone fomed by older individuals appears 

to be normal, and older bone seems to retain an adequate osseous wound-healing capacity as well 

(Parfitt 1984b, Roberts and Gonsalves 1986). Corroborative evidence for this is available both in 

animal research, in which increased age as been shown not to detract from the formation of bone 

around orthopedic titanium implants in sheep (Eckhoff, Turner and Aberrnan 1995). and in clinical 

orthopedic research, in which the efficacy of bone-anchored hip prostheses in older adlrlts has been 

amply demonstrated (Campbell and Rothman 1971)- 

Age-related bone loss is also more common in women than in men, particuiady in 

postmenopausal women, which likely reflects the pathological process of osteoporosis (Roberts and 

Gonsalves 1986, Hamson 1989). Osteoporosis is a systemic disease characterized by a change in 

bone architecture and a reduction in bone density and strength (Cummings et al. 1985, Nordin 1987, 

Hanison 1989). Although its pnmary fonn is idiopathic, osteoporosis is commonly associated with 

increased age, particularly in postmenopausal women (Harrison 1989, Seeman 1995). It presents 

often as a regional rather than a generalized condition typically affecting the vertebral bone (spine) 

or the proximal femur (hip) (Wall, Chatterji and Jeffery 1979, Cummings et al- 1985, Harrison 1989, 

Barrett-Connor 1 995). Bone Ioss associated with osteoporosis affects trabecular bone more than 

cortical bone, which may help explain its site-specificity (Mangaroo et al. 1985, Hamson 1989). 

Radiographic imaging has been a pnmary diagnostic tooi for this condition. In this regard, single 

and dual photon absorptiometry (SPA and DPA), quantitative computed tomography (QCT) and, 

more recently, dual energy x-ray absorptiometry ( D m )  have proven of substantial value (Hansen 

et al. 1990, Johnston and Slemenda 1995, Pacifici et al. 1995, RizzoIi, Slosman and Bonjour 1995). 

By their ninth decade Caucasian wornen had an average of only half their Iifetirne peak mass of 

trabecular bone detennined radiographically (Harrison 1989). A DE3A study found that women who 

were just past menopause had 6% lower average bone mineral density of the spine - pnmarily 

trabecular bone - as compared with women who were just prernenopausal (Kroger et al. 1994). This 

rate compared rather unfavorably with the average rate of bone loss in both men and wornen of 

about 3% per decade after age 40 (Roberts and Gonsalves 1986). In essence, it appears that age- 

related bone loss in women often accelerates around menopause. Of course, substantial biological 

variation is expected with this phenomenon. 

Age- and site-specificity of jawbone 

As in other skeletal sites, aging has been associated with increasing porosity and thinning of 

the mandibular cortex (Atkinson and Woodhead 1968, von Wowem 1977a, von Wowem and Stoltze 

1979a, von Wowem and StoItze 1980). However, the reverse may be tnie in childhood, based on 



evidence of higher cortical porosity in the jawbone of chifdren compared to adults (Gabriel 1965). 

The density of cancellous bone around tooth roots also tends to decrease in adults as they age 

(Southard and Southard 1992) along with the total mineral content of  jawbone (von Wowem and 

Stoltze 1980, von Wowem 1985a,b, von Wowem 1988). Furtherrnore, aging is associated with a 

gradua1 arteriosclerosis in jawbone blood vessels, inctuding a reductian in the patency of the 

mandibular artery (Bradley 1972, Nedelman and Bemick 1978). This implies that jawbone 

vascularity and healing potential rnay be increasingly cornpromised in aging patients. 

Several studies have also documented how the quantity and quality of jawbone Vary 

between jaw sites. Gabriel (1 965) noted that the maxillary cortex is substantiaily thinner and more 

porous than the mandibular cortex. Likewise, Esteves (1 994) found that  cortical porosity varied with 

jaw site. However, she also noted tremendous variation in cortical pû.rosity behveen and within 

individuals. ln the mandible, thickness of the buccal cortex has been shown to be wider in posterior 

compared to anteriorjaw sites, whereas no such variation has been found in the lingual conex (von 

Wowem 1977b. von Wowern and Stoltze 1979a). In contrast, thinner trabeculae and lower 

cancellous bone density have been found in posterior compared to ariteriorjaw sites, and in the 

maxilla compared to the mandible (Gabriel 1965, von Wowern 1977b, Ulm et al. 1992). Gabriel 

(1 965) also noted that mandibuiar trabeculae tend to be oriented horirontalIy along the inferior 

border of the arch, on trajectories between and below the tooth roots. A similar pattern was 

described for the pnmary orientation of Haversian canals in mandibular cortical bone (Gabriel 

1965). The maxillary trabecular pattern also demonstrated horizontal trajectories between the tooth 

roots. However, the Haversian canals in maxillary cortical bone tended to be oriented more 

vertically (Gabriel 1965). Bone cells in the jaws are also likely to have site-specific variations that 

may influence osseous healing. For example, Liu and Baylink (1 984) found that the number and 

activity of osteoclasts in two different sites of mandibular rat bone responded differently to dietary 

mineral deprivation and replenishment. Clearly, jawbone has site-spe-cific characteristics, however, 

there is also ample evidence of individual variation in jawbone conditian arising from natural 

biological variation (Esteves 1994), or from the effeds of either periodontal disease (Ruttimann, 

Webber and Hazelrig 1992) or tooth loss (von Wowem, Hjorting-Hansen and Stoltze 1979, Ulm et 

al. 1992). 

Jawbone may be differentiated anatomically into alveolar and basal regions (Figure 4) (von 

Wowem 1977b, Ten Cate 1994). During development, alveolar bone forrns around tooth roots (Ten 

Cate 1994). In the absence of periodontal disease, alveolar bone height can be maintained, or even 

increased, over a Iifetirne, presumably due to tensional forces exerted: on the bone by periodontal 

ligament (Suomi et al. 1971, Berry and Poole 1976, Tallgren and Solow 1991). On average though, 

aging tends to be associated with some loss of alveolar bone height. Schei et al. (1 959) 

demonstrated this several decades ago and the pnmary etiology of such bone loss was recognized 

to be poor oral hygiene that resulted in periodontitis and bone resorption. They also noted a site- 

specific tendency for bone loss to favor incisor and rnolar sites compamed to premolar and canine 
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sites. It is now profoundly clear that aging is associated with an increase in risk factors associated 

with periodontal disease, including the cumulative effects of poor oral hygiene habits (Ellen 1994). 

In a cross-sectional study of 75 year-old subjects with at least 23 teeth still present - a group with 

rather exceptional oral health by cuvent standards - Papapanou, Wennstrom and Grondahl (1 988) 

found that the rate of crestal bone loss was 0.06 mm per year over the lifetime of the teeth, 

amounting to a cumulative Iifetime loss of 4 mm. In comparison, 75 year-olds with only 4 to 6 

remaining teeth had neariy double the Iifetime rate of bone l o s  around their remaining teeth, 

amounting to a loss of 0.1 1 mm annually or 7 mm in total. Again canine sites demonstrated the 

least bone resorption. Bone loss of a similar order of  magnitude has also been documented in other 

studies (Cnim and Rooney 1978, Lavstedt, Bolin, and Hennkson 1986, Salonen et al. 1991). For 

example, Lavstedt, Bolin, and Henrikson (1986) documented an average annual bone loss of  0-09 

mm surrounding teeth over the age range 18 to 65 years. Due to the cross-sectional or short-term 

nature of al1 of  these studies, one can onIy speculate about the rate of bone loss that had occurred 

around the teeth extracted previously. 
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Figure 6 Mean residual ridge resorption after tooth extraction and complete denture Wear 

* Redrawn from Tallgren (1 972) 
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Influence of tooth loss on jawbone 

Following a tooth extraction, the socket heats by filling with macroscopically normal bone, 

and the crest of the residual ndge usually remains occupied by cancellous rather than cortical bone 

(Boyne 1966, Pietrokovski 1975, von Wowem 1977b). Gabriel (1965) observed that the normal 

horizontal orientation of jawbone trabeculae became less distinct following tooth loss. Of greater 

significance, perhaps even counterintuitive, edentulous sites in the mandible tended to have a 

denser trabecular network compared to similar dentate sites. This implies that aging jawbone may 

not suffer the loss of cancellous density observed commonly in other skeletal sites during aging- 

Possibly the most profound jawbone change resulting from edentulism is a variable, but progressive 

and apparently irreversible reduction in the height and width of residual alveolar ridges, especially 



early in the edentulous experience, and particulatly in the mandible (Gabriel 1965, Carlsson and 

Persson 1967, Carlsson, Bergman and Hedegard 1967, Atwood 1971, and Tallgren 1972)- Indeed, 

the edentulous mandible has been reported to lose 60% of its bone mass during the ensuing 

resorptive process (Ulm et al. 1992, Klemetti, Vanio and Lassila 1994, Ulm et al, 1994). The usual 

pattern of mandibular residual ridge resorption (RRR) involves a widening of the radius of the arch 

due to the underlying contour of basal bone (Gabriel 1965, Atkinson and Woodhead 1968, 

Pietrokovski 1975, Zarb, Bolender and Carlsson 1997). The reverse tends to occur in the maxilla 

where ndge resorption often involves reduction of the radius of the arch due to selectively greater 

resorption of the buccal cortex (Gabriel 1965, Carlsson, Bergman and Hedegard 1967, Pietrokovski 

1975, Cawood and Howell 1988). The average rate of resorption of mandibular residual ridge 

height is said to outpace maxillary resorptim by a ratio of 4 to 1 in the antenor (Atwood, 1971, 

Tallgren 1972). Nonetheless, individual variation is still the n o m  in this regard. For example, 

above-average resorption of the edentulous anterior maxilla is sometimes observed, in particular 

when natural mandibular teeth are retained. However, this resorption pattern, sometimes referred to 

as a combination syndrome, is not predictable (Carlsson, Bergman and Hedegard 1967, Kelly 

1 972). In denture wearers, Tallgren (1 972) found that the mean long-terni rate of RRR in the 

anterior mandible resulted in 0.2 mm of height lost annually between 10 and 25 years after tooth 

extraction, compared to 0.05 mm annual loss during the same period in the rnaxilla (Figure 6). 

During the first year after extraction, however, the average RRR of the mandible was 4 mm 

compared to 2 mm in the maxilla. After 25 years the average cumulative loss in anterior 

mandibufar heigh: was estimated to be 13 mm compared to only 5 mm in the maxilla. Similar 

resorption patterns have been observed in both men and women, and in older and younger 

individuals, so age and gender may not play a significant role in this resorptive process (Carlsson 

and Persson 1967). A similar pattern has also been observed in posterior jaw regions which c a n  

leave the crest of the mandibular ridge very close to the inferior alveolar canal (Cawood and Howell 

1988). Relative persistence of maxillary posterior ridge height is often associated with expansion of 

the maxillary sinus into the body of the ndge, leaving the floor of the sinus very close to the tidge 

crest (Vinter et al. 1993, Ulm et al. 1995). 

Influence of systemic osteoporosis on jawbone 

As noted, aging is associated with an increased risk of systemic osteoporosis as well as oral 

bone loss. However, aging is also associated with an increased risk of periodontal disease and 

tooth loss, both of which can lead to jawbone resorption. Despite extensive efforts, scientific studies 

have been unable to find a compelling refationship between the loss of jawbone - density, height or 

width - and osteoporosis involving other skeletal sites (Jeffcoat and Chesnut 1993, Lockington and 

Bennett 1994, Klemetti 1996). Although several studies have found such a correlation, they often 

failed to control confounding factors, padicularly related to patterns of periodontal disease and 

tooth loss, that could explain the results (Henrikson and Wallenius 1974, Henrikson, Wallenius and 



Astrand 1974, Rosenquist, Baylink and Berger 1978, von Wowem and Melsen 1979, von Wowem 

and Stoltze 1979b, Kribbs, Smith and Chesnut 1983a,b, von Wowern 1985b, Kribbs et al. 1989, 

Ortman, Hausmann and Dunford 1989, Kn'bbs 1990, Nishimura, Hosokawa and Atwood 1992, 

Klernetti and Vainio 1993). For example, Klemetti and Vainio (1993) found a correlation between 

the extent of RRR and the bone mineral content (BMC) of both proximal fernur and lumbar 

vertebrae measured by DEXA. However, patients with more ridge resorption were probably older 

and may have been edentulous longer than average, potentiaily confounding the result with age and 

length of edentulisrn, and offering a plausible alternative expIanation why the patients with the most 

ridge resorption were Iikely to have a tower skeletal BMC. Kribbs (1 990) found that wornen 

diagnosed with osteoporotic fractures had significantly lower mandibular bone density and corticaf 

thickness on pefiapicat radiographs compared to asymptomatic women. However, the osteoporotic 

group had a higher proportion of edentulous individuals - who were also probably older - so any 

conclusions about the relationship between osteoporosis and oral Sone loss were confounded by 

tooth Ioss patterns and possibly age. 

With a better design von Wowem and Kollerup (1992) compared edentulous women 

diagnosed with osteoporotic fractures to edentulous women asymptomatic for osteoporosis. Less 

than 17 individuals made up each group, but they were matched for age and length of edentulism. 

Mandibular density, measured with DPA, was found to be correlated significantly with forearm bone 

density. The groups were also compared on the basis of cross-sectional residual ridge area from 

laterai cephalomettic radiographs. No difference was found between the groups in the antenor 

mandible, however, the anterior maxillary tracing was significantly smaller among the women known 

to have osteoporotic fractures. This study offered preIiminary evidence of a relationship between 

osteoporosis and oral bone toss in edentulous patients and suggested that the usual resistance of 

the maxilla to resorb following tooth loss may be counteracted by systemic osteoporosis. However, 

other studies have contradicted these findings (Mercier and lnoue 1981, Knbbs, Smith and Chesnut 

1 983a,b, Mahajery and Brooks 1992, Klernetti et al. 1993). For example, Mahajery and Brooks 

(1 992) studied hvo groups of women one with and the other without iow bone density, as measured 

by DPA, in the lumbar spine and hip. The groups were matched on the basis of age, weight, height, 

and state of their dentition, and no difference was found in their radiographic jawbone density. 

Although the overall evidence is as yet inconclusive, it rnay be that the site-specific nature of 

osteoporosis renders it less influential in jawbone compared to other skeletal sites. Instead, the 

quantity and quality of jawbone, particularly alveolar bone, may be influenced rather more 

profoundly by the relatively osteogenic effect of  healthy pefiodontal ligament and facial 

musculature, and where present by the relatively osteolytic effect of petiodontal disease and tooth 

loss. 



CLASSIFICATION OF JAWBONE CONDITION 

Brànemark classification of jawbone quantity and quality 

Srinernat-k et al, (1 977) reported a prelirninary concept o f  jawbone quantity and quality in 

relation to osseointegration along with their initial clinical results, They differentiated three grades of 

jawbone quantity: moderate, advanced and extrerne resorption, Panoramic, frontal tomogram and 

laterai cephalometric radiographs where used to differentiate the categories. However, the 

proposed cfassification system was largely subjective and no evidence was provided to indicate its 

reliability or validity- A differentiation of bone quality wâs based on density, vascularity, and healing 

and remodeling capacity. However, these terms were not defined. It seems, instead, that the 

classification was reported in recognition of both the need to descnbe the patient sample as well as 

possible, and of the Iikelihood that osseointegration was dependent on, as yet, undefined aspects of 

bone quantity and quality. 

Lekholm and Zarb classification of jawbone quantity and quality 

Over a decade ago, Lekholrn and Zarb (1985) combined a growing body of scientific 

evidence with their own ciinical studies to develop a working classification of jawbone condition (LZ) 

to facilitate the planning of implant prosthodontics (Figure 7). They proposed a differentiation of 

jawbone shape or quantity u y p e  A to E), and jawbone quality (Type 1 to 4) in the antenor region of 

the jaws. This classification is as follows: 

Quantity (shape): 
A. Unresorbed alveolar bone 
B. Some resorption of alveolar bone 
C. CompIete resorption of alveolar bone 
D, Some resorption of basal bone 
E. Extreme resorption of basal bone 

Quality: 
1. Predominantly cortical bone 
2. Predominantly thick cortex with dense cancellous bone 
3. Predominantly thin cortex with dense cancellous bone 
4. Predominantly thin cortex with low density cancellous bone 

The LZ classification dernonstrated reasonable face validity (it made common sense and 

was apparently comprehensive for its proposed use) and this led to its application in both clinical 

and research settings to attempt prediction of implant outcornes. However, it remains unclear 

specifically how valid and reliable the classification system would be in a research setting. The LZ 

classification was instituted primarily using a subjective assessment of panoramic and lateral 

cephalometric radiographs. In agreement with established evidence, its authors noted that the 

mandible generally had a higher cancellous radiodensity compared to the maxilla, and that certain 

combinations of bone quantity and quality were often seen together. 60th of these observations 

have since been corroborated independently (Tmhlar et al. 1997b). It appears, for example, that 

Type D or E bone (advanced resorption) in the antenor of the mandible may tend to have a high 



quality rating, often Type 1 or 2, since it is usually associated with dense basal bone. In 

camparison, Type A or B bone in the anterior of the maxilla often has a Type 3 or 4 quality since 

alveoiar &one in the maxilla usually has a very thin buccal cortex and a relativeiy low cancellous 

density. The significance of poor bone quantity for implant treatment planning is pertiaps obvious in 

that it can resttict the surface area available for osseointegration- Not uncommonly, height or width 

restrictions, especially in the rnaxilla, wiil preclude implant placement altogether, or in some cases a 

perforation of the cortex may develop dunng implant insertion leaving either the apex or threads of 

the implant exposed to soft tissues. In contrast, the significance of poor bone quality in planning 

implants is less obvious. In pfinciple, low bone density rnay be relatively unfavorable for 

osseointegration since it could discourage eaily bone healing due to excessive movement of the 

implant. That is, poor bone density may make it more dificult to achieve the orthopedic aim of 

eariy ngid fixation. Simultaneously, it is theoretically possible that low density bone rnay offer a 

compromised osteogenic potential or an excessive resorptive potential compared to higher density 

bone, thereby further upsetting osseous healing. However, these remain lârgely hypothetical 

considerations to date, 

Shape: A 8 C D E 

Quality: 1 

Figure 7 Jawbone quantity and quality classification of Lekholrn and Zarb 

Frorn Lekholm and Zarb (1985). Printed by permission of Quintessence Publishing Co., lnc., 
Carol Stream, 1 Ilinois 



Expansion of the original osseointegration formula from edentulous patients to partially 

edentulous patients has increased demand for implants in posterior jaw sites. This has combined 

with improved access to crosçsectional tomographic imaging to encourage a lateral application of 

the LZ ciassification to posterior jaw regions. For convenience, the anterior and posterior regions 

have been differentiated into two zones (Zarb and Schmitt 1993b). Zone 1 is anteflor to a vertical 

line passing through the mental foramina, whereas Zone II is posterÎor to Zone 1 (Figure 4)- By this 

definition, Zone 1 generally includes areas previously occupied by the antenor teeth and first 

premolars in both arches. Zone II sites are generally more complex than Zone 1 for implant 

planning because of the close proximity of either the mandibular canal or the rnaxillary sinus as was 

explained previously (Cawood and Howell 1988, Vinter et al. 1993, Ulm et al. 1995). Prevalent in 

implant literature is also the observation that Zone II in both arches often presents with poorer bone 

quaIity (Type 3 or 4) than that seen in Zone I (Lekholm and Zarb 1985, Tmhlar et al. 1997b). 

However, this may not apply to the mandible. It was noted earlier that although the posterior 

mandible presents most commonly with a decreased cancellous bone density, it typically has an 

increased thickness of the buccal cortex compared with the anterior mandible (von Wowem 1977b, 

Wowern and Stoltze 1979a). Conceptually then a typical posterior mandible rnay be desct-ibed as 

having either Type 2 bone with low cancellous density, or Type 4 bone with a thick cortex, neither of 

which fits the LZ cfassification accurately. To accommodate these complexities other classifications 

have been introduced including, for example, the Cawood and Howell (1 988) and Jensen (1 989) 

classifications, Despite this, the LZ classification has enjoyed the highest profi!e in the context of 

implant outcomes research. 

Cawood and Howell classification of jawbone quantity 

Cawood and Howell (1 988) proposed a classification of preoperative radiographic bone 

quantity (Class 1 to VI) including both anterior and posterior regions of the jaws (Figure 8). The 

system was based pnmanly on a study of dried dentate and edentulous skulls. A number of 

different horizontal and vertical measurernents were made of the jaws resulting in a classification of 

edentulous jaws that included a dentate reference point as follows: 

Quantity: 
1. Dentate jaw without resorption 
II. immediately post extraction 
III. WeIl rounded ridge f o m  
IV. Knife-edge ridge f o m  
V. Flat ridge f o m  
VI. Depressed ndge form 
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Figure 8 Jawbone quantity classification of Cawood and Howell 

From Cawood and Howell (1 988), Printed by permission of Munksgaard International Publisherç 
Ltd., Copenhagen 



Cawood and Hovvell (1988) indicated that Class Il and III jaws had adequate height and 

width, presumably for pre-prosthetic or prosthodontic treatment, Class IV jaws had adequate height, 

but inadequate width with a knife-edge fidge form. Class V jaws had both inadequate height and 

width with complete resorption of the alveolar ridge, Class VI jaws were the same as Class V 

except with some basal bone resorption creating a depressed ridge fom, presumably depressed 

below the fIoor of the mouth. They reported that the pattern of alveolar bone resorption is 

predictable, but highly variable between and within individuals. As expected, an individual could 

have a different classification of bone l o s  in anterior compared to posterior sites or in maxillary 

compared to mandibular sites. The classification also demonstrated good face validity based on its 

method of development using dried human skull bones, However, it remains unclear how valid and 

reliabte the ciassification system would be for the pre-prosthetic assessment of jaws a clinical or 

research setting. 

Jensen classification of jawbone quantity and quality 

Jensen (1 989) introduced a classification of jawbone for planning oral implants based on a 

combination of bone quantity and quality and proximity to vital structures (Class A to D). In brief, 

this classification is as follows: 

Quantity and Quality: 
A. Good bone density and width and at least 10 mm height 
B. Good bone density and width and 7 to 7 O mm height 
C. Poor bone density and less than 4 mm width or 7 mm height 
D. Poor bone density and virtual absence of width and height 

Using this approach, Zone I of the edentulous rnandible typically presents with Class A sites, 

having good density and width, and at least 10 mm of height available for implant placement, even 

with a relatively advanced resorption pattern. With modest resorption, the posterior mandible would 

probably present with CIass B sites, having satisfactory density but a limited height of between 7 

and 10 mm above the mandibular canal. This amount o f  resorption would Iikely reflect an LZ Type 

B pattem with some alveolar bone remaining. The edentulous mandible often presents with nearly 

complete resorption of alveolar bone and less than 7 mm of bone available above the canal, 

reflecting a Jensen Class C or D site that would preclude implant placement without ridge 

augmentation or nerve repositioning. Likewise, modest resobtion of the edentulous maxilla would 

easily change Class A sites to Class 8 sites, possibly with the exception of canine regions where 

ample bone height may remain in the buttress of bone between the maxillary sinus and nasal câvity 

(Figure 4). Unfortunately, the edentulous maxilla also not uncommonly has marked resorption of 

the buccal cortex or at Ieast a pronounced labial concavity above the residual alveolus. Either of 

these patterns could leave a residual ridge width of 4 mm or l es ,  resulting in Class C or D sites that 

would severely restrict traditional implant placement without site augmentation. Of course, 



complete resorption of the maxillary alveolus, that is tZ Type CI D or E resorption patterns, would 

also eliminate most, if not all, Class A or B sites in the maxilla. 

EFFECTS OF AGE ON ORAL IMPLANT OUTCOMES 

The impact of age on implant success 

lt is expected that older adufts will constitute a significant portion of future oral implant 

demand. Fortunately, evidence to date suggests that the potential for clinicat osseointegration is 

unaffected by age. Wound healing may be slower in elders (Holm-Pedersen and Loe 1971, Lindhe 

et al. 1985), and jawbone density and osseous healing capacity may also be compromised in elders, 

which could put their osseointegration response in some jeopardy- Furthemore, aging tends to be 

associated with an increased diversity of chronic ailments, such as osteoporosis or arthritis, and 

medical treatments, such as corticosteroid, bisphosphonate or radiation therapy, that can clearly 

alter bone physioiogy and could diminish the potential for osseointegration. On the other hand, the 

eadier discussion suggested that age itself is not a significant probtem for healing around orthopedic 

implants. Preliminary studies in animaIs and humans have also suggested that systernic 

osteoporosis may not reduce oral implant success (Fujimoto et al. 1996, Mon et al. 1997). 

Corroborating this, Dao, Anderson and Zarb (1 993) found no difference in implant success between 

premenopausal and postmenopausal wornen. They also noted similar results comparing older and 

younger men, which implies that gender does not appear to impact the clinicâl potential for 

osseointegration. Currently, oral implants are not generally contraindicated for medical reasons, 

except in patients whose health is considered sufficiently brittle to preclude any elective surgery 

(Lekholm 1998). In any case, the specific effects of a variety of medical conditions and treatrnents 

on oral implant outcomes are beyond the scope of this review. 

Regarding the effects of age, few studies have examined the success of oral implants in 

older compared to younger adults, To date, five papers have reported on this with no significant 

age-related effects (Table 6) (Kondell, Nordenram and Landt 1988, Bass and Triplett 1991, Jemt 

1993a, Zarb and Schmitt 1993a, Ochi, Morris and Winkler 1994). The studies al1 reported use of 

Brhemark implants, with the exception of Ochi, Moms and Winkler (1 994) who used Core-vent 

implants (Moms and Ochi 1992). Implant success was found to range from 94% to 97% among 

older patients compared to 88% to 99% among younger patients. Preliminary reports now suggest 

that osseointegration can also be established in very young patients (Koch et al. 1996). The prirnary 

criterion indicating success in these studies was the sustainable imrnobility of each individual 

implant. In the spirit of the proposed success criteria of Albrektsson et al. (1 986), this was 

corroborated by evidence of comfort and lack of pathology at the implant site and generally by a 

lack of radiolucency adjacent to the implant surface. As a starting point, these results suggest that 

osseointegration can be established equally well regardless of age. While encouraging, the results 

represent very short minimum follow-up periods of one year or less. Furthemore, they shed little 

Iight on whether oral implants rnay be increasingly irnpractical with advancing age in patients where 



ridge resorption, which is time-dependent, has progressed to the point that an inadequate quantity of 

bone remains to accommodate oral implants. FortunateIy, maladaptation to mandibular compfete 

dentures, which is arguably currently the most common prosthodontic probtem in old age, can often 

be resolved with implant prosthodontic therapy, despite advanced ridge resorption (Zab and 

Schmitt 1996a,b). 

Although age does not appear to affect the clinical potential for osseointegration, no studies 

have examined the stability of osseointegrated oral implants in younger patients for their estimated 

50 or more years of remaining Iife. The longest-terrn results of osseointegrated oral implants were 

reported by Adell et ai. (1990) based on most of the original Brinernark material involving primarily 

middle-aged patients. Of the implants placed between 1 976 and 1 981, routine group two (n=1263 

implants), the success rate was found to be 93% after 10 years of function. As noted earlier, 

substantially lower success rates were observed among the implants placed during the first 10 years 

of Brinemark's studies, including 48% of the initial group afier 7 years (n=33, placed between 1965 

and 1968) (Brinemark et al. 1977), 51% of the developmental group after 15 years (n=384, placed 

between 1968 and 1971), and 82% of routine group one after 15 years (n=1004, placed between 

1971 and 1976) (Adell et al. 1990). lncreasing success was attributed to an improved application of 

the technique, primarily an increased healing period prior to implant loading (AdelI et al. 1990). For 

the later groups, in areas where bone height pemitted, they also reported use of implants longer 

than the 1 O mm length prescribed routinely in the eariy studies. The results after two and three 

decades of use have yet to be reported. 

The prirnary critenon of success In these studies was aIso clinical immobility of individually 

tested implants. Again, this was corroborated by a finding of comfort and lack of pathoiogy 

associated with individual implants, and generally by radiographic evidence of close adaptation 

between the implant and surrounding bone. These findings tempt the suggestion that clinical 

osseointegration is an all or nothing phenomenon. Contrasting this is a recognition of the complex 

and dynamic nature of the implant-bone interface which clearly foms the basis for maintaining 

implant immobility over a Iifetime of function (Brinernark et al. 1977, Garetto et al. 1995, Meredith 

et al. 1997). In simple ternis, histological assessments have established that the area of bone 

contact at the implant-bone interface varies over time and between implant sites (Sennerby et al. 

1991, Barzilay et al. 1996, Masuda et al. 1998). Ideally, a favorable osseointegration response 

should demonstrate an increasing area of interfacial contact with time that reflects the sustainable 

immobility of the implant in bone. However, this parameter has been difficult to measure clinically. 

Strid (1 985) reported prelirninary radiographic densitometric studies of the interface region that 

might be considered an approximation of actual bone contact with implants. The most common 

finding in preliminary studies was a sfightly higher radiodensity nearest the interface, which 

remained largely unchanged on follow-up radiographs. In contrast, one out of every ten 

osseointegrated implants demonstrated a pronounced radiodensity immediately surrounding the 

implant, that may or may not have increased with time. Failed implants often exhibited an area of 



relative radiolucency at the interface, but there was no evidence to demonstrate that failure could be 

predicted with this technique, Similady, Sunden and Grondahl (1 995) and Groridahl and Lekholm 

(1 997) found a correlation between pen-implant radiolucency and implant failure diagnosed 

ctinically. Others have attempted to quantify peri-implant bone density changes using improved 

radiographic standardization (Jeffcoat et al. 1992, Wilding et al. 1995). However, it appears that 

densitometric radiography cannot yet predict future implant failure with any degree of certainty. 

Another such effort recently proven of value in this regard by Meredith (1998) was the measurement 

of implant stability using resonance frequency analysis. lmprovements in this or other techniques 

for assessing implant stability might soon offer a clinicaI means of monitoring the quality of 

osseointegration over time, possibly improving the clinical management of implant patients during 

the healing period and over decades of prosthetic function. 

Age considerations in the stability o f  crestal bone around implants 

It has been suggested that changes in the level of crestal bone surrounding an implant may 

provide a simple measurement of how sustainable implant function might be over time (Brinemark 

et al. 1977, Hansson 1977, National Institutes of Health 1979, Albrektsson et al. 1986). Although 

this type of outcome assessrnent would be important for implant patients of al1 age groups, it might 

be particularly crucial to permit extrapolation of whether implants can be maintained in younger 

adults over decades of function. However, there has been a virtual dearth of studies to document 

the mean crestal bone loss around oral implants in older compared to younger adults. Jemt (1993a) 

reported short-teni data on crestal bone levels surrounding implants in 80 to 90 year-old patients. 

In the first year following prosthesis placement, he found mean radiographic bone loss of 0.2 to 0.3 

mm, which is within the range of 0.1 to 0.8 mm reported by Adell et al. (1 981) for the same period in 

middle-aged patients. This finding should not be surprising in Iight of the obsewations made earlier 

where age was not predictive of the extent of ridge resorption following tooth loss (Carlsson and 

Persson 1967). However, a definitive conclusion about the effect of age on crestal bone loss 

around implants would require a more scientifically tenable long-term investigation over a broad age 

range. 

As noted, the long-term stability of crestal bone surrounding osseointegrated implants may 

be a crucial factor in determining whether the implants of young patients can remain in function for 

their lifetime. If mean crestal bone Ioss around implants continues at a rate of 0.2 mm annually, 

considered to be the success cutoff by Albrektsson et al. (1986), then young adults might expect to 

lose up to eight mm of bone over a 40 year period, and this may cause them to lose their otherwise 

successful implants. Moreover, this rate of bone loss would be more than two times the average 

rate of crestal bone loss observed over a Iifetime around healthy aging teeth (Papapanou, 

Wennstrom and Grondahl 1988). Regardless, no studies have managed such an extensive length 

of follow-up for oral implants, so lifetirne estimates for younger patients must be extrapolated from 

shorter periods. Among the longest perÏods studied, Hansson (1977), Adell et al. (1981), Lindquist, 
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Rockler and Cansson (1 988), Chaytor et al. (1 Wl) ,  Jemt and Lekholm (1 993), LekhoIrn et al. 

(1994), and Henry, Bower and Wall (1995) reported crestal bone level changes around Brhemark 

implants supporting fixed prostheses in place for a minimum of 4 years (Figure 9). After the first 

year of loading, the implants were associated with minimal long-term mean annual crestal bone 

loss, ranging from 0.02 up to 0.1 mm per year, a rate that is essentially indistinguishable from that 

reported earlier to be associated with aging teeth. On average then, the interface associated with 

Brhemark implants appears to dernonstrate a favorable osteogenic potential with a sirnilar ability to 

maintain crestal bone compared to periodontal ligament. 

Range of mean crestal b ~ f l e  loss around oral implants* 

1 2 3 4 5 6 7 8 9  

Years Since Loading 

Figure 9 Range of mean crestal bone loss around oral implants 

From studies with a minimum of 4 years of data reported including Adell et ai. (1 981), 
Lindquist, Rockler and Carlsson (1988), Chaytoret al. (1991), Jemt and Lekholm (1993), 
Lekholm et al. (1 994), and Henry, Bower and Wall (1 995) 

Unfortunately, the scientific study of such smatl rates of crestal bone loss is bound to suffer 

from measurement error. Chaytor et al. (1 991) reported occasional sites with annual crestal bone 

loss of 1 .O mm or greater after the first year of loading. However, this may reflect measurement 

error since there were also occasional gains of this magnitude. The measurement issue highlights 

the need for a standardized radiographie technique associated with research on bone levels around 

implants, something Chaytor et al. (1 991) demonstrated aptly with a standardized radiograph holder. 

In attempting to better account for the sites with apparently atypical bone resorption, Chaytor (1 993) 

revisited the data to uncover 131 instances of bone loss exceeding 0.2 mm in a one-year period. Of 

these, 117 had radiographs available for the following year that revealed an average bone level 

increase of 0.06 mm. Furthemore, 96 of the sites had radiographs for the second succeeding year 

that showed bone loss of only 0.03 mm. This finding offers improved support for the notion that 

crestal bone around Brinemark implants tends to stabilize in the long-term, even in sites that 

demonstrate greater than average bone loss for short periods. Nonetheless, it should be 

acknowledged that progressive crestal bone Ioss may facilitate implant failure. Consequently, 



predidors of bone level outcornes shoutd continue to be of considerable interest in both a clinical 

and research context. Again, results after two or three decades of function have yet to be 

published. 

EFFECTS OF JAW SITE ON ORAL IMPLANT OUTCOMES 

Jaw site considerations related to implant success 

It appears that there are different rates of implant success in different jaw sites, likely 

related to the variation in jawbone condition associated with those sites. The most successful site 

for Brinemark implants appears to be Zone I of the mandible, with 10 year success rates for 

implants supporting complete fixed prostheses of 98% (n=869 implants) (Adell et al. 1990), and 

100% (n=83) (Henry, Bower and Wall 1995). As descnbed, this site usually has a moderate to high 

cancellous density and cortical thickness, and rarely presents with an insufficient height or width for 

implant placement- 

In contrast, implants in the maxilla are thought to be significantly more vulnerable to failure 

on average, with 1 O-year success rates for Zone I implants supporting complete fixed prostheses of 

82% (n=394) (P.deIl et al. 1990)- As noted, there can be considerable variation in the bone quantity 

and quality in the maxilla, that rnay explain the lower success rate. 

Reports abound of Zone I implant success for periods less than 10 years. Among those 

Zarb and Schmitt (1990a) reported an 87% (n=234) success among implants supporting complete 

fixed prostheses in Zone 1 of the mandible compared to 100% (n=28) in the maxilla. Similar high 

success rates have also been observed, in the short term, among Zone I implants for complete 

overdenture, fixed partial denture, and single-tooth prescriptions (Albrektsson et al. 1988, Mericske- 

Stem and Zarb 1993, Zarb and Schmitt 1 993b, Jemt 1993b, Jemt 1994, Avivi-Aber and Zarb 

1996). There have also been suggestions that complete maxillary overdenture prostheses may be 

associated with lower than average rates of implant success (tekholm 1998). However, further 

study is needed to substantiate the veracity of this concem in the context of bone quantity and 

quaIity considerations. Compromised maxillary bone typically reduces the number of potential 

implants sites, and this could preclude a fixed prosthesis design in favor of an overdenture design. 

Consequently, any tendency for a lower implant success with overdentures may be biased 

considerably by a compromised preoperative bone condition. 

Oral implants in Zone II are generally used to support fixed prostheses or single crowns in 

partially edentulous patients. However, the length of follow-up in these sites has generally been 

shorter than in Zone I sites. Very high short-term success rates have been reported for Brhemark 

implants in Zone II of the mandible including 98% (n=l58) at 5 years (Jemt and Lekholm 1993), and 

other simitar results (Gunne et al. 1992, Nevins and Langer 1993, Zarb and Schmitt 1993c, Avivi- 

Arber and Zarb 1996). Perhaps these findings are not surprising since they Iikely refiect selected 

sites with acceptable cancellous bone density and adequate alveolar bone volume remaining above 

the mandibular canal. However, Zone II of the maxilla, where Type 4 bone is apparently common, 



has also shown good short-term results (Bahat 1993, Jemt and Lekholm 1993, Nevins and Langer 

1993, Zarb and Schmitt 1993c, Bahat 2000). Again, these results also Iikely reflect carefully 

selected sites, with adequate bone height below the maxillary sinus. 

Cornbined, these studies suggest that implant success will not necessarily be compromised 

by jaw sites with low cancellous bone density. Further evidence to support this was provided in an 

animal study of immediate implants that found no consistent site-specific variation in the area of 

interfacial contact comparing maxillary and rnandibular implants or comparing anterior and posterior 

implants (Barzilay et al. 1996). However, they also noted very thin, often unsupported, bone at the 

interface adjacent to trabecular regions cornpared to greater support in areas adjacent to cortical 

bone. In experimental animal studies, Brinemark et al. (1969) found that three times the pull-out 

force was needed to rernove mandibular osseointegrated implants compared to rnaxiliary ones, due 

presumably to variation in the quality of bone supporting implants in those sites. For this reason, 

osseointegrated implants in the maxilla may be more vulnerable to failure, Maxillary implant 

outcornes may also be influenced by the presence or absence of so-called bicortical stabilization, 

that can be achieved by engaging the cortical floor of the maxillary sinus or nasal cavity. This 

technique has been suggested to help compensate for the relative loss of osseous implant support 

observed in areas with thin cortical bone and low cancellous density, such as in the maxilla 

(Brinemark et al. 1984, Lekholrn 1998). Animal studies have supported the notion that implants 

with bicortical stabilization may heal with a larger proportion of bone contact with the implant 

surface, and that they may require a significantly higher torque force to remove compared to sites 

without bicortical stabilization (Brinemark et al. 1984, lvanoff, Sennerby and Lekholm 1996). 

Sennerby, Thornsen and Ericson (1 992) also observed in animal studies that implants 

osseointegrated in thick cortical bone required more torque force for removal than implants 

osseointegrated primarily in cancellous bone. However, human studies have suggested that the 

clinical success rate of implants engaging the floor of the maxillary sinus or nasal cavity may not be 

better than other maxillary implant outcomes (Brhemark et al. 1984). 

Jaw site related to crestal bone stability around implants 

The stability of crestal bone surrounding Brinemark implants in Zone I has been 

investigated since 1965 (Hansson 1977, Adell et al. 1981). In their classic paper, Adell et al. (1 981) 

reported on the stability of crestal bone surrounding Zone I implants supporting fixed prostheses in 

completely edentulous patients. They reported a mean annual crestal bone loss during the 

cornbined healing (before implant loading) and remodeling phases (during the first year after 

implant loading) ranging from 1.3 mm to 1.5 mm for 423 maxillary implants, and ranging from 0.8 

mm to 1.4 mm for 492 mandibular implants. Most of the l o s  was accounted for dun'ng the healing 

period (prior to loading), whereas, the total bone loss dunng the first year of Ioading was reported to 

average only 0.51 mm in the maxilla and 0.65 mm in the mandible. During the equilibrium phase, 

over the next 5 to 9 years, they found that the mean annual crestal bone loss slowed to 0.1 mm for 



implants in either jaw- Among the longest periods reported Lindquist, Rockler and Carlsson (1 988), 

Jemt, LekhoIm and Grondahl 1990, Chaytor et al. (1991), Avivi-Amer (1994), Henry, Bower and 

Wall (1 995) and Wyatt (1996) ail found resorption rates in the same order of magnitude or less than 

this for implants in Zone 1 of completely and partially edentulous patients. 

Jernt and Lekholm (1993) reported on 259 maxillary and mandibular Brinemark implants in 

Zone II supporting fixed prostheses in partially edentulous patients. They found a mean annual 

crestal bone Ioss during the remodeling phase to the end of the first year after prosthesis connection 

of 0.5 mm for 101 maxillary implants, and 0.4 mm for 158 mandibular implants. During the 

equilibrium phase, overthe next 4 years, they found that the mean annual crestal bone loss slowed 

to 0-08 mm for maxillary implants, and to 0.05 mm for mandibular implants. Sirnilar short-term 

results for Zone II implants in partially edentulous patients have also been reported by Gunne et al. 

(1 992), Lekhoh et al. (1 994), Avivi-Arber (1 994) and Wyatt (1 996). 

This evidence suggests that in partially or cornpletely edentulous patients, regardless of jaw 

site, the mean crestal bone Ievel surrounding Brhemark implants tends to be stable over time, with 

a tendency to resorb slowly at a rate less than 0.1 mm per year. This finding of no site-specific 

differences is certainly interesting consideting that the edentulous mandible was reported eariier to 

resorb nearly 4 times faster than the edentulous maxilla. Furthemore, the rate of crestal bone loss 

around mandibular implants (less than 0.1 mm annually) appears to be less than half the rate of 

resorption (0.2 mm annually) expected with long-terni mandibular edentulism. This result is 

particularly favorable in the mandible since it appears to offer the potential for rnaintaining residual 

ridge height following tooth loss. 

EFFECTS OF BONE CONDITION ON ORAL IMPLANT OUTCOMES 

Bone condition related to implant success 

Both advanced resorption (Type D or E) (Figure 10) and poor bone quality (Type 4) (Figure 

11) have been Iinked to lower implant success rates in the short-terni, and this may explain why 

implants in the maxilla seem to be associated with a greater fisk o f  failure. It may also help explain 

why implant failures tend to cluster in certain individuals (Weyant and Burt 1993). However, as 

mentioned, radiographic bone quantity and quality are not independent of each other, at least using 

the LZ classification, so it has been difficult to isolate the effect of each on osseointegration 

outcornes. A second problem associated with this type of research is that sites with advanced 

resorption (Type D or €1, particularly in the maxilla, often demand the use of short (7 mm) implants 

causing results to be confounded by the effects of a reduced potential area of implant-bone 

interface. Furthemore, radiographic density measured by the LZ classification is clearty only a 

small part of what rnakes up bone quality in the context of an adequate osteogenic response around 

an implant. All three of these problems were confinned in a thesis defended recently by Friberg 

(1 999) on the relationship between bone quality and oral implant stability. 
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Figure 10 Studies of oral implant success by LZ jawbone quantity 

Using Lekholm and Zarb (1 985) (LZ) classification of jawbone quantity, Type A to E 

The classic paper regarding the effects of bone condition on oral implant outcornes was a 

multicenter study by Engquist et al. (1 988) that found the short-terni (lessi than 5 year follow-up) 

success rate of implants in Zone 1 for overdenture patients was 74% (n=198) in a group with Type D 

or E and Type 4 bone compared to 89% (n=141) for a group with better quantity and quality. Lower 

success was associated mainly with the maxilla, where the poor bone group had a success rate of 

only 65% (n=137). Mandibular implants in this study had a success rate above 90% regardless of 

the bone condition. Unfortunately, they did not report on implant lengths, nor did they differentiate 

the independent effects of bone quantity and quality. Jaffin and Berman (1 991) reported the 5-year 

follow-up results of implants in a variety o f  jaw sites and prosthetic applications in relation to bone 

quality. They found a success rate of onIy 65% among 102 implants placed in Type 4 bone, 

compared to 97% of 952 implants placed in the other 3 quality types. However, bone quality in this 

study was detennined by clinical sensation at the time of site preparation rather than by radiographic 

assessment, so the results offer little improvement of the preoperative prediction of implant 

outcomes. Using this method, the lower success associated with Type 4 bone was concentrated in 

the maxilla and in Zone II of the mandible. Again, the effect of implant length was not reported. 

Corroborating the negative effect of poor bone quality in the maxilla, Johns et al. (1992) found a 1- 

year success rate of only 50% (n=30) in Type 4 maxillary sites compared to 93% (n=87) in better 

quality maxillary sites. In the sarne study, the success rate was above 95% in the mandible 



regardless of bone quality. However, the result was muddied sornewhat since the most common 

implant length in the maxilla was 7 mm compared to 10 mm in t h e  mandible. Indeed, short (7 mm) 

implants predominated in maxillary Type 4 bone sites, presumably due to an associated lack of 

bone height. Shedding sorne more light on this issue, Smedberg et al. (1 993) documented a 100% 

implant success (n=53), with rnaxillary 0ve~de~tures followed for 2 years, in bone of Type 3 or 4 

quality combined with good quantity (Type A, B or C). In comparison, they found a success rate of 

only 77% for implants (n=33) in Type 3 or 4 bone quality when combined with advanced resorption 

(Type D or E). Again, implant lengths were not reported, but it cam likely be presumed that the 

group with severe resorption (Type D or E) cornmonly had less than 10 mm of bone height since the 

study dealt exclusively with the maxilla. In a multicenter study, Hutton et al. (1 995) studied 

overdenture patients for 3 years showing that the highest risk of implant failure in a multivariate 

analysis was predicted by a combination of Type E and Type 4 banc. Again, implant lengths were 

not factored into the analysis. Considered separately, Type 4 bone, in this study, demonstrated a 

success rate of only 55% (n=40) compared to ovet 91 % (n=254) far the other three quality types, 

and Type E bone (severe resorption) demonstrated a success rate of only 61% (n=51) compared to 

over 92% (n=243) for the othef four shape types. However, neithef quantity nor quatity were 

significant independent predictors of implant success in the multivariate analysis. Likewise, dental 

arch was not a significant predictor in the multivariate analysis. Nanetheiess, failures were 

concentrated in the maxilla with a success rate of onIy 72% compared to 94% in the mandible. This 

suggested an increased risk of failure with poor bone quantity and quality in the maxilla rather than 

the mandible, even though the numbers of data may have been inadequate to show it. Adding 

support to the site-specific significance of jawbone quantity, Jernt and  Lekholrn (1 995) studied 

maxillary implants over 5 years finding a 71% success rate among 127 implants supporting 

overdentures in jaws with severe resorption Fype D or E), compared to a 92% success among 449 

implants supporting cornpiete fixed prostheses in jaws with l e s  resorption (Type B or C). However, 

the failures were again concentrated among 7 mm implants used more often in the severe 

resorption group, confounding the result with implant length. 

Evidently, a combination of poor bone quantity and quality has a negative influence on the 

establishment of osseous implant anchorage, and this effect seems to be most noticeable in the 

maxilla. However, there is also evidence that very high levels of osseointegration succeçs can be 

achieved despite poor bone quantity and quality. In a study of partial implant prostheses followed 

over 1 year, van Steenberghe et al. (1990) found a very high succ%ss rate, 94%. among 67 implants 

in Type 4 bone quality. They also noted a 100% success rate among implants in 9 patients with a 

severely resorbed jaw pattern compared to 97% (n=558) among t h e  total compliment of  159 

patients. Unfortunately, the effects of jawbone quantity and quality were not clearly differentiated by 

dental arch, and there were very few patients in the severe resorption group making strong 

conclusions problematic- Bahat (3993) found a short-term (1 to 6 years) success rate of 95% 

among about 200 implants in Type 4 bone in Zone II of the maxilla (in or near the tuberosities) 
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compared with an identical rate of 95% among about 400 implants in Type 2 or 3 bone in the same 

site, and the follow-up publication from this study including 5 to 12 year results suggests similar 

results can be maintained with time (Bahat 2000). Triplett et al. (1 991) found that osseointegration 

was successful in severely resorbed edentulous mandibles despite the use of 7 mm implants, They 

obsewed that 7 mm (n=46) implants had a 96% success compared to a nearly identical 93% 

success rate among 10 mm implants (n=84). Bass and Tn'plett (1991) also reported high success 

rates in al1 bone quantity types, averaging well above 90% for Type D and E bone sites as well as in 

sites with less resorption. They found a 95% success arnong implants supporting fixed prostheses 

in Type 4 bone. In contrast, the success rate was only 81% for implants supporting overdentures in 

Type 4 bone. However, failures were concentrated in the posterior of the mail la where Type 4 

bone was associated with bone grafting. Tnihlar et al. (1 994) and Tnihlar et al. (1997a) found very 

high success rates, ranging from 96% to 98%, in al1 LZ bone quality types using Core-vent implants. 

However, the results were reported only prior to prosthetic loading. Similarly, a short-terni success 

rate of 96% was found by Fugauotto, Wheeler and Lindsay (1 993) among 51 3 IMZ oral implants 

pIaced in Type 4 bone, compared to 98% (n=850) in Type ' t  ,2 or 3 bone. 

Oral Implant Success by LZ Jawbone Quality 
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Figure 11 Studies of oral implant success by LZ jawbone quality 

Using Lekholm and Zarb (1985) (i) classification of jawbone quality, Type I to IV 

Unfortunately, these studies offer no clear resolution of the extent to which jawbone quantity 

or quality are crucial factors in the clinical success of oral implants. Some of the problems related 



to this may be resolved by an improved understanding and documentation of preoperative bone 

quality measurements, either radiographically or by some other technique. A recent study could find 

no difference in short-terni oral implant success based on specific assessments of either the 

histomorphometric structure or the metabolism of the jawbone into which the implants were placed 

(Esteves et al. 2001). On the other hand, a more profound influence rnay be the effect that bone 

quantity (specifically the bone volume) has on implant success particularly in the maxilla. As 

mentioned, a restriction in the height or width of the residual ridge, especially in the maxilla and the 

posterior mandible, can mle out implant placement without augmentation of the bone site. 

Furthemore, the modestly inferior success rates sometimes observed with maxillary implants may 

result to a large extent frorn the need for a disproportionate number of short (7 mm) implants placed 

in sites with exceptionally cornpromised dimensions. Careful studies are starting to tease apart the 

significance of these factors, but more are needed. As suggested earlier, the high rate of success 

achieved in maxillary sites with compromised bone quality may relate to improved implant stability 

through bicortical stabilization. However, good clinical studies to demonstrate this would be difficult 

because a cornparison of othennrise identical sites treated with and without bicortical stabilization 

would typically demand implants of different lengths, thereby confounding the results. Along a 

slightly different track, a recent study suggested that there may be no difference in clinical implant 

outcomes when small areas of threads are left expoced dunng implant insertion into sites with 

Iimited width (Lekholm et al. 1996). Further studies should provide a better scientific basis for the 

management of thread exposures, but this study certainly introduced some doubt into the routine 

use of bone augmentation for such instances. Of course, there are also a number of reports 

suggesting that different implant materials and designs may facilitate osseous anchorage depending 

on the bone quantity and quality in a particular site. Even the apex (Friberg, Grondahl and Lekholm 

1992) and, more recently, the threads of the Brinemark implant have been altered to facilitate 

implant surgery; These so-called self-tapping Brinernark implants were designed either for sites 

with Iow cancellous bone density or for sites with dense bone. Although several studies have 

demonstrated the short-tenn efficacy of various implant materials and designs, there remains 

reasonable doubt whether any of the proposed changes can improve long-term implant success in 

compromised jawbone sites. The scope of the present review does not warrant any further 

discussion of the complex issues related to the effects of implant design and biocompatibility on oral 

implant outcomes. 

Bone condition and crestal bone stability around implants 

In view of the differences between alveolar and basal bone development, and the 

differential resorptive response of alveolar and basal bone following tooth loss (TaIlgren 1 972), it is 

logical to suspect that crestal bone loss might progress at a faster Pace around implants in alveolar 

bone compared to those in basal bone, particulariy in areas rendered edentulous recently. This 

subject is even more interesting because young implant patients who have recently lost their teeth 



wilI expect to live for many more years than older implant patients, but the lingering concem is 

whether the implants in young patients can maintain intimate contact with an adequate amount of 

bone for al1 those years. Most of the eariy implant studies involved jaws with advanced resorption 

associated with long periods of preoperative edentulism. The results of bone level measurements 

from those studies are uniikely to resolve this problem, since extensive RRR would Iikely have 

already occurred prior to implant placement. Furthemore, bone Ievel measurements around 

implants in partially edentulous patients may be somewhat unrelated to this issue due to the 

relatively powerful osteogenic effect of nearby pen'odontal ligament, which can evidently help 

rnaintain the residuaf ridge. 

The cnix of the issue, then, is whether implants can exert an osteogenic effect on alveolar 

bone, particularly in newly edentulous sites, that is comparable to that exerted by the periodontal 

ligament surrounding tooth roots. Although differentiating between alveolar and basal bone in an 

edentulous jaw may be nearly impossible, there have been attempts to examine this problem, and 

the findings are not yet compelling. Lindquist, Rockler and Carlsson (1 988) examined 46 patients 

with 276 implants in the anterior region of the mandible- They tried to correlate the degree of 

pretreatment jawbone resorption with the subsequent l o s  of crestal bone height, however, they did 

not find any such relationship. The mean rate of bone loss was 0.06 mm annually between 3 and 6 

years after loading, regardless of the pfeoperative bone height. This rate appears to be very similar 

to the typical rate of bone loss described earfier as being associated with relatively heafthy aging 

teeth. Similarly, Jemt and Lekholm (1995) reported no difference in bone levels after five years 

around implants placed in maxillae with severe resorption (average Type D bone) compared to 

implants placed in maxillae with l e s  resorption (average Type C bone). In both groups, the bone 

Ievels ended up about 1.2 mm below the collar at the conclusion of the study. Interestingly, they 

reported a higher annual rate of bone Ioss, 0.08 mm, after the first year in the group with severe 

preoperative resorption compared to only 0.03 mm in the groups with less preoperative resorption. 

In contrast, Ahlqvist et al. (1990) found that crestal bone Ioss was more rapid around implants 

placed in completely edentulous patients with less preoperative resorption. The effect was seen in 

both the maxilla and the mandible. ln both jaws the difference occurred largely because of bone 

loss dufing the first year after loading, however, the study involved only a 2 year follow-up so the 

more important long-term effect was unclear. Adding some credence to this result, Lindquist, 

Carlsson and Jemt (1 997) studied oral implant patients for a 10-year period and found that shorter 

preoperative periods of edentulism and less preoperative resorption, could predict part o f  the 

ensuing crestal bone resorption observed using a multivariate analysis. A more important factor, 

however, was smoking behaviour associated with poor oral hygiene, although the effect was rather 

modest considering the mean rate of bone loss after the first year was only 0.08 mm an nually in the 

group of smokers with poor oral hygiene. 



ORAL IMPLANT OUTCOMES IN GROWING PATIENTS 

Sig nificance o f  the an kylotic aspect of osseointegration 

As noted earlier, if there is a sufficient volume of jawbone, then implant placement in young 

patients is likely to result in osseointegration. Despite this, growing implant patients present a 

unique age-related probtem regarding implant positioning and prosthodontic outcornes. To be 

succinct, osseointegration is an ankylotic response, that in growing jawbone can make it very 

difficult to maintain a satisfactory implant position relative to the esthetic and functional demands of 

a prosthesis, particularly in partially edentulous patients (Guckes et al. 1991, Lekholm 1993, Osterle, 

Cronin and Ranly 1993, Cronin, Osterie and Ranly 1994). The evidence related to implant use in 

young patients consists mostly of a series of case reports and small studies on the treatment of 

children with traumatically avusled teeth or congenitally rnissing teeth, which includes children with 

one or another form of ectodermal dysplasia (Bergendal et al. 1991, Mackie and Quayle 1993, 

Ledermann, Hassell and Hefti 1993, Smith et al. 1993, Johansson, Palmqvist and Svensson 1994, 

Mehrali, Baraoidan and Cranin 1994, Thilander et al. 1994, Davarpanah et al, 1997, Guckes, 

McCarthy and Brahim 1997). 

Recently, a consensus conference examined the issues related to oral implant use in young 

patients (Koch et al. 1996)- They agreed that the major disadvantage of implants in growing 

patients was due to the inability of an implant to follow and participate in jaw growth, a characteristic 

that in growing patients tended to result in a prosthodontic infraocclusion (where the occIusal 

surface of the prosthesis no longer reached the occlusal plane of the dentition) and was often 

associated with a compromised prosthetic outcome. This led to an overarching conclusion that oral 

implants should not usually be placed in growing jaws, even in the petiod of residual growth 

imrnediately following the adolescent growth spurt, The only exception to this was for complete, or 

nearly cornplete, edentulism (anodontia or severe hypodontia), where implants were considered a 

favorable option in Zone I of the mandible as early as age 5 or 6 since transverse growth in the 

anterior of edentulous mandibles is most Iikely complete by that age (Sillman 1964, Moorrees et al- 

1969). Despite that children usually adapt easily to traditional removable prostheses, eariy 

intervention with implants in the anterior mandible has the potential to minimize the Iong-terni 

consequences of jawbone resorption. Although evidence to support these conclusions was 

reasonably Sound, it was not based on studies with large patient numbers. Furthermore, as noted 

earlier, the prognosis of osseointegration over the Iifetime of young patients remains unknown. 

The ankylotic response of implants is well docurnented. Some of the best evidence for this 

was made availabie in a pair of studies on implant behaviour in growing jaws (Odman et al. 1991, 

Thilander et al. 1994)- Initially, ihis group placed implants in partially edentulous growing pigs 

(Odman et al. 1991, Thilander et al. 1992). The implants were not connected with a rigid structure 

that could have restncted jaw development. Most of the implants became osseointegrated in a 

normal fashion (Sennerby et al. 1993), however, during growth and development of the jaws the 

osseointegrated implants remained stationary compared to a fairly normal eruption pattern of 



adjacent teeth and a fairly normal development of arch length and width. Subsequently, they 

corroborated this in humans where 27 single-tooth implants were placed in anterior and premolar 

sites in both jaws of 15 adolescents ranging from 13 to 19 years of age (Thilander et al. 1994). By 

the end of three years, 100% of the implants were successfully osseointegrated, however, al1 but 

four of the prosthetic crowns had developed an infraocclusion. The degree of infraocclusion 

exceeded 0.5 mm in less than half of the sites, Although the magnitude of infraocclusion could not 

be predicted by chronological age, it did correlate weil with the magnitude of ensuing adolescent 

growth observed during the study on wrist and head radiographs. 

The effect of condylar growth patterns on implant outcornes 

Nasomaxillary growth and development normally displace the rnaxilla downward and 

fonvard concurrently with rnaxillary tooth eruption and alveolar growth (Bjork 1963). During 

development, the maxilla and the mandible also widen (Ten Cate 1994). although, as noted, 

transverse growth in the anterior part of the mandible is essentially complete by age five or six 

(Sillman 1964, Moorrees et al. 1969). The body of the mandible also grows posteriorly displacing 

the mandible fonvard with the maxilla (Bjork 1963, Enlow 1982). Progressive downward movement 

of the maxilla tends to rotate the mandible open due to concurrent occlusion of the posterior 

dentition- In tum, this favors the compensatory eruption of anterior teeth and associated alveolar 

growth (Ten Cate 1994). The degree to which this dental compensation occurs is moderated by the 

pattern of growth in the mandibular condyle and ramus involving a tendency toward either a vertical 

or posterior growth pattern (Bjork 1 963). 

In the verticai growth pattern (also called an anterior growth pattern), the condyle grows 

more upward than backward, displacing the mandible inferioriy better matching the downward 

growth of the maxilla. This discourages the opening rotation of the mandible because the posterior 

dentition is prevented from eady occlusal contact. This flattens the mandibular occlusal plane, and 

reduces any tendency for compensatory eruption of the anterior teeth whilst favoring greater 

postenor eruption and alveolar growth. The rnandibular teeth tend to drift anteflorfy to keep Pace 

with tongue development since the mandible is displaced more downward than forward. This 

pattern could favor a worse than average ÏnfraoccIusion of posterior implants in growing partially 

edentulous patients. Furthemore, posterior implants in these patients rnay interfere with the 

anticipated anterior migration of teeth (Kurol and Odman 1996). A similar growth pattern in 

completely edentulous patients rnay shift the posterior occlusal surfaces completely out of contact 

also requiring prosthetic revision. 

The opposite condition occurs in a posterior growth pattern where the condyle grows more 

Sackward than upward, displacing the mandible forward and encouraging the mandible to rotate 

open due to earfy occlusal contact of the posterior teeth. This steepens the mandibular occlusal 

plane and favors an exaggerated compensatory eruption of the anterior teeth (compensatory curve 

of the occlusion) often with a lingual dental displacernent due to pressure from the lip as the entire 



mandible advances with the posterior condylar growth. Simultaneously, posterior tooth eruption is 

discouraged. This pattern could result in a greater infraocclusion of anterior implants in growing 

partially edentulous patients (Kurol and Odman 1996). Furthemore, the associated lingual dental 

compensation rnay leave anterior implants positioned buccal to adjacent tooth roots, In a 

completely edentulous patient, a similar condylar growth pattern might upset the occlusion 

substantially by creating an anterior openbite and negative overjet again requiring prosthetic 

revision. 

Given these potentiaI complications and the inherent difkulty associated with predicting jaw 

growth precisely, it would be difficult, if not impossible, to predict the degree of prosthodontic 

complication expected with implant placement in growing patients. Furthenore, as noted earlier, 

the prognosis of osseointegration over the Iifetime of young patients remains unknown. If nothing 

else, these concems suggest compelling ethical reasons to exercise caution in prescribing oral 

implants for young patients who may not be able to participate fully in an inforrned choice. If 

implants are to be placed growing edentulous patients, then regular prosthetic revisions should be 

anticipated until the growth period is complete. Hence, the cautious recommendations of Koch et 

al. (1 996) who favored a delay in implant placement for alf growing patients with the exception of 

the edentulous mandibIe, where an implant overdenture approach was suggested to minimize the 

potential for overloading individual implants in the context of a developing rnaxillomandibular 

relationship. They also specifically discouraged the use of Zone II implants in growing patients, and 

discouraged the rigid connection of implants across the maxillary midline prior to growth cessation. 

DISCUSSION 

Osseointegration is clearly dependent on aspects of bone condition, however, it remains 

difficult to predict clinical oral implant success using preoperative measures of bone quantity and 

quality. Some resolution of this problern may be anticipated by improving the clinical methods of 

assessing both preoperative bone condition and implant outcomes. The quantity and quality of  

jawbone is known to Vary substantially with age and jaw site. In particular, age is associated 

commonly with extended penods of edentulism, resulting often in advanced resorption of the 

residual ridges. In some patients, jawbone density also tends to decrease modestly with age, 

although systemic osteoporosis does not seem to be a major determinant of this process- Despite 

this, age does not appear to affect clinical osseointegration success, at least if ridge resorption has 

not progressed to the point where the height or width of remaining bone is insufficient to 

accommodate an adequate number, size and position of implants. Indeed, the clinical suitability of 

jawbone for implant placement, in the absence of gross pathology, appears to depend prirnan'ly on 

preoperative bone quantity. 

In contrast, implant success does appear to be site-specific, with the maxilla demonstrating 

a lower 15 year success rate (80 to 90%) compared to the mandible (over 95%). Some recent 

studies have also found rnaxillary results exceeding 90%, however, these resuIts are short-terni and 



so not an entirely valid comparison. Studies involving posterior (Zone Il) implants are also still 

relatively short-term and the results are also contradictory. Some evidence- suggests that posterior 

sites are slightly less successful than antenor sites, whilst other studies h a v e  found that anterior and 

posterior sites are approximately equally successful. These findings may relate to oft-reported site- 

specific variations in bone quantity and quality. To be sure, the condition off jawbone varies 

dramatically between sites and between individuals. Generally, the mandibi-le has a higher 

cancellous density and cortical thickness compared to the maxilla. Likewise, Zone I often has a 

higher cancellous density than Zone II. Further complicating the picture, ev-en modest resorption of 

the maxillary alveolus may preclude implant placement without augmentation procedures because 

of the proximity of the maxillary sinus or the nasal cavity. The same is essentially true of the 

posterior mandible due to proximity of the mandibular canal. In contrast, it 6s rare that Zone I of the 

mandible has too little bone quantity to accommodate implants- Considering aspects of both 

quantity and quality, and their presumed impact on implant outcomes, Zone I of the mandible 

appears to be closest to a universally acceptable bone site for oral implants- This is most fortunate 

since implant use is often indicated in aging edentulous patients who have suffered extensive 

mandibuiar residual ndge resorption over many years of denture Wear. Althmugh this group is also 

known to be at the highest risk for systemic osteoporosis, there is no evidence to discourage implant 

use as a result. 

In relation to the age- and site-specific results just reported, poor borne quantity and quality 

have both been associated with lower implant success, especially in combin-ation with each other, 

especially in the maxilla, and particularly in association with short (7 mm) implants. However, there 

remains conflicting evidence about this. As noted, part of the discordance rnay be explained by the 

unknown validity and reliability of the bone classifications currently availablec to differentiate 

jawbone quantity and quality preoperatively. In addition, radiographie bone condition is presumably 

only a small part of  the bone quality factors that might influence the osseointegration capacity of 

jawbone. At any rate, research is still needed to further tease apart the complex influences relating 

implant success to age, jaw site and bone condition considerations. 

Research done to date suggests also that bone loss around Branemrark implants appears 

usually to stabilize at less than 0-1 mm annually, regardless of age or jaw sitce. This is rather 

impressive considering that the long-term rate of residual ridge resorption in the anterior of the 

edentulous mandible is known to continue at a rate of 0.2 mm annually in thev absence of implants. 

Still, it seems that the degree of preoperative resorption may explain some of the bone loss 

occurring subsequently around oral implants, perhaps especially early in the loading period. It 

appears, therefore, that the osteogenic potential resulting from the implant-b=one interface is not yet 

entirely understood in the context of preoperative bone condition. 

Finally, although age does not appear to affect the ability to establism osseointegration, it 

clearfy impacts implant-prosthodontic treatment planning in growing patients -. The preponderance of 

early evidence suggests that implants should be avoided in most of these sitxations, particularly in 



growing partially edentulous patients, due to the relatively unpredictable consequences that jaw 

growth and development can exert on implant position and jaw relations. Unfortunately, 

chronological age does not predict jaw growth very accurately, so caution should be exercised 

regarding implants for adolescents even if they appear to have completed their growth. If implants 

are placed in growing patients then regular prosthodontic revisions should be anticipated until the 

growth period is complete. This suggests, perhaps, that an overdenture approach would be 

preferable for growing edentulous patients to minimize the potential for overioading individual 

implants in the context of an unpredictable maxiilomandibular relationship. Furthemore, young 

patients and their guardians need to be informed about the lack of direct evidence of oral implant 

success over several decades of use. Whilst it is clear that aging patients are unlikely to out Iive 

their osseointegration response, the same cannot automatically be assumed for very young patients. 

SUMMARY 

Despite the boon osseointegration has provided for prosthodontic management, oral 

implants still suffer from both crestal bone loss and outright failure, presumably at least in part 

because of the condition of host bone. Bone quantity and quality have well established age- and 

site-specific characteristics that may also impact this relationship. Furthemore, older adults are 

more likely than younger age groups to be missing teeth and in need of implant prosthodontics. 

However, aging is associated with a Ioss of both wound healing efficiency and bone mass and 

density, so the suitability of oral implants for elders is by no means assured. A better understanding 

of oral implant outcomes in the context of age- and site-specificity may be possible with the 

improved assessment of preoperative bone condition and the improved assessment of implant 

stability in bone. This dissertation aimed primarily to document oral implant outcomes predicted by 

age- and site-specific aspects of jawbone quantity and quality. To facilitate this work, the secondary 

objective of the dissertation was to document the rejiability and validity of the LZ classification of 

jawbone quantity and quality- In hopes of future studies on the effect of jawbone quality on implant 

outcomes, the reliability and validity of quantitative computed tomography (QCT) for the 

assessrnent of cancellous bone mineral density (BMD) of the jaws was also assessed. A critical 

review of related literature in chapter one provided background for a series of six papers related to 

the primary (chapters two through five) and secondary (chapters six and seven) objectives. 



Chapter Two 

ORAL IMPLANT SUCCESS IN OLDER AND YOUNGER ADULTS 

INTRODUCTION 

In the coming decades, older adults are expected to comprise a large proportion of 

individuals needing oral implant prostheses. People are living longer and missing teeth continue 

to be more prevalent among elders compared to other age groups (Cowgill 1986, Statistics 

Canada 1991, MacEntee 1994, Marcus et al. 1996). Traditional management of missing teeth 

involves a vanety of fixed or removable prosthodontic options that are designed to exploit 

seIected teeth and denture-bearing areas for support, stability and retention. Despite optimal 

clinical efforts, the sequelae of  such treatment sometimes include the recurrence of disease 

processes, tooth or prosthetic fracture, or residual n'dge resorption, al1 of which may require 

further intervention to restore a physiologie occlusion (TaIlgren 1972, Brill et al. 1977, Lang and 

Weber 1986, Valderhaug 1991, Hillerup 1991, GIantz et al. 1993, Palmqvist and Soderfeldt 

1994). Many patients with removable prostheses also experience difficulty achieving 

comfortable and efficient function. Fortunately, maladaptive complete denture patients respond 

very well to implant prostheses (Zarb and Schmitt 1990b). 

Table 6 Studies reporting implant success in older versus younger adults 

toading % Success % Success 
period (y) Age (y) (n implants) Age (y) (n implants) 

Kondell et al. 1988 1-6 - > 65 97 (284) < 55 93 (183) 

Bass & Triplett 1 99 1 < 1-6 > 60 94-96 (?) - < 60 97-99 (?) 

Jemt 1993a i -4 80-90 96 (208) - - 

Zarb & Schmitt i 9 9 3 a  1-12 65-81 96 (74) 28-69 88 (274) 

Ochi et al. 1994 O - > 60 97 (1226) < 60 97 (916) 

To date, five studies (KondelI, Nordenram and Landt 1988, Bass and Ttiplett 1991, Jemt 

1993a, Zarb and Schmitt 1993a, Ochi, Morris and Winkler 1994) have compared oral implant 

outcomes in older and younger groups of adults (Table 6). They documented a 94 to 97% range 

of implant success arnong older patients and an 88 to 99% range of implant success arnong the 

younger patients. While encouraging, these results must be considered in the context of their 

very short minimum follow-up periods and lack of attention to survival analysis for censored 



data. However, a more senous threat to their validity is the absence of a matched group of 

younger adults. Only Kondell, Nordenram and Landt (1988) reported similarity in both gender 

and prosthetic designs between the old and young groups. Otherwise few cornpansons were 

made between the groups with respect to the diversity of gender, implant nurnber, site and 

length, prosthetic design, occlusal toading considerations, systemic health, smoking behaviour, 

and jawbone quantity and quality. It is hypothetically possible, for example, that the older groups 

had a relatively larger number of edentulous patients with implants placed in the anten'or 

mandible, a treatment design that has yielded very successfui outcomes (Adell et al. 1990, Zarb 

and Schmitt 1996a,b). Consequently, the reported level of implant success in the older groups 

may have been favored on a site-specific basis, potentially hiding an age-specific difference. 

This report forms part of an ongoing investigation to document the cllnical effectiveness 

of diverse prosthodontic applications of the Brsnemark implant system. This study aimed to test 

the hypothesis that there is no difference between older and younger adults in the clinical 

osseointegration success of oral implants. The investigation of age as a predictive factor for 

implant success (using survival analysis) was conducted using a matched histoncal cohort 

design. The study compared an older group with a matched younger group on the basis of the 

cumulative probability of implant survival and the cumulative probability of original prosthetic 

plan survival. A future companion part of this study, reported in chapter three, compared the 

older and younger matched groups on the basis of crestal bone loss surrounding the implants. 

MATERIALS AND METHODS 

Sample selection 

Forty-six consecutively treated pat-iially or completely edentulous older adults (at least 

60 years of age) had oral implant placement (stage-one) in the Implant Prosthodontic Unit (IPU) 

of the University of Toronto between October 1979 and May 1992 (prior to October 1991 for the 

planned complete overdenture prostheses), at least five years prior to the final date for data 

collection of December 15, 1997. Fifty-three implant prostheses were planned for these patients- 

They included forty-two complete implant prostheses, twenty-three fixed and nineteen 

overdenture prostheses, in thirty-nine of the patients. Eleven fixed partial implant prostheses 

were planned in nine of the patients. The patients were selected from among the entire 

database of patients treated with implants in the IPU based on the inclusion and exclusion 

criteria Iisted in Table 7. 



Table 7 Inclusion and exclusion criteria for old-young oral implant study 

-- 

1. proposed comptete fixed or removable 
prostheses or fixed partial prostheses in 
patients at least 60 years of age at stage- 
one matched with prostheses planned in 
patients less than 50 years of age at stage 
one* 

Inclusion Criteria 
--- - 

1, a systernic health problem that precluded a 
minor surgical procedure 

Exclusion Criteria 

2. proposed prosthetic sites required adequate 
morphology for surgical and prosthodontic 
treatment 

- 

2. a lack of bone volume to accommodate 
oral implants at least 7 mm long and 3.75 
mm wide 

4. proposed prosthetic sites in patients 
maladaptive to an optimized traditional oral 
prosthesis" 

3. proposed prosthodontic treatment expected 
to result in physiologie occtusal load 
distribution 

5. proposed prosthetic sites where implant 
prosthodontic options were considered 
relatively l e s  n'sky than traditional 
prosthodontic options 

3. a history substance abuse 

4. a history of psychosis 
I 

5. cosmetic expectations that could not be 
satisfied with a pretreatrnent tooth 
arrangement or optimized denture. 

6. proposed prosthetic sites where adjacent 
teeth were structurally sound and 
unrestored hence relatively contraindicated 
as fixed partial denture abutrnents 

6- a history of major jaw surgery 

* matching procedure descnbed in the text 
" maladaptive experience outlined in Table 9 

7. proposed prosthetic sites where adjacent 
teeth had existing extensive restorations 
that relatively contraindicated their use as 
fixed partial denture abutments 

It was intended that each of the implant prostheses planned for these patients would be 

paired, in the order of  stage-one surgery, with the first available match to an implant prosthesis 

planned in younger patients (Iess than 50 years of age) also treated consecutively in the IPU 

between October 1979 and May 1992 based on the same inclusion and exclusion critefia. The 

matching procedure was designed to reduce the influence of multiple potential confounding 

7. a history of head and neck radiation 

factors since the comparison of different age cohorts would involve non-randomized groups. 

Fortunately, factors associated with both the surgical management and the implant material and 

design were kept relatively consistent throughout the IPU study so they were considered l e s  

likely to confound the results. However, factors associated with both host bone condition and 



prosthetic loading and other ecological conditions varied substantially. In an attempt to control 

for some of these factors, paired matching of prosthetic sites was attempted on the basis of 

gender, original prosthetic plan (fixed vs. overdenture), arch (maxilla vs. mandible), implant 

number and location (Zone I vs. Zone II), year of stage-one surgery, and status of the opposing 

dentition (complete denture vs- removable partial or overdenture vs, fixed prosthesis or natural 

dentition)- However, in several instances it was not possible to obtain an exact match for the 

implant number, the year of stage-one surgery, or status of the opposing dentition. A deviation 

of one implant per pair of  planned prosthetic sites was considered an acceptable match, yielding 

a slightly unequal number of implants per group. A match was also accepted if the young site 

had undergone stage-one surgery no later than one year af€er the old site. Since no time limit 

was placed if the young site had been operated prior to the old site, the younger group ended up 

having a longer average period of folfow-up. With regard to matching the opposing dentition 

status, an old site opposed by a conventional complete denture was considered matched if the 

young site was opposed by either the same or a removable partial or overdenture prosthesis. 

Aiso, an old site opposed by a fixed prosthesis or natural dentition was considered matched if the 

young site was opposed by either the same or a rernovable partial or overdenture prosthesis. 

Matching was not possible for eight prostheses planned in seven of the older patients, so they 

were eliminated from the study leaving 45 prosthetic sites treated in both groups, including 35 

matched completely edentulous sites- 

Table 8 Older and younger matched prosthetic plans at stage-one 

Maxilla Mandible Total (%) 

Complete fixed 6 17 23 (5f %) 

Complete overdenture 1 1 1  12 (27%) 

Partial fixed 5 3 8 (1 8%) 

Prostheses planned (%) 14 (31%) 31 (69%) 45 

The old group included 39 older adults with 190 Brhernark implants (Nobel Biocare, 

Goteborg, Sweden) placed to stabilize 45 oral prostheses; the young group included 43 younger 

adults with 184 6riinernar-k implants placed to stabilize 45 oral prostheses. This included 32 

older adults with 166 Brdnemark implants placed to stabilize 35 complete prostheses and 34 

younger adults with 162 Brinernark implants placed to stabilize 35 complete prostheses. At 



stage-one the older group ranged from 60 to 74 years of age (mean 66 years by prosthetic site), 

compared to a range of 26 to 49 years of age (mean 41 years by prosthetic site) for the younger 

group. The matching procedure pemitted the groups to be identical in ternis of gender, implant 

location and prosthetic plan, ln this regard, 29 (64%) of the matched prosthetic sites in both 

groups involved female patients- In both groups, 39 (84%) of the matched prosthetic sites 

involved Zone 1 implants (anten'or to a Iine through the mental foramina). The remaining sites in 

both groups involved Zone 11 implants (posterior to Zone 1), al1 of which were used to support 

fixed partial prostheses. In both groups, 35 (78%) of the matched prosthetic sites involved 

completely edentulous arches, and 31 (69%) involved the mandible (Table 8). The pianned 

complete fixed prosthesis sites each had an average of five or six implants placed, compared to 

an average of two or three implants for the planned overdenture and fixed partial prosthesis 

sites. The single-tooth prosthesis sites each had one implant placed, The matching procedure 

also pemitted similarity in the opposing dentitions between the groups. The older group had 26 

sites opposed by a complete denture, whereas the younger group had 23 such sites. 60th 

groups had 15 sites opposed by natural teeth or fixed prostheses, and the rernaining sites in both 

groups were opposed by either tooth- or implant-supported removable prostheses. 

Unmatched factors 

This study was not designed to investigate the potential influence of factors related host 

bone condition other than age itself. Nor was the study designed to investigate the potential 

influence of factors related to implant material and design, surgical technique, or prosthetic 

loading or other ecological insults such as smoking behaviour. Nonetheless, to the extent 

possible factors reflecting these categories were accounted for. As noted, matching helped 

account for site, gender and prosthetic loading aspects. Unmatched factors were also measured 

because of their potential to confound or weaken the results of the matched age-cohort 

comparison. Fortunately, factors related to the implant material and design, and the surgicat 

technique were kept relatively consistent throughout the IPU study so they were less Iikely to 

confound the results. The groups generally dernonstrated similarity related to factors not 

involved in the matching procedure. Only threaded commercially-pure titanium Brinemark 

implants were used. Over 75% of the implants in both groups were 1 O or 13 mm in length, whilst 

only 2% were less than 10 mm and the balance were greater than 13 mm. Using the 

classification system proposed by Lekholm and Zarb (1 985) (with the A to E scale assigned 

ordinal values 1 to 5 respectiveIy), both groups demonstrated a mean preoperative bone quality 

of about 2.5, and a rnean preoperative bone quantity of 2.7. One observer, RB, made the 

assessments of bone quantity and quality blinded to patient names and data on the assessment 

of other predictive factors or implant outcomes. A detailed investigation of the reliability and 

validity of the LZ classification of jawbone quantity and quality is reported in chapter six. Chronic 



smoking behaviour was reported by slightly l e s  than 20 percent of the patients in both groups. 

Not surprisingly, the average health of the groups appeared to differ somewhat, suggesting 

better health among the younger patients; two-thirds of t h e  older patients reported at least one 

chronic medical condition, for exarnpIe arthritis, diabetes or cardiovascutar disease, compared to 

only one-third of the younger patients. With the exceptiom of smoking behaviour and systemic 

health, the potential influence of a variety of these and other factors is reported in chapters four 

and five based on a rnultivariate anaIysis. The potential Enfluence of systemic health and 

smoking behaviour on implant outcomes has formed the basis for other research projects in the 

IPU. 

Pre-operative protocol 

The source of patients treated with implants in t h e  [PU was threefold including self- 

referral, referral from other clinics in the Faculty of Dentistry, and referral from pnvate dentists 

and dental specialists- Prior to stage-one surgery, each patient and each proposed prosthetic 

site had been assessed by a prosthodontist using an appropriate combination of patient interview 

and clinical and radiographic exarninations. As required, photographs and diagnostic casts, wax- 

ups and set-ups were also included in the assessments. The  radiographic examinations involved 

one or more periapical, occlusal, panorarnic, lateral cephalometnc, andfor tornographic 

radiography modalities. The panoramic radiographs nonnally involved Kodak T-Mat G/RA 

panoramic PAN/TMG/RAJ, 5 x 12 inch radiographic film (ZEastman Kodak, Rochester, NY, USA) 

used in cornbination with an extraoral panoramic x-ray machine (Siemens Orthopantomograph 

10) typically set at 75 kVp and 6mA for 15 seconds. The lateral cephalomettic radiographs 

normally involved Kodak T-Mat G/RA TMG/RA-1 , 8 x 10 Snch radiographic film (Eastman Kodak, 

Rochester, NY, USA) used in cornbination with an extraoral x-ray machine (General Electric 

Canada DXD-350 Il) typically set at 74 kVp and 100L rnA for 0.25 seconds. The films were 

developed with appropriate fresh chernical solutions in an automatic processor (Siemens DENT- 

X 9000). 

A diversity of chief cornplaints had been documented at the initial interviews with the 

patients. A cornrnon theme among the patients planned For cornpiete implant prostheses was 

persistent maladaptation to wearing dentures, related prirnarily to a lack of denture stabiIity as 

elaborated by Zarb and Schmitt (1990b) (Table 9). Sorne patients planned in the IPU for partial 

implant prostheses had simitar difficulties with removable prostheses. More commonly, 

however, an implant prosthodontic option was favored f o r  these patients because the outcorne of 

traditional therapy was considered to be relatively more risky, particularly where potentiaI 

abutrnent teeth were healthy and unrestored. Patients had  been excluded from implant 

treatment in the IPU if they had a systemic health problern that precluded a minor surgical 

procedure, a lack of bone volume to accommodate irnplamts at least 7 mm long and 3.75 mm 



wide, a history dmg abuse or psychosis, or cosmetic expectations that coufd not be satisfied with 

a pretreatment tooth arrangement or optimized denture. 

Table 9 ProbIems resulting in a maladaptive complete denture experience 

4 .  Severe morphologie compromise of denture bearing region accompanîed by a 
nonretentive prosthesis 

2. Parafunctional oral activity associated with recurrent soreness 
tissues and virtual absence of denture stability 

3, Apparent lack of oromuscular coordination 

4. Hyperactive gag reflex elicited by removable prosthesis 

5, Patient's reported inability to adapt to weanng dentureCs) 

of supporting 

From Zarb and Schmitt 1990b 

i Overdenture prescription 1 
/ 92 Fixed to overdenture prescription 1 
1 Fixed prescription 

1 
j 

1 O Pre-loading healing period 1 

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 

Year 

Figure 12 Older group implant loading peiod by prosthetic site 

M = Migration; D = Death; R = Removal of al1 rernaining implants 



The proposed treatment plan, inciuding financiai obligations and risks and benefits, had 

been documented and discussed in-depth with each patient in advance of implant surgery. In 

preparation for implant surgery, the patient and applicable records, including an acryiic surgical 

template to guide optimal implant positioning, had then been examined by oral surgeon or a 

periodontist- Pnot to commencing, each patient consented to the proposed treatment according 

to a wntten consent form (Appendix II). 

Younger Group Implant Loading Penod 

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 

Year 

Figure 13 Younger group implant loading period by prosthetic site 

M = Migration; D = Death; R = Removal of al1 remaining implants 

Surgical and prosthodontic protocols 

According to a standardized surgical protocol (Adell, Lekhofm and Brinemark 1985, Zarb 

and Schmitt 1990a) provided by staff or residents in the IPU, stage-one surgery involved the 

gentle preparation of host borie sites and insertion of Brinemark implants guided by the surgical 

template followed by suture placement to obtain prirnary closure of the mucosa. The patients 

were not pemitted use of their denture for two weeks following stage-one. After this initial 

healing period, the tissue surface of the denture base was hollowed out and relined with a sofl 



Iining materiat and the patient was instructed in its use to mlnimize tissue trauma and load on the 

implants- 

The implants were uncovered surgically (stage-two) after an average healing period of 

four to six months, followed by prosthetic loading an average period of ten months (five to 

twenty-five months) after stage-one, and at Ieast four years pfior to the final date for data 

collection of Decernber 15, 1997 (Figures 12, 13). According to a standardized prosthodontic 

protocol (Zarb and Jansson 1985, Zarb, Jansson and Jemt 3985, Zarb and Schmitt 1990b) 

provided by staff or residents in the IPU, stage-two was followed by a brief healing period 

typically of two to four weeks before initiating prosthodontic procedures to fabricate the final 

prosthesis. Prosthesis fabrication involved five essential clinical elements pnor to its completion 

and insertion including: 1) final impressioii procedures with the selection and placement of 

transmucosal abutments nomally in advance, 2) confirmation and correction of the accuracy of 

the final cast using a ngid acrylic splint, 3) jaw-relation and other records as required to guide the 

tooth set-up or wax-up, 4) confirmation and correction of the tooth set-up or wax-up to facilitate 

the design and fabrication of the metal substructure of the prosthesis, and 5) confirmation and 

correction of metal substnicture passivity, At insertion, the prosthesis was refined to meet 

esthetic and functional requirements, the appropriate screws were tightened to routine levels, 

normally 20 Ncm for abutment screws and 10 Ncm for prosthetic screws, and thorough oral 

hygiene and follow-up instructions were provided. For the fixed implant prostheses, 

standardized screw-retained transmucosal abutments were used to stabilize a screw retained 

n'gid metal substructure on which acrylic teeth were processed in the case of large prostheses or 

porcelain was baked in the case of small fixed partial dentures or single crowns. For the 

ovefdenture prostheses, standardized screw-retained transrnucosa[ abutments were used to 

stabilize a screw-retained Dolder bar that perrnitted stabilization of the denture via a metal clip in 

the denture base. Invariably, the prosthodontic aim was a therapeutic physiologic occlusion 

(Mohl et al. 1988) providing adequate interocclusa1 distance. bilateral centric stops, and 

multidirectional freedom of movement in occlusal contact in a fashion that was satisfactory to the 

patient and that avoided causing signs and symptoms reIated to functional loading of the 

temporornandibular joints and masticatory musculature, the periodontium and irnplant-bone 

interface, and the teeth and prosthetic hardware. 

Follow-up protocol 

Regular, usuaIly annual, foliow-up examinations by staff or residents in the IPU included 

standardized clinical and radiographie assessments of individual implants with the prosthetic 

hardware removed as described by Albrektsson et al. (1 986) and revised by Zarb and 

Albrektsson (1 998). Implants demonstrating clinical mobility, as described in chapter orie, were 

removed frorn the jaw and recorded as failed. Standardized penapical radiographs of each 



implant were exposed using a special holder attached to each implant abutment (Cox and 

Pharoah 1986). The holder was designed to control imaging geometry by aligning the film a 

standard distance (100 mm) from the x-ray cone, parallel to the long axis of the implant and 

perpendicular to the x-ray beam. To improve patient comfort, a modified holder was developed 

subsequently to permit some vertical rnovement of the holder in the mouth whilst maintaining al1 

of the standardized aspects of imaging geometry (Chaytor et al. 1991). Kodak Ultraspeed 

double-packed size-two radiographic film (Eastman Kodak, Rochester, NY, USA) was used in 

combination with an intraoral x-ray machine equipped with a long cone (SS White, Penwalt, 

lntrex Model 2426, 120 Volt, 500/60 Hz, 12.5 Amps) set at 70 kVp and IOmA for 0.28 seconds. 

Films were developed with appropriate fresh chemical solutions in an automatic processor 

(Siemens DENT-X 9000). 

Outcornes assessrnent 

For each implant and prosthetic site, the dates o f  stage-one, stage-two and prosthetic 

loading were docurnented in addition to the dates of follow-up examinations and implant failure 

or censoring- Outcornes for both younger and older groups were recorded on the basis of 

implant success, prosthesis plan survival, and, for the completely edentulous sites, radiographic 

crestal bone levels and their time dependent changes, the latter being reported in chapter three. 

The initial calculations of implant success, including early implant success and overall and late 

implant survival analyses, considered each original implant as an independent unit of analysis 

according to current scholariy standards. Eariy implant success was calculated as the proportion 

of successful original implants at implant loading (prosthesis insertion) excluding implants lost to 

follow-up for any reason other than failure. Overall implant survival was based on the number of 

years between implant insertion (stage-one) and implant failure, analyzed with a pre-loading 

penod and annual periods after loading. Late implant surviva! was based on the number of 

years between prosthesis insertion and implant failure, analyzed only with annual periods after 

loading. By definition, late implant survival was Iimited only to the original implants that were 

actually loaded with a prosthesis, whereas early implant success and overall implant survival 

potentially included al1 original implants. 

To be more statistically complete, implant success was also calculated using each 

prosthetic site as an independent unit of analysis (also using survival analysis for censored data). 

Prosthetic-site implant survival was based on the number of years between stage-one and the 

first implant failure in the prosthetic site, analyzed with a pre-loading period and annual periods 

after loading. 

Prosthesis plan survival was also calculated using survival analysis based in this 

instance on the number of years between stage-one and when the originai prosthetic plan had to 

be revised for any reason, again analyzed with a pre-loading period and annual periods after 



loading, Revision of the original prosthetic plan included the placement of an implant 

overdenture prosthesis or a traditional complete or partial denture where a fixed implant 

prosthesis was planned, or the placement of a fixed implant prosthesis or traditional complete 

denture where an implant overdenture was planned. 

In ail instances survival calculations were based on the cumulative probability of success 

at the midpoint of each time interval. The implant or prosthesis suwival data were censored 

from further analysis if they continued to be successful after December 15, 1997, or if they could 

not continue to be documented because the patient was lost to follow-up prior to December 15, 

1997 due to death or migration including a lack of attendance ai the IPU clinic. The data for 

osseointegrated implants that were "put to sleep", Le- left unconnected to the prosthesis for any 

reason other than failure, prior to December 15, 1997, were also censored from the further 

analysis. 

Statistical analysis 

For the purposes of statistical testing, the cornparison of eady implant success between 

the groups was made using the independent samples t-test function of SPSS software (SPSS 

Inc.) on a personal computer, at the pc.05 level. The various suwival cuwe comparisons 

between old and young groups were examined for statistically significant differences over the 

period of observation using the life-table survival function of SPSS software. Specifically, a 

Wilcoxon statistic was applied, since it is appropriate for testing the homogeneity of suwival 

cuwes involving censored data where the follow-up periods var '  between subjects (Dawson- 

Saunders and Trapp 1994). For graphical purposes only the overall survival curves have been 

displayed- 

RESULTS 

Early implant success 

Prior to prosthetic loading, Le. at stage-two, the older group had 9 original implants 

removed because of a lack of osseointegration, compared to 14 in the younger group. These 

implants demonstrated clinical mobility that was often accompanied by a radiolucent space at 

the implant-bone interface. By the loading date, one additional implant in the older group also 

demonstrated mobility and a radiolucent space, but the patient would not permit its removal for 

more than three years. In this dissertation, the mobile implant was considered faiied at the time 

of loading bringing the number failures in the older group to ten. Implants placed to compensate 

for losses were not included in any of the calculations. By the time of prosthesis insertion the 

older group had 2 implants "put to sleep" censoring then from further assessment. At that time 

the older patients had 178 original implants loaded, compared to 170 plus 2 of 3 replacement 

implants in the younger group. The proportion of early implant success of the original implants 



was 94.7% among the oIder group and 92,496 among the younger group. No statistical 

significance could be attributed to this difference based on an independent samples t-test at 

pc.05. 

Table 10 OIder group cumulative implant suwival 

Censored implants 

Time period tmplants Death or Put to Implants Implants Interval Cumulative 
entering migration sleep exposed failed success success 
period to risk (%) (%> 

lnsert to load 190 O 2 f89 1 O 94.7 94.7 

Load to 1 year 178 3 2 175.5 1 99 -4 94.2 

1 to 2 years 172 5 O 169.5 4 97-6 92-0 

2 to 3 years 163 O O 163 O 100-0 92.0 

3 to 4 years 163 O O 163 O 100.0 92.0 

4 to 5 years 163 3 O 146.5 O 100.0 92.0 

5 to 6 years 130 2 O 509.5 O 1 00.0 92.0 

6 to 7 years 89 O O 82.5 O 100.0 92.0 

7 to 8 years 76 O O 70.5 O 100.0 92-0 

8 to 9 years 65 O O 60.5 O 100.0 92.0 

9 to 10 years 56 O O 56 O 100.0 92-0 

10 to 1 1 years 56 5 O 5 1 O 100.0 92.0 

11 to 12 years 46 O O 42 O 100.0 92.0 

12 to 13 years 38 O O 36 O 100.0 92-0 

13 to 14 years 34 O O 34 O 100.0 92.0 

14to 15years 34 O O 24 O 100.0 92.0 

15 to 16 yearç 14 O O 11 -5 O 100.0 92-0 

16 to 17 years 9 O O 4.5 O 1 00.0 92-0 

Cumulative implant survival 

Follow-up examinations were conducted over an average of 8 years for the older group 

and 10 years for the younger group (Figures 12, 13). At the most recent follow-up, at least four 

years had passed since prosthetic loading, and 50% of the patients had been followed for at least 

ten years since loading. Dunng the first to the fourth year of loading one older patient death and 

the migration of another older patient censored 8 original implants from further follow-up. The 

migration of a younger patient also censored 5 implants from follow-up, and both the older and 

younger groups each had 2 implants "put to sleepn during the period. Among the older patients, 

5 original implants failed during the period, compared to 7 failed implants among the younger 

patients. In addition, one osseointegrated implant in a younger patient had to be removed at the 

patient's insistence, and was accounted for as a failed implant. 



Table 11 Younger group cumulative implant survival 

Censored implants 

Time period lmplants Death or Put to Implants lmplants fnterval Cumulative 
entering migration sleep exposed failed success success 
period to risic (%) (%) 

lnsert to foad 

Load to 1 year 

1 to 2 years 

2 to 3 years 

3 to 4 years 

4 to 5 years 

5 to 6 years 

6 to 7 years 

7 to 8 years 

8 to 9 years 

9 to 10 years 

10 to 11 years 

11 to 12 years 

12 to 13 years 

13 to 14yeat-s 

14 to 15 years 

15 to 16 years 

16 to 17 vears 

The patients assessed past ten years since Ioading included 15 older patients who had 

64 implants placed originally in 15 prosthetic sites, and 28 younger patients who had 109 

implants placed on'ginally in 29 prosthetic sites. Although fewer prosthetic sites were followed to 

the ten year mark in the older group compared to the younger group, there is certainly validity in 

the exercise of comparing outcornes between the groups up to at least this point, since a large 

majority of implant failures occurred very early in the follow-up period (Tables 1 O, 11), 2nd the 

groups remained very similar at the ten year point regarding potentially confounding factors. For 

instance, just over three quarters of the prosthetic sites in both groups were in female patients at 

this point, and approximately eight out of every ten sites involved the mandible in both groups. 

Furihermore, the average preoperative bone quality per prosthetic site was about 2.3 in both 

groups, and the average preoperative bone quantity per site was about 3.1 in both groups. No 

statistical significance was found between the groups in relation to these factors based on an 

independent samples t-test at pc.05. The proportion of original prosthetic plans also remained 

very similar between the groups as did the distribution of original implant lengths, with 1 O- or 13- 

mm implants accounting for about 9 out of every 10 implants in both groups. The potential 



influence of these factors has been examined by means of a multivariate analysis reported in 

chapter four, whereas the emphasis of this chapter has been to isoIate the potential influence of 

age on implant outcornes. 

Cumulative Survival of Oral Implants 

- Older Group 

-a- Younger Group 

Years Since Load (Ld) 

Figure 14 Implant suwivaf for older and younger groups 

St-l = Stage-one, Ld = Loading; 
No significant difference (pc.05) between groups with Wilcoxon statistic 

At the most recent follow-up, between four and 17 years had passed since implant 

loading. A majority of the patients were still available for follow-up of their implant prostheses. 

Among them were 34 older patients with 153 original and 2 replacement implants supporting 39 

prostheses, and 37 younger patients with 138 original and 4 replacement implants supporting 38 

prostheses. The older group had no failures among a total of 2 replacement implants cornpared 

to 5 failures arnong a total of 9 replacement implants in the younger group. In total, the 

migration or death of 5 older patients censored 18 implants from follow-up, whilst the migration 

or death of 4 younger patients also censored 18 original implants from follow-up. In total, the 

groups also each had 4 onginal implants "put to sleepn. Cumulative overall implant survival of 

the original implants was 92.0% among the older group and 86.7% among the younger group, 

and the majority of failures occurred by the end of the first year of loading (Tables 10, 11, Figure 

14). By comparison, cumulative late implant survival of the original implants was 97.1% among 



the otder group and 93.4% among the younger group. That is, the cumulative survival exceeded 

93% in both groups once the impiants were loaded. Statistical significance could not be 

attributed to the differences found between either of these survival curve compansons between 

groups as determined by Wilcoxon's signed rank test, even at the pc.1 O significance level. 

Preliminanj radiographic analysis of the cornpletely edentulous sites suggested that the mean 

annual crestal bone resorption proximal to the implants was less than 0.05 mm per year in both 

groups. Detailed radiographic analysis has been reported in chapter three, 

Cumulative Prosthetic-site Implant Survival 
- to first implant failure in prosthetic site - 

- Older Group 

4 Younger Group 

Years Since Load (Ld) 

Figure 15 Prosthetic-site implant survival for older and younger groups 

St-1 = Stage-one, Ld = Loading; 
No significant difference (pc.05) between groups with Wilcoxon statistic 

Implant survival by prosthetic site 

A majority of prosthetic sites in both groups experienced 100% implant success for the 

duration of follow-up. Among the older group an original implant was removed or "put to sleepn 

in only 13 of the 45 prosthetic sites, compared to 12 of 45 prosthetic sites in the younger group. 

The overall prosthetic-site implant survival - based on simival to the first implant failure in the 

prosthetic site - was 77.8% among the original implants in both groups (Figure 15), implying that 

more than three-quarters of the sites never expenenced an implant failure during follow-up. 

Given the nearly identical result between the groups, it is not surprising that statistical 



significance could not be attributed to the difference in prosthetic-site implant survival curves 

between groups as detemined by Wilcoxon's signed rank test. 

Cumulative Prosthesis Plan Suwival 
- to revision of onginal prosthesis plan - 

- Older Group - Younger Group 

Years Since Load (Ld) 

Figure 16 Prosthesis plan survEval for older and younger groups 

St-1 = Stage-one, Ld = Loading: 
No significant difference (pc.05-) between groups with WiIcoxon statistic 

Prosthesis plan survival 

The period of follow-up by prosthetic site is shown in Figures 12, 13. Of interest, the 

original prosthetic plan was rnaEntained for as long as each patient was monitored in 41 of 45 

older patient prescfiptions and in  39 of 45 younger patient prescriptions. The older group had 

two mandibular complete fixed prostheses and one mandibular fixed partial denture that had to 

be switched to overdenture designs. The problem in one of the complete prosthesis sites arose 

before prosthetic loading as a result of implant failure, whereas the problem in the other 

cornplete prosthesis site arose t e n  years after loading as a result repeated screw fractures. 

Fortunately, the patient with screw fractures was successfully switched back to the original fixed 

prosthesis once the etiology of fhe  problem was resolved. In this instance, increased 

parafunctional oral activity had arisen as a side effect of medication; a subsequent decrease in 

the parafunction was concurrent with a change in medication. Intempted use of the fixed partial 

denture site was also soon resolved, in this instance with a new fixed prosthesis supported in part 



by replacement implants. The older group also included one maxillary complete overdenture 

patient who eventually lost al1 four implants necessitating a conventional complete denture- The 

younger group had five mandibular complete fixed prostheses and one maxillary complete fixed 

prosthesis that had to Cie switched to overdentures as a result of either failed implants or 

repeated screw fractures. Among these patients, the maxillary site and one mandibular site 

eventually lost al1 implants necessitating complete denture treatment- 

These results translated into a cumulative prosthesis plan survival of  86.5% among the 

older group and 84.8% among the younger group (Figure 16). That is to Say, the original 

prosthetic plan was maintained for the duration of follow-up in more than eight out of every ten 

prosthetic sites in both groups. Again statistical significance could not be attributed to the 

difference between the older and younger groups in relation to prosthesis plan survival as 

determined by Wilcoxon's signed rank test. 

DISCUSSION 

It is increasingly evident that osseointegrated oral implants can be used in diverse 

prosthodontic applications. Predidability of implant prostheses relies on the time-dependent 

integrity of osseointegration. The major criteria for clinical osseointegration success are 

irnrnobility of individual implants accompanied by a lack of pain, pathology, and crestal bone loss 

(Albrektsson et al. 1986, Zarb and Albrektsson 1998). Based on these critefia, the 

osseointegration of Brhemark implants in this study was equally successful in older as in 

younger adults, at least within the range of patient ages treated in the study which only included 

older patients aged 60 to 74 years and younger patients aged 26 to 49 years at the timo of 

implant insertion. In particular, cumulative implant suivival of the original oral implants was 

92.0% among the older group and 86.7% among the younger group, observations that were 

based on implants followed over 4 to 17 years since prosthetic loading and that were not 

statistically distinguishable. It is unlikely that a tme age-specific difference was overlooked 

since, with the exception of health problems, the groups were very similar with respect to al1 

potentially confounding factors mentioned in the introduction. Although speculative, it would not 

be surprising if the older group also had more undiagnosed disease states including 

osteoporosis. That more health problems were reported among the older group tempts the 

suggestion that osseointegration success may not be affected by the common illnesses 

associated with aging. Indeed, although not statistically significant, the results suggest a 

tendency for better success among the older patients. 

Three questions have been posed in relation to the prosthodontic treatment of gefiatric 

patients in the context of osseointegration (Zarb and Schmitt 1994): 



1. Can osseointegrated implants be prescribed for elderly patients? 

2- Can successful osseointegration be maintained as patients age? 

3. Can the principles of osseointegration be reconciled with different prosthodontic techniques 
to facilitate treatment accessibility to geriatric patients? 

This study suggests an affirmative answer to al1 three of these questions. 

First, it appears that age alone should not be used to exclude patients from being 

prescribed oral implants. In total, the older group required the removal of only 15 of the otiginal 

190 implants, compared to 24 of 184 for the younger group. Assuming adherence to established 

surgical and prosthodontic protocols, it appears that oral implants can be equally successful in 

older compared to younger adults. As expected, elderly patients in this study exhibited more 

systemic health problems than younger patients. Nonetheless, routine surgical precautions 

provided safe and successful outcomes regardfess of age, again at least in the context of a 

group of reiatively well eiders up to the age of 74 years at the time of implant insertion. 

Corroborating this view among even more elderly adults is the high levels of oral implant 

success reported by Jernt (1993a), at least in the short tem, among a much more elderly group 

of adults aged 80 to 90 years at the time of implant insertion. 

Second, it appears that osseointegrated implants can be maintained as patients age, 

even in older patients as they becorne increasingly debilitated. The majority of implant failures 

in this study occurred in the period prior to Ioading or during the first year of loading in both age 

cohorts. During the course of the study, the average age of the younger groüp increased from 

41 to 51 years, whilst the age of the older group increased from 66 to 74 years. A number of 

oIder patients were able to enjoy their prostheses well into their ninth decade of Iife despite a 

decline in their ability to maintain optimal oral hygiene. As noted, the original prosthetic plan was 

sustained over the study period for most of the younger and older patients. Furthemore, the 

mean annual loss of crestal bone proximal to the implants was minimal in both groups. 

Finally, osseointegration appears to lend itself to a diversity of prosthodontic applications 

equally well in both younger and older adults. This study involved relatively few partially 

edentulous adults, so more investigations are needed to ascertain the significance of age in the 

treatment of a variety of these applications. More conclusively, it appears that osseointegration 

can be maintained using either fixed or removable prostheses in cornpletely edentulous adults, 

regardless of age. However, it has yet to be deiemined which of these prescriptions might be 

preferable in the patient for whom either option is feasible. Hernmings, Schmitt and Zarb (1 994) 

found that, in the short-terrn, fixed complete prostheses required more maintenance than 

removable overdentures. Others have contradicted this @Valton and MacEntee 1994, Watson 

and Davis 1996), suggesting that further studies are needed to clarify the issue and to establish 

the long-tem cost benefit of fixed versus removable options to enable improved treatment 

decisions and advice to patients. 



SUMMARY 

Older adults will need a disproportionate number of oral implant prostheses relative to 

younger groups. However, the aging process may compromise the healing of oral implants. A 

cornparison was made between closely matched groups of 39 older adults with 190 implants to 

support 45 oral prostheses and 43 younger adults with 184 implants to support 45 oral 

prostheses. The patients were followed for a period of 4 to 17 years after prosthetic loading. At 

the most recent follow-up, the cumulative implant survival was 92.0% for the older group and 

86.7% for the younger group. No statistical difference could be attributed to the difference in 

implant survival curves between the groups throughout the study period. In conclusion, elders 

should expect osseointegration success no different from that seen in younger adults. Additional 

studies are needed to supplement this conclusion among very old adults and in the context of a 

diversity of jaw sites and prosthetic applications in both partially and completely edentulous 

patients. The implications of oral implants use in growing adolescents cannot be extrapoiated 

from these results. Al1 oral implant patients should be advised of a small but important risk that 

implant or prosthetic failure rnay necessitate treatment revision with an implant overdenture or a 

traditional rernovable denture replacement. For this reason, treatment planning should stress 

implant options only when the outcome of traditional prosthodontic therapies is considered to be 

relatively unfavorable. This may be particularly apropos for elderiy patients whose denture 

wearing complaints may very well be resolved by new conventional dentures. 



Chapter Three 

CRESTAL BONE LOSS SURROUNDING ORAL IMPLANTS IN OLDER AND YOUNGER 
ADULTS 

INTRODUCTION 

The long-terni stability of oral implant prostheses depends, in part, on the maintenance 

of crestal bone levels adjacent to the associated implants (Brgnemark et al. 1977, Hansson 

1977). Albrektsson et al. (1 986) proposed that successful oral implants should demonstrate 

ongoing crestaf bone l o s  of less than 0.2 mm annually. Among middle-aged patients, Adell et 

al. (1 981) reported a mean crestal bone loss of 0.1 mm per year for implants in either jaw after 

the first year of implant loading, a figure that has since been more or l e s  venfied by others 

(Lindquist, Rockler and Carlsson 1988, Chaytor et al- 1992, Jernt and Lekholm 1993, Henry, 

Bower and Wall 1995) (Figure 9). However, to date, there have been a dearth of reports on the 

rate of crestal bone loss adjacent to oral implants in ofder compared to younger adults. 

lncreasing age tends to involve a compromise in healing processes (Holm-Pederçen and 

Loe 1971) in addition to systemic bone loss that often Ieads to osteoporosis (Cummings et al. 

1985). Aging has also been associated with an increased tisk of crestal bone l o s  surrounding 

teeth. Furthermore, the mean rate of crestal bone loss around teeth may be highest among 

older adults compared to younger age cohorts. Papapanou, Wennstrorn and Grondahl (1 989) 

observed a mean crestal bone loss around teeth of 0.3 mm per year among those at least 70 

years of age at the outset of a ten-year observation penod compared to less than 0.15 mm per 

year among younger cohorts. It has also been established that jawbone resorption tends to 

increase following the loss of teeth and placement of complete dentures especially eariy in the 

period of edentulism. A classic study by Tallgren (1 972) found that the average vertical jawbone 

resorption exceeds 2 mm during the first year after the extraction of maxillary teeth and insertion 

of complete dentures compared to even greater resorption following mandibular extractions 

(Figure 6). The bone loss rate eventually stabilized at 0.05 mm per year in the edentulous 

maxilla and 0.2 mm per year in the edentulous mandible between 10 and 25 years after 

extraction. 

During the first year following placement of implant prostheses in 80 to 90 year-old 

patients Jemt (1993a) documented a mean crestal bone loss around the implants of 0.2 to 0.3 

mm, well within the established range of 0.1 to 0.8 mm reported by Adell et al. (1981) for the 

same penod in middle-aged patients. This should not be surprÏsing in light of evidence that age 

was not related to the rate of vertical jawbone resorption following the extraction of teeth and 

insertion of complete dentures (Carlsson and Persson 1967). However, a definitive conclusion 

about the effect of age on crestal bone loss around implants requires a more scientifically 

tenable long-terni investigation over a broad age range. 

This report forms part of an ongoing investigation to document the clinical effectiveness 

of diverse prosthodontic applications of the Brinemark implant system. This study aimed to test 



the hypothesis that there is no difference between older and younger adults in the crestal bone 

loss adjacent to oral implants in completely edentulous jaws. The investigation of age as a 

predictive factor for crestal bone loss was conducted using a matched histotical cohort design. 

The previous cornpanion part of this study, reported in chapter two, demonstrated that eiders 

should expect absolute implant success no different from that observed in younger adults. The 

current study was based on an assessment of crestal bone loss outcomes among the cornplete 

implant prostheses sites from that study. The current study cornpared an older group with a 

younger group on the basis of the crestal bone level at loading and the estimated bone level at 

1 O years after loading, in addition to the arnount of crestal bone loss during the first year of 

loading, the rnean annual rate of crestal bone loss during the period from the first to the fourth 

year of loading (since ail implants had the potential to have been loaded for a minimum of four 

years), and the mean annual rate of crestal bone loss during the periods after the first year and 

after the fourth year after loading. 

Table 12 Inclusion and exclusion criteria for old-young crestal bone loss study 

Inclusion Criteria Exclusion Criteria 

1. proposed compfete prostheses in patients at 
ieast 60 years of age at stage-one matched 
with prostheses pianned in patients Iess 
than 50 years of age at stage-one* 

4. proposed prosthetic sites in patients 
maladaptive to an optimized traditional 
cornplete denture prosthesis* 

1. a systemic health problem that precluded a 
rninor surgical procedure 

2. proposed prosthetic sites required adequate 
morphoiogy for surgical and prosthodontic 
treatment 

3. proposed prosthodontic treatment expected 
tu result in physioiogic ocdusal load 
distribution 

4. a hlstory of psychosis 

I 
2. a lack of bone volume to accommodate 

oraI implants at least 7 mm long and 3.75 
mm wide 

3. a history substance abuse 

7. a history of head and neck radiation 

- 

' matching procedure described in the text 
" maladaptive experience outlined in Table 9 

5. cosmetic expectations that could not be 
satisfied with a pretreatrnent tooth 
arrangement or optimized denture. 

6. a history of major jaw surgery 



MATERIALS AND METHODS 

Sample selection 

Forty-six consecutively treated partially or completely edentulous older adults (at least 

60 years of age) had oral implant placement (stage-one) in the Implant Prosthodontic Unit (IPU) 

of the University of Toronto between October 1979 and May 1992 (prior to October 1991 for the 

planned complete overdenture prostheses), at least five years prior to the final date for data 

collection of December 15, 1997. Forty-two complete implant prostheses, twenty-three fixed and 

nineteen overdenture prostheses, were planned in thirty-nine of the patients- The patients were 

selected from among the entire database of patients treated with implants in the IPU based on 

the inclusion and exclusion criteria Iisted in Table 12. 

It was intended that each of the complete implant prostheses planned for these patients 

would be paired, in the order of stage-one surgery, with the first available match to a complete 

implant prosthesis planned in younger patients (less than 50 years of age) also treated 

consecutively in the IPU between October 1979 and May 1992 based on the same inclusion and 

exclusion criteria. The matching procedure was designed to reduce the infiuence of multiple 

potential confounding factors since the comparison of different age cohorts would involve non- 

randomized groups. Fortunately, factors associated with both the surgical management and the 

implant material and design were kept relatively consistent throughout the IPU study so they 

were considered less likely to confound the results. However, factors associated with both host 

bone condition and prosthetic Ioading and other ecological conditions vaned substantially. In an 

attempt to control for some of these factors, paired matching of prosthetic sites was attempted 

on the basis of gender, original prosthetic plan (fixed vs. overdenture), arch (maxilla vs. 

mandible), implant number, year of stage-one surgery, and status of the opposing dentition 

(complete denture vs. removable partial or overdenture vs. fixed prosthesis or natural dentition). 

However, in several instances it was not possible to obtain an exact match for the implant 

number, the year of stage-one surgery, or status of the opposing dentition. A deviation of one 

implant per pair of planned prosthetic sites was considered an acceptable match, yielding a 

slightly unequal number of implants per group. A match was also accepted if the young site had 

undergone stage-one surgery no later than one year after the old site. Since no time iimit was 

placed if the young site had been operated prior to the old site, the younger group ended up 

having a longer average penod of follow-up. With regard to matching the opposing dentition 

status, an old site opposed by a conventional complete denture was considered rnatched if the 

young site was opposed by either the same or a rernovable partial or overdenture prosthesis. 

Also, an old site opposed by a fixed prosthesis or natural dentition was considered matched if the 

young site was opposed by either the same or a removable partial or overdenture prosthesis. 

Matching was not possible for 7 complete prostheses planned in 7 of the older patients, so they 

were eliminated from the study, feaving 35 matched cornpletely edentulous prosthetic sites 



treated in both groups. 

Table 13 Older and younger matched complete prosthesis plans at stage-one 

Cornpiete fixed 6 17 23 (66%) 

Complete overdenture 1 II 12 (34%) 

Prostheses planned (%) 7 (20%) 28 (80%) 35 

The oid group included 32 older adults with 166 Branemark implants (Nobel Biocare, 

Goteborg, Sweden) placed to stabilize 35 complete oral prostheses; the young group included 34 

younger adults with 162 Brinemark implants placed to stabilize 35 complete oral prostheses. At 

stage-one the oIder group ranged from 60 to 74 years of age (rnean 66 years by prosthetic site), 

compared to a range of 29 to 49 years of age (mean 42 years by prosthetic site) for the younger 

group. The matching procedure penitted the groups to be identical in ternis of gender, implant 

Iocation and prosthetic plan (Table 13). In this regard, 25 (71%) of the matched prosthetic sites 

in both groups involved femafe patients. In both groups, 28 (80%) of the matched prosthetic 

sites involved the mandible, and ail of the sites involved Zone I implants (anterior to a Iine 

through the mental foramina). Also in both groups, 23 (66%) of the matched sites were planned 

for fixed prostheses, with the balance planned for oveidenture prostheses. The planned 

complete fixed prosthesis sites each had an average of five or six implants placed, compared to 

an average of two or three implants for planned cornplete overdenture prosthesis sites. The 

matching procedure also permitted similarity in the opposing dentitions between the groups. The 

older group had 24 sites opposed by a compjete denture, whereas the younger group had 23 

such sites. In comparison, the older group had 8 sites opposed by natural teeth or fixed 

prostheses, whereas the younger group had 5 such sites. The remaining sites in both groups 

were opposed by either tooth- or implant-supported removable prostheses. 

Unmatched factors 

The groups also generally demonstrated sr'rnilarity related to factors not involved in the 

matching procedure. Only threaded cornmercially-pure titanium Briinemark implants were used. 

Over 87% of the original implants were of the Standard implant type in both groups, whilst the 

remainder were of the Self-tapping implant type. No Mk-Il or other types of Brinemark implants 

were utilized among the onginal implants. Over th ree-quarters of the implants in both groups 

were 10 or 13 mm in length, whilst under 2% were less than 1 O mm and the balance were 



greater than 13 mm. Using the classification system proposed by Lekholm and Zarb (1 985) (with 

the A to E quantity scale assigned ordinal values of 1 to 5 respectively), the older group 

dernonstrated a mean preoperative jawbone quantity of 2-9 compared to 2.7 for the younger 

group, and both groups demonstrated a mean preoperative jawbone quality of 2.5. One 

observer, RB, made the assessments of bone quantity and quality blinded to patient names and 

data on the assessment of other predictive factors or implant outcomes. The mean number of 

years of edentulism reported by the patients at the time of stage-one was slightly greater among 

the older group whose prosthetic sites had been edentulous for an average of 15 years 

compared to 13 years for the younger group. The proportion of implants with bicortical 

stabilization (based on post-operative radiographs where both crestal and apical ends of the 

implant were embedded in cortical bone] was 43% for the older group compared to 36% for the 

younger group. In comparison the proportion of implants with perforation of their apex through 

the opposing cortex (also based on post-operative radiographs) was 19% for the older group 

compared to 21 % for the younger group. Chronic smoking behaviour was reported by slightly 

less than 15 percent of the patients in both groups. Not surprisingly, the average health of the 

groups appeared to differ somewhat, suggesting better health arnong the younger patients; over 

No-thirds of the older patients reported at least one chronic medical condition, for example 

arthntis, diabetes or cardiovascular disease, compared to only about one-third of the younger 

patients. 

Pre-operative, surgical and prosthodontic protocols 

The source of patients treated with implants in the IPU was described in chapter two 

along with detailed descriptions of the standardized pre-operative, surgical and prosthodontic 

protocols to provide the patients with implant prosthodontic treatrnent. In brief, a common chief 

cornplaint among the patients was persistent maladaptation to wearing complete dentures, 

related primarily to a lack of denture stability as elaborated by Zarb and Schmitt (1990b) (Table 

9). Pnor to commencing, each patient consented to the proposed treatment according to a 

written consent form (Appendix II). Patients had been excfuded from implant treatment in the 

IPU if they had a systernic health problem that precluded a minor surgical procedure, a lack of 

bone volume to accommodate implants at least 7 mm long and 3.75 mm wide, a history drug 

abuse or psychosis, or cosmetic expectations that could not be satisfied with a pretreatment 

tooth arrangement or optimized denture. 

The implants were uncovered surgically (stage-two) after an average healing period of 

four to six months, followed by prosthetic loading an average period of ten months (five to 

twenty-one months) after implant placement, at least four years prior to the final date for data 

collection of December 1 5 ,  1 997 (Figures 17, 1 8)- 
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Figure 17 Older group complete prosthesis implant loading period 

M = Migration; 5 = Death; R = Removal of ail remaining implants 

Regular, usually annual, follow-up examinations by staff or residents in the IPU included 

standardized clinical and radiographic assessrnents of individual implants with the prosthetic 

hardware removed as described by AlbreMsson et al. (1986) and revised by Zarb and 

AlbreMsson (1 998). Implants demonstrating clinical mobility, as described in chapter one, were 

removed from the jaw and recorded as failed. Overall implant survival analyses for the groups 

were based on the number of years between implant insertion (stage-one) and implant failure, 

analyzed with a pre-loading period and annual periods after loading. The old and young implant 

survival cuwes were examined for statistically significant differences over the observation period 

using the life-table suwival function of SPSS software. Specifically, a Wilcoxon statistic was 

applied, since it is appropriate for testing the homogeneity of survival curves involving censored 

data (Dawson-Saunders and Trapp 1994). A more extensive analysis of implant success 

between the groups was reported in chapter two. 
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Figure 18 Younger group complete prosthesis implant loading period 

M = Migration; D = Death; R = Removal of al1 remaining implants 

Standardized periapical radiographs of each available implant were exposed using a 

specia! holder attached to each implant abutment (Cox and Pharoah 1986). The holder was 

designed to control imaging geometry by aligning the film a standard distance (1 00 mm) from the 

x-ray cone, paraIlel to the long axis of the implant and perpendicular to the x-ray beam. To 

improve patient cornfort, a modified holder was developed subsequently to permit some vertical 

rnovement of the holder in the mouth whilst maintaining al1 of the standardized aspects of 

imaging geometry (Chaytor et al. 1991). Kodak Ultras~eed double-packed size-two radiographic 

film (Eastman Kodak, Rochester, NY, USA) was used in combination with an intraoral x-ray 

machine equipped with a long cone (SS White, Penwalt, lntrex Model2426, 120 Volt, 500/60 Hz, 

12.5 Amps) set at 70 kVp and 10mA for 0.28 seconds. Films were developed with appropriate 

fresh chemical solutions in an automatic processor (Siemens DENT-X 9000). 

Digitizing and processing of radiographs 

Using the technique described by Avivi-Aber (1 994), Wyatt (1 %6), and Wyatt et a 1. 

(2001), the region of interest of each radiograph was digitized with a slide scanner (Microtek 

Scanmaker 35T, Microtek Lab Inc., Redondo Beach, CA) and the resultant images were 



processed, stored and measured using the public domain software NIH lmage (written by Wayne 

Rasband, U S -  National lnstitute of Health, available from the intemet by ânonymous FTP from 

zippy.nimh.nih.gov or on floppy disk from the National Technical Information Service, 

Springfield, Virginia, Part Number PB93-504868) on a Macintosh Quadra 800 computer with 40 

rnegabytes of RAM, and connected to a 16 inch 8-bit color monitor that had a dot pitch of 0.28 

mm with a screen refresh rate of 72 KHz (Apple Canada Inc., Markham, ON). The automated 

digitizing process involved converting the optical densities obtained from scanning the 

radiograph to a digital image with 256 gray scale levels, where O was represented by white 

pixels, 256 was represented by black pixels, and the intervening levels were represented by 

corresponding levels of gray pixels between white and black, No enhancement of brightness or 

contrast was made during scanning. Each region of interest was selected using a digitized pre- 

scanned image of each radiograph to include details of  at least the apical edge of the implant 

collar, the furthest apical initial point of contact observed between the implant and bone and at 

Ieast the first six threadç below the implant collar in addition to 2.8 mm (approximately three 

quarters of the implant width) either side of the implant image. Both rnaxillary and mandibular 

implant images were scanned to position the apicai part of the implant at the bottom of the 

image. The scanning process used a spatial resolution of 968 dots per inch, that implied a 

resolution of about 40 pixels (picture elernents) per mm resulting in an image that was magnified 

approximately 13 tirnes as viewed on the monitor. The selection of a spatial resolution of 968 

dots per inch was made because it was demonstrated previously with a light microscope 

technique that at 20 times magnification a human observer could discriminate bone level 

differences of 0.025 mm on implant radiographs which was 40 dots per mm or 101 6 dots per 

inch (Chaytor et al. 1991). Radiographs were not digitized if appropriate landmarks could not be 

identified on the film inctuding the apical edge of the implant collar, the furthest apical initial 

point of contact observed between the implant and bone and at Ieast the first six threads below 

the implant collar. 

Using the NIH Image software the digitized images were processed by first rotating as 

needed to vertically align the implant image using the edit function with a bilinear ~p t i on  to 

reconstitute pixels. The brightness of the image was then standardized using the look-uptable 

(LUT) function to reset the upper and lower gray scale limits of the image based respectively on 

the maximum and minimum gray scale levels found with the density histogram function. This 

effectively lightened the image moderately by converting the lightest level pixels to white and the 

darkest level pixels to black, arid distfibuting the ~ t h e r  pixels across a full range of intervening 

gray scale levels. The process of Iightening the image was to make it visually similar the 

appearance of the corresponding periapical radiograph under optimal Iighting conditions (Avivi- 

Arber 1994, Wyatt 1996, Wyatt et al. 2001). Finally the set scale function was used to calibrate 



the vertical scafe of the image with the known distance across six threads (5 x 0.6 m m  = 3-0 

mm) based on the known Branemark implant thread pitch of 0.6 mm & 0.005 mm), 

Cfestal bone level outcomes 

According to the technique described by Avivi-Arber (1 994). Wyatt (1 996), and Wyatt et 

al. (2001). crestal bone levels at the mesial and distal proximal sites of each processed implant 

image were assessed by one observer, RB, visually using the linear measurement tool function 

of the NIH Image software to rneasure the vertical distance in millimeters from the apical edge of 

the implant collar to the most apical initial point of contact observed between the implant and 

bone. This method was shown previously to be both valid and reliable according to Avivi-Arber 

:1994), and Wyatt et al. (2001). Dunng the measurement process, the observer was blinded to 

identification of the patient name and the implant location as well as other predictive factors or 

outcomes. Furthemore, the observer was also blinded to the chronology of the radiographic 

series by random presentation of the implant images for each prosthesis. Measurements were 

recorded automatically using the results function of NIH Image software. Measurements were 

not made for proximal sites where the observer could not identify either the apical edge of the 

implant collar or the furthest apical initial point of contact observed between the implant and 

bone. A total of 3652 proximal-site measurements were made involving original implants, and 

they were repeated a minimum of two weeks later by the same observer. 

The final bone Ievel for each proximal site (mesial and distal) and time point was 

calculated as the mean of each set of repeated measurements. The mean of variances (error 

variance) and the differences between first and second measurements were also calculated in 

addition to the mean and standard deviation of the differences. The error variance was 0.044 

mm2, with an associated error standard deviation (the square root of the error variance) of 0.21 

mm reffecting a measurement reliability comparable to that reported by Wyatt (1 996) and Wyatt 

et al. (2001) using the same technique. The difference between measurements ranged from - 
1.83 mm to 2.14 mm, with a mean of 0.08 mm, a standard deviation of 0-29 mm. It was 

arbitrarily decided that the reliability of a specific pair of repeated measurements would be 

considered suspect if their difference fell outside 1.96 standard deviations from zero. This 

implicated 234 (6.4%) of the repeated measurements because their differences were either 

greater than 0.56 mm or less than -0.56 mm. In these instances, a third blinded measurement of 

the appropriate digitized radiograph was made and differences were calculated between this 

measurement and the fitçt two. On two occasions the absolute value of these two new 

differences still exceeded 0.56 mm, so the final bone level at those sites and time points were 

deemed unreliable and were excluded from further calculations. In the other instances, the 

smallest of the two new differences was assumed to originate from the most reliable pair of 

measurements so the mean of that pair was calculated to replace the final bone level for that 



proximal site and time point- The 3650 final bone level measurements ranged from 0.59 mm to 

6.25 mm, with a mean of 1.62 mm and a standard deviation of 0.84 mm. 

An estimate o f  the bone level at 10 years after Ioading - reflecting the combined effect of 

the crestal bone level at stage-one and subsequent crestal bone loss - for each proximal site, 

mesial and distaI, of each implant was calculated as the intercept at 10 years of a simple Iinear 

regression equation based on al1 the final bone levei measurements after the loading year for 

each proximal site. The regression equation was calculated using the slope function of Excel 

sofhivare (Microsoft Corporation) on a personal cornputer. The estimated bone level at 10 years 

was considered missing if the original bone level rneasurements during the period after the 

loading year included only two consecutive years or Iess, or if the rneasurements did not include 

at least one time point from the fifth or subsequent year after loading. 

For each prosthetic site, the crestal bone levei at loading and the estirnated crestal bone 

level at 1 O years after Ioading were calculated based on the mean of the appropriate proximal 

site, mesial and distal, outcomes available for each prosthetic site. 

For both the older and younger groups, the mean crestal bone level at loading and the 

mean estirnated crestal bone level at 10 years after loading were calculated based on the mean 

of outcomes available from al[ the prosthetic sites for each group respectively. The older and 

younger crestal bone level means were also recalculated to further stratify the results on the 

basis of arch (maxilla vs. mandible) and original prosthetic plan (fixed vs. overdenture), Le. both 

rnaxillary and mandibular means were calculated for the ofder fixed, older overdenture, younger 

fixed, and younger overdenture prosthesis groups. 

Crestal bone loss outcomes 

A variety of crestal bone loss outcomes for each prosthetic site were derived from the 

final bone level measurements, again by calculating a mean of al1 of the proximal site outcomes 

available in each prosthetic site. These outcomes included the mean annual crestal bone loss 

for each annual period after loading in addition to the penod from the first to the fourth year after 

loading, the period after the fi13 year of loading, and the period after the fourth year of loading. 

For the period during the first year of loading the annual crestal bone loss for each 

proximal site, mesial and distal, of each implant was calculated by subtracting the bone level for 

the loading year from the bone level for the following year. The annual crestal bone loss for any 

one site was considered missing if the bone level measurements for either the loading year or 

the first year afier loading were not avaiiable. For each annual penod after the first year of 

loading the annual crestal bone loss for each proximal site, mesial and distal, of each implant 

was calculated by subtracting the bone level for each year afier the loading year from the bone 

level for the following year. If there was more than one year separating consecutive bone level 

measurernents (Le- missing data points) then annual crestal bone loss during the intervening 



years was calculated by subtracting the closest consecutive measurernents (excluding 

measurements from the loading year) and dividing by the number o f  intewening years. 

Notwithstanding this, the annual crestal bone loss for any one site and annual period after the 

first year of loading was considered missing if two bone level measurements were not available 

for the calculation. 

The mean annual rate of crestal bone l o s  during the period from the first to the fourth 

year of loading (since al1 implants had the potential to have been loaded for a minimum of four 

years) was calculated as the slope of a simple linear regression equation based on al1 bone level 

rneasurements from the first to the fourth year after Ioading. The regression equation was 

calculated using the slope function of Excel software. The mean annuaI rate of crestal bone loss 

for any one site and time period was considered missing if the bone level measurements during 

the period included only two consecutive years or less. 

The mean annual rate of crestal bone Ioss after the first year of loading was calculated 

as the slope of a simple linear regression equation based on al1 bone level measurements after 

the loading year. The mean annual rate of crestal bone loss for any one site and time period 

was considered missing if the bone level measurements during the period included only two 

consecutive years or less, or if they did not include at least one time point from the fifth or 

subsequent year after loading. 

The mean annual rate of crestal bone loss after the fourth year of loading was calculated 

as the slope of a simple linear regression equation based on al1 bone level measurements frorn 

the fourth and subsequent years after loading. Again the mean annual rate of crestal bone loss 

for any one site and time period was considered missing if the bone level measurements during 

the period included only two consecutive years or less. 

For both the older and younger groups, the mean crestal bone loss during each of the 

aforementioned time periods was calculated based on the mean of the crestal bone loss 

outcomes available from al1 the prosthetic sites for each group respectively. The older and 

younger outcornes were also recalculated to further stratify the results on the basis of arch 

(maxilla vs. mandible) and original prosthetic plan (fixed vs. overdenture), i-e. again both 

maxillary and mandibular means were calculated for the older fixed, older overdenture, younger 

fixed, and younger overdenture prosthesis groups. 

Descriptive cumulative bone loss graphs, initially cornparing older ana younger groups 

and further cornparing older and younger groups stratified by arch and original prosthetic plan, 

were developed by plotting over tirne the cumulative sum of the mean crestal bone loss o f  al1 

prosthetic sites from each annual period after loading. 

Statistical analysis 

Comparison of the mean crestal bone levels and the mean annual crestal bone Ioss 



between the groups was made using the independent samples t-test function of SPSS software 

(SPSS Inc.) on a personal cornputer, at the pc.05 level, The nonparametric, t-test equivalent, 

Mann-Whitney test function of the SPSS software was utilized for cornparisons where less than 

25 prosthetic site results were available in either of the cornparison groups. The Mann-Whitney 

test is considered more robust for samples of less than 25 since it does not reIy on the strict 

assumption of a nomat distribution that a t-test requires. The statistical cornpansons were 

applied specifically to test for differences between the groups based on the mean crestal bone 

level at loading and the mean estirnated bone level at 10 years after loading, in addition to 

differences between the groups based on the mean annual crestal bone loss during the first year 

of loading, during the period from the first to the fourth year of loading, during the perïod after the 

first year of loading, and during the period after the fourth year of loading. 

Cumulative Survival of Oral Implants 
- Complete Prostheses - 

100% 

- Older Group 

4 Younger Group 

Years Since Load (Ld) 

Figure 19 Implant survival for older and younger complete prosthesis groups 

St-l = Stage-one, Ld = Loading; 
No significant difference (p<.05) between groups with Wilcoxon statistic 

RESULTS 

Cumulative implant sumival 

At prosthesis placement, the older group had 155 original implants loaded, compared to 

149 in the younger group. Follow-up examinations occumed over an average of 8 and 11 years 



for the older group and younger groups respectively (Figures 17, 18). By December 15, 1997, 

between 4 and 17 years had passed since prosthetic loading, and 50% of the patients had been 

followed for at least ten years since loading. The patients still available for follow-up included 27 

older patients with 132 original implants supporting 29 prostheses, and 29 younger patients with 

122 original and 4 replacement implants supporting 30 prostheses. In total, the migration or 

death of 8 patients censored 31 implants from follow-up during the study in addition to 8 implants 

that were "put to sleepn. Cumulative overall implant survival of the original implants was 92.6% 

for the older group and 85.6% for the younger group (Figure 19), and statistical significance 

@/Vilcoxon statistic pe.05) could not be attributed to the difference between survival curves. An 

extensive analysis of survival outcornes was reported in chapter two. 

Crestal bone level at loading 

Based on radiographs made at the time of prosthesis placement (implant loading), the 

older group had crestal bone levef measurements available for 140 original implants in 31 

prosthetic sites compared to 133 original implants in 32 prosthetic sites for the younger group 

(Table 14). At that time, the mean crestal bone level observed among the prosthetic sites in the 

older group was 1.38 mm compared to a virtually identical 1.37 mm among the younger group 

(Table 15). Based on an independent samples t-test at p<.05, statistical significance couid not 

be attributed to this small difference between the old and young groups. 

It can be considered also that the mean bone level results at loading were contn'buted to 

by the bone level results of the various fixed and overdenture prostheses in maxillary and 

mandibular arches. Such an analysis of the mean bone level observations at loading stratified 

by arch and prosthesis plan is noted in Table 15. No statistically significant differences in crestal 

bone levef at loading were observed for the different mandibular prostheses. A cornpafison of 

crestal bone loss among older and younger maxillary overdenture sites was not possible since 

only one maxillary overdenture site was included in each group. flowever, the maxillary fixed 

prosthesis sites in the younger group did dernonstrate a statistically significantly lower (more 

apical) bone level at Ioading compared to matched sites in the older group based on a Mann- 

Whitney test at p<.05. In this regard, the mean crestal bone level at loading for the six maxillary 

fixed prosthesis sites in the younger group was 2.05 mm below the implant collar compared to 

1.45 mm among the matched six matched sites in the older group. Although it was not the 

purpose of this part of the study, it is worth noting that the crestal bone level at loading for both 

the older and younger maxillary fixed prosthesis sites were lower (more apical) than the overall 

rnean crestal bone level at loading and aiso lower (more apical) than any of the mandibular 

results at Ioading (Table 15). Further investigation of the possible tendency for more bone loss 

among rnaxillary implants is investig ated in chapter five. 



Table 14 Number of observations available for bone level and loss calculations 

Older and Younger Groups 
- - -  

(stratified by arch & prosthesis) 1 Load 

No. of Prosthetic sites (Implant sites) 

OId totals 1 (::O) 1 
Young totals l (f5) l 
Old fixed 16 (82) 

Mandibie Young Fked ............................ 
Old Overdenture 

1 Young Overdenture 1 11 (28) 1 

Otol  l t o 4  1 to17  4to17 
Years Years Years Years 

OCd FÏxed 

Maxilia Young Fixed ----------------------------------------- 
Old Overdenture 

Young Overdenture 
- - 

Table 15 Mean crestal bone level and loss for older and younger groups 

6 (33) 

6 (33) 

1 (3) 

1 (6) 

Older and Younger Groups 
(stratified by arch & prosthesis) 

(mm) (mmlyr) 1 (mmlyr) 1 (mmlyr) 1 (mmlyr) 

Old means 1.38 0.17 0.036 0.043 0 . 0 ~  

Young means 1.37 0.24 0.057 0.041 0.016 

Old Fixed 1.38 0.17 0.046 0.034 0.005 * 

Mandible Young Fixed 1.25 0.37 0.079 0.064 0.047 ' ----------------------------------------------------------------------------------- 
Old Overdenture 1.31 -0.02 0.012 0.035 0.045 

Young Overdenture 1 -1 8 0.02 0.059 0.014 -0.016 

Maxilia Young Fixed 1 2.05 ' [ 0.65 -0.090 0.026 * 1 2.84 ---------------------------- ---------- -------------------------------------------- ---------- 
Old Overdenture tt ** " *Ir .f* 

Young Overdenture f* tlr tt 

I 

* Significant difference (pc.05) between groups using Mann-Whitney test statistic 
" lnadequate number of observations for statistical testing 

0.26 0.052 0.099 f* Old Fixed 2.42 1.45 * 
I 



Crestal bone loss during the first year of loading 

For the penod during the first year of loading the older group had mean annual crestal 

bone loss observations for 73 original implants in 17 prosthetic sites compared to 95 original 

imptants in 25 prosthetic sites for the younger group (Table 14). During this penod, the mean 

annual crestal bone loss obsewed among the prosthetic sites in the older group was 0.1 7 m m  

per year compared to a slightly greater mean of 0.24 mm per year among the younger group 

(Table 15). Statistical significance could not be attributed to this difference between the old and 

young groups using either an independent samples t-test or a Mann-Whitney test at p<.05. 

Again Table 15 details the contributions of the various stratified results to these grand means. 

No statistically significant differences between the groups was noted in any of the comparisons, 

excepting again the cornparison between older and younger maxitlary overdenture sites because 

of a lack of observations. Notwithstanding this, the younger group consistently demonstrated a 

greater tendency for crestal bone l o s  in al1 three of the availa ble stratified corn pansons du ring 

the penod. Also the slight tendency for greater bone Ioss among the maxillary compared to 

mandibular sites was again noted. In addition, it is worth observing that almost no bone loss was 

obsewed among either the younger or the older mandibular overdenture groups. 

Crestal bone loss during the first to the fourth year of loading 

For the penod during the first to the fourth year of loading the older group had 

observations of mean annual crestal bone loss for 80 original implants in 19 prosthetic sites 

compared to 95 original implants in 25 prosthetic sites for the younger group (Table 14). Dunng 

this penod, the mean annual crestal bone loss obsewed among the prosthetic sites in the older 

group was 0.036 mm per year compared again to a sIightly greater mean of 0.057 mm per year 

among the younger group (Table 15). Again statistical significance could not be attributed to this 

difference between the groups, nor to any of the differences between the various stratified old 

and young groups for the penod, using either an independent samples t-test or a Mann-Whitney 

test. 

Crestal bone loss after the first year of loading 

For the period after the first year of loading the older group had observations of mean 

annual crestal bone loss for 103 original implants in 23 prosthetic sites compared to 11 3 original 

implants in 30 prosthetic sites for the younger group (Table 14). During this penod, the mean 

annuai crestal bone loss observed among the prosthetic sites in the groups was nearly identical 

at 0.043 mm per year for the older group and 0.041 mm per year for the younger group (Table 

15). For this reason it was noted in chapter Wo that the mean annual crestal bone loss after the 

first year of loading was less than 0.05 mm per year among the completely edentulous sites in 

both older and younger groups. Again statistical significance could not be attributed to this 



difference between the groups, nor to any of the differences between the various stratified old 

and young groups for the period using either an independent samples t-test or a Mann-Whitney 

test. 

Cumulative Mean Annual Bone Loss 
Old-Young Groups 

2 00 - .... ........ - Old Group 
3 00 - ........... 

-il- Young Group I (0.2 mm / year 

for com parison) 

Years Since Load (Ld) 

Figure 20 Cumulative mean annual bone loss for older and younger groups 

Ld = Loading; No significant difference (pc.05) between groups 

Furthemore, the results for the period after the first year of loading did not even 

demonstrate a consistent trend irnplicating either the older or younger groups with a tendency for 

crestal bone loss. The older fixed prosthesis group in the mandible demonstrated a slightly lower 

rate of bone loss compared to the younger fixed mandibuIar group, whereas the opposite 

tendency, favoring slightly more bone loss in the older group, was observed among both the 

mandibular overdenture groups and the maxillary fixed prosthesis groups. The graphing of 

cumulative mean annuai crestal bone loss outcomes were essentially consistent with these 

findings (Figures 20, 21, 22). Of interest, the cumulative results in Figure 21 suggested a 

tendency for modest progressive bone loss to be relatively unabated among the younger fixed 

prosthesis group in the mandible, whereas a cumulative crestal bone loss pattern approaching 

zero mm per year was evident among the older fixed prosthesis group in the mandible as well as 

both the older and younger overdenture groups in the mandible. In cornparison, the cumulative 

crestal bone loss for maxillary fixed prostheses (Figure 22) highlighted an early tendency for 



modest progressive bone loss among both older and younger groups. An inadequate number of 

observations after the fifth year of loading precluded a longer-terni assessment of the maxillary 

fixed outcornes. Moreover, no maxillary overdenture results could be included in the cumulative 

mean annual crestal bone loss calculations also because of an inadequate number of associated 

observations. 

Cumulative Mean Annual Bone Loss in MANDlBLE 
Old-Young Groups Stratified by Prosthesis 

- Old Overdenture 
* Young Overdenture 

for comparison) 

Years Since Load (Ld) 

Figure 21 Cumulative bone loss for older and younger mandibular prostheses 

Ld = Loading; Significant difference (pc.05) between fixed groups after fourth year 

Crestal bone loss after the fourth year of Ioading 

For the period after the fourth year of loading the older group had observations of mean 

annual crestal bone Ioss for 49 original implants in 12 prosthetic sites compared to 102 original 

implants in 26 prosthetic sites for the younger group (Table 14). Duting this penod, the mean 

annual crestal bone loss observed among the prosthetic sites in both groups was again very 

similar at 0.022 mm per year for the older group and 0.016 mm per year for the younger group 

(Table 15). Of interest, the mean rates for this period were about half as much as the rates 

reported for earlier periods including the period after the first year of loading, an observation that 

tempts the suggestion that mean annual crestal bone loss may continue to decrease even after 

the first year of Ioading. Again statistical significance could not be attributed to the overall 

difference between the groups, nor to the difference between the mandibular overdenture 



groups. However, a statistically significant difference was found between the old and young 

fixed rnandibular prosthesis groups using a Mann-Whitney test at the pc.05 level, During the 

period after the fourth year of loading the older fixed rnandibular prosthesis group demonstrated 

a mean annual crestal bone loss rate of only 0.005 mm per year - approaching zero - compared 

to 0.047 mm per year among the younger fixed mandibular prosthesis group. This finding 

appears to reinforce the observation in Figure 21 of a tendency for modest progressive 

cumulative crestal bone loss to be refatively unabated among the younger fixed prosthesis group 

in the rnandible cornpared to a crestal bone loss pattern tending to approach zero mm among the 

older fixed prmsthesis group in the mandible. An inadequate number of observations precluded 

any assessment of maxillary outcomes after the fourth year of loading whether of the fixed or 

overdenture wanety. 

Cumulative Mean Annual Bone Loss in MAXILLA 
Old-Young Groups Stratified by Prosthesis* 

/ - Old Fixed 
1 

.-..{ 
1 1 + Young Fixed 1 (0.2 mm / year\ 

for cornparison) 

Years Since Load (Ld) 

Figure 22 Cumulative bone l o s  for oIder and younger maxiliary prostheses 

* Excludes maxillary overdenture prosthesis groups due to Iimited n um ber of observations 
Ld = Loading; No significant difference (pc.05) between groups 

Crestal bone level estimated at 1 O years after loading 

The oddergroup had observations of the estirnated crestal bone level at 10 years after 

loading for 103 original implants in 23 prosthetic sites cornpared to 113 original implants in 30 

prosthetic sites for the younger group (Table 14). The rnean of estimated crestal bone Ievefs at 



10 years after loading in the prosthetic sites was nearly identical between the groups, at 1.92 mm 

befow the implant collar for the older group compared to 1 -88 mm for the younger group (Table 

15)- Again statistical significance could not be attributed to the difference between the groups, 

nor to any of the differences between the various stratified old and young groups for the period 

using either an independent samples t-test or a Mann-Whitney test, excepting, of course, the 

maxilfary overdenture sites which again had an inadequate number of obsewations for a 

statisticai cornparison. Notwithstanding these findings, the results did again suggest the 

tendency among both the older and younger groups of a lower (more apical) than average bone 

level for maxillary prostheses compared to mandibular prostheses, and of a lower than average 

bone level for mandibular fixed prostheses compared to mandibular overdentures. These 

obsewations were also apparently in keeping with the stratified cumulative crestal bone 105s 

outcomes (Figures 21, 22), although specific analyses of the possible tendency for elevated 

bone loss associated with fixed or maxillary prostheses in this study group was deferred to the 

larger population investigated in chapter five. 

DISCUSSION 

As in other parts of the skeleton, the jaws have specific prediiections for progressive 

tirne-dependent bone loss. In particular, there are well documented tendencies for modest 

vertical bone resorption adjacent to teeth and even greater verticai bone resorption once teeth 

are extracted. In this context, it has been imperative to document the tendency for bone 

resorption around oral implants ever since BrSnernark proposed that bone-anchored implant 

prostheses could be sustained in the oral environment for a lifetime. The major criteria for 

clinical oral implant success are immobility of individual implants accompanied by lack of pain 

and pathology, and crestal bone loss of less than 0.2 mm per year (Albrektsson et al. 1986, Zarb 

and Albrektsson 1998). It is worth noting that even this low rate of bone foss of just less than 0.2 

mm per year rnay be too liberal for young implant patients who might lose up to 8 mm of bone 

over the ensuing 40 years surely jeopardizing their otherwise successful implants. At any rate, 

based on these criteria, the oral implants in this study were equally successful in oIder and 

younger adults, at least within the range of patient ages treated in the study which only incfuded 

older patients aged 60 to 74 years and younger patients aged 26 to 49 years at the time of 

implant insertion. In particular, the mean annual rate of crestal bone loss during and after the 

first year of loading was statistically indistinguishable between the groups settling at a rate of less 

than 0.05 mm per year in both groups. More than any other finding in the study, the latter one 

should epitomize the tendency for long-term crestal bone loss in the groups since the means 

were derived from the largest number of bone level rneasurements after the loading year. It also 

implies that despite the tendency for a small amount of ongoing crestal bone loss both older and 

younger adults should be able to anticipate many years of implant prosthesis function. 



Despite this general conclusion, it is important to address the two statistically significant, 

albeit small, differences between the groups when stratified by arch and prosthesis plan. In this 

regard it woufd be rather speculative to attempt to explain why the younger fixed maxillary group 

demonstrated a significantly lower (more apical) bone Ievel at loading, 2.05 mm, compared to 

the older fixed maxillary group, 1.45 mm. Indeed, the difference rnay not represent a true age- 

specific difference since only six prosthetic sites made up each subgroup. Moreover, the crestal 

bone level at loading may be unrelated to any early bone resorption response since it is unlikely 

that a consistent vertical relationship existed between implant collar and crestal bone level at the 

time of implant insertion- Nonetheless, it is possible to hypothesize that maxillary bone in the 

younger adults was more biologically active and therefore more susceptible to resorption during 

the early healing phase soon after implant insertion compared to rnaxillary bone in the older 

adults. This hypothesis would not necessarily be in conflict with the lack of a similar difference 

between mandibular groups since mandibular bone has previously been shown to respond more 

favorably than maxillary bone regarding early implant healing (Adell et al. 1981). Furthemore, 

age-related changes in bone cell activity in other skeletal sites appear to offer the most Iikely 

explanation of the increased risk of osteoporotic changes in aging adults (Parfitt 1984b). On the 

other hand, this would not explain specifically why younger adults would be more susceptible 

than older adults to early crestal bone resorption around oral implants. 

The other significant difference between the groups involved a higher rate of crestal 

bone loss, 0.047 mm per year, among the younger fixed mandibular group after the fourth year 

of loading compared to 0.005 mm per year among the older fixed mandibular group after the 

fourth year of loading. Although the clinical significance of this difference may be questioned, at 

least in the short- term, such a rate of bone loss rnay eventually become important for a younger 

adult who has been edentulous for only a short tirne at implant placement. Unfortunately, the 

statistical cornparison in this instance involved only seven older prosthetic sites and thirteen 

younger prosthetic sites. Despite this, the difference appears to have resulted because the 

younger fixed mandibular group suffered a continued and consistent mean annual crestal bone 

loss pattern of just less than 0.05 mm per year for the duration of the study after the loading 

year, whereas the older fixed mandibular group experienced a mean annual crestal bone loss 

pattern approaching zero mm per year after the fourth year of loading, having also averaged just 

less than 0.05 mm per year during the first to the fourth year of Ioading. One hypothesis to 

explain this tendency for stabilization of crestal bone in the older group rather than in the 

younger group is that the  older group rnay have had a longer preoperative pen'od of edentulism 

associated with greater preoperative resorption compared to the younger group, thereby 

decreasing the opportunity for further bone resorption. Tallgren (1 972) found that increased 

peflods of edentulism were associated with a predictable time-dependent decrease in the rate of 

subsequent residual ridge resorption. Although indirectly related to age, such differences in the 



number of years of edentulism were indeed found between the groups. The seven older fixed 

mandibular sites involved in the companson had been edentulous for 25.0 years at stage-one 

and had a mean LZ jawbone quantity of 3.43, whereas the thirteen younger fixed mandibular 

sites had been edentulous for only 13.6 years at stage-one and had a mean LZ jawbone quantity 

of 3.00. No significant difference between the groups coufd be found by comparing the mean LZ 

jawbone quantity patterns, however, the mean number of years of preoperative edentulism was 

significantly different between the groups based on a Mann-Whitney test at the pe.05 level. This 

suggests that rate of crestal bone loss around implants rnay be more closely reIated to the 

number of years of preoperative edentulism than to the pattern of preoperative resorption* If 

tme, then the hypothesis should also predict the reason that no significant difference was found 

in the mean annual crestal bone loss after the fourth year of loading between older and younger 

mandibular overdenture sites was because they did not differ statistically in their number of years 

of edentulism. Indeed, this was also found, based on a Mann-Whitney test at p<.05, adding 

further support for the proposed hypothesis. A Iack of observations precluded similar 

compafisons among the rnaxillary fixed and overdenture prostheses groups. Fortunately, it is 

quite logical, if only hypothetical, that such an elevated tendency for bone loss among implants 

placed early in the edentulous expenence may weil be attenuated with an increase in the number 

of years since tooth extraction, At any rate, further speculation related to this is deferred to the 

multivan'ate analysis in chapter five. 

Finally, these findings reinforce the three concluding suggestions made in chapter two, 

firstly that age alone should not be used to exclude patients from being prescribed oral implants, 

secondly that osseointegrated implants can be maintained as patients age, even in older patients 

as they become increasingly debilitated, and finally that oral implant biotechnology appears to 

lend itself to a diversity of prosthodontic applications equally weIl in both younger and oider 

adults. Further studies should, however, examine the veracity of this conctusion among very old 

adults and in the context of a wider diversity of jaw sites and prosthetic applications in both 

partially and completely edentclous patients. 

SUMMARY 

Older adults are at increased risk of systernic and oral bone loss that may compromise 

bone Ievels around oral implants. A companson was made between closely matched groups of 

32 older adults with 166 implants to support 35 complete oral prostheses and 34 younger adults 

with 162 implants to support 35 complete oral prostheses. The patients were followed for a 

penod of 4 to 17 years after prosthetic loading. No statistical significance could be attributed to 

the difference in cumulative implant success between the groups throughout the study penod. 

For the period after the first year of Ioading the mean annual crestal bone loss observed among 

the prosthetic sites in the groups was nearly identical at 0.043 mm per year for the older group 



and 0.041 mm per year for the younger group. Again statistical significance could not be 

attributed to this difference between the groups, nor to any of the related differences between the 

groups stratified by arch and prosthetic plan. However, a statistically significant difference was 

found between the old and young groups for the penod after the fourth year of loading. 

Specifically the older fixed mandibular prosthesis group demonstrated a mean annual crestal 

bone toss rate of only 0.005 mm per year compared to 0.047 mm per year among the younger 

fixed mandibular prosthesis group. Of interest, the older group sites involved had been 

edentulous for 25-0 years at stage-one cornpared to only 13.6 years for the younger group sites, 

also a statistically significant difference. Notwithstanding this, the main conclusion drawn from 

the study is that elders should expect a mean annual crestal bone loss adjacent to oral implants 

in completely edentulous sites to be no greater than that seen in younger adults. Additional 

studies are needed to supplement this conclusion in the context of a wider age range and a wider 

diversity of jaw sites and prosthetic applications in both partially and completely edentulous 

adults. Of interest, it also appears that younger complete implant prosthesis patients who have 

been edentulous for shorter periods may be more susceptible to ongoing crestal bone resorption 

surrounding their implants than older patients who have been edentulous for longer periods. 

Further speculation about this will be deferred to the broader rnuItivariate study in chapter five 

designed specifically to isolate the effects of various age- and site-specific factors. Regardless, 

al1 oral implant patients should be advised of the Iikelihood of ongoing but usually modest crestal 

bone foss associated with oral implants, at least of the threaded titanium varïety, and that 

although this process is variable it is unlikely to jeopardize the stability of their implant prosthesis 

at least dumg the first two to three decades of use. 



Chapter Four 

ORAL IMPLANT SUCCESS PREDICTED BY AGE- AND SlT ESPEClFlC ASPECTS OF 
BONE CONDfTION 

INTRODUCTION 

It is almost a cliché that implant prosthodontic planning requires a careful assessrnent of 

the quantity and quality of host bone sites, Since variations of this admonishment have been so 

common, it has also become tempting to believe the corollary, that oral implant success, 

osseointegration, can be predicted by jawbone condition. Unfortunately, it has been difficult to 

demonstrate a scientific basis for this belief (Bryant 1998). Of course, excellent classic 

publications have verified the long-terni efficacy of cornplete dental implant prostheses of either 

the fixed or removable variety (Adell et al, 1990, Henry, Bower and Wall ? 995, Mericske-Stem 

1994, Zarb and Schmitt 1994, Zarb and Schmitt 1996a,b), and older adufts will do equally well 

with implant prostheses compared to younger adults despite their propensity for systemic bone 

loss and other medical and physical frailties (Bryant and Zarb 1998). Furthemore, evidence 

abounds that patients can anticipate a high mean rate of oral implant success, in the 90 percent 

range over 10 years, accompanied by mean cresfal bone loss proximal to the implants of less 

than 0.1 mm annually after the first year of function (Adell et al. 1981, Adell et al- 1990, Henry, 

Bower and Wall 1995, Zarb and Schmitt l996a,b). Despite this auspicious beginning, the 

problem remains whether rates of implant success or crestal bone loss can be predicted by age- 

or site-specific aspects of the condition of jawbone. 

On the surface, implant success does appear to be site-specific, as demonstrated by 

somewhat higher success rates reported for implants in the anterior mandible compared to the 

maxiila (Adell et al. 1990). Indeed, it is this site-specificity that offers one of the most cornpelling 

pieces of circumstantiat evidence to support the belief that jawbone condition is a primary 

determinant of oral implant success- Based on the Lekholm and Zarb (1985) (LZ) classification 

of jawbone quantity and quality, both advanced resorption (Type D or E) (van Steenberghe et al. 

1990, Bass and Triplett 1991, Smedberg et al. 1993, Hutton et al. 1995, Jemt and Lekholm 1995) 

and poor bone quality (Type 4) (Engquist et al. 1988, Jaffin and Bernian 1991, Johns et al. 1992, 

Bahat 1993, Hutton et al. 1995, Bahat 2000) have also been Iinked to lower than average oral 

implant success rates, although with conflicting results (Figures 10, 11). Nonetheless, the 

presurned effects of jawbone quantity and quality on oral implant outcomes may explain why 

implants in the maxilla seem to be associated with a greater risk of failure, and it may also help 

explain why implant failures tend to cluster in certain individuals (Weyant and Burt 1993). 

However, radiographic bone quantity and quality are not independent of each other, at least 

using the LZ classification, so it has been difficult to isolate the effect of each on oral implant 

success. A second problem associated with this research is that sites with advanced resorption 

(Type D or E), particularly in the maxilla, often demand the use of short (7 mm) implants causing 

results to be confounded by the effects of a reduced potential area of implant-bone interface. 



Furthemore, radiographie density measured by the LZ classification is clearly only a small part 

of what makes up bone quality in the context of an adequate osteogenic response around an 

implant. AI! three of these problems were confifmed in a thesis defended recently by Friberg 

(1 999) on the relationship behnreen bone quality and oral implant stability. 

Clarification of the problems associated with investigating this subject can be expected 

from improved understanding and documentation of preoperative bone quality measurements, 

either radiographically or by some other technique. A recent study could find no difference in 

short-term oral implant success based on specific assessments of either the histomorphomettic 

structure or the metabolism of the jawbone into which the implants were placed (Esteves et al- 

2001). On the other hand, the more profound influence on implant outcomes may be the effect 

of variations in bone quantity (especially the bone volume). Furthemiore, success in sites with 

compromised bone quantity, particularly in the maxilla, may be confounded by variations of 

implant length, bicortical stabilization (the extent to which both ends of the implant are 

embedded in cortical bone), and perforation of the implant apex through the opposing cortex, 

However, good clinical studies to investigate these factors would be difficult because a 

comparison of otherwise identical sites treated with and without bicortical stabilization or 

perforation would typicafly dernand implants of different lengths, thereby confounding the results. 

Careful multivariate studies are starting to tease apart the significance of these and myriad other 

factors, but more are needed. Furthemore, most of the studies published to date have failed to 

compile their results using survival analysis, the only approprÏate statistical technique for 

assessing outcomes with censored follow-up pen'ods typical of clinical data (Dawson-Saunders 

and Trapp 1994). 

This report forms part of an ongoing investigation to document the clinical effectiveness 

of diverse prosthodontic applications of the Brinemark implant system. This study aimed to test 

the hypothesis that oral implant success among complete implant prostheses cannot be 

predicted by the age- and site-specific aspects of bone condition, Short of a randomized 

controlled trial, which could not be used to test the proposed hypothesis because the predictive 

factors could not be assigned to randomized groups, or a matched cohort design, which proved 

impossible for assessment of the influence of jaw site and bone quantity and quality due to the 

smalf sample size available, the best method to analyze multiple potentiai contributing factors is 

a multivariate analysis technique defined broadly as one of the several forms of regression 

analysis (Mendenhall 1979, Wonnacott and Wonnacott 1985). A regression analysis will not 

completely compensate for the lack of a randornized controlled trial, but it is preferred when 

extraneous contributing factors cannot be held constant by randomized assignment or control 

group matching. In such circumstances, regression can permit analysis in a compensating way 

that will provide the same answer as if, in so far as possible, the extraneous contributing factors 

had been held constant. The only way to design the investigation was using an observationa1 



study approach, in this instance a histcrrical cohort design (Dawson-Saunders and Trapp 1994) 

involving oral implant outcornes in consecutively treated completely edentulous jaws. 

Specifically, the study used Cox regression analyses ta examine the possible prediction of oral 

implant outcomes, including the cumulative probability of oral implant survival and the 

cumulative probability of original prosthetic plan survival, by several independent factors 

representing primarily the age- and site-specific aspects of jawbone condition, Logistic 

regression was used to examine the possible predictio n of early oral implant outcornes. A 

cornpanion part of this study, reported in chapter five, assessed the same independent factors in 

relation to predicting crestal bone behaviour surrounding the implants. 

Table 16 Inclusion and exclusion critetia for multivan'ate implant study 

1. proposed prosthetic sites required adequate 1. a systemic health problem that precluded a 
mûrphology for surgical and prosthodontic rninor surgical procedure 
treatment 

Inclusion Criteria Exclusion Criteria I 

3. proposed prosthetic sites in patients 3. a history substance abuse 
maladaptive to an optimized traditional oral 
prost hesis* 

2. proposed prosthodontic treatrnent expected 
to result in physiologic occlusal load 
distribution 

1 4. a history of psychosis 

2. a lack of bone volume to accommodate 
oral implants at least 7 mm iong and 3.75 
m m  wide 

* maladaptive experience outlined in Table 9 

- - - 

MATERIALS AND METHODS 

Sample seleetion 

The essential outcomes of this study, implant success and crestal bone loss, were ones 

that could only be assessed over an extended petiod o f  observation. To facilitate this, the study 

sample was selected from an existing research database of patients treated consecutively with 

oral implant placement (stage-one) in the Implant Prosthodontic Unit (IPU) of the University of 

Toronto between October 1979 and May 1992, at least five years prior to the final date for data 

5. casmetic expectations that could not be 
satisfied with a pretreatment tooth 
arrangement or optimized denture. 

6. a history of major jaw surgery 

7. a history of head and neck radiation 



collection of Decem ber 1 5, 1 997. Baseci specifically on the inclusion and exclusion criteria in 

Table 16, the study sample involved 130 patients treated originally with 617 Brinemark implants 

(Nobel Biocare, Goteborg, Sweden) placed to stabilize 139 complete implant prostheses, 

From records collected before or at stage-one, the main potential predictive factors, 

recorded for each implant (mean value for each prosthetic site as appropnate), included patient 

age at stage-one (stage-one date minus birth date), arch involving the implant or prosthetic site 

(maxilla vs. mandible), side of the mouth involving the implant (right or left), position from the 

midline where the implant was located (1,2,3,4,or 5; approximately equivalent to the Iast digit of 

the Federation Dentaire Internationale tooth nurnbering system), and predominant radiographie 

bone quantity and quality of the implant site (rounded mean values for the prosthetic site) based 

on preoperative lateral cephalometnc and panoramic radiographs according to the classification 

system proposed by Lekholm and Zarb (1985) (A to E scale assigned ordinal values 1 to 5 

respectively). One observer, RB, made the bone quantity and quality assessments blinded to 

patient names or data on the assessment of other predictive factors or implant outcornes. A 

detailed investigation of reliabifity and validity of the LZ classification of jawbone quantity and 

quality is reported in chapter six. Three additional potential predictive factors related closely to 

the age- and site-specific aspects of jawbone condition were recorded including patient gender 

(male vs. female), years the bone site was edentulous at stage-one (mean value for the 

prosthetic site), and surgeon's assessment of bone texture at stage-one (hard, optimal, fair or 

poor assigned ordinal values 1 to 4 respectively; rounded mean value for the prosthetic site). 

This study was not designed to assess the potential influence of factors related to 

systemic health, implant matenal and design, surgical technique, or prosthetic loading or other 

ecological insults such as smoking behaviour. Nonetheless, to the extent possible factors 

reflecting these categones were accounted for because of their potential to confound or weaken 

the results. AIthough age-related, systemic health was not included in the analysis because the 

extent of medical history documentation vaned widely and more extensive studies of the 

potential influence of systemic health were intended outside the confines of this project. 

Fortunately, factors related to the implant material and design, and the surgical technique were 

kept relatively consistent throughout the IPU study so they were considered to be less likely to 

confound the results. For example, only threaded commercially-pure titaniurn Brznemark 

implants were used, and the surgical and prosthodontic protocols was also standardized as will 

be described. The implant length (7, 8.5, 10, 13, Y 5, 18, or 20 mm, mean length for the 

prosthetic site) was recorded, in addition to the type of Branemark implant (standard, or self- 

tapping; presence or absence of self-tapping implants for the prosthetic site), presence or 

absence of bicortical sta bilization of the implant (based on post-operative radiographs; presence 

of absence bicortical stabilization for the prosthetic site), presence or absence of perforation of 

the implant through the opposing cortex (based on post-operative radiographs; presence of 



absence of perforation for the prosthetic site), name of the surgeon at stage-one (assigned 

nominal values 1 to 14), length of the pre-loading healing penod in years (prosthesis loading date 

minus stage-one date; mean value for the prosthetic site), name of the dentist who placed the 

first prosthesis (assigned nominal values 1 to 27). original prosthetic plan (overdenture vs. fixed), 

actual prosthesis at loading (overdenture vs. fixed), presence o r  absence of the implant being in 

a terminal position adjacent to the distal free-end cantilever of a fixed prosthesis at loading, and 

status of the opposing dentition (compiete denture vs. removable partial or overdenture vs- fixed 

prosthesis or natural dentition assigned ordinal values 1 to 3 respectively). To reduce the 

potential confounding influence of prosthetic loading, the study was Iimited to investigate only 

those prosthetic sites planned for complete implant prostheses. Future investigations could be 

designed to include sites planned to support partial prostheses. Unfortunately, this effectively 

Iimited the study to implants in Zone 1 (anterior to a vertical Iine passing through the mental 

foramina) since the overwhelrning majority of Zone II (posterior to Zone 1) implants in the IPU 

database were used to support fixed partial prostheses. 

Table 17 Prosthetic plans at stage-one for multivanate implant study 

Maxilla Mandible Total (%) 
[n implants] [n implants] [n implants] 

Complete fixed 

Complete overdenture 

Prostheses pIanned (%) 25 (1 8%) 1 14 (82%) 139 (1 00%) 
321 [485] Pl71 

At stage-one the study sample included 78 patients with 456 Brsnemark implants piaced 

to stabilize 83 complete fixed prostheses and 54 patients with 161 Brinemark implants placed to 

stabilize 56 complete overdenture prostheses (Table 17). 1 14 (82%) of the prosthetic sites with 

485 original implants involved the mandible, and 99 (71%) of the sites with 427 original implants 

involved female patients, Most of the patients were planned for one prosthesis, however, five 

patients were planned for a fixed prosthesis in both arches, two patients were planned for an 

overdenture prosthesis in both arches, and two patients were planned for both a mandibular fixed 

prosthesis and a maxillary overdenture prosthesis. Planned complete fixed prosthesis sites each 

had an average of five or six implants placed, compared to an average of two or three implants 

for planned overdenture prosthesis sites. The patients ranged from 14.9 to 81 .O years of age at 

stage-one (mean 54.4 years by prosthetic site) (Table 18). The mean preoperative jawbone 



quantity of the prosthetic sites among the sample was 2.9, and the mean preoperative jawbone 

quality was 2.5 (Table 18). 

Table 18 Percent frequency of prosthetic sites by key factors 

% Frequency of Prosthetic Sites by Group 
Factor Arch 1 2 3 4 5 

(years) (< 35) (35-44) (45-54) (55-64) 65) 

Age Group Maxilla 12% 20% 28% 28% 12% 
Mandible 7% 1 2% 29% 30% 22% 

(years) C< 1) (2-4) (5-9) (10-24) (L 25) 

Years Edentulous k'laxilla 28% 8% 16% 44% 4% 
Mandible 10% 10% 13% 40% 27% 

(type) CA) (BI (Cl (Dl (El 
LZ Jawbone Quantity î'&~illa 12% 56% 28% - 4% 

Mandible 13% 26% 22% 25% 14% 

Mandible 11% 46% 39% 4% - 

A majority of the onginal implants in this study, 573 (93%), were placed in the incisor or 

canine tooth sites, whereas 39 (6%) of the implants were placed in the first premolar tooth sites, 

and 5 (1%) were placed in the second premolar tooth sites, Furthermore, al1 of the prosthetic 

sites involved Zone I implants, and only 3 of the sites also involved Zone II implants, al1 three of 

which were planned for maxillary fixed prostheses. Approximately equal numbers of original 

implants were placed on the right and left sides of the jaws, 309 and 308 respectively, with each 

of the maxillary quadrants receiving just over 10% of the original implants compared to just 

under 40% for each of the mandibular quadrants. The number of years each prosthetic site had 

been edentulous at stage-one ranged from 0-1 to 42.0 years (mean 14.9 years by prosthetic site) 

(Table 18). Furthermore, 15% of the prosthetic sites had been edentulous for less than one year 

at stage-one compared to and 21% that had been edentulous for 25 of more years. 

Approximately three-quarters of the implants were placed in what the surgeon considered to be 

optimal bone at the time of stage-one. In comparison, neariy 1 out of every 10 implants was 

placed in poor bone according to the surgeon. Over 80% of the original implants were 10 or A 3 

mm in length, whilst only 3% were less than 10 mm and the balance were greater than 13 mm. 

95% of the implants were the Standard Ersnemark type and the balance were the Self-tapping 

Brgnemark type. 255 (41 %) of the implants were placed with bicortical stabilization, 1 16 (1 9%) 

of which also perforated the opposing cortical bone. Neariy 60% of the original implants were 



placed by two surgeons, JS and PB, with an additional 33% of the implants placed by surgeons 

PIB, GB, GS and TJ. Eight other surgeons placed the remaining 8% of the implants. In total, 

the study sample had 95 prosthetic sites (68,3%) opposed by a complete denture, 20 prosthetic 

sites (14.4%) opposed by either a removable partial or overdenture, and 24 prosthetic sites 

(17.3%) opposed either a fixed prosthesis or natural dentition. 

Pre-operative protocol 

The source of patients treated with implants in the IPU was threefold including seff- 

referral, referral frorn other clinics in the Faculty of Dentistry, and referai from private dentists 

and dental specialists. Prior to stage-one surgery, each patient and each proposed prosthetic 

site had been assessed by a prosthodontist using an appropnate combination of  patient interview 

and clinical and radiographic examinations. As required, photographs and diagnostic casts, wax- 

ups and set-ups were also included in the assessments. The radiographic examinations involved 

one or more periapical, occlusal, panoramic, lateral cephalornetric, and/or tomographic 

radiography modalities. The panoramic radiographs normally involved Kodak T-Mat G/RA 

panorarnic PAN/TMG/RAJ, 5 x 12 inch radiographic film (Eastman Kodak, Rochester, NY, USA) 

used in combinafion with an extraoral panoramic x-ray machine (Siemens Orthopantomograph 

10) typically set at 75 kVp and 6mA for 15 seconds. The Iateral cephalometric radiographs 

nomally involved Kodak T-Mat G/RA TMGIRA-1, 8 x 10 inch radiographic film (Eastman Kodak, 

Rochester, NY, USA) used in combination with an extraoral x-ray machine (General Electric 

Canada DXD-350 II) typically set at 74 kVp and 100L mA for 0.25 seconds. The films were 

developed with appropriate fresh chemical solutions in an automatic procesor (Siemens DENT- 

X 9000). 

A diversity of chief compiaints had been documented at the initial interviews with the 

patients. A common theme among the patients was persistent maladaptation to wearing 

dentures, related primarily to a lack of denture stability as elaborated by Zarb and Schmitt 

(1990b) (Table 9). Patients had been excluded from implant treatment in the IPU if they had a 

systemic health problem that precluded a minor surgical procedure, a lack of bone volume to 

accommodate implants at least 7 mm long and 3.75 mm wide, a history drug abuse or psychosis, 

or cosmetic expectations that could not be satisfied with a pretreatment tooth arrangement or 

optimized denture, 

The proposed treatment plan, including financial obligations and risks and benefits, had 

been documented and discussed in-depth with each patient in advance of implant surgery. In 

preparation for surgery, the patient and applicable records, including an acrylic surgical template 

to guide optimal implant positioning, had then been examined by oral surgeon or a periodontist. 

Prior to commencing, each patient consented to the proposed treatment according to a wn'tten 

consent f o m  (Appendix II). 
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Figure 24 Complete overdenture prostheses implant loading period 

M = Migration; D = Death; R = Removal of al1 remaining implants 

Surgical and prosthodontic protocols 

According to a standardized surgical protocol (Adell, Lekholm and Brinemark 1985, Zarb 

and Schmitt 19913a) provided by staff or residents in the IPU, stage-one surgeiy involved the 

gentle preparation of host bone sites and insertion of Brinemark implants guided by the surgical 

template followed by suture placement to obtain pn'mary closure of the mucosa. The patients 

were not permitted use of their denture for two weeks following stage-one. After this initial 

healing period, the tissue surface of the denture base was hollowed out and relined with a soft 



Iining materiai and the patient was instmcted in its use to minimize tissue trauma and load on the 

implants. One patient did not retum for stage-two surgery and placement of an implant 

prosthesis. This patient had presented pnor the end of the recommended healing period for the 

removal of a loose rnaxillary implant that had dehisced through the soft tissues. All other 

patients had the implants uncovered surgically (stage-two) after an average healing period of 

four to six rnonths, followed by prosthetic loading an average period of nine months (five to 

twenty-five months) after stage-one, and at least four years prior to the final date for data 

collection o f  December 15, 1997 (Figures 23, 24). 

Accurding to a standardized prosthodontic protocol (Zarb and Jansson 1985, Zarb, 

Jansson and Jemt 1985, Zarb and Schmitt i990b) provided by staff or residents in the IPU, 

stage-two was followed by a brief healing period typically of two to four weeks before initiating 

prosthodontic procedures to fabricate the final prosthesis. Prosthesis fabrication involved five 

essential clinical elements prior to its completion and inserti~n including: 1) final impression 

procedures including the selection and placement of transmucosal abutments nomally in 

advance, 2) confirmation and correction of the accuracy of the final cast using a ngid acrylic 

splint, 3) jaw-relation and other records as required to guide the tooth set-up, 4) confirmation and 

correction o f  the tooth set-up to facilitate the design and fabrication of the metal substructure of 

the prosthesis, and 5) confirmation and correction of the passivity of the metal substructure- At 

insertion, the prosthesis was refined to meet esthetic and functional requirements, the 

appropn'ate screws were tightened to prescribed levels, nomally 20 Ncm for abutment screws 

and 10 Ncm for prosthetic screws, and thorough oral hygiene and follow-up instructions were 

provided. F a  the fixed implant prostheses, standardized screw-retained transmucosal 

abutments were used to stabilize a screw retained n'gid metal substructure on which acrylic teeth 

were processed. For the overdenture prostheses, standardized screw-retained transmucosal 

abutments were usually used to stabilize a screw-retained DoIder bar that perrnitted stabilization 

of the denture via a metal clip in the denture base. As an alternative design, magnetic 

attachments were used in a minority of maxillary overdenture sites. Invariably, the prosthodontic 

aim was a therapeutic physiologie occlusion (Mohl et al. 1988) providing adequate interocclusal 

distance, bilateral centric stops, and multidirectional freedom of movement in occlusal contact in 

a fashion that was satisfactory to the patient and that avoided causing signs and symptoms 

related to functional loading of the temporomandibular joints and masticatory musculature, the 

periodontium and implant-bone interface, and the teeth and prosthetic hardware. 

Follow-up protocol 

Reg ular, usually annual, follow-up examinations by staff or residents in the IPU included 

standardized clinical and radiographie assessments of individual implants with the prosthetic 

hardware removed as described by Albrektsson et al. (1 986) and revised by Zarb and 



Albrektsson (1998). Implants demonstrating clinical mobility, as descnbed in chapter one, were 

removed from the jaw and recorded as failed. Standardized periapical radiographs of each 

implant were exposed using a special holder attached to each implant abutrnent (Cox and 

Pharoah 1986)- The holder was designed to control imaging geometry by aligning the film a 

standard distance (100 mm) frorn the x-ray cone, parallel to the long axis of the implant and 

perpendicular to the x-ray beam. To improve patient cornfort, a modified holder was developed 

subsequently to permit sorne vertical movement of the holder in the rnouth whiIst rnaintaining al1 

of the standardized aspects o f  imaging geometty (Chaytor et al- 1991)- Kodak Ultraspeed 

double-packed size-two radiographic film (Eastman Kodak, Rochester, NY, USA) was used in 

combination with an intraoral x-ray machine equipped with a long cone (SS White, Penwalt, 

lntrex Model2426, 120 Volt, 500160 Hz, 12.5 Amps) set at 70 kVp and 1 OmA for 0.28 seconds. 

Films were developed with appropriate fresh chemical solutions in an automatic processor 

(Siemens DENT-X 9000). 

Outcomes assessrnent 

For each implant and prosthetic site, the dates of stageone, stage-two and prosthetic 

Ioading were documented in addition to the dates of follow-up examinations and implant failure 

or censoring. Outcomes were recorded on the basis of implant success, prosthesis plan survival, 

and radiographic crestal bone levels and their time dependent changes, the latter being reported 

in chapter five. The initial calculations of implant success, incfuding early implant success and 

overall and late implant survival analyses, considered each original implant as an independent 

unit of analysis according to current scholarly standards. Early implant success was calculated as 

the proportion of successful original implants at implant loading (prosthesis insertion) excluding 

implants lost to follow-up for any reason other than failure. Overall implant suwival was based 

on the number of years between implant insertion (stage-one) and implant failure, analyzed with 

a pre-loading period and annual periods after loading. Late impiant survival was based on the 

number of years between prosthesis insertion and implant failure, anaiyzed only with annual 

periods after Ioading. By definition, late implant survival was limited only to the original implants 

that were actually loaded with a prosthesis, whereas early implant success and overall implant 

survival potentially included al1 original implants. 

To be more statistically complete, implant success was also calculated using each 

prosthetic site as an independent unit of analysis (also using suwival analysis for censored data). 

Prosthetic-site implant survival was based on the number of  years between stage-one and the 

first implant failure in the prosthetic site, analyzed with a pre-loading period and annual periods 

after loading . 

Prosthesis plan survival was also calculated using survival analysis based in this 

instance on the number of years between stage-one and when the original prosthetic plan had to 



be revised for any reason, again analyzed with a pre-loading period and annual periods after 

loading. Revision of the original prosthetic plan included the placement of an implant 

overdenture prosthesis or a traditional complete denture where a fixed implant prosthesis was 

ptanned, or the placement of a fixed implant prosthesis or traditional complete denture where an 

implant overdenture was planned. 

In al1 instances suwival calculations were based on the cumulative probability of success 

at the midpoint of each time interval. The implant or prosthesis survival data were censored 

from further analysis if they continued to be successful after December 15, 1997, or if they could 

not continue to be documented because the patient was lost to follow-up pnor to December 15, 

1997 due to death or migration including a Iack of attendance at the IPU clinic. The data for 

osseointegrated implants that were "put to sleep", Le. lef? unconnected to the prosthesis for any 

reason other than failure, pnor to December 15, 1997, were also censored from the further 

analysis. 

Statistical analysis 

Multivariate analysis of the relationship between potential predictive factors and early 

implant success was conducted using the logistic regression function of SPSS software (SPSS 

Inc-) on a personal computer, as appropriate for the multivariate analysis of dichotomous 

outcomes without censored data. In contrast, the multivariate analysis of the relationship 

between potential predictive factors and the various implant and prosthesis plan suwival data 

was conducted using the Cox regression function of SPSS software, developed by Cox (1 972) as 

the proportional hazards model for muitivaffate survival analysis with censored data. Each 

potential predictive factor was entered as a numencal vanable into the SPSS data editor. The 

predictor variables were included in the multivariate regression testing if they initially 

demo~strated at least an independent statistically borderline significant (pc.15) association to the 

outcome in question as descn'bed below. The multivariate analyses were conducted using a 

forward likelihood ratio at pc.05 for stepwise entry of variables into the model and pc.1 O for 

stepwise removal of variables from the model. Each of the resulting multivanate models was 

associated with an overail chi-square statistic in addition to a Wald statistic and hazard ratio 

estimate for each vanabIe in the model independent of the other variables. Cumulative survival 

curve graphs, using the independent survival analyses, were developed for each of the nominal 

and ordinal variables retained as statistically significant in the multivariate suwival models. 

For early implant success outcornes, the independent samples t-test or ANOVA 

functions of SPSS software, and their nonparametric equivalents the Mann-Whitney or Kniskal- 

Wallis functions respectively, were used initially to test for at least an independent statistically 

borderline significant (pc.15) association between the outcome and each of the nominal and 

ordinal variables: gender (gen), original prosthetic plan (pros), opposing arch condition (opp), 



dental arch (arch), side (side), FDI tooth numbering position (pos), implant type (type), bicortical 

stabilization (bico), perforation of the opposing cortex (perf), LZ jawbone quantity (quan), LZ 

jawbone quality (qual), and surgeon's sense of bone texture (tex). For reference, a summary of 

al1 the short-fonn variable names is given in Table 19, Also analyzed in the same mannerwere 

each of several continuous variables recoded as ordinal vatiables using the SPSS data editor 

based on frequency, including: implant length (den) with values 1 to 4 refiecting less than 10 

mm, 10 mm, greater than 10 mm up to 13 mm, and greater than 13 mm respectively, age at 

stage-one (rage) with values 1 to 5 reflecting less than 35 years, 35 to less than 45 years, 45 to 

iess than 55 years, 55 to less than 65 years, and 65 years or older respectively, years edentulous 

at stage-one (ryred) with values 1 to 5 reflecting 1 year or les,  2 to 4 years, 5 to 9 yearç, 10 to 

24 years, and 25 years or greater respectively, and pre-loading period (rtoad) with values 1 to 4 

reflecting l e s  than 7 months, 7 to less than 8 months, 8 to Iess than 10 months, and 10 months 

or greater respectively. Similariy analyzed was a nominal variable representing the name of the 

stage-one surgeon (rsurg), having been recoded using the SPSS data editor based on the 

frequency of implant placement by the different surgeons, The recoded variable was assigned 

values 1 to 7 reflecting six surgeons with the highest frequencies in addition to an "othef group 

for pooled data associated with eight other surgeons who each placed very few implants. In the 

context of a multivatiate analysis, a nominal variable like rsurg with more than two groups can be 

present difficulty in deciding how best to include the data. Consequently, the rsurg variable was 

further recoded and analyzed using six nominal "dummy" variables (rsurg(1 to 6)) each assigned 

values O and 1, with 1 representing a different one of the six surgeon names recoded previously, 

and O representing ail other surgeon narnes. In addition, the logistic regression function of SPSS 

software was used to examine for at le& independent statistically bordedine significant (pc.15) 

associations for each of the continuous variables: age at stage-one (age), and years edentulous 

at stage-one (yred). The recoded ordinal variables for implant length (rien) and pre-loading 

period (rload) were favored over the original continuous variables for implant length and pre- 

loading period (len and load) because the continuous versions were considered to poorly 

distributed to be used for statistical testing. Logic dictated that the multivariate analysis of early 

implant success not include variables reflecting the actual prosthesis at loading, the presence or 

absence of the implant being loaded adjacent to the distal free-end cantilever of a fixed 

prosthesis, or the name of the dentist who placed the first prosthesis, since the conditions 

represented by these variables were not influential until at least after stage-two when most or al1 

of the early implant failures had already occurred. 

For implant and prosthesis plan survivaI outcornes, the life-table survival function of 

SPSS software was used initially to examine for at least an independent statistically borderline 

significant (pc.15) Wilcoxon statistic association for each of the nominal and ordinal variables 

just described, including the recoded continuous variables and the recoded nominal variables 



representing the name of the stage-one surgeon. Similarly analyzed in relation to late implant 

survival outcomes were three additional nominal variables: the actuai prosthesis at loading 

(prosa), the presence or absence of the implant being in a terminal position adjacent to the distal 

free-end cantiIever of a fixed prosthesis at loading (tem), and the name of the dentist who 

inserted the first prosthesis (rprosl), the latter variable having been recoded using the SPSS 

data editor based on the frequency of prosthesis placement by the different dentists- The 

recoded variable was assigned vaIues 1 to 6 reflecting five dentists with the highest frequencies 

in addition to an "othef group for pooled data associated with twenty-one other dentists who 

each placed very few prostheses. As with the recoded rsurg variable, the rprosl variable was 

further recoded and analyzed using five nominal "durnmy" variables (rprosl(1 to 5)) each 

assigned values O and 1, with 1 representing a different one of the five dentist names recoded 

previously and O representing the names of al1 other dentists who placed implant prostheses. In 

addition, the Cox regression survival function of SPSS software was used to examine for at least 

independent statistically borderline significant (pc.15) chi-square and Wald statistic associations 

for each of the continuous variables: age at stage-one (age), years edentulous at stage-one 

(yred). As in the early implant success analysis, the recoded ordinal variables rien and rload 

were again favored over their original continuous versions. Logic also dictated that the 

multivariate analysis of overall implant survival, prosthetic-site implant survival, and prosthetic 

plan suwival not include the prosa, tem,  or rprosl variables since the conditions represented by 

these variables were not influential until at least after stage-two, 

RESULTS 

Early implant success 

Prior to prosthetic loading the study sample had 42 original implants removed because 

of a lack of osseointegration, expressed clinically as mobility often accompanied by a radiolucent 

space at the implant-bone interface. By the loading date, one additional impiant also 

demonstrated mobility and a radiolucent space, but the patient would not permit its removal for 

more than three years. For the purposes of statistical analyses in this dissertation. the mobile 

implant was considered failed at the time of loading bringing the number failures to 43. In a 

limited number of sites osseointegrated implants had to be "put to sleepn. The study sampfe had 

8 such implants at the time of prosthesis insertion. Implants placed to compensate for losses 

were not included in the calculation of implant survival. At the time of prosthesis placement, the 

study sample had 566 original implants loaded plus 4 of 5 replacement implants. The proportion 

of ear!y implant success was 929% among the 609 original implants available for assessment. 



Table 19 Short-fonn variable names used for statistical analyses and reporting 

rage age at stage-one (recoded 1-5) 

Variable 

arch dentai arch 

Associated Factor 

side* side of mouth 

age age at stage-one 

pos* FD1 footh position 

sur* proximal surface 

quan LZ jawbone quantity 

qua1 LZ jawbone quality 

Wn gender 

yred years of edentulism 

r~ red  years of ederrtuiisrn (iecoded 1-5) 

tex sense of bone texture 

rien implant length {recoded 1-4) 

t~ P implant type 

bico bicortical stabilization 

Perf perforation of opposing cortex 

EU rg surgeon (recoded 1-7) 

rsurg(1-6) surgeon (6 dummies) 

rload healing pefiod before load (recoded 7-41 

rprosl restorative dentist (recoded 1 -6) 

rprosl(1-5) restorative dentist (5 dummies) 

pros original prosthetic plan 

prosa actual prosthesis 

OPP opposing arch condition 

fem* terminal cantilever position 

* not including the prosthetic-site level of analysis 

- - 

Values 

14 - 81 years 

~ 3 5 ,  35445, 45455, 55-<65,-5 years 

Maxilia,. Mandible (O, 1) 

Right, Lefi (O, 1) 

1,2,3,4,5 

mesial, distal (0, 1) 

A, 6, C, D, E 

1 , z  3, 4 

male, fernate (O, 1) 

0.1 - 42 years 

4 ,24,  5-9, IO-24,225 - 
bard, optimal, fair, poor (1, 2, 3, 4) 

<10,10, 13,213 mm 

standard, self-tap (1, 2) 

no, yes (0, 1) 

no, yes (0, 1) 

1,2,3,4, 5 6 ,  Other 

O, 1 

< 7, 7 - 4 , 8 - 4  Q,>10 months 

1,2, 3, 4, 5, Other 

overdenture, fixed (0, 1) 

overdenture, fixed (0, 1) 

complete denture, partial or overdenture, 
fixed prosthesis or teeth (1, 2, 3) 

no, yes, overdenture (0, 1, blank) 



The initial statistical testing demonstrated a significant independent association (pe.05) 

between the eariy implant success outcome and each of several predictor variables including: 

pros, den, rsurg, and rsurg(1) (Table 20). Several other variables demonstrated independent 

statistically borderline significant (pc.15) associations with the eariy implant success outcome 

including: bico, tex, rioad, and rsurg(3). 

Table 20 Independent associations with eariy implant success 

Variable p value Early Implant Success by Group (%) 

3 1 2 3 4 5 6 7 

pros 0.026 96.2 91.8 - - - - - - 
rlen 0.01 8 - 100-0 90.2 94.9 98.1 - - - 

SuQ 0.026 - 89.0 95-1 98.8 93.9 92.2 100-0 90-0 

bico 0.051 91-3 95.2 - - - - - - 
tex 0.1 39 - 93.3 94.1 90.9 85.0 - - - 

rsurg(3) 0.060 92-1 98.8 - - - - - - 
Table 19 describes short-form variable names 

Utilizing these variables, initially including rsurg (with SPSS categorical indicator coding) 

rather than the rsurg(1 to 6) durnmy variables, the first multivariate logistic regression (model 1) 

demonstrated a significant predictive relationship (overall chi-square p<.O1) between early 

implant success and two variables including: rien and bico (Table 21). the significance o f  each 

being independent of the other factors in the study. Based on this, model 1 suggested that the 

odds of early implant failure among implants with bicortical stabilization was approximately half 

that of implants without bicortical stabilization. Similarly, the odds of early implant failure was 

approximately halved with each increase in implant length group from 1 to 4. The model I 

logistic regression equation for predicting earfy implant success was: 

p, = 1 1 (1 + ExM-[(-0.946) + (-0.71 3 x bico) + (-0.576 x rlen)])) 

where Exp indicates that the base of the natural logarithm (2.718) is to be 
taken the power shown in parentheses 

For example, model 1 predicts that a 13 mm implant (rIen value 3) with bicortical 

stabilization in the study sample has a probahility of early implant success equal to 97%: 



By compaflson, model 1 predicts that a 10 mm implant (rlen value 2) without bicortical 

stabilization has an early implant success probability of 89%. 

Table 21 Model 1 predictors of earfy implant success 

Varia bIe p value B E ~ P  (BI 95% Confidence Interval 

(Odds Ratio) Lower U P P ~ ~  

rlen 0.014 -0.576 0,562 0.355 0.890 

bico 0 .O44 -0.71 3 0.490 0.245 0.980 

constant 0.099 -0.946 - - - 
Table 19 describes short-fom variable names 

Utilizing the same predictor variables, except including the rsurg(1 to 6) dummy 

variables rather than rsurg, the second multivaïiate fogistic regression (rnodel 2) demonstrated a 

significant predictive relationship (overall chi-square pc.01) between eariy implant success and 

two variables, bico and rsurg(1) (Table 23, the significance of each being independent of the 

other factors in the study. Mode12 predicted that the odds of early implant failure among 

implants with bicortical stabilization was approxirnately half that o f  implants without bicortical 

stabilization. However, the predictive value of bico in this mode! can be questioned because the 

95% confidence intervals of the odds ratio estimate for bico just exceeds 1, casting some doubt 

on the validity of the model. The model also predicts that the odds of early implant failure 

among implants placed by surgeon 1 was more than double that of implants placed by the other 

surgeons. The mode12 logistic regression equation for predicting eariy implant success was: 

p, = 1 / (1+ ExH-[(-2.700) .t (-0.683 x bico) + (0-888 x rçurg(1))l)) 

For example, model 2 predicts that an implant placed without bicortical stabilization by 

surgeon 1 in the study sample has a probability o f  eariy implant success equal to 86%, compared 

to 97% for an implant placed with bicorticai stabilization by a surgeon other than surgeon 1. 

Table 22 Mode1 2 predictors of early implant success 

Variable p value B E ~ P  (6) 95% Confidence Interval 
(Odds Ratio) Lower U P P ~ ~  

bico 0 .O53 -0.683 D.505 0.253 1 .O01 

constant 0.000 -2.700 - - - 
Table 19 describes short-form variable narnes 

To better understand the apparent inconsistency between the models, the crosstabs 

function of SPSS software was used to uncover a statistically signifiant relationship (chi-square 



pc.001) between rlen and both rsurg and rsurg(1). Specifically, in excess of 94% (188 of 199) of 

the implants placed by surgeon 1 were I O  mm in length, whereas an average of  only 40% of the 

implants placed by the other surgeons were I O  mm in length. Furthermors, 4% (8 of 199) of the 

implants placed by surgeon 1 were Iess than 10 mm in length, accounting for nearly half of al1 

such implants (8 of 19) in the study. Unfortunately, the data were too Iimited in number to 

distinguish whether surgeon 1 had lower early success because he placed more shorter implants 

that were more vulnerable to early failure compared to other surgeons, andhr that the 1 0 mm 

implants in this study were more vulnerable to early failure because they were placed 

predominantly by surgeon 1 whose technique was prone to failure. A recent review by Sennerby 

and Roos (1998) confimed that both are proven risk factors for implant failure. Notwithstanding 

these findings, the den variable demonstrated an inconsistent relationship with early implant 

success since implants of less than 10 mm had 100% early success, whereas otherwise early 

success was progressively lower with decreased implant lengths (Table 20). This inconsistency 

alone weakens the extemal vafidity of mode1 1. 

Cumulative implant survival 

Follow-up examinations were conducted over an average of 9 years, 8 years among the 

planned overdenture sites and 10 years among the planned fixed prosthesis sites (Figures 23, 

24). By December 15, 1997, between 4 and 17 years had passed since prosthetic loading, and 

65 (47%) of the prosthetic sites had been followed with an implant prosthesis for at least ten 

years. Also a majority of the patients continued to be available for follow-up. Among them were 

102 patients with 438 original implants supporting 108 prostheses, including 326 implants in sites 

planned for fixed prostheses actually supporting 59 fixed prostheses and 8 overdentures, and 

112 implants in sites planned for overdentures actually supporting 40 overdentures and 1 fixed 

prosthesis. During the study there had been 6 failures among a total of 8 replacement implants. 

The migration or death of 10 patients planned orïginally for 12 fixed prostheses censored 58 

original implants from follow-up at various times during the study, whilst the migration or death of 

13 patients planned otiginally for 13 overdenture prostheses censored 31 original implants from 

follow-up. In addition, the study sarnple had 14 original osseointegrated implants "put to sleepn 

at various points during the study for reasons other than failure. 

By the most recent follow-up, the study sample had 73 original implants removed 

because of osseointegration failure associated with dinical rnobility and often accompanied by a 

radiolucent space at the implant-bone interface. The cumulative overall implant survival of 

original implants was 85.5%, and the majority of the implant failures, 52 (71 %), occurred by the 

end of the first year of loading (Table 23). The cumulative late implant survival (survival after 

prosthetic loading) of the original implants was 91 -9%- An extensive analysis of crestal bone 

level behaviour proximal to the implants has been reported in chapter five. 



Table 23 Cumulative implant survival 

Censored implants 

Tirne period Implants Death or Put to Implants Implants lnterval Cumulative 
entering migration sleep exposed failed survival survival 

insert to load 
Load to 1 year 

1 to 2 years 

2 to 3 years 

3 to 4 years 

4 to 5 years 

5 to 6 years 

6 to 7 years 

7 to 8 years 

8 to 9 years 

9 to IO years 

10 to Il years 

11 to 12 years 

12 to 13 years 

13 to 14 years 

14 to 15 years 

IS to 16 years 

period to risk (%> (%> 

61 7 O 8 673 43 93.0 93-0 

The initial statistical testing demonstrated a significant independent association (pc.05) 

between the cumulative overall implant sutvival outcome and each of several predictor variables 

including: rlen, bico, ryred, quan, qual, tex, rioad, rsurg, and rsurg(6) (Table 24). Several other 

variables demonstrated independent statistically borderline significant (pc.15) associations with 

the cumulative overall implant survival outcome incfuding: gen, opp, pos, rage, yred, rsurg(l), 

rsurg(3), and rsurg(4). 

Utilizing these variables, initially including yred instead of ryred, and rsurg (with SPSS 

categorical indicator coding) rather than the rsurg(1 to 6) dummy variables, the first rnultivariate 

Cox regression (mode1 1) demonstrated a significant predictive relationship (overall chi-square 

p<.001) between cumulative overall implant survival and six variables including: gen, rlen, bico, 

yred, quan and qua1 (Table 25, Figures 25,26, 27, 28, 29, 30), the significance of each being 

independent of the other factors in the study. Model 1 suggested that the hazard of cumulative 

overall implant failure among implants in fernale patients was approximately half that of implants 

in male patients. Sirnilarly, the hazard of cumulative overall implant failure among implants with 

bicortical stabilization was approximately half that of implants without bicortical stabilization. 



The hazard of cumulative overall implant failure was approximately halved with each increase in 

implant length group from 1 to 4. and was reduced by approximately 5% with each year 

edentulous increase. The hazard of cumulative overalt implant failure was nearly doubled with 

each increase in LZ jawbone quantity group from A to E, and was increased by approximately 

35% with each increase in LZ jawbone quaiity group from 1 to 4, However, the predictive value 

of qua1 can be questioned because the 95% confidence interval for the hazard ratio associated 

with qua1 fell just below 1. 

Table 24 lndependent associations with overall implant survival 

Variable p value Cumulative Overall Implant Survival by Group (%) 

O 1 2 3 4 5 6 7 

quan 0.000 - 94.6 90.6 76.0 92.5 67.0 

tex 0.048 - 93.4 89.1 79.2 72.9 - - - 

rsurg 0.031 - 81.9 95.1 93.8 84.2 91.6 100.0 89.6 

rage 

yred 0.097 " Exp (6) Hazard Ratio for failure = 0.98 per year edentulous increase 

rsurg(l) 0.057 90.1 81.9 - - - - - 

tsufg(4) 0.100 87-0 84.2 - - - - - - 
TabIe 19 describes short-fom variable names 
' applies to paiwise comparison but not overall 
" Cox regression applied to test continuous variable yred 

Utilizing the same predictor variables, except including the rsurg(1 to 6) dummy 

variables rather than rsurg, the second multivariate Cox regression (mode1 2) demonstrated a 

significant predictive relationship (overall chi-square pc.001) between cumulative overall implant 

survival and three variables including: rien, qua1 and rsurg(4) (Table 26, Figures 26, 30, 31), the 

significance of each being independent of the other factors in the study. Model 2 suggested that 

the hazard of cumulative overall implant failure was approximately halved with each iricrease in 

implant length group from 1 to 4, and was increased by approximately 55% with each increase in 



LZ jawbone quality group from 1 to 4, Also the hazard o f  cumulative overall implant failure 

among implants placed by surgeon 4 was increased by neariy 75% cornpared to implants placed 

by the other surgeons. The latter variable was significant by virtue of 25 failures among 167 

implants placed by Surgeon 4 resulting in a moderately, but significantly, below average 

cumulative overafl implant survival of 84.2% (Table 24). 

Table 25 Model i predictors of overall implant suwival 

Variable p value B E ~ P  (B) 95% Confidence Interval 
(Hazard Ratio) Lower UpPer 

rien 0.003 -0.573 0,564 0.387 0 -822 

bico 0.016 -0,798 0,450 0.236 0.861 

yred 0,004 -0.048 0.953 0.922 0.984 

quan 0.000 0,636 1,890 1.396 2.558 

qua1 0-081 0.305 1-357 0.963 1-91 1 

Table 19 describes short-form variable names 

Table 26 Model 2 predictors of overall implant survival 

Variable p value B E ~ P  (BI 95% Confidence lnterval 

(Hazard Ratio) Lower Upper 

rien O ,000 -0.764 0.466 0.324 0.670 

t=a@) 0.032 0,556 1 -742 1 .O50 2.890 
Table 1 9 describes short-fonn variable names 

Very similar models, and hazard ratio estimates, resulted by substituting ryred for yred in 

the original regression testing models, except that the significant variables from both the model 1 

and 2 regressions included: gen, rien, bico, i-yred, quan, and qual, in addition to rsurg(6) for 

model 1 only, again the significance of each being independent of the other factors in the study. 

As expected the Exp(b) result was different for ryred, approximately 0.7 in both models A and 2, 

compared to yred, 0.95 for the original model 1, suggesting that the hazard of  cumulative overall 

implant failure was reduced by approximately 30% with each increase in years edentulous group 

from 1 to 5. In addition, for model 1 the hazard of cumulative overall implant failure among 

implants placed by surgeon 6 was reduced by nearly 100% compared to implants placed by the 

other surgeons. The context in which the latter result occurred was that surgeon 6 placed 45 

implants among which no failures were found for the duration of the study. Consequently, the 

hazard ratio associated with this predictor was equally profound. However, the relatively few 

implants placed by surgeon 6 makes the external validity of this model dubious. 



Cumulative Survival of Oral lmplants 

Years Since Load (Ld) 

by GENDER 

Figure 25 Implant suwival for gender groups 

St-l = Stage-one, Ld = Loading; Borderline difference (pc.10) with Wilcoxon statistic 
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Figure 26 Implant survival for implant length groups 

St-l = Stage-one, Ld = Loading; Significant overall difference (pc.02) with Wilcoxon statistic 
Significant difference (pe.02) between 4 0 and 21 3 mm, and 10 and 21 3 mm 



Cumulative Survival of Oral Implants 
by BICORTICAL STABlLlZATlON 
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Figure 27 Implant survival for bicortical stabilization groups 

St-I = Stage-one, Ld = Loading; Significant difference (pc.05) with VVilcoxon statistic 
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Figure 28 Implant survival for years edentulous groups 

St-I = Stage-one, Ld = Loading; Borderline overâll difference (pe.12) with Wilcoxon statistic 
Significant difference (pe.05) between 2-4 and 5-9 years, and 2-4 and 225 years 



Cumulative Survival of Oral Implants 
by LZ JAWBONE QUANTITY 
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Figure 29 Implant survival for LZ jawbone quantity groups 

St-l = Stage-one, Ld = Loading; Significant overall difference (p<.001) with Wilcoxon statistic 
Significant difference (pe.002) between C and A, 6, or D, and (pc.05) between C and E 
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Figure 30 Implant survival for L Z  jawbone quality groups 

St-I = Stage-one, Ld = Loading; Borderiine overall difference (p<.d 5) with Wilcoxon statistic 
Significant difference (pc.05) between IV and I 
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Figure 31 Implant survival for stage-one surgeons 

St-l = Stage-one, Ld = Loading; Significant difference (pe.05) with Wilcoxon statistic 
Significant difference (pc.05) between 1 and 3, and 4 and 3, and 1 and 6. 
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The initial statistical testing also demonstrated a significant independent association 

(pc-05) between the cumulative late implant suwival outcome and each of  several predictor 

+ Surgeon 1 
-+- Surgeon 2 
+ Surgeon 3 
* Surgeon 4 - Surgeon 5 - Surgeon 6 - Other 

variables including: gen, arch, opp, den, rage, yred, ryred, quan, qual, tex, rioad, rsurg, rsurg(4). 

rprosl, and rprosl(5) (Table 27). One other variabie, rsurg(2), demonstrated an independent 

statistically borderline significant (pe.15) association with the cumulative late implant survival 

outcome. 

Utilizing these predictor variables, initially including yred instead of  ryred, and rsurg and 

rprosl (with SPSS categorical indicator coding) rather than the rsurg(1 to 6) and rpros(1 to 5) 

dummy variables, the first multivariate Cox regression (model 1) outcome could not be fitted due 

to a reported lack of convergence of coefficients. The model also failed to be fitted when ryred 

was substituted for yred. 

Utilizing the sarne predictor variables, except including the rsurg(1 to 6) and rprosl(1 to 

5) dummy variables rather than rsurg and rprosl, the second multivariate Cox regression (mode1 

2) demonstrated a significant predictive relationship (overali chi-square pc.001) between 

cumulative overall implant survival and several variables including: gen, den, yred, quan, qua1 

and rprosl(5) (Table 28), the significance of each being independent of the other factors in the 

study. Model 2 suggested that the hazard of cumulative late implant failrire among implants in 

female patients was approximately one-third that of implants in male patients. The hazard of 

L l 1 I 1 1 I I I l 1 I 1 1 I 1 I l  



cumulative late implant failure was approximately halved with each increase in implant length 

group from 1 ta 4, and was reduced by approximately 8% with each year edentulous increase. 

The hazard of cumulative Iate implant faiiure was more than doubled with each increase in LZ 

jawbone quantity group from A to E, and was neariy doubled with each increase in LZ jawbone 

quality group from 1 to 4. The hazard of cumulative late implant failure among implants loaded 

with a prosthesis placed by dentist 5 was increased by nearly 10 times compared to implants 

loaded with prostheses placed by the other dentists. The latter variable was significant by virtue 

of 14 late failures among 83 implants utilized by dentist 5 for 20 prostheses, resulting in a below 

average cumulative late implant survival of 81 -5% (Table 27). 

Table 27 Independent associations with late implant survival 
. . .- . - 

Variable pvaIue Cumulative Late Implant Survival by Group (%) 
O 1 2 3 4 5 6 7 

a rch 0.004 90.5 93.0 - - - - - - 
OPP 0.026 - 93.2 94-7 91 .O - - - - 

rage 0.024" - 92.9 91.7 94.3 89.4 93.8 - - 
yred 0.030 " Exp (B) Hazard Ratio for failure = 0.96 per year edentulous increase 

ryred 0.004 - 91 -7 86.5 98.0 89.9 98.2 - - 
quan 0.000 - 98.9 96.2 85.7 99.1 71.6 - - 
qua1 0.020 - 100-0 95.9 87.5 84.6 - - - 
tex 0.039" - 100.0 94.7 87.1 85.2 - - - 

rload 0.040 - 96.4 92.2 93.0 89.6 - - - 
rsurg 0.007 - 92.2 100.0 94.9 89.6 100.0 100.0 - 

rprosl 0.000 - 89.2 93.3 96.1 98.1 81.5 100.0 - 
rprosl(5) 0.000 94.1 81 -5 - - - - - - 
rsurg (2) 0.145 91 -3 100.0 - - - - - .. 

Table 19 describes short-fom variable names 
* applies to painvise cornparison but not overall 
" Cox regression applied to test continuous variable yred 

A similar model, with similar hazard ratio estimates, resulted by substituting ryred for 

yred in the original regression model2, except that the significant variables included: gen, den, 

yred, quan, qual, rprosl(2), and rprosl(5), again the significance of each being independent of 

the other factors in the study. As expected the Exp(B) result was different for ryred, 0.49, 

compared to yred, 0.92 for the original model2, suggesting that the hazard of cumulative late 

implant failure was approximately halved with each increase in years edentulous group from 'l to 



5. In addition, the hazard of cumulative late implant failure among implants loaded with a 

prosthesis placed by dentist 2 was increased by approximately 3 times compared to implants 

placed by the other dentists. However, the predictive value of rprosl(2) in this model can be 

questioned because the 95% confidence intewal for the hazard ratio associated with rprosl(2) 

fell just below 1. This variable was included in the model despite there being only 5 tate failures 

among 75 implants utiiized by dentist 2 for 15 prostheses, resulting in a cumulative late implant 

survival of 93.3% (Table 27), whereas the other dentists in the study had a cumulative late 

implant survival of 95.5% up to up to year 14 after which the exceptionally Iate failure of 4 

implants dropped the s u ~ i v a l  percentage to 90.4%. This appears to be why the model 

associated dentist 2 with an increased risk of late implant failure compared to other dentists, 

however it also casts some doubt on the external validity of the model since dentist 2 was 

ultimately associated with an above average suwival. 

Table 28 Model 2 predictors of late implant survival* 

Variable p value 6 EP (B) 95% Confidence Interval 
(Hazard Ratio) Lower WPer 

rien 0.025 -0.61 4 0.541 0.317 0.926 

yred 0.005 -0.079 0-924 0.875 0.976 

quan 0.000 1 .O25 2.786 1 -777 4.368 

rprosl(5) 0.000 2.295 9.928 4.031 24.452 
Table 1 9 describes short-fom variable names 
* model 1 regression could not be fitted using rsurg and rprosl with indicator coding 

Implant survival by prosthetic site 

A majority of prosthetic sites in the study expenenced 100% implant success for the 

duration of follow-up. An original implant was removed in only 41 of the 139 prosthetic sites. 

The cumulative prosthetic-site implant sumival - based on survival to the first implant failure in 

the prosthetic site - was 70.3% among the original implants (Figure 32), implying that about two- 

thirds of the sites did not experience an implant failure during follow-up. 

The initial statistical testing demonstrated a significant independent association (pc.05) 

behnreen the cumulative prosthetic-site implant survival outcome and each of several predictor 

variables including: pros, den, rload, rsurg, rsurg(l), rsurg(3), and rsurg(6) (Table 29). Several 

other variables demonstrated independent statistically borderline significant (pc.15) associations 

with the cumulative prosthetic-site implant survival outcome including: opp, ryred, quan, and tex. 



Cumulative Prosthetic-Site Implant Suwival 

Years Since Load (Ld) 
- - 

Figure 32 Prosthetic-site implant survival 

St-l = Stage-one, Ld = Loading 

Table 29 Independent associations with prosthetic-site implant survival 

Variable p value Cumulative Prosthetic-Site Implant Survival by Group (%) 

O 1 2 3 4 5 6 7 

pros 0.007 81.5 62.6 - - - - - - 
rIen 0.008 - 85.7 56.3 79.1 85.3 - - 
rtoad 0.039 - 77.1 74.8 55.5 82.4 - - - 
rsurg 0.028 - 55.6 75.0 85.2 64.0 62.5 100.0 75.0 

rsurg(1) 0.009 7 5 3  55.6 - - - - - - 
rsurg(3) 0.027 66.7 85.2 - - - - - - 
rsurg(6) 0.030 67.8 100.0 - - - - - - 

OPP 0.1 33" - 73.6 69.2 58.3 - - - 
tyred 0.f 35' - 72.2 53.3 67.3 70.1 77.9 - - 
quan 0.141' - 77.6 72.5 56.1 74.8 76.5 - - 
tex 0.i45' - 81.8 725 61.9 54.6 - - - 

Table 19 describes short-forrn variable names 
* applies to paiwise cornparison but not overall 

Utilizing these variables, initiafly including rsurg (with SPSS categon'cal indicator coding) 

rather than the rsurg(1 to 6) dummy variables, the first rnultivanate Cox regression (mode1 1) 

demonstrated a significant predictive relationship (overall chi-square pc.05) between cumulative 



prosthetic-site implant survival and only the pros variable (Table 30, Figure 33), the significance 

of which being independent of the other factors in the study. Model 1 suggested that the hazard 

of cumulative prosthetiosite implant failure among implants planned originally for a fixed 

prosthesis was approximately double that of implants planned originafly for an overdenture 

prosthesis. 

Table 30 Model 1 and 2 predictors of prosthetic-site implant survival 

Variable p value 8 E ~ P  (BI 95% Confidence Interval 
(Hazard Ratio) Lower U P P ~ ~  

pros 0.031 7 0.782 2.1 86 1,071 4.462 
Table 19 describes short-fom variable names 

Utilizing the same predictor variables, except including rsurg(1 to 6) dummy variables 

rather than rsurg, the second multivariate Cox regression (model 2) demonstrated the same 

predictive relationship as model 1 (Table 30), and the sarne resuit arose by including qua1 in the 

regression. Despite the lack of significance of bone quantity and quality variables in the 

rnultivafiate model outcomes, graphs were developed for the independent association between 

them and cumulative prosthetic-site implant survival (Figures 34, 35). 

Cumulative ProstheticSite Implant Survival 
by ORlGlNAL PROSTHETIC PLAN 

- Fixed Prosthesis - Overdenture Prosthesis 

St-l Ld 1 2 3 4 5 6 7 8 9 10 il 12 13 14 15 16 17 

Years Since Load (Ld) 

Figure 33 Prosthetic-site implant survival for prosthetic plan groups 

St-i = Stage-one, Ld = Loading; Significant difference (pe.01) with Wilcoxon çtatistic 
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Figure 34 Prosthetic-site implant survival for LZ quantity groups 

St-l = Stage-one, Ld = Loading; No significant overall difference (pc.05) with Wilcoxon statistic 
Bordedine difference (pc.15) between C and A, and C and D 
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Figure 35 Prosthetic-site implant survival for LZ quality groups 

St-l = Stage-one, Ld = Loading; No significant differences (pc.05) with Wilcoxon statistic 



A better understanding of the implant success results was sought in uncovenng that a 

significant relationship (chi-square pc.01) existed between Li bone quantity and quafity in this 

study at both the implant and prosthesis-site levels of analysis, and that this relationship was 

different, and still significant, in the mar?dible compared to the maxilla. Furthemore, a 

significant relationship (chi-square pc.ûl) existed between LZ bone quantity and arch and 

between LZ bone quality and arch again at both the implant and prosthesis-site levels of 

analysis. For example, l e s  than 2% of rnaxillary implants were placed in Type D or E bone, of 

which al1 were placed into LZ bone quality Type IV. In comparison, nearly 40% of mandibular 

implants were placed in Type D or E bûne, of which very few were placed into LZ bone quality 

Type IV. One analytical risk implied in this is that survival of implants in Type D and E bone in 

this study might appear to exceed that of  Type C only because of the confounding influence of 

arch. Indeed, stratification of cumulative overali implant survival by arch revealed na significant 

difference (Wilcoxon pe.05) in rnandibular outcornes by LZ bone quantity, with the cumulative 

survival for al1 quantity groups in the rnandible exceeding 83%, whereas the difference in 

rnaxillaty outcomes by LZ bone quantity was significant (Wilcoxon p<.05), with the cumulative 

survival for Type A and B bone in the maxilla exceeding 95% compared to 50% or less for the 

more resorbed maxillary sites (Figures 36, 37). Likewise the LZ bone quality survival outcomes 

stratified by arch revealed no significant difference (Wilcoxon pc.05) in mandibular outcomes by 

LZ bone quality, with the cumulative overall implant survival for al1 quality groups in the 

rnandible exceeding 81 %, whereas the difference in rnaxillary outcornes by LZ bone quality was 

significant (Wilcoxon p<.05), with the cumulative survival for Type III bone in the rnaxilla 

exceeding 88% compared to 67% for Type IV bone in the maxilla; no maxilIary sites had Type I 

or II bone (Figures 38, 39). 

Despite the obvious implication of a possible confounding effect of site-specific factors, 

particularly arch and Li quantity and quality, none of the original regression rnodel outcomes 

were altered by forcing inclusion in the regression testing, if not already present, any of several 

related variables including: gen, arch, side, pos, quan, and qua!, nor were the results altered by 

similarly including the pros or opp variables. 



Cumulative Survival of Oral Implants 
by LZ JAWBONE QUANTITY in MANDIBLE 

I [ * Type E 1 
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Figure 36 lmplant survival for LZ jawbone quantity groups in mandible 

St-1 = Stage-one, Ld = Loading; No significant differences (pe.05) with Wilcoxon statistic 

Cumulative Survival of Oral Implants 
by LZ JAWBONE QUANTITY in MAXILLA 

20% + Type C 
1 * Type E ( 

0% , I 1 I 1 1 1 1 1 1 1 1 1 1 1 I 1 I i 

Years Since Load (Ld) 

Figure 37 Implant survival for LZ jawbone quantity groups in maxilla 

St-1 = Stage-one, Ld = Loading; Significant overall difference (pc.001) with Wilcoxon statistic 
Significant difference (p==.OOl) between C and A, or 6, and (pc.05) between E and A or B 
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Figure 38 Implant suwival for LZ jawbone quality groups in mandible 

St-l = Stage-one, Ld = Loading; No signifiant differences (pc.05) with Wilcoxon statistic 

Cumulative Survival of Oral Implants 
by LZ JAWBONE QUALITY in MAXILLA 

20% - Type IV 

Years Since Load (Ld) 

Figure 39 Implant suwival for LZ jawbone quality groups in maxilla 

St-l = Stage-one, Ld = Loading; Signifiant difference (pe.05) with Wilcoxon statistic 



Cumulative Prosthesis Plan Survival 

Years Since Load (Ld) 
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Figure 40 Prosthesis plan survival 

St-l = Stage-one, Ld = Loading 

Prosthesis plan survival 

The period of follow-up by prosthetic site is shown in Figures 23, 24. Of interest, the 

original prosthetic plan was maintained for as long as each patient was rnonitored in 69 of 83 

fixed prosthesis prescriptions and in 53 of 56 overdenture prosthesis presctiptions. As noted one 

patient, planned orïginatly for a fixed maxillary prosthesis, did not retum for stage-two and 

placement of an implant prosthesis. There were nine planned mandibular fixed prostheses and 

one planned maxillary fixed prosthesis that had to be switched to overdenture designs as a result 

of failed implants. Among these patients, the maxillary site and two mandibular sites eventually 

lost al1 implants necessitating complete denture treatment. Another patient planned onginally for 

a mandibular fixed prosthesis was also switched to an overdenture in this instance because of a 

maladaptive experience with the fixed aspect of the design in part because of difficulties with 

oral hygiene. There were also two planned mandibular fixed prostheses that had to be switched 

to overdenture designs as a result of repeated screw fractures. Fortunately, one of these 

patients was successfully switched back to the original fixed mandibular prosthesis once the 

etiology of the problem was resolved. In this instance, increased parafunctionaf oral activity had 

arisen as a side effect of medication; a subsequent decrease in the parafunction was concurrent 

with a change in medication. One patient planned originally for a mandibular overdenture 

prosthesis was switched to a fixed prosthesis, requin'ng the placement of additional implants, 

because of a maladaptive experience with the removable aspect of the design. There were also 



two patients pianned originally for maxiliary overdenture prostheses who eventually lost al1 

implants necessitating complete denture treatment. 

These resuits translated into a cumulative prosthesis plan suwival of 80-6% among the 

study sample (Figure 40), irnplying that the original prosthetic plan was maintained for the 

duration of follow-up in more than eight out of every ten prosthetic sites. 

The initial statistical testing demonstrated a significant independent association (pc.05) 

between the cumulative prosthesis plan survival outcome and each of several predictor variables 

including: gen, arch, rage, and ryred (Table 31). Several other variables demonstrated 

independent statistically borderline significant (pc.15) associations with the cumulative 

prosthesis plan survival outcorne including: opp, perf, yred, quan, rsurg, rsurg(4), and rsurg(5). 

Table 31 Independent associations with prosthesis plan survival 

Variable p value Cumulative Prosthesis Plan Survival by Group (%) 

O 1 2 3 4 5 6 7 

Qen 0.037 67-5 85.1 - " - - - - 
arch 0.026 79.8 81 -9 - - - - - - 
rage 0.014* - 64.9 72.6 81.4 85.8 79.5 - 
ryred 0.013' - 83.3 74.9 94.7 72.9 95.2 - - 
OPP 0.120 - 82.3 84.7 83.1 - - - - 

y red 0.1 21 " Exp (B) Hazard Ratio for failure = 0-96 per year edentulous increase 

quan 0.080" - 100.0 84.6 76.1 89.5 52-0 - - 
rsurg 0.063' - 77.8 100.0 96.3 80.8 74.0 100.0 91.7 

rsurg(5) 0.098 81-4 74.0 - - - - - - 
Table 19 describes short-fom variable names 
* applies to pairwise companson but not overall 
" Cox regression applied to test continuous variable yred 

Utilizing these variables, initially including rsurg (with SPSS categorical indicator coding) 

rather than the rsurg(1 to 6) dummy variables, the first multivanate Cox regression (rnodel 1) 

demonstrated a significant predictive relationship (overall chi-square pe.05) between cumulative 

prosthesis plan survival and only the gen variable rab le  32, Figure 41), the significance of 

which being independent of the other factors in the study. Model 1 suggested that the hazard of 

cumulative prosthesis plan revision in female patients was approximately one-third that of 

revision in male patients. 

Utilizing the same predictor variables, except including the rsurg(1 to 6) dumrny 

variables rather than rsurg, the second multivariate Cox regression (model 2) demonstrated a 

predictive relationship identical to model 1. The same result arose by including ryred in place of 



yred in the regression. Despite the lack of significance of jawbone quantity (quan) and quality 

(qual) variables in the multivariate model outcomes, graphs were developed for the independent 

association between them and cumulative prosthesis plan survival (Figures 42, 43). 

Table 32 Mode1 1 and 2 predictors of prosthesis plan survival 

Variable p value B E ~ P  (BI 95% Confidence Interval 
(Hazard Ratio) Lower ' J P P ~ ~  

gen 0.0378 -1 .O21 0.360 0-1 38 0.944 
Table 19 describes short-form variable names 

Cumulative Prosthesis Plan Survival 
by GENDER 

- Female - Male 

Years Since Load (Ld) 

Figure 41 Prosthesis plan suwival for gender groups 

St-I = Stage-one, Ld = Loading; Significant difference (pc.05) with Wilcoxon statistic 



Cumulative Prosthesis Plan Survival 
by LZ JAWBONE QUANTIN 

- Type A - Type B 
+ Type C 
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Figure 42 Prosthesis plan survival for LZ quantity groups 

St-l = Stage-one, Ld = Loading; No significant overall difference (pe.05) with Wilcoxon statistic 
Borderline significant difference (p<.10) between C and A, and C and D 

Cumulative Prosthesis Plan Survival 
by LZ JAWBONE QUALITY 

- Type II - Type III - Type IV 

Years Since Load (Ld) 

Figure 43 Prosthesis plan survival for LZ quality groups 

St-l = Stage-one, Ld = Loading; No significant differences (pc.05) with Wilcoxon statistic 



DISCUSSION 

The time-dependent integrity of the osseointegration response is paramount for the 

predictability of impIant prosthodontic treatment. The major criteria for clinical osseointegratian 

success are immobility of individual implants accompanied by a lack of pain, pathology, and 

crestal bone loss (Albrektsson et al. 1986, Zarb and Albrektsson 1998). As noted an analysis of 

the predictability of crestal bone level behaviour is reported in chapter five. Otherwise, based on 

these criteria, oral implant success in this study was statistically significantly, although 

inconsistently, related to LZ jawbone quantity and quality, as well as to two other factors closely 

related to the age- and site-specific aspects of jawbone condition including gender and years the 

bone site was edentulous at stage-one, the significance of each being independent of the other 

factors in the study as assessed mainly by multivariate survival analyses. In addition, oral 

implant success was statistically significantly, and again inconsistently, related to the implant 

length, the presence or absence of implant bicortical stabilization, and variations in the original 

prosthesis plan, as well as to variations in the surgeon who placed the implant and the dentist 

who placed the original implant prosthesis, again the significance of each being independent of 

the other factors in the study. In contrast, survival of the original prosthesis plan was only related 

to gender. Consistent with the results reported in chapter two, age itself, at least among adults, 

does not appear to impact the survival outcomes related to implant prosthodontic treatment for  

completely edentulous jaws. 

Specifically, the study found the following predictive relationships, the significance of 

each being independent of other factors in the study based on multivariate analyses: 

1) the odds of early implant failure and the hazard of overall implant failure among implants 
with bicortical stabilization was approximately half that of implants without bicortical 
stabilization, 

2) the odds of early implant failure and the hazard of overall and late implant failure were 
approximately halved with each increase in implant length group from I to 4, 

3) the odds of early implant failure and the hazard of overall implant failure varied with 
differences in the surgeon, 

4) the hazard of overall and Iate implant failure were reduced by approximately 5 to 8% with 
each year edentulous increase, 

5) the hazard of overall and late implant failure were nearly two to three fold more with each 
increase in LZ jawbone quantity group from A to E, 

6) the hazard of overall and late implant failure were increased by approximately 36 to 86% 
with each increase in LZ jawbone quality group from 1 to 4, 

7) the hazard of overall and late implant failure among implants in femaie patients was 
approximately one-third to one-half that of implants in male patients, 

8) the hazard of late implant failure varied with differences in the dentist who placed the first 
implant prosthesis, 

9) the hazard of prosthetic-site implant failure among implants planned onginally for a fixed 
prosthesis was approximately double that of implants planned originally for an overdenture 
prosthesis, and 



10) the hazard of prosthesis plan revision in female patients was approximately one-third that 
of revision in male patients- 

A subtly more important discussion ansing from the study is evident in additional details 

of the results. Firstly, implant length was the factor most often found to be significant in the 

multivafiate analyses, being related to overall implant suwival as well as to both the early 

implant success and late implant survival outcomes, a result demonstrated by no other factor in 

this study. Despite this, even the outcornes associated with implant length were not entirely 

consistent, since implants of less than 10 mm had 100% early success, whereas othewise early 

success was progressively lower with decreased implant lengths. Furthemore, implant length 

was not significant in the multivanate analysis of prosthetic-site implant survival, despite being 

significant when assessed independently in this regard. In this instance, implants averaging l e s  

than 10 mm in length were associated with the highest level of cumulative survival to the first 

implant failure in the prosthetic site (85.7%), whereas otherwise cumulative prosthetic-site 

implant survival was progressively lower with decreased average implant lengths. Unfortunately, 

very few implants of less than IO mm length, 19 of 617, were utilized in this study, of which 17 

were utilized in the anterior mandible with dense bone Iikely confounding and weakening the 

results. Despite this, the study ultimately upheld prevailing evidence that cumulative overall 

implant survival becomes modestly lower as implants become shorter, independent of other 

factors. 

Secondly, although LZ jawbone quantity and quality were significantly related to both late 

and overall implant survival, not unexpectediy, these results were again not entirely consistent. 

lndeed tZ bone quantity was excluded as a significant predictor in the mode12 analysis of 

overall implant survival. Implants placed in LZ jawbone quantity Type D had better cumulative 

overall and late implant survival than those in Type B bone, whereas othewise the cumulative 

overall and late survival was progressively lower with increased resorption from Type A to E. 

lncreased LZ jawbone quality from Type 1 to 4 was also associated with progressively lower 

cumulative overall and Iate implant survival. However, it was retained as a predictor in the 

mode1 1 analysis of overall implant survival despite demonstrating only borderline significance 

(pc.10) in the regression outcome. The most profound evidence to explain inconsistencies in the 

jawbone quantity and quality results is certainly the secondary analysis of suwival outcomes 

stratified by arch, which introduces doubt into any conclusions about effects of jawbone quantity 

and quality in this study. Although inconclusive, the supposition ansing from these results 

suggest strongly that jawbone quantity and quality are relatively much more crucial to implant 

outcomes in the anterior maxilla than in the antenor mandibte. This hypothesis appears to 

explain why implant survival in Type D and E bone in this study appeared to exceed that of Type 

C, and is one that reinforces the nearly universal suitability of the anterior mandible for implant 

placement. Unfortunately, it is Iikely that inadequate maxillary data existed to confimi this 

speculation. Nonetheless, the study ultirnately upholds prevailing evidence that implant success 



tends to be modestly lower as implants are placed in jawbone of increasingly compromised LZ 

jawbone quantity and quality, independent of other factors. 

Despite this it appears that the extemal validity of the study is not entirely clear. 

Multivafiate analyses, involve complex statistical comparisons that depend ultimately on 

adequafe numbers of data and on the valid and reliable measurement of both dependent and 

independent variables. On both accounts the this study could be improved. Complicating this 

with the high levels of survival reported in the study, the generalizability of results can best be 

demonstrated by replication and expansion of the study with substantially larger numbers of 

patients and prosthodontic applications, specifically involving proportionately more maxillaiy 

sites in addition to partially edentulous sites. The results would also likely be clarified specifically 

by improvements in the ability to assess preoperative jawbone condition as noted in chapter six 

and seven, and possibly by improvements in the assesment of implant outcomes. 

SUMMARY 

It has been diffrcult to demonstrate a scientific basis for the belief that oral implant 

success can be predicted by jawbone condition. A multivariate study was conducted among 130 

patients treated consecutively with 617 Brinemark implants placed originally to stabilize 139 

complete implant prostheses. By the most recent follow-up 4 to 17 years had passed and a total 

of 73 original implants had been removed because of failure associated with clinical mobility and 

often accompanied by a radiolucent space at the implant-bone interface. The cumulative overall 

implant sumival of original implants was 85.5%, and the majority of the implant failures, 52 

( i l  %), occurred by the end of the f i13 year after loading. Despite suggestions that older adults 

suffer an elevated risk of oral bone loss and compromised healing, it appears that age itself is 

not related to implant success. The implications of oral implant use in growing adolescents 

cannot be extrapolated from these results. Furthemore, the study offers only an educated 

estimate of the outcomes to be expected among very elderIy patients in their mid-eighties or 

older. In contra*, this study suggests that several site-specific aspects of jawbone condition 

may play a significant role in implant success, particularly in the maxilla. Although the results 

are not entirely consistent, and additional studies, with better documented measures particularly 

of jawbone quality, are needed to verify and supplement this conclusion in the context of a wider 

diversity of jaw sites and prosthetic applications in both partially and completely edentulous 

adults, this study reinforces growing evidence that oral implant success is dependent on 

quantitative and qualitative site-specific aspects of jawbone condition particularly in the rnaxilla. 

Specifically, the results reinforce evidence that the atrophic maxilla is at elevated risk for implant 

failure, at least in its natural state. Interestingly, the mandible was highly successful regardless 

of the degree of atrophy. The study also reinforces existing evidence that modestly reduced 

success rates can be anticipated with shorter implants, and with implants lacking bicortical 



stabilization. The findings also suggested that implant success may Vary with differences in both 

the implant surgeon and the restorative dentist, a finding that should encourage vigilance in the 

ongoing attempts to improve implant surgical and prosthodontic protocols using scientific 

scrutiny. Furthemore, implants placed in male patients were found to be slightly less successful 

than those in female patients, a tendency that appeared to contribute to an elevated risk among 

male patients of needing a revision of the prosthesis plan. This occasional need for treatment 

revision with an implant overdenture or a traditional removable denture replacement reinforces 

the suggestion in chapter two that al1 oral implant patients should be advised this smalf but 

important nsk, and that treatment planning should continue to stress implant options onIy when 

the outcome of traditional prosthodontic therapies is considered to be relatively unfavorable- 



Chapter Five 

CRESTAL BONE LOSS SURROUNDING ORAL IMPLANTS PREDICTED BY AGE- AND 
SlTESPEClFlC ASPECTS OF BONE CONDITION 

INTRODUCTION 

The time-dependent integrity of oral implant prostheses depends, in part, on the 

maintenance of crestal bone levels adjacent to the associated implants (Brinemark et al. 1977, 

Hansson 1977). It has been proposed that successfui oral implants should demonstrate crestal 

bone loss of less than 0.2 mm annually after the first year of function (Albrektsson et al. 1986). a 

cfltenon that was upheld at a recent international consensus conference (Zarb and Albrektsson 

1998) (Tables 2, 3). Adell et al. (1981), examined the mean annual crestal bone loss around 

implants primarily in Zone 1, anterior to a vertical line through the mental foramina, supporting 

comptete fixed prostheses in otherwise mixed age- and site-specific groups. Bone loss during 

the first year loading was 0.51 mm in the maxilla and 0.65 mm in the mandible, slowing to a rate 

of 0.1 mm per year for implants in either jaw during the next 5 to 9 years. Resorption rates in the 

same order of magnitude or l e s  have also been reported for implants in Zone I and Zone II of 

completely and partially edentulous patients (Lindquist, Rockler and Carlsson 1988, Chaytor et 

al. 1991, Jemt and Lekholm 1993, Avivi-Arber 1994, Henry, Bower and Wall 1995, Wyatt 1996) 

(Figure 9). Furthermore, similar resorption rates were reported in chapter three among both 

older and younger complete implant prosthesis groups. However, it remains unclear whether 

vafious age- and site-specific aspects of bone condition can predict the behaviour of crestal 

bone levels proximal to oral implants. 

Age- and site-specific factors are well established to influence patterns of both systemic 

and oral bone loss (Cumrnings et al. 1985, von Wowern and Stoltze 1980). Schei et al. (1959) 

demonstrated that aging tends to be associated with some loss of  alveolar bone height due 

primarily to poor oral hygiene that resulted in pen'odontitis and bone resorption. They also noted 

a site-specific tendency for bone loss to favor incisor and molar sites compared to premolar and 

canine sites. Papapanou, Wennstrom and Grondahl (1 989) observed a mean crestal bone loss 

around teeth of 0.3 mm per year among those at least 70 years of  age at the outset of a ten-year 

observation penod compared to less than 0.1 5 mm per year among younger cohorts. 

Furthermore, age- and site-specific factors can influence edentulous jaws. A classic study by 

Tallgren (1972) found that the average vertical resorption of anterior jawbone exceeds 2 mm 

dunng the first year after the extraction of rnaxillary teeth and insertion of cornplete dentures 

cornpared to 4 mm following mandibular extractions (Figure 6). The bone loss eventually 

stabilized at a rate of 0.05 mm per year in the edentulous maxilla and 0.2 mm per year in the 

edentulous mandible between 10 and 25 years after extraction. This suggests that the mean rate 

of crestal bone loss around rnandibular implants, Iess than 0.1 mm annually, appears to be Iess 

than half the mean rate of resorption expected with long-terni mandibular edentulism, 0.2 mm 



annually, a particufarly favorable resutt since it suggests that implants may have the potential to 

maintain residual ridge height following tooth loss, at Ieast in the rnandible. 

In view of the differences behveen alveolar and basal jawbone development, and the 

diffsrential tirne-dependent resorptive response of alveolar and possibly even basal bone 

foIlowing tooth loss, it is logical to suspect that the pace of crestal bone loss might be faster 

around implants in alveolar bone compared to those in basal bone, particularly in areas rendered 

edentulous recently. This was hypothesized in chapter three to explain why younger fixed 

complete implant prosthesis patients had a higher rate of bone loss after the fourth year of 

loading compared to older fixed complete implant prosthesis patients, and is important because 

young implant patients who have recently lost their teeth will expect to Iive for many more years 

than older implant patients, but the lingering concem is whether the implants in young patients 

can maintain intimate contact with bone for al1 those years. Most of the eariy implant studies 

involved jaws with advanced resorption associated with long pen'ods of preoperative edentulism, 

so the results of bone level measurements frorn these studies are unlikely to resolve this 

problern. Furthemore, bone level rneasurements around implants in partially edentulous 

patients may confuse the issue due to the re!atively powerful osteogenic effect of nearby 

periodontal ligament, which can evidently help maintain the residual n'dge. Although 

differentiating alveolar from basal bone in an edentulous jaw may be nearly impossible, there 

have been attempts to examine this problem. and the findings are not yet cornpelling. Lindquist, 

Rockler and Carlsson (1 988) tned to ccrrelate the degree of pretreatment jawbone resorption 

with subsequent loss o f  crestal bone height arnong antenor mandibular implants, however, they 

did not find any such relationship. Similarly, Jemt and Lekholm (1995) reported no difference in 

bone levels after five years around implants placed in maxillae with severe resorption (average 

Type D bone) compared to implants placed in maxillae with less resorption (average Type C 

bone). In contrast, Ahlqvist et al. (1990) found that crestal bone loss was more rapid around 

implants in edentulous jaws with l e s  preoperative resorption, an effect seen in both the maxilla 

and the rnandible. However, the study involved only a 2 year follow-up so the more important 

long-term effect was unclear. Adding credence to the hypothesis proposed in chapter three, 

Lindquist, Carlsson and Jemt (1 997) and found that shorter preoperative periods of edentulism 

and less preoperative resorption couid predict part of the ensuing crestal bone resorption 

observed among implants studied over a 1 O-year period, 

This report forms part of an ongoing investigation to document the clinical effectiveness 

of diverse prosthodontic applications of the Branemark implant system. This study aimed to test 

the hypothesis that crestai bone loss adjacent to oral implants in completely edentulous jaws 

cannot be predicted by the age- and site-specific aspects of bone condition. The previous 

companion part of this study, reported in chapter four, demonstrated that age- and site-specific 

aspects of bone condition are related, albeit inconsistently, to cumulative oral implant survival. 



The current study was based on an assessment of crestal bone loss outcomes among the 

sample from that study. As noted, the only way to design the investigation was using an 

observational study approach, in this instance a historical cohort design (Dawson-Saunders and 

Trapp 1994) involving oral implant outcomes in consecutively treated completely edentulous 

jaws. Specificalfy, the study used multiple regression analyses to examine the possible 

prediction of severaf aspects of crestal bone behaviour, including the crestal bone level at 

loading and the estimated bone level at I O  years after Ioading, in addition to the arnount of 

crestal bone l o s  during the first year of loading, the mean annual rate of crestal bone loss during 

the period from the first to the fourth year of loading (since al1 implants had the potential to have 

been loaded for a minimum of four years), and the mean annual rate of crestal bone loss during 

the periods after the first year and after the fourth year of loading, by several independent factors 

representing pfirnatily the age- and site-specific aspects of jawbone condition. 

MATERIALS AND METHODS 

Sample selection 

As noted in chapter four, the study sample was selected from an existing research 

database of patients treated consecutively with oral implant placement (stage-one) in the Implant 

Prosthodontic Unit (IPU) of the University of Toronto between October 1979 and May 1992, at 

least five years pnor to the final date for data collection of December i 5, 1997. Based 

specificaIly on the inclusion and exclusion criteria Iisted in Table 16, the study sample invoIved 

130 patients treated originally with 617 Brinemark implants (Nobel Biocare, Goteborg, Sweden) 

placed to stabilize 139 cornpiete implant prostheses. 

The main potential predictive factors in this study, noted in detail in chapter four, were 

recorded for each implant (mean value for each prosthetic site as appropriate) induding patient 

age at stage-one, arch where the implant or prosthetic site was located, side of the mouth where 

the implant was located, position from the midline where the implant was located, predominant 

radiographic bone quantity and quality of the implant site based on preoperative lateral 

cephalometnc and panoramic radiographs according to the classification proposed by Lekholm 

and Zarb (1985), patient gender, years the bone site was edentulous at stage-one, surgeon's 

assessment of bone texture at stage-one, implant length, type of Brinemark implant, presence 

or absence of bicortical stabilization of the implant, presence or absence of perforation of the 

implant through the opposing cortex, name of the surgeon at stage-one, length of the pre-loading 

healing period in years, name of the dentist who placed the first prosthesis, original prosthetic 

plan, actual prosthesis at loading, presence or absence of the implant being in a terminal position 

adjacent to the distal free-end cantilever of a fixed prosthesis at loading, and status of the 

opposing dentition. 

At stage-one the study sample included 78 patients with 456 Brinemark implants placed 



to stabilize 83 complete fixed prostheses and 54 patients with 161 Brinemark imptants placed to 

stabilize 56 complete overdenture prostheses (Table 17). 114 (82%) of the prosthetic sites with 

485 original implants involved the mandible, and 99 (71%) of the sites with 427 original implants 

involved female patients. The patients ranged from 14.9 to 81 -0 years of age at stage-one 

(mean 54.4 years by prosthetic site) (Table 18)- The mean preoperative jawbone quantity of the 

prosthetic sites among the sample was 2.9, and the mean preoperative jawbone quaiity was 2.5 

(Table 18). AI1 of the prosthetic sites involved Zone I implants, and only 3 of the sites also 

involved Zone II implants, al1 three of which were planned for maxillary fixed prostheses- The 

numfber of years each prosthetic site had been edentuIous at stage-one ranged from 0.1 to 42-0 

years (mean 14.9 years by prosthetic site) (Table 18). A more detailed description of the sample 

is arailable in chapter four. 

Pre-aperative, surgical and prosthodontic protocols 

The source of patients treated with implants in the IPU was also descflbed in chapter 

four d o n g  with detailed descriptions of  the standardized pre-operative, surgical and 

prosEhodontic protocols to provide the patients with implant prosthodontic treatment. In brief, a 

comrnon chief cornplaint among the patients was persistent maladaptation to wearing complete 

dentures, related primarily to a lack of denture stability as elaborated by Zarb and Schmitt 

(1 99Elb) (Table 9). Pnor to commencing, each patient consented to the proposed treatment 

accosding to a written consent form (Appendix II). Patients had been excIuded from implant 

treatment in the IPU if they had a systernic health problem that precluded a minor surgical 

procedure, a lack of bone volume to accommodate implants at least 7 mm long and 3.75 mm 

wide, a history dmg abuse or psychosis, or cosmetic expectations that could not be satisfied with 

a pretreatrnent tooth arrangement or optimized denture. 

As noted one patient did not retum for stage-two surgery and placement of an implant 

prosthesis. All other patients had the implants uncovered surgically (stage-two) after an average 

healimg pen'od of four to six months, followed by prosthetic loading an average period of nine 

months (five to twenty-five months) after stage-one, and at least four years prior to the final date 

for data collection of December 15, 1997 (Figures 23, 24). 

Follow-up protocol 

Regular, usually annual, follow-up examinations by staff or residents in the IPU included 

standardized clinical and radiographie assessments of individual implants with the prosthetic 

hardware removed as described by Albrektsson et al. (1986) and revised by Zarb and 

Albrektsson (1 998). Implants demonstrating clinical mobility, as described in chapter one, were 

remaved from the jaw and recorded as failed. Overall implant survival outcomes were based on 

the n umber of years between implant insertion (stage-one) and implant failure, analyzed using a 



pre-loading period and annuai periods after Ioading. An extensive analysis of survival outcomes 

was reported in chapter four- 

Standardized periapical radiographs of each available implant were exposed using a 

special holder attached to the implant abutment (Cox and Pharoah 1986). The holder was 

designed to control imaging geometry by aligning the film a standard distance (1 00 mm) from the 

x-ray cone, parallel to the long axis of the implant and perpendicular to the x-ray beam. To 

improve patient comfort, a modified holder was developed subsequently to permit some vertical 

movement of the holder in the mouth whilst maintaining al1 of the standardized aspects of 

imaging geometry (Chaytor et al. 1991). Kodak Ultraspeed double-packed size-two radiographie 

film (Eastman Kodak, Rochester, NY, USA) was used in combination with an intraoral x-ray 

machine equipped with a long cone (SS White, Penwalt, lntrex Model 2426, 120 Volt, 500/60 Hz, 

12.5 Arnps) set at 70 kVp and 1OmA for 0.28 seconds. Films were developed with appropriate 

fresh chemical solutions in an automatic processor (Siemens DENT-X 9000). 

Digitizing and processing of radiographs 

U s i ~ g  the technique described by Avivi-Arber (1 994), Wyatt (1 996), and Wyatt et al. 

(2001), the region of interest of each radiograph was digitized with a slide scanner (Microtek 

Scanmaker 35T, Microtek Lab Inc., Redondo Beach, CA) and the resultant images were 

processed, stored and measured using the public domain software NIH Image (written by Wayne 

Rasband, US. National lnstitute of Health, available from the internet by anonymous FTP from 

zippy.nirnh.nih.gov or on floppy disk from the National Technical fnfonnation Service, 

Springfield, Virginia, Part Number PB93-504868) on a Macintosh Quadra 800 cornputer with 40 

megabytes of RAM, and connected to a 16 inch 8-bit color monitor that had a dot pitch of 0.28 

mm with a screen refresh rate of 72 KHz (Apple Canada Inc., Markham, ON). The automated 

digitizing process involved converting the optical densities obtained from scanning the 

radiograph to a digital image with 256 gray scale levels, where O was represented by white 

pixels, 256 was represented by black pixels, and the intervening levels were represented by 

corresponding levels of gray pixels between white and black. No enhancement of brightness or 

contrast was made during scanning. Each region of interest was selected using a digitized pre- 

scanned image of each radiograph to include details of at least the apical edge of the implant 

collar, the furthest apical initial point of contact observed between the implant and bone and at 

least the first six threads below the implant collar in addition to 2.8 mm (approxirnately three 

quarters of the implant width) either side of the implant image. Both rnaxiltary and mandibular 

implant images were scanned to position the apical part of the implant at the bottom of the 

image. The scanning process used a spatial resolution of 968 dots per inch, that implied a 

resolution of about 40 pixels (picture elements) per mm resulting in an image that was magnified 

approximately 13 times as viewed on the rnonitor. The selection of a spatial resolution of 968 



dots per inch was made because it was demonstratecf previously with a light microscope 

technique that at 20 times magnification a human observer could discnminate bone level 

differences of 0.025 mm on implant radiographs which was 40 dots per mm or 1016 dots per 

inch (Chaytor et al. 1991). Radiographs were not digitized if appropriate landmarks could not be 

identified on the film inciuding the apical edge of the implant collar, the furthest apical initial 

point of contact observed between the implant and bone and at least the first six threads below 

the implant collar. 

Using the NIH Image software the digitized images were processed by first rotating as 

needed to vertically align the implant image using the edit function with a bilinear option to 

reconstitute pixels. The brightness of the image was then standardized using the look-up-tabie 

(LUT) function to reset the upper and lower gray scale Iimits of the image based respectively on 

the maximum and minimum gray scale levels found with the density histogram function. This 

effectively lightened the image moderately by converfing the Iightest level pixels to white and the 

darkest level pixels to black, and distributing the other pixels across a full range of intervening 

gray scale levels. The process of lightening the image was to make it visually similar the 

appearance of the concesponding penapical radiograph under optimal tighting conditions (Avivi- 

Arber 1994, Wyatt 1996, Wyatt et al. 2001). Finally the set scale function was used to calibrate 

the vertical scale of the image with the known distance across six threads (5 x 0.6 mm = 3.0 

mm) based on the known Brinemark implant thread pitch of 0.6 mm 0.005 mm)- 

Crestal bone tevel outcomes 

According to the technique described by Avivi-Arber (1 994), Wyatt (1 996), and Wyatt et 

af. (2001) crestaI bone levels at the rnesial and distal proximal sites of each processed implant 

image were assessed by one observer, RB, visually using the linear measurement tool function 

of the NIH Image software to measure the vertical distance in millimeters frorn the apical edge of 

the implant collar to the most apical initial point of contact observed between the implant and 

bone- This rnethod was shown previously to be both valid and reliable according to Avivi-Arber 

(1 994), Wyatt (1 W6), and Wyatt et al- (2001). During the measurement process, the observer 

was blinded to identification of the patient name and the implant location as well as other 

predictive factors or outcomes. Furthemore, the observer was also made blind to the 

chronology of the radiographie series by randorn presentation of the implant images for each 

prosthesis. Measurements were recorded automatically using the results function of the NIH 

Image software. Measurements were not made for proximal sites where the observer could not 

identify either the apical edge of the implant collar or the furthest apical initial point of contact 

observed between the implant and bone. A totaI of 6643 proximal-site measurements were 

made involving original irnpla~ts (including the 3652 proximal site measurements discussed in 

chapter three), and they were repeated a minimum of two weeks later by the same observer. 



The final bone level for each proximal site (mesial and distal) and time point was 

caîculaied as the mean of each set of repeated measurements. The mean of variances (error 

variance) and the differences between first and second rneasurements were also calculated in 

addition to the mean and standard deviation of the differences. The error vaflance was 0.051 

mm2. with an associated error standard deviation (the square mot of the error variance) of 0.23 

mm reflecting a measurement reliability comparable to that reported by Wyatt (1996) and Wyatt 

et al. (2001) using the same technique. The differences ranged from -5.52 mm to 2.14 mm, with 

a mean of 0.07 mm and a standard deviation of 0.31 mm. In chapter three, it had been 

arbitrarily decided that the reliability of a specific pair of repeated measurements would be 

considered suspect if their difference fell outside 1.96 standard deviations from zero implicating 

differences either greater than 0.56 mm or less than -0.56 mm. Since the database in that study 

was included in this one it was decided to use the same interval of + 0.56 mm for this study. 

This implicated 482 (7.3%) of the repeated measurements including the 232 repeated 

measurernents identified as suspect in chapter three. In these instances, a third blinded 

measurement of the appropriate digitized radiograph was made and differences were calculated 

between this measurement and the first two. On seven occasions the absolute value of these 

two new differences still exceeded 0.56 mm, so the final bone level measurements at those sites 

and time points were deemed unreliable and were excluded from further calculations. In the 

other instances, the smallest of the two new differences was assumed to originate from the rnost 

reliable pair of  measurements so the mean of that pair was calculated to replace the final bone 

level for that proximal site and time point. The 6636 final bone level measurements ranged frorn 

0.59 mm to 6.51 mm, with a mean of 1.56 mm and a standard deviation of 0.75 mm, 

An estimate of the bone level at 10 years after loading - reflecting the combined effect o f  

the crestal bone level at stage-one and subsequent crestal bone loss - for each proximal site, 

mesiai and distal, of each implant was calculated as the intercept at 10 years of a simple Iinear 

regression equation based on al1 the final bone level rneasurements after the loading year for 

each proximal site. The regression equation was calculated using the slope function of Excet 

software (Microsoft Corporation) on a personal computer. The estimated bone level at 10 years 

was considered missing if the original bone level rneasurements dunng the pen'od after the 

loading year inciuded only two consecutive years or less, or if the measurements did not include 

at least one time point from the fifth or subsequent year after loading. 

For each implant and each prosthetic site, the crestal bone level at loading and the 

estimated crestal bone level at 10 years after loading were calculated based on the mean of the 

appropriate proximal site, mesial and distal, outcomes available for each implant and each 

prosthetic site respectively. 



Crestal bone loss outcomes 

A variety of annual crestal bone lioss outcornes for each proximal site, each implant and 

each prosthetic site were denved from the e final bone level rneasurements, the implant and 

prosthetic site outcomes again being calculated as a rnean of al[ of the proximal site outcomes 

available for each implant and each prostthetic site respectively. These outcomes included the 

mean annual crestal bone loss for each annual period after loading. in addition to the period from 

the first to the fourth year after loading, t h e  perîod after the first year of loading, and the period 

after the fourth year of loading. 

For the penod dunng the first yeair of loading the annual crestal bone loss for each 

proximal site, mesial and distal, of each implant was calculated by subtracting the bone level for 

the loading year from the bone level for tnie following year. The annual crestal bone loss for any 

one site was considered missing if the bol ne level rneasurements for either the loading year or 

the first year after loading were not availaable. For each annual period after the first year o f  

loading the annual crestal bone loss for e~ach proximal site, mesial and distal, of each implant 

was calculated by subtracting the bone leve l  for each year after the loading year from the bone 

level for the following year. If there was more than one year separating consecutive bone Ievel 

measurements (Le. missing data points) tishen annual crestal bone loss during the intervening 

years was calculated by subtracting the cllosest consecutive measurements (excluding 

measurements from the loading year) a n d  dividing by the number of inteivening years. 

Notwithstanding this, the annual crestal bmne loss for any one site and annual penod after the 

first year of loading was considered missimg if two bone level measurements were not availabte 

for the calculation. 

The mean annual rate o f  crestal bone loss duting the period from the first to the fourth 

year of loading (since al1 implants had t h e  potential to have been loaded for a minimum of four 

years) was calculated as the slope of a simple Iinear regression equation based on al1 bone level 

measurements from the first to the fourth year after loading. The regression equation was 

calculated using the slope function of Exctel software. The rnean annual rate of crestal bone loss 

for any one site and time period was conssidered missing if the bone level measurements during 

the period included only two consecutive years or less. 

The mean annual rate o f  crestal bone loss after the first year o f  loading was calculated 

as the slope of a simple linear regression equation based on al1 bone level measurements after 

the loading year. The mean annual rate mf crestal bone loss for any one site and time period 

was considered missing if the bone level measurements during the period included only two 

consecutive years or less, or if they did n a t  include at least one time point from the fifth or 

subsequent year after loading. 

The mean annual rate o f  crestal bone loss afier the fourth year of loading was calculated 

as the slope of a simple linear regression equation based on al1 bone level measurernents from 



the fourth and subsequent years after loading. Again the mean annual rate of crestai bone loss 

for any one site and time period was considered missing if the bone Ievel measurements during 

the period included only two consecutive years or l es .  

Reliability o f  the crestal bone loss outcomes was also calculated. This was 

accomplished by redoing each of the above calculations twice using the individual sets of 

original measurements. That is, annual crestal bone loss outcomes were recalculated for both 

the first and the second set o f  original measurements, again for each proximal site, each implant 

and each prosthetic site. Compared to the error standard deviation of 0.23 mm just reported for 

individual bone level measurements, it was interesting to note very similar error standard 

deviation results for bone loss outcomes at the proximal site level, including 0.24 mm far loss 

outcomes during the first year of loading, 0.20 mm for loss outcomes duflng the period after the 

first year of loading, and 0.13 mm for loss outcomes during the period after the fourth year of 

loading. Similar results were also found at the implant level, However, the error standard 

deviation results for bone l o s  outcomes at the prosthetic site level were consistently better, 

including 0.13 mm for loss outcomes during the first year of loading, 0.029 mm for loss 

outcomes during the period after the first year of loading, and 0,033 mm for loss outcomes 

during the period after the fourth year of loading. This appears to be log ka1 and suggests that 

analysis of mean bone Ievel changes at the prosthetic site level may be more reliabte than 

analysis at the implant or proximal site levels- 

Statistical analysis 

Multivariate analysis of the relationship between potential predictive factors and each of 

the crestal bone level and 105s outcomes, including the crestal bone level at loading and the 

estirnated crestal bone level at 10 years after Ioading in addition to the mean annual crestal bone 

loss for the period duting the first year of loading, the period from the first to the fourth year after 

loading, the period after the first year of loading, and the period after the fourth year of loading 

was conducted using the linear regression function of SPSS software (SPSS Inc.) on a persona1 

cornputer, as appropriate for the multivariate analysis of continuous outcomes without censored 

data. Each potential predictive factor was entered as a numerical variable into the SPSS data 

editor. The predictor variables were included in the multivariate regression testing if they initially 

demonstrated at least an independent statistically borderiine significant (pC.15) association to the 

outcome in question as described below. The multivariate analyses were conducted initially 

using pc.05 for stepwise entry of variables into the model and p 4 0  for stepwise removal of 

variables from the model. Each of the resulting rnultivariate models was associated with an 

overall F-test statistic and an adjusted value. In addition, a t-test statistic and a regression 

coefficient was associated with each variable in the model, independent of the other variables. 

Descriptive cumulative bone loss graphs, comparing the stratified groups of LZ quantity 



and LZ quality and wmparing the stratified groups of each nominal and ordinal variable retained 

as statistically significant in the multivariate survival models of crestal bone loss after the first 

year of ioading and after the fourth year of loading as well as the multivariate survival model of 

the estimated crestal bone level at ten years after loading, were developed by plotting over time 

the cumulative sum of the rnean crestal bone Ioss of al1 prosthetic sites from each annual period 

after loading . 
For each of the aforementioned crestal bone level and loss outcomes, at the Ievei of the 

implant site and prosthetic site, the independent samples t-test or ANOVA functions of SPSS 

software, or their nonparametric equivalents the Mann-Whitney or Kmskal-Wallis functions 

respectively if the comparison involved less than 25 obsewations or the parametric test was not 

at least statistically borderfine significant (pc-15) (non-pararnetric tests were favored for their 

more robust nature in instances where the strict assumptions associated with optimal use of 

parametric tests appeared to have been violated), were used initially to test for at least an 

independent statistically borderiine significant (p<-15) association between the outcome and 

each of the nominal, ordinal or continuous variables described in detail in chapter four including: 

gender (gen), original prosthetic plan (pros), actual prosthesis at loading (prosa; excluding 

analysis with the crestaf bone level at loading), opposing arch condition (opp), arch (arch), side 

(side; excluding the prosthetic site level), FDI tooth numbering position (pos; excluding the 

prosthetic site level), the presence or absence of the implant being in a terminal position 

adjacent to the distal free-end cantilever of a fixed prosthesis at loading (term; excluding the 

prosthetic site level and excluding analysis with the crestal bone level at loading), implant type 

(type), bicortical stabilization (bico), perforation of the opposing cortex (perf), LZ jawbone 

quantity (quan), LZ jawbone quality (quai), and surgeon's sense of texture (tex). For reference, a 

summary of al1 the short-fom variable names is given in Table 19. Also analyzed in the same 

manner were each of several continuous variables recoded as ordinal variables using the SPSS 

data editor based on frequency as described in detail in chapter four, including: implant length 

(rien), age at stage-one (rage), years edentulous at stage-one (ryred), and pre-Ioading period 

(rload). Similarly analyzed were two nomina[ variables representing the name of the stage-one 

surgeon (rsurg) and the narne of the dentist who placed the first prosthesis (rpros? ; excluding 

analysis with the crestal bone level at loading), also having been recoded as described in chapter 

four using the SPSS data editor based on the frequency of implant or prosthesis placement 

respectively. As required by multivariate linear regression, the latter two variables were further 

recoded and analyzed using nominal "dummy" variables (rsurg(1 to 6) and rprosl(1 to 5) 

respectively) as described in chapter four. Logic dictated that the multivariate analysis of crestal 

bone level at loading not include variables reflecting prosa, term, or rprosi or its related dumrny 

variables since the conditions represented by these variables were not influential until at least 

after stage-two by which tirne the crestal bone level at loading was essentially established. In 



addition, the Pearson correlation coefficient function of SPSS software, or its nonparametric 

equivalent the Spearman correlation coefficient function if the compatison involved l e s  than 25 

observations or the parametric test was not at teast borderline significant (pc.15). were used to 

examine for at least independent statistically bordedine significant (pc.15) associations between 

the crestal bone level and loss outcomes and each of the  continuous variables: age at stage-one 

(age), and years edentulous at stage-one (yred). The recoded ordinal variables for implant 

length (rlen) and pre-loading period (rload) were favored over the original continuous variables 

for implant length and pre-loading period (len and load) because the continuous versions were 

considered to poorly distributed to be used for statistical testing. 

Multivarîate analyses were not pursued at the level of the proximal site because no 

independent significant differences were uncovered for any  of the bone levef or bone loss 

outcomes differentiated by mesial and distal site data using independent samples t-test 

comparisons at the pc.05 level. Multivanate analyses were conducted at the implant level, 

however, they were not reported because no independent significant differences (pc.05) were 

uncovered for any of the bone level or bone Ioss outcornes differentiated by the implant specific 

variables side, pos and terni, using independent samples t-test, ANOVA, and independent 

samples t-test comparisons respectively, Notwithstanding this, independent significant 

differences were found among several bone level and loss outcomes differentiated by rlen, type, 

bico and perf, (among other significant variables) al1 four of which were implant level variables 

that also had prosthetic site level versions available as described in detail in chapter four- In 

brief, the results of the implant level multivariate analyses were similar to the prosthetic site Ievel 

rnultivariate analyses, including similar adjusted 3 values, excepting a modest tendency for the 

inclusion of additional significant variables in the regression models. Nonetheless, only the 

prosthetic site level analyses were reported, both in the interests of space efficiency given the 

very similar results and because the implant level analyses would unnecessan'ly favor the effects 

of fixed prosthesis site data over overdenture site data due to the disproportionate amount of 

data available in the database from implants supporting fixed prostheses compared to implants 

supporting overdentures. Moreover, the essential conclusions of the study were no different 

based on the implant level analyses. 

RESULTS 

Crestal bone level at ioading 

Based on the radiographs made at the time of prasthesis placement (implant loading), 

the sarnple had crestal bone level measurements available for 506 original implants in 123 

prosthetic sites (Table 33). At that time, the mean crestaI bone level observed arnong the 

prosthetic sites was 1.31 mm (Table 34). 



Table 33 Number of observations for bone level and loss calculations 
- -- -- - - -  

No. of Prosthetic sites (ImpIant sites) 
At 

Load 

1 0-40 1 0.34 0.118 0.055 0.071 1 0.92 
Deviation 

Table 34 Crestal bone level and loss outcornes in prosthetic sites 

Table 35 lndependent associations with bone level at load 

Otol  
Years 

Mean 

Variable p value Crestal Bone Level at Loading (mm) by Group 
O 1 2 3 4 5 

pros 0.040 1 -22 1.37 - - - - 

a rch 0.000* 1.60 1.25 - - - - 

1 to4 
Years 

Level 
at 

Load 
(mm) 

ryred 0.003" - 1.60 1.38 1 -25 1.32 1.14 

Y r d  0.000 * (r) Pearson correlation coefficient = -0.33 

tex 0.016" - 1 .O1 1.36 1 23 1.33 - 

1to17 
Years 

Loss 
Otol  
Years 
(mmlyr) 

bico 0.066* 1.37 1.28 - - - - 

1-31 022 0.048 0.037 0.027 

Table 19 describes short-form variable names 
* nonparametric test applied 
" Pearson correlation applied to test continuous variable yred 

4to17 
Years 

Loss 
7 t o 4  
Years 
(mmlyr) 

f.81 

At10 
Years 

Loss 
1to17 
Years 
(mm/yr) 

Loss 
4to17 
Years 
(mm/yr) 

Level 
at1O 
Years 
(mm) 



By the prosthetic site, the initial statistical testing demonstrated a significant independent 

association (pc.05) between the crestal bone level at loading outcome and each of several 

predictor variables including: gen, pros, arch, opp, rien, ryred, yred, quan, qual, tex, rsurg(3) and 

rsurg(4) (Table 35). Three other variables demonstrated independent statistically borderline 

significant (pc.15) associations with the crestal bone level at loading outcome including: type, 

bico and rsurg(1). 

Table 36 Model 1 predictors of crestal bone level and loss 

Variable 

OPP 
yred 
quan 

=urg (4) 
rprosl(3) 

1 constant 

Level at Load 
B Stand p 

Variable 

(mm) Error value 
1.269 -123 -000 

1 adj ? 1 
I 1 I 

Loss O to 1 Years 
B Stand p 

0.25 

Loss 1 to 4 Years 
B Stand p 

(mmlyr) Error value 
0.377 2.058 .O00 

026 1 0.1 G 

Loss 1 to 17 Years 
B Stand p 

-- 

Table 19 describes short-fom variable names 

(mm/yr) Error value 
0.104 2.020 -000 

Utilizing these variables, initially including yred rather than ryred, the first multiple linear 

regression (mode1 1) demonstrated a significant predictive relationship (overall F-test p<.OOl) 

between the crestal bone level at loading and three variables including: opp, quan, and rsurg(4) 

(Table 36), the significance of each being independent of the other factors in the study. Mode1 1 

suggested that the crestal bone level at loading among prosthetic sites was progressively 

statistically significantly lower (more apical) with increased opposing dentition groups from 1 to 3 

(camplete denture vs. removable partial or overdenture vs. fixed prosthesis or natural dentition). 

Similarly, the crestal bone level at loading among prosthetic sites was progressively statistically 

significantly higher (more crestal) with increased LZ bone quantity groups from A to E. Also the 

crestal bone level at loading among prosthetic sites was statistically significantly Iower (more 

Loss 4 to 17 Years 
6 Stand p 

(mm) Error value 
2.585 +.f37 .O00 
-0.042 5.007 .O00 
-0.858 2.339 .O13 
-0.501 5.198 ,013 

.O00 

(mm) Error value ( (mmfyr) Error value 

Level at 10 Years 
B Stand p 

0.077 +.O10 .O00 
-0.0022 +.O01 -000 

- - - 
-0.034 .O16 .O32 

.O00 

0.059 5.013 -000 
-0.0022 t.001 -007 

- - - 
- - - 

.O07 



apical) for implants placed by surgeon 4 compared to the other surgeons in the study. The 

model 1 regression equation for predicting crestal bone level ai loading was: 

y. = [1.269 + (0,145 x opp) + (-0.0760 x quan) + (0-177 x rsurg(4))J mm. 

For example, mode1 1 predicts that prosthetic sites with LZ bone quantity Type A 

opposing a fixed prosthesis or natural dentition with implants placed by surgeon 4 in the study 

sample have a mean crestal bone level at Ioading equal to 1.81 mm: 

y0 = 11.269 + (0.145 x3)  + (-0.076~ 1) + (0.177~ 1)] mm 

y0 = r1.269 + 0.435 - 0,076 + 0-1771 mm 

y0 = 1.81 mm. 

By comparison, model 1 predicts that prosthetic sites with LZ bone quantity Type E 

opposing a complete denture with implants placed by a surgeon other than surgeon 4 in the 

study sample have a mean crestal bone level at loading equal to 1.03 mm. 

UtiIizing the same predictor variables, except including ryred rather than yred, the 

second multiple linear regression (mode1 2) demonstratec! the same predictive relationships as 

model 1 (Table 37). 

Table 37 Model 2 predictors of crestal bone level and loss 

Variable 

constant 

adj * 1 0.25 1 0-25 1 0.12 

quan 
rsurg(4) 
rprosl(1) 

Loss 1 to 4 Years 
B Stand p 

Level at Load 
B Stand p 

(mm) Error value 
1.269 5.123 ,000 

adj ? 1 0.21. 

Loss O to 1 Years 
B Stand p 

-0.076 5.027 -006 
0.177 2.072 .O16 

- - - 

Variable 

constant 
ryred 
quan- 

(mm/yr) Error value 
0.730 2.095 .O00 

Loss 1 to 17 Years 
B Stand p 

(mm) Error value 
0.221 2.017 .O00 
-0.022 2.005 .O00 

- - - 

Table 19 describes short-forrn variable names 

(mmlyr) Eiror value 
0,137 5.034 .O00 

-0.073 5.081 -022 
- - - 
- - - 

Loss 4 to 17 Years 
B Stand p 

(mm/yr) Error value 
0.104 . 2.023 -000 
-0.022 5.006 .O01 

- - - 
- - - 
- - - 

.O01 

- - - 
- - - 

0.072 +.O34 .O36 

Level at 10 Years 
6 Stand p 

(mm) Error value 
3,419 1.230 .O00 
-0.295 5.070 -000 
-0.157 5.075 .O40 
-0,821 2.324 .O13 
-0.388 2.193 .O47 

.O00 



Crestal bone loss during the first year of loading 

For the period during the first year o f  loading the sample had mean annual crestal bone 

loss observations for 345 original implants in 87 prosthetic sites uable 33). During this period, 

the mean annual crestal bone loss observed among the prosthetic sites was 0.22 mm per year 

(Table 34). 

By prosthetic site, initial statistical testing revealed a significant independent association 

(pc.05) between the crestal bone loss during the first year of loading outcome and each of 

several predictor variables including: perf, bïico, ryred, yred, quan, tex, rsurg(4), rprosl(4) and 

rprosl(5) (Table 38). One other variable, rsurg(2), demonstrated an independent statistically 

borderiine significant (pe.15) association with crestal bone loss during the first year of loading. 

Table 38 lndependent associations with bone l o s  in first year of load 

Variable p value Crestal Bone Loss Year O to 1 (mm/year) by Group 
O 1 2 3 4 5 

bico 0.009 0.34 0.24 - - - - 

ryred O.OOO* - 0.52 0.64 0.078 0.18 0.G56 
yred 0.000 " (r) Pears0.n correlation coefficient = -0.48 

quan 0.000" - O -42 0.36 0.25 0.079 4,025 

tex 0.009' - 0.12 0.25 0.022 0.44 - 

Table 19 describes short-form variable names 
* nonparametric test applied 
" Pearson correlation applied to test continuous variable yred 

Utilizing these variables, initially including yred rather than ryred, the first multiple Iinear 

regression (model 1) demonstrated a significant predictive relationship (overall F-test p<.OOl) 

between the crestal bone loss during the first year of  loading and two variables including: yred 

and rsurg(4) (Table 36). the significance of each being independent of the other factors in the 

study. Mode11 suggested that the crestal b ~ n e  loss during the first year of loading among 

prosthetic sites was progressively statistically significantly less with an increased number of 

years of edentulism for the prosthetic site at stage-one. Also the crestal bone loss during the first 

year of loading among prosthetic sites was statistically significantly more for implants placed by 

surgeon 4 compared to the other surgeons in the study. The model 1 regression equation for 

predicting crestal bone loss during the first year of loading was: 

= [0.377 + (-0.014 x yred) + (0.1 73 x rsurg(4))I mmlyear. 



For example, model 1 predicts that prosthetic sites edentulous 6 rnonths at stage-one 

with implants placed by surgeon 4 in the study sample have a mean crestal bone loss during the 

first year of loading equal to  0.54 mmlyear: 

yo-1 = [0.377 + (-0.014 x 0.5) + (0.173 x l ) ]  mmlyear 

ya_, = [0.377 - 0.007 + 0-1 731 mmlyear 

yc1 = 0.54 mmlyear. 

By corn parison, model 1 predicts that prosthetic sites 27 years edentulous at stage-one 

with implants placed by a surgeon other than surgeon 4 in the study sample have a mean crestal 

bone l o s  during the first year of loading equal to 0.00 mm/year. 

Utilizing the same predictor variables, except including ryred rather than yred, the 

second multiple Iinear regression (model 2) demonstrated a significant predictive relationship 

(overall F-test pc.001) between the crestal bone loss during the first year of loading and two 

variables including: ryred and quan Fable 37), the significance of each being independent of the 

other factors in the study. Mode12 suggested that the crestal bone Ioss during the first year of 

Ioading among prosthetic sites was progressively statistically significantly less with increased 

years edentulous groups from 1 to 5, and with increased LZ bone quantity groups from A to E. 

The model 2 regression equation for predicting crestal bone loss during the first year of  load was: 

yo-1 = l0.730 + (-0.086 x ryred) + (-0.073 x quan)] mmlyear. 

For example, model 2 predicts that prosthetic sites edentulous 1 year or less at  stage- 

one with implants placed in LZ bone quantity Type A in the study sample have a mean crestal 

bone loss during the first year of loading equal to 0.57 mm/year. By comparison, mode12 

predicts prosthetic sites edentulous 25 or more years at stage-one with implants placed in LZ 

bone quantity Type E in the study sample have a mean crestal bone Ioss during the first year of 

loading approximately equal to equal 0.00 mmlyear. 

Crestal bone loss during the first to the fourth year of loading 

For the period during the first to the fourth year of loading the sample had mean annual 

crestal bone Ioss observations for 344 original implants in 87 prosthetic sites (Table 33). Dunng 

this period, the mean annual crestaI bone loss observed among the prosthetic sites was 0.048 

mm per year (Table 34). 

By the prosthetic site, the initial statistical testing demonstrated a significant independent 

association (pe.05) between the crestal bone loss during the first to fourth year of loading 

outcome and each of several predictor variables including: perf, ryred, yred, quan, and rprosl(1) 

(Table 39). Three other variables demonstrated an independent statistically borderline 

significant (pc.15) association with the crestal bone loss during the first to fourth year o f  loading 

outcome including: bico, quai, and rprosl(3). 



Table 39 lndependent associations with bone loss first to fourth year of load 

Variable p value Crestal Bone Loss Year 1 to 4 (mm/year) by Group 
O 1 2 3 4 5 

ryred 0.001 * - 0.071 0.142 0.154 0.014 0.025 

y red 0.01 4 " (r) Pearson correlation coefficient = -0.48 

quan 0.003" - 0.01 1 0.125 0.039 0.01 1 0.019 

rprosl(1) 0.01 O* 0.036 0.098 - - - - 
bico 0.079 0.080 0.029 - - - - 

rprosl(3) O. 1 41 " 0.062 0.003 - - - - 
Table 19 describes short-fom variable names 
* nonparametric test applied 
" Pearson correlation applied to test continuous variable yred 

Utilizing these variables, initially including yred rather than ryred, the first multiple Iinear 

regression (model 1) demonstrated a significant predictive relationship (overall F-test pc.01) 

between the crestal bone loss during the first to fourth year of loading and two variables 

incIuding: yred and rprosl(3) flable 36), the significance of each being independent of the other 

factors in the study. Model 1 suggested that the crestaI bone loss during the first to fourth year 

of loading among prosthetic sites was progressively statistically significantly less with an 

increased number of years of edentulism for the prosthetic site at stage-one. Also crestal bone 

loss during the first to fourth year of loading among prosthetic sites was statistically significantly 

Iess among prostheses pfaced by dentist 3 compared to the other dentists in the study- The 

model 1 regression equation for predicting crestal bone loss during the first to fourth year of 

Ioading was: 

y,-4 = [O. 1 04 + (-0.0029 x yred) + (-0.064 x rprosl(3))l mmlyear. 

For example, model 1 predicts that prosthetic sites edentulous 6 months at stage-one 

with a prosthesis placed by a dentist other than dentist 3 in the study sample have a mean 

crestal bone loss dun'ng the first to fourth year of loading equal to 0.1 0 mmlyear. By 

comparison, model 1 predicts that prosthetic sites 14 years edentulous at stage-one with a 

prosthesis placed by dentist 3 in the study sample have a mean cresta1 bone loss during the first 

to fourth year of loading equal to 0.00 mmlyear. 

Utilizing the same predictor variables, except including ryred rather than yred, the 

second multiple Iinear regression (model 2) demonstrated a significant predictive relationship 

(overall F-test pc.001) between the crestal bone loss during the first to fourth year of loading and 

two variables including: ryred and rprosi (1) (Table 37), the significance of each being 

independent of the other factors in the study. Model 2 suggested that the crestal bone loss 



during the first to fourth year of toading among prosthetic sites was progressively statistically 

significantly Iess with increased years edentulous groups from 1 to 5. Also the crestal bone loss 

dun'ng the first to fourth year of loading among prosthetic sites was statistically significantly more 

for prostheses placed by dentist 1 compared to the other dentists in the study. The mode12 

regression equation for predicting crestal bone loss dunng the first to fourth year of loading was: 

yl-4 = [0.137 + (-0-028 x ryred) + (0.072 x rprosl (l))] mm/year. 

For example, mode12 predicts that prosthetic sites edentulous 1 year or less at stage- 

one with a prosthesis placed by dentist 1 in the study sarnple have a mean crestal bone loss 

dunng the first to fourth year of loading equal to 0.18 mrn/year. By cornparison, model 1 predicts 

prosthetic sites edentulous 25 or more years at stage-one with implants placed in LZ bone 

quantity Type E in the study sample have a mean crestal bone loss dunng the first year of 

loading equal to 0.00 mm/year. 

Crestal bone loss after the first year of loading 

For the period after the first year of loading the sample had mean annuai crestal bone 

loss observations for 385 original implants in 98 prosthetic sites (Table 33). During this penod, 

the mean annual crestal bone loss observed among the prosthetic sites was 0.037 mm per year 

(Table 34). 

By the prosthetic site, the initial statistical testing demonstrated a significant Independent 

association (pc.05) between the crestal bone loss after the first year of  loading outcome and 

each of several predictor variables including: rien, bico, ryred, yred, quan, and rsurg(4) (Table 

40). Several other variables demonstrated an independent statistically borderline significant 

(pc.15) association with the crestal bone loss after the first year of loading outcome including: 

arch, opp, rage, tex, rsurg(5), rprosl(3), and rprosl(4). 

Utilizing these variables, initially incfuding yred rather than ryred, the first multiple linear 

regression (mode1 1) demonstrated a significant predictive relationship (overall F-test p<.OOl) 

between the crestal bone loss after the first year of loading and two variables inciuding: yred and 

rprosl(3) (Table 36, Figures 44, 45), the significance of each being independent of the other 

factors in the study. Model 1 suggested that the crestal bone loss after the first year of Ioading 

among prosthetic sites was progressively statistically significantly less with an increased number 

of years of edentulism for the prosthetic site at stage-one. Also crestal bone loss after the first 

year of Ioading arnong prosthetic sites was statistically significantly less among prostheses 

placed by dentist 3 compared to the other dentists in the study. The model 1 regression equation 

for predicting crestal bone loss after the first year of loading was: 

= [0.077 + (-0.0022 x yred) + (-0.034 x rprosl(3))] mm/year. 

For exampte, model 1 predicts that prosthetic sites edentulous 6 months at stage-one 



with a prosthesis placed by a dentist other than dentist 3 in the study sample have a crestal bone 

loss after the first year of loading equal to 0.076 mm/year. By comparison, model 1 predicts that 

prosthetic sites 20 years edentulous at stage-one with a prosthesis placed by dentist 3 in the 

study sample have a mean crestal bone loss after the first year of loading approximately equal to 

0.00 mm/year. 

Table 40 lndependent associations with bone loss after first year of Ioad 

Variable p value Crestal Bone L o s  Year 1 to 17 (mmfyear) 
O 1 2 3 4 5 

rien 0.006* - 0.024 0.026 0.057 0.051 - 
bico 0.025 0.057 0.024 - - - - 
ryred 0.001* - 0,105 0.087 0,040 0.029 0-008 

yred 0.000 " (r) Pearson correlation coefficient = -0-36 

quan 0000" - 0.050 0.078 0.020 0.002 0.033 

~u rg (4 )  0.005" 0.030 0-064 - - - - 
arch 0.055* 0.054 0.035 - - - - 
OPP 0.070' - 0.031 0.053 0.061 - - 
rage O.Il l* - 0.035 0.051 0.016 0.041 0.060 

tex 0.1 26" - 0.017 0.044 0.038 0.012 

rprosl(4) 0.103" 0.040 0.009 - - - - 
Table 19 describes short-form variable names 
* nonpararnetric test applied 
" Pearson correlation applied to test continuous variable yred 

Utilizing the same predictor variables, except including ryred rather than yred, the 

second multiple linear regression (model 2) demonstrated a significant predictive relationship 

(overall F-test p<.001) between the crestal bone loss after the first year of loading and two 

variables including: ryred and rprosl(3) (Table 37, Figures 44, 45), the signifimnce of each being 

independent of the other factors in the study. Model 2 suggested that the crestal bone loss after 

the first year o f  l oading among prosthetic sites was progressively statistically significantly less 

with increased years edentulous groups from 1 to 5. Also the crestal bone loss after the first year 

of loading among prosthetic sites was statistically significantly less for prostheses placed by 

dentist 3 compared to the other dentists in the study. The model 2 regression equation for 

predicting crestal bone loss after the first year of loading was: 

y1-,7 = [0.121 + (-0.022 x ryred) + (-0.032 x rprosl(3))l mm/year. 
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Figure 44 Cumulative bone loss for years edentulous groups 

See Tables 35 - 42 for significant differences associated with yred (years edentulous) variable 
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Figure 45 Cumulative bone Ioss for restorative dentist groups 

See Tables 35 - 42 for significant differences associated with rprosl (restorative dentist) variable 



For example, mode12 predicts that prosthetic sites edentulous 1 year or less at stage- 

one with a prosthesis placed by a dentist other than dentist 3 in the study sample have a mean 

crestal bone loss after the first year of loading equal to 0.099 mmfyear- By comparison, mode12 

predicts that prosthetic sites edentulous between 1 O and 24 years at stage-one with a prosthesis 

placed by dentist 3 in the study sample have a mean crestal bone Ioss after the first year of 

loading approximately equal to 0.00 mmlyear. 

Crestal bone loss after the fourth year of loading 

For the penod after the fourth year of loading the sample had mean annual crestal bone 

loss obsewations for 266 original implants in 66 prosthetic sites (Table 33). During this period, 

the mean annual crestal bone l o s  observed among the prosthetic sites was 0.027 mm per year 

(Table 34). 

By the prosthetic site, the initial statistical testing demonstrated a significant independent 

association (pc.05) between the crestal bone loss after the fourth year of loading outcome and 

each of several predictor variables including: ryred, yred, quan, and rsurg(3) (Table 41). Several 

other variables demonstrated an independent statistically borderline significant (pc.15) 

association with the crestal bone loss after the fourth year of loading outcome including: tex, 

rload, and rprosl(3). 

Table 41 Independent associations with bone loss after fourth year of load 

Variable p value Crestal Bone Loss Year 4 to 17 (mmtyear) 
O 1 2 3 4 5 

ry red 0.003* - 0.229 0.104 0,002 0.033 -0,005 

yred 0.007 " (r) Pearson correlation coefficient = -0.33 

quan 0.035" - 0.076 0.032 0.041 -0.008 0.039 

~urg(3)  0.034* 0.033 0.010 - - - - 
tex 0.063" - -0.021 0.033 0.042 -0.002 - 

rfoad 0.1 35" - 0.064 0.033 0.006 0.025 - 
rprosl(3) 0.149* 0.026 0.029 - - - - 

Table 19 describes short-form variable names 
nonparametric test applied 
" Pearson correlation applied to test continuous variable yred 

UtiIizing these variables, initially including yred rather than iyred, the first multiple linear 

regression (mode1 1) demonstrated a significant predictive relationship (overall F-test pc.01) 

between the crestal bone loss aller the fourth year of loading and one variable, yred (Table 36, 

Figure 44), the significance of it being independent of the other factors in the study. Mode1 1 

suggested that the crestal bone loss after the fourth year of loading among prosthetic sites was 



progressiveIy statistically sigrr ificantIy l e s  with an increased number of years of edentulism for 

the prosthetic site at stage-one, The model .I regression equation for predicting crestal bone l o s  

after the fourth year of loading was: 

Yb17 = [0.059 + (-0.0022 x yred)] mmlyear. 

For example, model 1 predicts that prosthetic sites edentulous 6 months at stage-one in 

the study sample have a crestal bone loss after the fourth year of loading equal to 0.059 

rnmfyear. By cornparison, model 1 predicts that prosthetic sites 27 years edentulous at stage- 

one in the study sample have a mean crestal bone loss after the fourth year of loading equal to 

0.00 rnmlyear. 

Utilizing the same predictor variables, except including ryred rather than yred, the 

second multiple linear regression (model 2) demonstrated a significant predictive relationship 

(overall F-test pc.001) between the crestal bone loss after the fourth year of loading and one 

variable, ryred (Table 37, Figure 44), the significance of it being independent of the other factors 

in the study. Mode12 suggested that the crestal bone loss after the fourth year of loading among 

prosthetic sites was progressively statistically signîficantly l e s  with increased years edentulous 

groups frorn 1 to 5. The model 2 regression equation for predicting crestal bone loss after the 

fourth year of loading was: 

For example, model 2 predicts that prosthetic sites edentulous 1 year or less at stage- 

one in the study sample have a mean crestal bone loss after the fourth year of loading equal to 

0.082 mmlyear. By comparison, model 2 predicts that prosthetic sites edentulous between 25 or 

more years at stage-one in the study sarnple have a mean crestal bone loss after the fourth year 

of loading approximately equal to 0.00 mrnlyear. 

Crestal bone level estimated at 1 O years after loading 

Based on the radiographs made after the first year o f  loading, the sample had estirnated 

crestal bone level rneasurements at 10 years after loading available for 385 original implants in 

98 prosthetic sites (Table 33). The mean estimated crestal bone level at 10 years after loading 

observed among the prosthetic sites was 1.81 mm (Table 34)- 

By prosthetic site, the initial statistical testing demonstrated a significant independent 

association (pc.05) between the estimated crestal bone level at 10 years after toading outcorne 

and each of several predictor variables including: gen, arch, opp, rien, bico, ryred, yred, quan, 

tex, rsurg(4). rsurg(5) and rprosl(3) (Table 42). Several other variables demonstrated an 

independent statistically borderfine significant (pc.15) association wîth the estimated crestaI bone 

Ievel at 1 O years after loading including: pros, prosa, qual, rsurg(3) and rprosl(4). 



Table 42 Independent associations with estimated bone level at 10 years 

Variable p value Estimated Crestal Bone LeveI at 10 Years (mm) 
O 1 2 3 4 5 

arch 0.006" 2.28 1 -74 - - - - 
OPP 0.020* - 1.69 1.87 2.52 - - 
rlen 0.003' - 1.65 1.61 2-1 0 2.08 - 
bico 0.01 2 2-12 1.60 - - - - 
ryred 0.000" - 2.83 2.75 1 -88 1 -67 1.30 

Y r d  0.000 " (r) Pearson correlation coefficient = -0.47 

quan 0.000" - 2.35 2.42 1.56 1 -27 1.49 

tex 0-01 5" - t -37 1.93 1 -62 1 -77 - 

rprosl(3) 0.039' 1.90 1 -44 - - - - 
pros 0.072 1-59 1 -94 - - d - 
prosa 0.1 16 1 -62 1 -92 - - - - 

rprosf (4) 0.066" 1-86 1.30 - - - - 
Table 19 descnbes short-form variable names 
* nonparametric test applied 
* Pearson correlation applied to test continuous variable yred 

Utilizing these variables, initially including yred rather than ryred and pros rather than 

prosa, the first multiple linear regression (model 1) demonstrated a significant predictive 

relationship (overall F-test pc.001) between the estimated crestal bone level at 10 years after 

loading and three variables including: yred, rsurg(5) and rprosl(3) (Table 36, Figures 44, 45, 46), 

the significance of each being independent of the other factors in the study. Model 1 suggested 

that the estimated crestal bone Ievel at 10 years after loading among prosthetic sites was 

progressivefy statistically significantly higher (more crestal) with an increased number of years of 

edentulism for the prosthetic site at stage-one. Also the estimated crestaI bone Ievel at 10 years 

after loading among prosthetic sites was statistically significantly higher (more crestal) for 

implants pIaced by surgeon 5 and for prostheses placed by dentist 3 compared, respectiveiy, to 

the other surgeons and dentists in the study. An identical finding arose by including prosa 

instead of pros. The model 1 regression equation for predicting the estimated crestal bone levef 

at 10 years after loading was: 



For example, model 1 predicts that prosthetic sites edentulous 6 months at stage-one 

with implants placsd by a surgeon other than surgeon 5 and with prostheses placed by a dentist 

other than dentist 3 in the study sample have a mean estimated crestal bone ievel at 10 years 

after loading equal to 2.56 mm. By cumpanson, model 1 predicts that prosthetic sites 

edentufous 29 years at stage-one with implants pIaced by surgeon 5 and a prosthesis placed by 

dentist 3 in the study sample have a mean estimated crestal bone level at 10 years after loading 

approximately equal to 0.00 mm. 
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Figure 46 Cumulative bone loss for stage-one surgeon groups 

See Tables 35 - 42 for significant differences associated with surg (stage-one surgeon) variable 

Utilizing the same predictor variables, except including ryred rather than yred and pros 

rather than prosa, the second multiple Iinear regression (model 2) demonstrated a significant 

predictive relationship (overall F-test pe.001) between the estimated crestal bone level at 1 O 

years after loading and four variables including: ryred, quan, rsurg(5) and rprosl(3) (Table 37, 

Figures 44, 45, 46, 4ï9, the significance of each being independent of the other factors in the 

study. Mode12 suggested that the estimated crestal bone level at 10 years after loading among 

prosthetic sites was progressively statistically significantly higher (more crestal) with increased 

years edentulous groups from 1 to 5, and with increased LZ bone quantity groups from A to E. 

Also the estimated crestal bone level at 10 years after loading among prosthetic sites was 

statistically significantly higher (more crestal) for implants placed by surgeon 5 and for 



prostheses placed by dentist 3 compared, respectively, to the other surgeons and dentists in the 

study. An identical finding arose by including prosa instead of pros. The model 2 regression 

equation for predicting the estimated cresta-l bone level at 10 years after loading was: 

ylo = [3.419 + (-0.295 x ryred) + (-0.1 57 x quan) + (-0.821 x rsurg(5) 

+ (-0.388 x rprosl(3))J mrnryear. 

For example, model 2 predids that prosthetic sites edentulous 1 year or less at stage- 

one with implants placed in LZ Type A bone quantity by a surgeon other than surgeon 5 and with 

a prosthesis placed by a dentist other than dentist 3 in the study sample have a mean estimated 

crestal bone level at 10 years after loading equal to 2.97 mm. By comparison, model 2 predicts 

that prosthetic sites edentulous 25 years or more at stage-one with implants placed in LZ Type E 

bone quantity by surgeon 5 and with a prostfhesis placed by dentist 3 in the study sample have a 

mean estimated crestal bone level at 10 years after loading approximately equal to 0.00 mm. 

Despite the lack of significance of the  LZ jawbone quality variable in any of the 

multivariate bone loss analyses, a descriptive cumulative bone l o s  graph was also developed 

for the stratified groups of LZ bone quality a s  described previously (Figure 48)- 
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Figure 47 Cumulative bone loss for LZ jawbone quantity groups 

See Tables 35 - 42 for significant differences associated with quan (LZ bone quantity) variable 
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Figure 48 Cumulative bone loss for LZ jawbone quality groups 

See Tables 35 - 42 for significant differences associated with quan ( L i  bone quantity) variable 

DISCUSSION 

Although initial attempts at implanting dental prostheses into jawbone were associated 

with bone resorption, osseointegrated implants offered a predictable long-term mechanism to 

stabilize oral prostheses (Br5nemat-k et al. 1977, Adell et al, 1990). This implied that many 

patients could sustain bone-anchored oral implant prostheses for a lifetime. With increased and 

increasing life expectancies, such an eventuality would depend at least in part on the long-terni 

maintenance of bone around oral implants. To this end, one of the major critena for clinical oral 

implant success is crestal bone loss of less than 0.2 mm per year after the first year of function 

(Albrektsson et al. 1986, Zam and Albrektsson 1998). It is worth noting that even the apparently 

Iow rate of bone loss of just less than 0.2 mm per year may be too IiberaI for young implant 

patients who could still lose up to 8 mm of bone over the ensuing 40 years surely jeopardizing 

their implants. Other age- and site-specific factors may also be of concem in this regard since 

they are otherwise well established to influence patterns of both systemic and oral bone loss. In 

this context crestal bone loss patterns around the oral implants in this study were statistically 

significantly, although inconsistently, related to LZ jawbone quantity as well as to the number of 

years the bone site was edentulous at stage-one, a factor closely related to the age- and site- 

specific aspects of jawbone condition, the significance of each being independent of the other 

factors in the study as assessed by multivariate linear regression analyses. In addition, crestal 



bone loss patterns around the oral implants in this study were statistically significantly, and again 

inconsistently, related to variations in the surgeon who placed the implants and the dentist who 

placed the original implant prosthesis, again the significance of  each being independent of the 

other factors in the study. Consistent with the results reported in chapter two, age itseff. at least 

among aduIts, does not appear to impact crestal bone loss outcornes related to implant 

prosthodontic treatment for completely edentulous jaws. 

Specifically, the study found the following predictive relationships, the significance of 

each being independent of other factors in the study based on multivariate analyses: 

1) the crestal bone level at loading among prosthetic sites was progressively lower (more 
apical) for opposing dentition groups from 1 to 3 (complete denture vs. rernovabie partial or 
overdenture vs. fixed prosthesis or natural dentition, respectively), 

2) the crestal bone level at loading among prosthetic sites was progressively higher (more 
crestal) with increased LZ bone quantity groups from A to E, 

3) the crestal bone level at Ioading among prosthetic sites varied with differences in the stage- 
one surgeon, 

4) crestal bone loss during the first year of loading among prosthetic sites was tess with 
increased LZ bone quantity groups from A to E, 

5) crestal bone Ioss dunng the first year of loading arnong prosthetic sites vaned with 
differences in the stage-one surgeon, 

6) crestal bone loss during the first year of Ioading, dunng the first to fourth year of loading, 
after the first year of loading, and after the fourth year of Ioading among prosthetic sites was 
less with an increased nurnber of years of edentulism and with increased years edentulous 
groups from 1 to 5, 

7) crestal bone loss during the first to fourth year of loading and after the first year of loading 
among prosthetic sites varied with differences in the dentist who placed the first prosthesis. 

8) the estimated crestal bone level at 10 years after toading among prosthetic sites was 
progressively higher (more crestal) with an increased number of years of edentulisrn, with 
increased years edentulous groups frorn 1 to 5, and with increased LZ bone quantity groups 
from A to E, 

9) the estimated crestal bone level at 10 years after loading arnong prosthetic sites varied with 
differences in the stage-one surgeon and with differences in the dentist who placed the first 
prosthesis. 

The essential discussion arising frorn the findings is that the number of years of 

edentulism in a prosthetic site was the factor rnost often found to be significant in the 

rnultivariate analyses (both as a continuous variable and as a grouped ordinal variable), being 

related to crestal bone loss during the first year of loading, during the first to fourth year of 

loading, after the first year of loading, and after the fourth year of loading as well as to the 

estimated crestal bone level at 1 O years after loading, a result demonstrated by no other factor in 

this study. Using the years edentulous continuous variable as a predictor, and for simplification 

considering sites with a prosthesis placed by a dentist other than dentist 3, the multivanate 

analysis predicted a crestal bone loss pattern after the first year of loading ranging from 0.076 



mmlyear among sites edentulous 6 months at stage-one progressively down to 0.01 1 mmfyear 

among sites edentulous 30 years at stage-one, an estimated seven-fold reduction. 

Notwithstanding this, the multivariate estimates of crestal bone loss afler the first year of loading 

and after the fourth year of loading in this study never exceeded 0.1 mm per year regardless of 

the number or years of edentulisrn at stage-one or whether the continuous or grouped years 

edentulous variables were utilized. Despite modest adjusted ? values in the multivatiate 

analyses (0.35 or Iess), modest Pearson correlation coefficients for to the continuous years 

edentulous vatiable, ranging from -0.33 to -0.48 (Le. a modest correlation associating decreased 

crestal bone loss with increased years of edentulism). and modest inconsistencies in the Iinear 

relationship of crestal bone loss across the years edentulous groups, this study offers good 

evidence that crestal bone loss adjacent to implants in completely edentulous jaws is greater 

among sites treated sooner after tooth extraction compared to those edentulous for many years 

time at the time of implant placement, and this effect appears to be independent of arch and 

other age- and site-specific factors in the study including LZ jawbone quantity. The results also 

suggest that the time-dependent tendency for increased vertical jawbone resorption following 

tooth extradions (TaIlgren 1972) will be substantially moderated, but not eliminated by the 

placement of an implant prosthesis. 

A better understanding of these results was also sought in uncovering that a significant 

relationship (chi-square p<-05) existed between the grouped years edentulous variable and the 

arch variable at the prosthesiçsite level of analysis. In essence the maxillary sites in the study 

tended to have been edentulous for fewer years compared to the mandibular sites. For 

example, only 4% of rnaxillary sites were edentulous 25 or more years at stage-one compared to 

27% mandibular sites. Also, 28% of maxillary sites were edentulous 1 year or Iess at stage-one 

compared to only 10% of mandibular sites. The analytical risk impiied in this is difficult to 

predict. Given the site-specific distributions described, the maxillary results could preferentially 

influence the cornbined outcomes for sites with fewer years of edentulism, whereas the 

mandibular results could preferentially influence the combined outcomes for sites with more 

years of edentulism. This could be important if the maxillary and mandibular bone loss patterns 

differed with respect to the number of years of edentulism, and indeed, stratification of the 

crestal bone loss outcomes by arch revealed such a difference. Similar to the combined 

outcomes (without stratification), significant differences (pc.05) existed in mandibular outcomes 

by yearç edentulous groups in addition to significant Pearson correlation coefficients (pc.05) 

between the various mandibular crestaf bone loss outcornes and the continuous version of the 

years edentulous variable. In contrast, the only significant maxillary results regarding the 

number of years of edentuIIsm were significant Pearson correlation coefficients (pe.05) between 

the continuous version of the years edentulous variable and the maxillary crestal bone loss 

outcome during the first year of loading and during the first to the fourth year of loading. A 



borderline significant (pc-15) Pearson correlation coefficient was also found between the 

continuous version of the years edentulous variable and maxillary crestal bone loss after the first 

year of loading, in addition to a borderline significant difference (pc.05) between the years 

edentulous groups regarding crestal bone Ioss during the first to the fourth years of loading. 

Despite the obvious implication of a possible confounding effect of arch, none of the original 

regression model outcomes were altered by forcing inclusion of  the arch variable in the 

regression testing, if not already present. Consequently, the study ultimately upheld initial 

conclusion that crestal bone loss adjacent to implants in completely edentulous jaws is 

influenced by the number of years of edentulism at stage-one, independent of other factors in the 

study including arch. Although the results tempt the suggestion that the influence of years of 

edentulism is more substantial in mandibular sites than maxillary sites, it appears that an 

improved understanding of the potential influence of the number of  years of edentulism on 

crestal bone behaviour would only be possible by obsetving a larger sample of maxillary implant 

prosthesis sites. 

A second discussion arising from the findings is that although LZ jawbone quantity did 

not predict the rate of crestal bone loss it was a significant predictor of the bone level at loading 

and the estimated bone level at 10 years after loading, the latter outcome being particulariy of 

importance to the long-terni maintenance of implants especially for younger patients who may 

have many years yet to live. As noted prosthetic sites with less resorption at stage-one had a 

more apical estimated level at 1 O years after loading compared to sites with more resorption to 

begin with. This is an entirely logical result given the negative correlation between crestal bone 

loss and the number of years of edentulism. lndeed it is somewhat counterintuitive that jawbone 

quantity was not significantly related to the rate of crestal bone loss in the muftivariate analyses 

given its significant relationship with the estimated bone level at 10  years. There are at least 

three possible reasons why this discrepancy occurred. Firstly, the effect of jawbone quantity on 

crestal bone loss may weaker than that of the number of years of edentulism, so the study may 

simply have had too few observations for the effect of bone quantity to be found significant in 

relation to predicting crestal bone Ioss. This possibility is supported by the othewise more 

consistent finding that jawbone quantity was statistically associated with crestal bone loss when 

tested independent of the multivafiate analysis. Secondly, the assesment of jawbone quantity 

may not have been precise enough to establish a significant relationship. As described in 

chapter six, the reliability of LZ jawbone quantity assessrnents does appear to be adequate 

enough for clinical research, however, the subjectivity these assessments undoubtedly reduces 

their potential predictive value. Lastly, LZ jawbone quantity may actually be a relatively poor 

predictor of crestal bone loss. The latter possibility is supported by considering that the rate of 

crestal bone loss after loading was only 0.022 mm per year among 6 of the prosthetic sites in the 

study that had very little resorption (LZ bone quantity Type A) in addition to having been 



edentulous for at least 10 years at stage-one, well below the average bone loss rate after loading 

of 0-037 mm per year. Despite the presence of ample alveolar bone, resistance to bone 

resorption rnay be characteristic of some jaws, before and after the placement of oral implants. 

Ultimately, the extemal validity of this study is flot entirely clear. As noted in chapter 

four, muItivariate analyses, involve complex statistical cornpansons that depend on adequate 

numbers of data and on the valid and reliable measurement of variables. On both accounts the 

this study could be improved. Furthermore, only about one third or less of the variability in 

crestal bone loss behaviour was explained by the variables examined in this study. Complicating 

this with the very smaIl mean rates o f  crestal bone loss reported in the study, the generalizability 

of results can best be demonstrated by replication and expansion of the study with substantially 

larger numbers of patients and prosthodontic applications, specifically involving proportionately 

more maxillary sites in addition to partiaily edentulous sites. The results would also Iikely be 

clanfied specifically by prospective documentation of the nurnber of years of edentulism, rather 

than the retrospective fashion in which this data was collected in the current study, and by 

irnprovements in the ability to assess host jawbone condition and the mynad other potential 

factors that may relate to crestal bone behaviour, inciuding factors related to implant material 

and design, surgical and prosthodontic protocols and occlusal Ioading considerations, as well as 

oral ecology factors. 

SUMMARY 

It remains unclear whether various age- and site-specific aspects of bone condition can 

predict the behaviour of crestal bone levels proximal to oral implants. A multivanate study was 

conducted among 130 patients treated consecutively with 617 Brinemark implants placed 

originaliy to stabilize 139 complete implant prostheses. By the most recent follow-up 4 to 17 

years tiad passed and the cumulative overall implant survival of original implants was 85.5%. 

During this penod, the mean annual crestal bone Ioss observed among the prosthetic sites was 

0.037 mm per year. Despite evidence that bone loss patterns are age- and site-specific in 

humans, it appears that age- and site-specific aspects of bone condition are not good predictors 

of  crestal bone behaviour surrounding oral implants in completely edentulous jaws. Despite this, 

jawbone quantity is significantly, afbeit inconsistently, re(ated to crestal bone behaviour 

surrounding implants. More importantly, a better predictor of crestal bone behaviour around 

implants is the number of years of edentulism at stage-one, a factor indirectly related to the age- 

and site-specific aspects of bone condition. Although the results are consistent in this regard, 

additional studies, with better documented measures particularly of years of edentulism and 

jawbone quantity, are needed to venw and supplement this conclusion in the context of a wider 

diversity of jaw sites and prosthetic applications in both partially and completely edentulous 

adults. It is also important to highlight that crestal bone behaviour in this study appeared also to 



be influenced by differences in the stage-one surgeon and the dentist who plaeed the first 

prosthesis, an association that suggests maten'al irnprovements may yet be had in surgical and 

prosthodontic protocok. In toto, the predictability of crestal bone behaviour surrounding implants 

must be considered relatively subtle rather than profound since even the best of the regression 

models could predict only one third of  the variability in crestal bone behaviour- Notwithstanding 

this, al1 oral implant patients should be advised of the likelihood of ongoing but usually modest 

crestal bone loss associated with oral implants, at least of  the threaded titaniurn vafiety, and that 

although this process is variable it is unlikely to jeopardize the stability of their implant prosthesis 

at least during the first two to three decades of use. 



Chapter Six 

RELIABILITY AND VALlDlTY OF THE LEKHOLMZARB CLASSIFICATION OF JAWBONE 
QUANTIN AND QUALlTY 

INTRODUCTION 

Over a decade ago, Lekholm and Zarb (1985) combined a growing body of scientific 

evidence with their own clinical studies to develop a working classification of jawbone condition 

(LZ) to facilitate the planning of implant prosthodontics (Figure 7). They proposed a 

differentiation of jawbone shape or quantity (Type A to E), and jawbone quality (Type 1 to 4) in 

the anterior region of the jaws. This classification is as follows: 

Quantity (shape): 
A. Unresorbed alveolar bone 
B. Some resorption of alveolar bone 
C. Complete resorption of alveolar bone 
D. Some resorption of basal bone 
E. Extreme resorption of basal bone 

Quality: 
1. PredorninantIy cortical bone 
2. Predorninantly thick cortex with dense cancellous bone 
3. Predominantly thin cortex with dense cancellous bone 
4. Predominantly thiri cortex with low density canceilous bone 

The LZ classification demonstrated reasonable face validity (it made common sense and 

was apparently comprehensive for its proposed use) and this led to its application in both clinical 

and research settings to atternpt prediction of oral implant outcomes. However, to facilitate oral 

implant outcome studies related to the quantitative and qualitative aspects of host bone sites it 

would be necessary establish how reliable and valid the classification system would be in a 

research setting. The LZ classification was instituted prirnarily using a subjective assessrnent of 

panoramic and lateral cephalometric radiographs. In agreement with established evidence, its 

authors noted that the rnandible generally had a higher cancellous radiodensity compared to the 

rnaxilla, and that certain combinations of bone quantity and quality were often seen together. 

Both of these observations have since been corroborated independentiy (Truhlar et al. 1997b). It 

appears, for example, that Type D or E bone (advanced resorption) in the anterior of the 

mandible may tend to have a high quality rating, often Type 1 or 2, since it is usually associated 

with dense basal bone. In comparison, most maxillary bone usually has a Type 3 or 4 quality 

associated with a very thin buccal cortex and a relatively low cancellous density. The 

significance of poor bone quantity for implant treatment planning is perhaps obvious in that it can 

restrict the surface area available for osseous contact with the implant. Not uncommonly, height 

or width restrictions, especially in the maxilla, will preclude implant placement attogether, or in 

sorne cases a perforation of the cortex rnay develop during implant insertion leaving either the 

apex or threads of the implant exposed to sofl tissues. In contrast, the significance of poor bone 



quality in planning implants is less obvious. In prïnciple. low bone density rnay be relatlvely 

unfavorable since it could discourage early bone healing due to excessive movement of the 

implant, That is, poor bone density may rnake it more difficult to achieve the orthopedic aim of 

early rigid fixation. Simultaneousty, it is theoretically possible that low density bone may offer a 

compromised osteogenic potential or an excessive resorptive potential compared to higher 

density bone, thereby further upsetting osseous healing. However, these remain largely 

hypothetical considerations to date, 

Expansion of the original osseointegration formula from cornpletely to partially 

edentulous patients has increased demand for implants in posterior jaw sites- This has 

combined with improved access to cross-sectional tomographic imaging to encourage a lateral 

application of the LZ classification to posterior jaw regions. For convenience, the anterior and 

posterior regions have been differentiated into two zones (Zarb and Schmitt 1993b). Zone 1 is 

anterior to a vertical line passing through the mental foramina, whereas Zone II is postenor to 

Zone I (Figure 4). By this definition, Zone I generatly includes areas previously occupied by the 

anterior teeth and first premolars in both arches. Zone II sites are generally more complex than 

Zone I for implant planning because of the close proximity of either the mandibular canal or the 

maxillary sinus (Cawood and Howell 1988, Vinter et al. 1993, Ulm et al. 1995). Prevalent in 

implant literature is also the observation that Zone II in both arches often presents with poorer 

bone quality (Type 3 or 4) than that seen in Zone I (Lekholm and Zarb 1985, Truhlar et al. 

1997b). However, this may not apply to the mandible- Although the posterior mandible presents 

most commonly with a decreased cancellous bone density, it typically has an increased 

thickness of the buccal cortex compared with the anterior mandible (von Wowem 1977b. 

Wowem and Stoltze 1979a)- Conceptually then a typical postenor mandible may be descnbed 

as having either Type 2 bone with low cancellous density, or Type 4 bone with a thick cortex, 

neither of which fits the LZ classification accurately. To accommodate these complexities other 

classifications have been introduced including, for example, the Cawood and Howell (1 988) and 

Jensen (1 989) classifications. Despite this, the LZ classification has enjoyed the highest profile 

in the context of implant outcornes research. 

In essence, the LZ classification of jawbone quantity requires observers to differentiate 

between alveolar and basal jawbone in edentulous jaws. However, the demarcation between 

alveolar and basal jawbone is a theoretical line that is an undefined distance beyond the apex of 

the tooth roots. Enlow, Bianco and Eklund (1976) proposed that the mandibular alveolar process 

in edentulous jaws be defined by reversal lines in the bone indicative of the greatest vertical 

extent to which alveolar resotption was Iikely to occur. They also proposed that this coincided 

with a straight line between the mental and mandibular foramina, although their justification was 

questionable. In any case, Cawood and Howell (1 988) accepted this as the vertical division 

between alveolar and basal bone in the mandible and they proposed that the vertical division 



between alveolar and basal bone in the maxilla was along a Iine connecting the greater palatine 

and incisive foramina. However, other literature is not as compeliing in this regard. Indeed, 

localization of an exact Iine demarcating alveoiar from basal bone in the absence of teeth is 

probably not valid since tooth apices appear to bear a variable vertical relationship to known 

jawbone landmarks such as the alveolar crest, the mental foramen, the mandibular canal, the 

inferior cortex of the mandible, the palatal process, or the floors of the nasal cavity or maxillary 

antnrm (Yosue and Brooks 1989a,b, Soikkonen et al. 1995, Varrela et al. 1995). 

Notwithstanding this, vertical resorption of the residual ndge of jawbone following tooth 

extraction is predictable on average and can be measured with validity and precision using 

lateral cephalometric radiographs (Tallgren 1972). It is logical and valid also to suggest that the 

greater the extent of vertical residual ndge resorption the less likely the residual ndges contain 

alveolar bone. Consequently, an assessment of vertical residual ndge height using stable 

jawbone landmarks such as the infenor cortex of the mandible and the palatal processes of the 

maxilla may be the only valid measure of vertical jawbone quantity. In any case, further 

assessment of the validity of the quantity aspect of the LZ classification method appears not to 

be useful for the reasons mentioned. Despite this, reliability of the LZ quantity classification 

method can be assessed if calibration establishes consistency among observers relative to 

known radiographic landmarks such as those proposed by Enlow, Bianco and Eklund (1 976) and 

Cawood and Howell (1 988). 

The LZ classification of jawbone quality requires observers to differentiate between thick 

and thin cortical jawbone as well as between dense and low density cancellous jawbone. It 

appears that density in this context was intended to refer primarily to radiographic density. 

Based on this, LZ jawbone quality could prove to be a significant predictor of osseointegration 

success as suggested by prelirninary studies where Type 4 bone was associated with lower 

success than the other quality categones (Engquist 1988, Jaffin and Berman 1991, Hutton 1995). 

Since Type 4 bone is the only category with low canceIlous bone density it is possible that 

cancellous density rnay be the crucial factor in this regard. For this reason, the proposed 

investigation of validity will highlight the cancellous density aspect of jawbone quality. 

Reliability is an assessment of how reproducible a rneasurernent is whereas validity is an 

assessment of how well a measurement represents what is intended to be measured. Reliability 

can be assessed by the statistical comparison of two or more repetitions of the same 

measurements. Intra-observer reliability involves the same observer, whereas inter-observer 

reliability involves different observerç. The validity of a measurement is a more theoretical 

concept than the reliability of a measurement. The constnict validity of a measurement can be 

demonstrated mathematically only in so much as the measured value can be related, usuaIly 

statistically, to a theoretically better known measure or more ?nien measure of what is intended 

to be measured. 



This study aimed to test the reliability (inter- and intra-observer) of the LZ classification 

of jawbone quantity and quality, and the validity of the fZ classification of jawbone quality, in 

particular the assessrnent of radiographic cancellous jawbone density. The investigation was 

conducted using three experienced obsewers for radiographic assessments of cornpletely 

edentulous jaws from a selection of implant patients and cadaver material. A companion part of 

this study, reported in chapter seven, investigated the validity and reliability of quantitative 

cornputed tomography (QCT) for assessment of the cancellous bone mineral density (BMD) in 

the cadaver jaws. 

MATERIALS AND METHODS 

SampIe selection 

To facilitate the validity investigaticn, three intact, embalrned, human cadaver heads, 

edentulous in both jaws, were obtained from cadaver material donated to the Department of 

Anatomy and Cell Biology, Faculty of Medicine, University of Toronto. Two of the cadavers were 

females who had died less than 3 rnonths previously; one (4662), aged 86 years, died of 

bronchopneumonia, and the other (4669), aged 75 years, died of acute myocardiai infarction. 

The other was a 91 year-old male (4616) who died of cardiac arrest 8 months previously. The 

cadavers had been refrigerated and embalmed using an infused solution of Formalin. While not 

in use the cadaver material continued to be wrapped in Foimalin soaked Cotton fabric, stored in 

plastic and refrigerated. The selection of cadaver material was facilitated by visuaf examination, 

digital palpation and plain film intraoral radiography to attempt to obtain jaws with a diversity of 

LZ quantity and quality types, particularly cancellous radiodensity, and to rule out gross 

maxillofacial pathology. To confirm the selections, the radiographs were also reviewed by an 

oral radiologist, MP, in the, Departrnent of Clinical Sciences, Faculty of Dentistry, University of 

Toronto. The cadaver heads were imaged using panoramic and lateral cephalometric 

radiography with routine exposure parameters. The panoramic radiographs were exposed using 

Kodak T-Mat GIRA panoramic PANiTMGRAJ, 5 x 12 inch radiographic film (Eastman Kodak, 

Rochester, NY, USA) in combination with an extraoral panoramic x-ray machine (Siemens 

Orthopantomograph 10) set at 75 kVp and 6mA for 15 seconds. The lateral cephalometric 

radiographs were exposed using Kodak T-Mat GIRA TMGIRA-1, 8 x 10 inch radiographic film 

(Eastman Kodak, Rochester, NY, USA) in combination with an extraoral x-ray machine (GeneraI 

Electric Canada DXD-350 II) set at 74 kVp and IOOL mA for 0.25 seconds. The films were 

developed with appropriate fresh chemical solutions in an autornatic processor (Siemens DENT- 

X 9000). 

The validity study was not dependent on the number of  jaws examined, rather it required 

enough comparisons (close to 25 is preferabIe to help satisfy the assumptions needed for 

parametric tests) with as wide as possible a variation in radiographic cancellous bone density. 



The decision to include three cadaver heads was to provide a reasonable number o f  jaw regions 

for the comparison, in this case 24 regions including 4 regions from each of the 6 jaws, 

Evidence reviewed in chapter one confimed that even individual human jaws normally have 

variation in cancellous bone rnorphometry; in particuiar, the number and sire of trabeculae 

usually varies significantly between antenor and posterior regions and between maxillary and 

mandibular regions (Gabriel 1965, von Wowern 1977b, Wowem and Stoltze 1979a, von Wowern 

1977b, Ulm et al. 1992). As noted, reasonable, albeit subjective, variation in the radiographie 

csincellous density of the cadaver jawbone was suggested with plain film intraoral radiography at 

the time of its selection. 

To facilitate the reliability study, the three sets of cadaver radiographs were combined 

with 22 additional sets of lateral cephalornettic and panoramic radiographs of completely 

edentulous jaws selected from among radiographs available in the Implant Prosthodontic Unit 

database of the University of Toronto. The reliability study also required enough cornparisons 

(close to 25 is preferable to help satisfy the assumptions needed for parametric tests) with as 

wide as possible a variation in jawbone quantity and quality. The 25 sets of radiographs were 

seleded to include at least four examples of each of the five LZ shape types (A to E inclusive) in 

Zone I of both upper and lowerjaws, at least seven examples of  each of the three LZ cortical 

thickness types (solid, thick and thin cortices) in Zone I of either jaw, and at least ten examples 

of both of the LZ cancellous density types (dense and low density cancellous bone) in Zone I of 

either jaw. The selections were made by a prosthodontist, RB, after a review of the LZ 

classification criteria with two advisers, an oral radiologist, MP, and a prosthodontist, GZ, in the 

Department of Clinical Sciences, Faculty of Dentistry, University of Toronto. 

Specirnen sectioning, processing and histomorphornetry 

In conjunction with the QCT investigation reported in chapter seven, at least twelve 

cross-sectional sites, each of 5.0 mm width, were identified perpendicular the arch curve in each 

of the six cadaverjaws- These included a minimum total of 72 sites: each jaw with at least four 

sites posterior to a vertical Iine passing through each mental forarnen bilaterally and at least four 

sites between vertical lines passing through the mental foramina. The jaws were removed from 

the facial skeleton and degloved of soft tissue. Each jaw was g r o s  sectioned with an lsomet 

precision slow speed saw (Buehler Ltd.) perpendicular to the arch curve in approximate 

correspondence with the cross-sedional sites identified previously and accounting for 0.5 mm of 

bone destroyed by each saw cut leaving each cross-sectional specimen approximateiy 4.0 to 4.5 

mm in width. One surface of each specimen was identified with a small tattoo of 

Mercurochrome. 

The undecalcified specimens were dehydrated in ascending grades of acetone and 

infiltrated in ascending grades of Spurr resin (Marivac). The specirnens, with the tattooed 



surface left exposed, were embedded in Spurr resin and polymen'zed at 50 degrees Celsius. A 

total of 54 embedded specimens, from the best nine sites selected from each jaw, were identified 

for histological examination. They were selected on the subjective basis of having the largest 

cancellous area available for examination on the exposed tattooed surface and selecting at least 

two specimens postenor to a verticaI Iine passing through each mental foramen bilateraily for 

each jaw as well as at least two specimens anterior to a vertical fine passing through each 

mental foramen bilaterally for each jaw. Two exceptions to this were that onIy one specirnen 

was selected from the left posterior region of one maxilla (4616) and only one specimen was 

selected from the Ieft posterior region of one mandible (4662) because the cancellous area in the 

other available specimens in those regions were considered too small to be useful for the 

investigation. This implied that histomorphometry data would be available for comparïson from 

each of the 24 different jaw regions (4 regions in each of the 6 jaws) in the sample. Using a 

Reichart Jung 2050 microtome (Leica Canada Inc.) with a tungsten carbide knife (Delaware 

Diamond Knives, Inc.), five sections, each five microns thick, were cut from the exposed surface 

of each of the 54 selected specimens- The thin sections were mounted appropriately on g l a s  

slides and examined subjectively for artifactual damage to select the best one of each set of  five 

for histomorphometric examination. The selected sections were stained with von Kossa stain to 

blacken the mineralized tissue. 

Using an automated technique, the trabecular bone volume (TBV) was determined for 

each von Kossa stained section. TBV is calculated as the area occupied by trabeculae divided 

by the total cancellous area of a thin cro-section of bone. To accomplish this each stained 

section was digitized with a slide scanner (Microtek Scanmaker 35T, Microtek Lab Inc., Redondo 

Beach, CA) and the resultant image was stored, processed and measured using NIH Image 

software (witten by Wayne Rasband, US. National lnstitute of Health, available from the 

internet by anonymous FTP from zippy.nimh.nih.gov or on floppy disk from the National 

Technical Information Service, Springfield, Virginia, Part Nurnber PB93-504868) on a Macintosh 

Quadra 800 computer with 40 megabytes of RAM, and connected to a 16 inch 8-bit color monitor 

that had a dot pitch of 0.28 mm with a screen refresh rate of 72 KHz (Appte Canada Inc., 

Markharn, ON). The automated digitizing process involved converting the optical densities 

obtained from the slide scanner to an image with 256 gray scale levels, where white was 

represented by O and black was represented by 256. No enhancement of brightness or contrast 

was made dunng scanning. The scanned area of each slide was selected using a digitized pre- 

scanned image to include ail of the mineralized tissue. The scanning process used a spatial 

resolution of 968 dots per inch. This implied a resolution of about 40 pixels (picture elements) 

per mm resulting in an image that was magnified approximately 13 times when viewed on the 

monitor. With the NIH Image software each digitized image was processed by using the set 

scale function to calibrate the vertical scale of the image with the known vertical dimension of 



the section measured to the nearest 0.1 mm using a Boley gauge directly on the mounted 

section. The image was then converted to a binary image of only black and white levels, with no 

intervening gray levels, using the threshold and make binary options. VisualIy, this process 

involved the removal of the relatively small number of gray pixels from the image representing 

non-mineralized tissues. The cancellous area of the image was outlined using the polygon tool 

function of the NIH lmage software to include at least 0.5 mm inside of the visually assessed 

endosseous surface of cortical bone. The outlined portion of maxillary images did not include 

the cancellous area of contigtious m a x i l l a ~  processes, for example, that of the maxillary palatal 

process. Ultimately, the TBV of each stained section was mlculated using a NIH lmage macro 

to determine the percentage of black pixels within the outlined image portion. The area outlined 

was calcuIated, based on the calibrated vertical scale, using the area option of the results 

function of NIH lmage software. A mean area of 53 mm2 (16 mm2 to 135 mm2) was found 

among the 54 jaw ROI'S, with a mean of 71 mm2 for cadaver 4616,23 mm2 for cadaver 4662, 

and 66 mm2 for cadaver 4669. 

Calibration of observers 

In preparation for calibration of the observers, a review of the LZ classification critena 

involved discussion of their application for assessing vanous sets of lateral cephalometric and 

panoramic radiographs. It was decided that reliability of the LZ quality classification would be 

better examined by separating the assessment of cortical thickness from the assessment of 

cancellous density. It was also decided that reliability of the cortical thickness aspect would be 

better examined by expanding its range to include a category for very fine or imperceptible 

regions (c 0.5 mm) (designated V) in addition to the three existing categories of soiid (designated 

S), thick (> 2 mm) (designated T), and thin (< 2 mm) (designated F) regions (Appendix II 1). The 

existing thin category was altered to be a fine category for convenient designation (F rather than 

T) by the observers. Furthemore, it was decided that reliability of the cancellous density aspect 

would be better examined by expanding its range to include, firstly, a category for very low 

density regions (designated 4) in addition to the existing low density category (designated 3), and 

secondly, two categories, high density (designated 1) and medium density (designated 2). to 

replace the existing dense bone category (Appendix III). The intention of these alterations was 

to simplify the decision making process for jawbone quality classification by permitting only one 

decision at a time rather than the combined decisions about cortical thickness and cancellous 

density necessary in the existing LZ classification scale. Concurrently, farniliarity with the 

existing four-point ordinal scale was maintained for both aspects of bone quality. The alterations 

were not designed to change the LZ quality classification, rather to facilitate reliability testing of 

each decision whilst leaving the structure intact so that the original classification scale could be 

reconstructed from the test data and itself examined for reliability. 



For the purposes of calibrating observers, six sets of calibration radiographs of 

completely edentulous jaws were also selected from among radiographs available in the IPU 

database to include at least one example of each of the five shape types, A to E, in Zone I of 

either jaw, as well as at least one example of each of the four cortical thickness types, S, Tl FI 

and V, and at least one exarnple of each of the four cancellous densîty types, 1,2, 3, and 4 in 

Zone I of either jaw. 

A four part calibration session for three independent observers, oral and rnaxillofacial 

surgeons, TJ, DP, and DW, in the [PU, was coordinated with the three individuals involved in the 

previous review discussion. Firstly, the original LZ classification system was introduced by 

providing copies of its original written descn'ption (Lekholm and Zarb 1985) for the observers, 

and by guiding a discussion of its application in the assessment of two of the six sets of 

calibration radiographs. Secondly, the oral radiologist, MP, reviewed technical and diagnostic 

aspects of lateral cephalornetric and panoramic radiography to facilitate a discussion of the 

variations expected in the visual perception of normal anatomy when viewing these radiographs. 

Thirdly, the assessment protocol was introduced including recording forrns for the observer 

assessments, written summaries of the classification categories, and recomrnendations for the 

assessment process (including, among other things, a recomrnendation to dichotornize each 

decision before making the final assessment) (Appendix III). Each recording forrn provided 

space for twenty assessments of each pair of jaws. Shape assessments included two regions 

per jaw, confined to Zoiie 1 on both the right and left sides, because the LZ shape classification 

protocol was not generic enough to be applied in Zone II in the absence of cross-sectional 

tomography. Cortex thickness and cancellous density assessments included four regions per 

jaw, including both Zone 1 and Zone II on both the right and left sides. Fourthly, the remaining 

four calibration radiograph sets were shown to the group for their independent assessments 

using the recording forms. From this a general discussion of the assessment results was 

conducted to draw attention to similarities and differences of opinions held by the observers and 

to guide the group toward consensus in opinions based on the proposed assessrnent process. 

Measurement sessions 

Two measurement sessions at least two weeks apart were arranged for each observer to 

assess al1 25 sets of test radiographs twice. The observers were provided with recording forms 

and written summaries of both the classification categories and recommendations for the 

assessment process. For both sessions the 25 radiograph sets were presented randomly, 

numbered 1 to 25, with al1 other patient identification information blocked from view. The 

assessments were made under optimal conditions in a dark roorn with a large radiographic view 

box and opaque blinders to control extraneous light. 



Reliability calculation 

Intra-observer reliability was detemined by comparing the first and repeated 

assessments recorded by each observer using the kappa statistic function of the SPSS software 

(SPSS Inc.) on a personal computer. Inter-observer reliability was detemined by comparing the 

first assessments recorded by the different observes also using the kappa statistic function. The 

kappa statistic was developed by Cohen (1 960) to provide a chance-corrected measure of the 

strength of agreement of ordinal or dichotomous variables where 1 represents perfect agreement 

and O represents agreement no better than chance. Cohen (1 968) also provided guidelines on a 

weighted kappa to allow selective partial credit for disagreements that were l e s  serious than 

others. He noted that the weighted kappa would not necessarily improve kappa scores, for 

example, if more serious disagreements were relatively common compared to the less serious 

disagreements. Moreover, he described calculation of the probability that the kappa statistic was 

no different from O, although the magnitude of the result was accepted to be far more important 

than whether it was significantly different from O. Landis and Koch (1 977) proposed that kappa 

statistics greater than 0-8 indicate vefy good agreement, 0.6 to 0.8 indicate substantial or good 

agreement, 0.4 to 0.6 indicate moderate agreement, and less than 0.4 indicate fair to poor 

agreement. It appears that kappa scores approaching, or preferably exceeding, 0.6 would be 

needed for good clinicai research settings. For the current investigation, both a kappa statistic 

and a weighted kappa statistic (assigning half credit for differences involving a single ordinal 

value) for each classification category and each observer was calculated for al1 right-side Zone I 

sites, and repeated for rnaxillary and mandibular rÏght-side Zone I sites. In each instance the 

mean value of the kappa statistics among the three observers was also calculated. Likewise 

kappa statistics and their means were calculated for the LZ jawbone quality data (Type I to IV) 

reconstnicted from the thickness and density assessments. For the current purposes, 

reconstnicted data from sites that demonstrated thick cortices with low cancellous density were 

assigned a Type IV value despite not conforming with the cortical thickness aspect of the 

definition proposed in the LZ ~Iassification. 

Validity calculation 

Since no gold standard exists for measuring cancellous jawbone density in-vivo, the 

validity calculation of LZ cancellous density measurements was based on only the assessments 

of cadaver matenal, for which the direct assessment of bone histomorphometry was possible. 

Cancellous bone contains a mesh network of trabeculae embedded in a soft tissue marrow. In 

this context, the radiographic density of cancellous bone represents an approximate measure of 

the mass of trabecuiae per total volume of cancellous bone. Variation in the radiographic 

density of cancellous bone is influenced primanly by the number and size of trabeculae and by 

their IeveI of mineralization. Assuming for current purposes that the mean level of  mineralization 



of trabeculae is relatively constant frorn one jaw site to another, then the cancellous BMD of the 

jaws should Vary primarily with TBV, cafculated as the area occupied by trabeculae divided by 

the total cancellous area of a thin crosssection of bone. Although TBV is a measure of relative 

trabecular bone area, it has been dernonstrated to represent a measure of the relative trabecular 

bone volume, hence its narne (Anderson 1982). 

The validity calculation was made using the Pearson and Spearman bivariate correlation 

coefficient functions of SPSS software to assess the correlation, and its significance, between 

the 24 paired mean TBV and first LZ cancellous density assessments. Since three observers 

were involved, three different such calculations were made. An overall calculation was also 

made using the mean of first LZ density assessments of the three observers. For each 

significant correlation a corresponding coefficient of detemination (?) was also calculated by 

simply squanng the Pearson correiation coefficient resutt (Dawson-Saunders and Trapp 1994). 

Furthemore, a corresponding Iinear regression equation was calculated using the linear 

regression function of SPSS software. The resulting equation was associated with an overall F- 

test statistic and an adjusted 6 value. 

Respecting the original LZ classification, the cancellous density data were dichotornized 

for further analysis by labeling high and medium density cancel~ous bone as dense bone and 

labeling Iow and very low density cancellous bone as low density bone, and assigning the two 

categones the ordinal values 1 and 2 respectively (a 2-point scale compared to the previous 4- 

point scaIe). The validity calculation with the 2-point scale was made using the independent 

samples t-test and Mann-Whitney test functions of SPSS software, since there were only two 

groups to differentiate, to test the difference in mean TBV between the two LZ cancellous density 

groups. Since ttiree observers were involved, again three different calculations were made, in 

addition to an overall calculation using the mean of density assessments of the three obsetvers. 

Also, a corresponding linear regression equation was calculated using the linear regression 

function of SPSS software for each significant difference found. 

RESULTS 

For the purposes of reliability testing, only Zone-one assessments from the right-side of 

the midline were used. Prelirninary analysis revealed very few differences between nght and lefi 

assessments in Zone-one. Consequently, Ieft-side assessments were eliminated from the 

reliability testing as they effectively increased data numbers artificially. Zone-two assessments 

were ako eliminzted as they were collected only to facilitate validity testing. Based on this, each 

observer made a maximum of 25 maxillary assessments and 25 mandibular assessments for 

each category (shape, thickness and density) (Appendix IV). The percent frequency of these 

assessments among the three observers is shown in Table 43 along with that of the LZ quality 

assessments reconstructed from the thickness and density assessments. As intended, a full 



range of each classification category was represented in the assessments. A full distribution was 

not necessarily evident when the assessments were stratified by arch, Not surprisingly, the 

maxillary results included no solid (S) cortical thickness assessments or LZ Type 1 jawbone 

quality assessrnents. Likewise the mandibular results included no very low (4) cancellous 

density assessrnents. Nonetheless, the mandibular resuits did incfude LZ Type IV jawbone 

assessments, although with a lower frequency than among rnaxillary results. 

Table 43 Percent frequency of right-side Zone-1 assessrnents 

% Frequency of Assessments by Group* 
Category Arch i 2 3 4 5 

(A) (6) (Cl 0) (E> 
LZ Quantity (Shape) fihxilla 3% 27% 28% 23% 20% 

Mandible 1 2% 17% 28% 24% 19% 

(SI 0 (FI gr) - 
Cortical Thickness Mail la - 5% 49% 45% - 

Mandible 15% 44% 29% 12% - 

LZ Quality Maxilla - 4% 27% 69% - 
Mandible 15% 38% ~ I Y O  18% - 

' due to rounding the summed percents do not necessarily equal 100% 

LZ jawbone quantity (shape) reliability 

The mean intra-observer kappa for LZ quantity assessrnents among the three observers 

was -56 (moderate agreement), compared to only -24 (fair agreement) for the related mean inter- 

observer kappa. The corresponding weighted kappa scores were -69 (substantial agreement) 

and -44 (moderate agreement) respectively. This suggests that an acceptable intra-observer 

reliability can be achieved for LZ quantity assessrnents, a result reinforced by rnean Kw scores 

stratified by arch both of which exceeded the 0.6 (substantial agreement) cutoff. The maxillary 

intra-obsewer scores were slightly weaker than the corresponding mandibular scores. 

Furthemore, consistent weakness was evident in the inter-observer scores relative to the intra- 

obsewer scores. 

Cortical thickness reliability 

The mean intra-obsewer kappa for cortical thickness assessments among the three 

observers was -64 (substantial agreement), compared to only -16 (poor agreement) for the 



related mean inter-observer kappa. The corresponding weighted kappai scores were -68 

(substantial agreement) and -28 (fair agreement) respectively. This sugggests that an acceptable 

intra-observer reliability can be achieved for cortical thickness assessmclents- However, the mean 

maxillary intra-observer scores (both K and Kw) were less than 0.5 (moderate agreement) 

compared to corresponding mandibular scores that exceeded the 0.6 (swbstantial agreement) 

cutoff. As anticipated, consistent weakness was again evident in the intzer-observer scores 

relative to the intra-observer scores, indeed the stratified maxillary and r mandibular inter- 

observer scores (both K and Kw) were not statistically different from zero, suggesting that 

agreement behveen observers was no better than chance in this regard. - 

Table 44 Kappa (K) and weighted kappa (Kw) statistics by category 

LZ Quantity Thickness Demsity 

K Kw K Kw K Kw 

Observer 1 -48' -63' -46' -50' -43' f -53' 
Observer 2 .52* -66' -56' -64' -41' i .57* 

I NTRA- Observer3 -68" -78" -90" -91" -57" -60" 
observer Mean .56* .69* .64* .6W -47' -57" 

Mx Mean , .48* .61* .45 .46 -34' .41* 

Observer 4 &2 

Observer 1 &3 
I NTER- Observer 2&3 
obsewer Mean 

Mx Mean 
Md Mean 

LZ Qualitv 

Mx = rnaxillary; Md = mandibular 
* individual caIcuIations significantly different from zero pc.05 

Cancellous density reliability 

The mean intra-observer kappa for cancellous density assessrnents among the three 

observers was -47 (rnoderate agreement), compared to onIy -1 1 (poor agreement) for the related 

mean inter-observer kappa. The corresponding weighted kappa scores were  -57 (moderate 

agreement) and -26 (fair agreement) respectively. This suggests that atm acceptable intra- 

observer reliability can be achieved for cancellous density assessments. However, the stratified 

mean maxillary and mandibular intra-observer scores (both K and Kw) we re  less than 0.5 

(moderate agreement) suggesting some inconsistencies in reliability of tme assessments. As 



anticipated, consistent weakness was also evident in the inter-observer scores relative to the 

intra-observer scores, again the stratified maxitlary and mandibular inter-observer scores (both K 

and Kw) were not statistically different from zero, suggesting that agreement between O bservers 

was no better than chance in this regard. 

LZ jawbone quality reliability 

The mean intra-observer kappa for LZ jawbone quality assessments among the three 

observers was -57 (moderate agreement), compared to only 22 (fair agreement) for the related 

mean inter-observer kappa. The corresponding weighted kappa scores were -62 (substantial 

agreement) and -31 (fair agreement) respectively- This suggests that an acceptable intra- 

obsetver reliabil'rty can be achieved for LZ jawbone quality assessments. However, the stratified 

mean maxillary and mandibular intra-obsewer scores (both K and Kw) were equaf to or  less than 

0.5 (moderate agreement) suggesting some inconsistencies in intra-observer reliability of  the 

assessments. As anticipated, consistent weakness was also evident in the inter-obsewer scores 

relative to the intra-observer scores, again the stratified maxillary and mandibular inter-observer 

scores (both K and Kw) were not statistically different from zero, suggesting that agreement was 

no better than chance in this regard. 

Table 45 Mean TBV (trabecular bone volume) in cadaver jaws by site 

Cadaver Arch 

Validity of cancellous density assessments 

The mean TBV values from the 24 cadaver jaw regions, 4 regions in the 6 jaws, ranged 

from 9.1% to 59.2% (rnean 25.8%) (Table 45). This confirrned initial estimates that the cadaver 

jaws had a reasonable variation of cancellous density suitable for the proposed validity analysis. 

Furthemore, the cadaver jaws had a reasonable site-specific distribution of TBV values with 

Iower TBV in anterior cornpared to posterior sites and maxillary compared to mandibular sites. 

The correlation between 4-point LZ density assessments and mean TBV among the 24 

4616 

4662 

Right 

Maxi1 la 

Mandible 

Maxi1 la 

Mandible 

Left 

Zone II Zone 1 Zone I Zone I I  
. . 

f 8.4% 33.7% 24.2% 

32.6% 

34.7% 

59.2% 

27.3% 

i4,3% 

28.6% 

i9.t% 

27.1% 

165% 

35.0% 

37.4% 

22.4% 

52.3% 



jaw regions was significant only for the assessments of observer-3 (Table 46). The 

corresponding Pearson and Spearman correlation coefficients for observer-3 assessments were 

negative .73 and negative -86 respectively, suggesting a strong correlation between increased 

observer-3 LZ density assessments and decreased TBV values. The coefficient of detemination 

(?) associated with the significant Pearson correlation coefficient result was 0.53, suggesting that 

approximately 53% of the variation in TBV values can be explained by variation in observer-3 (4- 

point) assessments. 

Table 46 Correlation of cancellous density +point assessrnents and TBV 

1 Observer 1 1 Observer 2 1 Observer 3 1 Mean 1 

* statistically significant p<.001 

Pearson coefficient - r 
Spearman coefficient - r 

The Iinear regression analysis suggested a significant predictive relationship between 4- 

point observer-3 LZ assessments and TBV values (p<.001), and that in excess of 51% (adjusted 

fi of the variation in TBV values was predicted by the observer-3 LZ assessments. Specifically, 

the regression model for predicting TBV was: 

TBV = [69.0 + (-1 7.9 x 4-point observer-3 LZ density assessment)]% 

-18 

For example, the regression model predicts that 4-point obsewer-3 LZ assessments of 1 

(high density) in the study sample have a TBV equal to 51 O h :  

TBV = [69.0 + (-17.9 x 1)]% 

TBV = [69.0 - 17.91% 

TBV = 51%. 

-,26 

By com parison, the 1-egression model predicts that 4-point observer-3 LZ assessments of  

2, 3 or 4 (medium, low, and very Iow density respectively) in the study sample have a TBV equal 

to 33%, 15%, and 0% respectively. This finding indicates that an assessment by observer-3 of 

tow or very low density bone was associated with a TBV of approximately 15% or less compared 

to higher density assessments being associated with a TBV of approximately 33% or more. 

Based on the dichotomized (2-point) canceIlous density data, significant differences were 

noted for mean TBV values between the dense and low density bone groups arnong both the LZ 

assessments of observer-3 and the mean LZ assessments of the three observers (Table 47). In 

concordance with the 4-point assessment analysis, this suggested a strong relationship between 

obsewer-3 dense bone assessments and higher TBV values compared to obsewer-3 low density 

bone assessments and fower TBV values. 

-.73" 

-29 

-. 32 

-. 86* -. 33 -. 37 



Table 47 Differences in TBV between cancellous density 2-point groups 

1 Observer 1 1 Observer 2 1 Observer 3 1 Mean 1 

* statistically significant pc.05 
" statistically significant pc.001 

Dense Bone 

Low Density Bone 

T-test - p vafue 

Mann-Whitney - p value 

The linear regression analysis suggested a significant predictive relationship between the 

mean density assessments and TBV values (pe.036), but that less than 15% (adjusted ?) of the 

variation in TBV values was predicted by the mean density assessments. Specifically, the 

reg ression model for predicting TBV was: 

TBV = [S I  -6 + (-1 7.1 x 2-point Mean LZ density assessment)]% 

0-25 

0.27 

-738 

,270 

For example, the regression model predicts that 2-point mean LZ assessments of 1 

(dense bone) in the study sample have a TBV equal to 35%: 

TBV = [57 -6 + (-17.1 x 1)]% 

TBV = [51.6 - 17.1]% 

TBV = 35% 

0.30 

0.25 

,450 

1 66 

By comparison, the regression mode1 predicts that 2-point mean LZ assessments of 2 

(low density bone) in the study sarnpte have a TBV equal to 17%. 

The linear regression analysis also suggested a significant predictive relationship 

between the 2-point observer-3 LZ assessments and TBV values (p<.001), and that in excess of 

51 O h  (adjusted ?) of the variation in TBV values was predicted by the rnodel. Specifically, the 

regression model for predicting TBV was: 

TBV = [51.1 + (-1 7.9 x 2-point observer-3 U: density assessment)]% 

0.33 

0-1 5 

For example, the regression model predicts that 2-point observer-3 LZ assessrnents of 1 

(dense bone) in the study sample have a TBV equal to 33%: 

0.30 

0.1 9 

TBV = 151 -1 + (-1 7.9 x f )]% 

TBV = [51.1 - 17.91% 

TBV = 33%. 

By comparison, the regression model predicts that 2-point observer-3 LZ assessments of 

2 (low density bone) in the study sample have a TBV equal to 15%. 

,000" 1 ,045" 

.000" .O53 



DISCUSSION 

The results suggest that acceptabIe, albeit inconsistent, reliability and validity can be 

achieved using the LZ classification of jawbone quantity and quality. Specifically, moderate to 

substantial intra-observer agreement was documented based on kappa scores of LZ quantity and 

quality assessments including individual cortical thickness and cancellous density assessments. 

Consistently modestly better intra-observer results were recorded for observer-3 compared to the 

other observers, and for weighted kappa scores compared to non-weighted kappa scores. Not 

surprisingly, the intra-observer reliability scores of tZ quantity were modestly better than those of 

LZ quality, Likewise, the mandibular intra-observer reliability scores for both LZ quantity and 

quality assessments were modestly better than the corresponding maxillary scores. However, 

the inter-observer scores were consistentty only fair to poor for both LZ quantity and quality 

assessments regardless of which jaw or which observers were involved. 

Related to the validity of cancellous density assessments, a strong correlation was 

documented between the 4-point observer-3 LZ assessments and TBV (trabecular bone volume) 

values. However, insignificant relationships existed between the LZ assessments of the other 

two observers and TBV values. Regression analysis of the observer-3 data confirrned a strong 

linear relationship predicting some 51% of the variation in TBV. The relationship was confirmed 

when analyzed using dichotomized (;>-point) density assessments, better reflecting the original 

LZ jawbone quality classification. The mean 2-point LZ density assessments of the three 

observers also dernonstrated a significant relationship with TBV. However, only 15% of the 

variation in TBV was predicted by regression analysis using the mean LZ data. Combined, the 

findings suggested that an assessment of low or very Iow density bone was associated with a 

TBV of approximately 15% or less compared to higher density assessments being associated 

with a TBV of approximately 33% or more. Based on this, Type IV bone was approximately 

associated with TBV values of less than 24%. 

Not surprisingly, the resuits suggest that use of the LZ jawbone quantity or quality 

classification in a research context requires, at minimum, a careful calibration of the observer. 

The results also suggest that the use of multiple observers in a single investigation would be of 

dubious scientific ment. Unfortunately, the consistently poor inter-observer results dernonstrated 

in this investigation cal1 into question the extemal validity of any study using the LZ jawbone 

quantity or quality classifications. lmprovement in the intemal and extemal validity of such 

investigations ultimately demands improvement in the reliability and validity of the assessment 

of jawbone condition. 

Another criticism related specifically to the LZ quality part of the study is that LZ 

cancellous radiodensity will Vary not only with TBV, but also with the overall level of cancellous 

tissue density including especially with variation in the level of trabecular bone mineralization. 

This study was not designed to examine the influence of variation in bone mineralization- 



Specifically, the correlations found between LZ canczllous density and TBV may not hold for 

jaws or jaw sites with very low levels of mineralization of trabecular bone, such as might be 

found in very young individuals or in certain types of bone pathology. That is, if TBV is 

substantially unchanged in some individuals or jaw sites despite a dramatically lower than 

average level of bone mineralization, then the LZ cancellous density assessment may be 

correlated very differently with TBV in these individuals or jaw sites. Nonetheless, the rnodest 

concIusions regarding validity of the LZ jawbone quality instrument appear to hold for normal 

adult jaws based on the reasonably strong correlation observed between TBV and the LZ 

cancellous density assessments of observer-3. 

SUMMARY 

The proposed LZ classification of jawbone quantity and quality has not been investigated 

adequately regarding its reliability or validity. This study aimed to test the reliability (intra- and 

inter-observer) of the LZ classification of jawbone quantity and quality, and the validity of the LZ 

classification of jawbone quality, in particular the assessment of  radiographic cancellous jawbone 

density. The investigation was conducted using three experienced observers for radiographic 

assessments of 25 completely edentuious jaws from a selection of implant patients and cadaver 

material. In preparation, the observers were calibrated utilizing a sirnplified LZ classification 

system. Two measurement sessions at least two weeks apart were arranged for each observer 

to assess al1 25 sets of test radiographs twice, The results suggest that acceptable, albeit 

inconsistent, reliability and validity can be achieved using the LZ classification of jawbone 

quantity and quality. Specifically, moderate to substantial intra-obsetver agreement was 

documented based on kappa scores of LZ quantity and quality assessments. However, the inter- 

observer scores were consistently only fair to poor for both LZ quantity and quality assessrnents. 

Related to the validity of cancellous density assessments, a reasonably strong correlation was 

docurnented between cancellous density assessments of one o f  the observers (obsewer-3) and 

TBV (trabecular bone volume) values. However, insignificant relationships existed between the 

assessrnents of the other two observers and TBV values. The results suggest that use of the LZ 

jawbone quantity or quality classification in a research context requires a careful calibration of 

the observer, preferably without multiple observer's. Furthemore, it appears that improvernent 

of the intemal and extemal validity of such investigations ultimately demand improvement in the 

reliability and validity of the assessrnent of jawbone condition. 



Chapter Seven 

RELIABILITY AND VALIDIN OF QUANTITATIVE COMPUTED TOMOGRAPHY 
DENSITOMETRY IN HUMAN CADAVER JAWBONE 

INTRODUCTION 

Osseointegrated oral implants have been used as tooth root analogues with long-term 

success in humans (Adell et al. 1990). However, three of ten jaws operated in the original 

studies required at least one other surgery to replace failed implants (Brinernark et al. 1977). 

The contribution of subtle variations in implant design, surgical and prosthetic protocols, and 

quantity and quality of the recipient bone to these implant failures remains unclear. With the 

exception of Brinemark implants, there has been an astonishing dearth of published prospective 

long-terni studies of oral implant outcornes. A recent review (Bryant 1998) suggests that with 

Bribemark implants the maxilla has demonstrated a lower 10 to 15 year success rate (80 to 

90%) compared to the mandible (over 95%), and that this difference may be due to, as yet 

crudely understood, site-specific aspects of jawbone quantity and quality. Several studies 

(Engquist et al. 1988, Jaffln and Berman 1991, Johns et al. 1992, Hutton et al. 1995) have shown 

that implant success may be significantly lower (50 to 65%) in cancellous bone of low 

radiographic density, Type 4 bone according to the Lekholm-Zarb (Li) classification of jawbone 

quantity and quality (Lekholm and Zarb 1985). The cancellous region of bone, hereafter referred 

to as cancellous bone, contains a mesh network of trabeculae (individual bone stnits) embedded 

in a soft tissue marrow ail of which is generally encased in a surface layer of  relatively dense 

cortical bone (Figure 5). In this context, the radiographic density of cancellous bone represents 

an approximate measure of the mass of trabeculae per total volume. The radiographic density 

of cancellous bone is infiuenced primarily by the number and size of trabeculae and to some 

extent by their level of mineralization. If the mean level of mineralization of trabeculae is 

relatively constant from one jaw site to another, then the cancellous bone density should Vary 

directly with the trabecular bone volume (TBV) (the area occupied by trabeculae divided by the 

total cancellous area of a thin cross-section of bone). Using the LZ ~Iassification, the 

radiographic density of cancellous bone is determined using non-standardized radiographs. 

However, there is no evidence to suggest that the accurate and precise radiographic density of 

cancellous bone can be measured with this method. Indeed, plain radiographic imaging cannot 

entirely differentiate cortical and cancellous regions. Moreover, only one of three calibrated 

observers described in chapter six could achieve a reasonably strong correlation between TBV 

and LZ cancellous density assessrnents from plain films. 

In contrast, computed tornography (CT) is a non-invasive irnaging method that can 

differentiate cortical and cancellous bone. It is being utilized increasingly to determine jawbone 

quantity for planning implant prosthodontic therapy, usually by reforrnatting a series of axial 

images. Quantitative computed tomography (QCT) densitometry has been used to measure 

cortical and cancellous bone mineral density (BMD) in the human skeleton (Cann 1988). 



Specifically, cancellous QCT-BMD measurements, made directly from axial CT images of 

dissected vertebra and radial bones, have demonstrated significant accuracy and precision in 

conjunction with a standardized bone minera1 phantom (Bradley, Huang and Ledley 1978, Cann 

and Genant 1980, Burgess, Colbome and Zoffmann 1987, Takada et al, 1996). QCT 

densitometsr has also been used to measure the cancellous bone mineral density (BMD) of 

dissected and dried mandibles (Lindh 1996). However, Iimited external validity (whether the 

results are generalizable) can be attributed to those results beause the method involved 

measurement directly from CT images acquired perpendicular (coronal image slices) to the 

mandibular arch curve in a manner not practical in-vivo for anatomical reasons- Furthemore, 

QCT densitometry involving dissected and dn'ed bone (without bone marrow and not covered 

with intact soft tissues) rnay be more accurate than in-vivo QCT measurements (Laval-Jeantet et 

al. 1986, Gluer and Genant 1989). A more clinically valid design would be to assess QCT 

densitometry in cadaver jaws with intact soft tissues, ctoser to clinical reality than with a dry 

mandible, combining a bone mineral phantom with the axial CT scanning technique used when 

planning for oral implants. 

Reliability is an assessment of how reproducible a measurement is whereas validity is an 

assessment of how well a measurement represents what is intended to be measured. Reliability 

can be assessed by the statistical comparison of two or more repetitions of the same 

rneasurements. The validity of a measurernent is a more theoretical concept than the reliability 

of a measurement. The construct validity of a measurement can be demonstrated 

rnathernatically only in so much as the measured value can be related, usually statistically, to a 

theoretically better known measure or more ?rue" measure of what is intended to be measured. 

This study aimed to test the reliability and validity of QCT densitometry for assessment 

of the cancelIous BMD of jawbone. Cadaver jaws with intact soft tissues were used to facilitate 

the validity assessment in a fashion closer to clinical reality than would be offered by a dry 

mandible, but one that would still permit the dissection bone for histomorphometry. Specifically, 

a statistically signifiant positive linear correlation was sought between the radiographie BMD of 

edentulous cadaver jawbone, measured using standardized cross-sectional QCT, and the TBV, a 

presumed histomorphometnc surrogate of tme cancellous bone density measured using matched 

cross-sectional dissections of the same jawbone. To improve the clinical validity of the 

investigation the QCT-BMD was measured using coronal images refomatted from axial CT 

scans, in a fashion used routinely for implant planning. This does not imply that al1 threats to 

extemal validity were eliminated, but they were reduced to a greater degree than with any 

previous study involving the jaws. It was also recognized that cadaver preparation involves the 

infusion of Formalin that may alter bone density through the dissolution of bone mineral. 

However, this does not influence the validity of the study since it was not the objective to 

compare absolute density rneasurements. Instead, since no gold standard exists for measuring 



cancellous jawbone density in-vivo, a correlation was sought between QCT-BMD measurements 

and TBV. In this Iight, it can be appreciated that the investigation should provide useful 

information to assess the validity of QCT measurements in the jaws. Only subsequent studies 

related to the site-specific prediction of oral implant success and suggested implant healing 

periods can determine the clinical usefulness of the proposed QCT densitometry instrument. 

The previous cornpanion part of this study, reported in chapter six, demonstrated the reliability 

and validity of the LZ classification of jawbone quantity and quality. 

MATERIALS AND METHODS 

Sample selection 

This investigation involved the same three human cadaver heads described in chapter 

six, each edentulous in both jaws and selected from material donated to the Department of 

Anatomy and Cell Biology, Facuity of Medicine, University of Toronto. Two of the cadavers were 

fernales who had died less than 3 rnonths previously; one (4662), aged 86 years, died of 

bronchopneurnonia, and the other (4669). aged 75 years, died of acute myocardial infardion. 

The other was a 91 year-old male (4616) who died of cardiac arrest 8 months previously. The 

cadavers had been refrigerated and embalmed using an infused solution of Formalin. While not 

in use the cadaver matefial continued to be wrapped in Fornalin soaked Cotton fabric, stored in 

plastic and refrigerated. The selection of cadaver material was facilitated by visual examination, 

digital palpation and plain film intraoral radiography to attempt to obtain jaws with a diversity of 

cancellous radiodensity, and to rule out g r o s  maxillofacial pathology. To confirm the selections, 

the radiographs were also reviewed by an oral radiologist, MP, in the, Department of Clinical 

Sciences, Faculty of Dentistry, University of Toronto. The study was not dependent on the 

number of jaws exarnined, rather it required enough cornpansons (close to 25 is preferable to 

help satisfy the assumptions needed for parametric tests) with as wide as possible a variation in 

radiographie cancellous bone density. To maximize the number of bone specimens and to 

improve the Iikelihood of cancellous BMD variation, it was recommended by a biostatistician, AC 

in the Department of Preventive Medicine and Biostatistics, Faculty of Medicine, University of 

Toronto, that the jaws of at least two different cadavers be assessed. The inclusion of three 

cadaver heads was to permit additional use of the matenal for investigation of  the validity of the 

LZ classification of cancellous jawbone density described in chapter six. 

CT jaw scanning 

An intraoral acrylic splint with embedded radiodense gutta percha markers was 

constructed for each jaw to facilitate alignment in the CT scanner gantry and subsequent 

localization of cross-sectional jawbone sites. A series of  contiguous axial scans involving a high 

speed, single-energy CTI helical CT scanner (General Electric Canada), repeated with 1 .O mm 



and 3.0 mm slice widths (thicknesses), of each of the 6 jaws were obtair:ed parallel to the 

occlusal plane (Appendix V). The different axial slice widths were to permit assessment of 

whether the strength of the correlation between QCT-BMD and TBV of matched specimens 

would Vary with the axial sfice width difference. 

Using routine axial scanning parameters for implant planning, at 120 kVp and 150 mA 

for 2.0 seconds per slice, the scanning technique was standardized according to QCT bone 

densitometry recornmendations (Image Analysis tnc.) with a large (48 cm) scan field of view, a 

table height of 207.0 mm to position the center of the jaws in the center of  the scan fieId, and a 

standard reconstruction algorithm rather than a bone or edge enhanced one. The standardized 

technique also used a matn'x size of 512 x 512 with a display field of view of 18.7 cm. The axial 

CT sIice widths of 1 .O mm and 3.0 mm were associated with corresponding slice spacing (table 

advancement) of 1 .O mm and 3.0 mm respectively (Le. there was no overiap in axial scan 

slices). Each jaw scan series included a standardized calibration phantom (Image Analysis Inc.) 

with three different known BMD's including 0, 75, and 150 mg per cc of calcium hydroxyapatite 

bone equivalent material. The calibration phantom was positioned over the mouth during 

scanning with its long axis perpendicular to the occlusal and axial scan planes. The 12 scan 

series (3 heads x 2 jaws x 2 slice widths) were repeated one week later for reliability testing, 

using the same CT scanner and parameters, resulting in a total of 24 scan series. 

In advance of each scanning session for each pair of jaws, an additional axial scan 

series was obtained of the calibration phantom in combination with a torso phantom that included 

a mock soft tissue torso which encased a mock vertebra with a known density of 100 mg per cc 

of calcium hydroxyapatite bone equivalent material (Image Analysis Inc.). This was 

recommended by Image Analysis fnc. to permit testing of the ongoing accuracy and precision of 

the established QCT technique using the particular CT scanner involved. The results were not 

used to alter the results of the jawbone densitometry. To accomplish this, a series of contiguous 

axial scans, involving the same helical CT scanner used for the jaw scans, were obtained of the 

torso phantom paralle[ to its axial plane. According to recommendations (image Analysis Inc.), 

the scanning technique was standardized using the sanie technique as with the jaw scans, at 120 

kVp and 150 mA for 2.0 seconds per slice, with a large (48 cm) scan field of view, a standard 

reconstruction algorithm, and a table height of 116.5 mm to position the center of the mock 

vertebra in the center of the scan field. The standardized technique also used a mattix size o f  

51 2 x 51 2 with a display field of view of 33.7 cm. The axial CT slice width was 3.0 mm 

associated with a corresponding slice spacing (table advancement) of 3.0 mm (Le. there was 

again no overlap in axial scan slices). The calibration phantorn was positioned under the torso 

phantorn during scanning with its long axis perpendicular to the axial scan plane. The resulting 

six scan series (3 heads x 2 scan sessions) were added to four additional scan series of the torso 

phantom, using the same CT scanner and parameters, for a total of 10 pha~tom scan series. 



Specimen sectioning, processing and histomorphometry 

in conjunction with the LZ investigation reported in chapter six, at least twelve cross- 

sectional sites, each of 5.0 mm width, were identified perpendicular the arch curve (Appendix V) 

in each maxilla and each mandible corresponding to the radiodense gutta percha markers in the 

acrytic splint and on each scan series, These included a minimum total of 72 sites: each jaw 

with at least four sites posterior to a vertical line passing through each mental foramen bilaterally 

and at least four sites between vertical lines passing through the mental foramina. The jaws 

were removed from the facial skeleton and degIoved of soft tissue with the exception of tissue 

overlying the residual ridge crest that was left intact to permit positioning of the splint for 

identification of sites during gross sectioning. The posÏtion of gutta percha markers in the splint 

were transferred directly to the jawbone by marking the bone surface with a graphite pencil, 

Each jaw was gross sectioned with an lsomet precision slow speed saw (Buehler Ltd.) 

perpendicular to the arch cuwe in approximate correspondence with the cross-sectional sites 

identified previously and accounting for 0.5 mm of bone destroyed by each saw cut leaving each 

cross-sectional specimen approximately 4.0 to 4.5 mm in width. One surface of each specimen 

was identified with a small tattoo of Mercurochrome. The precise location of the tattooed surface 

was documented by measuring its mesiodistal distance from the nearest gutta percha marker 

around the arch curve. 

The undecalcified specimens were dehydrated in ascending grades of acetone and 

infiltrated in ascending grades of Spurr resin (Marivac)- The specimens, with the tattooed 

surface left exposed, were embedded in Spurr resin and polymerized at 50 degrees Celsius. A 

total of 54 embedded specimens, from the best nine sites selected from each jaw, were identified 

for histological examination. They were selected on the subjective basis of having the largest 

cancellous area available for examination on the exposed tattooed surface and selecting at least 

two specimens posterior to a vertical line passing through each mental foramen bilaterally for 

each jaw as well as at Ieast two specimens anterior to a vertical line passing through each 

mental foramen bilaterally for each jaw. Two exceptions to this were that only one specimen 

was selected from the left posterior region of one maxilla (4616) and only one specimen was 

selected from the left posteBor region of one mandible (4662) because the cancellous area in the 

other available specimens in those regions were considered too small to be useful for the 

investigation. Using a Reichart Jung 2050 microtome (Leica Canada Inc.) with a tungsten 

carbide knife (Delaware Diamond Knives, Inc.), five sections, each five microns thick, were cut 

from the exposed surface of each of the 54 selected specimens. The thin sections were 

mounted appropriately on glass slides and examined subjectively for artifactual damage to select 

the best one of each set of five for histomorphometric examination. The selected sections were 

stained with von Kossa stain to blacken the mineralized tissue. 



The region of interest (ROI) from each of the 54 selected jaw sections was identified as 

the cancellous region of the residual ridge to a depth of 0.5 mm either side of the cross-sectional 

location of the exposed surface of each corresponding bone specimen. The cancellous region 

was considered to be at Ieast 0.5 mm inside of the visually assessed endosseous surface o f  the 

cortical bone. The ROI in rnaxillary sites did flot include the cancellous regions of contiguous 

maxillary processes, for example, that of the maxillary palatal process. 

Using an automated technique, the TBV of a representative sample of each ROI was 

made by histomorphometric analysis of the corresponding von Kossa stained section. To 

accomplish this each stained section was digitized with a slide scanner (Microtek Scanmaker 

35T, Microtek Lab Inc., Redondo Beach, CA) and the resultant image was stored, processed and 

measured using NIH lmage software (written by Wayne Rasband, U.S. National Institute of 

Health, available from the intemet by anonymous FTP from zippy.nimh.nih.gov or on fioppy disk 

from the National Technical Information Senrice, Springfield, Virginia, Part Number PB93- 

504868) on a Macintosh Quadra 800 computerwith 40 rnegabytes of RAM, and connected to a 

16 inch 8-bit color monitor that had a dot pitch of 0.28 mm with a screen refresh rate of 72 KHz 

(Apple Canada Inc., Markharn, ON). The automated digitizing process involved converting the 

optical densities obtained from the slide scanner to an image with 256 gray scale levels, where 

white was represented by O and black was represented by 256. No enhancement of brightness 

or contrast was made during scanning. The scanned area of each slide was selected using a 

digitized pre-scanned image to include ail of the mineralized tissue. The scanning process used 

a spatial resolution of 968 dots per inch. This implied a resolution of about 40 pixels (picture 

elements) per mm resulting in an image that was magnified approximately 13 times when 

viewed on the monitor. With the N1H lmage sofbvare each digitized image was processed by 

using the set scale function to calibrate the vertical scale of the image with the known vertical 

dimension of the section measured to the nearest 0.1 mm using a Boley gauge directly on the 

mounted section. The image was then converted to a binary image of only black and white 

levels, with no intervening gray levels, using the threshold and make binary options. Visually, 

this process involved the automated removal of the relatively srnall number of gray pixels from 

the image representing non-mineralized tissues. The cancellous area of the image was outlined 

using the polygon tool function of the NIH lmage software to include at least 0.5 mm inside of the 

visually assessed endosseous surface of cortical bone according to the ROI specifications noted. 

The representative TBV of each ROI was then calculated using a NIH lmage macro to determine 

the percentage of black pixels in the outtined image portion. The area of the ROI was also 

ca!su!ated, based on the calibrated vertical scale, using the area option of the results function of 

the NlH lmage software. A mean area of 53 mm2 (16 mm2to 135 mm2) was found among the 54 

jaw ROI'S, with a rnean of 71 mm2 for cadaver 4616,23 mm2 for cadaver 4662, and 66 mm2 for 

cadaver 4669. The content of the outlined image was then erased and its perimeter converted to 



a fine Iine. This altered original histological image, with only the cortex and the first 0.5 mm of 

cancellous bone lining the cortex, was printed to visually facilitate a matched ROI selection from 

the reforrnatted axial CT images- 

QCT densitometry 

Axial CT images are digitized visual representations of an axial grid of CT voxels or 

volume elements each specified by a CT number. The CT number is a digital representation of 

the average relative ability of a specific volume of tissue in the scan field to attenuate x-rays. 

CT numbers representing human tissues normally Vary between approximately -1 000 and 

+1000, where -1 000 represents the relative attenuation of air, O represents the relative 

attenuation of water, and +? 000 represents the relative attenuation of Sone. The senes of 

digitized axial CT images of each cadaver jaw were manipulated with image processing software 

on a SMCC SPARC model (SUN Microsysterns Inc.) ISG Silhouette cornputer workstation (ISG 

Technologies) using the multislice and oblique options of the MPR (multiple planar refomiat) 

function with a viewing width of 2000 and Ievel of O. This permitted the creation of refomatted 

cross-sectional (coronal) images each 1 mm thick, perpendicuiar to the arch curve, 

corresponding to the location of the nine ROI sites identified previously in each jaw according to 

the gutta percha markers observed on the axial CT images (Appendix V). The mean CT number 

of each ROI was detemined on the ISG workstation using the polygon tool of the measure 

function to outline the ROI including at least 0.5 mm inside of the visually assessed endosseous 

surface of cortical bone, according to the ROI specifications noted. Visual differentiation 

between cortical and cancellous regions was not entirely clear using the reformatted CT images. 

Consequently, the outlining process was facilitated by visual comparison to the pfinted version of 

the corresponding altered histological image of the ROI that included only the cortex and the first 

0-5 mm of cancellous bone Iining the cortex. 

The ten axial CT image series of the torso phantom were also assessed using the image 

processing software on the ISG workstation with a viewing width of 2000 and level of O. The 

mean CT number o f  each circular vertebral region of interest on each axial image of the torso 

phantom was detemined on the ISG workstation by outlining the region using the ellipse tool of 

the rneasure function approximately 3.0 mm inside the visual edge of each circular vertebral 

image. 

The mean CT number of each jaw ROI and each vertebral ROI was converted to a mean 

BMD in mg per cc of calcium hydroxyapatite bone equivalent. This was accomplished by a 

linear comparison to the rnean CT numbers of the three square density regions in the axial scan 

images corresponding to the calibration phantom (Image Analysis Inc. Inc.) with its three square 

rods of  known BMD including 0, 75, and 150 mg per cc of calcium hydroxyapatite of bone 

equivalent matenal. The mean CT number of each square region of interest in the calibration 



phantom image on each axial scan slice was determined on the ISG workstation by outlining the 

region using the rectangle tool of the measure function approximately 1.5 mm inside the visual 

edge of each square calibration image. The mean QCT-BMD of each jaw ROI, in mg per cc of 

calcium hydroxyapatite bone equivalent material, was calculated as the intercept at the mean CT 

number of each jaw ROI of a simple linear regression equation based on the mean CT numbers 

of al1 the square calibration ROI'S on the axial CT images of the corresponding jaw. The mean 

QCT-BMD of each vertebral image, in mg per cc of calcium hydroxyapatite bone equivalent 

material, was calculated as the intercept at the mean CT number of each vertebral ROI of a 

Iinear regression equation using SPSS software (SPSS Inc.) on a personal computer, based on 

the mean CT nurnbers of the three square calibration ROI'S on the corresponding axial CT 

image. 

Accuracy and precision of the axial QCT-BMD technique 

No jaw phantom was available for testing accuracy and precision of the CT scanner for 

the current refomatted jawbone densitometry project. Consequently the precision and accuracy 

of an axial QCT-BMD technique was assessed in the fashion proposed by Image Analysis Inc. 

using data from assessment of the ten axial CT scans of the torso phantom and its vertebra of 

known BMD of 100 mg per cc of calcium hydroxyapatite. Using ExceI software (Microsoft 

Corporation) on a perso~al computer, the mean vertebral BMD among the ten torso phantom 

scan series was calculated to be 108 mglcc, ranging from 106 mg/cc to 109 m g h ,  implying that 

this particular CT scanner and technique would require a correction factor to be permit absolute 

serial BMD comparisons. Since absolute BMD values were not essential to the outcome of the 

current project, it appeared that the only important aspect of the accuracy assessment was that 

the mean of calculated BMD of the torso phantom vertebra would not change systematically over 

the study penod. To accomplish this, the mean BMD's among the ten t o m  phantom senes were 

compared for systematic changes based on an analysis of variance (ANOVA) using SPSS 

software. In this regard, a significant difference (pc.01) was found between the mean BMD of 

the seventh torso phantom series, at 106 mglcc, compared to al1 others, at 108 to 1 10 mglcc. 

Despite this statistical outlier, no systernatic change in accuracy of the technique was apparent 

over the course of the study. For the assessment of precision it was suggested by Image 

Analysis Inc. that percent variance (the variance divided by the mean, expressed as a percent) 

of the calculated mean 8MD value of all torso phantom images should be less than 3% for the 

technique to be considered precise enough for seriai bone mineral densitometry of vertebrae. 

The percent variance of BMD data was 1.85% over all torso phantom scan series, ranging from 

0.50% to 2-04% among the ten different torso phantom scan series. As noted the accuracy and 

precision results were not used to aiter the jawbone densitometry investigation, only to defend its 

veracity. 



Reliability calculation 

Several methods exist to assess the reliability of measurements involving continuous 

data such as QCT-BMD measurements. The most common approach involves a calculation of 

the mean of the variances arnong two or more sets of repeated measurements (Colton 1974). 

The measurement error variance result can be converted easily into a standard deviation form 

by taking its square root. A reliable measurernent should have a low random variability 

compared to the measurement of interest. One such comparison is available with the coefficient 

of variation (CV) calculated by dividing the standard deviation result just described by the mean 

of a representative set of the measurements of interest, for example by the mean of the first set 

of replicated measurements (Brunette 1996). CV results closer to O generally reflect better 

reliability than those further from O. However, a CV result can be artificially close to O if the 

mean measurements are large compared to clinically important differences between the 

measurements. Possibly a better comparison is the coefficient of reliability (CR) calculated by 

dividing the variance due to random error, for exampie the measurement encor variance result 

just described, by the total variance of a representative set of rneasurements, for example the 

variance among the first set of measurements, and subtracting the result from one (Houston 

1983). CR results generally range from O to 1 where 1 reflects optimal reliability. Another 

approach to assessing reliability for continuous data involves the Pearson correlation coefficient 

to measure the strength of a Iinear association between paired measurements. However, it is 

generally considered to overestimate reliability, particuiarly since the result is not sensitive to 

systematic error (Le. it is not sensitive to a change in the operational definition of the 

measurement technique on the different occasions). Forfunately, the magnitude of any 

systematic error can be assessed by calculating the mean of the differences between the two 

sets of measurements, and a paired t-test can determine whether the systematic error is 

statistically significant (Houston 1983). Finally, the reliability of two or more sets of repeated 

measurements can be assessed with the intraclass correlation coefficient (ICC), based on a 

repeated-measures analysis of variance (ANOVA). The ICC also ranges from O, where al1 of the 

variance is due to measurement error, Le. vanability between the repeated measurements, and 

1, reflecting optimal reliability where al1 of the variance is due to vanability within each set of 

measu rements. 

The reliability of QCT-BMD measurements of jaw ROI'S was determined using SPSS 

software by calculation of the mean of the variances among the measurements derïved from the 

initial and repeated series of axial CT scans with 1 .O mm axial scan widths, and this error 

variance result was converted into a standard deviation fom. The coefficient of reliability was 

calculated using Exce1 software by dividing the error variance result by the variance of the first 

set of measurements and subtracting the result from one. Using SPSS software, a Pearson 

correlation coefficient was also calculated for the replicated measurements, supplemented by 



calculation of the mean of the differences between the two sets of measurements along with a 

corresponding paired t-test. Finally, an interclass correlation coefficient was calcutated using the 

reliability analysis function of SPSS software. 

Likewise, these calculations were made for the measurements derived from the initial 

and repeated series of axial CT scans with 3.0 mm axial scan widths, The difference in error 

variance derived from the repeated 1 .O mm and 3.0 mm axial scan widths was tested for 

statistical significance using Excel software with an F-test to examine the hypothesis that the 

error variance of repeated QCT-BMD measurements would not Vary for data obtained using i .O 

mm compared to 3.0 mm axial CT scan widths. 

The error variance between initial and repeated QCT-BMD measurements arose from at 

least three sources. The fifst was frorn variation in the process of image acquisition, or in the 

tissue itself although the latter was unlikely to be significant since the tissue was well preserved 

between the first and second scanning sessions. The second was from variation in the process 

of digital reformatting using the MPR function to select each cross-sectional (coronal) image. 

The third was from variation in the process of outlining each jaw ROI for measurement. To 

differentiate their individual contributions to the overall error variance two parts of the 

measurement process were repeated using the initial CT scan series of the 1.0 mm axial scan 

widths. Firstly, during the original measurement process, each jaw ROI outline and CT number 

rneasurement was repeated (ROI repeated) immediately before changing the MPR reformatting 

that was used to create the cross-sectional (coronal) image being assessed. Secondly, the entire 

measurernent process was repeated (MPR repeated) at least one week later obviously using new 

MPR reformatting to create the appropriate cross-sectional (coronal) images in addition to new 

jaw ROI outlines and CT number rneasurements. In both instances, the CT numbers were 

converted to BMD in mg per cc of calcium hydroxyapatite by Iinear comparison to previously 

existing CT number data from the calibration phantom images. The portion of error variance 

attributed to variation in jaw ROI selection was determined by a calculation of the error variance 

between the original and ROI repeated measurernents from the initial CT scan series of 1 .O mm 

axial scan widths. This portion of error variance was subtracted from the error variance between 

the original and MPR repeated measurements also from the initial CT scan series of 1 .O mm 

axial scan widths. The difference was attributed to that portion of the error variance arising from 

variation in MPR reformatting. Finally, these two portions of error variance were subtracted from 

the overall error variance from the initial and repeated CT scan series of 1.0 mm axial scan 

widths. This difference was attributed to that portion of the error variance arising from variation 

in the process of image acquisition, although an undetermined portion of it must have arisen 

from variation in the process of square calibration ROI selection. Differences between the 

various portions of error variance were tested for statistical significance with an F-test using 

Excel software. 



Validity calculation 

Validity of QCT for measurement of the BMD of cancellous jawbone was assessed by an 

examination of the strength of a positive linear correlation between paired values of the QCT- 

BMD measurements of each jaw ROI and the conesponding TBV rneasurements of each jaw 

ROI. This was accomplished using SPSS software to calculate a Pearson correlation coefficient 

between paired QCT-BMD and TBV results based on the initial series of axial CT scans with 1.0 

mm axial scan widths. This calculation was also made for the initial series of axial CT scans with 

3.0 mm axial scan widths- The Pearson correlation coefficient provides a measure of the 

strength of a Iinear association between paired sets of continuous variables, ranging between -1 

and 1 where -1 or 1 represent a perfect Iinear association, negative or positive respectively, and 

O represents no Iinear association. The Pearson correlation coefficient function of the SPSS 

software also provides a measure of the probability that the correlation coefficient is no different 

from 0, where pc.05 is generally considered statistically significantly different from O, although 

the magnitude of the correlation coefficient is far more important than whether it is significantly 

different from O. Using Fisher's z transformation and an associated z-tes: (Dawson-Saunders 

and Trapp 1994), the difference between the two correlation coefficients (from the 1 .O mm and 

3.0 mm axial scan widths) was also assessed for statistical significance to examine the 

hypothesis that the correlation coefficient between TBV values and QCT-BMD measurements 

would not Vary for data obtained using 1 .O mm compared to 3.0 mm axial CT scan widths. For 

both correlation calculations a corresponding coefficient of detemination (?) was also calculated 

by simply squaring the correlation coefficient result (Dawson-Saunders and Trapp 1994). Graphs 

were developed to display the paired QCT-BMD and TBV data for both the 1 .O and 3.0 mm axial 

scan widths. Corresponding Iinear regression equations were calculated using the linear 

regression function of SPSS software. Each of the resulting equations was associated with an 

overail F-test statistic and an adjusted ? value. 

RESULTS 

The mean TBV among the 54 jaw ROI'S was 26.5%. ranging from 6.6% to 61.2%, with a 

mean of 28.1 % for cadaver 461 6, 34.8% for cadaver 4662, and 16.5% for cadaver 4669 (Table 

48) (Appendix VI). This confirmed prelirninary findings that the cadaver jaws had a reasonable 

variation of cancellous density suitable for the proposed analyses. 

The mean BMD-1 .O measurements (QCT-BMD measurements from 1 .O mm slice scans) 

among the 54 jaw ROI'S from the first CT scans was 315 rnglcc, ranging from 40 mglcc to 821 

mglcc, with a mean of 334 mglcc for cadaver 4616,445 mglcc for cadaver 4662, and 166 mglcc 

for cadaver 4669 (Table 49) (Appendix VI), 
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Table 48 TBV (trabecular bone volume) in cadaver jaws 

1 Cadaver Arch 

I 1 Maximum 

1 1 Minimum 

Mean 

Maximum 

Minimum 

Mean 

Maximum 

Minimum 

1 Cadaver Arch 

Maxilla 

25.5% 

37.1 % 

17.0% 

Table 49 QCT BMD-1-0 (from 1.0 mm slice scans) in cadaver jaws 

Mandible 

30.7% 

39.8% 

24.7% 

Total 

28.1 % 

461 6 

Maxil la 
(mg /cc) 

304.8 Mean 

Maximum 

Minimum 

4662 

4669 

Mean 

Maximum 

Minimum 

Mean 
Maximum 

Minimum 

In compatison, the mean BMD-3.0 measurements (QCT-BMD measurements from 3.0 

mm slice scans) among the 54 jaw Roi's also from the first CT scans was sirnilar at 317 mg/cc, 

ranging from 59 mglcc to 794 mgfcc, and with a mean of 332 mglcc for  cadaver 4616, 433 

mglcc for cadaver 4662, and 187 mglcc for cadaver 4669 (Table 50) (Appendix VI)- Again this 

supported preliminary findings that the cadaver jaws had a reasonable variation of cancellous 

density suitable for the proposed analyses. 

Mandible (mgfcc) 

362.6 . 

466.1 

284.2 

Total 
(mglcc) 

333.7 



TabIe 50 QCT BMD-3.0 (from 3.0 mm slice scans) in cadaverjaws 

Table 51 Reliability of repeated QCT-BMD measurements in cadaver jaws 
t l I 

Cadaver Arch Maxilla 
(mglcc) 
2872 

480-3 

126.2 

214-1 

380.1 

60.2 

123-1 

21 8.3 

59.4 

4616 

Pa rameter 

Error variance* 

QCT-BMD Reliability 

Mean 

Maximum 

Minimum 

Error St. Dev. 

Coefficient of Reliabitity 

Pearson Correlation 

Mean Difference 

lntraclass Correlation 

The error variance among repeated BMD-1 .O measurements (QCT-BMD measurernents 

from repeated 1 .O mm slice scans) was 237 mglcc (the ermr standard deviation was 15.4 

mg/cc) compared to the error variance of repeated BMD-3.0 rneasurements (QCT-BMD 

measurements from repeated 3.0 mm slice scans) at 482 mglcc (the error standard deviation 

was 22.0 mglcc) (Table 51). An F-test revealed a significant difference (pe.05) between these 

variances suggesting better reliability among BMD-1 .O measurements compared to BMD-3.0 

measurements. The coefficient of reliability was -994 for repeated BMD-l .O measurements and 

-988 for repeated BMD-3.0 measurements. The Pearson correlation coefficient among repeated 

BMD-1 .O measurements was -994, compared to -989 among repeated BMD-3.0 measurements, 

both of which were significantly different from zero. The mean of differences between the 

repeated BMD-1 .O measurements was -2.37 mglcc, cornpared to 5.83 mglcc among repeated 

BMD-3.0 measurements, neither of which were associated with a statistically significant paired t- 

test result (pc.05) suggesting that systematic errors were not detectable between the repeated 

Mandible (mg/cc) 

377.7 

458.0 

297.4 

651 -1 

794.1 

314.8 

BMD-1 .O 

236.5 rng/cc2 

Total 

(mglcc) 
332.4 

432.6 4662 

4669 

BMD-3.0 

481 -7 mg/& 

' statistically significant difference (pc.05) in error variance comparison 

15-4 mglcc 

-994 

-994 

-2.37 

-994 

Mean 

Maximum 

l Minimum 

Mean 

Maximum 

Minimum 

22.0 mglcc 

-988 

-989 

5.83 rnglcc 

-988 

251.8 

394.0 

67.4 

187.4 



measurements in either instance. The intraclass correlation coefficient was -994 for repeated 

BMD-1.0 measurements and -988 for repeated BMD-3.0 measurements, both of which were 

significantly different from zero at the pc.001 level- 

Of the total error variance (237 mg/cc2) among repeated BMD-1 .O measurements (QCT- 

BMD measurements from repeated 1 .O mm slice scans), the portion of error variance attributed 

to variation in jaw ROI selection, i-e. the error variance between original and ROI repeated 

measurements from the initial CT scan series of  1.0 mm axial scan widths. was 99 mg/cc2 

(42%)- In comparison, the error variance between original and MPR repeated BMD-1 .O 

rneasurements was 21 3 mg/cc2. Frorn this, the portion of error vanance attributed to MPR 

refomatting was calculated at 114 mg/cc2 (21 3 mg/cc2 - 99 mg/cc2) (48%). leaving only 24 

mglccL (1 0%) representing the error variance arising from variation in the process of image 

acquisition and/or from variation in the process of  square calibration ROI selection. F-tests 

related to these comparisons demonstrated that the difference between the original and ROI 

repeated measurements was statistically significant at the p<.001 level. However, the difference 

between the original and MPR repeated measurements was not statistically significant even at 

the pc.05 level. This suggesis the probability that a majority of the overall emor variance among 

repeated BMD-1 ,O rneasurements was due to variation in image analysis rather than variation in 

image acquisition. 

Table 52 Correlation coefficient of QCT-BMD with TBV in cadaver jaws 

* statistically significant difference (pe.05) in overall comparison 

ROI sites 

Cadaver 4616 
Cadaver 4662 

Cadaver 4669 

Overall 

overail i! 

QCT-BMD Validity 

The Pearson correlation coefficient (r) between paired TBV and BMD-1 .O (QCT-BMD 

measurements from repeated 1.0 mm slice scans) values was -969 (Table 52, Figure 49). In 

comparison , the Pearson correlation coefficient (r) between paired TBV and BMD-3.0 (QCT- 

BMD measurements from repeated 3.0 mm slice scans) values was .941 (Table 52, Figure 50). 

Although, both results were statistically significantly different from O (pc.OOl), the correlation 

coefficient denved from BMD-1 .O rneasurements was statistically significantly (pc.05) better that 

that derived from BMD3.O measurements. The comsponding coefficients of determination (12) 
for the two results were 0.939 and 0.885 respectively, suggesting that approximately 94% of the 

BMD-1 ,O 

-933 

-968 

-902 

-969 

-939 

BMD-3.0 

-882 

-936 
.855 

-941 
-885 



variation in TBV values can be explained by vanation in BMD-1 .O, whereas approximately 89% 

of the variation in TBV values can be explained by variation in BMD-3.0. 

The linear regression analysis suggested a signifiant predictive relationship between 

BMD-1 .O and TBV values (p<.001), and that 93.7% (adjusted ?) of the variation in TBV values 

was predicted by the BMD-1 .O measurements, Specificaliy, the regression model for predicting 

TBV was: 

TBV = [4.61 + (0.069 x BMD-1 .O)]% 

For example, the regression modei predicts that BMD-1 .O assessrnents of 800 rng/cc in 

the study sample have a TBV equai to 60%: 

TBV = 4.61 + (0.069 x 800) 

TBV = 4.61 + 55-2 

TBV = 60%- 

By comparison, the regression model predicts that BMD-1 .O assessments of 100 mg/cc 

in the study sampie have a TBV equal to 12%. 

Likewise, the linear regression analysis suggested a significant predictive relationship 

between BMD-3.0 and TBV values (pc.001). and that 88.4% (adjusted ?) of the variation in TBV 

values was predicted by the BMD-3.0 measurements- Specificaliy, the regression model for 

predicting TBV was: 

TBV = 4.74 + (0.068 x BMD-3.0) 

For example, the regression model predicts that BMD-3.0 assessments of 800 rnglcc in 

the study sample have a TBV equal to 59%: 

TBV = 4.74 + (0.068 x 800) 

TBV = 4.74 + 54.4 

TBV = 59%. 

By comparison, the regression model predicts that BMD-3.0 assessments of 100 mg/cc 

in the study sample have a TBV equal to 12%. 
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DISCUSSION 

The results suggest that excellent reliability and validity can be achieved using QCT 

densitometry in human jawbone. Specifically, excellent reliability was found for QCT-BMD 

measurements of jawbone using either 1 .O or 3.0 mm slice scans, both of which demonstrated 

an error standard deviation of less than 23 mgkc, a fraction of clinically significant BMD 

variability. Notwithstanding this, the resuIts also suggest that the reliability of QCT-BMD 

measurements of jawbone using 1.0 mm slice scans is better than the same rneasurements 

using 3-0 mm slice scans, as noted by the statistically significantly greater error variance found 

for the 3.0 mm technique, 

Related to the validity of QCT-BMD measurements of human jawbone, very high 

correlation coefficients were achieved overall and arnong each set of cadaver jaws using either 

1-0 or 3.0 mm slice scans. Overall, in excess of 88% of the variation in TBV values could be 

predicted by the QCT-BMD measurements. By cumpafison, a maximum of just over 51 % of the 

variation in TBV values was predicted by Lekholm-Zarb (LZ) cancellous density assessments 

(Lekholm and Zarb 1985) reported in chapter six using plain film radiography. Notwithstanding 

this, the results also suggest that the validity of QCT-BMD measurements of jawbone using 1 .O 

mm slice scans is better than the same measurernents using 3.0 mm slice scans, as noted by 

the statistically significantly lower correlation coefficient found for the 3-0 mm technique 

compared to the 1 .O mm technique. 

Combined, the results suggest that QCT densitometry in a research context could offer a 

vastly improved validity and reliability for the assessment of jawbone cancellous density 

cornpared to the LZ classification rnethod, In this context, the proposed technique offers the 

backdrop for a prospective clinical study of QCT-BMD as a potential predictor of oral implant 

oufcomes. Furthemore, the study offers good evidence that QCT using reformatted axial scans 

would be useful for serial densitometry of human jawbone and for studies comparing the BMD in 

jawbone with that of other skeletal sites. 

One criticism of the study is that cancellous bone mineral density measured using QCT 

will Vary not only with TBV, but also with the overall level of cancellous tissue density inciuding 

especially with variation in the level of trabecular bone mineralization. This study was not 

designed to examine the influence of variation in bone rnineralization. Specifically, the strong 

correlation found between QCT-BMD and TBV rnay not hoid for jaws or jaw sites with very low 

Ievels of mineralization of trabecular bone, such as might be found in very young individuals or 

in certain types of bone pathology. Thar is, if TBV is substantially unchanged in some individuals 

or jaw sites despite a drarnatically lower than average level of bone mineralization, then the 

QCT-BMD rneasurement may be correiated very differently with TBV in these individuals or jaw 

sites. Nonetheless, the proposed instrument appears to be valid for normal adult jaws based on 

the strong correlation observed between QCT-BMD and TBV. 



SUMMARY 

The radiographie density of cancellous jawbone may predict oral implant survival, 

however, valid and reliable methods have not been developed for this, This study aimed to 

assess validity and reliability of quantitative computed tomography (QCT) for the measurement 

of cancellous bone mineral density (BMD) in cadaver jaws with intact soft tissues, The protocol 

involved a standardized series contiguous axial CT scans with 1 .O mm and 3.0 mm wide slices 

of each of 6 edentulous jaws with intact soft tissues using a single-energy, helical scanner 

(General Electnc) at 120 kVp and 150 rnA for 2.0 seconds. Each scan also included an intraoral 

acrylic splint embedded with radiodense gutta percha markers, and a calibration phantom (Image 

Analysis) with three blocks of calcium hydroxyapatite of differing BMD. The scans were 

repeated after one week for reliability testing. The region of interest (ROI) from each of 54 

residual ridge sites (nine from each jaw) included the cancelfous region of 1 .O mm wide cross- 

sections perpendicular to the jaw cuwe localized by the gutta percha markers. The trabecular 

bone volume (TBV) of a representative sampIe of each jaw ROI was made by histomorphometn'c 

analysis of a von Kossa stained, undecalcified, thin section of bone from the mesiodistal center 

of the ROI. The BMD of each jaw ROI was calculated as the intercept at the mean CT number of 

the jaw ROI image (created by cross-sectional coronal reformatting) of a simple linear regression 

equation based on the mean CT numbers of al1 of the phantom ROl's on the associated axial CT 

images. The rnean TBV among jaw ROI'S was 26.5% (6.6% to 61 -2%). The mean BMD-1 .O 

measurements (QCT-BMD measurements from 1 .O mm slice scans) among jaw ROl's from the 

first CT scans was 315 rngkc (40 to 821) compared to the mean BMD-3.0 measurements (QCT- 

BMD rneasurements from 3.0 mm slice scans) among jaw ROI'S at 317 mg/cc (59 to 794). 

Significant reliability was found for the technique with the error variance among repeated BMD- 

1.0 measurements of 237 rngkc (the error standard deviation was 15.4 mgkc) compared to 

BMD-3.0 rneasurements with 482 mglcc * (the error standard deviation was 22.0 mg/cc). An F- 

test demonstrated that the difference between them was statistically significant at the pc.01 

level. Excellent correlations were found between repeated BMD-1 .O and BMD-3.0 

measurements as demonstrated by high coefficients of reliability, Pearson correlation 

coefficients, and intraclass correlation coefficients. Significant validity was also found for the 

technique with Pearson correlation coefficients between paired BMD and TBV values of -97 for 

BMD-1 .O and -94 for BMD-3.0 data. Notwithstanding this, the correlation coefficient derived from 

BMD-1 .O measurements was statistically significantly (pe.05) better than that derived from BMD- 

3.0 measurements. These results suggest that clinical application of QCT for assessment of 

cancellous jaw BMD should be considered both valid and reliable. In this context, the proposed 

technique offers the backdrop for a prospective clinical study of QCT-BMD as a potential 

predictor of oral implant outcomes. 



Chapter Eight 

DISCUSSION 

Although initial attempts at implanting dental prostheses into jawbone were associated 

with bone resorption and implant failure, osseointegrated titanium impiants have offered a 

predictable long-term mechanism to stabilize oral prostheses (Brgnemark et al. 1977, Adell et al. 

1990). It is increasingly apparent that osseointegrated oral implants c m  be used in a diversity of 

age- and site-specific prosthodontic applications. Predictability of implant prosthodontic 

treatment relies substantially on the tirne-dependent integrity of the osseointegration response. 

The major criteria for clinical osseointegration success are immobility of individual implants 

accompanied by the Jack of pain, pathology and crestal bone Ioss (Albrektsson et al. 1986, Zarb 

and Albrektsson 1998). Based on these criteria, the successful osseointegration of Brinemark 

implants in this study was not dependent on age, but it was variably dependent on site-specific 

aspects of jawbone condition, at least according to the Lekholm-Zarb (LZ) classification of 

jawbone quantity and quality (Lekholm and Zarb 1985). 

Unlike even the best previous studies related to age (Kondell et al 1988, Jemt 1993a), 

this work offers the first long-tenn look (over 4 to 17 years) at oral implant outcomes in closely 

matched groups of older and younger adults selected from consecutively treated completely and 

partially edentulous patients. No statistically significant overall differences were found between 

the older and younger groups related either to implant success (92% and 87% respectively) O r to 

mean annual crestal bone loss (less than 0.05 mm among the complete prostheses). Indeed, in 

both regards the older group fared slightly, although not statistically, better than the younger 

group. Interestingly, the younger fixed mandibular complete prostheses had significantly, but 

modestly, faster bone loss (0.047 mmlyear) after the fourth year of function compared to the 

matched older fixed mandibular complete prostheses (0.005 mmlyear). Using the LZ 

classification, neither jawbone quantity nor quality were different between these subgroups. 

However, the older subgroup had been edentulous significantly more years (25.0 years) at the 

time of implant insertion compared to the younger subgroup (13.6 years). This implies an 

increased susceptibility to bone loss for shorter periods of edentulism, a supposition that was 

defended in the broader multivanate analysis. To prevent drawing conclusions beyond the 

scope of the database, however, it is important to comment that the study offers only an 

educated estirnate of the outcomes that may be anticipated among very elderly patients in their 

mid-eighties or older, a group that would otherwise also tend to do well with hip prostheses. 

Ciearly more study needs to be done in this regard, but the very short-tenn results of Jemt 

(1 993a) suggests excellent oral implant outcomes can be achieved with this very-old age group 

Othewise, it appears that with established medical and surgical precautions age should not b e  

considered to substantially influence oral implant outcomes, a finding that is consistent with 

previous studies, but documented in a much more scientifically compelling fashion. A further 



consideration is that although it appears that older adults should not anticipate outliving their 

implants, the results can only suggest cautious optirnism for the possibility that oral irnplants in 

younger adults may provide a lifetime of function, particularly since a healthy 25 year-old can 

Iikeiy live an additional five or more decades, 

Again, unlike even the best previous implant outcome studies related to site-specific 

aspects of bone condition (Enqquist et al. 1988, Johns et al. 1992, Hutton et al. 1995), this work 

offers the first long-terni look (over 4 to 17 years) at oral implant outcomes in completely 

edentulous jaws related to the site-specific aspects of LZ jawbone quantity and quality. 

Specifically, curnula!ive oral implant success in completely edentuious jaws was statistically 

significantly, although inconsistently, related to site-specific aspects of LZ jawbone quantity and 

quality, as well as to two other factors closely related to age- and site-specific aspects of jawbone 

condition including gender and years the bone site was edentulous at the time of implant 

placement. Although not entirely conclusive, this study reinforces the idea that the atrophic 

maxilla is at a substantial risk of implant failure, at least in its natural state without bone 

augmentation. In sharp contrast, oral implants in the anterior mandible in this study appeared to 

be very successful regardless of the degree o f  atrophy. Specifically, minimaily resorbed jaws 

and good density jaws were found to fare better, with cumulative implant success nomally well 

exceeding 80% compared to resorbed maxillae (near 50%) and lower density maxillae (near 

70%). In sharp contrast, cumulative mandibular implant success was veiy high (normally well 

exceeding 80%) regardless of the LZ jawbone quantity and quality assessments. Furthemore, 

the rate of crestal bone loss around the oral implants in this study was unrelated to LZ jawbone 

quality and only inconsistently, although significantly in the multivariate analyses, related to LZ 

jawbone quantity. More predictably, the mean annual rate of crestal bone 10% around oral 

implants supporting complete prostheses was significantly related to the number of years the 

host bone site was edentulous at the tirne of implant placement. That is, implant prosthodontic 

treatment eariy in the edentulous experience was associated with slightly more rapid bone loss 

(approaching a mean of 0.1 mm per year) compared to the same treatment later in the 

edentulous experience (approaching zero bone loss), Paradoxically, this does not imply that 

patients should be discouraged from having implants relatively soon after tooth extraction. 

Despite the slightly elevated risk of bone loss associated with implants placed relatively soon 

after extraction, which could be especially trou blesome for younger implant patients, earfy 

treatment with implants did appear to compare rather favorably with the otherwise dramatically 

faster rates of residual rïdge resorption (in the range of 1 mm or more per year) documented to 

occur eariy in the complete denture expenence (TaIlgren 1972). Furthemore, only about one 

third of the variability in bone loss rates could be predicted by even the best of the multivariate 

models in the current study. Also, it can be reasonably speculated that slightly elevated early 

bone loss may well stabilize in the context of ensuing decades of prosthesis function. 



More or less consistent with existing literature, the study also found that modestly 

reduced success rates should be anticipated with shorter implants, and with implants lacking 

bicortical stabilization- As well both oral implant success and crestal bone behaviour appeared 

to Vary with differences in both the implant surgeon and the restorative dentist, Furthemore, 

implants placed in male patients were found to be slightly less successful than those in female 

patients, a tendency that appeared to contribute to an elevated flsk among male patients of 

needing a revision of the prosthesis plan. The occasional need for treatment revision, although 

variably disappointing to the patient and provider, suggests that al1 oral implant patients should 

be advised at the outset of such possibitities and that prosthodontic treatment planning should 

continue to consider implant options only when the outcome of traditional prosthodontic therapies 

is estimated to be relatively unfavorable. 

Notwithstanding these findings, the extemal validity of the study is not entireIy clear. 

Multivariate analyses, involve complex statistical comparisons that depend uitimately on 

adequate nurnbers of data and on the valid and reliable measurement of both dependent and 

independent variables. On both accounts the this study could be improved. Complicating this 

with the high levels of implant survival and minimal Pace of crestal bone loss reported in the 

study, the generalizability of resuIts can best be demonstrated by replication and expansion of 

the study with substantially larger numbers of patients and prosthodontic applications, 

specifically involving proportionately more maxillary sites in addition to partially edentulous sites. 

The results would also Iikely be clarified specifically by improvernents in the ability to assess 

preoperative jawbone condition, and possibly by improvements in the assessrnent of implant 

outcomes. A promising development in the latter regard is the assessment of implant stability 

using resonance frequency analysis (Meredith 1998). 

Related to this, the secondary aspect of the dissertation demonstrated that acceptable, 

albeit inconsistent, reliability and validity can be achieved using the LZ classification of jawbone 

quantity and quality. Specifically, moderate to substantial intra-observer agreement was 

documented based on kappa scores of repeated LZ quantity and quality assessments. However, 

the inter-observer scores were consistently only fair to poor for both LZ quantity and par',icularly 

quality assessments. Unfortunately, these results cal! into question the validity, especially the 

extemal validity, of any study, including this one, using LZ jawbone quantity and particularly 

quality assessments. To improve the validity of such investigations in the future, it was a major 

secondary objective of the study to improve the reliability and validity of the assessment of 

jawbone condition. This portion of dissertation suggested that excellent reliability and validity 

can be achieved using quantitative computed tomography (QCT) densitometry in human 

jawbone. In this regard, in excess of 88% of the variation in trabecular bone volume (TBV) 

values could be predicted by the QCT measurements. By comparison, at best 51% of the 

variation in TBV values was predicted by the lZ cancellous density assessments. In this 



context, the proposed QCT technique offers the backdrop for a prospective clinical study of 

QCT-BMD as a potential predictor of oral implant outcomes, especially regarding the maxilla or 

regarding early or immediate oral implant loading protocols. 

SPEClFlC CONCLUSIONS 

Recognizing its weaknesses, which appear to exceed no existing studies, the results of 

the cunent study specifically demonstrated the following outcomes associated with age- and site- 

specific aspects of jawbone condition: 

1) the hazard of neither implant failure nor prosthetic revision varied with patient age, nor was 
crestal bone behaviour among prosthetic sites related to patient age, 

2) the hazard of overall and late implant failure was nearly two to three fold more with each 
increase in LZ jawbone quantity group from A to E, 

3) the hazard of overall and late implant failure was increased by approximately 36 to 86% with 
each increase in LZ jawbone quality group from 1 to 4, 

4) the crestal bone tevel at loading and the estimated crestal bone level at 10 years after 
loading among prosthetic sites was progressively higher (more crestal) with increased LZ 
bone quantity groups from A to El 

5) crestal bone loss during the first year of loading among prosthetic sites was less with 
increased LZ bone quantity groups from A to El 

Furthermore, the study demonstrated the following outcomes associated with factors 

indirectly or unrelated to age- and site-specific aspects of jawbone condition: 

1) the odds of early implant failure, and the hazard of overall implant failure among implants 
with bicortical stabilization was approximately half that of implants without bicortical 
stabilization, 

2) the odds of early implant failure, and the hazard of overall and late implant failure were 
approximately halved with each increase in implant length group from 1 to 4, 

3) the odds of early implant failure, and the hazard of overall implant failure vaned with 
differences in the stage-one surgeon, 

4) the hazard of overall and late implant failure was reduced by approxirnately 5 to 8% with 
each year edentulous increase, 

5) the hazard of overall and late implant failure as well as that of prosthesis plan revision 
arnong female patients was approximately to one-third to one-half that of male patients, 

6) the hazard of late implant failure varied with differences in the dentist who placed the first 
implant prosthesis, 

7) the hazard of prosthetic-site implant failure among implants planned originally for a fixed 
prosthesis was approximately double that of implants planned originally for an overdenture 
prosthesis, 

8) the crestal bone level at loading among prosthetic sites was progressively lower (more 
apical) for opposing dentition groups from 1 to 3 (complete denture vs. removable partial or 
overdenture vs. fixed prosthesis or natural dentition, respectively), 

9) the crestal bone level at loading, the crestal bone loss during the first year of loading, and 
the estimated crestal bone level at 10 years after loading among prosthetic sites varied with 
differences in the stage-one surgeon, 



10) the crestal bone loss during the first year of loading, during the first to fourth year of 
loading, after the f iW year of Ioading, and after the fourth year of loading among prosthetic 
sites was l e s  with an increased nurnber of years of edentulism, 

11) the estimated crestal bone level at 10 years after loading among prosthetic sites was 
progressively higher (more crestal) with an increased nurnber of years of edentulism, and 

12) the crestal bone l o s  dunng the first to fourth year of loading and after the first year of 
loading, and the estimated crestal bone level at 10 years after loading among prosthetic 
sites varied with differences in the dentist who placed the first prosthesis. 

IMPLICATIONS 

The major implication of this study is one of a carefully documented contribution to the 

growing body of scientific evidence that site-specific aspects of jawbone condition are related to 

oral implant outcomes. Specifically, the study supports suggestions that oral implant survival 

tends to be less favorable in sites with poor cancellous bone density especially in the resot-bed 

edentulous maxilla, and suggestions that the rate of crestal bone loss around oral implants in 

completely edentulous jaws tends to be higher in sites with less resorption, and particularly in 

sites that have been edentulous for shorter penods. Notwithstanding this, the mean rate o f  

crestal bone l o s  around oral implants in this study was l e s  0.1 mm per year regardless of the 

jawbone quantity or the number of years of edentulism, a rate comparable to that experienced 

around relatively healthy aging teeth, and less than half the rate of residual ridge resorption 

expected in the mandible after many years of complete denture Wear. In this context, it is 

apparent implants can moderate the mean rate of vertical jawbone resorption otherwise 

expected in the edentulous jaw particularly early in the edentulous period. The resulting paradox 

offered by the impact of the edentulous petiod on bone loss can be resolved by understanding 

that although implant placement in sites that have been edentulous for short periods will 

probably help retain bone, implants in such sites will also probably suffer above average crestal 

bone loss over the ensuing years. The study can offer only speculaiion about the mechanisms 

of bone retardation around implants, however, it appears that threaded and functioning oral 

implants can produce complex enough forces in jawbone to facilitate ongoing healthy bone 

remodeling and long-term implant and prosthetic stability. The implication of this is that older 

patients are unlikely to outlive their osseointegration response, regardless of the number of years 

of edentulisrn. However, younger implant patients who have been edentulous for short pen'ods 

wiII probably suffer slightly above average crestal bone loss over the ensuing years, and this 

may eventually threaten the stability of their implants. 

To put these rather su btle implications into some perspective, additional studies are 

needed to supplement the findings in the context of a diversity of jaw sites and prosthetic 

applications in both partially and completely edentulous adults. All oral implant patients should 

be advised of a small but important risk that implant or prosthetic failure may necessitate 



treatment revision with an implant overdenture or a traditional removable denture replacement. 

For this reason, treatment planning should stress implant options only when the outcume of 

traditional prosthodontic therapies is considered to be relatively unfavorable. Moreover, al1 oral 

implant patients should be advised of the likelihood of ongoing but usually modest crestal bone 

loss associated with oral implants, at least of the threaded titaniurn variety, and that although this 

process is variable it is unlikely to jeopardize the stability of their iniplant prosthesis at least 

during the first two to three decades o f  use. 

Furthemore, the excellent findings achieved in assessment of the reliabitity and validity 

of QCT for measuring cancellous jawbone density anticipates a prospective examination of 

implant outcomes using the improved preoperative measure of jawbone quality offered by QCT, 

especially as pertains to the maxilla- Moreover, the QCT instrument atso offers promise to 

improve ouf scientific understanding of  the clinical potential for early loading protocols. 

SUMMARY 

lt has almost become a ciiché that implant prosthodontic planning requires the careful 

assessment of jawbone quantity and qua!ity. Since variations of this admonishment have been 

so cornmon, it has become tempting to believe the corollary, that oral implant success, 

osseointegration, can be predicted by jawbone condition. Unfortunately, it has been diffÏcult to 

demonstrate a scientific basis for this belief (Bryant ? 998). Based on the success criteria 

proposed by AIbrektsson et al. (1 986) and Zarb and Aibrektsson (1998), the successful 

osseointegration of Brinemark implants in this study was not dependent on age, but it was 

variably dependent on site-specific aspects of jawbone condition. Oraf implant sunrival was 

statistically significantly, although inconsistently, related to Lekholm-Zarb (LZ) jawbone quantity 

and quality (Lekholm and Zart, 1985). as well as to two other factors closely related to age- and 

site-specific aspects of jawbone condition including gender and years the bone site was 

edentulous at stage-one. Specifically, implant survival was adversely affeded by advanced 

resorption of alveolar bone and by poor bone density, mainly in the maxilla. Furthemore, crestal 

bone behaviour around the oral implants in this study was statistically significantly, although 

again inconsistently, related to LZ jawbone quantity as well as to the number of years the bone 

site was edentulous at stage-one. In particular, host sites having implants placed soon after 

tooth extraction were more susceptible to modestly faster crestal bone loss around the implants- 

The validity of the study could be improved by its repiication and expansion with substantially 

Iarger numbers of patients and prosthodontic applications, specificaify involving proportionately 

more maxillary sites in addition to partially edentulous sites. The results would also likely be 

clarified by improvements in the ability to assess preoperative jawbone condition, and possibly 

by improvements in the assessment of  implant outcomes. Related to this, the secondary aspect 

of the dissertation demonstrated that acceptable, albeit inconsistent, validity and intra-observer 



reliability can be achieved using the LZ classification of jawbone quantity and quality. 

Unfortunately, the inter-observer reliabiIity related to this part of the study was weak for both LZ 

quantity and particularfy LZ quality assessrnents. This finding questions the validity, especially 

the extemal validity, o f  any study, including this one, using the LZ jawbone quantity and 

particularly LZ quality classifications. To improve the validity of such investigations in the future, 

it was a major secondary objective of the study to improve the reliability and validity of the 

assessment of jawbone condition. This portion of dissertation suggested that excellent reliability 

and validity can be achieved for quantitative computed tomography (QCT) densitometry in 

hurnan jawbone, a finding that sets the backdrop for a prospective cIinicaI study of QCT-BMD as 

a potential predictor of oral implant outcomes. 
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The problem 
Orthopedic research first demonstrated that bone could attach to titanium in 

experimental animals (Bothe, Beaton and Davenport 1940, Leventhal 1951)- Subsequent work 
of Brhemark and colleagues discovered that commercially-pure titanium usually became fixed 
rigidly to bone when allowed to heal undisturbed in an intraosseous wound (Bréinernark et al. 
1969). BrAnemark termed this rigid fixation osseointegration (Brhemark et al. 1977). In his first 
human studies, starting in 1965, Brinemark placed implants predominantly in the cornpletely 
edentulous jaws of middie-aged patients with advanced resorption of  the residual ndge 
(Brinemark et al. 1977). By 1975,68% of the first 1493 Brinemark implants were stable and 
Ioaded with oral prostheses. However, three out of every ten jaws operated required at least one 
other surgery to attempt replacement of one or more failed implants (Brhemark et al. 1977). 
Nonetheless, these investigations demonstrated the long-term efficacy of a fixed complete 
prosthesis supported by five or six oral implants for patients who had denture wearing problems 
(Adell et al. 1990). Further investigations suggested that the complete denture weafing 
expetience of many patients could be improved dramatically with an overdenture retained by just 
two implants (Mericske-Stern 1994, Zarb and Schmitt 1994). The osseointegration technique 
has also been adapted to support fixed and removable prostheses in partially edentulous patients 
(Brinemark, Zarb and Albrektsson 1985, Worthington and Brhernark 1992). Oral implants are 
now utilized in a range of intraoral and extraoral sites and patient ages (BrAnernark, Zarb and 
Albrektsson 1985, Worthington and Brinemark 1992). However, it remains uncertain whether 
patient age or jaw site relate to the successful osseointegration of oraI implants (Bryant 1996). 
Perhaps more certain is that if these relationships exist they will act, at least in part, through the 
condition of the jawbone in which the implants are placed. The condition of jawbone may be 
considered one of quantity or quality. Jawbone quantity could include primarily the height or 
width of the jaw. Jawbone quality could include features such as morphometric appearance, 
radiographie density, vascular supply, number and condition of bone cells, or the wound healing 
capacity of the bone. Although the predictability of oral implant therapy has been documented 
increasingly in scientific iiterature, the problem remains: is the successful osseointeqration of 
oral implants related to age, iaw site or iawbone quantity or quality? 

Aim 
The aim of this thesis is to document the success of osseointegrated oral implants in 

relation to age, jaw site and jawbone quantity and quality based on the following proposed 
research question: 

Is the level of osseointegration success related to patient age, jaw site or jawbone 
quantity or quality in consecutively treated patients planned onginally for implant 
supported complete prostheses? 

Hypotheses 
The question stems from the following primary hypothesis. 

Primary Ho 
The level of oral implant osseointeqration success in consecutively treated patients planned 
oriainally for implant supported complete prostheses is related to a ranae of: 

1. patient aqe, 
2. jaw site. 
3. preoperative iawbone quantity, and 
4. preoperative iawbone quality. 

Terminology in this hypothesis will be ciarified as follows. Two levels of osseointegration 
success have been defined in accordance with the criteria proposed initially by Albrektsson et al. 
(1 986) and modified subsequently by Albrektsson and Zarb (1 993) flable 1). Firstly, absolute 
implant success (implant survival) includes clinical immobility, lack of peri-implant radiolucency 
and the absence of significant pain, infection or other pathology related to the implant. 
Secondty, relative implant success includes a mean vertical bone loss of l e s  than 0.2 mm 
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annually after the fifst year of prosthetic function, and at least 90% success after five years and 
85% success after ten years of function. 

Table 1. Proposed success criteria for osseointegratec! oral implants. 
Albrektsson et al. (1 986). 

1. Clinical immobility of the implant. 

2- Lack of pen-implant radiolucency. 

3- Absence of significant pain, infection or other pathology related to the implant. 

4. Vertical bone loss l e s  than 0.2 mm annually after the first year of function. 

5a. At least 85% success after 5 years and 80% after 10 years in Zone II-' 

5b. At least 90% success after 5 years and 85% afier 10 years in Zone 1." 

* Applies only to Zone II implants since Albrektsson and Zarb (1 993) 
" Stiïcter criterion for Zone 1 implants since Albrektsson and Zarb (1 993) 

A B Zone I Zone II C 

D E F G 

Mandible 

Figure 1. Composite of dentate jaws and edentulous jaws with implants 

A. Maxillary sinus, B. Nasal cavity, C. Residual ridge, D. Alveolar bone, 
E. Basal bone, F. Mental foramen, G. Mandibular (Inferior alveolar) canal 

The jaw sites commonly involved with the placement of implants in cornpletely 
edentulous ridges include regions of the maxilia and rnandible at or anterior to a vertical line 
passing through the mental foramina, These regions were defined by Branemark et al. (1977) as 
Zone 1 sites (Figure 1). Zone Il sites are posteriorto Zone 1. Initially, the range of jawbone 
quantity and quaiity will be classified according to the method proposed by Lekholm and Zarb 



(1 985). However, the vaIidity and reliabifity of this method has not been demonstrated- 
Consequently, a secondary hypothesis requires investigation, 

Secundary Ho 
The classification of preoperative iawbone ouantitv and qualitv ~rooosed bv Lekholm and 
Zarb (1 985) is valid and reliable, 

Lekholm and Zarb (1985) proposed the classification of  jawbone (shape) quantity (A to 
E) (Table 2, Figure 2) and quaiity (1 to 4) fiable 3, Figure 2) in the antenor of completeiy 
edentulous jaws. Despite this, rnany researchers have adopted this classification for use in both 
antefior and posterior jaw sites in partially or completely edentulous patients. The system was 
based on a subjective assessrnent of preoperative lateral cephalornetric and panorarnic 
radiographs. The face validity (an instrument makes sense (Babbie 1992)) of this system 
appears to be good in that it seems to inciude a cumplete range of  potential jaw conditions and 
the categones are mutually exclusive. Lekholm and Zarb (1 985) noted tfiat jawbone quantity 
and quality, as they defined it, were not independent, rneaning that certain combinations o f  
quantity and quality were often seen together. For exarnple, a severely resorbed mandible, often 
a D-l  or E-1 type, typically had primariIy thick cortical bone remaining. On the other hand, slight 
resorption of the maxilla was offen associated with poor bone quality, A-4 or  B-4 types. Studies 
on the influence of jawbone quantity and quality in relation to osseointegration were reviewed by 
Bryant (1 996). 

Shape: A B 

Lower jaws 

Figure 2. Jawbone quantity and quality classification of Lekholm and Zarb 

From Lekholm and Zarb (1 985), Printed by permission of Quintessence Publishing Co., Inc., 
Carol Stream, Illinois 



Table 2. Quantity (Shape) classification of  anterior edentulous jawbone. 
Lekholm and Zarb (1985). 

A - Unresorbed alveolar bone. 

B - Some resorption of alveolar bone. 

C - Complete resorption of alveolar bone. 

D - Some resorption of basal bone- 

E - Extreme resorption of basal bone. 

Table 3, Quality classification of anterior edentulous jawbone. 
Lekholm and Zarb (1 985). 

1 .  Primarily cortical bone. 

2. Thick cortex with dense cancellous bone. 

3. Thin cortex with dense cancellous bone. 

4. Thin cortex with low density cancellous bone. 

Rationale 
Four issues highlight the rationale for considering whether age, jaw site or jawbone 

quantity or quality relate to the successfuf osseointegration of oral implants: 
1) there is increased demand and use of oral implants in sites other than the anterior of resorbed 
edentulous jaws where Branemark originated his studies; 
2) older adults form the largest potential group for oral implants; 
3) younger oral impiant patients expect to age for decades with successful implants; and 
4) there is an obligation to optimize patient specific prediction of implant success. 

Increased use of implants in sites other than the resorbed anterior iaw 
In his original studies, Bribemark placed implants anterior to the mental foramina (Zone 

1) in completely edentulous ridges (Figure 1) (Brinemark et al. 1977). Anterior jaw sites were 
favored for anatomical reasons. Patients with advanced ridge resorption rarely had sufficient 
bone height in posterior regions to easily avoid the mandibular canal or the maxillary sinus 
(Figure 1) (Brhemark et al. 1977). Altered tooth loss patterns in recent years are increasing the 
occasion for implants in sites other than the resorbed antenor jaw. In the 1960's over 50% of 
U S -  senior citizens were completely edentulous (Miller et al. 1987). By the 1980's, only about 
40 percent of US. seniors were completely edentulous (Miller et al. 1987), but a majority of the 
remaining seniors were partially edentulous (Meskin et al. 1988a). In the same study, over 50 
percent of employed U.S. adults aged 55-64 (now senior citizens) were missing no anterior teeth 
(Meskin et al. 1988a). This demonstrated that US. adults tend to retain some teeth, particularly 
anterior teeth, into old age suggesting that over time there will be fewer completely edentulous 
adults in need of implants in the anterior site. It also suggests that there could be an increasing 
proportion of implants needed in posteiior jaw sites. Furthemore, there could be increased 
numbers of patients choosing to have implants sooner after tooth loss, hence, in sites with less 
alveolar ridge resorption than in the original Brsnemark implant patients. Alveolar bone is 
formed and maintained under different conditions compared to basal bone (Ten Cate 1994) so it 
is possible that the osseointegration response will Vary in these different sites. These issues 
support the rationale for considering jaw site as a factor in the successful osseointegration of oral 
implants. 



Older adults form the lamest potential qroup for oral implants 
Initially, Branernark implants were placed mainly in rniddleaged patients (Brinemark et 

al. 1977). However, the potential need for oral implants is greatest in oIder adults. Potential 
prosthodontic needs increase with age in developed countries due to related increases in the 
prevalence of decayed, filled and missing teeth (Miller et al. 1987, Meskin and Brown 1988b, 
Kalsbeek et al, 1991, Osterberg et al. 1991). The deterioration of teeth and supporting bone is 
not compensated for by any significant regenerative capacity (Mjor 1986, Ten Cate 1994). 
Consequently, aging adults tend to accumulate increasing levels of functional and esthetic 
problems due to substantially depleted dentitions (Kayser 1981, Zarb 1983, Mohl et al. 1988, 
Lang 1994). However, traditional oral prostheses have a significant risk of morbidity and failure 
associated with them over time (Schwartz et al. 1970, MacEntee 1985, Walton, Gardner and 
Agar 1986). Fortunately, such problerns often lend well to management with oral implants 
(Haraldson and Carlsson 1979, Tzakis, Linden and Jemt 1990, Z a b  and Schmitt 1990). As 
noted, there has been a pronounced trend for the percentage of edentulism to decrease in al1 
age groups, and this appears likely to continue (Marcus, et al. 1996). Despite this, the total 
number of edentulous patients will likely remain steady in the foreseeable future since the 
population structure of developed countries is aging rapidly (Havens 1981, Cowgill 1986). Early 
in this century the proportion of elders in western countries was about 5% of the population. 
lmproved living conditions since then prompted an increase in Iife expectancy contributing to a 
corresponding increase in the proportion of senior citizens in these countries (Havens 1981, 
Cowgill 1986)- For example, over three million Canadians, 12% of the population, are now 65 
years of age or older (Figure 3) (Statistics Canada Cat. 93-31 0 1992). This proportion is 
expected to increase to 15% within two decades, before the "baby boom" skews it even further 
(Statistics Canada 1991). These issues support the rationale for considering age as a factor in 
the successful osseointegration of oral implants. 

1991- 2001 201 1 2021 2031 

Year 

Projected population of Canada's seniors* 
(as % of Canada's population) 

I 

Figure 3. Projected increase in Canadian 65 years and older age group. 
* From Statistics Canada (1 991) 
" Actual population figures from Statistics Canada Cat. 93-31 0 (1 992) 
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Younqer implant patients expect to aqe with successful implants 
Young adults do not represent the largest current group of potential implant patients. 

However, young adults in developed countries do have missing teeth, often due to trauma or 
congenital anomalies (Avivi-Arber 1994, Gutmann and Gutmann 1994, Josefsson and Karlander 
1995). Recent surveys demonstrated that adults under the age of 35 years had an average of 
one or two missing teeth (Meskin et al. 1988a, Kalsbeek et al. 1991). By the age of 35 years 
about 1-3% of adults in developed countries were completely edentulous (Miller et al. 1987, 
Kalsbeek et al. 1991). Traditionai prosthodontic therapies for partially edentulous patients ofien 
require irreversible changes to existing teeth (Zarb et al. 1984). Consequently, the implant 
option is particularly favorable among young partially edentulous adults for whom the remaining 
teeth tend to have little or no history of previous disease or restoration (Avivi-Arber 1994, Wyatt 
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1 996). However, young implant patients in developed countfies have realistic life expectancies 
of about 50 additional years (Havens 1981, Cowgill 1986) and they will probably expect to grow 
old with successful implants. The lingering question related to this centers on whether the 
osseointegration response will be successful for the same 50 year Iife expectancy- This issue 
supports the rationale for considerhg advancing age as a factor in the successful 
osseointegration of oral implants. 

Obliaation to optimize patient specific prediction of implant success 
Bioethical ptinciples oblige health care providers to balance the potential benefits of 

therapy with the risk of harm to patients and to infom patients of these benefits and risks 
(Beachamp and Childress 1989). The evidence is clear that osseointegration is not always 
successful (Brhemark, Zarb and Aibrektsson 1985). What remains unclear is which patient 
specific factors are important in the prediction of oral implant success. In particular, the 
importance of age, jaw site and jawbone quantity and quality in relation to implant success 
remains unclear- The Iiterature related to these factors is substantial and will f o m  the basis for a 
comprehensive Iiterature review in the thesis. 

Proposed research design 

PART I - Investiaation of primarv Ho 
As implied in the aim, the major objective of this thesis is to investigate the potential 

influence of host bone condition on osseointegration success rather than focusing on the 
potential influence of other groups of factors such as those related to prosthetic loading, surgical 
technique or implant matenal and design. Nonetheless, factors such as these must be 
accounted for in the proposed study due to their potential to confound (bias) the results. To 
reduce the confounding influence of a diversity of prosthetic loading conditions the primary 
hypothesis has been Iimited to investigate pnmarily those patients planned for implant supported 
complete prostheses. Subsequent investigations can be designed to include implants supporting 
partial prostheses. 

PART la - Descriptive outcomes for implant supported complete prostheses 
What are the treatment outcomes for al1 consecutively treated patients planned 
originally for an implant supported complete prosthesis in at least one arch who had 
oral implant placement more than five years ago at the Implant Prosthociontic Unit 
(IPU), University of Toronto? 

The investigation will begin with a descriptive study involving the records of the patient 
group just specified. Treatment outcomes will be documented inciuding surgical, soft tissue and 
prosthetic complications; absolute implant success (implant survival); and radiographie bone 
level changes based on radiographs taken at and subsequent to prosthetic Ioading. 

Bone Ievet measurement and changes 
To calculate vertical bone level changes the appropriate implant radiographs will be 

digitized with a slide scanner and the images will be stored, processed and measured on a 
personal computer using the public domain software NIH Image. Bone levels at the mesial and 
distal of each implant will be measured from the apical edge of the implant collar to the first point 
of contact observed between bone and the implant. Although a similar method was shown to be 
both valid and reliable for other groups of patients (Avivi-Arber 1994, Wyatt 1996), further 
studies may be required to demonstrate valid and reliable measurements in the current study. 
Mesial, distal and the combined average bone loss dunng and following the fi& year of loading 
will be calculated by subtracting the bone level measured from radiograph images taken one 
year apart. 



PART Ib - Matched age-cohort comparison 
Are the treatment outcomes for an older group of consecutively treated patients 
planned originafly for an implant supported complete prosthesis in at least one arch 
who had oral implant placement more than five years ago at the IPU different from the 
treatment outcomes of a younger group of consecutively treated patients matched on 
the basis of gender, arch, zone, number of implants, prosthetic design and status of 
the opposing dentition? 

The factors listed in the pnmary hypothesis as potential contributors to osseointegration 
success cannot be tested using a randomized controlled design because they are not factors that 
can be assigned to randomized groups. At the outset, the influence of age will be investigated 
using a matched age-cohort comparison, The records of al1 consecutiveIy treated patients 
planned originally for an implant supported complete prosthesis in at Ieast one arch who had oral 
implant placement more than five years ago at the IPU will be examined in Part la. The records 
of patients who were aged 60 years or more at the time o f  their implant placement (Stage I 
surgery) will be isolated. Ideally, the osseointegration success outcome of this group will be 
compared to a younger age-cohort group. Accounting for multiple potential confounding factors 
is necessary with this design since it involves the comparison of non-equivalent groups (matched 
age-cohorts). Factors associated with both the surgical management and the implant material 
and design have been held relatively consistent throughout the IPU study so are less Iikely to 
bias the outcome, However, factors associated with both the preoperative status of host bone 
and the post operative prosthetic loading have varied somewhat. Controlling for these factors 
will be accomplished by attempting to match each prosthetic site in the older group with a 
prosthetic site selected from consecutively treated patients who were less than 50 years of age 
at the time of Stage I surgery. Matching will be planned on the basis of gender, arch (maxilla vs. 
mandible), prosthetic design (fixed vs. removable) and opposing dentition status (fixed, vs. 
removabfe vs. combined). Success outcomes will be recorded on the basis of absolute 
success/failure (implant suwival) and radiographie bone level changes as noted previously. The 
average implant length and design in the groups will be recorded and compared to account for 
potential confounding influences. Following the completion of Part II, the average preoperative 
bone quantity uype  A or 6 vs. Type Cl D or E), and preoperative bone quality (Type 1, 2 or 3 vs. 
Type 4) will also be recorded using onginal radiographs and compared between the groups to 
account for potential confounding influences- Other factors impossible to match will also be 
rneasured to enable demonstration of the degree of similanty between the groups. Outcomes 
will be compared between the groups to  enable a preliminary conclusion regarding the effect of 
age on osseointegration success. 

PART Ic - Longitudinal multivariate analysis 
In consecutively treated patients planned originally for an implant supported complete 
prosthesis in at least one arch who had oral implant placement more than five years 
ago at the IPU, what are the predictive contributions to osseointegration success of 
age, arch (mandible vs. maxilla), preoperative bone quantity (Type A, 8, C, D or E), 
preoperative bone quality (Type 1, 2,3 or 4) whilst controlling for gender, prosthetic 
design (fixed vs. removable), opposing dentition status (fixed, removable or 
combined), implant length (7, 10, f 3,15, 18 or 20 mm) and type (standard or self- 
threading) and narne of surgeon at Stage I? 

Short of a randomized controlled clinical trial (which as noted cannot be used to test the 
primary hypothesis) or a matched cohort study (which would likely prove diffkult to use for 
isolation of the influence of jaw site and jawbone quantity and quality due to small patient 
numbers) it appears that the next best method to analyze multiple potential contributing factors is 
multivariate analysis (Mendenhall 1979, Wonnacott and Wonnacott 1985). This approach will 
not completely compensate for the lack of a randomized controlled trial, but it is the preferred 
method of analysis when extraneous contnbuting factors cannot be held constant by randomized 
assignment or control group matching, The multivariate approach will permit analysis in a 



compensating way that provides the same answer as if, in so far as possible. the extraneous 
contnbuting factors had been held constant (Wonnacott and Wonnacott 1985). 

The longitudinal rnultivariate study will be set-up by examining the records of al1 patients 
planned onginaHy for an implant supported complete prosthesis in at least one arch who had oral 
implant placement more than five years ago in the IPU, The success outcomes will be recorded 
for each patient according the Primary H, on the basis of absolute success/failure (implant 
survival) and radiographic bone level changes as noted previously. The major potential 
contributing factors wil! also be recorded for each patient including five factors associated 
potentially with host bone condition: age, gender, arch (maxilla vs. mandible), preoperative bone 
quantity (Type A, B, C, D or E) and preoperative bone quality (Type 1, 2, 3 or 4), and two factors 
associated primarily with prosthetic loading: prosthetic design (fixed vs. removable), opposing 
dentition status (fixed, removable or combined). Additional potential contributing factors will be 
recorded including two factors related to implant design: length (7, 10, 13, 15, 18 or 20 mm) and 
type (standard or self-threading), as well as one factor related to surgical management (name of 
surgeon at Stage 1). The presence or absence of smoking, bruxism and systemic illness will be 
noted. In advance of the study the validity and reliability of the preoperative bone quantity and 
quality classification of Lekholm and Zarb (1 985) will be investigated (See Part II). 

The multivariate analyses wiIl be conducted using the SAS statisticai computer software 
(SAS lnstitute Inc.) based on a probabilistic predictive equation taking the following basic fom: 

y = Ba + $ 1 ~ 1  + $ 2 ~ ~  + $ 3 ~ 3  + . . . f Bixi + E 

where y = the outcome of interest, 
xl to xi = individual measures of potential contributing factors 1 through i, 
p, = constant value of y if al1 values of x = 0, 
Pt to pi = weighting associated with an individual x based on the expected 
change in the vaIue of y that accompanies a unit change that x when al1 other 
values of x are held constant. 
E = the probabilistic error of the value of y from its expected value, 

Predictive equations will be developed for each of the success outcornes including: the 
percent of absolute implant success (implant survival) and the rnean annual bone loss during 
and after the first year of prosthetic loading. In this manner, the importance of each potential 
contributing factor in predicting osseointegration success should be established. Factors not 
influencing the prediction of success will be dropped from the equation. The equation shoufd 
enable a patient specific prediction of osseointegration success for future patients treated in the 
IPU under the same conditions as those in the study. 

Part I l - Investiqation of secondan, Ho 

PART Ila - Calibration and validation of QCT for assessment of jawbone quality 
Is the density of edentulous jawbone of a cadaver, measured using standardized 
cross-sectional QCT images, correlated significantly with the density measured using 
standardized contact radiographs and histomorphornetric analyses of matched cross- 
sectional dissections of the same jaw? 

Validity is a measure of how well the proposed measurement represents what is intended 
to be measured. It is largely a theoretical concept. Consequently, it cannot be demonstrated 
absolutely mathematically as can reliability. Validity of the classification system proposed by 
Lekholm and Zarb (1 985) involves both jawbone quantity and jawbone quaIity. Classification of 
jawbone quantity by this method requires examiners to differentiate between alveolar and basal 
jawbone in edentulous jaws. However, the demarcation between alveolar and basal jawbone is a 
theoretical Iine which is an undefined distance beyond the apex of the tooth roots. Enfow et al. 
(1976) proposed that the mandibular alveolar process in edentulous jaws be defined by reversal 
Unes in the bone indicative of the greatest vertical extent to which alveolar resorption was Iikely 
to occur. They also proposed that this coincided with a straight Iine between the mental and 
mandibular foramina. Cawood and Howell (1988) accepted this as the vertical division between 
alveolar and basal bone in the mandible and they proposed that the vertical division between 



alveolar and basal bone in the maxilla was along a Iine connecting the greater palatine and 
incisive foramina. Despite these propositions, identification of  the line demarcating alveolar 
from basal bone in the absence of teeth remains problernatic since tooth apices appear to bear a 
variable vertical relationship to known jawbone landmarks such as the alveolar crest, the mental 
forarnen, the mandibular canal, the inferior cortex of the mandible, the midfine of the palate and 
the floors of the nose and maxillary antrum (Yosue and Brooks 1989a,b, Soikkonen et al, 1995, 
Varrela et al. 1995). On the other hand, vertical resorption of the residual ridge is predictable in 
a group of edentulous patients and can be measured with validity and precision using lateral 
cephalometric radiographs (TaIlgren 1972). It is logical and valid also to suggest that the greater 
the extent of vertical residual ridge resorption the Iess likely the residual ridges contain alveolar 
bone. Consequently, a measure of vertical residual ridge height using stable jawbone land 
marks such as the inferior cortex of the mandible and the palatal processes of the maxilla may 
be the only valid measure of vertical jawbone quantity. In any case, further validation of the 
quantity aspect of the classification is not proposed in the current study. 

Classification of jawbone quality according to Lekhclm and Zarb (1985) requires 
examiners to differentiate between thick and thin cortical jawbone as well as between high 
density and low density trabecular jawbone. lndeed this classification may prove to be a 
significant predictor of osseointegration success as suggested in preliminary studies where Type 
4 bone was associated with lower success than were the other quality types (Engquist 1988, 
JaffÏn and Berman 1991, Hutton 1995). The radiographic density in these studies was 
determined using either non-standardized radiographs or a subjective estimale of the bone 
texture at the time of implant surgery. Since Type 4 bone is the only bone quality with low 
trabecular bone density it is possible that trabecular bone quality rnay be the crucial factor in this 
regard. However, there is no evidence that the accurate and precise density of trabecular bone 
can be measured on non-standardized radiographs. lrnproved prediction of implant success may 
be possible with irnproved accuracy in the measurement of trabecular bone mineral density 
(BMD). Recent prelirninary evidence suggests that valid BMD measurement of the dry mandible 
is possible using quantitative computed tomography (QCT) with a bone mineral phantom (Lindh 
1996). However, QCT densitometry in jaws with intact soft tissues is susceptible to inaccuracy 
due to variation in soft tissue to bone ratios (Gluer and Genant 1989, Svendsen et al. 1995). 
Consequently, the prirnary focus of Part II will be to develop and validate QCT using a 
standardized jawbone phantom for assessrnent of trabecular bone density in the presence of 
adjacent soft tissues. Concurrently, the Lekholm and Zarb (1985) classification of jawbone 
quaiity, in particular trabecular density, will also be examined for validity (See Part IIb). This 
study should facilitate subsequent QCT studies related to site-specific prediction of oral implant 
success and implant healing pefiods. Furthemore, this study should contribute to the 
methodology for QCT studies of  spine and hip sites in relation to postmenopausal osteoporosis 
and possibly in the prediction of hip and spine fractures. 

Completely edentulous human cadaver heads will be selected for this study to 
approximate imaging conditions in Iive patients whilst permitting direct comparison to jawbone 
morphology after rernoval of the soft tissues. Calibration of QCT for this purpose will require at 
least one mandible and maxilla with low density trabecular bone -Type 4 (Lekholm and Zarb 
1985) - and at least one mandible and maxilla with higher density trabecular bone - Type 2 or 3. 
The study will involve several steps. 

First, extra-oral radiographs will be used to examine the jaws prior to CT scanning to 
exclude residual ridges with bone pathology, or less than 10 mm height. The radiographs will be 
repeated for reliability testing and they will be taken with and without a density standard to 
facilitate later cornpanson to the jawbone quality classification of Lekholm and Zarb (1985). 

Second, an intraoral acrylic splint with embedded gutta percha markers will be 
constructed for each jaw to facilitate alignrnent in the CT scanner gantry and subsequent 
identification of crosçsectional jawbone sites. The sites will be selected to be perpendicular to 
the arch curve and of uniform width corresponding to the gutta percha markers in the splint and 
on each CT scan. 

Third, a series of contiguous axial CT scans of each of jaw will be obtained parallel to 
the edentulous ridge crests. Each scan will include a standardized bone equivalent phantom and 
will be repeated for reliability testing. 



Fourth, the position of gutta percha markers in the splint will be transferred directly to the 
jawbone via soft tissue incision and tattooing the bone surface with a dye. The jaws will be 
degloved of soft tissue and removed from the facial skeleton. Each jaw will be sectioned with a 
precision saw in correspondence with the sites identified previously. 

Fifth, contact radiographs, repeated for reliability testing, will be made of each portion of 
bone utilizing a density standard for densitornetiy in a manner similar to Lindh (1 996). The bone 
will then be embedded in paraffin for histomorphometry of one or more decalcified micro-thin 
cross-sections from each site- 

Sixth, correlations will be made between the three measures of bone density in each 
region of interest (ROI) - the trabecular region within each cross-sectional site. Specifically, the 
BMD measured with QCT of intact jaws will be  vompared with that measured directly from 
contact radiographs and histomorphometry of the same jawbone sites. 

PART Ilb - Validity of Lekholm and Zarb (1 985) jawbone quality measurement 
Is the of rnean BMD of edentulous jawbone of a cadaver as measured using computer 
digitized standardized panoramic and tateral cephalometric radiograph images 
conelated significantly with that determined using standardized QCT images, 
standardized contact radiographs and histornorphometric analyses of the same jaw? 

The evidence collected in Part Ila will permit a measure of the validity of the method 
proposed by Lekholm and Zarb (1 985) for the classification of jawbone quality, specifically 
related to trabecularjawbone density. This will involve a correlation between mean BMD 
measured from standardized preoperative panoramic and lateral cephalometric radiographs and 
the mean BMD measured with QCT, contact radiographs, and histomorphometry. 

PART Ilc - Reliability study 
What is the inter and intraexaminer reliability of the bone classification of Lekholm 
and Zarb (1 985). 

The inter- and intra-examiner reliability of the bone quantity and quality classification of 
Lekholm and Zarb (1985) will be investigated, In this manner, the correlational analyses 
proposed in Part Ib and lc will, in so far as possible, be based on reliable measurements of bone 
quantity and quality. At least twenty matched sets of lateral cephalometric and panoramic 
preoperative radiographs will be selected from the records of IPU implant patients who received 
implant supported complete prostheses l e s  than four years ago. Selections will be made by 
choosing radiographs to include a range of quantity types (at least four each of Type A, B, C, D 
and E) and quality types (at least four each of Type 1, 2, 3 and 4) using the classifications 
recorded by the surgeon at the time of implant placement. Calibration of four examinefs 
including the primary researcher will be conducted by reconciling the documentation of Lekholm 
and Zarb (1985) with direct instruction by the authors. The remaining examiners are to be 
general dentists or dental specialists experienced in implant prosthodontics. Intra-examiner 
reliability will then be determined mathematically by comparing the consistency of the 
classification recorded by the primary researcher using a test-retest methodology with a two 
week delay between examinations. Inter-examiner reliability will be determined by comparing 
the consistency of classification between the four individual examiners. 

Feasibility 

Part I - longitudinal prospective data is available from the IPU study 
- implant success has been documented using a standard protocol 
- data could Vary in quality or be incomplete 
- the number of years of follow-up will Vary substantially 
- number of patients with four years minimum: approximately 127 
- technique well established by Avivi-Arber (1 994) and Wyatt (i 996) 
- time involved with digitizing, processing and measuring radiographs will be significant 
due to the large number of radiographs (about 4000) available. 



Part II - completely edentulous cadavers are available from Dr- B. Liebgott 
- cadavers with a range of jawbone quality rnay be difficult to find 
- difficulty matching jawbone sites with QCT images will threaten validity 
- calibration phantoms are a weak point of BMD determinations with QCT 
- preiirninary work in this area involved dry rnandibles so this is original 
- this work may already be underway elsewhere 
- expense of the irnaging and histomorphometry. 
- the study should be possible within a reasonable time frame, however, it requires 
access to equipment outside the faculty making feasibiiity less predictable. 

Ethical concems 
This should not be an issue. The patients have previously consented to being part of the 

IPU study and have aIready had the radiographs taken, Cadaver matenal will be selected from 
amongst individuals who have donated their bodies for scientific study. There is no risk involved 
for patients involved. There is a good opportunity for useful clinical information to anse from this 
study. Indeed, this research has the potential to stimulate studies utilizing QCT to improve the 
patient and site specific preoperative prediction of implant success, and could possibly be 
applicable to densitometry studies involving other skeletal sites. 
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APPENDIX II 

Consent f o m  for treatment in lmplant Prosthodontic Unit 

lmplant Prosthodontic Unit 
Faculty of Dentistry, University of Toronto 
124 Edward Street 
Toronto, Ontario, M5G 1G6 

Telephone: (416) 979-4914 

Consent Form 

I acknowledge 
that I read the information package presented to me by Drs. Adrianne Schmitt, 
and Peter Birek or Tim Johnson, and that I have understood the recommended 
treatment, expected benefits and possible complications of the proposed 
treatment to me. In addition, al1 my questions were answered to my satisfaction. 
Alternative treatment was also discussed. Hereby I am consenting to implant 
surgery in the Implant Prosthodontic Unit and I will assume the financial 
responsibilities as out1 ined on the fee estimate presented to me. 

I understand that during the surgery, certain situations or conditions may 
become apparent and warrant modifications of the planned treatment. I 
authorize the Doctors in the lmplant Prosthodontic Unit to complete the 
procedure to the best of their judgement. 

Date 

Witness 



APPENDIX il1 

Assessrnent protocol for Lekholm-Zarb study 

1. Jawbone SHAPE (PredominantlyA,B,C,DorE) 
I 

2. Cortex THICKNESS (Predorninantly S,T,ForV) 
I 

I 

Solid Thick I Fine Very Fine 
I 

0 2 m m )  I ( < 2rnm) ( c 0-5mm) --- ------------------------------------A ---------------------------- ------------------- 

3. Cancellous DENSITY (PredominantlylY2,3or4) 

1 
High 

2 
I 
I 
1 Medium 
I 

3 
Low 

4 
Very Low 



Sample # Dr. 
Date 

1) SHAPE 

2) Cortex 
THICKNESS 

3) Cancellous i il r 

DENSITY 

1,2,30,4 



Caiibration suggestions for the Lekholm-Zarb study 

1. Dichotomize decisions first, then fine tune 

2. For SHAPE 

- use both lateral cephalornetric and panoramic films 

- expect biological variation in shape compared to the LZ diagrams 

- C,D,or E for mandible have mental nerve exit on or near ridge crest 

- E for mandible has < 10 mm actual bone height 

3. For CORTEX THICKNESS 

- again use both lateral cephalometric and panoramic films 

- do not emphasize inferior border of mandible or floor of sinushasa1 cavity 

- S or T have cortex predorninantly 2 2 mm thick 

- F or V have cortex predominantly 5 1.5 mm thick 

- V has cortex predominantly c 0.5 mm thick or difficult to see 

4. For CANCELLOUS DENSITY 

- again use both films, but emphasize panorarnic film 

- take into account NUMSER, SlZE and DENSCTY of TRABECULAE 

- take into account variation in overall film exposure & developing conditions 

- take into account effects of normal anatomy (e-g. C-spine, ghost images) 

- 1 or 2 have predominantly "evident" trabeculae 

- 3 or 4 have predominantly "difficult to see" trabeculae 



APPENDlX V 

Lekholm-Zarb study data 

LZ Reiiability assessments 
shape (quanti&) assessrnents 1 mrtex thickness assessrnents 

assessrnent 

1 maxilla 
2 maxilla 
3 maxilla 
4 rnaxilla 
5 maxilla 
6 maxilla 
7 rnaxilla 
8 maxilla 
9 rnaxilla 
10 rnaxilla 
11 maxilla 
12 rnaxilla 
13 maxilla 
14 rnaxilla 
15 man'lla 
16 maxilla 
17 rnaxilla 
18 maxilla 
19 rnaxilla 
20 rnaxilla 
21 mailla 
22 rnaxilla 
23 mailla 
24 maxilla 
25 rnaxilla 
1 mandible 
2 mandible 
3 mandible 
4 rnandible 
5 rnandible 
6 rnandible 
7 mandible 
8 rnandible 
9 rnandibfe 
10 mandible 
11 rnandible 
12 rnandible 
13 rnandible 
14 mandible 
15 mandible 
16 mandible 
17 rnandible 
18 mandible 
19 rnandible 
20 mandible 
21 mandible 
22 mandible 
23 rnandible 
24 rnandible 
25 mandible 

- - - - - - - - 

surgeon 1 surgeon 2 surgeon 3 surgeon 1 surgeon 2 surgeon 3 

-- - - 

cancellous density assessments 

surgeon 1 surgeon 2 surgeon 3 

# l  #2 a1 #2 #1 #2 



LZ Validity assessments 
specimen I assesseci region I mean TBV 

maxilla 

maxïlla 

mmblla 

rnaxilla 

mandible 

mandibte 

rnandible 

rnandible 

maxïlla 

rnaxilla 

rnaxilla 

mailla 

rnandible 

mandible 

mandible 

mandible 

rnaxilla 

rnaxilla 

rnaxilla 

rnaxilla 

mandible 

mandible 

mandible 

mandible 

rig ht 

le fi 

rig ht 

left 

right 

lefi 

right 

le fi 

right 

le fi 

right 

left 

right 

lefl 

right 

lefi 

right 

lefi 

right 

lefi 

right 

leR 

right 

le fi 

anterior 

anterior 

posterior 

posterior 

anterior 

anterior 

pasterior 

posterior 

anterior 

anterior 

posterior 

posterior 

anterior 

anterior 

pasterior 

posterior 

anterior 

anterior 

posterior 

posterior 

anterior 

anterior 

posterior 

posterior 

LZ densitv assessments 
- - 

Surgeon 1 Surgeon 2 Surgeon 3 Mean 

3 3 2 2.7 

3 3 2 2.7 

3 3 3 3.0 

3 3 3 3.0 

2 2 2 2.0 

2 2 2 2.0 

2 2 2 2.0 

2 3 2 2.3 

3 3 2 2.7 

3 3 2 2.7 

2 3 3 2.7 

2 3 3 2.7 

2 3 2 2.3 

2 3 2 2.3 

3 4 2 3.0 

3 4 2 3.0 

2 4 3 3.0 

2 4 3 3.0 

2 4 3 3.0 

2 4 3 3.0 

1 2 2 1.7 

1 2 2 1.7 

1 3 3 2.3 

1 3 3 2.3 



APPENDIX VI 

Quantitative wmputed tornography method schematic 



APPENDIX VI1 

Quantitative computed tornography study data 

id specimen site 
1 -a 
la 
le 
1 -f 
l - k  
2-a 
242 
2 4  
2-j 
3-a 
34 

3-s 
34 

4-mic 
4-c 
4-f 
4-9 
44 
1-b 
lc 
1-h 
1 -i 
2-b 
2 4  
2 3  
2-h 
2-i 

3-mid 
3-a 
3-c 
34 
3-f 
4-a 
442 
4 4  
4-h 
1 -a 
1 4  
1 -f 
l -h  
1 -i 
2-a 
2-b 
2-e 
2-h 
3-a 
3-c 
3-3 
3-h 
4-a 
4-c 
4-e 
4-f 
4-h 

TBV 
33.86% 
37.14% 
29.97% 
19.63% 
17-1 0% 
33.51% 
17.01% 
22.02% 
19.0696 
36.39% 
28.841 
28.56% 
25.60% 
39.79% 
35.06% 
24.68% 
31.43% 
25.88% 
26.61 % 
18.19% 
1921% 
9.44% 
25.75% 
43.70% 
25.82% 
14.89% 
8.99% 
59.40% 
31.17% 
55.73% 
50.6450 
35.02% 
51.19% 
43.48% 
63.95% 
13.1 6% 
17.76% 
11 34% 
10.07% 
6.64% 
10.70% 
24.16% 
17.96% 
13.84% 
13.62% 
29.99% 
23.82% 
8.22% 
1 1.882 
22.34% 
24.74% 
20.31% 
17.61 % 
tO.79% 

deasure 1 
CT# BMD 
597 4732 

for 1 .O mm slice CTscans 

ZOI-repeat 1 
Cf# BMD 
593 470.1 

APR-repeat 1 
CT# BMD 
585 463.9 

lleasure 2 
CT# BMD 
576 441.6 

for 3.0 mm slice CTscans 

illeasure 1 
CT# BMD 
608 480.3 

tleasure 2 
CT# BMD 
618 462.1 




