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Preface

One of the greatest challenges for oral health-care professionals is to provide
a denture that is acceptable to completely edentate individuals. This task
becomes even more difficult when treating elderly patients.

The geriatric population worldwide is increasing at a significant rate, thereby
creating more demand for implant prostheses from our seniors. This population
may also suffer from other physical and psychological conditions or multiple
chronic diseases that necessitate a comprehensive risk assessment and effective
health and oral health-care management.

In the past two decades, implant technology development has produced
key solutions for the management of care for patients with maladaptive issues
with their dentures, especially with the mandibular denture. Mandibular
implant overdentures have improved the quality of life of many patients by
offering them better functional capability, stability, and comfort.

For this book, we gathered a number of internationally recognized dental
specialists and scientists to share their expertise and experience with man-
dibular implant overdentures for the geriatric population.

The book can be used both in academia for teaching purposes and in daily
clinical practice.

The principles have been classified into four parts: considerations for
treatment planning, surgical phase, prosthetic phase, and treatment assess-
ment—clinician and patient perspectives. The sequence of the parts is
designed in such a way that practicing dentists and dental undergraduate and
postgraduate students can use this book to understand when mandibular
implant prostheses are needed and to identify various physiologic and psy-
chosocial characteristics of elders that should be considered during treatment
planning. The book will also bring readers up to date on the clinical tech-
niques needed for a successful mandibular implant-assisted overdenture and
help them to avoid the mistakes that can occur during the surgical and pros-
thetic phases. Dentists can also plan to maintain the functionality of such
prostheses as long as possible, considering both patient-based and clinical
evidence regarding important outcomes. In some chapters, pictures, illustra-
tions and graphics have been used to help readers better understand the prin-
ciples and the methods.

We are grateful to our book’s co-authors for accepting our invitation
and joining in this scientific journey. We thank and congratulate all of them
for their unique and precious contributions to this book. We also thank
their—and our—families for their forbearance and enthusiastic support.



vi Preface

We wish to thank Springer Nature for recognizing the need for such a
publication and for their help in the publication process.
Finally, we hope that you will enjoy this book as much as we have.

Montréal, QC, Canada Elham Emami
Fall 2017 Jocelyne Feine
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Edentulism and the Demise
of Dentures: Facts and Fallacies

Lyndon F. Cooper

Abstract

The worldwide prevalence of dental caries and
periodontal diseases has not diminished. If
edentulism is related to these leading causes
of tooth loss, then it might be anticipated that
the prevalence of edentulism has also not
diminished. Beyond biofilm-mediated disease
as a main etiology of tooth loss, the prevalence
of edentulism has been and remains associated
with rural dwelling, education level, and
socioeconomic status. Its prevalence varies
across regions and the world. As such, over-
simplification fails to recognize the significant
issues edentulism brings to society and health-
care professions. The future of edentulism and
the provision of dentures will be informed by
multiple factors including the increased num-
bers of retained yet unrestored and diseased
teeth, the impact of comorbid diseases, the
chronicity of oral diseases and increased lon-
gevity, and the complex issues of access to
care. Edentulism represents one symptom of
adult health-care disparities that requires edu-
cation, further study, and action.

L. F. Cooper, D.D.S., Ph.D.

Department of Oral Biology, University of Illinois at
Chicago, College of Dentistry, Chicago, IL, USA
e-mail: cooperlf @uic.edu

The aim of this chapter is to investigate the
reported knowledge regarding the epidemiology
of complete tooth loss or edentulism and the cur-
rent data regarding denture therapy. If there is, as
predicted by epidemiological studies of edentu-
lism and tooth loss, a dramatic decline in the inci-
dence in edentulism, then there should be a
reduction in the number of dentures provided.
Tooth loss is attributed to several causes that
are frequently and primarily reported as caries,
periodontal disease, and trauma. Factors associ-
ated with edentulism have repeatedly been identi-
fied and include age, socioeconomic status, and
urban/rural residence. A complex interaction
among these predictors varies among diverse
populations [1]. Therapeutic and iatrogenic
extraction of teeth has also been noted. An early
epidemiological report derived from NHANES I
data stated that the incidence of edentulism was
correlated with baseline measures of lower
income and education status, poorer oral health,
self-perceptions of poor general health and oral
health, absence of a regular dentist, and a lower
number of remaining teeth at baseline [2].
Implied is the idea that the prevalence of these
diagnosis-based causes of tooth loss can precede
and predict further tooth loss and edentulism.
Suggested was that the loss of teeth was a predic-
tor of future total tooth loss or edentulism.
Highlighting the level of disease in the early
1990s, Caplan and Weintraub [3] reported that
40% of individuals older than 65 years were
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edentulous, although they further reported that in
seven consecutive surveys of working US adults,
the incidence of edentulism was dramatically
reduced [3].

Weintraub and Burt reported that the percent
edentulism for all ages based on the National
Health Interview Survey of 1957-1958 (NHIS I)
was 13% and of 1971 (NHIS II) was 11.2%. The
National Health and Nutrition Examination
Survey 1989-1991 (NHANES III) reported
10.5%, thus demonstrating a trend of declining
edentulism with each 10-year cohort. Douglass
et al. acknowledged the decade over decade
reduction in the numbers of edentulous
individuals; however, they calculated based upon
estimates of population growth in the USA from
1991 to 2020 that nearly 38 million edentulous
adults with 61 million edentulous arches would
need one or more dentures. This indicates there
would be no near-term reduction in the numbers
of dentures provided for the US population.

Since the 1990s, several reports have indi-
cated that the worldwide prevalence of dental
caries and periodontal diseases has not dimin-
ished [4]. If edentulism could be related to the
prevalence of caries and periodontal diseases (the
leading causes of tooth loss), then it might be
anticipated that the prevalence of edentulism has
also not diminished. However, the burden of oral
conditions (untreated caries and severe periodon-
titis) has actually increased in the past 20 years as
the affiliated disability-adjusted life-year metric
of burden due to severe tooth loss decreased.
Several investigations have noted that one impact
of increasing numbers of retained teeth is an
increased prevalence of tooth-related disease. It
may be difficult, then, to predict the prevalence of
edentulism based on the prevalence of diseases
that lead to tooth loss. Relating edentulism to
denture use is complicated by the observation
that the utilization or demand rate for dentures by
edentulous was approximately 90% [5].

The Global Burden of Disease (GBD) 2010
study [6] provided estimates of tooth loss among
291 diseases that revealed significant reduction in
the global burden of severe tooth loss between
1990 and 2010. Similar to the reports from the
USA, this systematic review concluded globally

that the age-standardized prevalence was reduced
from 4.4% (95% Ul: 4.1%, 4.8%) to 2.4% (95%
Ul 2.2%, 2.7%). These authors concluded that a
significant irony in reduced total tooth loss might
be an increased prevalence and incidence of
severe periodontitis and untreated dental caries.
Ultimately, these conditions must be treated.
Beyond biofilm-mediated disease as a main etiol-
ogy of tooth loss, the prevalence of edentulism
has been and remains associated with rural dwell-
ing, education level, and socioeconomic status.
Current data demonstrates that higher rates of
edentulism exist in rural regions of the nation and
present among the poorest of individuals [7].

When considering the need versus demand for
dentures, health, social, and economic factors
were acknowledged to influence demand margin-
ally. The authors supported the previous observa-
tions that 90% of persons needing complete
dentures used them. This general or average pro-
jected rate of denture use may not broadly apply
across the diverse US population.

Edentulism varies among different communi-
ties within the USA. When data spanning several
decades was examined for edentulism prevalence
between high and low socioeconomic statuses,
there existed a consistently higher prevalence of
edentulism among the low socioeconomic popu-
lations that was unchanged from 1972 to 2001
[8]. Wu et al. [9] considered the data from the
National Health Interview Survey recording
edentulism in both the maxilla and mandible
from 1994 to 2004. They observed a reduction in
edentulism from 34% to 27% of those individuals
surveyed. This report demonstrated that the rates
of edentulism, while falling overall, differed sub-
stantially among the Native American, African-
American, Caucasian, Hispanic, and Asian
individuals included. A recent analysis of the
2006 Behavior Risk Factor Surveillance Survey
(BRFSS) reported that 14.3% of US adults had
all of their teeth removed; low socioeconomic
status was associated with a 15.9 (15.8, 16.0)
odds ratio (95% CI). Smoking, aging >65 years,
reporting at least one chronic disease, and inabil-
ity to work were also significant risk factors for
edentulism. This study further stated that edentu-
lous adults were 62.7% more likely to be rural
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[10]. Suggested was a national condition where
oral health-care and general health services are
not linked. There will be variation in edentulism
from community to community that reflects eth-
nicity, education, general wellness, and income.

Slade et al. [11] explored the estimated preva-
lence of edentulism by imposing age- and cohort-
based effects on existing data concerning
edentulism in the USA. Their analysis indicates
there will be 30% fewer edentulous individuals by
2050 (8.6 million) than in 2010 (12.2 million).
Over the five decades analyzed, the relative
declines were 68 and 96% for the low- and high-
income groups. They concluded that edentulism
has been essentially cured among high-income
adults by 2009-2012 [11]. This analysis further
considers socioeconomic disparity in some detail
with a conclusion that, accompanying the reduc-
tion in the prevalence in edentulism, there remains
an absolute disparity in edentulism between low-
and high-income populations. This disparity
underscores the difficulty in declaring that eden-
tulism in the USA is no longer a significant oral
health-care problem. In fact, edentulism repre-
sents one symptom of adult health-care disparities
that requires education, further study, and action.

Such studies of edentulism in the USA, despite
highlighting the socioeconomic impact on eden-
tulism, report aggregated statistics that do not
express the disparity in oral wellness and edentu-
lism in the USA. Data compiled nationally may
not be applicable to all regions of the country,
especially given the regional variation in edentu-
lism in the USA. Studies of high prevalence of
edentulism (e.g., Appalachia) indicated that there
are remarkable regional differences that are not
only reflective of the age structure of the regions
but also related to prevention via water fluorida-
tion, as well as poverty and access to oral health
care [7]. Thus, reporting that the reduced percent-
age of adults in the USA is edentulous does not
reflect the continued disparate distribution of
total tooth loss in our population. Irrespective of
the reported decade upon decade decline in eden-
tulism, it remains problematic for select commu-
nities and oral health-care policy.

Tooth loss and edentulism may be influenced by
individual and socioeconomic factors. Underlying

causes of tooth loss (e.g., caries) are influenced by
socioeconomic status [12]. However, the existing
models used to predict tooth loss may not recog-
nize that edentulism is often a choice selected by
individuals who either cannot afford to retain teeth
through restoration and prevention or do not place
value in retaining natural teeth and related health.
Most simply stated, given the ability to restore and
preserve teeth or replace teeth with dental implants,
the choice to remove teeth or all teeth may often be
motivated by poverty. Indeed, tooth loss is affected
by factors beyond dental disease such as patients’
and dentists’ attitudes, access to care, and the local
prevailing philosophies of dental care [13].

There may be behavioral as well as biologic
factors that influence the prevalence of edentulism
in the USA. The observation that changing thera-
peutic concepts (e.g., extraction) influenced tooth
retention suggests that the predictions of edentu-
lism are linked to factors that influence the inci-
dence of caries, periodontitis, and related tooth
loss [11]. The historical assessment of edentulism
in New Zealand provides a perspective that aside
from geographic, economics, and esthetics, the
culture of the day and understanding of oral dis-
ease lead to a widespread acceptance by society
that extraction was a suitable means of dealing
with oral disease. Strong non-disease-related
social factors are acknowledged as determinants
of edentulism [14]. Given the discrepancy
between high- and low-income groups identified,
it is entirely plausible that edentulism is a socio-
economic condition resulting from the lack of
dental services that promote tooth retention [11].
In this recent analysis of the declining prevalence
of edentulism, a careful discussion of the origins
of edentulism was provided. It is assumed that
retention of a least partial natural dentition is
increasing in developed countries and associated
with it is dental caries as a major oral health prob-
lem among older adults [15]. Suggested was the
relationship of edentulism with conditions or fac-
tors that lead to tooth loss due to dental caries.

Several factors that could influence the future
prevalence of edentulism deserve further consid-
eration. The aged partially dentate population has
poorly defined rate of failing restorations in need
of replacement and may add considerably to the



L. F. Cooper

edentulous population of the future. A complex
multidimensional perspective may be needed to
predict tooth loss and to understand how non-
dental factors such as physical disability contrib-
ute to the risk of tooth loss [16]. It is assumed that
many teeth will be retained in our expanding,
aging population; yet the access, finances, and
ability of aged patients to receive tooth-preserving
therapy must ultimately be reexamined. By exam-
ple, a retrospective study of 491 aged participants
indicated that tooth survival was influenced by
caries and the use of removable prostheses that
synergistically compromised tooth survival [17].
Carlsson and co-workers stated clearly that the
impact of dental disease and socio-behavioral fac-
tors must be considered as significant risks for
tooth loss [18].

Older, poorer individuals within the USA are
believed to receive maintenance rather than pre-
ventive care, and the inability to afford or inacces-
sibility of dental insurance may contribute to
continued edentulism in these segments of the
population. Further, several investigations have
demonstrated that the prevalence of edentulism is
elevated in institutionalized elderly compared with
the broader population [19, 20]. In a Delphi survey
of geriatric dental experts convened to establish a
definition of oral neglect among institutionalized

elderly, the definition includes 20 oral diseases and
conditions that did not include edentulism.
Additionally, the condition of a “lost denture” was
considered ‘“not applicable” [21]. This can be
interpreted as the lack of appreciation for denture
therapy for the edentulous population and the pres-
ervation of oral health by prevention among the
highest, at-risk populations. Where edentulism is
prevalent, access to and importance of oral health
care may be predominantly lacking.

The implications for access to care also impact
dental education and may take on regional impor-
tance; areas in the USA where edentulism over
25 years of age is quite low (e.g., California
<4%) may not require broad efforts and extended
dental school-based education to provide ade-
quate community oral health in the context of
edentulism. Other regions where edentulism over
25 years of age remains high may continue to
teach denture therapy, expand the curriculum to
address the attendant individual and community
health and wellness issues, or empower special-
ists and/or alternative health workers to provide
care and expand access to the existing edentulous
population. Oversimplification of the general
reduced prevalence of edentulism fails to recog-
nize the significant issues edentulism brings to
society and health-care professions (Fig. 1.1).

[--1 -range for reasonable access to care (<3 hrs)

ﬁ - College/School of Dentistry

( ) - < 5% edentulism (18 or older)

( | - < 10% edentulism (18 or older)

)
N
N
N

- < 20% edentulism (18 or older)

O - < 15% edentulism (18 or older)

Fig. 1.1 Hypothetical representation of the disparate dis-
tribution of edentulism. This square represents any com-
plex, large community (state, nation) where there exist
two educational centers or large oral health-care provider
systems. Proximal communities are urban and have highly
educated populations, and the population is relatively
young. More distant communities have regions with a

higher prevalence of edentulism. Here, the relative size of
the population is represented by the diameter of the cir-
cles, and the prevalence of edentulism is represented by
color (key). The hypothetical overall prevalence of 8%
edentulism in this community does not reflect the current
and possible future oral wellness of the communities with
higher prevalence of edentulism
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Eroding support for oral health care leading to
tooth loss and edentulism represents a broader
societal risk. Edentulism negatively impacts indi-
viduals’ social engagement and community activ-
ity [22]. Edentulism is important as a correlate of
self-esteem and quality of life in older adults [1].
Rouxel et al. [23] described a more complex bi-
directional longitudinal association between
social capital and oral health. Functional social
capital may be influenced by edentulism. Thus,
localized high rates of edentulism may contribute
to community wellness and should be a matter of
broader concern. Overall statistics concerning
edentulism, while clearly demonstrating reduc-
tions in prevalence, do not highlight the risks that
poor oral health and edentulism may have on
community health and wellness. Edentulism is an
important hallmark of health inequity that merits
continued assessment and attention. Instead of
heralding opinions that educational programs
should remove instruction in denture therapy,
educators may reconsider our study of edentu-
lism in terms of community health, social impact,
and interprofessional education that places these
issues squarely in terms of managing at-risk indi-
viduals and populations. Study of “dentures” at
the technical level per se may need reconsidera-
tion or replacement by considering more broadly
“edentulism.”

A second factor that may impact the future
prevalence of edentulism is the extent of comor-
bid diseases that are associated with tooth loss
and edentulism. Wellness trends in the USA dem-
onstrate striking increases in type II diabetes and
obesity. The increasing rates of type 2 diabetes
mellitus, a risk factor for periodontal disease and
tooth loss, [24] may modestly impact the preva-
lence of edentulism over the next decades [1]. The
influence of diseases and habits (e.g., smoking)
on edentulism is clearly demonstrable. For exam-
ple, in assessing a large national database, a diag-
nosis of diabetes was associated with greater risk
of tooth loss, and current smoking risk was asso-
ciated with tooth loss (OR =4.01; 95% CI, 2.59—
6.20) [25]. Felton [26] comprehensively revisited
the associated comorbidities of edentulism. It is
not known if increasing of prevalence of comor-
bid diseases such as diabetes, obesity, and mental

illnesses is presently increasing or will influence
the future prevalence of edentulism.

There exists a third factor that may impact the
need for denture therapy when considering the
prevalence of edentulism and that is, namely, the
chronic nature of edentulism. Progressive
changes in the alveolar bone accompany chronic
denture use and edentulism [27]. This is further
associated with significant oral morbidity [28].
There are aspects of managing edentulism as a
chronic disorder that impact estimates of thera-
peutic need. Past and current epidemiological
studies have not fully considered the accumula-
tive nature of chronicity on the need for, access
to, and capacity of care providers.

Lifelong management of edentulism with or
without dental implants requires assessment of
mucosal health (denture stomatitis and ulcer-
ation), alveolar resorption, denture hygiene (bio-
film loading), esthetics, and function. Evaluation
for intraoral comorbidities (including oral cancer)
is suggested at least annually. Replacement of
dentures may be required at approximately
5 years [29]. Denture replacement is an effective
means of reducing oral biofilm risks to denture
stomatitis as well as systemic disease including
pneumonias [30]. The impact of management of
the edentulous with dentures is acutely demon-
strated in institutionalized elderly for whom den-
ture and oral hygiene is often insufficient. Despite
the reduced prevalence of edentulism, the increas-
ing life span of individuals brings with it an
increased need for managing increasingly diffi-
cult clinical scenarios of new and recurrent dental
caries. In fact, with aging, it is possible that more
dentures will be constructed for fewer individuals
over an extended lifetime. Strategies in caring for
the edentulous population require consideration
of providing extended care to individuals who
may need assistance in managing this chronic
condition. Educational programs have an oppor-
tunity to redirect efforts to understanding, through
the study of edentulism, the fundamental com-
plexity of chronic conditions and the role of pro-
fessional intervention in providing effective care.

It is broadly argued that the prevalence of
edentulism is diminishing with each decade and
that there is no further increase in the numbers of
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edentulous individuals in the USA [11]. If this is
true, then the numbers of dentures constructed
should be constant and falling. In an attempt to
confirm if reductions in the prevalence of eden-
tulism are reflected in the practice of clinical
dentistry, several reports of denture manufactur-
ing data were investigated. Most recently, in a
published survey of denture production in the
USA, 71% of respondents indicated that they
expected increased denture production (not
inclusive of implant-supported dentures) and
denture production was anticipated to increase
6.4% for the year 2014-2015 [31]. Additional
data from a 2012 report indicated that the com-
plete denture market would grow at a 4.9%
CAGR and in 2013, nearly three million com-
plete dentures were fabricated in the USA [32].
A corporate report considering the US remov-
able prosthesis market also indicated 1.3%
growth in the complete denture market and
approximately 4.5 million single dentures will
be produced in the USA in 2015 [33]. This is
significantly greater than the estimated incidence
of edentulism or severe tooth loss and reflects
previous comments concerning the need to
replace dentures in managing chronic edentu-
lism. A large denture-based DSO reported that
over the decade from 2004 to 2014, annual year
over year increases in the numbers of dentures
provided [34]. It can be concluded from these
varied reports from denture tooth manufacturers,
dental laboratory industry, and denture providers
that increased numbers of dentures are being
been provided annually in the USA (Fig. 1.2).
When considering multiple surrogate mea-
sures to account for denture construction (sale of
denture teeth, reported activity in dental laborato-
ries, number of dentures constructed in denture-
specific clinics), the past decade’s management
of edentulism in the USA involves the construc-
tion of dentures at an increasing annual rate,
despite the reported stabilization or expected
reduction in the prevalence of edentulism. This
may reflect unaccounted for edentulation or
improved access to care. Alternatively, the data
reporting on edentulism may under-represent the
edentulous population methodologically.
Irrespective of interpretation, large numbers of

dentures continue to be constructed annually in
the USA. To place this into context, for the esti-
mated eight million edentulous individuals, there
are approximately 150,000 general dentists and
3300 prosthodontists practicing in the USA or
approximately 50 patients/dentist. Edentulism is
not rare, and it cannot be assumed that edentu-
lous individuals will cease presenting for care
among many clinicians in the regions of the USA
where the higher prevalence of edentulism per-
sists. These observations support Waldman’s
contention that prevalence of edentulism will be
incrementally less in the next decade, but the
need to care for a diverse edentulous population
remains in the present [35].

The retention of teeth by our population
requires access to dental care, and this is not with-
out current limitations and structural challenges
[36]. In the report “State of Decay. Are Older
Americans Coming of Age without Oral Health
Care,” there exists a persistent lack of oral health
coverage across much of the nation. Forty-two
percent of states provide little or no dental bene-
fits; 31 states have numerous Dental Health
Provider Shortage Areas (HPSAs, meeting <40 of
dental provider needs). Eight states had strikingly
high rates of edentulism. Thirteen states have 60%
or more residents living in communities without
water fluoridation, despite recognition for 68 years
that this public health measure markedly reduces
dental caries. These conditions indicate there
exists no safety net or little provision of commu-
nity oral health care for many adults in the USA.

When adult oral health is considered at the
level of caries, the rate of untreated disease is
44% among adults with income below 10% the
federal poverty rate [37]. Impoverished and unin-
sured individuals may not have any access to
denture care; in 2012, 19 state Medicaid pro-
grams did not offer denture benefits. There exists
in the USA an access to care problem for adult
dental care [38]. Partially edentulous individuals
in need of prostheses including complete dentures
may not receive appropriate oral rehabilitation. In
the face of accumulated odontogenic infections,
many adults may face financially realistic choice
of edentulation. It remains to be determined if
edentulism is largely the result of socioeconomic
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Fig. 1.2 Paradoxical increased denture delivery in the
USA. *CDC/NCHC data on complete edentulism in the
USA. **DataResearch, estimated denture market pro-
jected to grow at 4.9% cumulative annual growth rate
(2012). Corroborating data obtained from denture tooth
manufacturers, dental laboratory surveys, and denture

realities facing individuals with untreated chronic
oral infections.

Current technologies that provide access to
dental implant therapy have promoted the transi-
tion from a partial or failing natural dentition to
an implant-supported or implant-retained pros-
thetic dentition. Several contemporary approaches
advocate complete edentulation and replacement
using multiple implants to retain fixed prosthe-
ses. The reasons for extraction to complete eden-
tulism may include, for example, failing dental
prostheses, rampant caries, and uncontrollable
periodontal disease. Irrespective of the motiva-
tion for edentulation, the approach is popular and
profitable. Accounting for these individuals and
the associated health risks that accompany poorly
managed dental implant therapy (peri-implantitis)
is a novel factor that must be considered in the
measurement of edentulism.

Edentulism is a chronic disability associated
with important comorbid factors. The epidemi-
ological data indicating a dramatic reduction in

clinics in the USA corroboratively indicate that, over the
past decade, the numbers of complete dentures produced
and delivered have increased at a cumulative annual
growth rate of between 2 and 5%. Note this is in contrast
to the reduced prevalence of edentulism in the USA
reported by epidemiological studies

edentulism in the USA over the past one-half
century also demonstrates that edentulism dis-
plays important health disparities and high-
lights the oral health access to care problem in
the USA. High prevalence of edentulism in
select regions or communities in the nation may
be symptoms of broader wellness issues in
those regions and communities. As such, den-
tistry must re-engage and redouble academic,
clinical, and scientific activities surrounding
edentulism.
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Abstract

Nutritional requirements change with aging;
thus, the diet of older people should be nutrient
dense with lower caloric intake. However, with
tooth loss, dietary changes move in the oppo-
site direction. Replacement of missing teeth
results in people feeling that they can chew bet-
ter but does not automatically result in dietary
change unless a dietary intervention is under-
taken along with improved function. Dietary
intervention for people with complete dentures
will result in a better “quality” diet, and this
change is even greater when a lower denture is
supported by mandibular implants. The “rate-
limiting step” in dietary alteration appears to be
what can be achieved with the least stable pros-
thesis. As prosthetic stability improves, dietary
change can be more effective.

The amount of food that we require for mainte-
nance and function of the body is influenced by
changes associated with aging, and there are asso-
ciations between nutrient intake and some of the
progressive changes seen in older people. In this
chapter those aspects of age change that can be
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affected by diet/nutrient availability will be
reviewed. Following this will be a description of
how oral health can influence foods choice and
dietary intake, which can influence nutritional sta-
tus. Finally, strategies will be described that can
help patients make functional changes to alter their
dietary patterns in order to benefit their health.

2.1 Alterations in Tissues with
Age that may be Affected by
Nutrient Intake

2.1.1 Muscle

There is a progressive loss of muscle mass and,
hence, strength with increasing age (sarcopenia).
The rate of loss of muscle is affected by the level
of physical activity of the individual, with those
who are physically inactive losing between 3 and
5% of muscle mass per decade beyond the age of
30 [1-3]. The mechanisms for the development
of sarcopenia are not clear, but it is likely associ-
ated with reductions in the anabolic stimuli to
muscle from growth hormone and estrogen/
androgen secretion alongside changes in innerva-
tion from loss of motor neurons [4—6]. There are
some data that suggest that low protein intake, as
well as low intakes of vitamin D, other antioxi-
dants, and the B-complex vitamins, may also be
linked to increased rates of muscle loss [7-9].
Chronic conditions that result in lower levels of
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exercise or increases in systemic inflammatory
markers are risk factors for sarcopenia, as is
smoking [6, 10, 11].

This rate of loss is reduced in those who are
physically active with the reduction reflecting the
extent of physical activity undertaken by the
individual. However, there are very few who
remain sufficiently active that they retain the
bulk of their muscle mass into older age (high-
performance athletes and weight lifters are best
at retaining muscle into aging providing they
continue to exercise regularly). The most effec-
tive forms of exercise to retain muscle mass are
those which involve resistance training rather
than aerobic activity per se [12, 13].

The rate of loss seems to accelerate beyond
the age of 75; the reasons for this acceleration
remain unclear but may simply reflect a combi-
nation of the loss of anabolic stimuli alongside an
increasingly sedentary lifestyle that is often asso-
ciated with advanced aging [14, 15].

Obesity can protect against some of the effects
of sarcopenia in the young old, as about 25% of
body weight is muscle and it takes more physical
strength for an obese person to move. However,
in the longer term, this protective effect is coun-
terbalanced by a sedentary lifestyle, increasing
insulin resistance associated with deposits of
abdominal fat, and the production of TNFa by
adipocytes, which is catabolic and may interfere
with insulin receptors, resulting in greater insulin
resistance [16].

Muscle is a complex tissue, and loss of muscle
mass affects the various components of muscle
differently. Thus, there is a disproportionally
greater loss of type II fibers in proximal muscle
groups; this is associated with an increase in type
I collagen in the same muscle bundles. Actions
that depend on fine control from by type II fiber
activity are more strongly affected by increasing
age. In terms of oral health, this reduced type II
fiber activity would make daily oral hygiene
tasks more difficult [2].

As noted above, deficiencies in protein intake
and in some micronutrients are associated with
increased rates of muscle loss, but there is no evi-
dence that vitamin supplementation above rec-
ommended levels or high protein intake would

result in a protective effect in the absence of
resistance exercise.

There is an increased risk of protein/energy
malnutrition in older people, which is driven by a
combination of food choice [17]. Older people
tend to exclude protein-rich foods; their appetite
declines, they have difficulty digesting high pro-
tein content foods, and they fear raised choles-
terol levels, thereby reducing their intake of red
meat. The higher cost of protein also reduces the
tendency of older people to choose these foods.

2.1.2 Gastrointestinal Tract

There is a tendency for hypo- or achlorhydria to
develop with increasing age. This is associated with
the development of atrophic gastritis, but it is
unclear whether this is an age effect per se or a prod-
uct of increasing rates of infection with Helicobacter
pylori infection. The location of H. pylori infection
in the stomach determines the pathology that results,
so infection of the pyloric antrum occurs in people
who secrete more acid naturally and serves as a
stimulus for further acid secretion. This, in turn,
results in gastric or duodenal ulceration. People
with normal levels of gastric acid secretion develop
H. pylori infection in the fundus of the stomach that
results in an atrophic gastritis and reduction in acid
secretion. Rates of hypochlorhydria and achlorhy-
dria increase from around 24% in people aged
60-69 to 37% in those over 80 [18, 19].

Duodenal absorption of the B-complex vita-
mins is pH dependent, so, in those with reduced
gastric pH, absorption is reduced. This is most
commonly seen with vitamin B12, resulting in
pernicious anemia. The prevalence of B12 defi-
ciency is approximately 10-15%, with levels of
around 35% for a combination of marginal and
overt deficiency states. About 30-40% of these
subjects have atrophic gastritis.

From rodent models of aging, there is some
evidence of changes in structure of the small
bowel that affect absorption in aged animals.
However, current data for man does not support
similar changes occurring, so there should be no
alterations in the ability of the small bowel to
absorb digested foods [20].
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There are increases in gastric emptying time
and colonic transit time that are likely associated
with reduced sympathetic tone in older subjects.
These have an effect on satiety and, therefore, on
food intake. With reduced rates of gastric empty-
ing, satiety is reached at lower levels of food
intake [21].

2.1.3 TheEye

The major cause of damage to the eye is sunlight,
but there are two causes of age-related damage to
the eye that may also have nutritional links, cata-
ract and age-related macular degeneration (AMD).

The evidence for cataract is stronger than for
AMD, but there are associations with vitamin C
status and intake of the carotenoids lutein and
zeaxanthin, with increased consumption leading
to a protective effect for both conditions. This
evidence supports the current dietary recommen-
dations of five portions of fruit and vegetables
daily, including citrus fruits to obtain vitamin C
and green leafy vegetables like spinach and kale
for the carotenoids. There is also less robust evi-
dence that some of the fat-soluble vitamins are
protective against AMD.

Individuals with intermediate and advanced
AMD are often given high-dose vitamin supple-
ments, including zinc, to try to reduce the rate of

progression of this disease, but there is no evi-
dence that vitamin supplements can have a pro-
tective effect against these age-related eye
diseases [22, 23].

2.2  Nutritional Requirements

with Aging

Muscle is one of the principle tissues that uses
sugars as a form of energy, and it is particularly
important in terms of maintenance of body tem-
perature, as sugar metabolism in muscle releases
heat. To generate heat, we shiver when cold.
The reduction in muscle mass associated with
sarcopenia is associated with poorer thermoreg-
ulation and is why older people “feel the cold”
more, as they have less capacity to generate
body warmth.

As their reduced muscle mass is less metaboli-
cally active than that of younger people, older
people need to reduce their energy consumption
and take in fewer dietary calories for a given level
of physical activity. This change is reflected in
alterations in the recommended dietary reference
values (DRVs) for intake of energy, as either sug-
ars or fats with increasing age (Table 2.1).
Interestingly there is marked variation between
DRVs from different national organizations with
variation in recommended intakes for people

Table 2.1 Recommended daily intakes of energy by age from the UK, WHO, the USA, and EU (where data were origi-
nally given in calories, these have been converted into MJoules by multiplying by 0.00418) [75-77]

UK/WHO USA EU
Sedentary® Active® Low* High!

Age Male Female Male Female Male Female Male Female Male Female
15-18 11.51 8.83 9.2 7.5 12.5 10.0 11.8 8.9

19-50 10.6 8.1 10.0 7.9 12.1 9.6 11.3 8.4 12.0 9.0
51-59 10.6 8.0 875 6.7 10.4 8.75 11.3 8.4 12.0 9.0
60-64 993 799 875 6.7 10.4 8.75 8.5 7.2 9.2 7.8
65-74 9.71 7.96 875 6.7 10.4 8.75 8.5 7.2 9.2 7.8
75+ 877  17.61 875 6.7 10.4 8.75 7.5 6.7 8.5 7.6

2Sedentary means a lifestyle that includes only the light physical activity associated with typical day-to-day life
"Active means a lifestyle that includes physical activity equivalent to walking more than 3 miles per day at 3—4 miles
per hour, in addition to the light physical activity associated with typical day-to-day life

‘Low means no physical activity, desirable body weight

YHigh means recommended physical activity normal body weight
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aged over 75 of between 7.5 and 10.4 MJ/day.
The direction of these differences varies across
the life span and, in some countries, reflects a
recognition of differing levels of physical
activity.

Sugars in the diet are categorized into two
major groups commonly described as “free” and
“bound.” Bound sugars are those that are con-
tained within the cells of foods, while free sugars
are extracellular and are often added to foods to
sweeten or as a preservative. Bound sugars can
be converted into free sugars through the food
preparation process; for example, the sugars in
an orange are regarded as bound (within the cells
of the orange), whereas when the same fruit is
processed to produce juice, the same sugars are
regarded as “free.” Normal diets contain both
free and bound sugars; however, it is free sugars
that are regarded as particularly harmful in terms
of human disease, particularly diabetes, obesity,
cardiovascular disease, and, of course, dental
caries. This is reflected in the WHO recommen-
dation and the UK government’s policy that free
sugars should form no more than 5% of dietary
energy intake. This applies across the age span
[24, 25].

While there is a reduction in the need for
dietary energy as a consequence of sarcopenia,
there is no evidence of any requirement for a
reduction in either protein or micronutrient intake
with age; indeed, there are some suggestions that
protein intakes should be higher in older people
than in the young. As a consequence, older
people need to consume a different style of diet
compared with the young that is proportionally
higher in nutrients per unit of energy than the
young. This dietary pattern is described as being
“nutrient dense” (see, e.g., http://nihseniorhealth.
gov/eatingwellasyougetolder/choosenutrient-
densefoods/O1.html).

The need for increased nutrient density in diet
is poorly understood by consumers, and the oral
health team should be aware of this when giving
dietary advice to older people. Equally, the
WHO/UK government recommendations in rela-
tion to free sugars are recent and need to be
explained carefully to older people.

2.3 Oral Conditions That

Influence Food Intake

Food intake in older people is affected by many
confounding variables that can be divided into
those associated with aging/lifestyle and those
associated with disease (Fig. 2.1). Patterns of
food consumption are largely habitual and are
driven by the member of the household who buys
and cooks the food. If we want to change the pat-
tern of food consumption, we need to influence
not only the person we are trying to get to change
but also the person they live with if that individ-
ual is the shopper/cook. There are two oral fac-
tors that affect food consumption, alterations in
taste (and smell) perception and the number of
teeth that an individual has.

2.3.1 Taste and Smell

There are five basic categories of taste: salt, sweet,
bitter, sour, and savory (or umami). There is a pro-
gressive reduction in taste acuity with increasing
age for all of these, with the exception of savory
[26-30]. The mechanisms that underpin this reduc-
tion are not well understood; however there are
reductions in taste in association with specific drugs
and with dry mouth either as a result of pathological
gland damage or induced as a side effect of drugs
used for other chronic conditions [31, 32]. There are
similar reductions in the sense of smell with age,
and, in combination, these result in consumers get-
ting less enjoyment from eating food as the taste
becomes progressively more bland [30, 33].

A variety of approaches have been attempted to
overcome this challenge to make foods more inter-
esting for older people. These include the use of
intense (artificial) flavorings and chemicals that
enhance taste perception. The most common of
the latter is the addition of salt to foods, but this
also has potential health consequences.
Monosodium glutamate is also a very effective
taste enhancer, but its use does result in people
needing to drink more water as it gives a sense of
dryness to foods, and it also increases the viscosity
of foods, making them unpalatable [34-37].
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Fig.2.1 The wide
variety of factors that
influence food choice in
older consumers. Some
factors are interrelated
(arrows)
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2.3.2 Saliva

Salivary flow and function remain remarkably
consistent with increasing age in the medially fit
and healthy individual, despite profound changes
in salivary gland structure with time [38, 39].
However, dry mouth (xerostomia) is a symptom
of increasing importance in older populations.
Dry mouth is largely due to the side effects of
many drugs used to manage the chronic diseases
of older age, as well as the more rare pathological
conditions that cause destruction of salivary
gland tissue like Sjogren’s syndrome, or as an
aftermath of radiotherapy used in the manage-
ment of head and neck cancer [40—43]. Reductions
in both taste and smell will be compounded in
people who suffer from xerostomia for two
reasons:

¢ Both are “wet” sensations, i.e., the tastant is
dissolved in water/mucin prior to its being

Dentition and
oral function

Taste and Smell
(foods
enjoyment)

Foods

Choice Dry mouth

Income

Transport /
access to foods
purchase

sensed. Logically, saliva must have a taste if
we consider its composition. However, it is
ubiquitous, and so we ignore it when consid-
ering the taste of foods. When there is less
saliva, there is less fluid bathing the taste buds
into which tastes can dissolve, altering the
perception for a given food.

e Saliva in xerostomic people is both sparser
and has altered composition compared with
that in people with normal salivary function,
so the ubiquitous background “taste” is
altered, driving changes in perceived taste.
There is also less fluid present.

The bland taste of foods has a negative effect
on food consumption, as it is not as enjoyable to
eat [33, 44].

Consumers with profound xerostomia also
have difficulty swallowing foods, because saliva
is required to both “glue” a bolus of masticated
food together and to lubricate its movement
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while passing through the esophagus. This prob-
lem is overcome by the consumer drinking water
very frequently while eating; however water is
less efficient as a lubricant/glue than saliva, due
to the lack of mucins. Artificial salivas are of lit-
tle value in relation to bolus formation and swal-
lowing; they do contain bulking agents (often
carboxymethylcellulose) or mucins, but, by defi-
nition, they are ineffective once swallowed unless
topped up very frequently during a meal.

2.3.3 Number and Distribution
of Teeth

The principle function for teeth in man is to break
up foods into smaller particles to prepare the food
for swallowing. The size of the particles in food
that are perceived as “ready for swallowing” var-
ies between individuals but also changes as
chewing becomes less efficient, so that people
with fewer or no teeth chew food less well and
swallow bigger particles of food than those who
have an intact dentition. This swallowing thresh-
old is an innate characteristic.

Chewing food and mixing it with saliva have
two effects: it reduces the size of the food parti-
cles in the bolus, but also enzymes in saliva (sali-
vary amylases) start the process of digestion of
starches into sugars in the oral environment.
Interestingly, there is some very old and limited
evidence that chewing, per se, is not required for
digestion of foods with modern methods of foods
preparation [45]. These data, however, were
derived in young dentate volunteers, and extrapo-
lating this to older people with fewer teeth may
be inappropriate. Not only do older people have
fewer teeth and, therefore, less efficient chewing;
they also suffer from sarcopenia of the mastica-
tory muscles that influence chewing force, so the
composition of the food bolus is very different in
a young person compared with an older one
[46-49].

The efficiency of the act of chewing is affected
profoundly by the number and distribution of
teeth in the mouth [50-53]. In terms of research
methodology, this effectiveness can be measured
in one of two ways.

Study participants are given specified quanti-
ties of test foods and are told to chew them until
they perceive they are ready for swallowing (the
deglutition threshold). The chewed food is then
removed from the mouth, and the particle size
and distribution are measured either by sieving
the food or using image analysis techniques. The
test foods should be things that fracture into
smaller pieces during chewing, like carrot or
nuts, to make this process easier.

The alternative is to give people chewing gum
which is in two different colors and ask them to
chew for a specified number of chewing cycles.
The gum is removed and analyzed in terms of the
quality of mixing of the different colors, using
either a visual scale or again (and more com-
monly) using image analysis techniques.

Both approaches have their advantages and
disadvantages, but they consistently demonstrate
that chewing is less efficient with fewer natural
teeth, especially when the teeth do not meet in
“opposing pairs.” The least efficient chewing is
seen in people with complete dentures that are
supported by only the mucosa and bone. This is
not surprising if you consider that putting a sam-
ple of food between dentures and chewing will
result in the denture being displaced from its
support and moving in the mouth. This is worse
for a mandibular denture where the extent of
support is less than for a maxillary one. In terms
of chewing, the least efficient pattern of oral
health is when someone has a few maxillary nat-
ural teeth and a mandibular complete denture.
Chewing is only possible with dentures as a
result of learned juggling of the denture by the
muscles of the cheeks and tongue; for example,
to incise food with upper and lower complete
dentures, an individual has to stabilize the poste-
rior of the upper denture by curling the dorsum
of the tongue upward and the posterior of the
lower denture by curling the sides of the tongue
downward to allow pressure to be applied by the
incisors without displacing the dentures. This is
a complex, learned process that is compounded
in humans by alerations in the fit of dentures
with time. The average age of dentures worn in
the UK is around 10-12 years; after this time
even very slowly progressing alveolar resorption
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will result in a discrepancy between the fitted
surface of the denture and the edentulous ridge.
When there is a mismatch between the denture
base and the underlying mucosa, the stabilizing
adhesion and cohesion of the salivary film are
less effective and so the dentures become intrin-
sically less stable.

This lack of fit often manifests itself when
edentulous people are ill and in hospital. They
commonly leave their dentures out for a period
of time and then find that they can’t chew as well
when the denture is put back in the mouth. This
is often misconstrued as the “gums having
shrunk” when, in fact, it is more likely that they
have forgotten how to juggle the dentures in
function [54].

Table 2.2 percentage of women consuming selected
fruit and vegetable items one or more times per week in
1994 among women who consumed the same food one or
more times per week in 1990

Percent consuming
the food in 1994

Number consuming Teeth lost

Food the food in 1990 0 14 >5
Banana 37,754 86 86 91
Cantaloupe 22,360 61 60 58
Apple or 38,984 78 76> 67°
pear®

Raw carrot* 34,278 79 75> 67°
Cooked 34,619 68 70 72
carrot

This should be Table 4 from [51]

aP-value <0.05 linear trend across these three groups
P-value <0.05 comparing consumption of specific food
items between women who lost teeth and women who did
not lose teeth after adjusting for total energy intake, age,
physical activity, BMI, and smoking

The effect of these changes in masticatory
function with progressive tooth loss is reflected
in the oral health data from the US Veterans
Administration Longitudinal Study of Aging
(commonly referred to as the VALDS or Veterans
Administration Longitudinal Dental Survey). In
this cohort, the research teams assessed diet over
time with respect to tooth loss. Over an 8-year
period, they showed that everyone developed a
healthier diet (higher in fiber, lower in fats and
cholesterol). However, in those subjects who had
lost eight or more teeth during this follow-up
period, the dietary changes were less marked and
were characterized by dietary choices of reduced
intake of foods that could be hard to chew, like
raw carrot (Table 2.2) [51].

These seminal data underpin our understand-
ing of why there are differences in diet between
those with and without teeth. This is illustrated in
a wide range of cross-sectional studies, for exam-
ple, the VALDS, the US National Health and
Nutrition Examination Survey series, and the UK
National Diet and Nutrition Survey, to name but
a few (Table 2.3) [52, 53, 55-57].

These data consistently demonstrate that peo-
ple with fewer or no teeth consume a less healthy
diet than those with more teeth. This is manifest
by diets characterized as being lower in dietary
fiber (lower fruit and vegetable intake) and
higher in sugar and fat intake [58]. However,
these associations are by no means straightfor-
ward, as the pattern of tooth loss in population
studies varies markedly with socioeconomic sta-
tus of the individual; thus, poorer people are
more likely to have worse oral health and also
make less healthy dietary choices. However,

Table 2.3 Intake of key nutrients with differing dental status from the US Veterans Administration Longitudinal Study
of Aging and the UK National Diet and Nutrition Survey [53, 55]

Intact

Us UK
Protein (g/day) 80 72
Fiber* (g/day) 21° 16°
Calcium (mg/day) 7730 883
Niacin (mg/day) 32 34
Vitamin C (mg/day) 156 82

Compromised Edentulous

Us UK Us UK
74 67 68 60
19° 13° 16" 11°

677" 812 689° 722°
28 31 34 27

146 73 127 60

aThe numerical differences in fiber intake between the UK and US data are largely associated with different analytical
techniques used for the two surveys. The US method gives a greater numerical value than the UK method
"These values are below the recommended daily intake values (RNIs)
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when these data are analyzed and controlled for
social variables, the relationship between reduc-
ing numbers of teeth and diet remains.

The most likely mechanism for the component
of this change, independent of social variables, is
foods choice. People with few or no teeth choose
not to eat foods that are difficult to chew (e.g.,
raw carrot, nuts, crispy bread). There are also
some unusual foods choices that are made by
people with dentures who, for example, often
don’t eat berries (if a seed gets under the denture
and the person then bites down it hurts) or green
leafy vegetables (the leafy vegetable can get
stuck onto the acrylic surface of the denture,
which is socially embarrassing). They prefer
foods that are easier to chew, so avoid hard crispy
and dry food textures and prefer soft, wet, pulpy,
and slimy ones [59].

There is one study that explored the relation-
ship between food consumption and dental status
that does not show this relationship. Shinkai et al.
used the “healthy eating index” (HEI) as their
measure of dietary quality and showed no rela-
tionship between it and numbers of teeth/edentu-
lism [60]. HEI is a measure of overall dietary
quality and does not assess individual food
groups, which may explain the lack of a relation-
ship. Also the study sample was relatively small
compared with those for NHANES and the
NDNS.

Does Prosthetic Intervention
Affect Foods Choice?

24

It would be logical to think that replacing missing
teeth with a prosthesis will result in people choos-
ing to eat a better diet because their masticatory
performance will improve. However, there is
very little evidence to support this.

Among male health professionals there is
some evidence that the use of a removable part
denture to replace missing teeth results in dietary
patterns similar to those in subjects with an intact
dentition [61].

In a range of studies that looked at a wide
range of prosthetic interventions, from fixed par-
tial dentures through removable partial dentures,

complete dentures, and implant-retained or
implant-supported restorations, no changes in
diet were seen subsequent to the prosthetic inter-
vention, despite a universal trend for perceived
improvements in masticatory performance.
While participants reported that they could chew
better/more difficult foods, they did not appear
to change their diet [61-68]. An interesting
study by Awad et al. showed that people with
implant-supported overdentures had no differ-
ences in their overall dietary intake of nutrients
compared with a control group using conven-
tional dentures, but the implant group were more
likely to derive those nutrients from fresh whole
fruits and vegetables [62]. This suggests some
change in dietary behavior toward a healthier
diet high in fruits and vegetables intakes. There
is an increasing awareness that the things we
measure in terms of dietary intake, like specific
micronutrients, are only a small part of the health
benefits of a diet high in fruits and vegetables, as
they contain so many elements that are thought
or known to be beneficial to health but that are
not currently recorded in dietary assessment.
One example would be lycopene from tomatoes,
thought to be partially responsible for the health
benefits of the “Mediterranean diet,” but not
assessed in a formal way during these sorts of
studies.

The explanation for the conundrum that peo-
ple think they can chew better but do not change
their foods choice involves behavior change.
People do not necessarily change a behavior/
habit because something is done that will allow
them to make the change. Doing something that
will help/allow someone to make a behavior
change is known as facilitating that change.
However, behaviors/habits like foods choice
extend beyond the benefits of dental care and
require a specific approach to induce behavior
change, rather than simply to facilitate that
change. Behaviors are often entrenched and
require interaction with all those involved in the
behavior; in relation to diet and foods choice, this
includes not only the person for whom one has
provided a new prosthesis but also that person’s
family group, as dietary change will affect all not
just one.
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Within behavioral change, there is a concept
called “stage of change” (Fig. 2.2) [69]. This
illustrates the various stages that people go
through in planning for and making a change.
One of the roles of the dental team when making
new prostheses for patients is to help move peo-
ple forward along this pathway. There are a
variety of “hooks” that are available to do this,
not least that one is providing something for a
patient that will make chewing easier/better, that
will facilitate a change. If, at the same time, the
dentist talks with the person about diet and the
health benefits of change, they can be helped to
move them up the change ladder toward a place
where change happens. This is much less likely
to occur if the dentist and staff do not act as facili-
tators in this process.

Moynihan and colleagues have used this
approach in two ways, initially with a targeted
dietary intervention delivered by a dietician dur-
ing the various stages of denture manufacture and,
subsequently, using community nutrition assis-
tants. Denture manufacture is a process that takes
a number of stages, so lends itself to a phased
approach to delivery of dietary advice linked to a

. Rel
Successful exit elapse
Maintenance
Works to sustain the
new behaviour(s)
Action

Practices the new
behaviour(s)

—

s

formal dietary assessment. From these studies, it
has been clearly demonstrated that people can and
will change their diet if this change is facilitated
inan appropriate manner during care. Furthermore,
Moynihan et al. showed that these changes were
more profound in people with implant-retained/
implant-supported overdentures than in a control
group with conventional dentures (Table 2.4).
This study demonstrated, for the first time, that
stability of the lower prosthesis was the “rate-
limiting step” in terms of the magnitude of change
that could be accomplished [70-73].

Bartlett et al. extended this work in a small
pilot study looking at the use of denture fixa-
tives and nutrition advice in complete denture
wearers. The study used a cohort of edentulous
people, all of whom received new dentures,
dietary advice, and advice about the use of den-
ture fixatives. Within the cohort, there was a
marked improvement in fruit and vegetable
intake and reduction of fat intake (Table 2.5).
However, they were unable to differentiate
between the effects of their dietary intervention
alone (which comprised simply giving people
some information leaflets about diet) and the

Neither aware of the
need for change or
considering it

Precontemplation

Contemplation

Aware of the problem
andconsidering change

Preparation

Intends to take action

Fig.2.2 Stages of awareness during a process of change (Adapted from Prochaska and DiClemente (1992)) [69]
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Table 2.4 Changes in selected nutrient intake between conventional denture wearers and users of implant-supported

overdentures after a tailored dietary intervention [73]

10D n =28
Time Mean
Energy MJ/day Base 7.1
3/12 7.3
Difference —0.27
Fruits and vegetables g/day Base 445
3/12 467
Difference —21
Fiber g/day Base 11.1
3/12 11.7
Difference —0.7
Saturated fatty acids (% energy) Base 11.8
3/12 11.0
Difference 0.8

CDn=28
95% CI Mean 95% CI P
69,72 6.5 6.4,6.6 0.001
7.1,7.6 7.0 7.0,72 0.264
—0.5, -0.03 -0.4 -0.7,0.1
350, 450 301 239, 363 0.013
438, 626 425 281, 429 0.296
—138,-35 —124 —106, -2
10.5, 11.7 10.2 9.7, 10.7 0.017
11.2,12.3 10.5 10.0, 10.8 0.002
=13, =03 -0.3 -0.7, -0.2
11.5,12.2 12.0 11.6,12.4 0.415
10.7,11.4 11.8 11.6, 12.1 0.004
0.34,1.22 0.28 —-0.19, 0.75

Table 2.5 Change in food consumption associated with the use of a denture adhesive [74]

Fruit/vegetable
(servings) Total fat (g)
n 35 35
Base 2.2 83.6
30 days 3.6 60.5
Change (95% CI) 1.4(0.9,-19) -23.2(-31.4,-14.9)
P <0.0001 <0.0001

effect of use of a denture fixative. There were
marked improvements in the reported chewing
ability of these subjects when the fixative was
used [74].

Conclusions
There are profound changes in body composi-

Starchy foods
Saturated fat (g) Protein (g) (servings)
35 35 35
33.5 13.7 3.6
22.2 13.6 3.6
—11.3(-14.7,-7.9) 0.1(-0.2,4.9) 0 (=0.6,0.6)
<0.0001 NS NS

It is possible to encourage patients to
improve their diet in association with denture
wear/use but only if there is a dietary interven-
tion in association with a dental one.
Restoration of dental function alone does not
result in improvement in dietary choice.
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Abstract

Progress in medical and dental clinical practice
fosters treating even very old geriatric patients
with implants. Very few absolute contraindi-
cations remain nowadays, and the long-term
performance of endosseous implants has
largely exceeded initial expectations. In con-
trast to the environment in which they are
placed, implants do not change. In view of the
aging population, a paradigm shift in implant
dentistry seems inevitable.

Physiological aging is featured by deterio-
ration in vision, tactile sensitivity, and dexter-
ity, rendering denture handling and oral
hygiene difficult. In addition, old people often
present with frailty and multimorbidity, often
requiring assistance with the activities of daily
living and a shift in life priorities.
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When additional tooth loss occurs, a new
restorative treatment is required. Although it
is well accepted that age alone is not a contra-
indication for successful implant therapy, it is
increasingly necessary to consider its implica-
tions in a geriatric treatment planning.

Monitoring the use and management of
fixed and removable implant prostheses in
geriatric patients seems mandatory. When
functional decline and frailty render denture
management difficult, “backing off” to a sim-
plified and less complex restoration with or
without the present implants may become
necessary.

3.1 General Considerations
Dental care for elderly patients inevitably
requires some adjustments in the approach used
with younger adults. Firstly, physiological aging
diminishes physiological reserves, and age-
related changes become obvious, in terms of both
physiognomy and function. Secondly, the preva-
lence of chronic disease and functional handicap
increases with age.

Treatment planning must take into consider-
ation the patient’s physical disabilities and mental
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handicaps, as well as a potentially declining
autonomy, in managing fixed or removable dental
prostheses and essential oral hygiene. The elderly
patient is often not interested in long and invasive
treatment procedures, like implant surgery with
bone augmentation. Chronic diseases and the
side effects of their treatment may also limit the
range of possible surgical interventions. A dry
mouth, perhaps caused by polypharmacy,
increases the risk of root caries and renders the
oral tissues more sensitive (Figs. 3.1 and 3.2).
Muscle coordination is likely to have deterio-
rated, and swallowing disorders become more
prevalent. Furthermore, psychological afflictions
such as depression have a high prevalence in old
age and may affect prosthodontic treatment out-
comes and recall compliance [1]. Treatment plan-
ning should also take into account the patient’s
life expectancy, as well as the cost/effectiveness

Fig. 3.1 Polypharmacy occurs along with an increase
in chronic diseases. Many of those drugs will create dry
mouth sensations as undesired effect

Fig. 3.2 Polypharmacy occurs along with an increase in
chronic diseases. Many of those drugs will create hyposal-
ivation and dry mouth sensations as undesired effect

of the proposed intervention. Often, the most lim-
iting factor in treatment planning is the patients’
reluctance to agree to any type of dental interven-
tion. Many issues must be considered. How long
will the patient be able to sit in the dental chair?
Will he/she be able to tolerate a supine position?
Can he/she open the mouth and remain still? How
will working conditions be in terms of visibility
and accessibility? How will the patient tolerate an
impression tray? How can bedbound patients in a
domiciliary setting be managed? Finally, will the
patient be able to follow simple instructions, like
holding an X-ray film, and be sufficiently compli-
ant during the treatment? All of these issues need
to be clarified before beginning a treatment that,
once started, must be terminated. Even with many
years of clinical experience, these questions
remain very difficult in geriatric treatment
planning.

Age-related functional and cognitive decline
is not linear, and general health may deteriorate
at any time. Hence, patients’ medical histories
must be updated regularly and their treatment
adapted, if necessary. However, the potential dif-
ficulties of maintaining complex or even simple
implant restorations, which were provided when
the patient was still more capable physically and
mentally, should not be underestimated. Even
simple treatments for minor technical or biologi-
cal complications may be very challenging;
meticulous procedures, for example, for the treat-
ment of peri-implantitis, will often be beyond
consideration, which should be anticipated when
planning the treatment of elderly patients before
they become frail.

3.2  Age-Related Changes

in Muscles

One of the most obvious features of physiological
aging is the loss of muscle bulk (sarcopenia)
described in Chap. 1; this is also true of the masti-
catory muscles. When studying the cross-sectional
area (CSA) of the masseter and lateral pterygoid
muscles, a 40% loss in CSA has been reported to
occur between the ages of 25 and 85 years, and
this atrophy is even more pronounced in individu-
als who have lost their teeth [2].
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According to the physiological principle of
“use it or lose it,” muscles need frequent and reg-
ular training to maintain their function and bulk.
The speed of atrophy following inactivity is well
demonstrated when a leg is plastered after a frac-
ture: a significant loss in muscle bulk and strength
is seen after only a few weeks, and physiotherapy
is required to regain normal function. For the
chewing muscles, accelerated atrophy may simi-
larly be related to a reduced “physical exercise,”
caused, for example, by a poor chewing activity
with conventional complete dentures. Fear of
denture dislodgement limits mandibular excur-
sions, and pain in the denture-bearing tissues lim-
its the load exerted on the replacement teeth.
Denture support and retention via dental implants
avoid denture displacement and limit the imme-
diate load on the denture-bearing tissues. Hence
muscle training during chewing is encouraged by
the enhanced denture performance.

The presence of training and detraining effects
on thigh muscle bulk was confirmed even for
older and very old adults [3]. Little is known
about training and detraining of masticatory mus-
cles, especially in elderly and frail individuals. A
recent case report from Schimmel and co-workers
showed that 3 months of mandibular denture

abstention in a 97-year-old patient induced a loss
of up to 17% of masseter muscle thickness; the
muscle bulk recovered during the 6 months after
chewing function was restored with a mandibular
implant overdenture [4] (Fig. 3.3). In a prospec-
tive randomized clinical trial, the “training
effect” from implant overdentures was con-
firmed. The stabilization of the mandibular den-
ture with two short interforaminal implants
accounts for an increase in masseter muscle bulk,
especially on the preferred chewing side [5].

The aging processes of the muscle tissues also
include the motor units, which become larger with
individual motor fibers disappearing and some
muscle fibers being adopted by neighboring motor
units. With larger motor units, movements become
less precise and controlled. A very clear example
for this phenomenon is the handwriting of elderly
persons, which graphically depicts the age-related
decline in motor control; controlling handbags or
other objects like loose shoes also becomes diffi-
cult (Fig. 3.4). The mandibular closing trajec-
tory can be more erratic, and a carefully adjusted
balanced occlusion not only helps with denture
retention but also gently guides the mandible to
centric occlusion. A freedom-in-centric occlusal
concept therefore seems most adequate for elderly
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Fig. 3.4 Muscle coordination becomes more difficult in
old age. Holding onto shoes, handbags, etc. may become
more challenging

patients with poor motor control. Impaired mus-
cle skill also affects denture control and retention,
especially in patients with neurodegenerative dis-
eases such as Parkinson’s disease, dementia, or
mandibular dyskinesia.

3.3  Age-Related Changes

in Salivary Glands

Although physiological aging reduces the total
amount of stimulated saliva, the quantity, which
can be produced by the glands in healthy elders,
should be sufficient to keep the mouth in good
shape. Saliva is also important for taste; it can be
noted that elderly persons tend to add more spices
and more salt to their dishes. With age, when
some acinar cells are replaced by connective tis-
sue, the ratio between active cells and ducts is
altered. However, rather than being age-related,
the high percentage of elderly persons presenting
with hyposalivation and dry mouth sensations is
more related to an underlying pathology or to
undesired effects of their treatment.

3.4 Age-Related Changes in Oral

Mucosa

With age, the oral mucosa appears paler with a
silky shine and becomes thin and delicate.
Histologically, with age the epithelium becomes

thinner, with less elastic, but rather more connec-
tive tissues. Furthermore, there is a tendency
toward less interstitial fluid, rendering the tissues
more vulnerable to mechanical injury. A reduced
number of cell bodies and increasing surface
keratinization can also be noted [6]. Along with
these changes, the papillae of the tongue atrophy
and deep macroscopic fissures may appear in its
dorsum.

3.5 Age-Related Neurological

Changes

The peripheral and central nervous systems also
undergo age-related physiological changes. The
peripheral nerves’ conduction velocity and the
tactile thresholds of mechanoreceptors decrease.
Large particles of food debris can often be found
in the vestibular sulcus of elderly patients, as
they have difficulties feeling the foreign body.
However, for prosthodontics the most important
age-related neurological change is reduced neu-
roplasticity. The insertion of a new prosthesis
leads to the stimulation of differently located oral
mechanoreceptors, and the modification of exist-
ing movement patterns and reflexes becomes
necessary. Elderly persons with a reduced capac-
ity of adaptation should therefore be provided
with replacement dentures, which are similar in
form and function to the previous well-adapted
set of prostheses. Duplication techniques may be
employed to transfer the desired number of suc-
cessful features to the new prosthesis (Fig. 3.5).
Mechanical retention may also be helpful, as
neuroplasticity is less challenged when denture
control does not rely on motor skills [7].

3.6 Multimorbidity and Frailty

Physiological aging, and in particular the transi-
tion from the stable stage of life (also called the
“third age”) to the stage featured by dependency
in the activities of daily living, also named the
“fourth age” or “old age,” happens generally not
in a linear manner. Frailty is defined by symp-
toms like rapid weight loss, weakness, fatigue,
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Fig.3.5 Duplicating a successful denture helps incorporating selected features of the old to the new replacement den-
ture. Hence, in patients with reduced neuroplasticity, adaptation is facilitated

anorexia, and physical inactivity. Clinically
symptoms comprise undernutrition, sarcopenia,
osteopenia, slow walking, balance problems, and
poor physical fitness [8].

Whereas medical events often initiate the tran-
sition from the third to the fourth age, psycho-
logical stress or difficult life events such as the
loss of a partner or moving to a new apartment
can also trigger a rapid and steep functional
decline. Patients may suddenly appear in the den-
tal practice less carefully dressed, poorly shaved
and washed, etc. At this point, their oral hygiene
seems unusually neglected, and a severe and
comprehensive periodontal breakdown may
often be the consequence. Whereas young and
healthy adults can regain their pre-event level of
functioning, frail persons will remain perma-
nently impaired. As frailty progresses, they will
become increasingly dependent on help for the
activities of daily living (ADLSs). Their functional
decline can be assessed and monitored by a com-
prehensive battery of instruments called geriatric
assessment.

For a geriatric assessment in dentistry, A. Stuck,
head of the geriatric medicine at the University of
Bern, Switzerland, recommends only rather brief
screening instruments. The final diagnosis should
be completed after a comprehensive assessment
by a specially trained physician.

A distinction should be made between the
basic activities of daily living (ADLs), which
demand less functional capacity, and the instru-
mental activities of daily living (IADLs). ADLs
comprise issues like the mobility within the

apartment, performing hygiene measures, going
to the toilet, getting dressed, eating/drinking, etc.
The TADLs describe more complex functions
like the use of technical instruments, shopping,
cooking, housekeeping, or paying bills. A short
and recommendable instrument is the Katz Index
of Independence in Activities of Daily Living [9]
and for the ITADL the brief instrumental activities
of daily living measure [10].

Here, a few commonly used tests are listed as
examples.

Basic activities of daily living can be evalu-
ated by means of:

e Barthel Index for the activities of daily living
[11]

The nutritional status may be evaluated by:
e Mini-Nutritional Assessment (MNA) [12]

Cognition and psychological health can be
assessed by:

e Geriatric Depression Scale (GDS) [13]
¢ Mini-Mental State Examination (MMSE) [14]
e Clock-drawing test [15]

Although some of these tests may not seem
feasible in a dental practice, the well-established
but less well-documented “denture upside-down
test” is easy to implement (Fig. 3.6). When a
patient is handed a denture upside down and
places it in the mouth without first turning it over,
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Fig. 3.6 Presenting a denture “upside down” may be a
screening for cognitive performance. This patient did not
realize that he tries to place the upper denture the wrong
way around

this may be a sign of cognitive impairment, and
the patient may benefit from an in-depth exami-
nation at a specialized memory clinic.

The most common chronic diseases in elderly
adults with an average age of 84 years who live in
long-term care facilities are hypertension (men,
53%; women, 56%), dementia (45%/52%), depres-
sion (31%/37%), arthritis (26%/35%), diabetes
(26%/23%), reflux (23%/23%), arteriosclerosis
(24%/20%), cardiac insufficiency (18%/21%),
cerebrovascular diseases (24%/19%), and anemia
(17%/20%) [16, 17]. In Switzerland, of 1954
inhabitants over the age of 75 years, 51.4% indi-
cated in a survey that they had a permanent health
problem [18]. This percentage is much higher in
the institutionalized population.

3.7 Physical Limitations in Frail

and Multimorbid Elders

Frail and multimorbid elderly persons present
with physical limitations when it comes to dental
treatments. Appointments have to meet individ-
ual habits: (a) not too early in the morning, as the
morning toilet and dressing takes a long time; (b)
not during fixed mealtimes, especially in diabetic
patients, and (c) preferably during daylight.
Winter months are less favorable for non-urgent
treatments, as falls on slippery and icy roads all
too often result in a fracture of the hip or thigh
neck, an incident with a mortality of up to 20% in

old age. Appointments should be marked in writ-
ing with legible and large letters on a card with
no distracting publicity. Financial agreements
should also be transparent and equally made
available in writing, as children and family often
advise their elderly relatives, even if they are not
officially appointed as legal representative.
Elderly persons should be discouraged from car-
rying large amounts in cash when they come for
their treatment, as they may become easy victims
for street crime and violence. Their physical
frailty may also preclude long and invasive treat-
ment sessions. Hence, often the necessary dental
treatment procedures have to be performed with
high precision and in a very short time, which
requires a significant degree of clinical skill and
experience on the part of the operator.

3.8 Psychological and Social

Aging

The U-shaped curve of psychological well-being,
derived from a cohort of 340,847 participants in
the United States, revealed that aging beyond the
age of 50 years is accompanied by a constant
increase in psychological well-being [19]. Little is
known about psychological aging, although it may
be an important factor in medical and dental treat-
ment outcomes. It seems that while everything is
not that perfect in old age, some suggest the elderly
sport a more accepting attitude and more realistic
expectations, along with lower stress levels, which
tends to render elders more satisfied with their sit-
uation. On the other hand, in old age there is an
increasing prevalence of depression and social iso-
lation, as partners and friends pass away, or when
relocation to a more age-adequate and “practical”
accommodation reduces usual social contacts and
familiar environment.

All these developments imply a certain risk
that oral health will lose in priority, as oral
pathologies and functional impairment are no
longer correctly perceived. It is well documented
that elderly persons have a lower subjective
demand for improvements in their oral health or
regarding their prostheses; this is in extreme
contrast to the objective judgments of their treat-
ment need by dental health professionals [20].



3 Physical and Cognitive Function

29

Of course old patients keep their right of self-
determination with regard to their medical treat-
ment. They may decide against interventions
that—from a normative and professional point of
view—are justified and ought to be performed. It
is easy to imagine that optional interventions,
especially surgical procedures, are little popular
in elderly adults. The role of the health profes-
sional is to inform patients about their oral health
and to propose, based on their professional knowl-
edge and judgment, adequate treatment options,
so that patients know the necessary facts to give
“informed consent.” Written information sheets
give patients sufficient time to thoroughly reflect
on the proposed treatment options and discuss
them with family and friends.

The Old Patient in the Dental
Practice

3.9

Treating elderly patients in a dental practice may
require some particular arrangements. First, it is
important that the dental practice is equipped for
the physical handicaps of elders, such as reduced
mobility and vision. Absence of tripping hazards,
good lighting, and stable chairs that are not too
deep are essential features of a dental practice.
Wheelchair access may also be desirable.
Administrative forms should be prepared in a
legible font size, and the practice secretary or
dental nurse should assist the patient in filling in
the forms, if needed.

Once in the treatment room, placing the patient
on the dental chair may also be a challenge; spe-
cial tools are available to facilitate this task and to
prevent injury to patients as well as staff. To avoid
the transfer to the dental chair, simple interven-
tions and oral examinations may even be per-
formed with the patient still seated in the
wheelchair. Radiographs are diagnostic essentials,
but some elderly patients may not be able to have
a panoramic radiograph taken due to their posture,
reduced mobility, or fear from the small cabin or
the machine itself (Fig. 3.7). In these cases, intra-
oral radiographs may be an alternative.

Communication with elderly persons may be
difficult because of hearing problems, and it helps
to not wear a face mask during conversations so

Fig. 3.7 This gentlemen’s posture precluded taking an
OPT radiograph. Radiological diagnostics was therefore
limited to several small X-rays

they can read the lips. Furthermore, especially
for dental students, it is important to be aware
that old patients are a “different generation,” and
they have many more years of experience and
different values. Technical progress, even when
it concerns a dental prosthesis, may be regarded
with a substantial degree of suspicion.
Understanding suggested treatments and their
implications is a key factor for treatment success
and compliance [21]. It is important to find the
right words to explain the advantages and disad-
vantages of a proposed treatment and to help
elderly persons benefit from the recent develop-
ments in implant dentistry.

3.10 Cognitive Impairment
and Legal Context

The prevalence of cognitive impairment increases
with age, with more than half of the population pre-
senting with dementia at the age of 90 years or
above [22]. Several types of dementia exist, with
Alzheimer’s disease being the most prevalent.
Clinical symptoms vary greatly between individual
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patients and include a progressive loss of memory
accompanied by diminishing language skills, dys-
praxia, impaired cognition, and a decline in execu-
tive functions. In addition, the loss of social
competence is compulsory to fulfill the definition
[23]. Alzheimer’s disease progresses slowly, but
although treatment may alleviate the symptoms, a
cure does not yet exist. Impaired motor coordina-
tion is one of the clinical symptoms, and in the final
stages of the disease, even chewing movements
may become “deprogrammed.”

Persons with dementia generally have poorer
oral health and fewer teeth than healthy their cog-
nitively healthy peers [24]. Motor control of
complete dentures is also affected, even when the
dentures have been previously worn successfully
for many years. Weight gain seems to reduce the
morbidity of the condition; hence, improving the
chewing efficiency by prosthodontic means
seems intuitively beneficial [25, 26]. In the final
stages of the disease, dentures are rarely used,
and implants may cause injury, infection, dis-
comfort, and even pain [27]. Dental treatment
becomes increasingly difficult when verbal com-
munication is no longer effective and access to
the mouth is violently refused by demented
patients. Conscious sedation or even general
anesthesia may become a last resort. Existing
implants should be “put to sleep” in good time by
connecting gingiva-level healing caps or cutting
and smoothing the implant heads when one-piece
systems are present. Adhesive pastes may be pre-
scribed for denture use when necessary.

Old age and dependency for the activities of
daily living do not automatically imply the loss
of the individual’s legal rights in terms of health
decisions and financial agreements. When no
official representative is appointed, old persons
remain entitled to take their own financial and
health decisions. However, their family may
increasingly wish to be involved in and informed
about any complex, costly and invasive treatment
decisions. Unreasonable withholding of financial
resources and psychological manipulation may
constitute elder abuse.

A dentist may also be the first person to suspect
the onset of a cognitive impairment. Initial suspi-
cions can be confirmed by the abovementioned

tests. Simple questions can give good first indica-
tions, especially when the patient is well-known
by the practitioner. A patient may be able to
recount the year he was born, but not able to cal-
culate his or her age in the case of cognitive
impairment. Another short and validated screen-
ing tool for cognitive impairment is the Ottawa
3DY test [28] (Table 3.1).

Depending on the results, a referral to a spe-
cialized memory clinic for a more comprehensive
examination may be indicated. The test results,
for example, a clock drawing, can be kept in the
patient’s file to document a responsible evalua-
tion of the patient’s cognitive function (Fig. 3.8).

Placing dental implants and fabricating a new
prosthesis are never emergency treatments. It
therefore seems possible to give an elderly person
sufficient time (at least 1 week) to consider and

Table 3.1 The Ottawa 3DY test is a validated screening
tool for cognitive impairment

Ottawa 3DY test: no answer counts as 0. Any score less
than 4 is indicative of impaired cognitive function
Score: correct = 1; incorrect = 0

What is the date? /1

What day of the week is it? /1

Spell the word WORLD backward: DLROW /1

What year is it? /1

Uhrentest

Bitte zeichnen Sie eine Uhr!

Bazaichnen Sk de Zeil auf
Wirer Uhr 50, wie s 2.6, in
wsinem Fahrplan stinde

Fig.3.8 The clock-drawing test could be a first indicator
for a cognitive impairment
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reconsider the proposed interventions. Written
proposals with a clear statement of the financial
commitment can help avoiding disagreements and
conflicts. If a patient has a legal representative, it is
important to know that some countries distinguish
between “financial” and “other” decisions. So even
if the patient’s representative may have the right to
take financial decisions, they may not be entitled to
agree or disagree to a medical treatment. Elderly
patients should also be invited to talk through the
proposed treatment options with their family and
friends. Only after they are completely convinced
of the proposed intervention and have signed the
agreement, the treatment should begin.

3.11 Reduced Dexterity

and Handgrip Force

The evaluation of a patient’s dexterity is essential
in the planning of an implant treatment in elderly
patients. For example, the Framingham study
found that about one third of all elderly women
present with symptomatic osteoarthritis (OA)
[29], which renders handling of small objects like
interdental brushes, dental floss, or even dental
prostheses difficult. There is no validated screen-
ing test to predict the successful maintenance of
both implants and prostheses. However, testing
for the presence of osteoarthritis is strongly rec-
ommended. The grip strength can be evaluated
simply by examining the patient’s hands and ask-
ing for a firm handshake (Fig. 3.9). To evaluate
manual dexterity, patients can also be asked to tie

Fig. 3.9 A look at the patient’s hand helps estimating
their manual dexterity

a knot in the dental floss. If these tests cannot be
accomplished without problems, the patient’s
ability to autonomously perform correct implant
and denture hygiene must be questioned. By no
means does this mean that implant treatment
should be withheld—such patients may benefit
most from treatment—but the care providers
must be informed and instructed, and a close
monitoring during the denture use is advised.

3.12 Prospective Treatment
Planning

In general, dental prostheses for geriatric patients
should not be designed any different from those
for younger adults [30]. Of course, the general
rules and guidelines for the construction of remov-
able prostheses also apply to dentures for elderly
and geriatric patients.

However, in addition to the general rules and
guidelines, we should consider the patient’s gen-
eral health and any physical or cognitive impair-
ment. Similarly important are the patient’s
autonomy in performing essential oral hygiene
measures and the ability to manage removable
dentures. Unfortunately, nursing staff often have
had very little, if any, training in handling what
they consider “high-tech” dentures—and even a
mandibular two-implant overdenture may fall
into this category.

Even for fit and active elders, prospective plan-
ning is important. There is a greater likelihood for
an 80-year-old to become dependent in the fol-
lowing 15 years than for a 50-year-old patient. Of
course, fit 80-year-old and even 95-year-old
patients should not be withheld fixed implant-
supported prostheses, if they wish for such a
reconstruction, but these should allow for a “back-
off” strategy when the onset of dependency
requires simplification. Fixed implant-supported
prostheses should preferably be screw-retained to
facilitate replacement by a removable prosthesis
later in life. In a prospective planning, implants
should be placed where they could be useful even
when the fixed implant prosthesis is converted to
an implant-supported overdenture.
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The choice of implants is equally critical. A two-
piece system with a variety of available abutments
is preferable, as these are easier to retrieve and
replaced with another version if needed.

In short, dental prostheses for elderly adults
should have the following attributes:

 Easy to insert and remove

* Eagsy to clean

¢ Freedom-in-centric occlusion, with shallow
cuspal inclines

 Polished surfaces without too much detailing
that would encourage biofilm adhesion

* Age-appropriate dental appearance (in agree-
ment with the patient)

» Highest retention that still permits autonomous
handling by the patient

Table 3.2 lists possible age-appropriate fea-
tures, which practitioners may or may not adopt
for a particular patient.

As aging and functional decline are very indi-
vidual and vary from patient to patient, it is impor-
tant to note that this list of features for a removable
prosthesis does not apply to all old patients
equally and categorically. There is no specific age

Table 3.2 Possible age-appropriate features for a partial or complete removable denture for geriatric patients

Denture
design
Denture
stability
Denture-base
material
Retention
components  wear in late life
Denture

surface details, no papilla recession)
Palatal plate
Denture

management

and retention

Simple and flexible, allowing modification in case of potential future tooth loss or the onset of
dependency for activities of daily living (ADLs)

Solid, resisting clumsy handling, without a need for immediate repair

Polymethyl methacrylate (PMMA) to allow for repair, addition of teeth and other parts, and relines
Use only the best and well-documented materials and components to reduce material failure and
Polished surfaces to facilitate cleaning and avoid adhesion of biofilm and food debris (no surface

Polished, unless problems with speech or taste arise

“Removal aids” to help with the removal of the prosthesis if manual dexterity is reduced

Retention only as strong as can be managed by the patients themselves

Retention should be “weakened” progressively along with functional decline

Should be on or below the equator of the tongue. As for the length of the incisors, bear in mind that
the upper lip becomes longer with age and the edges of the incisors should not be longer than the

Occlusal breakdown with a loss in vertical dimension has to be corrected for a coherent occlusal plane

Occlusal
plane

upper lip
Vertical
dimension dimension
Occlusion

joints and poorer motor coordination

The less coordinated and controlled the mandibular movements, the smaller the occlusal vertical

“Freedom-in-centric” concept to accommodate the increased freedom of the temporomandibular

Canine guidance or group function for partial dentures, balanced occlusion for complete dentures

and implant-supported overdentures

In difficult anatomical situations, the central bearing point method should be used for the registration

of centric relation
Denture teeth
Abutment
teeth

more favorable crown/root ratio

Cuspal inclination of 20° or less, preferably acrylic teeth

“Bikini design”—cover as little tooth structure as possible to allow access of saliva to the enamel
Abutment teeth with severe attachment loss should be endodontically treated and decoronated for a

Where possible, keep healthy filled roots as overdenture abutments (except for molars)

Denture

kinetics and

occlusal load
for as long as possible

The mandibular denture should be “stronger” and more stable than the maxillary denture
Make an effort to keep strategically important teeth, especially mandibular canines
Plan occlusal load to be transferred to denture saddles rather than abutment teeth to keep the latter

Adopt a fail-safe principle for clasps to protect abutment teeth

Appearance
Labeling

Comfort
edges from attachments)

Age-appropriate appearance with abraded incisal edges and a shade of three or above
Individual labeling of denture with name (and set) for the institutionalized patient
Oral comfort should be assured even when the denture is not worn during the night (e.g., no sharp
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after which a patient is considered “geriatric” and
will need a removable prosthesis!

3.13 Implants in the Geriatric

Patient

When considering implants in the treatment of
geriatric patients, two distinctly different scenar-
ios have to be considered.

The first scenario is the placement of new
implants, which is critical, given that in the fore-
seeable future the geriatric patient may increas-
ingly lose the capability to manage
implant-supported prostheses and maintain ade-
quate oral hygiene (Fig. 3.10). The widespread
assumption that patients request “tight” and
firmly fitting dentures does not apply to all elderly
denture wearers. Some openly admit that their
oral comfort dominates their prosthodontic treat-
ment choices. However, ethically it seems unrea-
sonable to withhold the means of modern
dentistry from a geriatric patient if implants are
requested for a justified and reasonable indication.
Also, there are many different varieties of “geri-
atric,” and recommendations therefore cannot be
generalized. However, when opting for implants,
the circumstances should be as close to ideal as
possible.

The second scenario applies to functionally
declining patients who had implants placed while
they were still fit, and the surgical intervention
was no barrier (Figs. 3.11 and 3.12). Ideally,
these patients can benefit from their implants

Fig. 3.10 Placing implants late in life is still possible,
but given the often challenging anatomical situations and
the functional decline, the treatment concepts are often
limited

Vo

Fig. 3.11 These fixed implant dental prostheses were
inserted 15 years prior to the photo. Hygiene is declining
but still acceptable. When oral hygiene can no longer be
managed, the implants can be used to retain a removable
implant overdenture

Fig. 3.12 Although this implant bar shows undeniable
signs of wear and aging after 32 years in use, it still serves
to retain the implant overdenture. Despite a compromised
oral hygiene, the peri-implant mucosa show little signs of
inflammation

until the end of their lives if maintenance of their
implant-supported prosthesis is possible by the
patient himself, or reliably assured through the
caregiver. There is a need for an active and strict
maintenance scheme, with appropriately adapted
recall intervals, so as not to miss the point for
“backing off” to a technically less complex
prosthodontic solution [31].

In practical terms, this “back-off” strategy
would, for example, imply the replacement of a
fixed reconstruction by a removable prosthesis,
which is easier to handle and clean for the patient
or their caregiver. In doing so, great care should
be taken to duplicate as many features as possible
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Fig. 3.13 The “backing-off” strategy implies a simpli-
fication of the implant reconstruction when functional
decline occurs. Sometimes, like in this case, simplifica-
tion occurs without a dental intervention

from an old fixed reconstruction to which the
patient has become well adapted, to facilitate
adaptation to the new prosthesis by avoiding
unnecessary challenges to neuroplasticity.
Technically, in a few years’ time, an existing
fixed implant dental prosthesis might be scanned
intraorally as basis for an identical dental arch
milled or 3D-printed as a removable prosthesis.
Backing off could also mean the gradual simplifi-
cation of the current overdenture attachment sys-
tem. For example, bar- or stud-type attachments
seem more difficult to manage than ball or mag-
netic attachments. The last level of simplification
would be the unscrewing of the attachment and its
replacement by a gingiva-level healing cap.
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Pharmacological Risk Assessment
for Dental Implants

Xixi Wu and Faleh Tamimi

Abstract

The process of osseointegration around dental
implants is similar to the biological events
occurring during bone repair and fracture
healing. Therefore, bone metabolic activity
plays a crucial role on the success of osseoin-
tegration, and dysregulation of bone metabo-
lism can have a negative impact on bone
healing and implant osseointegration.
Accordingly, it could be hypothesized that
drugs interfering with healing and bone
metabolism could affect osseointegration and
implant survival. Looking into the relationship
between pharmacology, osseointegration, and
dental implant drugs can open the door for
new pharmacological innovations to improve
implant success and avoid unnecessary com-
plications, and it is also of special interest
because most implant patients are elder adults
that are often polymedicated. In this com-
mentary we discuss the discoveries made by
us as well as by other researchers regarding
the effect of several drugs on bone, osseoin-
tegration, and implant survival. Of particular
interest is the growing evidence showing that
commonly used drugs such as nonsteroidal
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anti-inflammatories,  serotonin  reuptake
inhibitors, and proton pump inhibitors could
lead to implant failure.

Osseointegrated dental implants are considered
one of the most important innovations in oral
rehabilitation [1, 2]. Despite this importance and
many advances in techniques, materials, and
implant design, the potential for clinical failure
remains a significant concern for both dentists
and patients [1]. Osseointegrated dental implant
success is dependent on the successful osseointe-
gration [3]. Osseointegration is the direct struc-
tural and functional connection between the
living bone and the dental implant surface, with a
physiological process that resembles bone frac-
ture healing [3]. Therefore, bone metabolic activ-
ities play crucial roles on the success of
osseointegration [3].

Bone is continuously remodeling throughout
life [4]. Osteoblastic bone formation and osteo-
clastic bone resorption are closely coordinated by
a variety of local and systemic pathways that
maintain bone mass constant [4]. Some pharma-
cological agents can interfere with the pathways
that regulate bone metabolism and subsequently
affect bone turnover, osseointegration, and ulti-
mately implant survival. In addition, a large pro-
portion of the population suffering from diseases
or conditions are under medical management, but
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relatively little is known about the effects of these
medications on osseointegrated dental implants.
Therefore, in this chapter we list the main groups
of drugs known to affect bone metabolism and
discuss their impact on bone metabolism, osseo-
integration, and implant success (Table 4.1).

4.1 Drugs Targeting the Central

Nervous System

The central nervous system (CNS) is a main reg-
ulator of bone metabolism [5]. For this reason,
neurological drugs can have an effect on bone
accrual, bone healing, osseointegration, and
implant survival. Underneath we discuss four
types of neurological drug that have been found
to affect bone and even osseointegrated implants,
including selective serotonin reuptake inhibitors
(SSRIs), acetylcholinesterase inhibitors
(AChEIs), melatonin, antiepileptic drugs (AEDs),
and opioids.

4.1.1 Selective Serotonin Reuptake

Inhibitors (SSRIs)

There is evidence from cohort studies indicating
that SSRIs could have negative effects on implant
survival [6] and bone fracture [7]. SSRIs, such as
Celexa, Paxil, Lexapro, Prozac, and Zoloft, are
drugs designed to inhibit the reuptake of sero-
tonin and boost its levels to treat depression [,
8]. Because of their unique effectiveness in
depression treatment, SSRIs have become the
most widely used antidepressants all over the
world [9].

Serotonin, also called 5-hydroxytryptamine
(5-HT), is a monoamine neurotransmitter [10],
which is popularly thought to be a contributor to
feelings of well-being and happiness [11].
Biochemically derived from tryptophan, sero-
tonin is primarily found not only in the nervous
tissue but also in peripheral tissues such as the
digestive tract, blood platelets, and bones of ani-
mals, including humans [11]. Accordingly, SSRIs
can affect the function of the digestive, cardio-
vascular, and skeletal systems [9]. In the skeletal

system, serotonin regulates bone cells by acting
on 5-HTIB, 5-HT2B, 5-HT2C receptors and
serotonin transporters (5-HTTs) in osteoblasts
and osteoclasts [9]. SSRIs block 5-HTTs on bone
cells, resulting in a direct negative effect on bone
formation [12, 13] and metabolism [9] by increas-
ing osteoclast differentiation [14] and inhibiting
osteoblast proliferation [9]. As a result, SSRIs
decrease bone mass and bone mineral density
(BMD) [12-14], at an annual reduction rate of
0.60%—-0.93% [12, 13], increasing the risk of
osteoporosis [15] and bone fracture [5], espe-
cially osteoporotic fracture [15]. In the retrospec-
tive cohort study conducted by Tamimi research
group on 490 patients treated with 916 dental
implants, we found that SSRI could be signifi-
cantly associated with an increased risk of dental
implants failure [6].

4.1.2 Acetylcholinesterase
Inhibitors (AChEls)

Clinical evidence from case-control studies, ret-
rospective cohort studies, and in vitro studies
shows that the use of AChEISs, such as rivastig-
mine, donepezil, galantamine, etc., is associated
with lower risk of fracture and enhanced fracture
healing by affecting osteoblasts and osteoclasts
[16, 17]. AChEIs, also called anticholinesterase,
are drugs that inhibit the acetylcholinesterase, the
enzyme responsible for breaking down acetyl-
choline, thereby increasing both the level and
duration of action of the neurotransmitter acetyl-
choline [18]. AChEIs have been widely used for
the treatment of Alzheimer’s disease (AD), Lewy
body dementia, Parkinson’s disease, and other
dementias [19, 20]. Recent research has revealed
the presence of acetylcholine receptors (AChRs)
subunits in bone tissues, highly expressed on
osteoblasts, especially during the osteoblast dif-
ferentiation stage, which may play a possible role
in regulating alkaline phosphatase (ALP) activity
[21, 22]. Accordingly, AChEIs can affect the pro-
liferation and differentiation of osteoblasts [22,
23] and subsequently exert positive effects on
bone mass and fracture healing [16, 17]. It is also
shown that AChEIs would suppress bone
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resorption rate by promoting osteoclasts apopto-
sis [23]. In summary, AChEIs may accelerate cal-
cification at the fracture site, favor bone mass,
minimize healing complication, and have a ben-
eficial effect on bone turnover that could translate
into reduction of bone fracture risk [16, 17].
However, future studies are needed to assess if
AChEIs have effects on osseointegration and
dental implants.

4.1.3 Melatonin

In vivo [24, 25] and in vitro [26] studies reveal
that melatonin has positive effects on bone and
implant osseointegration and promotes bone
fracture healing [27]. Melatonin, also known as
the sleep hormone, is a tryptophan-derived indol-
amine secreted by the pineal gland that plays an
important role in the biologic regulation of circa-
dian rhythms, sleep, aging, tumor growth, repro-
duction [28], and bone physiology [29]. Studies
indicate that bone marrow cells are capable of
synthesizing melatonin, leading to high concen-
trations of melatonin in bone marrow [30].
Melatonin binds specifically to its membrane-
bound G protein-coupled receptors (MT1 and
MT?2), found in many cells including osteoblasts
and osteoclasts [31]. Melatonin can promote osteo-
blastic proliferation and differentiation, increase
production of osteoblastic protein osteoprotegerin,
and inhibit osteoclastic activities, leading to bone
strengthening [26, 29, 32]. Moreover, melatonin
administration releases growth hormone, a very
important hormone for normal longitudinal bone
growth in both rats and humans [33, 34].
Melatonin can also have therapeutic activity in
bone by affecting calcium uptake [29]. Suppression
of melatonin secretion in newborn rats lowers serum
calcium concentration, while melatonin treatment
prevents serum calcium decrease [29]. Researchers
speculated that melatonin might interact with cal-
cium-calmodulin signaling [35], because it can
reduce systolic blood pressure in humans by
increasing serum calcium level [36-38].
Therefore, it is suggested that melatonin sup-
plement could improve the health of bones, acting

as an antiaging and anti-osteoporosis therapy for
bone deterioration. Besides, melatonin could also
be a potential agent to stimulate the peri-implant
bone response and osseointegration during
implant placement, which may need more
research to confirm.

4.1.4 Antiepileptic Drugs (AEDs)

There is evidence from epidemiological studies,
in vivo studies, and also in vitro studies suggest-
ing that AEDs can increase bone fracture and
reduce BMD and bone mass by affecting bone
mineralization and calcium metabolism [39].
AEDs, including phenobarbital, carbamazepine,
valproate, oxcarbazepine, gabapentin, etc., are
usually required as long-term treatment for peo-
ple with epilepsy, which is a common chronic
neurological disorder, with episodes that can vary
from brief and nearly undetectable to long peri-
ods of vigorous shaking [40, 41].

The association between AEDs use and
increased risk of fracture has been widely recog-
nized [39, 42, 43]. It is reported that patients
chronically taking AEDs suffer from clinical
bone disorders, including altered calcium metab-
olism and radiographic rickets [44—46]. The rea-
son of AEDs-associated bone diseases and
complications remains controversial. The possi-
ble mechanisms contributing to AEDs-induced
bone problems include vitamin D inactivation,
altered calcium metabolism, increased parathy-
roid, vitamin K deficiency, decreased calcitonin,
and/or osteoblast inhibition, etc. [39]. More spe-
cifically, AEDs are more proven to induce cyto-
chrome p450 enzymes (CYP450), such as
phenytoin and phenobarbital, leading to changes
in calcium metabolism due to increased vitamin
D degradation and vitamin D deficiency [47].

Given their overwhelming negative effect on
bone, it could be speculated that AEDs could also
have a negative effect on bone healing and osseo-
integration. However, future studies will be
needed to assess the gap in knowledge in regard
to the impact of AEDs on bone healing, osseoin-
tegration, and dental implants.
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4.1.5 Opioids

Opioids, acting on opioid receptors medically to
relieve pain, have been shown to be associated
with a decreased BMD [48], possibly related to a
suppression of the gonadotrophins (luteinizing
hormone and follicle-stimulating hormone) and
thus sex steroid deficiency in vivo and clinically
[49]. Increased risk of fractures has been observed
with the use of opioids, although significant dif-
ferences may exist between different types [50].
One mechanism behind the increased risk of
fractures is falls, which may be related to dizzi-
ness and altered postural balance related to the
CNS effects of opioids [51]. However, changes in
bone structure and thus bone biomechanical
competence are also a possibility [52].

4.2  Antihypertensive Drugs
Antihypertensive medications, such as f-blockers,
thiazide diuretics, angiotensin-converting-enzyme
(ACE) inhibitors, angiotensin II receptor blockers
(ARBs), and calcium channel blockers (CCBs),
are the most commonly prescribed drugs for peo-
ple suffering from hypertension, a chronic medi-
cal condition in which the blood pressure in the
arteries is elevated [53]. Antihypertension medi-
cations are observed to be associated with oral tori
and an increased survival rate of osseointegrated
implants due to their bone-stimulating properties
[54-56].

4.2.1 p-Blockers

Evidence from epidemiological studies, in vivo
studies, and in vitro studies suggests that -blockers
reduce the risk of bone fracture and also increase
BMD, BM, bone healing, osseointegration, and
dental implant survival rate, by stimulating bone
formation and inhibiting bone resorption [54, 57—
61]. B-Blockers are among the most widely used
treatments for hypertension. They exert their
effect on blood pressure by inhibiting the sympa-
thetic pf-adrenergic receptors [62]. Besides their

cardiovascular effects, it appears that stimulation
of these P-receptors may also have catabolic
actions on bone cells [63], leading to increased
bone resorption by stimulation of osteoclastic dif-
ferentiation, proliferation, and activity [64, 65].
On the other hand, the activation of f2-adrenergic
receptors, the only pB-adrenergic receptors known
to be expressed by osteoblasts, results in the down-
regulation of bone formation [63, 66, 67].

The potential mechanism by which p-blockers
affect bone may be similar to the Ileptin-
sympathetic nervous system pathway [64]. In
animal models, leptin deficiency results in a low
sympathetic tone, and genetic or pharmacologi-
cal ablation of adrenergic signaling leads to leptin
resistance and high bone mass [64]. B-Blockers,
as anti-sympathetic agents, increase bone mass
via the same pathway, which acts locally through
B2-adrenergic receptors on bone osteoblasts [57,
64]. It is proven that bone resorption can be
inversely decreased by f-blockers [68].
Furthermore, there is evidence that propranolol, a
commonly used [-blockers, increases cross-
linking of type 1 collagen in tissues, enhancing
the tensile strength [69]. Taken together, in vivo
and in vitro results suggest that p-blocker use has
a beneficial effect on bone health. This is also
confirmed by clinical studies showing that
p-blockers seem to be associated with lower risk
of bone fracture and exert beneficial effects on
bone structure, metabolism, fracture healing,
osseointegration, and implant survival [54, 57—
59, 61, 64, 70].

4.2.2 Thiazide Diuretics

Observational studies and in vitro studies showed
that thiazide diuretics reduce the risk of bone frac-
ture [71], increase BMD [72], and reduce bone
loss [73]. Thiazide diuretics control high blood
pressure by inhibiting the thiazide-sensitive
sodium chloride cotransporter (NCC) in the distal
tubules of the kidney reducing renal calcium
excretion and subsequently enhance calcium
uptake [74]. Thiazide diuretics can also affect
bone through the following potential mechanism:
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1. Decreased urinary calcium excretion leading
to increased serum calcium levels that could
in turn lead to reduced parathyroid hormone
(PTH) levels, which result in reduced bone
turnover and increased BMD [75].

2. Thiazide diuretics may have a direct positive
homeostatic effect on bone by blocking the
NCC expressed on osteoblasts and osteoblast-
like cells [76, 77].

3. Thiazide diuretics also exert effects on bone
by stimulating osteoblast differentiation
through osteoblast differentiation markers,
runt-related transcription factor 2 (RUNX2)
and osteopontin [78].

The abovementioned mechanisms could be
the reason why in a recent cohort study [54] an
association was found between usage of antihy-
pertensive medication, including thiazide
diuretics, and lower risk of dental implant fail-
ure, although in vivo studies in more depth are
required to confirm the effect of the drugs on
implant osseointegration.

4.2.3 Angiotensin-Converting
Enzyme (ACE) Inhibitors

Cohort studies, case-control studies, random-
ized clinical trials, as well as in vivo and in vitro
studies indicate that ACE inhibitors are associ-
ated with higher BMD and lower risk of bone
fracture, by acting on the renin-angiotensin-
aldosterone system (RAAS) locally in bone
[79-82]. ACE inhibitors are among the primary
prescriptions for hypertension [83]. They inhibit
the production of ACE, an enzyme responsible
for the conversion of angiotensin I converting to
angiotensin II in RAAS [83]. RAAS operates
systemically and locally in several tissues
including bone [84]. Osteoblasts and osteoclasts
express angiotensin II type 1 receptors, suggest-
ing the existence of local RAAS [85]. Moreover,
angiotensin II induces the expression of recep-
tor activator of NF-kappaB ligand (RANKL) in
osteoblasts, leading to the activation of osteo-
clasts resulting in bone resorption and detrimen-

tal effects on bone [86, 87]. In addition,
angiotensin II can also affect bone by interfer-
ing with the calcium metabolism; angiotensin II
decreases plasma ionic calcium levels resulting
in a concomitant increase in PTH levels [88].
Therefore, by hindering the angiotensin II pro-
duction, ACE inhibitors seem to have positive
effects on bone metabolism both directly and
indirectly. However, future in vivo studies are
needed to assess the effect of ACE inhibitors on
osseointegration and dental implants.

4.2.4 Angiotensin Il Receptor
Blockers (ARBs)

Just as ACE inhibitors, there are epidemiological,
in vivo, and in vitro studies indicating that angio-
tensin II receptor blockers (ARBs) exert protec-
tive effects on relative fracture risk over time, by
acting on the RAAS locally in bone [79-82, 89].
ARBs, also known as angiotensin II receptor
antagonists, sartans, or AT -receptor antagonists,
are a group of pharmaceuticals used to treat
hypertension when patients are intolerant to ACE
inhibitor therapy [90]. ARBs target the RAAS
(see in ACE inhibitors) and inhibit angiotensin II
production in bone by blocking angiotensin II
AT, receptors, leading to protective effects bone
metabolism [83].

Animal studies confirmed that ARBs, includ-
ing telmisartan, olmesartan, and losartan, could
reduce bone loss [91] and attenuate the
ovariectomy-induced decrease in BMD by inhib-
iting the activity of tartrate-resistant acid phos-
phatase, an enzyme responsible for bone
resorption [86]. Moreover, telmisartan promotes
fracture healing and protects from bone loss by
actively blocking thiazolidinedione-induced anti-
osteoblastic activity via maintaining peroxisome
proliferator-activated receptor-y (PPAR-y) serine
112 phosphorylation [92, 93]. Overall, ARBs
seem to increase bone strength, mass, and
trabecular connections [94, 95], which can lead
to interesting investigations about their effects on
osseointegration and dental implant survival in
the future.



4 Pharmacological Risk Assessment for Dental Implants

45

4.2.5 Calcium Channel Blockers
(CCBs)

In vivo and in vitro studies demonstrated that
CCBs seem to inhibit bone resorption by suppress-
ing osteoclast function and stimulating the growth
and differentiation of osteoblasts [96-98]. CCBs
are a group of medications that inhibit the voltage-
activated inward influx of calcium from the extra-
cellular medium, exerting potent cardiovascular
effects that are very useful for the treatment of
hypertension [99]. Through similar ways, CCBs
also influence bone homeostatics [85]. During
bone resorption, osteoclasts can sense changes in
ambient calcium concentration, which triggers a
sharp cytosolic calcium increase through both cal-
cium release and calcium influx [85]. The change
in cytosolic calcium is transduced into inhibition
of bone resorption, regulating growth and differen-
tiation of osteoblasts and stimulating the function
of these cells [96]. Although epidemiological
studies show increased vitamin D levels in patients
taking CCBs [100], there is no literature indicating
if CCB use is associated with bone fractures, bone
healing, osseointegration, and/or dental implants,
which needs future studies to assess.

4.3 Antidiabetic Drugs

Worldwide, more than 171 million people have
diabetes, and its prevalence is expected to double
by 2030 [101]. And many antidiabetic drugs are
now used to control hyperglycemia. These drugs
might have positive or negative effects on bone
metabolism  and  subsequently  implants.
According to available studies, metformin,
glucagon-like peptide-1 (GLP-1), and dipeptidyl
peptidase-4 inhibitors (DPP-4 inhibitors) seem to
exert positive effects on bone, but thiazolidinedi-
one can have negative effects on bone.

4.3.1 Metformin

Metformin inhibits bone loss in vivo, and it has
osteogenic potency in vitro. It is also noted that

the use of metformin may be associated with
reduced bone fractures [102]. Metformin is an
antidiabetic agent widely used for the treatment
of type 2 diabetes as adjunct to insulin therapy in
selected patients of type 1 diabetes since the late
1950s [103]. Metformin acts primarily by sup-
pressing glucose production by the liver [103],
but several recent studies have reported the posi-
tive effects of this agent on bone metabolism by
activating thymidine kinase (AMP) signaling
pathway, upregulating endothelial nitric oxide
synthase, and expressing bone morphogenetic
protein-2 (BMP-2) [104, 105], thereby exerting a
direct inhibition on bone loss in vivo [103]. In
vitro metformin promotes the osteogenic action
of osteoblasts, including cell proliferation, type 1
collagen production, ALP activity, mineral depo-
sition, and osteoblast-like cells differentiation
[104]. Based on these findings, metformin may
exert a positive effect on bone. Therefore, it is
necessary to investigate whether metformin has
positive effects on bone healing, osseointegra-
tion, and dental implant survival.

4.3.2 Glucagon-Like Peptide-1
(GLP-1)

In vivo and in vitro studies demonstrated that
GLP-1 seems to have anabolic effects on bone as a
bone turnover modulator that increases BMD by
inducing osteoblast differentiation and inhibiting
osteoclastic activity [106-108]. GLP-1, also
known as incretin, is a neuropeptide derived from
the transcription product of the proglucagon gene,
exerting insulin-like effects upon glucose transport
and/or metabolism [109, 110]. GLP-1 also affects
bone by directly stimulating the secretion of calci-
tonin, a potent inhibitor of osteoclastic bone
resorption [111, 112]. It is believed that GLP-1
mainly targets calcitonin to modulate bone turn-
over because genetic loss of GLP-1 receptor sig-
naling increases osteoclastic bone resorption
activity, without affecting bone formation, leading
to a significant reduction in trabecular separation
and an increase in bone strength [108]. In sum-
mary, GLP-1 might be useful as a pharmacological
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agent for improving bone formation and bone
structure; however, there is no literature on its
effects on bone fracture, bone healing, osseointe-
gration, and dental implant survival which needs
to be addressed in future studies.

4.3.3 Dipeptidyl Peptidase-4
Inhibitors (DPP-4 Inhibitors)

In vitro studies suggest that drugs capable of
increasing incretin levels, such as DPP-4 inhibi-
tors, could exert beneficial effects on the bone,
and epidemiological studies indicate that DPP-4
inhibitors are associated with decreased bone
fractures [113]. Inhibitors of dipeptidyl pepti-
dase-4, also known as gliptins, are a class of oral
hypoglycemics that block DPP-4, and they are
used to treat diabetes mellitus type 2 [114].
Treatments with DPP-4 inhibitors for type 2 dia-
betes patients could have a protective effect on
bone and have been associated with a reduced
risk of bone fractures. These drugs affect bone
metabolism by increasing the circulating levels
of GLP-1 and gastric intestinal polypeptide, both
involved in the regulation of bone metabolism
[107, 108, 113, 115-118]. Despite their positive
effects on bone metabolism, the effects of DPP-4
inhibitors on osseointegration and dental implant
survival have not been investigated and require
future researches.

4.3.4 Thiazolidinedione

Thiazolidinedione, glucose-lowering agent, has
been reported to reduce BMD, increase bone
loss, delay bone healing, and increase the inci-
dence of fractures [119-123]. Thiazolidinedione,
also known as glitazones, are a class of medica-
tions used in the treatment of diabetes mellitus
type 2 with a beneficial effect on insulin sensitiv-
ity [124]. Thiazolidinedione exerts their antidia-
betic effects by activating PPAR-y nuclear
receptor, which controls glucose and fatty acid
metabolism, and is also a key regulator of bone
cell development and activity in the skeleton

[125]. In bone, PPAR-y controls differentiation
of cells of mesenchymal and hematopoietic lin-
eages, and its activation by thiazolidinedione
leads to unbalanced bone remodeling [125].

In vivo, thiazolidinedione induces bone loss
by affecting the bone remodeling process, sup-
pressing new bone formation by osteoblasts, and
increasing bone resorption by osteoclasts, which
leads to significantly decreased BMD, bone vol-
ume, and changed bone microarchitecture [126,
127]. The observed bone loss was associated with
changes in the structure and function of the bone
marrow, including a decreased number of osteo-
blasts, decreased osteoblastic function, an
increased number of adipocytes, promoted osteo-
clast differentiation, and increased osteoclasto-
genesis [123, 128—-130]. It is also reported that
thiazolidinedione has a negative effect on mark-
ers of bone formation such as ALP and PTH
[131-133]. Overall, thiazolidinedione seems to
exert an adverse effect on bone health, so further
studies are necessary to assess the effects of thia-
zolidinedione on osseointegration and dental
implants.

4.4  Gastrointestinal Drugs

Given the skeletal requirements of calcium,
amino acids, and energy for bone turnover and
renewal, it is not surprising that the gastrointesti-
nal tract is of major importance for skeletal integ-
rity [134]. So far proton pump inhibitors (PPIs)
have been found to affect bone [135-137], but
given the importance of gastrointestinal function
in bone, it could be speculated that more gastro-
intestinal drugs would be found to affect bone in
the future.

4.4.1 Proton Pump Inhibitors (PPlIs)

In vivo, in vitro, and clinical studies indicate that
PPI usage is associated with decreased bone
healing, bone accrual, bone turnover, and
osseointegration, as well as increased risk of bone
fracture and dental implant failure, by affecting
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osteoblasts, osteoclasts, and calcium balance
[135-137]. PPIs are a group of drugs that are rap-
idly becoming the third most prescribed pharma-
ceutical products worldwide [138]. This type of
medication, including omeprazole, lansoprazole,
pantoprazole, dexlansoprazole, esomeprazole,
rabeprazole, etc., is very effective in both preven-
tion and treatment of gastrointestinal acid-related
conditions, such as peptic ulcer, gastroesopha-
geal reflux disease (GERD or GORD), dyspep-
sia, Helicobacter pylori infections, eosinophilic
esophagitis, gastrinomas, and stress gastritis
[138]. In the past 20 years, a marked increase of
PPI exposure has been observed [139], and
besides occasional use of this medication, mil-
lions of individuals are also using PPIs as a con-
tinuous or long-term therapy [140]. This is of
particular relevance because a relationship
between PPI administration and bone metabo-
lism has been acknowledged by the US Food and
Drug Administration [141].

PPIs suppress gastric acidity by inhibiting the
functions of the proton pump (H+/K+ ATPase)
[142, 143]. The proton pump can also be found
in bones, and its inhibition in osteoclasts can
decrease their activities, leading to reduced cor-
tical thickness, bone weight, and bone biome-
chanical properties [144, 145]. In addition to
their effects on osteoclastic behavior, PPIs might
also interfere with osteoblastic cells, by inhibit-
ing phosphoethanolamine/phosphocholine phos-
phatase (PHOSPHOI1) and ALP in bone
[146-148]. Other mechanisms suggest indirectly
negative effects of PPIs on bone metabolism by
affecting calcium homeostasis [141, 149].
Specifically, PPIs impair calcium absorption in
the gastrointestinal track by increasing the pH in
the small intestine and thus reducing calcium
availability for incorporation in bone, thereby
decreasing its mineral density [141, 149].
Clinically, observational studies have shown an
association between the use of PPIs and high risk
of bone loss and bone fractures [150]. Our recent
in vivo and epidemiological studies also con-
firmed the negative effect of PPIs on bone heal-
ing and implants [136, 137]. Indeed, usage of
PPIs reduces osseointegration, delays bone

healing, and is associated with increased dental
implant failure [136, 137].

4.5 Immunosuppressants

Bone remodeling is strongly influenced by the
immune system [151, 152]. Accordingly, dys-
regulation of the immune system by some drugs
might be associated with bone loss and fracture
[152]. It is worth mentioning that RANKL, a
crucial signal for osteoclast function, is expressed
by several immune cells (e.g., CD8, CD4, TH1,
TH2) [153, 154]. Moreover, T cells can suppress
osteoclastogenesis  through expression of
interferon-y (INF-y), IL-4, or T lymphocyte pro-
tein 4, which in turn suggests a protective effects
of T cells on bone [155].

4.5.1 Calcineurin Inhibitors

In vivo and in vitro studies indicate that calci-
neurin inhibitors have adverse effects on bone,
leading to increased bone loss and decreased
BMD [156]. Calcineurin is a calcium- and
calmodulin-dependent serine/threonine protein
phosphatase [157]. And inhibitors of calcineurin
are immunosuppressant agents used to prevent
organ transplant rejection and to treat autoim-
mune diseases and some non-autoimmune
inflammatory diseases [158]. Patients treated
with the calcineurin inhibitors develop osteope-
nia and have an increased incidence of fractures
[159-162]. It is suggested that calcineurin inhib-
itors suppress bone formation and stimulate
bone resorption by hindering osteoblast differen-
tiation and promoting osteoclast activity [163].
And it is possible that calcineurin inhibitors
affect bone metabolism through the regulation of
calcineurin/nuclear factor of activated T cell
(NFAT) signaling pathway, which is necessary
for osteoclastogenesis [163]. However, no data is
yet available on the effects of calcineurin inhibi-
tors on bone healing, osseointegration, as well as
dental implants, and this might need more inves-
tigation in the future.
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4.5.2 Cyclosporine

Cyclosporine A (CsA) is an immunosuppressant
drug widely used in organ transplantation to pre-
vent rejection [164]. It reduces the activity of the
immune system by interfering with the activity
and growth of T cells [165]. In vivo and in vitro
studies indicate that CsA might have anti-
anabolic effects in bone remodeling by suppress-
ing the critical role of T lymphocytes, leading to
increased bone turnover and bone loss and
increased risk of osteopenia, bone fracture, and
osteoporosis [166-168]. It is suggested the rea-
son why CsA affects bone metabolism may be
related to its immunosuppressive mechanisms
mediated by cytokines, but the specific mecha-
nism is still unclear [169].

Moreover, in vivo studies also demonstrated that
the use of CsA might delay bone healing and hinder
osseointegration around dental implants [170-172].
Given the negative effects of CsA on bone metabo-
lism, it might be reconsidered that patients with
CsA therapy undergo implant placement. However,
clinical studies are needed to confirm the effects of
CsA on dental implants survival.

4.6 Antineoplastic Drugs
Osseointegration and bone healing require cell
proliferation, differentiation, and angiogenesis.
Antineoplastic drugs act mainly by inhibiting cell
proliferation and angiogenesis. Therefore, it is
expected that this type of medication would have
negative effects on bone healing, osseointegra-
tion, and implants. Underneath we discuss some
antineoplastic drugs known to have negative
effects on bone.

4.6.1 Anti-vascular Endothelial

Growth Factor (Anti-VEGF)

In vivo and in vitro studies suggest adverse effects
of anti-vascular endothelial growth factor (anti-
VEGF) on bone turnover, bone healing, and osseo-
integration by hindering angiogenesis and
osteoclasts [173, 174]. Vascular endothelial growth
factor (VEGF), originally known as vascular per-

meability factor (VPF), is a signal protein produced
by cells that stimulates vasculogenesis and angio-
genesis [175]. VEGF is considered a key regulator
in blood vessel growth associated with angiogene-
sis that is crucial for bone repair and also can stim-
ulate bone turnover through osteoclast chemotaxis
and activity [176]. Therefore, VEGFs inhibition by
some medications can have a negative impact on
bone health [173]. These include inhibition of bone
growth, decrease of bone turnover, and impair-
ments in wound healing, because of the inhibition
of newly formed blood vessels [177], which lead to
delayed bone healing and less osseointegration for
Ti implants [173]. However, epidemiological stud-
ies are needed to confirm this.

4.6.2 Radium-223

The principal use of radium-223 (Ra-223, *’Ra)
is to treat metastatic cancers in bone as a radio-
pharmaceutical, with the advantages of its chemi-
cal similarity to calcium and the short range of
the alpha radiation it emits [178]. ?Ra, an iso-
tope of radium with an 11.4-day half-life, is a tar-
geted a-particle emitter that selectively targets
bone metastases with high energy [179]. As a
calcium mimetic, ?**Ra has a natural bone-
seeking capability and preferentially binds to
newly formed bone matrix, targeting osteoblastic
metastatic lesions [180]. The high-energy, short-
range a-particle radiation predominantly induces
irreparable double-stranded DNA breaks result-
ing in potent cytotoxic activity localized to target
areas while minimizing damage to bone marrow
and adjacent healthy tissue [180, 181]. Despite its
effect on bone, no data is yet available on the
effects of 2*Ra on bone fracture, bone healing,
osseointegration, and/or dental implants, which
might need more investigations in future studies.

4.6.3 Exemestane

In vitro and clinical studies suggest that exemes-
tane treatment reduces BMD, increases osteopo-
rosis, accelerates bone turnover, and increases
bone fracture risk [182—184]. Exemestane is an
aromatase inhibitor, and it is used in the treatment
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of early and advanced breast cancer, acting by
substantially reducing estrogen synthesis [185].
Exemestane has an anabolic effect on bone
metabolism, increasing both markers of bone for-
mation (i.e., bone alkaline phosphatase (BAP),
procollagen type 1 amino-terminal propeptide
(PINP), and osteocalcin) and bone resorption
(i.e., C-telopeptide (CTX) and N-telopeptide
(NTX)) [182]. The fact that not only bone resorp-
tion but also bone formation is increased in
patients treated with exemestane is interesting,
and it may be because the enhanced bone degra-
dation could lead to enhanced synthesis per se
[186]. Nevertheless, future studies are needed to
look into the effects of exemestane on osseointe-
gration and dental implants.

4,7 Chemotherapeutic Agents
Chemotherapy is a treatment using chemothera-
peutic agents (cytostatic or cytotoxic agents) to
treat cancer by preventing the proliferation of
cancer cells [187]. The problem of using chemo-
therapeutic agents is their lack of selectivity,
which might lead to actions on normal cells that
have an accelerated cell cycle, including bone
cells [187]. In vivo studies indicate that the use of
chemotherapeutic agents is associated with
delayed bone healing and less osseointegration
[187]. On the other hand, studies report no detri-
mental effects of chemotherapeutic agents on
osseointegration and dental survival [188]. So it
seems that there is no available evidence to prove
that patients undergo chemotherapy cannot take
dental implant placement. However, given the
negative effects of postoperative chemotherapy
on bone formation, we should be aware of the
risk to place implants on patients who are using
chemotherapeutic agents.

4.8 Anti-inflammatories
Anti-inflammatories are a group of drugs that
used to treat or reduce inflammation or swelling
[189]. Underneath we discuss the anti-
inflammatories known to affect bone and/or den-
tal implants.

Nonsteroidal Anti-
inflammatory Drugs (NSAIDs)

4.8.1

In vivo, in vitro, and clinical studies indicate that
nonsteroidal anti-inflammatory drugs (NSAIDs)
inhibit bone healing, decrease BMD, inhibit
newly formed bone, and increase the risk of bone
fracture, playing a detrimental role in bone metab-
olism [190, 191]. NSAIDs, such as ibuprofen,
indomethacin, aspirin, ketorolac, and naproxen,
are widely used to relieve pain and inflammation,
particularly for symptoms associated with osteo-
arthritis and other chronic musculoskeletal condi-
tions [192]. NSAIDs reduce pain and inflammation
by inhibiting the synthesis of prostaglandin [193].
However, NSAIDs present negative side effects
on bone since prostaglandin plays an important
role in bone metabolism [194].

One particular situation in which NSAIDs can
have a negative impact on bone is in procedure
involving bone healing [195]. Bone injuries result
in the local production and release of prostaglan-
dins [195]. This release of prostaglandins triggers
inflammation and increases the activity of osteo-
blasts and osteoclasts, all of which are ultimately
required for proper bone healing [193]. NSAIDs
inhibit this production of prostaglandins and
thereby interfering directly with the proper pro-
cess of bone healing [195-198].

Our epidemiological study [137] also discovers
that NSAIDs exert adverse effects on osseointe-
grated dental implants (HR =2.47;95% CI=1.09—
5.58), and this might be exacerbated by the fact
that patients who need NSAIDs therapy are often
given co-therapy of gastro-protectants (i.e., PPIs),
as prevention for gastroesophageal side effects
[199], which also has negative effects on bone.
However, in vivo studies also confirm that loss of
osseointegration and delayed peri-implant bone
healing are observed after NSAID administration
[200, 201]. Therefore, it may be advisable to avoid
NSAID prescription before or after bone surgeries
and/or implant placement [202].

4.8.2 Glucocorticoids

Glucocorticoids, such as cortisone, are a class of
corticosteroids that are highly effective in the
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treatment of inflammatory and autoimmune con-
ditions [203]. In vivo, in vitro, and clinical stud-
ies indicate that glucocorticoids affect bone by
increasing bone resorption and decreasing bone
formation, mediated by direct actions on bone
cells, leading to increased osteoporosis and risk
of bone fracture [204, 205]. Glucocorticoids act
directly on differentiated osteoclasts to extend
their life span and on osteoblasts to stimulate
their apoptosis [206] and also reduce vitamin D
plasma level [207]. Glucocorticoids cause bone
loss in two phases: a rapid, early phase in which
bone mass is lost due to excessive bone resorp-
tion and a slower, later phase in which bone is
lost due to inadequate bone formation [206, 208].

Regarding the effects of glucocorticoids on
osseointegration and dental implants in vivo,
there are conflicting results. Some studies report
that delayed implant healing and decreased
osseointegration are associated with glucocorti-
coids treatment [209, 210]. But others suggest no
association between glucocorticoids users and
nonusers [211, 212]. However, given their nega-
tive effects on bone metabolism, clinical studies
should be carried out to address the influence of
glucocorticoids on bone healing, osseointegra-
tion, and dental implants.

4.9 Hormone Replacement

Therapy

Hormones are chemicals made by glands that
travel throughout the body and have effects on
growth, maturation, energy, weight, and bone
strength [213]. Sex hormones (estrogen made in
the ovary of females and testosterone made by
the testes in males) control ability to reproduce
and also lead to increased bone strength espe-
cially in early teenage years [213]. Other hor-
mones come from the thyroid gland, the
parathyroid gland, the pituitary gland near the
brain, and the brain itself. These hormones con-
trol levels of calcium in the blood, energy levels,
and ability to grow [214]. They act the same in
both genders. Underneath we discuss some of the
main hormones and hormone replacement
therapy.

4.9.1 Thyroid Hormone

The thyroid is one of the largest endocrine glands
in the body, controlling energy sources, protein
synthesis, and the sensitivity to other hormones
[215]. It participates in these processes by produc-
ing thyroid hormones, thyroxine (T,) and triiodo-
thyronine (T;), synthesized from iodine and
tyrosine [215]. In vivo, in vitro, and clinical stud-
ies show that T is essential for the normal devel-
opment of endochondral and intramembranous
bone and plays an important role in the linear
growth and maintenance of bone mass [216]. T;
deficiency or excess results in severe skeletal
abnormalities in childhood, and thyrotoxicosis is
associated with osteoporosis and an increased risk
of fracture in adults [217]. In the growth plate, T
inhibits chondrocyte proliferation and promotes
hypertrophic differentiation, matrix synthesis,
mineralization, and angiogenesis [218]. It also
promotes osteoblastic proliferation, differentia-
tion, and apoptosis, by its induction of IL-6, PGs,
and RANKL, and also promotes osteoclast forma-
tion and activation [219]. Besides, thyroid hor-
mones may act on bone cells indirectly by
increasing secretion of growth hormone and insu-
lin-like growth factor-1 (IGF-1) and also produc-
ing calcitonin that is crucial in calcium
homeostasis [215, 219]. Future studies should
address the influence of thyroid hormone on bone
healing, osseointegration, and dental implants.

4.9.2 Gastric Inhibitory Polypeptide
(GIP)

In vivo and in vitro studies indicate that gastric
inhibitory polypeptide (GIP) exerts a protective
effect on bone with decreased bone resorption
and increased bone formation, by favoring osteo-
blast function, hindering apoptosis, and improv-
ing calcium intake [220, 221]. GIP is a
gastrointestinal peptide hormone that is released
from duodenal endocrine K cells after absorption
of glucose or fat [222]. GIP is used for the treat-
ment of type 2 diabetes, as well as obesity-related
glucose intolerance and the alleviation of insulin
resistance [223].
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Besides gastric tissues, GIP receptor is also
expressed in osteoblasts regulating bone turnover
[224], and its activation with GIP protects osteo-
blasts from apoptosis and increases their func-
tion, leading to promoted osteoblastic bone
formation [220, 224]. GIP also promotes the effi-
cient storage of ingested calcium into bone, play-
ing a positive physiological role in calcium
homeostasis in vivo [220]. Therefore, the eleva-
tion of blood GIP levels elicited by meals plays a
crucial role on preventing osteoporosis pathogen-
esis and development [220]. Given its positive
effects on bone metabolism, further research is
required to elucidate the role of GIP on fracture
risk, bone healing, osseointegration, and dental
implants.

4.9.3 Sex Steroids

In vivo, in vitro, and clinical studies indicate that
sex steroids, the steroid hormones that interact
with vertebrate androgen or estrogen receptors,
play a major role in the regulation of bone turn-
over [225]. This is why gonadectomy in either
sex is associated with increased bone remodel-
ing, increased bone resorption, decreased BMD,
and a relative deficit in bone formation, resulting
in accelerated bone loss and increased risk of
bone fracture [226].

The effects of cellular and molecular media-
tors of sex steroid on the bone-forming osteo-
blasts and bone-resorbing osteoclasts can be
explained by the fact that both estrogen and
androgens inhibit bone resorption via the
RANKL/RANK/osteoprotegerin system, as well
as by reducing the production of pro-resorptive
cytokines, along with their direct effects on
osteoclast activity and life span [225].

Also studies show that serum osteoprotegerin
(OPG) and RANKL concentrations might be
influenced by menopause [227]. Therefore, it is
indicated that estrogen replacement therapy exerts
beneficial effects in preventing and treating osteo-
porosis in postmenopausal women, increasing
BMD, and decreasing the risk of fracture [228-
230]. As abovementioned, estrogen depletion is
an important risk factor for the development of

osteoporosis [231], so it is important to consider
the estrogen replacement therapy as a possible
underlying factor for bone-related diseases [228].
Regarding to dental field, estrogen deficiency
results in significant loss of interproximal bone
density, and the use of estrogen replacement ther-
apy led to increased density in the crestal and sub-
crestal regions of the alveolar bone [232].

However, currently there is no literature avail-
able on the effects of sex steroid or estrogen
replacement therapy on bone healing, osseointe-
gration, and dental implant survival, especially
for aged women, and future research is needed on
this.

4.10 Anti-osteoporosis Drugs

Osteoporosis is a skeletal disorder characterized
by compromised bone strength predisposing to
an increased risk of fracture [233]. Bone strength
primarily reflects the integration of bone density
and bone quality [234]. Many pharmacological
agents are approved for the treatment of osteopo-
rosis [233]. We find that grouping them into anti-
catabolic and anabolic classes based on the
mechanisms of their actions on bone remodeling
[233] that we discuss underneath.

4.10.1 Sex Steroids (See section
4.9.3)

4.10.1.1 Parathyroid Hormone (PTH)

PTH, an 84-amino acid peptide secreted by the
parathyroid glands, is essential for the mainte-
nance of calcium homeostasis, and its actions can
regulate bone remodeling [235]. PTH regulates
calcium homeostasis because the signal for its pro-
duction and secretion is a reduced extracellular
ionized calcium concentration, while the signal for
its reduction is an increase in extracellular ionized
calcium concentration [236]. In vivo, in vitro, and
clinical studies prove that PTH has direct effects on
osteoblasts and osteocytes and indirect actions on
osteoclasts, exerting either anabolic or catabolic
effects depending on the duration and periodicity
of PTH exposure [236]. The intermittent adminis-
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tration of PTH has anabolic effects on the skele-
ton, while the catabolic actions can be seen upon
continuous exposure to PTH [237]. With continu-
ous PTH infusion, PTH receptor signaling in
osteoblasts and osteocytes can increase the
RANKL/OPG ratio, thereby stimulating bone
resorption [238]. In contrast, PTH induces bone
formation due to its ability to downregulate SOST/
sclerostin expression in osteocytes, unleashing the
anabolic Wnt signaling pathway, and also stimu-
late the expression of runx2, osteocalcin, ALP, and
collagen type 1 alpha 1 (COL1AL1), which are all
typical signals of bone formation [238].

Preclinical and clinical studies indicate that
PTH given intermittently has beneficial effects
by improving BMD and bone mass, reducing
fracture risk (both osteoporotic and nonosteopo-
rotic) and osteoporosis, while also improving
fracture healing [235]. Actually, PTH is consid-
ered to be the only osteoanabolic therapy cur-
rently available for osteoporosis and bone
fracture healing [235, 239]. In vivo studies also
indicate that PTH administration increases bone
density around implants and enhances implant
anchorage and early fixation, which might lead
to improved clinical results in future studies
[240].

4.10.1.2 Calcitonin

Standard treatment for postmenopausal osteoporo-
sis usually includes calcium supplementation and
exercise along with the prescription of antiresorp-
tive drugs, such as calcitonin [241]. Besides its use
for treatment of postmenopausal osteoporosis, cal-
citonin is also used to treat hypercalcemia, Paget’s
disease, and other bone-related conditions [241].
The hormone participates in calcium and phos-
phorus metabolism, counteracting PTH [241]. In
vivo, in vitro, and clinical studies demonstrated
that calcitonin is a physiologic endogenous inhibi-
tor of bone resorption that can decrease osteoclast
number and osteoclast activity, leading to
decreased bone resorption, increased BMD,
reduced osteoporosis, and reduced risk of bone
fractures [242, 243]. Due to its positive effects on
bone metabolism, future studies should address
the influence of calcitonin on bone healing, osseo-
integration, and dental implants.

4.10.1.3 Bisphosphonate

Bisphosphonates, such as clodronate and zole-
dronic acid, are used to inhibit bone resorption
by regulating osteoclast function, particularly in
the management of osteoporosis and Paget’s
disease [244]. In vivo, in vitro, and clinical stud-
ies indicate that bisphosphonates are used suc-
cessfully in the treatment of osteoporosis to
reduce bone resorption and hypercalcemia and
prevent pathologic bone fractures [244].
Specifically, bisphosphonates bind to hydroxy-
apatite crystals and inhibit crystal growth and
dissolution [245]. Besides, bisphosphonates
also act directly on osteoclasts and interfere
with specific intracellular biochemical pro-
cesses such as isoprenoid biosynthesis and sub-
sequent protein prenylation to inhibit cell
activity [246]. However, there is growing con-
cern regarding the fact that bisphosphonates,
particularly nitrogen-containing bisphospho-
nates, may be associated with bisphosphonate-
related osteonecrosis of the jaw (BRONJ) by
inhibiting osteoclasts activity and over-sup-
pressing bone remodeling [247]. BRONJ is an
area of uncovered bone in the maxillofacial
region that did not heal within 8 weeks after
identification by healthcare provider, in a patient
who was receiving or had been exposed to
bisphosphonate therapy without previous radia-
tion therapy to the craniofacial region [248].
Literature is conflict regarding the association
between BRONIJ and dental implants. In 2007,
the American Association of Oral and
Maxillofacial Surgeons recommended that den-
tal implants should be avoided in patients
receiving bisphosphonates treatment because an
increased risk of BRONIJ is associated with den-
tal implants [249]. But other studies observed
no association or found out a late complication
of BRONI in those dental implant patients but
not related to the oral surgery [250]. However, it
is necessary for the need of an extended follow-
up of patients who are taking bisphosphonates
and also undergo dental implant placement, and
their dental implants should be removed only if
the antibiotic treatment fails to alleviate the
signs and symptoms of BRONJ [250]. Future
studies are necessary for the deeper explanation
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on this topic, as well as the effects of bisphos-
phonates on bone healing, osseointegration, and
dental implants.

4.10.1.4 Sclerostin Inhibitors

Sclerostin is a protein encoded by the symbol for
the protein sclerostin (SOST) gene. Sclerostin is
a secreted glycoprotein with a C-terminal cyste-
ine knot-like (CTCK) domain and sequence simi-
larity to the DAN (differential screening-selected
gene aberrative in neuroblastoma) family of BMP
antagonists [251]. In vivo and in vitro studies
indicate that sclerostin is produced by the osteo-
cyte and has anti-anabolic effects on bone forma-
tion by binding to low-density lipoprotein
receptor-related protein 5/6 (LRP5/6) and inhib-
iting Wnt signaling [252]. The absence of scleros-
tin results in the high bone mass clinical disorder
sclerosteosis [252]. Antibodies to sclerostin
increase bone formation dramatically and
improve bone strength without affecting bone
resorption [252]. Therefore, sclerostin inhibitors
are currently being explored as a potential ana-
bolic treatment of osteoporosis [253]. However,
future studies are still needed to confirm the
effects of sclerostin inhibitors on bone healing,
osseointegration, and implants.

4,11 Hypercholesterolemia

Medications

Hypercholesterolemia, also called dyslipidemia,
is the presence of high levels of cholesterol in the
blood, which needs anticholesterol drugs for the
treatment [254]. Underneath we discuss statins,
the medication widely used for hypercholesterol-
emia which also can exert effects on bone and
dental implants.

4.11.1 Statins

Statins, also  known as  3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA) reduc-
tase inhibitors, are a class of lipid-lowering
medications that reversibly inhibit the enzyme
HMG-CoA reductase which plays a central role

in the production of cholesterol [255]. Statins are
currently used for clinical treatment of hypercho-
lesterolemia [255]. Besides their action as lipid-
lowering agents, statins can also regulate bone
metabolism [256].

In vivo, in vitro, and clinical studies have shown
that administration of statins presents anabolic
effects on bone by promoting osteoblast activity
and suppressing osteoclasts, resulting in increased
bone formation, increased BMD, improved frac-
ture healing, decreased risk of bone fracture, and
prevention of osteoporosis [257, 258]. Statins
stimulate the expression of anabolic genes, such as
BMP-2, COLLIA1, and osteocalcin, and also sup-
press osteoclast activity by decreasing RANKL/
OPG ratio, leading to beneficial effects on bone
[259, 260]. Moreover, in vivo studies also indicate
that statins can promote osseointegration and bone
healing around titanium implants, even in osteopo-
rotic animals [261, 262]. However, its impact on
implant success needs to be confirmed in epide-
miological studies.

4.12 Antihistamine Drugs

Antihistamines are a type of pharmaceutical drug
that opposes the activity of histamine receptors in
the body and are used to treat allergic diseases
[263]. In vivo, in vitro, and clinical studies indi-
cate that antihistamine drugs can cause increased
BMD and decreased bone resorption, but it inhib-
its bone healing [264]. Antihistamines increase
the levels of serum calcitriol and directly enhance
bone formation by stimulating calcitriol synthe-
sizing enzyme [265]. Histamine seems to medi-
ate the osteoclastic pathway by expression of
RANKL in osteoblasts and bone marrow stromal
cells [266-268]. Antihistamines then stimulate
RANKL expression, but cannot develop osteo-
clastogenesis, resulting in increased BMD but
delayed bone healing [265]. No data indicating
there is association between antihistamines and
increased risk of bone fracture, so more researches
are needed for further investigation on this, as
well as the association between antihistamines
and other procedures, such as osseointegration
and dental implant survival.
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4.13 HIV Infection Therapy

Human immunodeficiency virus infection and
acquired immune deficiency syndrome (HIV/
AIDS) is a spectrum of conditions caused by
infection with the human immunodeficiency
virus (HIV). Antiretroviral therapy is currently
the most commonly used treatment for HIV/
AIDS and also exerts effects on bone metabolism
that are discussed underneath.

4.13.1 Antiretroviral Therapies

It seems that the use of antiretroviral therapies
causes increased bone loss, decreased BMD,
increased osteoporosis, and increased fracture
rate, according to in vivo and clinical studies
[269]. Patients with HIV/AIDS are living longer
due to the success of highly active antiretroviral
therapy [270], with dramatically reduced mor-
bidity and mortality rates from the HIV infection
[271]. There have been anecdotal reports of bone
disorders such as avascular necrosis of the hip
and compression fracture in HIV-infected
patients receiving antiretroviral therapies, which
are recognized complications of severe osteopo-
rosis [271, 272]. The mechanisms underlying the
bone loss with antiretroviral therapies initiation
are not clear, because of the inability to replicate
in vivo effects of that in vitro [273]. It might be
because that these drugs increase osteoclastogen-
esis, induce osteoclastic function, and lead to
increased bone resorption and loss [207, 271].
Future studies are needed to confirm the mecha-
nism in vitro and also the effects of antiretroviral
therapies on bone healing, osseointegration, and
dental implants.

4.14 Anticoagulants

Anticoagulants are a class of drugs that work to
prevent blood coagulation (clotting), among
which heparin is one of the most frequently
prescribed drugs. Heparin also has been proven
to affect bone metabolism that is discussed
underneath.

4.14.1 Heparin

Heparin, which works by activating antithrombin
IIT and blocking thrombin from clotting blood, is
a widely used injectable anticoagulant, to treat
and prevent deep vein thrombosis and pulmonary
embolism (collectively known as venous throm-
boembolism), and is also used as part of the treat-
ment of myocardial infarction and unstable
angina [274].

Epidemiological, in vivo, and in vitro studies
reveal that heparin decrease BMD, increase bone
fractures, and develop osteoporosis by enhancing
bone resorption and hindering bone formation
[275]. Heparin treatment leads to a reduction in
bone density and an increased risk of fractures
because it stimulates BMP signaling and possibly
Whnt signaling, which results in enhanced miner-
alization in vitro [275]. Previous published pro-
tein data on the decoy effects of heparin on OPG
binding to RANKL suggests that heparin stimu-
lates osteoclastogenesis by downregulating the
expression of OPG [276-278]. There is no sig-
nificant correlation between bone density and the
dose or duration of heparin [279]. Also there is no
literature talking about the effects of heparin on
bone healing, osseointegration, and dental
implant survival, which may bring out more
insight, especially that patients who receive hep-
arin appear to have an increased risk of overall
and major bleeding events [280].

4.15 Alcohol

Alcohol is a central nervous system depressant
with detrimental systemic effects on central ner-
vous system, gastrointestinal tract, immune sys-
tem, cardiovascular system, and bone tissue [281,
282]. In vivo, in vitro, and clinical studies indi-
cate that alcohol exert negative effects on bone
metabolism by inhibiting osteoclast activities,
leading to delayed bone healing and increased
risk of osteoporosis and bone fracture [282, 283].

Studies also discover the negative effects of
alcohol on osseointegration and dental implants
in vivo, with less bone density around implants
and reduced direct bone-to-implant contact [284].
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Clinically, alcohol addiction seems to be signifi-
cantly associated with higher risk of dental
implant failure [285]. The possible mechanism
might be due to suppression of T lymphocytes
and impaired mobility, adhesion, and phagocytic
capabilities of the innate immune system [286].

4.16 Final Remarks

In the above we have summarized the literature
on drugs we know could affect bone and osseoin-
tegration. However, we cannot rule out many
other possible drugs that have not been investi-
gated yet. There are over 1400 FDA-approved
drugs that are being used routinely all around the
world. And future studies will have to be done to
explain the effects of other drugs on bone, osseo-
integration, and implants.
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Abstract

An accurate radiographic presurgical assessment
is required for planning implant placement in
edentulous mandible. The radiographic evalu-
ation helps the clinician to determine the
quantity and quality of bone available in the
alveolar ridge to support implants. Accurate
information concerning the location of ana-
tomical structures is of fundamental impor-
tance for preoperative planning. Damage to
these structures or implant placement beyond
the anatomical boundaries can cause consider-
able complications. This chapter provides thus
information regarding the various imaging
modalities available, their specific application
and the potential information that each can
provide concerning the anatomical appear-
ance, location, dimensions and variations of
critical structures that are routinely encoun-
tered during implant placement.
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Careful gathering of clinical and radiological
information results in high success rate for dental
implant placement in edentulous mandible [1].
Important aspects in the planning of dental
implants are consideration of the bone morphol-
ogy and the relationship between the implant and
the anatomical structures such as neurovascular
bundles. An accurate radiographic presurgical
assessment of bone quantity and quality is thus
required to obtain this information and provides
the opportunity to prevent complications during
implant placement [2, 3]. The radiographs help the
clinician to visualize the alveolar ridge and adja-
cent structures in all three dimensions and guide
the choice of site, number, size and orientations of
the implants [4, 5]. Imaging modalities also con-
tribute information for intraoperative and postop-
erative assessment of the implants. The aim of this
chapter is not only to provide information regard-
ing the various imaging modalities available but
also their specific application and the potential
information that each can provide concerning the
anatomical appearance, location, dimensions and
variations of critical structures that are routinely
encountered during implant placement.

Usually a combination of radiographic tech-
niques is applied to dental implant case manage-
ment, including panoramic radiography, intraoral
radiography and cone beam CT. Each examina-
tion has specific indications, advantages and dis-
advantages, and the decision about ordering
specific imaging is based on clinician judgment.
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5.1 Panoramic Imaging

Panoramic radiography is considered as the
imaging modality of choice for initial implant
site assessment [3]. Although the resolution and
sharpness of panoramic radiographs are less than
those of intraoral radiographs, panoramic radio-
graphic technique provides a single comprehen-
sive image of jaws and related anatomical
structures [6]. Its broad coverage of the maxil-
lomandibular structures, low dose of radiation
(Table 5.1) and simple and easy-to-use extraoral
technique are some advantages of this imaging
modality. It is particularly useful in making pre-
liminary estimations of alveolar ridge and
boundaries of the mandibular canal. However,
measurements with panoramic radiograph are
unreliable because of geometrical distortion
such as unequal magnification [10]. Image size
distortion varies significantly between images
from different panoramic units and at different
locations within the same radiograph. Patient’s
head positioning errors and discrepancies
between the curvature of the dental arch and
focal trough of the machine can also exacerbate
distortions [6]. Compared with contact radio-
graphs of dissected anatomic specimens, only
17% of panoramic measurements between the
alveolar crest and superior wall of the mandibu-
lar canal were found to be accurate within 1 mm
[11]. As other imaging techniques which are
two-dimensional, panoramic radiographs are
further limited by the lack of information on the
buccolingual dimensions.

5.2 Intraoral Radiography

Periapical radiography can be used to supplement
the preliminary information from panoramic radi-
ography [3]. The paralleling technique provides
an image with minimal distortion and can thus be
used for determining vertical and mesiodistal
dimensions of the edentulous mandibular area
being examined [11]. Periapical radiographs pro-
vide also images of excellent resolution with fine
bony details allowing determination of bone
architecture and bone quality (bone density,
amount of cortical and trabecular bone among
other factors). But extra cautions should be
applied while interpreting the images. Firstly, the
technique is highly operator dependent and
requires a moderate level of patient compliance to
provide images with minimal geometrical distor-
tions [3]. Even if paralleling technique is used, it
is often difficult to achieve an optimal projection
when dealing with a resorbed edentulous alveolar
ridge. The position of the image receptor may
thus not result in an accurate display of the height
of the alveolar ridge, and the image receptor
holder may dig into the lingual sulcus causing
patient discomfort [12]. The technique presents
also anatomic limitations. Although only a lim-
ited area of the dentoalveolar region is visualized,
intraoral radiograph is subject to anatomic super-
imposition and misinterpretation. The lack of
information in the third dimension may lead the
clinician to use preoperative sectional imaging for
planning of implant length/diameter [13].
However, periapical radiograph can be used to

Table 5.1 Effective dose from conventional dental radiography, cone beam CT and CT scan and equivalent background

exposure
Equivalent background

Effective dose (uSv) exposure (days) References

Intraoral radiography 15° Granlund et al. [7]

Panoramic radiography 4-30 0.5-3 Okano and Sur [8]

Cone beam CT 11-674 (small FOV)*  1-67 European Commission (EC) [9]
30-1073 (large FOV)  3-107

CT scan for dental implant 250-860 25-86 Okano and Sur [8]

#Full-mouth intraoral examination

"Height of field of view (FOV): small FOV <10 cm; large FOV >10 cm
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confirm whether implant placement has been sat-
isfactory in terms of angulation and depth.
Periapical radiograph is also indicated in the post-
operative follow-up, specifically to assess the
bone-implant interface and marginal peri-implant
bone height at regular intervals for depicting a
possible lack of osseointegration or bone loss due
to peri-implantitis [11].

5.3 Cone Beam CT Imaging
Cone beam CT (CBCT) is a fairly recent imaging
modality as these devices were introduced in den-
tomaxillofacial imaging in the late 1990s [14].
CBCT imaging has progressed rapidly and is now
a widely used imaging approach in dentomaxil-
lofacial radiology [10]. This imaging modality
offers a much reduced exposure to radiation [8§],
the production of images of higher resolution than
medical CT scan and much lower capital invest-
ment in the purchase of equipment [10]. In com-
parison with conventional two-dimensional
imaging modalities, CBCT imaging presents as
main advantages the elimination of superimposi-
tion of adjacent structures and absence of image
magnification. CBCT provides images of highly
contrasting structures and is therefore particularly
well suited for the imaging of osseous structures
of the jaws. This imaging modality allows thus a
complete 3D evaluation of alveolar ridge topogra-
phy prior the implant insertion. Bone quantity is
assessed by measuring the height and width of
available alveolar bone and by the morphology of
the alveolar ridge. Cross-sectional images at
approximatively 1 mm intervals are very useful
for determining buccolingual width and height of
the ridge and angulations of bone [15, 16].
CBCT allows thus more than diagnosis; it
facilitates image-guided surgery [17]. Planning
software are available to facilitate virtual implant
placement and to create surgical implant guid-
ance templates. Among the various imaging
modalities available, CBCT has been proved to
have the greatest impact on the planning of dental
implant placements [18]. Careful examination

and planning of the treatment result in a high suc-
cess rates of 97% for dental implants [1]. The
CBCT is therefore considered as the imaging
modality of choice for preoperative cross-
sectional imaging of potential implant sites [3].
This technology also provides the practitioner
with a modality extending maxillofacial imaging
from diagnosis to image guidance of operative
and surgical implant placement procedures.

Nevertheless, artefacts can seriously degrade
the quality of CBCT images. Among the many
different types of artefacts encountered in CBCT,
patient motion can be a major cause of misregis-
tration of data [10], particularly in edentulous
patient. These artefacts can be attributed to
improper stabilization or fixation of the patient’s
head during acquisition. In CBCT, any move-
ment of the patient affects the quality of the entire
volume of data, causing image blurring or double
images. Since the resolution in CBCT is very
high, ranging from 0.070 to 0.300 mm, even
small motion can impair image quality [19].
Motion artefacts can be minimized by stabilizing
edentulous mandible with positioning aids and
using as short a scan time as possible [18].

5.4 Radiation Dose
Because a certain amount of radiation is inevita-
bly delivered to patients, the main objective is to
produce images of optimal quality with the least
amount of radiation exposure, a principle known
as ALARA (as low as reasonably achievable).
The radiation exposure from CBCT is generally
higher than in conventional radiography (intraoral
and panoramic radiographs) but considerably
lower than in CT scan [10]. Reported effective
doses for intraoral radiography, panoramic radi-
ography and cone beam CT are listed in Table 5.1.
The radiation dose from any CBCT device
largely depends on the type of machine and scan
settings including field of view (FOV), number
of basis image projections or exposure time (s)
and scan modes, among other factors [20, 21].
As dose received being strongly related to field
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size, patient radiation dose can be significantly
lowered by adequately collimating the primary
X-ray beam to the minimum size needed to
image the structures of interest [22, 23]. On the
other hand, the radiation dose is depending on
the voxel size, i.e. higher radiation doses are
needed when decreasing voxel size [24].
Radiation dose is also depending on the region
being scanned because radiosensitive organs as
salivary glands or thyroid gland can be exposed
to scattered radiation or primary beam during
acquisition [10]. Accordingly, the use of lead
shielding is appropriate to protect the thyroid
gland during radiographic examination [25].
Thyroid skin exposure can indeed be reduced by
33-84% in adults and 63-92% in children by
using thyroid shield [26].

5.5 Preoperative Implant

Imaging

As recommended by evidence-based guidelines
[3], initial implant imaging is best achieve with
panoramic radiography. Periapical radiography
may supplement the preliminary information
from panoramic radiography in obtaining images
of excellent resolution for demonstrating fine
details of bone architecture and quality. For the
preoperative diagnosis phase, CBCT imaging is
recommended for cross-sectional imaging of
potential implant sites [3].

Candidates for dental implants are preopera-
tively evaluated to determine the quantity and
quality of bone available in the alveolar ridge to
support implants. In addition to evaluation of
internal anatomy, consideration should be given
to jaw shape, orientation and boundaries [27].
The amount of bone varies considerably because
the edentulous regions undergo bone resorption.
This can considerably diminish the height and
thickness of the alveolar ridge. Patients must
also be evaluated to determine the precise location
of the mandibular anatomical structures. A metic-
ulous radiographic examination is required to
obtain all this information. Violation or damage

to these structures or implant placement beyond
the anatomical boundaries can cause consider-
able complications [2, 28-31]. Some of the
anatomical structures that are routinely encoun-
tered during implant placement are discussed
below.

5.5.1 Posterior Mandible

Depiction of the mandibular canal is of funda-
mental importance for preoperative planning of
implant placement involving the posterior man-
dible [32]. This canal travels within the mandible
and houses a neurovascular bundle consisting of
the inferior alveolar nerve, the inferior alveolar
artery and the inferior alveolar vein. This neuro-
vascular bundle enters the mandibular canal
through the mandibular foramen on the medial
surface of the ramus and exits through the mental
foramen. The average diameter of the canal in its
horizontal part is approximatively 3.4 mm wide
[33]. As the nerve and vessels proceed in the man-
dibular canal, the canal follows usually (70%) the
lingual cortical plate at the mandibular ramus and
body [34]. The mental nerve and vessels exit the
mental foramen, and the canal continues anteri-
orly as the mandibular incisive canal. Damage to
the inferior alveolar bundle is one of the major
complications in dental implant surgery in the
mandible and results in most cases from poor
characterization of the location of the mandibular
canal [30]. The identification of the mandibular
canal is therefore a requirement for planning
implant placement particularly in case of ridge
atrophy of the posterior part of the mandible [35].
The radiographic appearance usually involves a
radiolucent channel lined by two more or less
sclerotic borders. Indeed the cortication of walls
of the canal is quite variable which may explain
why in some cases the delineation of the mandib-
ular canal course is not always so evident. The
visibility of the canal decreases towards the men-
tal foramen (Fig. 5.1), and when only one border
of the canal is seen, it is typically the inferior bor-
der [35]. In severe atrophic mandible, the man-
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Fig. 5.1 Panoramic images showing the mandibular
canal. (a) The posterior segment of the mandibular canal
is more identifiable than the portion of the canal near to
mental foramen. (b) The inferior border of the canal
(empty yellow arrowheads) is usually easier to identify
than the superior border on panoramic radiograph

Fig.5.2 Cone beam CT imaging of severe atrophy of the
alveolar ridge. (a) 3D volumetric rendering of the edentu-
lous mandible. (b) Series of cross-sectional images in the
mandibular premolar and molar areas showing the close

dibular canal can be adjacent to the crest of the
alveolar ridge [36] (Fig. 5.2). Moreover, the eden-
tulous mandibular regions may present a reduc-
tion in size of the neurovascular bundle influencing
the visibility of the mandibular canal [37].
However, CBCT shows significantly better visu-
alization of the mandibular canal than panoramic
radiograph [35, 38, 39], and depiction of the canal
clearly increases when the assessment is per-
formed from every sequential cross-sectional
image available [40].

Although panoramic radiographs allow the
detection of the mental foramen in 94% [41], the
conventional two-dimensional presurgical radio-
logical assessment often fails to reflect the actual
position of the foramen [42]. Accurate informa-
tion concerning the location of the mental fora-
men is generally provided by cone beam CT [29,
43]. This foramen is located on the buccal side of
the anterior mandible (Fig. 5.3) and transmits the
mental nerve in conjunction with blood vessels.
The mental foramen is typically found halfway
between the alveolar crest and the inferior bor-
der of the mandible [44]. Nevertheless, the loca-
tion of the mental foramen in edentulous patient

proximity between the roof of the mandibular canal (yel-
low arrows) and the alveolar crest. The bone resorption
associated with the presence of the mandibular canal lim-
its the available remaining bone for implant placement
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can be influenced by the amount of crestal bone
loss. After resorption of alveolar bone, the men-
tal foramen is closer to the alveolar crest

Fig.5.3 Detection of the mental foramen for preimplant
assessment. (a) Panoramic radiograph showing the course
of mandibular canal and its anterior loop (empty white
arrowheads) towards the mental foramen (filled white
arrowheads). (b) Cone beam CT cross-sections.
Emergence of the mental neurovascular bundle into the
buccal surface of the mandibular bone. Typically, the
mental foramen (white arrows) is located halfway between
the alveolar crest and the lower border of the mandible

(Fig. 5.4). In severely atrophic mandible, the loss
in bone height extends down to the roof of the
mandibular canal and causes an eventual expo-
sure of the mental foramen. Radiographs or cone
beam CT demonstrating therefore close proxim-
ity of the foramen to the alveolar crest dictate
that the foramen should be surgically located to
avoid nerve damage prior surgical procedure as
implant placement.

Lingual undercuts are common in the poste-
rior region of the mandible and pose the risk of
perforating the lingual cortical plate during
placement of implants. Panoramic radiograph
does not provide information on buccolingual
dimensions and thus fails to predict not only the
presence of any concavities in the posterior part
of the mandible but also the extent and depth of
such concavity. As reported by Nickenig et al.
[27], the prevalence of lingual undercut is sig-
nificantly higher in the second molar region
than in the first molar region. Compared to con-
ventional two-dimensional radiological assess-
ment (panoramic radiographs, periapical
radiographs), cross-sectional analysis using
CBCT provides the opportunity to determine
the presence of a lingual undercut (Fig. 5.5),
and the virtual implant planning avoids compli-
cations by perforation of the lingual cortical
bone.

Fig. 5.4 Location of the mental foramen in severe atro-
phic mandible. Panoramic and cross-sectional images of
edentulous patient. Atrophic loss of ridge height causes an

opening of the mental foramen (yellow arrows) near the
crest of the ridge and an eventual exposure of the mental
neurovascular bundle
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Fig.5.5 Detection of lingual undercuts and prevention of
lingual cortical perforation. In these two patients, pan-
oramic radiograph fails to predict the presence of lingual
concavities in the premolar and molar areas. Cross-

sectional analysis of the posterior mandibular region not
only demonstrates the lingual undercut but also shows the
marked lingual inclination of the tooth-bearing part of the
alveolar bone (see right lower cross-sections)

Fig. 5.6 Assessment of the mandibular incisive canal.
Cone beam CT examination has definitive advantage over
panoramic radiograph for identification of the course of
the mandibular incisive canal. The depiction of the canal

5.5.2 Interforaminal Region

The interforaminal region of the mandible con-
tains the mandibular incisive canal. This canal
continues the mandibular canal mesially to the
mental foramen and contains one of the terminal
branches of the inferior alveolar nerve, the man-
dibularincisive nerve (Fig. 5.6). Radiographically,
the mean diameter of the incisive canal is 1.8 mm;

clearly increases using a combination of panoramic and
cross-sectional cuts. (Mandibular incisive canal, white
arrowheads; mental foramen, white arrows)

the mean distance from the inferior border of the
mandible is 11.5 mm, and its course is closer to
the buccal border of the mandible [45]. Panoramic
radiograph can detect only 2.7% of mandibular
incisive canal, whereas its occurrence has been
shown in 95% of cases [46]. In contrast cross-
sectional imaging using CBCT allows the delin-
eation of the incisive canal in more than 90% of
the case [45, 47, 48]. A significant anatomical
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Fig.5.7 Median lingual
foramen. (a) The canal
perforating the lingual
cortex superior to the
genial tubercles
corresponds to the
lingual foramen (white
arrowhead). (b)
Example of multiple
accessory canals along
the midline of the
mandible

structure in the internal region of the mandible, at
the level of the genial tubercles, is the lingual
foramen or foramina, which contains an artery
that develops from the anastomosis of the two
sublingual arteries. These foramina are located at
the midline and are oriented at an upper-lingual
direction (Fig. 5.7). They are identified fairly
inferior, unless severe bone resorption is noted.
Lingual foramina can be identified in 83.5% of
CBCT cross sections [45]. The radiological
assessment of the accurate location of these
anatomical structures is of significant importance
before implant placement in the interforaminal
region [32, 44]. Intraoperative or postoperative
complications in this region may be in fact attrib-
uted to a direct trauma of these structures [49].
Significant variation exists concerning the
shape of the anterior mandible in cross sections.
In canine and first premolar region, a lingual
undercut is observed in 5-18% [50]. Nevertheless
the extent of the lingual concavity is less marked
than in the molar region [27]. Bone loss can also
cause progressive labiolingually thinning of the
alveolar crest. The shape of the residual ridge
may then alter into a thin and sharp knife edge
(Fig. 5.8). Further resorption leads to a low

well-rounded ridge reduced in height and width.
In advanced cases, CBCT cross sections may
reveal the lingual canal and the superior genial
tubercle becoming exposed to the ridge crest.

5.5.3 Bone Quality Evaluation

Bone quality, besides the quantity of the sur-
rounding bone, is another important factor influ-
encing the success rate obtained with dental
implants [51]. As mentioned in the literature,
CBCT imaging can provide useful information on
bone quality [52, 53], particularly the reformatted
alveolar cross-sectional CBCT images which
facilitate the assessment of both cortical plate and
trabecular bone [17]. Lekholm and Zarb [54] clas-
sified bone quality into four groups (types I-IV)
according to the ratio of compact bone to trabecu-
lar bone tissues. Anterior mandible generally
presents the highest bone density (type I) and pos-
terior maxilla has the lowest one (type IV). The
trabecular bone is generally denser and more
coarsely woven in the anterior region than in
either the premolar region or molar part of the
mandible (Fig. 5.9). These regional differences in
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Fig.5.8 Example of
alveolar bone resorption
leading to a thin and
sharp knife edge (CBCT
cross-sections of the
anterior mandible)

Fig. 5.9 Mandibular bone quality. Based on its radio-
graphic appearance, bone quality is categorized into four
groups (Zarb and Lekholm). (a) Type I: almost the entire
bone is composed of homogenous compact bone. (b) Type

II: thick cortical layer surrounding a dense medullar bone.
(¢) Type III: thin layer of cortical bone surrounding a core
of dense trabecular bone. (d) Type IV: thin cortical layer
surrounding a sparse medullar bone
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bone density may explain some of the variation in
clinical success rate of implant therapy. Indeed it
has been demonstrated that the poorer quality of
bone (type IV) is associated with higher failure
rates [51, 55]. Preoperative evaluation of bone
quality is thus crucial to assist the clinician when
planning implant therapy [56]. The higher bone
mineral density in the anterior region of the man-
dible may be one of the reasons for increased suc-
cess rate of osteointegration [57].

Considering bone density assessment, high
correlation between HU from CBCT and CT
scan voxel grey values has been reported sug-
gesting the potential of CBCT in estimation of
bone mineral density [58-60]. Nevertheless the
large amounts of scattered radiation and
technology-specific artefacts produced by CBCT
can significantly influence the grey-level values
measurements [61]. Grey-level values are also
largely dependent on the selected FOV and scan
settings [62]. Furthermore, the lack of a technical
standard for the development of CBCT systems
has led to a wide disparity in physical parameters
of each model, including, among others, grey
value measurements [62]. Developing such stan-
dard as for CT scan may be very helpful for
improving the robustness of the concordance
between the grey value measurements in CBCT
and the bone mineral densities.
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Abstract

A comprehensive clinical assessment is the
basis of safe and predictable treatment plan-
ning. A systematic approach further ensures
that all relevant aspects and factors are
included and considered. With the specific
focus on the elderly patient, the clinical assess-
ment commences with the first approach for
an appointment and the patient’s ability and
possible needs connected with attending the
dental office. At the first visit, the clinical
assessment is divided between obtaining a full
patient history, performing a clinical examina-
tion and establishing the need for additional
investigations. Specifically, for consideration
of mandibular implant overdentures, investi-
gations related to existing dentures and den-
ture wearing history are important to establish
clear indication for treatment. Similarly, a risk
assessment in relation to implant therapy is
recommended to ensure that the surgical
aspect amongst other is appropriate and that
no contraindications exist.
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6.1 Introduction

The aim of this chapter is to gather the clinical
information that is required to safely and predict-
ably plan and provide mandibular implant over-
dentures. Implant assistance for mandibular
dentures is a therapy that is both scientifically
and clinically validated, but it is not without risks
[1]. Appropriate clinical assessment is therefore
mentioned in recommendations for minimum
standards of training for dentists who wish to
undertake implant treatment (UK Training
Standards in Implant Dentistry).

The focus on rehabilitation of the edentulous
older patient adds a further important perspective
to the clinical assessment. There is no age limit
per se to provision of implant treatment [2], and
the benefits of implant support for a mandibular
denture are extensively documented [3-5]. Even
so dental implants are still scarcely used in
elderly patients and where indicated treatment
should be encouraged, whilst patients are still in
good health and able to live independently [6].
Barriers to implant treatment may be self-
imposed by the patient. It could be through fear
of the surgical aspect and it is important to dis-
cover this. The clinical assessment will also serve
to determine if the implant therapy element is
appropriate or whether there are risks and contra-
indications against doing so. As outlined already
in the previous chapters, specific treatment con-
siderations may exist and careful assessment is
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essential to identifying individual needs and
challenges to provision of care.

This chapter sets out a systematic approach to
clinical assessment to ensure that all relevant fac-
tors are considered. In turn this should assist the
process of reaching the clinical diagnoses and
indications that will guide the selection of the
most appropriate treatment option.

6.1.1 Clinical Assessment

Clinical assessment includes a number of compo-
nents. In a systematic approach, these are set out
in a logical sequence as seen in Table 6.1.
Assessment of the patient’s general status com-
mences from the moment of first contact and con-
tinues throughout the assessment. This part will
reveal physical and cognitive considerations.
Next it is important to establish the patient’s rea-
son for seeking treatment together with any other
social, medical and dental information. This is
followed by the actual clinical examination
together with any additional investigations that
may prove necessary or helpful to finally reach-
ing diagnoses and summarising indications for
treatment (the radiographic imaging under addi-
tional investigations has been covered as a sepa-
rate topic by itself in the previous chapter). A risk
assessment can also be undertaken, and an exam-
ple of this is offered towards the end of the chap-
ter. Through the chapter, factors that may impact
on difficulty of treatment process and risk of
complications are marked with @,

General Status of the Patient:
Observations

6.2

As already mentioned, age is in itself not a barrier
to implant therapy. Equally age is not a prognostic
factor for the outcome of denture treatment [7].
However, advancing age and presence of medical
conditions are likely to be reflected in both the
patient’s physical and cognitive status [8]. In turn
these may impact on the patient’s access to dental
care and ability to cope with dental procedures in
a dental chair. As such it is necessary to consider
the needs of the individual throughout the whole
treatment process. Useful information can be
gained from the moment of first contact. This
could be when the patient makes an appointment
with the dental office or through a request for a
dental visit to the patient’s abode.

6.2.1 Physical Status

The Seattle Care Pathway for securing oral health
in older patients [9] is aimed at a structured, prag-
matic and evidence-based approach to assess-
ment, and it is designed to be globally applicable.
It offers a helpful point of reference in this con-
text through its Pathway categories which are
based on level of dependency. The categories are
‘no dependency’, ‘pre-dependency’, ‘low depen-
dency’, ‘medium dependency’ and ‘high depen-
dency’. These categories are also closely linked
with the Canadian Study of Health and Aging
(CSHA) frailty scores [10].

Table 6.1 Diagrammatic representation of the components in a clinical assessment set out in a logical sequence

Relevant
patient history

Patient's
concerns

General status

of patient

Clinical
examination

Additional
investigations

Risk
assessment

Diagnoses and
indication
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The general status of the no dependency
patient presents no immediate impediment to
implant therapy although there may be other risk
factors to be explored as detailed later in this
chapter. The pre-dependency/less dependency
patients will need more detailed evaluation of
their medical status and its potential impact on
oral health and implant treatment. The medium
dependency patient will need careful investiga-
tion of the medical factors that are impacting on
oral health before implant therapy can be consid-
ered. The health of the high dependency patient
together with the difficulties of moving the
patient may preclude consideration of implant
therapy.

Signs of reduced mobility and frailty may be
immediately obvious. The patient may be accom-
panied as a means of overcoming both of these,
and it is sensible to enquire from the outset what
measures might be needed to make the patient
comfortable in the dental setting. Frailty could
further hint at concern about nutritional status
and give rise to more detailed history taking on
this point.

There may also be clear signs of medical con-
ditions. Examples are shortness of breath associ-
ated with chronic obstructive pulmonary disease
(COPD), bruising of the skin linked to anticoagu-
lation or changes to hands caused by arthritis. It
could also be reduced sight and or hearing which
can both impact on effective communication
with the patient.

From an oral perspective, it may be immedi-
ately obvious that the patient is edentulous. The
patient may present with no dentures or only one
denture in situ or with dentures that are not restor-
ing the patient’s physiognomy. The psychosocial
impact of this is one concern, and the impact on
nutritional status is very likely to be another [11].

Arthritic hands and details of the patient’s
dress appearance with Velcro bands on shoes
instead of shoelaces may hint at diminished dex-
terity. This is likely to be directly relevant to the
patient’s ability to maintain oral hygiene around
implants and associated prostheses. In turn, this
has an important bearing on the complexity of the
dental work that the patient will be able to
manage.

The above are helpful in forming an initial if
subjective impression of the patient. It should be
backed up by more detailed assessment as out-
lined later in the chapter.

6.2.2 Personal Interest
and Motivation

It is important to assess the patient’s personal
interest and motivation for treatment. Even if the
patient is unaccompanied, the driving force
behind seeking a professional consultation may
be a significant other person or event in the back-
ground. ‘My wife thinks I need new teeth’ or ‘my
daughter is getting married’. The type and source
of motivation is also likely to have a bearing on
the expectations to outcome of the treatment.

The patient may also be attending at the behest
of a relative or, as a decision of physician, care
home or home carer. This may be a pointer to the
cognitive status of the patient.

6.2.3 Signs of Anxiety

As for all dental patients, it is important to detect
signs or suggestions of anxiety in the patient’s
manner. For the older patient, the anxiety could
be centred on being able to hear what the dentist
is saying or being able to sit comfortably in the
dental chair. It is always sensible to listen out for
concerns that are expressed at the time of the ini-
tial arrangement of the appointment and to
enquire from the outset what measures might be
needed to make the patient comfortable in the
dental setting.

Anxiety could also be linked to the prospect of
implant therapy. Many older patients are known
to refuse dental implants because of their fear of
surgical complications, their feelings of frailty
and distrust of the dental profession [12].

It is also important to consider that signs of
anxiety could be due to reasons not related to the
dental situation. If there is suggestion that this
could be the case, the dental practitioner should
consider and explore alternative explanations
including the possibility of elder abuse.



82

C. Stilwell

6.2.4 Cognitive Status

It may be tempting to see an accompanying
person as an immediate help to communication
with or about the patient. However, unless
there is clear information to the contrary, it is
wise to explore and where possible first and
foremost maintain direct communication with
the patient.

Where the accompanying person has an offi-
cial role as a guardian, they should be involved in
any treatment planning decisions. A carer should
also be party to the oral health education that is
provided.

A specific reason for involving an accompa-
nying person may be the presence of dementia.
A patient with mild cognitive impairment
(MCI) may also feel happier if a person of trust
is present during the assessment. It will assist
recollection and discussion after the consulta-
tion. Cognitive considerations have been cov-
ered in an earlier chapter, but as a quick
reference here, MCI is defined as ‘cognitive
decline greater than expected for an individu-
al’s age and education level but not interfering
notably with activities of daily life’ [13].
Epidemiological studies suggest a prevalence
of 3-19% in adults older than 65 years. MCI
can be stable or can even return to normal over
time, but more than half progress to dementia
within 5 years.

6.3  Reason for Attending

6.3.1 Patient’s Concerns

As in all treatment planning, it is very important
to be clear on why the patient is seeking dental
attention. This may be quite different from the
professional findings arising from the ensuing
clinical examination [14], and it must feature
prominently in the overall treatment consider-
ations and documentation.

The reason for attending is an entry point to
gauging the nature and the magnitude of patient’s
concerns. These may be specifically dental or
more generally tied up with the physical impair-

ment of tooth loss. The impact of tooth loss
should not be underestimated [15].

The concerns may be linked to the patient’s
daily life and activities such as eating, smiling
and speaking [16, 17]. They could also present an
impediment to participating in sport or sexual
activity. They could even be forcing the patient
into avoiding social events altogether—°I don’t
accept dinner invitations for fear of not being
able to chew the food that is served’; ‘I don’t trust
my denture not to move when I laugh’; and ‘the
denture glue does not last long enough for me to
go through an afternoon out with my friends’.

6.3.2 Expectations™

The patient may have specific wishes that trans-
late into expectations. Expectations to a new
prosthesis can be very high. This has been shown
in a study where patients were asked to indicate
how satisfied they expected to be with their new
prosthesis [18]. The patient may have specific
hopes that implant therapy will resolve all of
their concerns. This could to some extent be jus-
tified as there is evidence that implant-supported
overdentures can have a positive impact on
social and sexual activity by reducing the
patient’s uneasiness [18]. However, expectations
may exceed what is realistic. An example is a
husband who requests the same implant treat-
ment as his wife. She is very happy with her
implant-supported maxillary and mandibular
overdentures. Unfortunately, her successful out-
come does not mean that implant therapy is indi-
cated or even possible for him. It is therefore
important to identify the patient’s expectations
from the outset and address them individually to
determine to which extent they are realistic and
achievable.

Expectations can also be negative and based on
apprehension about treatment. These could be due
to past dental experiences or a result of fear of
potential pain and complications associated with
surgery [12]. For many the prospect of being with-
out their denture(s) for even a short period is an
immediate barrier to implant therapy. Older people
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may feel they are not strong enough to go through
the surgical procedure. They are worried about
infection, period of recovery and that their gum
and jaw may be too thin and weak. As such they
may feel the risks outweigh the potential benefits.

Studies show that only a limited number of
elderly patients are as yet benefitting from the
improvement that dental implants can offer for a
mandibular denture. Time taken to present and
discuss the advantages of implant therapy to older
patients who are still in good health and able to
live independently [6] is an important healthcare
service both to the individual and for spreading
the message to the age group in general. It is may
also be essential to overcome a patient-imposed
barrier to the most appropriate treatment.

6.4 Patient History

This part of the clinical assessment is intended to
elicit any further information from the patient that
may be relevant to the treatment planning. It can
broadly be divided into three parts aimed at cover-
ing and exploring social, medical and dental infor-
mation not already volunteered by the patient.

6.4.1 Social Factors

There may be a number of factors that could
impact on a patient’s ability and willingness to
accept a treatment plan. For older patient who
still have work commitments these will need to
be considered in the execution of the treatment
plan. The patient may also have pre-existing
booked events, e.g. holidays that need to be fac-
tored in. The importance of support from family
and friends is well recognised [12] as is the
absence of same. There can also be restrictions
on the patient’s freedom if they are acting as a
carer for a partner or significant other (Table 6.2).

6.4.2 Medical Factors

¥ The patient’s full medical history and current
treatment need to be explored and discussed.

Table 6.2 Social factors that may impact on a patient’s
ability and willingness to undergo implant therapy

Functional and
aesthetic needs

Socioeconomic status

Marital status and family
support

Work or voluntary project
responsibilities

Treatment expectations

Past dental experiences

Medical and pharmacological considerations
have been covered in detail in a previous chapter.
It should be noted that this point comes ahead of
the clinical examination in the assessment
sequence. This is to ensure that any medical
impediment to the clinical or radiographic exam-
ination is picked up here.

The medical history should include details of
current treatment, presence of systemic and local
disease, list of prescription medicines and intake
of any other over-the-counter or alternative ther-
apy remedies. The medical history should also
disclose any allergies and absolute or relative
contraindications to dental treatment in general
or implant therapy in particular as well as pres-
ence of known risk factors.

% Smoking is a proven risk factor for implant
therapy [19]. The impact of alcohol consumption
is less clear but could play a contributory role in
terms of malnutrition, poor oral hygiene and com-
pliance in terms of risk [20]. Smoking is classified
as heavy when the patient smokes more than ten
cigarettes per day. The guidelines for maximum
units of alcohol per week vary between countries,
but the general trend is in favour of a reduction.

Where malnutrition is suspected or it forms
the basis of a medical referral for dental treat-
ment, further information is needed. This is to
ascertain the specific limitations imposed by the
dental status on diet and nutrition as well as the
impact on the patient’s health. Provision of an
implant-supported mandibular overdenture does
not in itself ensure a positive effect on nutrition
compared to conventional complete dentures
[21]. However, a customised diet advice may
have a beneficial effect [22]. Through better
chewing ability, the mandibular implant overden-
ture wearer is more likely to include fresh whole
fruits and vegetables in their diet (Table 6.3).
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Table 6.3 Medical factors that may influence implant
therapy, bone healing or patient compliance

Pre-existing
medical conditions
Medication
Allergies

Tobacco and alcohol consumption
Patient’s ability to comply with
intra- and post-operative
instructions

6.4.3 Dental Factors

& The patient’s dental history is relevant to
throwing light on potential dental risk factors. It
should also include enquiry about previous den-
ture wearing experience. The dental risk factors
include reason for tooth loss, history or present
evidence of parafunctional habits and previous
implant history or experience.

Amongst the reasons for tooth loss, a history
of “¥ periodontal disease is particularly relevant.
Patient susceptibility does not change simply
because teeth have been removed [23]. A history
of caries can also throw light on the patient’s
understanding of dental disease, its prevention
and past compliance.

Bruxism is a documented risk factor for the
durability of implant prostheses and components.
It is also a factor to consider in choice of implant
loading protocols. Confirmed presence would
favour conventional loading and less ambitious
surgical approaches.

& Details of previous implant therapy may
disclose a history of complications or failure.

Current oral medicine concerns or treatment
also comes under dental factors. These would
include diseases of the oral mucosa such as den-
ture stomatitis and “* lichen planus.

Based on current dental status, the consider-
ation of denture wearing experience can be
divided into two categories:

e Partially edentulous looking at transition to
edentulous

e These patients may have no previous experi-
ence. The current trend is that the older popula-
tion will keep teeth longer. The prosthodontically
accepted recommendation to reduce the dental
burden of maintenance through shortened den-
tal arch solutions (SDA) [24, 25] may have
obviated need for partial dentures. The age at

Table 6.4 Dental factors to consider when assessing
patients for implant therapy

Age Previous implant history
Reasons for tooth loss ~ Previous denture history
Bruxism Oral hygiene and compliance

which the transition to edentulous becomes nec-
essary may therefore be advanced and linked to
sudden changes in the patient’s circumstances.
This could be due to changes in medical factors
or in level of dependency that in turn leads to
significant change in the patient’s own ability to
maintain the residual dentition.

e If the patient does have partial denture wear-
ing experience, it is important to learn from
both positive and negative comments. Positive
comments could point to which implant con-
figurations to explore in order to carry forward
a hitherto successful partial denture design.
From negative comments, there may be diag-
nostic measures to be considered under addi-
tional investigations to address any previously
unsuccessful partial denture aspects.

e Already edentulous

* These patients can be divided into patients with
short-term only experience versus long-term
denture wearing. The short-term experience
group may be patients who have recently made
the transition to conventional complete dentures
and are still struggling with coping with conven-
tional dentures, in particular the mandibular
denture. For the long-term group, the denture
wearing experience as a whole may be favour-
able, but more recent changes due to advanced
alveolar atrophy may have affected retention,
stability or comfort of the denture(s) (Table 6.4).

6.5 Clinical Examination

The systematic approach to the assessment overall
should also be developed and followed for the clin-
ical examination. This ensures that a broader evalu-
ation is undertaken even if the patient presents with
arequest for a specific focus for treatment. The aim
is to record any and all clinical information that is
relevant to reaching diagnosis and to detect any
conditions outside of the normal range.
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It is important to document what has been
examined and what the findings are. A systematic
clinical examination would include both an extra-
oral and an intraoral examination. In the context
of mandibular overdentures, the examination
would also include evaluation of the prosthodon-
tic and surgical aspects. The categories to be con-
sidered are set out in Table 6.5.

6.5.1 Extraoral
6.5.1.1 Craniomandibular Examination
This involves the examination of the temporo-
mandibular joints and muscles of mastication to
detect any symptoms or signs of pain or dysfunc-
tion. If any are present, etiological factors should
be evaluated together with their possible conse-
quences for prosthodontic rehabilitation [26]. The
range of opening of the mandible and range of
lateral and protrusive movement should be
checked together with deviations during the
movements. Deviations and audible sounds such
as click and crepitation suggest internal derange-
ment in the joints. Limitations in the range of
movement could be a sign of muscle tension, but
it could also be a further sign of internal joint
derangement.

© Limited opening, for example, can interfere
with access for treatment and lead to strain and
further discomfort to the patient. Internal derange-
ment in the joints can put a question mark against
the most suitable joint position to use for jaw reg-
istration. It should be noted that the prevalence of
signs and symptoms of temporomandibular disor-
ders amongst edentulous patients has been
reported to be low [27]. This prevalence applies to
both denture and non-denture wearers.

Table 6.5 Clinical examination in overview

Extraoral Intraoral

* Craniomandibular
s Facial

*Oral cavity and
mucosa
* Residual dentition

* Dentolabial

The extraoral examination should also include
palpation of the regional lymph nodes.

This palpation may detect a localised infec-
tion. It could also detect more serious underlying
conditions.

Movement disorders associated with, for
example, Parkinson’s disease may also manifest
themselves in the face and jaw. They could result
in both an increase and a decrease of movement.
This would be an important factor to take into
consideration for the stability and retention of the
prostheses.

6.5.1.2 Facial Examination

This involves the examination of facial propor-
tions and symmetry, midline, lip support and ver-
tical dimension. The lip support and vertical
dimension of occlusion are particularly relevant
to the partially and completely edentulous patient.
Tooth loss and associated atrophy of the alveolar
process will lead to a reduction in both. The
assessment therefore centres on whether the
existing prostheses are restoring both parameters
correctly. Often the lip support and the vertical
dimension are inadequate. This may be associ-
ated with the angular cheilitis or inflammation in
the corners of the mouth caused by bacteria or
fungal infections.

The lip support and vertical dimension may
also be increased. To detect this error, patients
with a removable dental prosthesis should be
evaluated both with and without the existing
prosthesis.

The facial examination should also note any
other signs of pathology of the lips and face. This
could be signs of paralysis, changes in colour or
skin lesions that should be investigated further
(Fig. 6.1).

Prosthodontic
assessment

Surgical assessment

* Prosthodontic
parameters

* Restorative space

* Existing dentures

* Site specific
*Imaging
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Fig.6.1 Skin lesion that should be investigated further

6.5.1.3 Dentolabial Examination

This part centres on assessing facial proportions,
upper and lower lip support, competency and
lines at rest and in smile. It also includes assess-
ment of position and relationship of upper and
lower incisors. The position of the incisors is
guided by aesthetics and functional requirements.
It is helpful to observe the incisors during speech,
and phonetics can provide a useful guide to inci-
sal edge position. However, additional investiga-
tion via a diagnostic set-up may be needed to
assess these parameters properly.

6.5.2 Intraoral Examination

6.5.2.1 Oral Cavity and Mucosa

Regardless of the patient’s primary reason for
seeking dental attention, regular screening for
oral pathology is recognised as an important fac-
tor in early detection and diagnosis of oral can-
cer; early intervention is likely to result in less
extensive and more effective treatment. Oral can-
cer is the largest group of head and neck cancers.
It is more common in men than in women, and
the vast majority of cases are in people over the
age of 50 [28, 29].

In a specific report on the geriatric population,
the non-neoplastic lesions outnumbered the neo-
plastic [30]. The five most prevalent oral lesions
in descending order of frequency were squamous
cell carcinoma, focal fibrous hyperplasia (irrita-
tion fibroma), radicular cyst, osteomyelitis and
epithelial dysplasia. The site of predilection was

the labial/buccal mucosa, followed by the gin-
giva, mandibular bone, tongue and maxillary
bone, respectively. Figure 6.2a shows a sessile
lump that could be related to an underlying saliva
gland. It could also interfere with the positioning
of a post-dam compression area just anterior to
the hard/soft palate vibration line.

Diseases of the oral mucosa may be relevant to
both the denture aspect of treatment and to implant
therapy. High success rates have been demon-
strated for implants in patients affected by these
diseases, but the severity of the diseases and med-
ical complications should be evaluated [31]. The
diseases may also compromise the patient’s abil-
ity to maintain adequate oral hygiene. Examples
of diseases that affect the oral mucosa are lichen
planus, epidermolysis bullosa and Sjogren’s
syndrome.

The subjective sensation of dry mouth is
referred to as xerostomia. This disorder is part of
Sjogren’s syndrome, but it is also associated with
medication, systemic diseases, other pathologies
of the salivary glands and head and neck radio-
therapy. Xerostomia is a side effect of a large
number of drugs, and 70% of adults who take
some kind of medication can suffer from it.
Xerostomia has clear, negative effects on oral-
dental tissue. Some of the best known side effects
include demineralisation of tooth enamel, ram-
pant caries, superinfections caused by fungal dis-
eases (candidiasis), reactive gingival enlargement
due to dehydration and loss of salivary antimi-
crobial properties. Xerostomia can also influence
ingestion, swallowing and speech articulation,
thus negatively affecting the quality of life of
people suffering from it [32]. For documentation
purposes, the extent of dry mouth should be
described, for example, by referral to a dry mouth
scale [33], and management should be consid-
ered as part of the subsequent treatment
planning.

Mucosal findings may also be more specifi-
cally related to the existing dentures. The preva-
lence for at least one mucosal lesion has been
reported as 54% [34]. The same study found the
three most common lesions to be angular cheilitis
(34%), traumatic ulcers (15%) and denture sto-
matitis (14%) amongst 84 elderly denture wear-
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Fig.6.2 (a) Sessile lump in palate in area of potential post-dam compression zone. (b) Denture-induced ulcer along

post-dam compression area of maxillary denture

ers recruited from geriatric residences and day
care centres. In some cases of long-standing
mucosal issues, the changes can be so marked as
to be sinister in appearance (Fig. 6.2b). As a first
measure, further questioning of the patient
together with examination of the denture hygiene
as well as the dentures(s) in situ may confirm a
denture-induced diagnosis [35]. If concern
remains, however, appropriate further investiga-
tion is required and by referral if necessary. The
changes may also require some form of surgical
correction, but often the situation will improve
through appropriate adjustment of the denture.

A white crest line in the cheek referred to as
linea alba and scalloping along the lateral border
of the tongue may indicate tooth contact during
© parafunction.

6.5.2.2 Residual Dentition
The presence of teeth can provide very useful
information for the overall assessment and subse-
quent treatment planning. The patient’s level of
© oral hygiene can be assessed together with evi-
dence of @ present and past dental disease.
Findings include caries, endodontic issues, peri-
odontal disease and tooth surface loss through
mechanical attrition or chemical erosion.
Evaluation of whether disease is active or con-
trolled is important for the subsequent treatment
planning. The presence of localised acute or
chronic infection should be noted.

Even a reduced dentition may offer helpful
prosthodontic information about the facial pro-

Fig. 6.3 A reduced dentition still offers helpful prosth-
odontic information

file, incisor relationship, occlusal classification
and vertical dimension of occlusion (Fig. 6.3). It
is important to document this information in
order that it can be used for reference after the
teeth have been removed.

It could also be important to determine whether
natural teeth could serve as the overdenture abut-
ments, thereby avoiding the need for implant ther-
apy. This could be very relevant in patients who
are at risk of medication-related osteonecrosis of
the jaw (MRONJ). @ MRONYJ in connection with
implant placement is relatively rare, and the risk is
considered similar to that of tooth extraction.
However, in view of the potentially serious conse-
quences of MRONJ, patients treated with antire-
sorptive drugs such as high-dose intravenous
bisphosphonates are not candidates for implant
therapy [36].
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6.5.3 Prosthodontic Assessment

The anatomical situation of residual ridges has a
bearing on the stability and retention than can be
achieved particularly for the mandibular denture.
Both the height and the shape of the residual
ridge play a part, and continued loss of alveolar
bone over time can cause previously stable den-
tures to become ill-fitting. It has been reported
that more than 50% of those with mandibular
complete dentures may have problems with sta-
bility and retention [4].

There are a number of descriptive classifica-
tions for the extent of atrophy of the alveolar
ridges. One of these is the often cited Cawood
and Howell classification [37] which describes
five different stages of alveolar atrophy of the
mandible classified as I to VI. A class II ridge is
equivalent to the alveolar bone around a retained
healthy root with a sound bone support. A man-
dibular class III retains a good, high and rounded
ridge form, whereas class IV is the often seen
knife-edge ridge shape. Class V is a flat ridge,
and class VI is concave with atrophy extending
beyond the original alveolar ridge into the basal
bone of the mandible (Fig. 6.4).

In addition to the ridge classification, it is
highly relevant to note encroachment by muscles
and ligaments on the denture-supporting area.
Equally, areas of flabby soft tissues with no
underlying bony support will impact on both
denture construction and performance and scope
for implant placement (Fig. 6.5).

Fig. 6.4 Clinical representation of Cawood and Howell
classification class V ridges in both the maxilla and
mandible

Fig. 6.5 Maxillary arch with prominent posterior ridge
form on the right and a flabby anterior ridge

The mucosal status of denture-supporting
areas changes in the older patient, and the tis-
sues are likely to be thinner, less resilient and
more friable. @ Specifically for implant ther-
apy, the evidence as to the true value of
attached, keratinised mucosa in the formation
of a stable peri-implant cuff is equivocal [38].
It is suggested, however, that the patient will
find it easier to perform oral hygiene around
the implant if it has a keratinised cuff. In turn,
this may reduce susceptibility to inflamma-
tion, recession of the peri-implant mucosa and
crestal bone loss.

6.5.3.1 Restorative Space
In a prosthodontically driven approach to implant
therapy, the desired parameters of the definitive
prostheses determine the appropriate implant
configurations and individual implant positions.
This ensures that the restorative dimensions are
adequate to accommodate the spatial dimensions
of both the implant and denture attachment com-
ponents together with any internal denture rein-
forcement that may be required. Assessment and
definition of the restorative space is therefore a
very important consideration.

© The interarch distance has a direct bearing
on the vertical dimension of the prostheses and
hence the volume for attachment components
within. In a Cawood and Howell class III situa-
tion, the benefits of a good high ridge may be
countered by limited restorative space in which
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to accommodate denture teeth, body and attach-
ments (Fig. 6.5).

Conversely a class V or class VI ridges are
likely to have a correspondingly greater restor-
ative space. Construction of a stable denture in
these situations can be challenging. Irrespective
of whether implant assistance is planned, the
prosthesis stability, comfort and function should
be maximised through physiologically optimal
denture contours and physiologically appropriate
denture tooth arrangement [39].

6.5.3.2 Existing Dentures
The aim of any new dentures is to restore the
patient to optimal aesthetics, function and quality
of life. As such the evaluation of the patient’s
existing dentures, both previous and present,
against established design principles can provide
very helpful pointers to changes required or com-
promises to be accepted. For example, the patient
may present with recent conventional complete
dentures constructed in line with optimal design
principles, but concerns persist regarding reten-
tion, stability and support of one or both den-
tures. At the other end of the spectrum, the
dentures may be unsatisfactory from both a
patient and professional point of view. It is also
possible that the patient has previous dentures
that used to be more successful than the present
ones.

The denture evaluation can be divided into
assessment of:

 Fit and extension of base
— Both have a direct bearing on denture sup-
port and retention. The examination should
determine whether the base has a retentive
seal and (Fig. 6.6) the extent to which the
existing denture base is making use of the
support that is available. Scope for
improvement should also be assessed.
» Facial support and position of incisors
— Restoration of the patient’s physiognomy
requires correct facial support. This is
achieved through a combination of upper
and lower lip support. The position of the

Fig. 6.6 Testing stability and retention of maxillary
denture

Fig.6.7 Position of the incisors is guided by a combina-
tion of aesthetic and functional requirements

incisors is guided by a combination of
aesthetic and functional requirements
(Fig. 6.7).
e Jaw relationship
— A comfortable three-dimensional relation-
ship between the upper and lower jaws
requires a correct lower face height and
vertical dimension of occlusion as well as a
comfortable jaw position.
+ © Denture occlusion
— This should be stabilising the position of
the mandible against the maxilla. This is
important during both static and dynamic
occlusion. The posterior teeth should trans-
fer the occlusal load as effectively as possible
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to the underlying ridges to aid stability of
the dentures and thereby enhance chewing
efficiency.
e Features and contours of denture body

— These should restore the missing tissue
volume and assist the patient with muscu-
lar control of the denture. They should
avoid contours and crevices that may
encourage retention of food and buildup of
extrinsic stains and complicate oral hygiene
removal of bacterial biofilm (Fig. 6.8).
Obvious signs of wear and damage should
be noted.

The patient’s bite force should be assessed
(Fig. 6.9). As arule of thumb, the greater the bite
force, the more implant support is indicated for
the mandibular overdenture.

Patient satisfaction with a well-constructed
maxillary denture can be equal to satisfaction

Fig. 6.8 Contours and crevices that encourage calculus
formation and food retention

Fig. 6.9 Visible tooth imprint on finger as indication of
good bite force

after implant therapy [40]. Even so in an assess-
ment for MI OVD, the potential impact on the
performance and satisfaction, positive or nega-
tive, of the opposing conventional maxillary den-
ture should be considered.

6.5.4 Surgical Assessment

Where the restorative assessment involves the
entire prostheses, the surgical assessment for
implant therapy is more site specific. The aim is
to relate the prosthodontically preferred implant
positions to the anatomical situation of soft and
hard tissues at the prospective sites. In addition to
the aforementioned presence or absence of kera-
tinised mucosa, the @ evaluation includes assess-
ment of bone volume and proximity to vital
structures such the mental foramen and mandibu-
lar canal. This assessment has already been cov-
ered in detail in the previous chapter in connection
with additional investigations via radiographic
imaging.

6.6 RadiographicImaging
(See Previous Chapter)
6.7  Additional Investigations

The need for and value of additional investiga-
tions have been mentioned throughout the
chapter.

6.7.1 Diet-Related Investigations
» Testing masticatory efficiency
— It is suggested that masticatory efficiency

decreases over time regardless of the den-
ture quality [41]. An almond and an artifi-
cial food made from a moulding material
are the most constantly employed test
foods and could also be used as a guide in
the dental office as well as in studies [42].
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* Diet investigation and analyses [43]

Diminished masticatory efficiency may lead
to a change in diet. Equally, the restoration
of masticatory function via mandibular
implant overdenture will not in itself neces-
sarily lead to an improved diet. A diet analy-
sis at the assessment stage can therefore
disclose valuable information regarding the
need for both functional denture improve-
ment and professional diet advice [44].

6.7.2 Denture-Related

Investigations

Diagnostic approach to new dentures:
Can be based on:

e Testing possible changes for improvements by
reversible measures

This could be by addition of wax to exist-
ing dentures to test scope for improve-
ment of denture base extension, lip
support and vertical dimension of occlu-
sion (Fig. 6.10).

e Use of photos from the patient’s dentate past

Useful information about the shape and
size of the patient’s natural teeth, incisal
relationship and facial contours can be
gleaned from photos.

Fig.6.10 Diagnostic addition of wax to form a post-dam
compression area

Dental information from dentate relatives
— Guidance to tooth size, shape and arrange-

ment can in some cases be gained from
relatives.

Can lead to:

e Trial/training bases
— For patients who have a history of diffi-

culty in accepting the presence of dentures,
a gradual training process via training base
can be very helpful.

* Diagnostic set-up
— This is essential in a prosthodontically

driven approach to implant planning to
ensure that the implant placement is deter-
mined by and compatible with the planned
denture.

* Radiographic/surgical templates
— A diagnostic set-up or a successful existing

denture can also be the basis for both
radiographic and surgical templates to be
used in implant planning and to guide
placement.
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6.8 Diagnoses and Specific
Indications for Implant

Therapy

Once the clinical assessment is completed, the
information is synthesised into diagnoses. In
addition to determining the need and scope for
treatment, the diagnoses will also be the basis of
defining indications for prosthodontic treatment
and specific indications for implant therapy. With
the potential risks of implant therapy in mind, it
is a good idea at this point to consider some form
of risk assessment.

6.9 Risk Assessment

It is important to remember that implant therapy is
an elective treatment modality with the purpose of
facilitating prosthodontic rehabilitation. By its
nature, implant placement is also an invasive treat-
ment. Whilst implant therapy is now considered
routine, it is clear that implant therapy also pres-

5B

Assessment

The SAC Tool

Classify your cases

Assessment of

Assumptions

ents with differing levels of difficulty and differing
degrees of risk for prosthodontic and surgical
complications. To ensure that the patient or a legal
guardian is able to give full informed consent to
treatment, it is important to document that both
degree of treatment difficulty and potential risks
have been assessed and discussed.

Amongst the information collected during the
clinical assessment, there are findings that could
influence/impact on treatment complexity and risk
modifiers. These have been marked by the symbol
@ These factors can be used to assess difficulty of
the treatment process and risk of complication
involved in prospective implant therapy.

The International Team for Implantology (www.
iti.org) offers a free online risk assessment tool
(https://academy.iti.org) for this purpose. The tool
is based on a book entitled The SAC Classification
in Implant Dentistry [45], and it offers a systematic
assessment to identify and document modifying
factors and risks, thereby allowing contingency
planning to be undertaken to minimise risks and
undesirable outcomes (Fig. 6.11).

Contributors

Assessment of

Surgical Cases Prosthodontic Cases

This tool is based on a book entitled "The SAC Classification in Implant

Dentistry” jointly published by the ITI and the Quintessence Publishing Group. It

comprises the proceedings of a consensus conference organized by the ITl in

2007 with the aim of providing normative guidelines for various types of

restorative and surgical cases based on a system referred to as the SAC

(Straightforward, Advanced and Complex) Classification system. Please note that

certain assumptions have been made in the establishment of this SAC

Classification. To review them, click on "Assumptions” in the menu bar above.

Fig.6.11 ITI SAC tool


http://www.iti.org
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Table 6.6 Examples of patient-modifying factors in an
implant therapy risk assessment
Patient expectations
Medical status
Medication
Periodontal status
General oral health
Oral hygiene and compliance
Smoking habit
Access to treatment site
Reasons for tooth loss
Bruxism
Anatomic risk
Bone volume
Keratinised mucosa
Interarch distance
Interim prosthesis needs
Previous implant history

The tool poses a series of questions, and the
user selects the most appropriate answer from a
number of options. The patient factors high-
lighted by % through this clinical assessment
chapter (summarised in Table 6.6) will provide
the patient-specific information to guide which
answer option to select. Depending on the
selected answer, the underlying algorithm of the
tool will pose further questions until a classifica-
tion of the case as straightforward, advanced or
complex can be offered. The tool also lists modi-
fying factors that should be considered in the fur-
ther treatment planning.

Conclusion

The clinical assessment is a process of infor-
mation gathering. It is a comprehensive under-
taking, and a systematic approach is helpful to
ensure that all relevant aspects have been
included. With the particular focus on the
older patient and the possibility of implant
therapy, this includes consideration of specific
factors as well as a risk assessment. A com-
plete clinical assessment forms an important
precursor to effective treatment planning and
also to ensuring a safe and predictable out-
come of the ensuing treatment.
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Prosthetic Options: Fixed
and Removable Overdentures

Elham Emami and Pierre-Luc Michaud

Abstract

Many individuals are exposed to worse oral
and general health when they transition from
dentate to edentate status. In fact, edentulism
is associated with high levels of physical and
psychological disability, which are only par-
tially reduced with the use of conventional
prostheses as replacement for the missing nat-
ural teeth. The implant-assisted overdenture
has thus become a viable option to replace
denture because of the accumulating evidence
on its advantages from both clinical and
patient perspectives.

Various types of implant-assisted prosthe-
ses are available to treat partially or com-
pletely edentate patients. The functional
capacity, time needed to treat, maintenance,
complications and cost vary amongst the dif-
ferent types of implant prostheses and may
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address patients’ physical, psychological and
social needs in different ways. To ensure the
delivery of high-quality implant care within
the available options, clinicians need to con-
sult the literature and become aware of scien-
tific evidence, exchange this knowledge with
their patients and consider the level of their
clinical expertise, as well as patients’ needs
and preferences, to make a shared treatment
decision and arrive at an agreement on the
treatment to implement.

In this chapter, the authors distinguish
between fixed and removable options for man-
dibular implant-assisted prostheses and pro-
vide a summary on different factors that
should be considered in the choice between
these two prosthetic designs.

7.1 Mandibular Implant-
Assisted Prostheses:

Classification

In general, classification of prostheses depends on
arch coverage (complete or partial) and anchorage
(fixed or removable). Regarding implant-assisted
prostheses, other subcategorizations may include
the type of support, type of superstructure and
infrastructure design (number and position of
implants) and prosthetic materials.
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7.1.1 Implant-Assisted Fixed

Prostheses

The terms implant-assisted fixed complete prosthe-
sis, implant fixed complete denture or implant fixed
complete prosthesis all describe a prosthesis that is
entirely supported by implants and covers the entire

arch (Fig. 7.1a—e) [1, 2]. This type of prosthesis
(previously known as a hybrid prosthesis) is
directly connected to its superstructure using
screws and, therefore, can only be removed by the
clinician. Implant-fixed prostheses can be made of
a substructure of metal or zirconia layered with
porcelain, a metallic substructure layered with

Fig. 7.1 Implant-assisted fixed prosthesis (Courtesy of
Dr. Samer Abi-Nader). (a) View from under the prosthe-
sis. (b) Occlusal view. (¢) Lateral view. (d) Implant-fixed
metal-acrylic mandibular prosthesis with long abutments
to create space between the prosthesis and the gingiva to

help better oral hygiene. (e) Implant-fixed metal-acrylic
mandibular prosthesis without space between the gingiva
and prosthesis, making it harder to clean but causing less
food trapping and phonetic problems
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Fig. 7.2 (a, b) Metal structure used in implant-assisted
fixed prosthesis with metal polished surface underneath.
(¢, d) Metal structure used in implant-assisted fixed pros-

acrylic, or monolithic zirconia [2]. Metal-acrylic
implant-assisted fixed prostheses could be fabri-
cated with a metallic gingival surface underneath
(Fig. 7.2a, b) or with a wrap-around acrylic design
(Figs. 7.1 and 7.2c, d). A metallic smooth surface is
usually easier to clean and more hygienic com-
pared to an acrylic surface, which is more porous.
However, a wrap-around acrylic design offers more
adjustment possibilities since acrylic resin may be
added to fill spaces, for example, in situations when
patients complain of air escaping through the
space, with associated phonetic problems [2].

7.1.2 Implant-Assisted Removable

Prostheses

The terms implant-assisted removable prosthesis,
implant-assisted removable complete prosthesis or
implant overdenture refer to a prosthesis that is con-
nected to implants via various types of attachment

thesis with a wrap-around acrylic design (Courtesy of Dr.
Samer Abi-Nader and Dr. Pierre-Luc Michaud)

and that can be removed by the patient (Fig. 7.3a, b)
[1, 2]. Implant-assisted removable prostheses can
be supported by implants alone (implant-supported
overdenture) via a rigid bar with posterior exten-
sions (Figs. 7.3b and 7.4c) or by implant attach-
ments and soft tissues (tissue-implant-supported
overdenture) (Fig. 7.4b) [2, 3]. While the implant-
supported overdenture gets both its support and
retention across the entire arch via a bar with canti-
levers, the tissue-implant-supported overdenture
gets its retention and anterior support from the
implant superstructure, such as a cantilever-free
ovoid/round bar, and its posterior support from
mucosal tissues. Finally, implant overdentures are
called tissue-supported overdentures or implant-
retained overdentures when their support is solely
through the soft tissue, but their retention is obtained
by individual abutments with vertical relief such as
stud abutments (e.g., Locator) (Figs. 7.3a and 7.4a).
Figure 7.4 shows different types of superstructure
used within removable overdenture.
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Fig. 7.3 Implant-assisted removable  prostheses and anterior support for the prosthesis. (b) A long Dolder
(Courtesy of Dr. Samer Abi-Nader and Dr. Pierre-Luc  bar with cantilevers provides retention and most of the
Michaud). (a) Two locator attachments provide retention  anterior and posterior support for the prosthesis

Fig. 7.4 Types of superstructure used in removable Dolder bar without cantilever. (¢) Long Dolder bar with
implant overdenture (Courtesy of Dr. Samer Abi-Nader bilateral cantilevers. (d) Long Dolder bar with bilateral
and Dr. Pierre-Luc Michaud). (a) Locator abutments. (b)  cantilevers and a Locator abutment on its surface
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7.2 Towards the Favourable
Choice of Treatment
for Edentate Mandible
7.2.1 Clinical Considerations

A successful prosthetic treatment depends upon
an ideal treatment planning that is comprehensive
and evidence-based. A complete assessment of
various factors will indicate which of the differ-
ent treatment modalities available will be the
most appropriate choice for a particular patient.
The consideration of implant-assisted prosthe-
ses as a treatment choice for the edentate mandi-
ble should start with a discussion with the patient
explaining the prosthetic choices, their advan-
tages and limitations as well as the anatomical
constraints, and asking them their needs and pref-
erences. To inform patients on the evidence-
based advantages of implant prostheses, the
clinician can explain how implants prevent bone
resorption, improve denture stability and reten-
tion, increase chewing capacity and masticatory
efficacy, decrease soft tissue trauma and associ-
ated ulceration and pain, as well as enhance satis-
faction and quality of life [4-21]. According to
the latest meta-analysis on this subject, including
11 randomized controlled trials published since
1995, other factors such as health status, oral
condition and patient characteristics should also
be discussed and considered in treatment plan-
ning [21]. During this process of shared decision-
making, clinicians may notice that, for some of
their patients, conventional dentures will remain
their first choice because of satisfaction with the
current conventional denture, fear of surgical risk
and cost of treatment [22, 23]. The factors influ-
encing their refusal of implant-assisted prosthe-
ses should then be considered by the clinician to
tailor the best treatment choice for the patient.
Since cost is one of the most important limiting
factors for a large part of the population, offering
a prosthesis with a minimum number of implants
may impact on the decision of prosthesis type.
For these patients, a prosthesis requiring only a
single mandibular implant could make implant-
assisted treatment possible [24]. Since with fixed
prostheses, a minimum of four implants are

required [25], this option should be automatically
eliminated from the treatment plan when patients
cannot afford high treatment costs. Similarly, for
patients requiring surgical bone augmentation, if
fear of surgery and cost restrain their choice of
treatment, implant-assisted removable prostheses
could be considered to reduce both morbidity and
cost [26-28].

Other conditions may also steer the decision
towards removable rather than fixed prostheses.
For instance, in anatomical conditions where
there are moderate to severe vertical and horizon-
tal atrophy, a concave and prognathic profile,
inadequate lip support and phonetic problems,
implant-assisted removable prostheses are pref-
erable [29, 30] because they allow the construc-
tion of labial acrylic flanges and help to provide
aesthetic lip support. Implant-fixed prostheses
are usually not recommended if lip support needs
to be enhanced. Nevertheless, in such cases,
implant-fixed mandibular prostheses produce
fewer aesthetic complications than their maxil-
lary counterparts because of reduced vertical lip
movement and lesser need for lip support.

People with acquired or congenital oral and
maxillofacial defects could also greatly benefit
from implant-assisted removable prostheses,
which can be easily removed for check-up appoint-
ments and when complications occur [26].
Removable designs may also be preferable in
elders who may lack dexterity and have limited
visual acuity and in general for patients with poor
oral hygiene [28, 31, 32], because these prostheses
are much easier to clean. It is more difficult to
clean under fixed prostheses because floss has to
be threaded between the implants, but depending
on the design of the fixed prosthesis, ease of
hygiene can vary greatly (Fig. 7.1d, e). Patients
whose tongues cannot reach the palate (tongue
hypomobility) could also benefit from the short-
ened distance offered by the acrylic thickness of
overdentures, and the use of a fixed prosthesis in
these cases could cause speech problems.
Furthermore, when the opposing arch is dentate or
restored with an implant-fixed prosthesis and the
potential for parafunctional activity is present, an
implant-assisted removable prosthesis is recom-
mended because it can be removed at night which
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may help decrease the rate of biomechanical com-
plications [33]. However, a larger denture-bearing
area is covered, and more attached soft tissue is
necessary with removable prostheses. Thus,
patients with high muscle attachments, sensitive
mandibular ridges or tori or knife-edge ridges may
be more satisfied with fixed prostheses [26].
Fixed prostheses are also often recommended
for younger edentate patients, those who psycho-
logically could not tolerate the sense of tooth loss,
those suffering from prosthetic-related recurrent
sores and patients with an excessive gag reflex [26].
If the vertical space is limited and there is no
need to replace soft or hard tissues, a fixed pros-
thesis is usually the best option, as there would
otherwise be no space to accommodate acrylic
flanges associated with removable prostheses.
When only 8—10 mm of vertical space is available
between the soft tissue and the occlusal plane, the
treatment of choice is to use an implant-fixed por-
celain fused to metal restoration [25]. With less
than 8 mm, the outcome could have poor aesthet-
ics due to very short crowns, and soft and/or hard
tissue remodelling should be considered [25]. If
more soft or hard tissues have to be replaced verti-
cally by the prosthesis, a fixed restoration consist-
ing of acrylic supported by a metallic bar (Figs. 7.1
and 7.2) could be used instead of a porcelain fused
to metal prosthesis. The advantages of this type of
prosthesis are the absence of dark triangles, lower
cost and easier maintenance and repairs. The opti-
mal vertical space for this type of implant-fixed

restoration is 15 mm [25]. With a vertical space of
more than 15 mm, a horizontal defect will usually
also be present due to the angulation of the alveo-
lar bone. Using implant-fixed prostheses in such
defects could lead to aesthetic problems, such as
long and/or flared teeth, black triangles and visible
abutments [34, 35] and may also cause excessive
air space and additional speech problems [26]. In
these cases, in order to enhance the aesthetic out-
come, it is suggested to use implant-assisted
removable prostheses to fill the defects by using
acrylic flanges.

Removable prostheses are indicated when the
anteroposterior bone resorption exceeds 10 mm
[36]. If implant-assisted removable prostheses
are chosen for the treatment of edentate patients,
it is important to ensure having sufficient inter-
arch space for the substructure and to consider
recontouring the bone to obtain enough space for
the substructure when needed [37]. Individual
attachments such as Locator abutments, ball
attachments and magnets could be used with an
interarch space of 12 mm [25, 38]. More space is
required to accommodate the space below the
bar, the bar itself, the clips, the acrylic and the
teeth. Usually, for a standard Dolder bar, 15 mm
is necessary [25, 38]. In certain situations where
not enough inter-implant space exists, it might
not be possible to use clips. Locator abutments
could be placed on top of the bar (Fig. 7.4d), but
with this design, up to 20 mm of vertical space
might be necessary.

Summary Table: Comparison between fixed and removable implant-assisted prostheses (Adapted from: Implant-
assisted complete prostheses, Emami E, Michaud PL, Sallaleh |, Feine JS. Periodontol 2000. 2014 Oct;66(1):119-31.

doi: https://doi.org/10.1111/prd.12041) [2]

Mandibular implant-assisted prosthesis
Removable
Indications e Severe bone loss

e Vertical space required:
— Locator abutments: ~12 mm
— Dolder bar: ~15 mm

Fixed
¢ Mild/moderate bone loss

e Vertical space required:
— PFM: ~8-10 mm
— Metal-acrylic: ~15 mm

— Dolder bar with locator attachments:

~20 mm
¢ Oral/maxillofacial defects
* Patients lacking dexterity
e Malpositioned implants
* High nocturnal parafunction
¢ Financial limitation

¢ No horizontal bone loss
e Psychological needs
*  Younger patients
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Mandibular implant-assisted prosthesis
Removable

Advantages ¢ Easier to clean

¢ No air trap during speech

» Provides lip support

¢ Technically easier to make and repair

Disadvantages ¢ More mucosal problems

e Wear of components

7.3  Research Evidence

The results of the studies and systematic reviews
reporting on disease-oriented and patient-centred
outcomes in regard to mandibular implant-
assisted prostheses demonstrated favourable out-
comes regardless of the prosthetic design (fixed
or removable) or the type of attachments [39—42].
Biological complications such as peri-implantitis,
peri-mucositis, tissue hyperplasia, peri-implant
bone loss and residual ridge resorption have been
reported for both types of treatment.

According to the systematic review conducted
by Bryant et al. [42] in 2007, there is no difference
in implant survival, success rate and peri-implant
bone loss between these two types of treatment. The
pooled implant survival for mandibular fixed and
removable prostheses was more than 90% at
10 years. The success rate ranged from 71 t0 95.7%.
The peri-implant bone loss was 1.2 mm after the
first year of prosthesis function and up to 0.4 mm
per subsequent year. In regard to mandibular two-
implant removable prostheses, a cumulative success
rate of 97% and 96% was reported after 12 years
and 20 years of follow-up, respectively [43].
Numerous studies reported non-significant mar-
ginal bone loss with the use of implant-assisted
removable prostheses [44-46]. Failures caused by
peri-implant infection were rarely reported. Most
failures occurred before loading and were mostly
due to bone quality and quantity rather than the type
of prosthesis [47]. Wright et al. [48] compared the
effect of two-implant overdenture and fixed pros-
theses on bone resorption over a period of 7 years
and showed a low rate of residual ridge resorption
with removable prostheses and bone apposition
with implant-fixed prostheses.

¢ Can be made of acrylic or porcelain
e Aesthetics

* Higher bite force

e Better stability/retention

e More implants required

e Accumulation of food posteriorly

*  More difficult and expensive to make, adjust
and redo

Also, according to longitudinal studies, fixed
prostheses showed less soft tissue complications
than their removable counterparts. The most
prevalent soft tissue complication, especially
with the use of bars, was hyperplasia [45, 49].
Wear or fracture of prosthetic components, 1oos-
ening and wear of retentive mechanisms, as well
as maintenance needs (remakes, relines and
adjustments), have been reported for both types
of prosthesis and seem to be more prevalent for
removable prostheses than for fixed prostheses
[50-55]. Loosening of the overdenture retention
mechanism was the most prevalent complication
(33%), followed by relines (19%) and clip/attach-
ment fracture (16%) [54]. Higher maintenance
rate have been reported for those implant-fixed
prostheses that are opposed by fixed prostheses,
compared to those opposed by natural teeth or
conventional complete prostheses [50, 52].

Study findings also showed that using implant-
assisted prostheses leads to greater improvement
in patient satisfaction and oral health-related
quality of life compared to conventional prosthe-
ses. According to these studies, equal numbers of
patients expressed preference for each of the two
types of implant-assisted prosthesis (fixed or
removable) [27]. Research has also shown that
elders’ preference is towards removable implant
prostheses, with the ease of cleaning being the
most important factor in their decision-making.
Those who prefer fixed prostheses usually rank
stability as the most important factor [56].
Research evidence suggests that the fixed option
better addresses the needs of patients in regard to
chewing ability [27, 28].

Although there is a paucity in terms of eco-
nomic analyses, evidence shows that, in the long



102

E. Emami and P-L. Michaud

term, mandibular implant-assisted removable
prostheses are more cost effective than implant-
fixed prostheses [57-60].
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Abstract

The management of the edentulous patient
may represent a challenge in implantology for
most surgeons. Careful planning using
evidence-based methods will not only facili-
tate the surgical intervention but might also
greatly improve the long-term prognosis of
implant-supported prostheses. In this chapter,
the anatomy of the mandible with a surgical
perspective is reviewed in detail. The pre-,
intra-, and postoperative elderly patient man-
agement including strategies to reduce anxi-
ety, risk, and morbidity is reviewed.
Mucogingival considerations, keratinized gin-
giva augmentation procedures, and steps for
optimal implant placement are illustrated with
clinical cases. Detailed pre- and postoperative
instructions are presented as well as manage-
ment of common surgical and postsurgical
complications.
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8.1 Introduction

With newer implant surfaces, dental implants
demonstrate high success rates in completely and
partially edentulous patients. With life expec-
tancy that will most likely continue to increase in
coming decades, implants should be part of the
treatment plan presented to elderly patients who
are completely edentulous in the mandible [1].
Like their younger counterparts, they are seeking
durable treatments that will enhance their physi-
cal appearance and quality of life. Consequently,
implant-assisted mandibular complete dentures
have gained popularity in recent years among
the geriatric population. It has been established
in the mid-1990s that the gold standard of care
for rehabilitation of edentulous patients in the
mandible includes a minimum amount of two
implants to assist a complete removable denture
[2, 3]. In addition, a recent meta-analysis evalu-
ated the quality of life for patients with implant-
supported mandibular overdentures compared to
conventional dentures. The authors concluded
that the implant overdenture group performed
better in terms of functional limitation, psycho-
logical discomfort, physical disability, psycho-
logical disability, and social disability and for
handicap [4]. Since age is not a contraindication
for dental implants, implants should be part of
the treatment plan presented to elderly patients
who are completely edentulous in the mandible.
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Indications for dental implants in elderly
patients often do not differ from the rest of the
population. The main differences between the
geriatric population and younger individuals are
that they are often affected by systemic and men-
tal illnesses, take multiple medications, and can
suffer from physical disabilities, which may
diminish their ability to comply with instructions
[5]. Therefore, a thorough dental and medical
history, an assessment of patient’s expectations,
complete extra- and intraoral examinations
including radiographs, and a cost-benefit analysis
are necessary in order to establish an individual-
ized treatment plan. Additional investigations
may be required such as blood tests (e.g., HbAlc,
INR, CBC), a complete physical examination,
and cone beam computerized tomography
(CBCT) of the mandible. Once the patient has
shown motivation and is willing to put efforts in
the execution of the treatment plan, it is impor-
tant to discuss each single step of the treatment
plan with the patient and, often, with at least one
accompanying person to ensure that finances and
logistics are well understood and, most impor-
tantly, to optimize clinical outcomes.

8.2  Patient Preparation

It is important to determine the patient’s chief
complaint at the initial visit. An edentulous patient
is very likely to report issues related to the stabil-
ity of the mandibular removable complete denture
such as discomfort, reduced chewing ability to eat
certain food, and trauma to the soft tissues.

When electing for a mandibular implant-
retained removable prosthesis in individuals who
are edentate in the upper maxilla, the dentist needs
to determine if the maxillary prosthesis provides
satisfaction for the patient primarily in terms of
stability, retention, support, and comfort. Indeed,
the implant-retained mandibular prosthesis will
provide no advantages to the maxillary prosthesis
if the latter is not stable and retentive.

Different treatment options need to be pre-
sented to the patient in terms of the desired stabil-
ity, function, and esthetics. This will also give
patients a sense of control and promote trust

between the surgeon and the patient. For a com-
pletely edentulous patient, the anterior mandible
provides the most favorable site for the place-
ment of dental implants in terms of bone height
and density. A few options are available and each
one offers advantages:

e The fixed mandibular prosthesis requires four,
five, or six implants and offers the best option
in terms of stability, chewing capacity, and
psychological advantages.

e The removable mandibular prosthesis requires
from two to five implants depending on the
desired stability.

The removable option presents two main retain-
ing systems for the mandibular overdenture: indi-
vidual ball or Locator™ (Zest Anchors LLC,
Escondido, CA, USA) system and the bar with
clip attachment. Attachment systems are compa-
rable in terms of overdenture maintenance, implant
survival rate, and patient’s satisfaction [6].

An informed consent needs to be presented and
obtained from the patient. It serves multiple pur-
poses including preparing the patient both psycho-
logically and financially, reminding the patient and
the surgeon of the possible complications that could
occur at implant placement or postoperatively, and a
written proof that pertinent information related to
the treatment plan were transmitted to the patient.
This form must be used for complex treatments
such as implant-retained prostheses in order to pre-
vent miscommunication between the patient and
the surgeon as well as potential legal issues.

Several items should be included in the
informed consent form:

¢ Treatment option selected by the patient (fixed
or removable prosthesis, the number of
implants, and the type of attachment that will
be used on the implant-retained prosthesis:
ball, Locator™, or bar attachment).

e The cost of treatment and of the maintenance
of the prosthesis including the replacement of
some parts that will be replaced in the follow-
ing years due to mechanical wear. Ball,
Locator™, and bar attachments as well as
prosthetic screws must be eventually replaced



8 Step-by-Step Surgical Considerations and Techniques

109

when they have lost their retention. Also, den-
ture teeth may wear faster, especially if the
opposing dentition consists of natural teeth or
porcelain restorations, having a higher degree
of hardness compared to acrylic.

* The estimated prognosis of the prosthesis.

e Complications related to the implants and the
attachment apparatus, e.g., peri-implantitis,
fracture of an implant, fracture of an attach-
ment component, fracture or loosening of the
retaining screws, and loss of osseointegration.

e Surgical complications, e.g., infection, loss of
sutures and healing by secondary intention,
bruising, swelling, paresthesia, bleeding, dif-
ficulties when eating and talking, and
trismus.

e The duration of the healing phase, e.g., the
patient will not be able to wear the lower pros-
thesis for 1-2 weeks following the placement
of the implants. Thereafter, a soft reline will
be added to the denture once or at several
occasions before the delivery of the final
prosthesis.

There are several considerations regarding the
hard and soft tissues to evaluate when evaluating
the patient and planning the treatment:

e The number of implants and their location.

e The height and width of bone available for the
placement of the implants.

e The quality of bone density.

e The surgical approach: one- or two-stage
surgery.

e The anatomy of the edentulous mandible
including the location of the mental foramina
and the extent of the lingual undercuts in the
anterior and posterior regions.

e The presence of residual roots, impacted teeth,
or any bone pathology.

e The alveolar ridge morphology and the need
for osseous recontouring.

e The presence of soft tissue pathologies (e.g.,
lichen planus, candidiasis).

e The depth of the vestibule and the width of
keratinized gingiva on the edentulous ridge.

e The anterior interocclusal space: a minimum
of 12 mm of space between the soft tissue

ridge and the occlusal plane of opposing max-
illary dentition is generally required for a
removable implant-supported prosthesis. With
a smaller vertical space available, a fixed
implant prosthesis must be contemplated.

8.3  Surgical Anatomy

Depending on the type of prosthetic rehabilita-
tion in the mandible, fixed or removable, the rec-
ommended number of implants may vary. For a
fixed prosthesis, a minimum of four implants is
generally required to withstand the occlusal
forces. For a removable prosthesis, the number of
implants may vary between two and five, depend-
ing on the planned prosthetic system (individual
attachments vs. bar with clips). Risks to damage
vital structures increase with the number of
implants to insert and the severity of bone resorp-
tion. Hence, several anatomical landmarks must
be taken into consideration for the surgical place-
ment of dental implants in the mandible.

A panoramic radiograph will provide an over-
view of the vital structures and provides an esti-
mate of the bone height. A more precise
measurement of bone width and height of the
anterior mandibular region can be obtained with
a cephalometric film. However, with the develop-
ment of newer three-dimensional imaging tech-
niques with minimal radiation exposure to the
patient, a CBCT is recommended using a radio-
graphic guide with radiopaque markers to dimin-
ish the risks of causing irreversible damages to
vital structures (Figs. 8.1a, b). For example, if the
mandibular canal or mental foramina are not
easily visualized on a panoramic film or the dis-
tance between the crest and the canal seems to be
somewhat limited, a CBCT analysis is essential.
A radiographic guide is often fabricated from a
duplicate of the old or a new denture and can be
converted into a surgical guide after the radio-
graphic examination is completed. Markers made
with barium sulfate or gutta-percha are located at
the ideal position of the implants. This informa-
tion will facilitate the surgical planning for
implant placement. The initial intraoral examina-
tion enables the surgeon to assess the mandibular
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Fig. 8.1 (a) Three-dimensional reconstruction of an
edentulous mandible using a CBCT technology with
radiological guide in place. Photo courtesy of Dr.
M. Schmittbuhl, Faculty of Dental Medicine, Université
de Montréal, Canada. (b) Radiopaque marker with cross-

ridge anatomy and, often, the position of mental
foramina through a visual examination and pal-
pation. Once the restorative dentist and the sur-
geon have confirmed the implant positions on the
surgical guide, the surgery may be scheduled.
Extra care during the surgery needs to be taken in
order to prevent severing of principal nerves or
their branches as well as major blood vessels.
Hence, the surgeon needs to be knowledgeable in
oral and maxillofacial anatomy and be able to
recognize and locate mandibular vital structures
to reduce the incidence of intra- or postoperative
complications.

sectional view of implant site #43: buccolingual width and
bone height are measured in mm. The incisive canal is
visible and marked. Photo courtesy of Dr. M. Schmittbuhl,
Faculty of Dental Medicine, Universit¢ de Montréal,
Canada

8.3.1 Inferior Alveolar Canal

The mandibular nerve represents one of the three
branches of the trigeminal nerve. One of its divi-
sions is the inferior alveolar nerve, which enters
the mandible through the mandibular canal on the
medial surface of the ramus by the lingula. It
extends anteriorly to the premolar region, where
it divides into the mental and incisive canals [7,
8]. The mandibular canal contains the inferior
alveolar neurovascular (IAN) bundle that pro-
vides a major part of the blood supply and inner-
vation to the mandible. The IAN runs posteriorly
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from the lingual aspect of the mandible, is usu-
ally located midway between the lingual and buc-
cal cortical plate in the molar region [9], and
progressively shifts toward the buccal plate to
finally exit the mental foramen. The IAN con-
tains a large nerve trunk, a small artery, and a
smaller vein [10]. Since an injury to the IAN
caused by the implant osteotomy preparation can
lead to temporary or permanent neuropathy or
intraoperative excessive bleeding [11], it is
important to locate the mandibular canal prior to
the surgery. It has been suggested to keep a mini-
mal safety distance of %2 mm from the mandibu-
lar canal [12]. If a panoramic radiograph is used
to estimate vertical bone height, it is essential to
take into consideration the magnification factor
(~25-30%) [13, 14]. One solution is to use a
small metal bearing of known diameter on the
film to calculate the magnification factor. If the
mandibular canal is not visible on the panoramic
radiograph or the bone height seems limited as
often observed in the posterior area of the man-
dible of edentulous patients, a CBCT is recom-
mended. In no circumstances the surgeon should
rely on tactile feedback to locate the superior cor-
tical plate of the mandibular canal while prepar-
ing the osteotomy, since the bone density may
vary and the cortical plate might not always pre-
vent penetration of the drill into the mandibular
canal.

8.3.2 Mental Foramen

The inferior alveolar nerve emerges from the
mental foramen in the premolar region to inner-
vate the gingiva from the midline to the second
premolar area, the mucosa, the lower lip, the skin
in the interforaminal area, and the chin. At this
point, an incisive branch of the inferior alveolar
nerve continues mesially to provide innervation
to the incisor teeth. It is believed that it goes
either through an incisal canal or through medul-
lary spaces of the trabecular bone [15-17]. The
mental foramen is located 38% of the time
between the first and second mandibular premo-

lars and 27.5% in line with the long axis of the
second premolar [18], but it may be found in the
canine or first molar area [19, 20] (Fig. 8.2). In
rare cases, the mental nerve might be bifurcated
(Fig. 8.3). There is a significant variation in the
vertical position of the mental foramen [21], and
therefore, its position must be precisely located
using CBCT technology if implants are to be
placed in its vicinity. With bone resorption that
occurs in edentulous patients, it iS common to
find the mental foramen closer to the alveolar

Fig. 8.2 Mental foramen exposed during dissection on
cadaver. Photo courtesy of Drs. A. Boukari &
M. Schmittbuhl, Faculty of Dental Medicine, University
of Strasbourg, France

Fig. 8.3 Bifurcated mental foramen exposed during dis-
section on cadaver. Photo courtesy of Drs. A. Boukari &
M. Schmittbuhl, Faculty of Dental Medicine, University
of Strasbourg, France
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Fig.8.4 Mental foramen located on top of the mandibu-
lar ridge exposed during dissection on cadaver. Photo
courtesy of Drs. A. Boukari & M. Schmittbuhl, Faculty of
Dental Medicine, University of Strasbourg, France

crest. In some severely resorbed mandibles, it
may be located on the crest, and this may cause a
chronic discomfort, and even in some cases,
intermittent paresthesia can be triggered by com-
pression of the mental nerve by a removable
complete denture [22] (Fig. 8.4). The addition of
implants to support the prosthesis will relieve the
pressure on the mental foramen and prevent neu-
rosensory complications.

The anterior loop of the inferior alveolar canal
is an anterior extension exiting through the men-
tal foramen. Conventional two-dimensional
radiographs may underestimate or overestimate
the anterior loop length [23]. From the foramen,
it is located anteriorly and inferiorly, and its prev-
alence (31-97%) and length (0-7 mm) both vary
greatly, depending on the methodology used
(conventional radiographs vs. CBCT) [24-29].
Cadaver studies have shown similar prevalence
(0-63%) and length (0-6 mm) [30-32]. It has
been suggested that a safe distance of 6 mm
between the distal aspect of the most distal
implant and the mental foramen should be kept
[33]. During the surgery, locating the mental
foramen using a full-thickness mucoperiosteal
flap will allow the surgeon to avoid any injury to
its content. There is a bony prominence coronal
to the entrance of the mental foramen that pro-
tects its content. This anatomical feature, once
exposed during flap elevation, will hint the sur-
geon that the mental nerve is close by and light

pressure with blunt dissection must be used to
expose the coronal part of the mental foramen to
avoid severing one or multiple nerve branches of
the mental nerve.

8.3.3 Lingual Foramen

In the midline area of the mandible, the sublin-
gual and submental arteries form arterial anasto-
mosis entering the lingual aspect of the mandible
through one or multiple foramen [34] that may
not be detected on two-dimensional radiographs.
The lingual foramen was found in 99% of cadaver
dissections [35]. There is also a possible anasto-
mosis between sublingual and incisive arteries.
Trauma with an implant drill of the lingual fora-
men/foramina may cause a hemorrhage resulting
in a severe life-threatening hematoma of the floor
of the mouth [36-38]. Through a CBCT study of
639 partially or completely edentulous patients
from 5 different countries, it was found that the
lingual foramen was 18.33 + 5.45 mm apical to
the alveolar crest, was 17.40 + 7.52 mm coronal
to the border of the mandible, and had a mean
diameter of 0.89 + 0.40 mm [39]. Most canal
types were mono (76.8%) and 24.4% had a diam-
eter >1 mm, which has the potential to cause
excessive bleeding if damaged [40]. Therefore,
implant placement in the midline exhibits poten-
tial risks, especially in elderly edentulous
patients, where significant bone height might
have been lost in the interforaminal area.

8.3.4 Incisive Canal

The incisive canal was found in 96% of cadavers
and is a mesial extension of the inferior alveolar
canal with a mean diameter of 1.8 + 0.5 mm and
reaching the mandible midline only 18% of the
time [41]. It has been detected in 2.7-51% of pan-
oramic radiographs [42, 43] but can be detected
on CBCT images more than 90% of the time [43,
441]. It has been a common practice to ignore the
presence of the incisive canal as long as the men-
tal foramen is avoided during implant placement
in the anterior region of the mandible. However,
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the wider the diameter of the canal is, the higher is
the risk for neurosensory complications or intra-
operative bleeding [45, 46]. Consequently, if long
implants (>10 mm) are planned in the anterior
region of the mandible, it is recommended to
obtain a CBCT of the interforaminal area to pre-
vent potential neurosensory complications.

8.3.5 Ridge Morphology

The alveolar mandibular ridge may vary signifi-
cantly in shape. In the premolar and molar
regions, the ridge can have either a parallel shape
where its coronal part has a similar width to the
apical part (type P) or have a coronal part nar-
rower than its base (type C). Moreover, the poste-
rior area of the mandible may exhibit a lingual
undercut (type U) where lies the submandibular
fossa, which may or may not limit the available
bone height for implant placement [47, 48]. The
submandibular fossa, located below the mylohy-
oid line where the mylohyoid muscle is attached,
contains the submandibular gland and sublingual
and submental arteries that run intimately with
the lingual plate [49]. The sublingual fossa is
located anteriorly and coronally to the subman-
dibular fossa, above the mylohyoid line, in the
premolar/canine region. It was found to be pres-
ent 49% of the time, and the presence of lateral
lingual foramen located in close proximity had a
prevalence of 53% where branches of the sub-
mental artery entered the lingual plate of the
mandible [50]. Therefore, maximum care is
needed to prevent perforation of the lingual plate
and trauma to these vital structures. In a CBCT
study of edentulous first premolar/canine areas
and first and second molar areas, it was found
that an undercut was present in 90% of the sec-
ond molar areas, 56% at the first molar, and 14%
in the first premolar/canine regions [51]. The
mean undercut depth was 3.7 mm in the molar
region and 0.8 mm in the first premolar/canine
region. The authors found that the closer the
mandibular canal was to the basal bone, the
higher was the prevalence of a lingual undercut.
In the anterior region, an undercut may be
observed. It was found that the lingual alveolar

process has an angle with the occlusal plane that
may vary between 37° and 125° [52]. While pal-
pation might be useful preoperatively and intra-
operatively, a CBCT is recommended to detect
lingual undercuts. Following a three-dimensional
analysis, the angulation of the implant might
have to be revised to keep the implant within
bone during insertion and prevent perforation of
the lingual plate. Failure to do so may put the
patient at a greater risk for a life-threatening
hemorrhage related to trauma to blood vessels
located close to the lingual plate [53-55].

8.3.6 Mylohyoid Muscle

Several muscles attached to the mandible are
involved during flap elevation procedures when an
adequate access to the alveolar ridge is needed for
implant placement. Of these muscles, the mylohy-
oid, mentalis, genioglossus, and geniohyoid mus-
cles are of particular concern to the surgeon.
Extending from the symphysis to the third molar
region, the mylohyoid muscles originate from the
mylohyoid line, insert the hyoid bone, and support
the floor of the mouth by passing inferiorly to the
tongue [56]. They represent an important barrier
between the sublingual and submandibular fossae.
They must be reflected using a sharp periosteal
elevator since they are located in close proximity
to the sublingual and submental arteries.

8.3.7 Mentalis Muscle

In the mandibular anterior region, part of the men-
talis muscles must be reflected on the buccal aspect
of the alveolar ridge with a full-thickness mucoperi-
osteal flap in order to expose the underlying bone.
These paired muscles originate in the incisive fossae
and insert into the skin of the chin [57]. Care must be
taken not to fully reflect the mentalis muscles since
the muscles may fail to reattach well on the alveolar
bone and lower lip ptosis may result from this out-
come [58]. Only partial reflection of the mentalis
muscle is necessary to allow good visualization of
the bone morphology of the coronal aspect of the
alveolar ridge for implant placement (Fig. 8.5).
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Fig. 8.5 Mentalis muscles reflected in the anterior
mandible

Fig. 8.6 Exposed genial tubercles in the severely
resorbed patient

8.3.8 Genial Tubercles,
Genioglossus, and Geniohyoid
Muscles

Genial tubercles are small bony elevations
located at the midline of the mandible on the lin-
gual aspect of the alveolar ridge and close to the
inferior border of the mandible [59]. The genio-
glossus and geniohyoid muscles originate from
the superior and inferior tubercles, respectively.
The lingual foramen/foramina may be located
either between superior and inferior tubercles,
apically or laterally to the tubercles [60]. Using
CBCT images, the genial tubercle was found to
be about 8-9 mm wide and 7-9 mm tall [61]. It is
commonly exposed in severely resorbed mandi-
bles and might be slightly modified by osteo-
plasty to allow placement of healing abutments
immediately after implant placement (Fig. 8.6).

However, the genioglossus muscle should not be
fully reflected to prevent retraction of the tongue
and potential obstruction of the airway [62].

8.4  Strategies in Elderly Patients
to Reduce Anxiety, Risk,
and Morbidity

8.4.1 Surgical Planning and Time

Management

Elderly individuals may become tired easily dur-
ing long surgical procedures. Hence, a morning
appointment is ideal for implant placement. When
the patient has had a good night sleep and has a
full reserve of energy, he/she might be able to
cooperate more easily during the surgery. Also, it
is imperative that the implant surgeon plans as
much as possible the surgery before the patient
enters the surgical room. This will optimize the
use of time with the patient and will shorten the
duration of the intervention. Shorter implant sur-
geries have been associated with lower visual ana-
log scores (VAS) in patient-reported outcomes
such as pain, swelling, bleeding, and bruising [63].
When indicated, all the necessary arrangements
with the physician, i.e., medication holiday, physi-
cal examination, or blood tests, should have been
made prior to the surgical appointment. For exam-
ple, failure to obtain an INR within therapeutic
range in a patient taking warfarin could signifi-
cantly lengthen the surgery and increase the risk of
postoperative  bleeding-related complications.
Obtaining appropriate radiographic images of the
region of interest will allow the surgeon to evalu-
ate potential anatomical obstacles during the sur-
gery and anticipate practical solutions. By
identifying vital structures as well as the available
bone volume and alveolar ridge morphology, the
surgeon will have a clearer idea of the surgical
steps to accomplish. Also, training and keeping up
with newer surgical techniques and technologies
will enhance the surgeon’s skills and efficiency.
The surgical guide indicating the desired implant
locations should be available at the time of sur-
gery, as this will also contribute to reduce the dura-
tion of the appointment.
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Since elderly individuals often have functional
limitations, it is important to allow adequate time
at the beginning and the end of the surgical
appointment for pre- and postoperative instruc-
tions. Having an escort to assist and help the
patient who has lost autonomy will save time for
both the patient and the surgeon. The surgical
room should be kept available for additional time
at the end of surgery. If this is not possible, the
other option is using a recovery room. Some
patients might request to be in a semi-sitting
position during the surgery or pause during the
surgery. The surgical team should grant this
request and adapt the room and schedule accord-
ingly. Additional cushions and blankets should be
readily available for elderly patients to enhance
their comfort in the dental chair.

8.4.2 Communication Between
the Surgeon and the Geriatric
Patient

The prevalence of hearing and vision impairment
was estimated to be 11.3% among 80 years and
older individuals in the United States, among
which only 19% were free of any sensory impair-
ment [64]. Moreover, it is estimated that 40 mil-
lion individuals worldwide have dementia, this
condition affecting mostly individuals older than
60 years, and the numbers are expected to double
every 20 years until 2050 [65]. Individuals who
suffer from dementia may have memory loss and
have difficulty to reason and think. This condi-
tion will interfere with their daily activities.
Alzheimer’s disease is the most common cause
of dementia [66]. As a result, elderly individuals
might not always hear, understand, or remember
instructions given by the surgeon and the staff. In
addition, introversion, conformity, rigidity, cau-
tion, and depression are personality traits that are
frequently found in older individuals [67].
Consequently, the initial contact between the sur-
geon and the geriatric patient is extremely
important.

Since some individuals might easily forget the
instructions given at the time of surgery, someone
who is knowledgeable about their condition

should accompany these individuals to ensure the
patient’s comprehension of the treatment plan
and compliance to postoperative care and follow-
ups. The accompanying person should be present
at the treatment planning and preoperative con-
sultations as well as before and after the surgical
appointment to ensure that the instructions, treat-
ment steps, and related costs have been clearly
understood by the patient. Psychological prepa-
ration of elderly patients is very important, as
they might be very anxious about the implant
surgery. The accompanying person should also
be well prepared and should understand the dif-
ferent clinical steps involved in the confection of
an implant-assisted complete mandibular pros-
thesis. Explanatory leaflets, illustrations, and
short videos may assist the surgeon and restor-
ative dentist to achieve this task. Short and clear
explanations are therefore necessary to ensure
that geriatric patients understand procedures and
have realistic expectations related to the postop-
erative outcomes. The surgeon has to adapt sev-
eral aspects of his verbal and nonverbal
communication skills for the elderly patient who
is affected with cognitive impairment [68]. For
example, he should use short words and simple
sentences, speak slowly and clearly, and wait for
a response before going to the next question. He
should be willing to repeat instructions and
should assume that the elderly understands more
than he/she may be able to express. Also, in con-
junction with verbal communication, nonverbal
skills are important to instill confidence and
reduce the patient’s anxiety such as maintaining
eye contact, moving calmly, smiling, and using
gentle gestures.

8.4.3 Anxiety Management

As with the younger population, elderly patients
might exhibit fear or anxiety toward treatments
involving surgical procedures such as implant
placement. Dental anxiety or phobia in the geriat-
ric population was estimated to be between 8 and
12% [69, 70]. Although it was found that the
prevalence of dental-related anxiety is decreasing
with age in individuals 50 years or older, it was
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found to be higher in edentulous patients [70].
One or multiple psychological strategies to man-
age anxiety should always be offered to the
patient whether it is the sole option to reduce
anxiety or is given in adjunct to sedative agents.
It should always be used with compassion,
patience, and respect toward the geriatric patient.
Good communication between the surgeon and
the patient must be maintained at every appoint-
ment. This will allow the surgeon to understand
the patient’s fears in order to find the best
approach to reduce his/her anxiety. This will
facilitate communication with the patient and
will most likely contribute to improve the sur-
geon’s efficiency during the execution of the
clinical steps. A psychological approach might be
sufficient for the less anxious patient, while a
combination of both psychological approach and
sedation might be required for the fearful patient.
Regardless of the selected approach, a quiet and
caring environment will play an important role in
reducing the patient’s anxiety and fears during
the surgery.

For patients with mild anxiety, a trusting
relationship and the transmission of specific
and simple information about the treatment
will generally allow the surgeon to manage and
reduce the patient’s anxiety [71]. The key is to
provide the patient with the feeling that he/she
is in control and that the treatment proceeds
uneventfully. For patients with moderate to
severe anxiety, anxiety management may
require the use of sedative agents such as
nitrous oxide and oral or intravenous (IV)
sedation with additional strategies such as dis-
traction, relaxation, or developing better cop-
ing methods [72]. When higher levels of
anxiety are encountered, intravenous sedation
and/or more complex psychological approaches
may be necessary such as systematic desensiti-
zation, hypnosis, and cognitive restructuring.
These approaches require additional training
or the assistance of a psychotherapist knowl-
edgeable in the field. In the most extreme
cases, general anesthesia might be recom-
mended although one might question if such
patient should receive complex treatments such
as the implant-assisted mandibular prosthesis.

The surgeon has to master several skills
related to patient care and communication to pro-
vide a safe environment to reduce the patient’s
anxiety level:

— Allowing patient’s control

— Demonstrating empathy

— Being receptive to patient’s concerns

— Active listening (involves reflecting what the
patient says)

— Providing information

— Creating a bond of trust and confidence

It may also involve using, although not exclu-
sively, the following practical strategies:

— Allowing breaks between procedures

— Creating a signaling code so the patient can
communicate easily with the surgeon

— Using visual or auditory distractions

— Using positive reinforcement

— Breathing techniques to induce relaxation

8.4.4 Sedation Techniques

The aging process often affects tissue and organ
functions, which may have an impact on the
patient’s ability to respond to drugs. These
changes cause a higher peak concentration and
longer duration of drug effect after intake in the
elderly individual. Aging does not affect all indi-
viduals in the same way, and some may be more
prone than others to develop age-related diseases.
For example, as age increases, elasticity in pul-
monary tissues is reduced and the intercostal
muscles become atrophied. Also, cardiac output
and renal and hepatic blood flows are reduced
with age [73]. Therefore, care must be taken
when prescribing and giving sedatives to the geri-
atric population to prevent overdosing and unde-
sired complications related to the respiratory and
cardiovascular systems. At the first appointment,
lower doses of local anesthetic agents, analge-
sics, or sedative agents should be given before
being titrated at further appointments if neces-
sary. Prior to recommend sedation to an elderly
individual, the patient’s physiological status and



8 Step-by-Step Surgical Considerations and Techniques

17

presence of coexisting diseases should be estab-
lished with the collaboration of the physician.
The American Society of Anesthesiologists
(ASA) published a classification system for pre-
operative preparation of the patient (Table 1;
[74]). Only ASA class I and II geriatric patients
should be offered oral or intravenous sedation to
reduce the risk of potentially lethal cardiovascu-
lar or respiratory complications. It is important to
note that oral and IV sedation dosages will need
to be lowered for elders having an impaired kid-
ney or liver function. Routine medications should
be taken as usual without any modification of
their dosage, and liquids may be taken prior to
any sedation procedure.

Itis important to give precise and clear instruc-
tions prior to any sedation procedure should the
patient choose that option to reduce his/her anxi-
ety. It is important that he/she does not eat after
midnight the night before the surgery to prevent
nausea and allow the medication to be metabo-
lized in a timely manner so its effect is felt as
quickly as possible after sedative intake. No alco-
hol or other recreational drugs should be con-
sumed while taking oral or IV sedatives. Since it
is suggested to take oral sedatives 1 h preopera-
tively, a designated person should escort the
patient to the clinic. For both oral and I'V sedation
procedures, the patient should be accompanied
after the surgical appointment back to his/her
home, and a designated person should stay with
the patient for a period of 24 h to prevent any
injuries that could result from an accidental fall.
To minimize any misunderstanding, written
instructions should be given to the patient and
his/her escort.

Inhalation sedation with nitrous oxide (N,O-
0O,) is the safest method of sedation for the anx-
ious geriatric patient. Nitrous oxide is a colorless,
odorless, nonflammable, nonirritating, inorganic
gas providing light to moderate sedation [75]. In
addition, it provides oxygenation to the patient
with light sedation and does not induce respira-
tory depression. It is rapidly eliminated by the
patient and does not affect significantly the car-
diovascular system. It is quickly reversible and
usually does not impinge the surgeon’s move-
ments while operating on the mandible.

It can be difficult to use oral sedation in the
elderly since they often take multiple medica-
tions that may interact with commonly used sed-
atives. In addition, titration tends to be more
complicated in these individuals [76].
Benzodiazepines such as triazolam (0.0625—
0.125 mg) and the newer nonbarbiturate sedative-
hypnotic, zolpidem (5-10 mg), are indicated for
the geriatric patient with mild anxiety since they
do not have long half-lives (5.7-11 h and 1.4—
4.5 h, respectively) [75]. Moreover, benzodiaze-
pines possess anticonvulsant and muscle relaxant
properties. The gastrointestinal tract absorbs
them rapidly, and the liver metabolizes them,
hence the importance of not taking any food prior
intake. They should be given in lower doses for
the elderly because of their decreased metabo-
lism. Contraindications to benzodiazepines
include history of an allergic reaction, psychoses,
and acute narrow-angle glaucoma. Antihistamines
like diphenhydramine (25-50 mg) and hydroxy-
zine (50-100 mg) may also be used and are con-
sidered safe for the elderly individual, although
they do not have an anxiolytic effect [76].
Geriatric patients taking antihistamines might
have hyposalivation that can exacerbate their cur-
rent xerostomia induced by polypharmacy.
Complications that may occur include hypoten-
sion, apnea, and loss of consciousness resulting
from cardiovascular compromise or respiratory
depression [76].

IV sedation is generally safe in the geriatric
population. Continuous monitoring of vital signs
including pulse oximetry, echocardiography, and
blood pressure as well as oxygen delivery through
nasal tubing is highly recommended during IV
sedation procedures. It may be difficult to locate
and access a patent vein in the elderly individual
since their skin is thin and often has lost elasticity
and their veins are generally more fragile.
Midazolam (0.5-4 mg; max = 10 mg), a short-
acting benzodiazepine, is the IV sedative of
choice for the geriatric patient since it is short
acting and can be reversed with flumazenil, its
antagonist. Titration in the elderly should be done
slowly and by an experienced professional.
Postoperative monitoring is imperative due to the
risk of delirium and increased risk of falls.
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Discharge of the patient should not occur unless
vital signs have returned to normal and his/her
escort is present.

8.4.5 Minimally Invasive Surgical
Approaches

The healthier the elder is, the more complex the
treatment can be, including a higher number of
implants. For ASA type II or III geriatric patients,
surgeries of shorter duration with a minimal
amount of local anesthetics are recommended.
Therefore, in these individuals, minimally trau-
matic surgeries will enable the surgeon to attain
these two goals. Two ways are suggested to
achieve this goal: placing fewer implants or using
computer-assisted guided surgery (CAGS) with a
flapless surgery.

Two-implant-retained mandibular overdentures
have shown to provide significantly greater
improvements in satisfaction compared to conven-
tional lower dentures [77]. This treatment option is
therefore an excellent option for individuals who
want to improve their quality of life while mini-
mizing the cost of treatment and has been consid-
ered the minimum standard of care [78]. The
placement of two implants in the interforaminal
area is less complex than the placement of four or
five implants since the mental foramen does not
need to be exposed and identified, as long as its
position has been clearly located. An incision
located in the middle of the keratinized gingiva
extending from the first premolar to the contralat-
eral premolar will generally be sufficient to elevate
a full-thickness flap to expose the buccal and lin-
gual aspects of the alveolar ridge. If adequate visu-
alization of the ridge is not obtained, short
(34 mm long) vertical releasing incisions may be
performed mesially to the mental foramen bilater-
ally. Thereafter, the surgical guide may be used for
implant site preparation. With this approach, the
flap is less extensive, and a smaller area of alveolar
bone is exposed during surgery compared to the
molar-to-molar crestal incision needed to locate
the mental foramen with the standard approach.
Consequently, it will reduce the duration of sur-
gery and postoperative morbidity.

Another approach that has gained popularity
in recent years is the computer-assisted guided
surgery (CAGS) due to its minimal invasiveness.
After a mean follow-up of 22.6 months, a recent
systematic review has shown minimal postopera-
tive morbidity and a survival rate of 97.2% in
fully edentulous patients undergoing complete
prosthetic rehabilitation with CAGS, which is
similar to reported outcomes after freehanded
flap surgeries [79]. This method requires several
steps prior to surgery. First, a three-dimensional
image (CT or CBCT) of the mandible with a
radiological guide in place is taken. The radio-
logical guide can be either a duplicate of the cur-
rent denture or a new denture in clear acrylic. The
resin has to be mixed with barium sulfate when
fabricating the radiological guide to ensure its
radiopacity on the images obtained. Once stored,
the image is transferred to a computer software
that will allow the surgeon to virtually place the
implants in the ideal position, taking into account
surrounding anatomical structures and the future
prosthesis. Once the implant positions have been
determined, the data is registered in the software
and sent to the laboratory. There, the technician
fabricates a virtual model of the mandible and
creates a surgical guide using the computer-
assisted manufacturing (CAM) technology. At
the time of surgery, the CAM surgical guide can
be maintained in place with fixation screws that
are inserted in the underlying bone through the
gingiva or the mucosa. On the surgical guide,
sequential slots will allow drills of increasing
diameter to be inserted at a precise angle and
depth at each implant location. Therefore, there is
no need to raise a flap with this technique.
However, linear and angular deviations may
occur with CAGS, especially with longer
implants [80, 81]. Bony fenestrations caused by
deviations may affect surgical and prosthetic
results. Importantly, very few studies have evalu-
ated the long-term (>5 years) success rate of
prostheses placed using CAGS [82]. The high
cost of this procedure may also influence patient’s
preferences. Furthermore, a flapless approach
will not allow the surgeon to preserve the amount
of KG and proceed with ridge recontouring if
needed.
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In recent years, efforts have been deployed to
reduce the number of surgeries in medicine and
dentistry. For the implant rehabilitation of the
patient’s mandible, one commonly used solution
is to place the healing abutment at the time of
implant placement. It was demonstrated in the
edentulous mandible that there were no differ-
ences in success rate and crestal bone changes
between one-stage implant surgeries with the
healing abutment placed at time of placement and
implants that were submerged and then exposed
8 weeks later [83]. Nowadays, it is a common
practice to place the healing abutment at the time
of implant placement to avoid an additional sur-
gical procedure for the patient, unless simultane-
ous bone grafting at implant placement is
required. In this case, a cover screw is placed on
the implant platform, and a primary closure is
obtained with sutures.

8.5 Mucogingival
Considerations
8.5.1 Importance and Advantages

of Keratinized Gingiva

Keratinized gingiva (KG) is defined as the gingiva
located between the mucogingival junction and
the gingival margin around the natural dentition
and dental implants. It is pink, firm, and keratin-
ized and is attached to the underlying alveolar
bone, except for the zone adjacent to the gingival
sulcus. Investigators initially found in a cross-
sectional study that all sites with <2 mm of KG
around natural teeth exhibited signs of inflamma-
tion, while 80% of sites with >2 mm of KG were
clinically healthy [84]. According to their results,
they recommended to keep a minimal width of
KG of 2 mm around teeth to maintain a healthy
periodontium. However, further studies have
shown that periodontal health can be maintained
through adequate oral hygiene and inflammation
control with less than 2 mm of KG [85-87].

Like in the periodontium around teeth,
implants have a biologic zone that includes con-
nective tissue and epithelial attachments as well
as a gingival sulcus. However, peri-implant tis-

sues display fundamental differences with peri-
odontal tissues around the natural teeth. From
animal studies, it was demonstrated that the peri-
implant epithelium has a lower sealing capacity
compared to the junctional epithelium in the nat-
ural dentition [88, 89], although the explanation
for this weaker bond between the implant surface
and the epithelium remains unclear. Clinically, a
mean additional probing depth of 1 mm on
healthy peri-implant tissues was found compared
to healthy periodontium around teeth when using
a standardized pressure periodontal probe [90].
This was explained by the reduced resistance of
peri-implant tissues to probing. Compared to the
dentition, implants do not have cementum and a
periodontal ligament. This might explain, in part,
the reason why connective tissue fibers around
implants have a more parallel orientation com-
pared to a perpendicular direction around the
natural dentition [91]. It has been suggested that
this weaker peri-implant seal might predispose to
gingival recessions [92] and to peri-implantitis, a
chronic inflammatory disease of peri-implant tis-
sues that is caused by the plaque biofilm and
which is the equivalent of periodontitis in the
natural dentition. Indeed, it was demonstrated in
a split-mouth longitudinal animal study that peri-
implantitis lesions extended deeper into the alve-
olar bone, while in periodontitis lesions, there
was a connective tissue layer between the inflam-
matory lesion and the alveolar bone [93]. Several
recent systematic reviews have shown that
implant sites with presence of KG >1-2 mm
were associated with lower values for plaque
accumulation, signs of inflammation, recessions,
and attachment loss compared to implant sites
with minimal or no KG [94-96].

In individuals rehabilitated with implant-
assisted complete dentures, an insufficient width
of KG was associated with discomfort, and oral
hygiene measures were reported to be painful in
sites where there was no KG present [97]. The
discomfort reported may be explained by the
mobility of the nonkeratinized mucosa causing
irritation during mastication [97, 98]. By its
nature, keratinized gingiva is easier to handle
surgically than mucosa since it is firmer. In the
edentulous patient, where several muscle
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attachments need to be detached and elevated in
order to access the underlying bone, it is techni-
cally less demanding to raise a mucoperiosteal
flap that has been initiated through incisions in
KG. Therefore, it is suggested that a minimal
band of KG of 2 mm should be present preop-
eratively to facilitate soft tissue handling during
implant placement surgery in edentulous
patients. If it is not the case, several surgical
procedures to increase the band of KG can be
done before, at the second-stage surgery, or
once the implant-assisted prosthesis is
completed.

8.5.2 Keratinized Gingiva
Augmentation Procedures
in the Mandible

In the edentulous patients with moderate to
severe mandibular resorption, it is not uncom-
mon to observe a narrow band (<2 mm) of kera-
tinized gingiva covering the alveolar ridge. Two
surgical approaches can increase significantly
the width of keratinized gingiva in the edentu-
lous ridge [99]. The free gingival graft was ini-
tially described by Bjorn to correct mucogingival
problems such as gingival recession and lack of
KG [100]. The first case to illustrate this con-
cept is a 67-year-old male patient who is a for-

Fig.8.7 (a, b) Buccal
and occlusal views of
the partially edentulous
mandible of a patient
that had a partial
resection of the tongue

Fig.8.8 (a, b) Buccal
and occlusal views
showing the buccal and
lingual partial-thickness
flaps exposing the
periosteum on the
alveolar crest

mer smoker and had partial resection of the
tongue due to the presence of a tongue neoplasm
and had subsequently a skin graft four years
ago. The band of KG is less than 2 mm (Fig. 8.7a,
b). The patient has teeth #3.7 and 3.8 present in
the mandible and most of his teeth in the maxilla
that are heavily restored. The patient desired an
implant-assisted and tooth-supported hybrid
overdenture supported by two implants and
Locator™ attachments to stabilize his future
prosthesis. After local anesthesia through buc-
cal and lingual infiltrations with lidocaine 2%
1:100,000 (or 1:50,000) epinephrine, an enve-
lope flap is elevated in partial thickness in order
to preserve the periosteum on the alveolar crest
(Fig. 8.8a, b). Care must be taken to place the
incision in the middle of the remaining KG in
order to facilitate suturing. The surgeon harvests
one or two 1.5-mm-thick gingival grafts of
desired length and width in order to include the
epithelium and a layer of connective tissue to
ensure adequate revascularization. A band made
with oxidized regenerated cellulose (Surgicel®,
Ethicon Inc., Somerville, NJ, USA) stabilized
with a cyanoacrylate oral adhesive (Periacryl®,
GluStitch Inc., Delta, BC, Canada) was used to
cover the donor sites in the palate (Fig. 8.9). The
most common donor sites are the palate, the
edentulous ridge, or the maxillary tuberosity.
Two free gingival grafts were sutured in place
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on the periosteum with interrupted 5-0 silk
sutures (Fig. 8.10a, b). The buccal flap was
sutured apically to the periosteum, and the lin-
gual flap was left unsutured as it will reattach

Fig. 8.9 Occlusal view showing the donor sites after
harvesting

itself spontaneously during the healing phase.
The patient is seen 2 weeks postoperatively to
remove the sutures and assess initial healing.
Three months later, the band of KG has been
significantly increased (Fig. 8.11). A full-
thickness envelope flap is elevated, and two
implants are placed in regions #32 and 42 with
5-mm-long healing abutments in a one-stage
surgical procedure (Fig. 8.12). The buccal and
lingual flaps were sutured with 4-0 silk sutures
(Fig. 8.13).

Another option that might be less technique-
sensitive is to proceed with a free gingival graft
once the implants are osseointegrated. The sec-
ond case is a 65-year-old male who presented
with a progressing gingival recession and inad-
equate band of KG (1 mm) on the buccal aspect
of his midline implant (Fig. 8.14). An incision
was performed at the mucogingival junction,

Fig.8.11 Occlusal view showing the mandibular alveo-
lar ridge three months after the free gingival grafts

Fig. 8.12 Occlusal view showing the mandibular ridge
after the placement of two endosseous implants in the
#3.2 and 4.2 area
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Fig.8.13

Fig.8.14 Buccal view showing a retaining bar supported
by three dental implants. A mucogingival defect is present
on the buccal aspect of the midline implant

and a partial-thickness flap was elevated on the
buccal aspect of the implant. A free gingival
graft was harvested from the palate, close to
the posterior gingival crest, and sutured on the
buccal aspect of the implant (Fig. 8.15). A cel-
lulose dressing with cyanoacrylate tissue adhe-
sive was placed over the donor site after
hemostasis was achieved (Fig. 8.16). A peri-
odontal dressing (Coe-Pak®, GC America Inc.,
Alsip, IL, USA) was placed over the recipient
site to protect the graft, and the patient was
advised not to wear the denture for 1 week
postoperatively, until the dressing is removed
(Fig. 8.17a, b). After 1 week, surface necrosis
of the graft is visible but it is attached to the
periosteum (Fig. 8.18). The sutures were
removed and the patient was told to brush gen-
tly with a soft bristle toothbrush. Two weeks
later, the gingival graft is keratinized and the

Fig. 8.15 Buccal view showing the free gingival graft
sutured to the periosteum on the buccal aspect of the mid-
line implant

Fig. 8.16 Occlusal view showing the donor site after
harvesting

band of KG has significantly increased
(Fig. 8.19). Regular oral hygiene measures
may be resumed around the implants and the
bar. The donor site in the palate is almost com-
pletely healed as well (Fig. 8.20).
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Fig. 8.18 Buccal view showing the free gingival graft
after one week of healing

Fig. 8.19 Buccal view showing the free gingival graft
after three weeks of healing

The apically positioned flap is a more conser-
vative approach compared to the free gingival
graft as there is no need for a donor site.
However, a minimal buccolingual width of

Fig. 8.20 Occlusal view showing the donor site after
three weeks of healing

1 mm of KG is required on the mandibular ridge
to allow apically positioned suturing [99]. An
incision is initially performed in the middle of
the remaining band of KG. A partial-thickness
flap is then raised on the buccal aspect of the
ridge to expose the periosteum. The buccal flap
is sutured to the underlying periosteum at the
desired depth. The mandibular complete den-
ture or overdenture should not be worn for at
least two weeks. At the postoperative appoint-
ment, an increase in width of KG is usually
noted. The granulation cells migrating into the
wound area dictate the nature of the new tissues
that will cover the exposed periosteum [101-
103]. Since this exposed periosteum is entirely
surrounded by KG, the epithelial cells from the
oral mucosa cannotreach the area. Consequently,
the connective tissue and epithelial cells come
from the wound margins that are keratinized,
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allowing the formation of new KG to take place.
This approach was described and illustrated in
detail elsewhere [99].

8.6 Room Preparation
and Surgical

Instrumentation

As mentioned before, the better prepared the sur-
geon and his assistants are, the more efficient the
dental team will be during the surgery. All team
members play a crucial role in planning the sur-
gery and preparing the surgical room. Highest
level of asepsis must be respected before and dur-
ing surgery. The surgical guide is often a dupli-
cate of the patient’s current denture and must
clearly indicate where the ideal implant locations
should be using lines with a permanent marker
(Fig. 8.21a, b). Disinfection may be achieved by
soaking it in a 0.12% chlorhexidine gluconate
solution to achieve proper disinfection prior to
surgery (Fig. 8.22). It must be available at the
time of surgery since it will simplify significantly
the implant placement procedure for the surgeon.
Also, all the required radiographs should be dis-
played in the surgical room, and the medical his-
tory of the patient should be reviewed one last
time immediately before the surgery with the
patient as it may have changed. Sterile drapes on
a table with implant surgery kit and surgical
instruments in a cassette, implant motor with
handpiece and irrigation system, electric motor
with universal cutting burs for ridge recontour-

ing, surgical gloves and implants, and healing
abutments should be in place (Fig. 8.23a—f).

The surgical cassette should include sharp and
well-maintained instruments to facilitate han-
dling of soft and hard tissues. The number of
instruments should be kept to a minimum to
facilitate not only sterilization but to render han-
dling more efficient intraoperatively. Indeed,
implant placement in the edentulous patient will
often last longer than the single-tooth implant
surgery due to its complexity, and care must be
taken to reduce operatory time as much as possi-
ble. The surgical procedure can easily be per-
formed using local anesthesia containing a
vasoconstrictor such as epinephrine in a concen-
tration of 1:100 K or 1:50 K. If a longer surgery
(more than two hours) is planned, bupivacaine
0.5% may be used. An adequate quantity of car-
pules must be available for the duration of the
surgical procedure (Fig. 8.24).

Fig.8.22 Surgical guide soaking in a 0.12% chlorhexi-
dine gluconate solution

Fig.8.21

(a, b) The surgical guide used for the placement of dental implants on the edentulous mandibular ridge
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The surgical instruments listed here are com-
monly used during implant surgery on edentu-
lous patients at the Université de Montréal dental
clinics. Figure 8.25 shows the instruments from
left to right in a surgical cassette (with their
respective purpose(s).

Lower compartment (Fig. 8.25a):

— Mirror (tissue retraction, indirect view on the
lingual aspect)

— UNC-15 periodontal probe

— Two blade handles

— Hirschfeld periosteal elevator (for muscle
fibers and flap elevation)

— Goldman-Fox periosteal elevator (for flap
elevation)

— Pritchard periosteal elevator (for lingual flap
elevation and retraction)

— Orban knife (to facilitate flap elevation, espe-
cially flap corners)

Wedelstaedt straight bone chisel (for osteo-
plasty around implant platform after
insertion)

Rhodes back-action bone chisel (for ridge
osteoplasty and ridge debridement)

Miller surgical curette (for curettage of resid-
ual tooth sockets and ridge debridement)
Ochsenbein 1 (for ridge osteoplasty and ridge
debridement)

Ochsenbein 2 (for ridge osteoplasty and ridge
debridement)

Nabers probe (for mental foramen detection)
Castroviejo needle holder (for suturing)
Gerald tissue forceps (for delicate soft tissue
handling)

Corn suture pliers (for suturing membranes
around implants if guided bone regeneration is
indicated)

Dressing pliers

Anesthetic syringe

Fig. 8.23 (a) Set-up of the surgical room showing the
surgical instruments on a sterile drape, (b) implant motor
and irrigation system, (c¢) electric motor and handpiece,

(d) set of universal cutting burs, (e) surgical gloves, and
(f) implants and healing abutments
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Fig.8.23 (continued)
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Fig. 8.24 From bottom to top: self-aspirating anesthetic
syringe, long 27- and short 30-gauge needle, bupivacaine
0.5% 1:200 K epinephrine, lidocaine 2% 1:50 K epineph-
rine, and lidocaine 2% 1:100 K epinephrine

— Surgical suction tips with adapters
— Minnesota retractor (for buccal flap retraction)

Upper compartment (Fig. 8.25b):
— Crile-Wood needle holder (for suturing)

— Goldman-Fox scissors (for suture or tissue
cutting)

— Curved Halsted-Mosquito hemostat (for hem-
orrhage control, root tip extraction, or small
object grasp)

The implant system is usually selected accord-
ing to the surgeon’s preference. All components
related to the implant surgical phase should be
functional prior to surgery including implant
motor and foot pedal, handpiece, tubing, sterile
irrigation solution, and surgical implant kit. The
latter should include all the necessary implant
drills placed in the sequence of use to optimize
surgical time and minimize surgical errors.
Connection of the irrigation tubes should be veri-
fied in order to provide adequate irrigation during
surgery.

It has been demonstrated that the extent of
necrotic bone around the osteotomy site is pro-
portional with the heat generated during implant
bed preparation [104], and thermonecrosis has
been reported in the literature [105, 106]. The
heat generated may be reduced using different
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Fig. 8.25 Cassette containing the surgical instruments
needed to perform the implant placement procedure. (a)
Lower compartment of the cassette containing the surgi-

measures. Sterile saline or physiologic water
must be used with a patent irrigation system to
allow cooling of the implant drill while perform-
ing the osteotomy to avoid overheating of the
bone. External and internal irrigation systems are
both efficient at reducing heat produced during
the osteotomy preparation [107]. Although drill
design and wear may affect cutting efficiency,
durability, and heat generation [108, 109], no
optimal geometrical design has been found so far
to reduce heat intraoperatively [110]. The surgi-
cal drills used for site preparation should be sharp
and provide efficient bone cutting properties
without creating excessive heat and trauma to the
bone. To minimize risks of overheating the bone
associated with drill wear, one must respect the
manufacturer’s recommendations concerning the
usage threshold, which may vary for each drill
design. Consequently, keeping a logbook will
allow the surgical team to determine the number
of time each implant drill has been used and
when it must be discarded and replaced.

More than 1300 types of dental implants vary-
ing in form, material, dimensions, surface prop-
erties, and geometry are available on the market
[111]. No specific type of implant has shown
superiority over another according to the most
recent Cochrane systematic review [112].
However, there was a trend toward earlier failures
for implants with turned surfaces. On the other
hand, a 20% reduction in risk of developing peri-
implantitis was found for implants with turned
surfaces compared to implants with rough sur-
faces after 3 years in function (RR 0.80; 95% CI

cal instruments. (b) Upper compartment of the cassette
containing the remaining surgical instruments

0.67-0.96). Regarding the design of the
abutment-implant junction, a significant smaller
amount of crestal bone loss has been found for
platform-switch implants compared to platform-
matched implants in a recent systematic review,
although most of the included studies had a small
sample size with short follow-up periods (mean
difference, —0.29 mm; 95% CI —0.38 to —0.19;
P <0.00001) [113]. In the authors’ opinion, only
implant systems that have sufficient well-
designed clinical studies prior to marketing
should be selected.

A reverse cutting needle is recommended for
most surgical procedures in dentistry due to its
capacity to cut through tissues with minimal risk
of tears, especially when suturing the thin oral
mucosa. Keeping the flap margins approximated
may be a challenge in the edentulous mandible
since the tissues are often mobile due to the pres-
ence of muscle insertion close to the top of the
alveolar ridge and the frequent lack of KG. Suture
strings with a 4-0 or 5-0 diameter provide suffi-
cient resistance and adequate handling in the
edentulous mandible. When long-term stability
of the flaps is desired, such as in the case of the
edentulous mandible after implant placement, a
non- or slow-absorbable material is selected to
prevent premature flap opening. Silk sutures are
nonabsorbable braided materials fabricated with
an organic protein called fibroin that is com-
monly used in dentistry. Other nonabsorbable
sutures include monofilament synthetic sutures
such as ePTFE, polypropylene, and nylon.
Materials such as polyglactin 910, poliglecap-
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Fig. 8.26 Different suture materials used to suture the
flaps during the implant placement procedure. (a)
Nonabsorbable 5-0 silk with c-3 reverse cutting needle
suture material. (b) Nonabsorbable 4-0 silk with c-6
reverse cutting needle suture material. (¢) Absorbable 4-0

rone 25, and chromic gut are absorbable sutures
also commonly used in dentistry. Compared to
silk, ePTFE has shown better patient comfort,
superior intraoperative ease of handling, less pain
after removal, and less plaque accumulation
[114]. It has shown significantly less inflamma-
tory infiltrate and smaller degree of slack of the
suture loops compared to silk sutures [115].
Poliglecaprone 25 has shown a better biological
response when compared to polyglactin 910
sutures in the rat model [116]. Also, its handling
is similar to ePTFE, allowing easy intraoperative
knot tightening due to its monofilament texture.
Chromic gut sutures sustained their tensile
strength better than polyglactin 910 sutures in an
in vitro study [117]. In that same study, 4-0
sutures showed higher strength than 5-0 sutures.
To date, no clinical studies have shown whether
specific types of sutures or diameters have a ben-
eficial effect on implant success rate. Hence, it is

chromic gut with FS-2 reverse cutting needle suture mate-
rial. (d) Absorbable 5-0 polyglactic 910 with P3 reverse
cutting needle suture material. (e¢) Nonabsorbable CV-5
ePTFE with RT-16 reverse cutting needle suture material

up to the surgeon’s preferences to select a spe-
cific suture material. Figure 8.26a—e shows com-
monly used sutures at the Université de Montréal
dental clinics.

8.7 Patient Preparation

Most implant placement surgical procedures
should be done using a strict asepsis protocol.
The surgeon needs to select an implant system
that has demonstrated a high level of predict-
ability in controlled clinical studies. Each
implant system has its own specific armamen-
tarium and protocol for use. It is therefore
essential to follow the manufacturer’s proto-
col in terms of drill sequence and rotating
speed. The implants should ideally be inserted
at the recommended torque from the
manufacturer.
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Fig.8.27 (a-c) The patient is draped, the head is covered, and he wears protective eyewear

The procedure needs to be performed in an
aseptic environment using sterile equipment. The
patient is draped and wears protective eyewear
(Fig. 8.27a—c). The surgeon and his assistant also
wear a sterile uniform and protective eyewear
(Fig. 8.28), although the use of non-sterile scrubs
for the surgeon and his staff and smaller sterile
drapes have shown no significant differences in
implant survival rate compared to the standard
sterile protocol [118, 119].

For all implant surgeries, it is recommended to
give a preoperative analgesic to the patient such as
acetaminophen (paracetamol in Europe) or, prefer-
ably, a nonsteroidal anti-inflammatory analgesic
(NSAID). Indeed, preemptive intake of nonsteroi-
dal anti-inflammatory analgesics (NSAIDS) has
shown reduction of postoperative edema and reduc-
tion of additional postoperative analgesic intake as
well as an increased delay before the first postopera-
tive analgesic intake [120]. A preoperative antibi-
otic is given once preoperatively (e.g., 2 g

amoxicillin) for all patients undergoing implant sur-
gery as it was found to reduce the implant failure
rate in the latest Cochrane review [121]. In addition,
a0.12% chlorhexidine rinse for 30 s prior to surgery
is used to reduce the oral bacterial count [122].

Local anesthesia with a vasoconstrictor is rec-
ommended to achieve a long and deep anesthesia.
The concentration of the vasoconstrictor 1:50 K
epinephrine is the preferred choice to reduce
bleeding during a surgical procedure [123].
Lidocaine 2% is generally used, but for longer sur-
geries, bupivacaine 0.5% with epinephrine may
also be used to increase the duration of local anes-
thesia. Bilateral inferior alveolar nerve blocks with
local buccal and lingual infiltrations will generally
provide adequate anesthesia for mandibular
implant placement. However, the amount of local
anesthetic that can be safely administered to geri-
atric patients should be approximately 70% of the
maximum dose recommended by the manufac-
turer due to their reduced metabolism [76].
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Fig.8.28 Surgeon wearing a sterile gown and protective
eyewear

8.8  Surgical Procedure
for Implant Placement
8.8.1 Incisions and Flap Elevation

Once the local anesthesia has been established,
the surgical procedure begins with the full-
thickness incisions and the elevation of buccal
and lingual mucoperiosteal flaps. Some factors
must be considered when planning the flap design
and the configuration of the incisions:

e The number of implants: If three to five
implants have to be placed, an increased surgi-
cal access will be needed to localize the men-
tal foramina. This approach allows the surgeon
to place the most distal implant at a safe dis-
tance mesial to the mental foramina.

e Ridge recontouring: If the edentulous ridge
requires osteoplasty to eliminate a knife-edge
ridge and irregularities or to increase the inter-
occlusal space, more access will be needed. In
both situations, the incisions will be extended

further posteriorly to the first or second molar
areas.

The surgical procedure demonstrated in this
section is from a 65-year-old female seeking to
improve the function and stability of her man-
dibular complete denture with a bar with clip
prosthetic system supported by four dental
implants (Fig. 8.29a—c). A free gingival graft had
been previously performed in the #4.3 and 4.4
area. The panoramic film shows that recent
extractions were done and an adequate bone
height to allow implant placement was present
(Fig. 8.29d). The lateral cephalograph shows a
knife-edge anterior alveolar ridge that will neces-
sitate at least 7 mm of osseous reduction with
osteoplasty before implant site preparation may
be initiated to allow a flat and regular ridge sur-
face (Fig. 8.29¢). After bilateral inferior alveolar
blocks, mental blocks, and buccal and lingual
infiltrations are completed, the surgery may be
initiated. The main incision is located in the cen-
ter of the edentulous ridge and is contained within
the keratinized gingiva (KG) (Fig. 8.30). This
will distribute an equal amount of KG on the buc-
cal and lingual aspects of every implant and
therefore, optimizing the amount of postopera-
tive KG around the implants. Another advantage
of performing the incision within the KG is that it
is easier to manage the flaps during suturing and
in the authors’ experience, it results in less edema
and less discomfort for the patient.

Vertical releasing incisions on the buccal
aspect of the ridge will improve access to the sur-
gical area. The ideal location to perform the
releasing incisions is generally in the first molar
area. A periosteal elevator is then used to raise
full-thickness buccal and lingual flaps. The eleva-
tor must be seated against the bone to prevent
trauma and tear to the soft tissues. The extension
of the reflection must enable the surgeon to locate
the position of the mental foramen and to per-
form bone recontouring when indicated. The
alveolar ridge must be thoroughly debrided of all
soft and granulation tissues with curettes, perios-
teal elevators, or bone chisels. This is especially
true if the teeth were recently extracted and when
the sockets are still recognizable such as in this
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Fig.8.29 (a) View of the dentures in occlusion, (b) buccal view of the edentulous mandible, (¢) occlusal view of the
edentulous mandible, (d) panoramic radiograph, and (e) lateral cephalograph

Fig.8.30 Incision performed in the center of the KG and
extending to the first molar areas. Two releasing incisions
on the buccal aspect are performed bilaterally at the distal
aspect of the main incision

case. The ridge shows severe buccolingual
resorption and needs to be fully exposed before
ridge recontouring can be done to remove all
irregularities (Fig. 8.31a, b). This is a common
finding in elderly edentulous patients.

If implants are to be placed near the mental
foramen, its location and the possibility that an
anterior loop may be present mesial to the men-
tal foramen need to be considered before implant
placement to avoid inferior alveolar nerve
injury. Adequate radiographic interpretation
regarding the location of the mental foramen
and the presence and length of the anterior loop
of the mental foramen is mandatory. The radio-
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Fig.8.31 (a) Occlusal view of the mandible with a full-thickness buccal and lingual flap exposing the alveolar bone.
(b) Full-thickness flap showing the buccal aspect of the alveolar bone

Fig.8.32 Full-thickness flap exposing the coronal aspect of the (a) left mental nerve and (b) right mental nerve

graphs should be displayed so the surgeon can
easily corroborate radiographic and clinical
observations during the surgery. A periosteal
elevator is used to raise a full-thickness flap up
to the coronal margin of the foramen.
Figure 8.32a, b shows the left and right mental
nerves exposed. A blunt furcation probe (Nabers
probe) may be gently inserted into the foramen
to determine whether the distal aspect is patent
[124]. If it is not patent, then the nerve entered
on the mesial side, confirming the presence of
an anterior loop.

If the absence of an anterior loop has been
confirmed, an implant may be placed so that its
distal aspect is 2 mm mesial to the mental fora-
men. If there is an anterior loop, it is recom-
mended to preserve a distance of 2 mm mesial to
the loop before placing the most distal implant.
This distance may be measured from the mesial
wall of the loop [12]. If there are doubts

concerning the presence and/or extent of an ante-
rior loop, it is recommended to obtain a CBCT.

8.8.2 Ridge Recontouring
(Optional)

If ridge recontouring is required, it must be per-
formed prior to any preparation of the osteotomy
sites for the implants. Careful manipulation of
the lingual flap is very important in order to pre-
vent any trauma to the periosteum and the adja-
cent important blood supply located in the floor
of the mouth. A high-speed surgical handpiece or
a straight electric handpiece is used to recontour
the ridge and remove irregularities with copious
irrigation (Fig. 8.33a, b). Osteoplasty is needed
until the thickness of the edentulous ridge allows
the placement of the implants with 1 mm of bone
on both buccal and lingual aspects of each
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Fig.8.33 Osteoplasty of the edentulous ridge being performed using (a) a #8 round carbide bur on a high-speed surgi-
cal handpiece or (b) a large carbide universal bur mounted on a straight surgical electric handpiece

Fig.8.34 (a) Buccal view and (b) occlusal view of the alveolar ridge after recontouring

implant. Figure 8.34a, b shows the edentulous
ridge after bone recontouring.
Indications for ridge recontouring are:

e Thin and knife-edge alveolar ridge

e Alveolar sockets present

e Lack of interocclusal space for prosthetic
components (this situation may be found
when the ridge shows very little resorption or
when the teeth were recently extracted)

e Uneven alveolar ridge

* Presence of a prominent genial tubercle

8.8.3 Osteotomy Site Preparation

Once the alveolar ridge has been debrided and lev-
eled, the implant osteotomy site may be initiated.
The surgeon follows the sequence and protocol of
the implant system selected. A series of drills, spe-

cific for each implant system, are used in sequence
and according to the type of bone encountered.

Mlustrated in this chapter are the sequences
used for the placement of screw-type, threaded,
self-tapping, external hex endosseous implants
(Nobel Biocare Branemark MK III® implants,
Nobel Biocare Inc., Kloten, Switzerland).

With a surgical guide in place, the surgeon
marks all the implant sites using a round or spear-
point bur. This marking bur will facilitate the next
step, which is the first osteotomy preparation with
a2 mm twist drill (Fig. 8.35). This drill establishes
the desired depth and the alignment of the implants.
While drilling in the interforaminal area, caution
must be exercised to avoid perforating the lingual
cortex, which could result in hemorrhaging from
the blood supply of the floor of the mouth. Direct
visualization of the ridge morphology will allow
the surgeon to properly angulate the 2 mm twist
drill. This will ensure that the implant osteotomy
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site is contained within the mandibular bone.
Emphasis should be placed on the parallelism
between all implants. This may be facilitated by
asking the surgical assistant to verify the axis in the
buccolingual direction, while the surgeon empha-

Fig. 8.35 The spear-point bur marking the sites of the
implants on the edentulous ridge

Fig.8.36 The 2 mm twist drill preparing the osteotomy
sites on the edentulous ridge

sizes on the mesiodistal angulation of the osteot-
omy drill or vice versa. Also, the surgeon may use
two hands to maintain a constant axis of the bur and
pressure on the handpiece. The implants should be
inserted as perpendicular as possible to the occlusal
plane and at a similar occlusal height on the alveo-
lar crest in order to balance the load on the implants.
Figure 8.36 shows the 2 mm twist drill preparing
the osteotomy sites with a guide pin in place to
facilitate parallelism between the osteotomy sites.
An up-and-down movement of the drill at high
speed (1000-1500 RPM) with a firm but not exces-
sive pressure will allow the irrigation to reach the
bone and, hence, adequate cooling of the osteot-
omy site being prepared. In the authors’ opinion, it
is easier to start with the midline implant(s) oste-
otomy preparations and, then, proceed posteriorly
to the distal sites.

After the first osteotomy drill has been used,
the surgeon may estimate the bone density using
the Lekholm and Zarb classification [125]. A
higher bone density type 1 or 2 will require
slightly higher apical pressure on the twist drill
than a bone density type 3 or 4. While preparing
the osteotomy sites, the surgeon may want to
assess the quality and the depth of the local anes-
thesia by communicating with the patient. This
shows empathy and helps building a bond of trust
between the surgeon and the patient. This will
likely reduce the patient’s anxiety during surgery.

A guide pin is then inserted in each osteotomy
site, and with the surgical guide in place, it is pos-
sible to confirm the proper position, angulation,
and parallelism of the implants’ axis (Fig. 8.37a,

Fig.8.37 (a) Occlusal view and (b) buccal view showing the first two osteotomy sites prepared
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b). At this point, the two posterior sites may be
prepared while keeping in place the midline
guide pins as a guide. After completion of all
osteotomy sites, guide pins are inserted in all
osteotomy sites, and the positions are confirmed
with the surgical guide (Fig. 8.38a—c).

A second twist drill (2.4/2.8 mm diameter) is
then used to increase the diameter of the osteot-
omy site. At this point, it is still possible, if
required, to adjust the angulation of the osteotomy
site. In the presence of a low bone density that
might not allow the implant to achieve an ade-
quate primary stability, i.e., an insertion torque of
30 Ncm or higher, one option is to underprepare
the site by skipping the final twist drill and attempt
to insert the implant at this stage.

The final twist drill is 3 mm in diameter and
completes the final preparation of the osteotomy
sites. It is critical to maintain the same axis with
the previous drill to ensure parallelism between
the implants.

With the Branemark® implant system, the
countersink drill is used to widen the crestal part
of the osteotomy site and allow for the crestal

placement of the implant platform (Fig. 8.39).
The depth of the osteotomy sites is confirmed
using the implant manufacturer’s depth probe
(Fig. 8.40). In addition, the osteotomy integrity
may be confirmed with this probe to rule out any
cortical perforation. At this point, the implants
may be inserted. Figure 8.41 shows the four oste-
otomy sites prepared.

The implants used in this clinical case are
3.75 mm in diameter and are self-tapping.
Therefore, it is not necessary to create screw
threads (tap) in the osteotomy sites before
the insertion of the implants. However, in the
presence of dense cortical bone (type I), it is
recommended to tap the sites, as it may be
very difficult to insert the implants, which
could generate excessive insertion torque
leading to compression bone necrosis,
although this phenomenon has been debated
in the literature [126, 127]. Care must be
taken to avoid contact of the implant surface
with contaminated instruments to prevent
postoperative infection and subsequent loss
of osseointegration.

Fig.8.38 (a) Buccal view and (b) occlusal view showing the four guide pins in place. (¢) Occlusal view of the four
guide pins inserted to confirm the proper position with the surgical guide in place
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Fig. 8.39 The final bur, the countersink bur, is used to
widen the crestal bone of all the osteotomy sites

Fig.8.40 Buccal view showing the depth probe confirm-
ing the adequate depth of each osteotomy site before
inserting the implants

Fig. 8.41 Occlusal view showing the four osteotomy
sites prepared

8.8.4 ImplantInsertion

It is recommended to keep the guide pins in place
to help with the insertion as the implant system

illustrated here is self-tapping and the implants
could be potentially misangulated if the estab-
lished axis is not respected. The implant is
inserted at low speed (25-30 RPM) and at a mini-
mal torque of 30-35 Ncm in the osteotomy site
until the top of the implant platform is located at
the level of the crestal bone (Fig. 8.42a, b). The
implant motor is set at a predetermined maxi-
mum torque and will stop automatically when it
is reached. If the set torque is reached before the
implant is fully seated, insertion can be com-
pleted with the use of a manual torque wrench.
Otherwise, the surgeon may opt to tap the oste-
otomy site if excessive torque is required. The
higher the bone density is, the more stable the
implant will most likely be with a higher insertion
torque needed to fully seat the implant into the
osteotomy site.

If the implant reaches an adequate primary
stability (insertion torque > 30 Ncm), the healing
abutments may be placed, and the surgeon will
follow a one-stage protocol (Fig. 8.43). Before
placing the healing abutment, it is important to
verify if there are any bony steps around the
implant platform, especially if the implant plat-
form has been placed subcrestally as these steps
will prevent the complete seating of the abutment
on the platform. If these steps are present, a small
round bur or bone chisel may be used to eliminate
them and recontour the ridge around the implant.
The healing abutment must then be fully seated
on the implant platform. This procedure is
repeated for each implant. When all the implants
are in place, the flaps are adapted against the
healing abutments and sutured with interrupted
absorbable or nonabsorbable sutures. A radio-
graph may be taken to confirm the implant loca-
tions and verify if the healing abutments are well
seated on the implant platform (Fig. 8.44).

Implants with an adequate primary stability
will be able to withstand early loading forces,
and the healing abutments will be kept in place
during the osseointegration process until the
restorative phase. This represents a major advan-
tage for the patient, as it is not necessary to
undergo a second surgical procedure. In this sce-
nario, osseointegration occurs with the formation
of a new peri-implant attachment and sulcus



8 Step-by-Step Surgical Considerations and Techniques

137

Fig. 8.42 (a) Buccal view showing the insertion of the
first implant. The adjacent guide pins are kept in place to
help the surgeon maintain the right position during this

Fig. 8.43 Buccal view of a healing abutment placed on
the implant

Fig.8.44 Panoramic radiograph taken immediately after
the placement of the implants

along the implant and the abutment. Another
major advantage of the one-stage protocol is that

process. (b) Occlusal view showing two implants fully
inserted and torqued in their osteotomy site

the healing abutments will increase the stability
of the lower removable prosthesis once it is
relined with a soft lining material and well
adapted to the mandibular ridge. Using long heal-
ing abutments will minimize the risks of soft tis-
sue coronal migration during the first
postoperative weeks, which could result in partial
or complete coverage of the abutments. In most
situations, healing abutments with a minimal
height of 5 mm will be satisfactory to prevent this
complication.

If it is not possible to achieve an adequate
implant primary stability, it is preferable to install
a cover screw on top of the implant instead of the
healing abutment. The implant is then submerged
until the osseointegration process is completed.
In this two-stage protocol, a second surgical
procedure is required to expose the implant and
place the healing abutment two to six months
after implant placement. In the event that the
osteotomy site was fully prepared with the last
drill and the implant is not stable, i.e., the implant
is spinning while the healing abutment is screwed
on, a larger-diameter implant may be placed.
Nobel Biocare has a 4.0-mm-diameter Branemark
MK III® (rescue) implant that is designed for
those circumstances.

If a buccal dehiscence occurs after implant
placement, a cover screw is placed on the
implant, and a bone graft is packed on the buc-
cal aspect of the implant and covered with a
membrane to attempt bone regeneration
(guided bone regeneration (GBR) procedure).
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Fig.8.45 (a) Buccal view and (b) occlusal view showing the flaps sutured against the four healing abutments

In this case, the implant is submerged with pri-
mary closure of the flaps, and a second-stage
surgery will have to be done four to six months
later to allow placement of a healing abutment.
GBR procedures on implant buccal dehiscence
defects have shown marginal bone level preser-
vation after 18 months of healing compared to
crestal bone loss when such defects were left
untreated [128].

8.8.5 Suturing Techniques

For short surgical segments, as those observed
between implants in the anterior area of the man-
dible, simple interrupted sutures are commonly
used. In the posterior ridge area, continuous lock
sutures are used to allow adequate flap adaptation
while saving time. Interrupted sutures provide
security in case one or more knots become slack
due to postoperative swelling. Horizontal or ver-
tical mattress sutures may also be used, espe-
cially if guided bone regeneration has been done
around one or many implants, to provide primary
closure and higher tensile strength and to prevent
premature flap opening. The flaps need to be
tightly closed with several sutures, as the tension
on the buccal and lingual flaps is very strong in
the anterior region of the mandible due to muscle
insertions (Fig. 8.45a, b). An adequate band of
KG is observed in this illustrated case on the buc-
cal and lingual aspects of the implants.

8.9 Postoperative Care
At the end of the surgical appointment, the geri-
atric patient should remain seated for a few min-
utes before getting up from the dental chair in
order to prevent an orthostatic hypotension epi-
sode, a condition during which the patient might
become dizzy, light-headed, and nauseous and
might develop a headache or blurred vision [129].
Written and verbal postoperative instructions
are given to the patient and his/her designated
escort after the surgical procedure. The patient
and his/her escort must understand all instruc-
tions before leaving the surgical room. However,
it is a good practice to discuss them with the
patient in one of the appointments that precedes
the surgical appointment. They should include
the following topics:

e Pain: an analgesic agent is prescribed to the
patient for the management of postoperative
pain and discomfort. A nonsteroidal anti-
inflammatory drug (NSAID) such as ibuprofen
400-600 mg or naproxen sodium 550 mg is
routinely prescribed for at least the first two to
three postoperative days if there are no medical
contraindications. It should be prescribed along
with acetaminophen (paracetamol) 500 mg if
significant pain is expected since these two
medications are more efficient for pain control
when taken together than when either drug is
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taken alone [130]. Narcotics may be prescribed
to elderly patients but with a lower dosage than
the adult population since they are more at risk
of developing respiratory depression. A rela-
tively low number of medications (~12-20
tabs) should be given without any refill to
encourage the patient to contact the surgeon if
significant pain persists after three to four days.
Increasing pain occurring three days after sur-
gery may be a sign of postoperative infection,
and an intraoral examination to verify the
source of pain is recommended [131].

e Infection control: postoperative systemic anti-
biotics may be given although no scientific
evidence has been supporting this practice for
routine implant placement without additional
bone grafting procedure. If there are no con-
traindications, amoxicillin 500 mg t.i.d. for
one week may be prescribed if a GBR proce-
dure was done simultaneously although this is
a subject to debate [132]. If the patient pres-
ents a contraindication to penicillin, azithro-
mycin 250 mg (two tabs stat and one tab per
day for four days) may be prescribed.

e Swelling: the patient is encouraged to indi-
rectly apply a cold pack on both sides of the
lower jaw, on the skin adjacent to the surgical
site, for alternating periods of 20 min for at
least two hours as this may help reduce swell-
ing and discomfort [133]. Swelling is expected
and will peak 48 hours after the procedure.
The surgeon may recommend to the patient to
elevate his/her head above the heart level dur-
ing the first two nights of sleep to reduce blood
flow at the surgical site and swelling.

e Bleeding: minor bleeding is expected for the
first 24 hours following the surgical proce-
dure. Bruising of the chin is not unusual after
this procedure.

e Activities: following a surgical procedure, the
patient should refrain from doing intense
activities. However, the patient may continue
with his/her normal daily activities.

e Eating: the patient should be advised to refrain
from drinking alcohol and eating spicy or hot
food for the next 48 hours to prevent irritation

and swelling. For the first two postoperative
weeks, a very soft diet is recommended to pre-
vent flap reopening and food impaction. The
patient is advised not to chew food with the
healing abutments.

e Prosthesis: the patient is allowed to wear the
upper prosthesis. For the first two postopera-
tive weeks, the patient should refrain from
wearing the lower denture and using any oral
hygiene measure.

e Oral hygiene: a 0.12% gluconate chlorhexi-
dine rinse is prescribed to the patient, and he/
she is instructed to rinse for 30 s twice a day
for at least two weeks. The patient should
refrain from eating or drinking in one hour
after using the rinse to maximize its bacteri-
cidal effect.

e Smoking: smokers should refrain from smok-
ing one week before and eigth weeks after
implant placement to decrease the risk of
implant failure [134].

8.10 Postoperative Appointments

One week after the surgery, the patient may be
seen to monitor soft tissue healing and oral
hygiene (Fig. 8.46a, b). It is not uncommon to
observe a slight opening between the buccal and
lingual flaps with epithelial invagination, expos-
ing the underlying granulation tissue. A signifi-
cant postoperative swelling may cause this,
especially when osteoplasty has been performed
to flatten the mandibular ridge and for surgical
procedures of longer duration. This may also be
explained by a decrease in glycosaminoglycans,
fibronectin synthesis, and type 1 binding of col-
lagen, as well as the reduced efficiency of the
immune system associated with older age [76].
Other age-related etiological factors related to
delayed healing are poor nutrition, dehydration,
reduced vascular perfusion, and polypharmacy
[76]. If the flaps are not well approximated, as
illustrated in this case, sutures should be left in
place for another week to reduce the risk of creat-
ing a wider opening between the edges of the
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Fig. 8.47 The tissue conditioner material is applied
under the lower denture

flaps. If a large opening (>2 mm) is present
between the edges of the flaps, more sutures may
be added to approximate them and cover the
exposed alveolar bone. If only minor exposure
occurs at the first visit or if the alveolar bone is
covered with granulation tissue, the area may be
left to heal by secondary intention.

Two weeks postoperatively, the sutures are
removed, and any residual plaque or calculus
should be removed from the healing abutments
with plastic or titanium curettes. The mandibular
complete denture may be relined with a
methacrylate-based soft liner (e.g., Visco-gel
Temporary Soft Denture Liner®, Dentsply Sirona
Co., York, PA, USA) that will allow the patient to
wear the denture, to resume chewing, and to regain
partially his/her masticatory function. Briefly, a
blue marking stick may be used to locate the heal-
ing abutments on the denture base, if a one-stage
surgery was performed. Then, the denture material

Fig. 8.48 The denture is seated on the ridge, and with
finger pressure, the tissue conditioner is allowed to flow
around the healing abutments

is removed from underneath the denture to allow
space for the healing abutment and soft lining
material. Once the denture is well seated and
adapted on the mandibular ridge and the healing
abutments, the soft lining material or tissue condi-
tioner is placed in the newly shaped housing under
the denture (Fig. 8.47). The denture is then placed
on the ridge with finger pressure to allow the mate-
rial to flow around the healing abutments
(Fig. 8.48). Once the material has settled, excesses
are removed with a #15 surgical blade, and care
must be taken to remove the material that could
have settled between the edges of the buccal and
lingual flaps (Fig. 8.49). If a one-stage surgery was
elected, the healing abutments placed on the
implants will provide extra stability for the lower
prosthesis during the osseointegration phase. The
patient is instructed to clean the denture after every
meal and remove it at night.



8 Step-by-Step Surgical Considerations and Techniques

141

A third follow-up visit is scheduled four weeks
postoperatively to monitor the soft tissue healing,
the osseointegration process of the implants, the
tightness of the healing abutments, and the com-
fort of the patient (Fig. 8.50a, b). If required, the
soft liner might be changed to obtain better adap-
tation to the underlying soft tissues undergoing
maturation. It might be required in some cases to
repeat this procedure at the same time interval
until the final prosthesis is in place. When the
osseointegration is completed, the restorative
phase may be undertaken.

In a two-stage scenario, a second surgical pro-
cedure to expose the cover screws is performed
two to six months after surgery. If a GBR proce-
dure was performed, it is advisable to wait at least
four to six months before re-exposing the implants
to allow adequate time for bone regeneration. To
establish the presence of KG on both aspects of
the healing abutments, it is recommended to use

Fig. 8.49 Once the tissue conditioner has settled, the
excesses are trimmed off

Fig.8.50

an incision in its center and raise a small full-
thickness flap to access the cover screws and
replace them with healing abutments. Because the
band of KG is normally narrow on an edentulous
mandible, using a soft tissue punch could result in
the complete elimination of KG and lead to a
mucogingival defect around the implants. For this
reason, the authors discourage its use in edentu-
lous mandibles. The flaps are sutured, and it is
possible to reline the lower denture with a soft
liner, which will allow the patient to wear it imme-
diately. Only soft tissue healing is required before
undergoing with the restorative phase as the
osseointegration in now completed. This process
takes about four weeks.

8.11 Surgical and Postsurgical

Complications

Complications related with implant surgery may
arise during (intraoperative) and after (postopera-
tive) the surgical procedure. Additionally, there
are long-term complications related to the peri-
implant tissues and surgery. As with any other
surgical procedures, prevention of complications
begins with a complete medical history including
past and current medications, management and
control of the risk factors, a thorough clinical and
radiographic evaluation, adequate surgical tech-
niques, and proper postoperative instructions.
Despite taking all those measures, there are still
risks of complications. The most common ones
are presented below.

(a) Buccal view and (b) occlusal view showing the mandible four weeks after the placement of the implants
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Fig. 8.51 Photograph taken one week after the surgical
placement of the implants and showing a hematoma of the
chin and neck

* Hemorrhage, ecchymosis, and hematoma:
Minor bleeding is expected during and immedi-
ately after the surgical procedure. During the
procedure, bleeding may be managed with the
use of an anesthetic agent containing a vaso-
constrictor such as epinephrine. Bleeding is
related to the extent of flap reflection, the anat-
omy of the surgical area, and the systemic con-
dition of the patient. The injury to small
capillaries and blood vessels can cause bleed-
ing in the tissues leading to an ecchymosis.
This condition does not require therapy, and the
patient needs only to be reassured that it will
disappear by itself. Figure 8.51 shows an
ecchymosis during the first week following the
surgical placement of the implants. A hema-
toma is a collection of blood within a space or
tissue that leads to the formation of an elevated
and hard lump. Specific to this type of surgery
is the vascularization in the anterior floor of the
mouth. The implant surgeon must be careful
not to perforate the lingual cortical plate or
perforate the lingual flap, which could perfo-
rate the arteries in that area. There are two
major blood vessels in the anterior region of the
floor of the mouth, the sublingual and the sub-
mental arteries and their anastomosis through
the mylohyoid muscle and multiple accessory
foramina in the lingual cortical plate of the
anterior mandible. The pattern of bone loss in
the anterior mandible is mostly horizontal from
the buccal side. This resorption generally
results in a lingually angulated trajectory of the

anterior region of the mandible. This angula-
tion is prone to a lingual perforation during
osteotomy site preparation leading to severed
arteries and subsequent hemorrhage. This com-
plication may be life threatening for the patient
as it could cause an obstruction of the airway. If
this situation arises during the surgery, the
emergency medical services must be notified,
as it is likely the patient will need intubation
[135]. Patients taking anticoagulants or anti-
platelet medications are more prone to this type
of complication. Therefore, appropriate blood
tests (INR, bleeding time, CBC) might be
needed. For geriatric patients taking anticoagu-
lants, no current guidelines have been pub-
lished, but the authors recommend that the INR
should be obtained within 72 h preoperatively
and be lower than 3.0-3.5 before they undergo
implant surgery. In patients taking anticoagu-
lants, local hemostatic measures such as pres-
sure for 30-60 min with a gauze soaked with
4.8% tranexamic acid immediately after sur-
gery, gelatin sponges, or thrombin-containing
biologic adhesive have been equally effective
at preventing postoperative bleeding after
implant surgeries [136]. A 4.8% tranexamic
acid mouthwash may also be used during the
two first postoperative days to prevent bleeding
episodes. For geriatric patients taking these
medications, it is recommended to communi-
cate with the treating physician to assess their
medical status.

e Neurosensory disturbances: Surgical trauma,

disturbance to the nerve microcirculation, local
inflammation, edema, and hematoma may lead
to neural degenerative processes. If there has
been no direct trauma to the mental nerve, the
resulting neuropathies are usually temporary.
Damage to a nerve may manifest as one of the
following symptoms: paresthesia (numb feel-
ing, burning, and prickling), hypoesthesia
(reduced feeling), hyperesthesia (increased
sensitivity), dysesthesia (painful sensation), or
anesthesia (complete loss of feeling of the sur-
rounding skin and mucosa) [137]. If such
symptoms occur, the surgeon needs to deter-
mine if they are the results of the soft tissue
manipulations and edema or the presence of the
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implant in close proximity to a nerve branch. If
it is determined that the implant might have
been placed too close or into a nerve canal, it
must be removed [40]. If the cause is not related
to the implant position, corticosteroids or anti-
inflammatory medications might be prescribed
empirically for one to two weeks postopera-
tively. Adequate mapping of the injured area
using a blunt and sharp instrument must be
noted in the patient’s file in order to detect any
subsequent reduction in signs and symptoms. If
there is no improvement after two weeks, the
patient must be referred to a specialist knowl-
edgeable in neurosensory complications.
Damage to the soft tissues: An implant place-
ment surgery on an edentulous mandible
requires an extensive access with a buccal and
lingual flap, especially if an osteoplasty of the
ridge is indicated. It is highly recommended to
use large flap retractors during the surgical
procedure to prevent the soft tissues from
being in contact with the rotating instruments
or other sharp instruments, which could result
in soft tissue damage such as a tear or a flap
perforation. Interrupted sutures may be used
to consolidate any tissue tear or perforation
before suturing the main flaps.

Flap opening and premature loss of sutures:
The buccal and lingual flaps in the anterior
region of the mandible are subjected to ten-
sion from the muscles in the area. If the num-
ber of sutures is insufficient, if the suture entry
points are too close to the incision, or if the
tension is too strong, it is possible for the
sutures to tear through the edges of the flaps
resulting in a gap between them. This situation
will expose the underlying bone and create
discomfort for the patient and delay soft tissue
healing. Depending on the severity of the gap
created by this situation, the surgeon has two
options. If the gap is narrow and the bone not
exposed, the area may be left to heal by sec-
ondary intention. Figure 8.52 is showing a
minor opening between the edges of the flaps
one week after the surgical procedure. On the
other hand, if the gap is wide (>2 mm) and the
bone exposed, there is a need to place new
sutures to bring the edges of the flaps to a

close. If the flap is slow to reattach to the bone
and the bone is exposed, perforations in the
cortical bone may be required to encourage
bleeding to the area and enhance flap adhesion
through fibrin clot formation. Figure 8.53 is
showing perforations through the cortical
bone. The flap is then sutured over the perfo-
ration (Fig. 8.54).
Loss of a healing abutment: During the surgical
procedure, the healing abutments are screwed
hand-tight on the implants and will be kept in
place during the osseointegration phase.
Occasionally, a healing abutment may become
loose and even lost. The patients need to be
informed of that possibility, and they must
notify the surgeon immediately when it occurs.
The surgeon needs to ensure there is no soft tis-
sue caught under the abutment before tighten-
ing it back to the seated position on the platform
of the implant. If the healing abutment is loss,
the soft tissues will cover the implant platform
rapidly (Fig. 8.55). In this case, a midline inci-
sion is made, and a conservative flap is elevated
to expose the implant platform and provide the
access to place the healing abutment (Fig. 8.56).
The flap is then sutured around the healing
abutment (Fig. 8.57).
Soft tissue overgrowth: In the weeks following
the surgical placement of the implants, the
edges of the flaps may creep and cover the heal-
ing abutments (Fig. 8.58). This complication
may arise when extensive reduction of the alve-
olar ridge is performed. Using healing abut-
ments that are at least 5 mm long may prevent
this complication. At the end of the initial heal-
ing period (~four weeks), if soft tissue irregu-
larities and/or gingival overgrowth remain, a
minor gingivoplasty/gingivectomy may be
required around the healing abutments.
Loss of a dental implant: Although the success
rate of dental implants in the edentulous man-
dible is highly favorable (99.5%) [138], osseo-
integration occasionally fails to occur. This
leads to an early implant loss. Depending on
the situation, there are different options
available:
— A wider diameter implant may be placed in
the osteotomy site after a thorough curet-
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Fig.8.52 Occlusal view showing the mandible one week
after the placement of the implants

Fig.8.53 Buccal view showing an area where the corti-
cal bone became exposed two weeks after the surgical
procedure. Perforations were performed through the corti-
cal plate to promote bleeding to the area

Fig. 8.54 Buccal view showing the area after the flaps
were sutured over the perforations that were performed

tage and irrigation if minimal bone resorp-
tion occurs.

— Another implant may be inserted adjacent
to the failed implant if the restorative

Fig. 8.55 Occlusal view showing the loss of a healing
abutment

Fig. 8.56 Occlusal view showing the area after a small
flap was performed to expose the platform of the implant

Fig.8.57 Occlusal view showing the area after the place-
ment of the healing abutment and the sutures

design of the prosthesis allows it.
— If the previous options are not possible, a
bone graft must be placed and covered with
a resorbable membrane into the implant
socket. Another implant may be placed
after four to six months of healing.
e Mandibular fracture: This is a serious and rare
complication in the atrophic mandible. When
a fracture of the mandible is detected shortly
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Fig. 8.58 Occlusal view showing a soft tissue over-
growth covering part of a healing abutment

after the implant placement surgery, it is likely
the result of a weakened area where the
implant was placed. The risk factors that pre-
dispose a mandible to a fracture associated
with the placement of an implant are osteopo-
rosis, trauma, and stress at the implant loca-
tion [139]. To reduce the risk of mandibular
fracture, it is recommended to avoid long and
wide implants in the atrophic mandible [140].
Furthermore, atrophic mandibles that have
less than 7 mm of bone height and 6 mm of
width are at increased vulnerability to fracture
[141]. When a fracture occurs, the surgeon
needs to perform a fracture reduction and
decide if the implant may be kept [140].

e Peri-implant diseases: Peri-implant mucositis
is defined as the inflammation of peri-implant
tissues without loss of attachment and the sup-
porting bone, while peri-implantitis is also an
inflammatory disease involving the peri-
implant tissues but also exhibits supporting
bone and peri-implant attachment loss. Their
prevalence has been recently estimated to be
43% and 22%, respectively, at the implant
level [142]. Although the etiology is primarily
bacterial plaque accumulation, other contribut-
ing factors might be patient-, surgical-, and
prosthetic-related. A periodic peri-implant
examination and debridement will minimize
the incidence of these complications. The
patient must maintain optimal oral hygiene,
and thorough hygiene instructions with adju-
vants must be presented to all implant rehabili-
tated patients. Since geriatric patients might
often have difficulty to adequately maintain

plaque-free implant surfaces, end-tuft manual
or electric brushes are often recommended. A
minimal peri-implant maintenance frequency
of five to six months is recommended to pre-
vent peri-implant diseases [143].

In peri-implant mucositis cases, a peri-implant
pocket is often present with a probing depth
>5 mm with signs of inflammation such as
erythema or bleeding upon probing but with-
out peri-implant crestal bone loss. This lesion
is reversible with nonsurgical periodontal
therapy. A thorough subgingival debridement
and improvement of oral hygiene will gener-
ally reduce the inflammation around the
affected implant(s) and resolve the disease. In
peri-implantitis cases, deep peri-implant
pockets (>5 mm) with bleeding upon probing
are observed with crestal bone loss that may
be visible on the radiographs. Subgingival
debridement with or without application of a
local or systemic antibiotic might control or
stabilize the disease. Usually, a postoperative
chlorhexidine rinse is prescribed, and the
patient is seen four to six weeks later for a
reevaluation to assess the peri-implant tissue
health. If the peri-implant pocket and inflam-
mation persist, a surgical approach is recom-
mended. Several treatment options have been
described including bone and soft tissue aug-
mentation, resective peri-implant surgery
including implantoplasty, or a combination of
these approaches depending on the intrabony
defect morphology. These procedures have
shown positive outcomes [144]. In the pres-
ence of horizontal bone loss around implants
with a small or absent intrabony component,
resective surgery with decontamination of the
implant surface is indicated.

To illustrate this clinical situation, a 71-year-
old female came for a consultation regarding a
fistula located on the buccal aspect of a midline
mandibular implant supporting a fixed implant-
assisted prosthesis (Fig. 8.59). There were
7 mm peri-implant pockets with bleeding upon
probing on the mesiobuccal, buccal, and disto-
buccal aspect of the implant #3.2, and the peri-
apical radiograph showed crestal bone loss
around the implant (Figs. 8.60 and 8.61). The
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implant threads were felt with the implant
probe in the peri-implant pockets. Six weeks
after initial periodontal debridement under
local anesthesia with local antibiotic applica-
tion, the patient comes back at the clinic for a
reevaluation, but the deep peri-implant pockets
are still present. Therefore, after removing the
prosthesis to facilitate access, a full-thickness
flap is elevated, and the implant and surround-
ing bone are debrided. An 8§ mm horizontal
bone loss is observed on the mesial, buccal,

Fig.8.59 A fistula is present on the buccal aspect of an and distal aspect of implant #3.2 (Fig. 8.62).
implant in #3.2 position supporting a fixed implant- An implantoplasty is done to eliminate the
assisted prosthesis for a 71-year-old female patient exposed implant threads as they represent a

contributing factor to plaque accumulation
when they are exposed in the mouth. The
implant surface is then empirically decontami-
nated with citric acid 30% and saline irriga-
tion. A slight osteoplasty is done to facilitate
apical repositioning of the gingival flaps
(Fig. 8.63). Interrupted sutures are placed with
minimal tension to allow passive flap adaption
on the underlying bone (Fig. 8.64). The pros-
thesis is put back into place immediately after
the surgery. The patient is seen one week post-
operatively to remove the sutures and resume

Fig.8.60 A 7 mm probing depth is present on the mesio-, oral hygiene (Fig. 8.65). Th? pa.ltlent was seen
mid-, and distobuccal aspect of the implant with bleeding every four months for periodic recalls, and
upon probing two years later, a 3 mm peri-implant probing
depth with optimal oral hygiene and healthy
peri-implant tissues are observed around the
previously treated implant (Fig. 8.66).

Fig. 8.62 The fixed prosthesis was removed, and upon
elevation of a full-thickness flap, an 8 mm horizontal bone
Fig.8.61 A periapical radiograph reveals alveolar bone loss was found on the buccal aspect of the implant in #3.2
loss around the implant in the #3.2 position position
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Fig. 8.63 A buccal view showing the implant surface Fig.8.66 A buccal view showing the buccal aspect of the
after an implantoplasty and osteoplasty were performed implant in #3.2 position two years after the resective

surgery

Fig. 8.64 A buccal view showing the flaps sutured
around the abutments

Fig. 8.65 A buccal view showing the surgical area
one week after resective surgery

e If a three-wall intrabony defect is present with
a minimal depth of 3 mm and the surgeon esti-
mates that the access to the implant for surface
decontamination is adequate, a guided bone
regeneration procedure might be used to

regenerate the supporting bone that has been
lost. When indicated, this approach has
resulted in greater pocket depth reduction and
radiographic bone fill according to a recent
systematic review [145]. However, peri-
implantitis lesions with the presence of an
intrabony defect with adequate morphology in
the edentulous elderly patient are scarce due
to the limited buccolingual width of the man-
dibular ridge often encountered.

Conclusion

In the presence of moderate to severe ridge
resorption in the mandible, geriatric patients
are often left with a mandibular removable
denture that lacks stability, interferes with
mastication, and causes soft tissue trauma and
discomfort. Therefore, these symptoms can
have significant psychological consequences
on the elderly who is often in a fragile mental
status. Implant dentistry has been a significant
breakthrough in the treatment of edentulism
for patients of all ages. Several options involv-
ing implants are available for geriatric patients
with an edentulous mandible, offering them a
great range of stability and comfort.

Despite severe mandibular ridge resorp-
tion, an adequate amount of bone is com-
monly found in the interforaminal region for
the placement of dental implants. However,
it is also an area where a significant blood
and nerve supply can be found. Therefore,
this anatomically challenging area must be
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operated with caution not to cause damage to
those important structures. The dental team
needs to follow a strict protocol involving
comprehensive patient preparation, adequate
radiographic and intraoral examinations,
a meticulous implant placement surgery, a
steady anxiety management and pain control
protocol, as well as clear and concise pre-
and postoperative instructions. The geriat-
ric patient’s and his/her escort’s cooperation
with the surgeon’s instructions will affect the
short- and long-term prognosis of the future
implant-assisted prosthesis. As with any other
treatments involving dental implants, there are
short- and long-term complications, and most
of them can be managed efficiently and pre-
dictably. The patient compliance to periodic
hygiene recalls is of the utmost importance to
maintain healthy peri-implant tissues and sup-
porting bone around the implants. With regard
to its good long-term prognosis, whether a
fixed or removable mandibular rehabilitation
is selected, this treatment modality should
be offered to every geriatric patient suffering
from edentulism in the mandible.
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Abstract

Successful dental implant placement for resto-
ration of edentulous ridges depends on the
quality and quantity of alveolar bone available
in all spatial dimensions. There are several
surgical grafting techniques used in combina-
tion with natural or synthetic materials to
achieve alveolar ridge augmentation. The
commonly available bone tissue replacement
materials include autografts, allografts, xeno-
grafts, and alloplasts. Polymers (natural and
synthetic) are widely used as barrier mem-
brane materials in guided tissue regeneration
(GTR) and guided bone regeneration (GBR)
applications. However, there is no single ideal
technique or graft material to choose in clini-
cal practice currently. Treatment protocols and
materials that involve less invasive and more
reproducible vertical and horizontal bone aug-
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mentation procedures are actively sought.
This chapter focuses on existing surgical tech-
niques, natural tissues, and synthetic biomate-
rials commonly used for bone grafting in order
to successfully restore edentulous ridges with
implant-supported prostheses.

9.1 Preamble

Patients who become edentulous late in their lives
provide unique challenges to clinicians who are
to treat them and restore their dentition. These
elderly patients have great difficulty in getting
used to complete dentures, and when provided
with the option, they seem to be more reluctant
in accepting dental implants [1]. Even when such
patients agree to getting dental implants placed,
there are several anatomical and surgical limita-
tions encountered. How successful dental implants
ultimately are crucially depends upon the degree
of osseointegration in sufficient and healthy bone
[2, 3]. Dental implant osseointegration is depen-
dent on a wound-healing response that could be
less successful in older than in younger patients
[4, 5]. Bone volume and quality are almost always
reduced due to extended time after teeth are lost
before implant placement [6, 7]. An average alve-
olar bone loss of 1.5-2 mm (vertical) and 40-50%
(horizontal) occurs within 6 months after teeth
are lost [8]. If the dentition is not restored and left
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. Optimal Class |

Fig. 9.1 Alveolar bone insufficiency for dental implant
placement. When there is adequate alveolar ridge height
and width, this allows for successful dental implant place-
ment with optimal clinical results. In class I ridge defects,
there is horizontal bone loss with adequate height leading
to insufficient bone volume for successful regular diame-

untreated, then bone loss occurs continuously, and
in the first 3 years, up to 60% of alveolar ridge vol-
ume is lost [9, 10]. This lack of sufficient bone vol-
ume, height, and quality poses extreme challenges
to the final treatment outcome (Fig. 9.1) [11, 12].
A variety of bone grafting surgical techniques with
and without the use of biomaterials have been
explored to try successfully place dental implants
in resorbed alveolar bone [13, 14]. Multiple bone
grafting techniques and natural and synthetic graft
materials have been tested for this purpose [14,
15], and this chapter discusses the various bone
grafting techniques currently available to achieve
alveolar ridge augmentation for allowing success-
ful placement of dental implants.

9.2  Principles of Bone
Regeneration and Various

Grafting Techniques

Bone grafting procedures for alveolar ridge aug-
mentation are based on biological principles of
bone tissue regeneration. The osteoblasts (bone-
forming cells) and osteoclasts (bone-resorbing
cells) are the two basic cellular units that play a
role in bone tissue formation and remodeling.
The osteoblasts are derived from the mesenchy-
mal stem cells (bone marrow stromal stem cells),
while osteoclasts are derived from the hemato-
poietic progenitors of monocytic lineage [16].

-

Class I Class Il

ter implant placement. In class II there is vertical bone
loss with adequate width, leading to insufficient bone vol-
ume for proper placement of regular length implants. In
class III there is bone loss in both vertical and horizontal
dimensions not allowing placement implants in all spatial
dimensions

The key factors involved in differentiation of
osteoblasts are estrogen, parathyroid hormone,
vitamin D3, fibroblast growth factors (FGFs),
and transforming growth factor-beta (TGF-f)
[17-19]. Whereas, osteoclast differentiation
depends on the activation of colony-stimulating
factor-1 receptor/macrophage colony-stimulating
factor/CD115 (MCSF, a colony-stimulating fac-
tor receptor) and receptor activator of nuclear
factor kappa-B (RANK) receptors [20], osteo-
blasts regulate osteoclast differentiation and acti-
vation of RANK ligand (RANKL) and its
high-affinity decoy receptor, osteoprotegerin.
Therefore, osteoblasts are essential to osteoclast
differentiation by regulating the balance between
RANKL and osteoprotegerin [21].

The presence and/or recruitment of osteoblast
precursors and growth factors at sites of augmen-
tation are essential for bone regeneration to occur.
Some graft materials (cancellous autogenous
grafts) and the recipient bed can provide the
osteoblast precursors required [22], whereas the
growth factors come from the vasculature and
recipient bed. Active bone resorption and forma-
tion throughout the graft dominate the early
phase of bone regeneration at grafted sites [23].
The latter phase is mainly known to be character-
ized by the osteoconductive processes [24].
Osteoconduction is a function of a bone graft
substrate providing a three-dimensional (3D)
scaffold area promoting ingrowth of host capil-
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laries and osteoprogenitor cells [25]. Biomaterials
that imitate natural bone chemistry and structure
closely are considered ideal for cellular osteo-
genic differentiation. Graft macroporosity and
pore interconnection have a major impact on
osteoinduction potential as higher levels of
porosity, appropriate pore shape, and sufficient
interconnectivity are essential for ingrowth of
blood vessels and bone matrix deposition [26].

During the initial first few weeks, new bone is
synthesized by mature osteoblasts that are differ-
entiated from osteoblast precursors under the
influence of osteoinductors. The growth factors
involved in formation of new bone act directly on
osteoblast and fibroblast proliferation, mesen-
chymal cell differentiation, extracellular matrix
deposition, and vascular proliferation [27].

Early stages of induction are influenced by the
fibroblast growth factor (FGF) and platelet-
derived growth factor (PDGF) by stimulating
fibroblast and osteoblast proliferation. Bone mor-
phogenetic proteins (BMPs) affect later stages of
osteoinduction such as vascular proliferation and
mesenchymal cell differentiation, whereas trans-
forming growth factor-beta (TGF-f) does not
affect mesenchymal cell differentiation but acts
on cellular proliferation, matrix deposition, and
vascularization [14]. The various bone grafting
techniques employed for alveolar ridge augmen-
tation are discussed in subsequent sections.

9.2.1 Distraction Osteogenesis

Distraction osteogenesis (DO) is used to achieve
alveolar bone volume gain in all dimensions. In
DO new bone is formed by mechanical elongation
of bone callus through progressive separation of
two bone fragments surrounding the callus under
tension [28]. This is achieved in three phases: (1)
the latency phase, in which soft tissues heal after
the distractor is placed surgically (this phase usu-
ally lasts about 7 days); (2) the distraction phase,
in which the bone fragments are separated at a
rate of 0.5-1 mm/day incrementally; and (3) the
consolidation phase, where the bone formed gets
mineralized and matured [29, 30]. Devices used
for DO can be intraosseous or extraosseous [31].

However, devices with extraosseous distraction
configuration affixed to the cortical plate are more
frequently used than intraosseous devices [32,
33]. There is sufficient literature reporting the
potential of DO to achieve alveolar ridge augmen-
tation as this technique can result in significantly
greater and stable bone height gain compared to
other vertical augmentation techniques [34, 35].
High rate of complications is associated with DO
[36, 37] with vector control being the major prob-
lem which often leads to lingual inclination of the
transport segment in the mandible [38]. Although
DO allows for greater alveolar bone regeneration
from native bone, the sensitivity of the technique
and strict anatomical requirements have limited
its use in clinical practice.

9.2.2 Osteoperiosteal Flap
Techniques

Vascularized segmental osteotomy performed on
alveolar bone is used to accomplish the osteo-
periosteal flap (OPF) technique which is based
on the biologic principles of vascularization stud-
ies and understanding of Le Fort I management
techniques [39]. The major blood supply of the
alveolar bone is from the bone marrow and peri-
osteum. In geriatric patients with the atrophy of
the ridge, there is decreased bone marrow blood
flow. In OPF technique, vascularization in bone
fragments via the periosteum. Osteoperiosteal
flaps through segmental osteotomies are used in
combination with interpositional grafts in the
gap generated by transposition of the flap in the
desired position to achieve vertical ridge gain
[14]. OPF combined with interpositional grafts
via the osteotomy-based techniques are being
used commonly for treating alveolar ridges
with height deficiencies and allow for preserva-
tion of the attached gingiva and the papillae
[40, 41].

9.2.3 Block Grafting Techniques

Onlay bone grafting with bone blocks was first
introduced in the early 1990s and was used to
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try augmenting maxillary and mandibular
edentulous ridges [42]. In the classic block
grafting technique, autologous bone blocks are
immobilized to the recipient alveolar ridge by
securing with osteosynthesis screws [43, 44].
Autologous bone grafting has been used for the
treatment of severely resorbed edentulous
mandible and maxilla [45, 46]. The mandibular
ramus or mental region (intraoral) and the iliac
crest (extraoral) are the most commonly used
autologous donor sites for block grafting [47,
48]. Autogenous bone procured from the iliac
crest has been used to gain ridge height, but
high resorption rate before implant placement
and after loading is observed [49]. This is pos-
sibly due to the low cortical-to-trabecular ratio
in the graft material, endochondral versus
intramembranous ossification memory, and
differing osteoblast mechanosensing memory
between the donor and recipient sites [14].
Other extraoral donor sites for obtaining block
grafts include the tibia, ribs, and cranial vault
but are not commonly used due to the high
donor site morbidity associated with them
[50, 51].

The mandibular ramus and the symphysis are
the common sites for harvesting intraoral block
grafts [52]. Although the symphysis gives greater
bone volume, the morbidity is significantly
higher when compared to the ramus grafts which
include postoperative pain, neurosensory distur-
bances in the chin region, temporary mental
nerve paresthesia, altered sensation in mandibu-
lar anterior teeth, and risk of mandibular fracture
[53, 54]. Hence, the symphysis is used for cases
that require thicker block grafts that otherwise
are not possible to obtain from other intraoral
donor sites. Close contact and stabilization of
block grafts to the recipient bed are crucial and
achieved by using osteosynthesis screws [55-57].
Revascularization and remodeling of bone can
also be stimulated via inlay shaping and decorti-
cation of the recipient bed [58]. Ridge augmenta-
tion with allograft onlay blocks has demonstrated
reasonable success [59], and the use of barrier
membranes in combination with block grafts has
been shown to improve clinical outcome
[60-62].

9.2.4 Guided Bone Regeneration
(GBR)

Guided bone regeneration (GBR) works on the
principle of separation of particulate grafts from
the surrounding tissues allowing for bone to
regenerate, which naturally occurs at a rate
slower than that of soft tissues [63, 64]. Since the
major problem with particulate graft techniques
is the high graft resorption rate and the anatomi-
cal limitations for graft containment [65], barrier
membranes are commonly used in GBR tech-
nique to stabilize graft materials, to limit their
resorption, and to serve as a separating barrier
[64]. Local anatomy and type of bone graft tis-
sues and materials used determine the choice of a
specific membrane used for GBR. However, in
some specific cases, barrier membranes are not
used as the graft material can be used alone to fill
the defect area [66].

Initially, the principles of GBR were applied
to atrophic alveolar ridges for implant site devel-
opment [67]. GBR has since been used to treat a
variety of intraoral bone defect sites and is a rou-
tine technique employed in clinical practice [68].
GBR for alveolar ridge augmentation in the verti-
cal direction is extremely technique sensitive,
which limits the clinical success, and failure usu-
ally occurs due to wound dehiscence [69].
Another limitation of vertical GBR is the ability
for bone generation along the long axis of applied
force [14]. Barrier membranes combined with
particulate and/or block grafts have resulted in
more predictable clinical outcomes [70]. It has
been demonstrated that there is less resorption of
block grafts when used in combination with
expanded polytetrafluoroethylene (ePTFE) bar-
rier membranes [71].

Barrier membranes used alone for GBR are
associated with membrane compression into the
defect space by overlying soft tissues [72]. To
overcome this problem, membranes made from
still materials such as titanium or metal-
reinforced expanded polytetrafluoroethylene
(ePTFE) have been developed [73]. Treatment of
complex vertical defects requires stable and stiff
titanium or metal-reinforced PTFE membranes
[65]. A problem associated with use of titanium
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Fig. 9.2 Conventional methods of horizontal bone aug-
mentation. Long-term edentulism can result in disuse
bone atrophy resulting in residual ridge resorption of the
alveolus. Areas with inadequate buccal-lingual represent a
significant treatment challenge and often require horizon-
tal bone augmentation either prior to or during implant
surgery (1). Particulate demineralized freeze-dried bone
allograft (DFDBA) (2) and particulate mineralized freeze-
dried bone allograft (FDBA) (3) are commonly used in
horizontal bone augmentation. Particulate graft materials

membranes in GBR is the fibrous ingrowth and
exposure of the membrane [74]. GBR therapy by
using titanium-reinforced non-resorbable mem-
branes in combination with dental implants has
been carried out with varying levels of clinical
success [74].

9.2.5 Minimally Invasive
Approaches to GBR

Minimally invasive approach to perform GBR is
preferred to prevent or reduce postoperative com-
plications and graft exposure [75]. Kent et al. in
the late 1970s developed a subperiosteal tunnel-
ing technique which involved a relatively small
surgical incision in the alveolar ridge to elevate
the periosteum and inject a low viscosity
hydroxyapatite particle paste [76]. It has been
observed that the hydroxyapatite particles are
usually unstable and diffuse adjacently into tis-
sues causing fibrous capsule formation which
inhibits bone formation [77]. However, mini-
mally invasive tunneling along with screw and/or
barrier membrane-mediated graft stabilization
can result in relatively predictable alveolar bone

are packed into the defect (4) and covered with biologi-
cally compatible membranes prior to achieving primary
closure to allow for adequate buccal-lingual width needed
for implant therapy. Alternatively, autologous block grafts
harvested from the patient’s chin or ramus (5, 6, 7) can be
fixated to deficient areas using fixation screws (8) which
allows for considerable gain in bone width following
healing (9) (Periodontology Graduate Clinics, Faculty of
Dentistry, University of Toronto)

augmentation in vertical direction [76, 78].
Calcium phosphates such as injectable brushite
cement pastes with controlled viscosity have
been investigated for minimally invasive aug-
mentation procedures [79]. Novel graft biomate-
rials with improved viscosity offer potential for
this technique, but results are controversial with
insufficient data (Fig. 9.2).

Natural Tissues
and Synthetic Biomaterials
Used for Bone Grafting

9.3

There are various graft options available and used
for alveolar bone grafting and divided into natu-
ral transplants (autografts, allografts, and xeno-
grafts) and synthetic materials (alloplasts)
(Table 9.1) [14]. These graft materials are used
because they are either osteogenic, osteoinduc-
tive, or osteoconductive [80]. Most grafts undergo
macrophage- or osteoclast-mediated resorption
before bone deposition by osteoblasts [23, 81].
As discussed before, bone deposition is expe-
dited by osteoinductive ability and adequate
blood flow throughout the graft, providing the
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Table 9.1 Auvailable tissue and biomaterial options for
alveolar bone grafting
Bone replacement graft materials
1. Human bone graft tissues
(a) Autografts
e Extraoral
e Intraoral
(b) Allografts
e Fresh and/or frozen bone
* Freeze-dried bone allograft (FDBA)

¢ Demineralized freeze-dried bone allograft
(FDBA)

2. Nonhuman natural tissues and materials
(a) Xenografts
* Bovine hydroxyapatite
e Coralline calcium carbonate
3. Synthetic materials (alloplasts)
(a) Bioactive glasses
(b) Bioceramics
e Hydroxyapatite
e Other calcium phosphates (tricalcium
phosphate, brushite, monetite)

appropriate nutrients and growth factors essential
for osteoblast differentiation and function. This
section discusses the various graft tissues and
biomaterials used commonly for bone grafting
procedures.

9.3.1 Autogenous Grafts

Autogenous bone grafts (autografts) are har-
vested from a site in the same individual and
transplanted to another site. Although these pro-
vide the most osteogenic organic materials, donor
site morbidity, increase in postsurgical recovery
time, and the limited amount of graft volume that
can be obtained are the disadvantages [13].
Autografts used for bone alveolar bone grafting
may be of intraoral or extraoral origin. The vari-
ous harvesting sites for autografts are the man-
dibular ramus and corpus; the tuber, spina nasalis,
and crista zygomatico-alveolaris from the max-
illa; and the tibia and iliac crest [82]. Although
autografts of iliac origin provide optimum osteo-
inductive, osteoconductive, and osteogenic
potential [83], there is less morbidity associated
with intraoral donor sites when compared to

extraoral sites [48]. Mandibular autografts are
used very commonly as bone blocks, chips, and/
or milled particles [48, 84]. The most common
extraoral harvest site that provides relatively
large amounts of autologous cortical-cancellous
bone is the pelvic rim [85]. Cortical autografts
have high initial strength which after about
6 months of implantation is ~50% weaker than
the normal bone tissue [86]. On the other hand,
cancellous autografts are mechanically weaker
because of their porous architecture initially but
with time gain strength [80]. Also, the cancellous
autografts have been shown to revascularize
sooner than cortical grafts around the fifth day
postimplantation due to their spongy architecture
[80]. Alveolar bone and ridge augmentation in
vertical and horizontal dimensions carried out
using particulate autografts with GBR has been
successful for placing dental implants [87, 88].
However, block grafts outperform particulate
grafts with regard to revascularization, bone
remodeling, bone-to-implant contact, and bone
fill potential [87].

9.3.2 Allogeneic Grafts

Graft tissues obtained from genetically noniden-
tical members of the same species are known as
allogeneic grafts (allografts). These grafts are
available in larger quantities for use and do not
have the wusual drawbacks of autografts.
Allografts (cortical and cancellous) of various
particle size ranges are used routinely for bone
augmentation procedures with minimal risk of
disease transmission [89-91]. Allografts are
available as cortical granules, cortical chips, cor-
tical wedges, and cancellous powder prepared as
frozen, freeze-dried, mineralized, and deminer-
alized bone tissue [92].

9.3.2.1 Fresh or Frozen lliac Cancellous
Bone and Marrow Allogeneic
Grafts

Atrophic maxillary ridges when grafted with

human block grafts of tibia and fresh-frozen

chips show features representative of mature and

compact osseous tissue surrounded by marrow
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spaces [93, 94]. Fresh and/or frozen cancellous
bone and marrow tissues demonstrate the highest
osteoconductive and osteoinductive potential
among all allografts [95, 96]. However, due to
the risk of disease transmission, use of fresh or
frozen iliac allografts is now obsolete.

9.3.2.2 Mineralized Freeze-Dried Bone
Allogeneic Grafts (FDBA)

Freeze-dried bone allografts (FDBA) are miner-
alized and are used commonly for the treatment
of periodontal defects with reasonable success
[97-100]. The process of freeze-drying affects
the immune recognition in the host by distorting
the 3D presentation of the human leukocyte anti-
gens on surface of graft particles [101, 102].
FDBA have inferior mechanical properties and
osteoinductive potential when compared with
fresh or frozen allografts [103]. FDBA are known
to be osteoconductive and can be combined with
autografts to enhance the osteogenic potential
[104, 105]. Cortical FDBA have a higher volume
of bone matrix, more osteoinductive potential via
growth factors stored in the matrix [106]. The use
of FDBA blocks for alveolar ridge grafting has
demonstrated presence of vital bone with a lamel-
lar organization [107, 108]. FDBA used in com-
bination with resorbable barrier membranes can
be used as a replacement to autogenous block
grafts for ridge augmentation prior to implant
placement [109].

9.3.2.3 Demineralized Freeze-Dried

Bone Allogeneic Grafts

(DFDBA)
Demineralized freeze-dried bone allografts
(DFDBA) are used for grafting procedures alone
or in combination with FDBA and/or autografts
very frequently. DFDBA grafts undergo resorp-
tion quickly [110, 111] and have osteoinductive
potential attributed to the morphogenetic proteins
(BMPs) stored in the matrix [112]. Growth fac-
tors and differentiation factors have also been
shown to be present in DFDBA preparations
[113, 114]. DFDBA grafts obtained from the
younger individuals have higher osteogenic
potential in comparison with grafts from older
individuals resulting in variation in BMP levels

in different DFDBA batches [115, 116]. DFDBA
has been shown to have less new bone formation
in comparison to autogenous grafts used in simi-
lar grafting procedures [117].

9.3.3 Xenogeneic Grafts

Xenogeneic grafts or xenografts are tissues used
for bone grafting obtained from nonhuman spe-
cies. Bone xenografts were first reported in asep-
tic bone cavities in 1889 [118]. Xenograft
materials after implantation are usually osteocon-
ductive and show variable ability to be resorbed
and replaced by new bone over time [119, 120].
The commonly used xenograft in dentistry is
Bio-Oss®, which is a commercially available
bovine bone processed to yield natural bone min-
eral without any organic component [121]. The
inorganic phase of bovine bone remaining after
low-heat treatment and chemical extraction of
organic component mainly consists of hydroxy-
apatite that retains the micro- and/or macropo-
rous structural morphology [122]. Although this
heat and chemical treatment removes most of the
osteogenic components from the bovine bone, it
is extremely important as this eliminates any
potential risk of disease transmission (bovine
spongiform encephalopathy) and graft rejection
[123, 124]. Bovine-derived bone particles and
block grafts have been used for the treatment of
human ridge augmentation procedures and intra-
bony defect filling [125, 126]. The advantage of
using bovine bone as graft materials is the higher
osteoconductive potential compared with syn-
thetically derived materials. The major disadvan-
tage of these grafts is the inherent brittleness and
lack of toughness as they routinely are prone to
failure and breakage during the screw fixation or
after implantation leading to less than optimal
clinical results [126, 127].

Calcium carbonate grafts are of natural coral-
line origin and are composed mostly of aragonite
which is more than 98% calcium carbonate.
Having a pore size of 100-200 pm, very similar to
that is observed in cancellous bone, and relatively
high porosity of ~45% allows for greater resorp-
tion and new bone formation and infiltration
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within the graft area [91, 128]. Coralline calcium
carbonate demonstrates high osteoconductivity
since transformation to carbonate is not required
like most other graft materials, allowing for new
bone deposition to occur rapidly [129].

Coralline calcium carbonate has the potential
for greater defect fill in periodontal regeneration
applications and does not undergo fibrous encap-
sulation [130-132].

9.3.4 Alloplasts

Alloplastic bone grafting materials are sought
after because they provide an abundant amount
without the problems associated with autografts
[133]. These are fabricated in various forms and
with varying physicochemical properties and can
be both resorbable and non-resorbable [14, 15,
134-136]. Alloplastic materials are usually
osteoconductive without having any osteogenic
and osteoinductive potential and have been used
successfully in periodontal reconstructive appli-
cations [135]. The most routinely used alloplastic
materials are hydroxyapatite (HA), tricalcium
phosphates (TCP), bioactive glasses, and dical-
cium phosphates [80].

Synthetic HA is available and used in various
forms: porous non-resorbable, solid non-
resorbable, and resorbable (non-ceramic, porous)
[137]. HA is non-osteogenic and mainly func-
tions as an osteoconductive graft material. The
ability of HA to resorb is dependent upon the
processing temperature. At higher temperatures
the HA synthesized is very dense and non-
resorbable [138]. The dense HA grafts are osteo-
conductive and mostly used as an inert
biocompatible filler and have been shown to
result in defect filling greater than flap debride-
ment used alone [139, 140]. When processed at
lower temperatures, the particulate HA produced
is porous with a slow resorption rate [141]. Early
implant loading studies in augmented alveolar
ridges with nanostructured hydroxyapatite have
shown promise [142, 143]. Also, alveolar ridge
augmentation with HA granules alone [143] or
in combination with autografts has shown high
success rates [144].

TCP has two crystallographic forms, o-TCP
and B-TCP [79], with the latter more commonly
used partially resorbable filler allowing replace-
ment with new bone formation [135]. p-TCP
have been shown to be inferior when compared
with allografts in terms of resorption and bone
formation [145]. There is strong evidence of TCP
grafts undergoing fibrous tissue encapsulation
[146]. There are studies that report new bone
deposition with B-TCP [146-149] and alveolar
ridge augmentation in vertical and horizontal
dimensions with variable results [147-149].

Bioactive glass is composed of silicon diox-
ide, calcium oxide, sodium oxide, and phospho-
rus pentoxide [150], and when implanted as bone
grafting materials, the pH of the local environ-
ment increases (>10), and a silicon-rich gel is
formed on the bioactive ceramic surface with the
outer layer serving as a bonding surface for
osteogenic cells and collagen fibers [151]. The
article sizes of bioactive glasses range from
90-710 pm to 300-355 pm [150, 152], and clini-
cal reports of alveolar ridge grafting and aug-
mentation with bioglass show bone formation in
close contact to the particles [150]. However,
bioglass is non-resorption which limits the ability
of bioglass to work as a bioresorptive scaffold for
vertical alveolar bone augmentation.

Dicalcium phosphate (DCP) compounds have
a high solubility at physiological pH, and dical-
cium phosphate dihydrate (DCPD or brushite)
has been tested for both vertical bone augmenta-
tion and bone defect repair as injectable cements
or as preset cement granules [153—-155]. Several
clinical studies have demonstrated that injectable
brushite cements are capable of regenerating
bone in buccal dehiscence defects, atrophic
ridges, and maxillary sinus floor elevation proce-
dures [156]. The amount of vertical bone growth
obtained with brushite cement granules is seen to
be higher than that obtained with commercial
bovine HA materials in vivo [157]. However,
brushite cements undergo phase conversion to
insoluble HA upon implantation and this limits
their resorption [79, 158]. Dicalcium phosphate
anhydrous (DCPA or monetite) resorbs at faster
rates compared to brushite [159-161] and has
been shown not to convert to HA [157, 158, 162].
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The clinical performance of monetite granules
has been compared with commercially available
bovine HA and demonstrated greater resorption
in vivo and bone formation in the alveolar ridge
sockets [154]. Monetite bioceramic materials
have been investigated for alveolar bone aug-
mentation as 3D printed onlay blocks, and it has
been shown that sufficient bone volume and
height gain can be achieved for dental implant
placement [155, 163].

9.4 Barrier Membranes Used

in Bone Grafting Procedures

The turnover rate of soft tissues is faster than that
of bone tissue formation, so using barrier mem-
branes during bone grafting ensures that soft tis-
sues are prevented from infiltrating and occupying
the defect space where new bone is to be regener-
ated. If used in combination with bone grafts, then
the membranes serve to stabilize the graft materi-
als [73]. Also, the membranes also function as
graft preservation devices by reducing the rate of
graft resorption [64, 164]. The natural or synthetic
tissues and materials the barrier membranes get
fabricated from are required to be biocompatible
and not evoke any immune reactions or cytotoxity
once implanted [165]. If these membranes are
resorbable, then ideally they should biodegrade
without leaving any residues, and the degradation
rate should match with the tissue regeneration
rate. The mechanical properties of these mem-
branes should be adequate to withstand the surgi-
cal placement and their function in vivo. The
barrier membranes used for alveolar bone grafting
can be non-resorbable or resorbable.

Non-resorbable Barrier
Membranes

9.4.1

The first non-resorbable barrier membranes inves-
tigated experimentally were fabricated using cel-
lulose acetate filters (Millipore®) [166]. Following
this, commercial membranes were later produced
from Teflon® which is polytetrafluoroethylene
(PTFE) [167]. The function of these non-resorb-

able membranes is temporary as they maintain
their structural integrity upon placement and are
later retrieved via surgery. This second procedure
for retrieval increases the risk of surgical site mor-
bidity and renders the regenerated tissues suscep-
tible to damage and postsurgery bacterial
contamination [168]. Membrane exposure due to
flap sloughing during healing is also a frequent
postsurgical complication observed [169]. As evi-
dence of resorbable membranes being effective
increases, non-resorbable membranes are losing
their popularity in clinical practice, and their use
is being limited to specific applications [170].
Two non-resorbable barrier membranes that are
commonly used are the expanded (ePTFE) and
the titanium-reinforced polytetrafluoroethylene
(Ti-PTFE). PTFE is a nonporous inert and bio-
compatible fluorocarbon polymer [171]. The
ePTFE is chemically similar to PTFE and has
been used in vascular surgeries for several decades
[172]. ePTFE is made by subjecting PTFE to high
tensile stresses which results in expansion and the
formation of a porous microstructure [173].
Barrier membranes fabricated with ePTFE are
highly stable in biological systems and resist
breakdown by host responses. The clinical effec-
tiveness of ePTFE barrier membranes has been
studied in numerous studies [174]. There is evi-
dence of periodontal regeneration when ePTFE
membranes are used, and these membranes gained
popularity and were used routinely in the past
[170]. In clinical situations which require larger
areas of space maintenance, Ti-PTFE can be used
which are stiffer having a central portion rein-
forced with titanium to prevent collapse [175]. An
alternative approach is using a double layer of
PTFE membrane with a titanium framework
interposed (Cytoplast® Ti-250) which has shown
to be successful for ridge augmentation and treat-
ment of large defects in the alveolar process [176].

9.4.2 Resorbable Barrier
Membranes

Clinical studies in the early 1990s reported the
successful use of resorbable membranes for GBR
[177-179]. In the last few decades, research has
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been focused upon development of bioresorbable
barrier membranes that overcome the inherent
limitations of their non-resorbable counterparts.
Both natural and synthetic polymers have been
investigated for this purpose with collagen and
aliphatic polyesters being the mostly researched
[180]. Currently, most commonly used resorb-
able membranes are made of collagen or by poly-
glycolide and/or polylactide or copolymers of
them [181]. The available resorbable barrier
membranes are mostly incapable in maintaining
defect space on their own due to their lack of
rigidity. For this reason these membranes are rou-
tinely used in combination with autogenous or
synthetic bone graft substitutes [182, 183] with
or without the support screws, reinforcements,
and pins [184].

9.4.2.1 Natural Resorbable Barrier
Membranes

Natural resorbable barrier membranes are fabri-
cated mostly using collagen from tissues from
human or animal sources. Collagen is used exten-
sively in biomedical applications and can be
acquired from animal skin, tendons, or intestines
[180]. Collagen has numerous desirable biologi-
cal properties such as having low immunogenic-
ity, attracting and activating gingival fibroblast
cells, and being hemostatic [185]. It has been
shown that collagen membranes stimulate the
fibroblast DNA synthesis [178]. Also, osteoblasts
show higher levels of adherence to collagen
membrane surfaces in comparison to other bar-
rier membrane surfaces [186]. The biodegrada-
tion of commercially available collagen
membranes is accomplished by endogenous col-
lagenases into carbon dioxide and water [185].
These enzymes are produced mainly by the mac-
rophages and polymorphonuclear leukocytes
(PMN5s) [23]. The degree of cross-linking of col-
lagen fibers directly affects the rate of degrada-
tion with the relationship being inversely
proportional [187].

AlloDerm® Regenerative Tissue Matrix
(RTM) is a collagen Type I derived from human
skin (cadavers). AlloDerm® has been shown to
support tissue regeneration by allowing rapid
revascularization and white cell migration. The

membrane thickness ranges from 0.9 to 1.6 mm,
and clinical applications include gingival aug-
mentation, root coverage, soft tissue ridge aug-
mentation, and soft tissue augmentation around
dental implants [188]. AlloDerm GBR® RTM is
manufactured utilizing the same process used
for AlloDerm® RTM, and the membrane thick-
ness ranges from 0.5 to 0.9 mm used for graft
protection, containment, and flap extension to
achieve adequate primary closure [189].
Paroguide® is a collagen Type I membrane
enriched with chondroitin sulfate. There are
reports of periodontal ligament regeneration and
alveolar bone regeneration, with no signs of
inflammation [182, 190]. Avitene® is a microfi-
brillar hemostatic collagen Type I membrane
derived from bovine corium. Histological evalu-
ation after a clinical study has shown that this
membrane was not very effective and is difficult
to handle during the surgery [191]. Bio-Gide® is
a barrier membrane synthesized from collagen
Types I and III derived from porcine skin source.
Bio-Gide® has been seen to resorb in about
8 weeks with studies demonstrating their regen-
erative potential [192]. BioMend Extend® is
fabricated from Type I collagen derived from
bovine Achilles tendon. The membrane is semi-
occlusive, having a pore size 0.004 pm, and
resorbs in 4—-8 weeks after implantation. Clinical
results have revealed limited clinical effective-
ness, dependent upon form and size of the defect
[193]. Cytoplast RTM® is synthesized with
collagen Type I derived from bovine tendon
and is a multilayered membrane which takes
26-38 weeks for complete resorption. It has an
organized fiber orientation providing good han-
dling and high tensile strength [194, 195].
Collagen membrane cross-linked by diphe-
nylphosphoryl azide is a Type I collagen mem-
brane, derived from calf pericardium and
cross-linked by diphenylphosphoryl azide.
Although histology reveals significant inflam-
matory reaction [196], clinical studies have
shown effective tissue regeneration outcomes
[190]. Collistat® is another collagen Type I
material which has demonstrated guided regen-
eration potential with the membrane completely
resorbing 7 days after implantation [197].
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9.4.3 Synthetic Resorbable Barrier
Membranes

The most commonly used biomaterials used to
fabricate barrier membranes are the poly-a-
hydroxy acids, which include polylactic polyg-
lycolic acid and their copolymers [198]. The
advantage of using polyhydroxy acids are that
they undergo complete hydrolysis to water and
carbon dioxide, which allows for complete
removal from the implantation site [195].
However, the degradation rate varies depending
on the presence glycols and lactides in the con-
stitutional makeup [199]. Resolut LT® is a bar-
rier membrane made of glycolide and lactic
copolymer and a porous network of polygly-
colide fiber that completely resorbs in about
5—-6 months [171, 200]. Atrisorb® is a barrier
membrane that is prepared chairside during the
surgical procedure because it is made up of a
polylactic polymer in a flowable form, dissolved
in poly-DL-lactide and a solvent. This is flowed
into a cassette containing 0.9% saline for ~5 min,
after which the membrane having a thickness of
600-750 pm is obtained and cut to desired shape.
Studies have reported its efficacy in the treat-
ment of periodontal defects [201], and it resorbs
completely in 6-12 months [202]. Epi-Guide® is
a porous three-layered and three-dimensional
barrier membrane fabricated using polylactic
acid polymers (D,D-L,L-polylactic acid) and is
completely resorbed in 6-12 months. The three-
layered construction of the membrane attracts,
traps, and retains fibroblasts and epithelial cells
while maintaining space around the defect. Epi-
Guide® is a self-supporting barrier membrane
and can be used in situations without support
from bone grafting materials [182, 203]. Guidor®
is a double-layered resorbable barrier membrane
composed of both polylactic acid and a citric
acid ester known as acetyl tributylcitrate. The
external layer of the barrier membrane is
designed with rectangular perforations allowing
the integration of the overlying gingival flap.
This surface design successfully promotes tissue
integration, and only limited gingival recession
after usage has been reported [181, 204].
Between the internal and external layers, inter-

nal spacers are present that create space for tis-
sue ingrowth. The internal layer has smaller
circular perforations and outer spacers for main-
taining the space between the membrane and the
root surface. Studies have shown this membrane
to be successful in the treatment of various peri-
odontal defects [204]. Vicryl periodontal mesh®
is made up of polyglactin 910 fibers which are
copolymers of glycolide and L-lactide which
form a tight woven mesh [205]. This barrier
membrane has been shown to start resorbing
after 2 weeks of implantation and completely
resorbs in about 4 weeks [206]. Mempol® is a
membrane manufactured from polydioxanon
(PDS) with a bilayer structure. The first layer is
covered with PDS loops 200 pm long to be used
on the gingival side and is completely non-per-
meable [207, 208].

Considerations for Bone
Grafting in Older Patients

9.5

Although there are studies that demonstrate suc-
cess of dental implantation in elderly patients, the
major limitations of these studies are that a rela-
tively small number of patients are involved and
almost no or very few comparisons are made
between groups with respect to gender, implanta-
tion site, implant type, implant length, numbers,
systemic health, smoking, alveolar ridge volume
and height (quality and quantity), and occlusal
load considerations [5]. Although these limita-
tions exist, still it can be concluded that the age of
the patient does not seem to be the major factor in
determining the prognosis of dental implants.
Alveolar bone quantity and quality and the use of
appropriate surgical and prosthetic techniques by
a skillful team are definitely more critical to a
favorable outcome. Older patients undergoing
implant therapy including bone augmentation
require a thorough evaluation for systemic condi-
tions that may affect and potentially compromise
bone healing and osseointegration [209]. Success
of bone grafting procedures and ultimately dental
implantation has been known to be affected by
diabetes mellitus, postmenopausal estrogen
replacement therapy, and long-term smoking
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habits [5]. Additionally, patients may be using
medications such as steroids and bisphospho-
nates that affect bone metabolism and can alter
the clinical outcomes [210, 211].

Osseointegration of dental implants is cru-
cially dependent on the bone healing response.
Osteoporotic bone is characterized by a general
reduction in bone quality and quantity and there-
fore can be expected to affect the success of den-
tal implants in older patients. However, studies
have not shown any strong evidence directly
implicating osteoporosis as being a risk factor for
implant failure in elderly patients [5]. There are
strong reservations regarding surgical interven-
tions in patients who have osteoporosis and are
receiving long-term oral bisphosphonate therapy
[212-214]. Also, it has been noted that implants
placed in atrophic maxilla which has trabecular
bone are at a greater risk for undergoing compli-
cations [215]. Soft tissue response in older
patients is another major concern especially if
oral hygiene is not maintained and deteriorates
over time. Inability to remove plaque has been
shown to lead to peri-mucositis and peri-
implantitis [5]. Although autogenous bone grafts
remain the gold standard for augmenting atrophic
jaws and repairing bone defects, it has to be taken
into consideration that autografting in older indi-
viduals leads to more complications and should
be chosen after careful consideration. There are
doubts over the bone quality available, donor site
morbidity, and impaired healing response to be
taken into consideration [215, 216].

9.6 Future Directions
for Achieving Successful
and More Predictable Bone

Grafting

Currently, research on newer methodologies for
bone grafting is focused on molecular, cellular,
and gene therapeutics [217]. There is great poten-
tial for platelet-derived growth factor (PDGF) for
use in bone regeneration [218]. Recombinant
human PDGF-BB (thPDGF-BB) and inorganic
bone blocks have been investigated for bone aug-
mentation in vertical dimensions and have shown

increased vertical gain compared to controls
[219]. PDGF in combination with ePTFE barrier
membranes used around implants in preclinical
animal models has also resulted in rapid and
increased bone formation [218]. Promising
results have also been observed by using colla-
gen membranes and chitosan sponges with PDGF
for achieving vertical ridge augmentation [220,
221]. Ideal dosing of PDGF and their appropriate
carriers are still under research and extensive
long-term studies are essential.

Separating platelet-rich plasma (PRP) from
patient blood and added to the bone grafting tis-
sues and materials is a new approach [222-224].
Initial results using this technique have shown
greater volume and denser bone compared to
autografts used alone for bone augmentation
[225]. However, using PRP with other graft
materials and its usefulness is still inconclusive
[226, 227]. Bone morphogenetic proteins (BMPs)
have generated a lot of interest recently and have
shown promising results for intraoral applica-
tions such as sinus augmentation and alveolar
ridge preservation [228-232]. The most com-
monly used and researched BMPs for bone
regeneration applications are BMP-2 and BMP-
7. BMP-2 has been approved by the FDA for
clinical use in spinal fusion therapy [232, 233].
However, the dosage and carrier methods are still
undergoing the regulatory approval process.
Gene therapy is based on the principle of deliver-
ing to cells modified genetic material to boost
their regenerative potential by increased produc-
tion and concentration of differentiation factors
and growth factors [234, 235]. A cellular tissue
engineering approach is being investigated
through which in vitro amplification of osteo-
blasts or osteoprogenitor cells grown on 3D con-
structs is carried out to increase the regenerative
potential of bone [236-238]. Cell seeding of con-
structs with mesenchymal stem cells also has
great potential to be used in the future [239, 240].
All these approaches have the potential for pro-
viding improved tissue regenerative results in
alveolar ridge grafting and augmentation [235].

There are a variety of surgical techniques with
various combinations of graft materials that can
be utilized for achieving alveolar ridge augmen-
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tation. Currently, there is no single ideal tech-
nique or graft material that exists to choose from
in clinical practice, and individualized approach
to ridge grafting is followed. The development of
novel synthetic bone graft materials is a chal-
lenge from an engineering and biological per-
spective. The next generation of graft materials is
expected to demonstrate improvements in
implant and biological tissue interfacing based
on the recent gain in knowledge. Treatment pro-
tocols that are less invasive and technique sensi-
tive and more reproducible need to be developed
and require constant revisions in light of new
developments in bone regeneration therapeutics.
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Abstract

Implantology has offered an alternative to the
conventional denture providing much more sta-
bility and retention. This alternative is referred
to as an implant overdenture. According to The
McGill Consensus Statement on Overdentures
(Romanos, Advanced immediate loading,
Quintessence Books, 2012, p. 179), the mini-
mum standard of care for an edentulous man-
dible is a two-implant overdenture. Therefore,
in the case of an edentulous mandible, conven-
tional dentures should be considered an alterna-
tive treatment. In fact, there are several
advantages of two-implant overdentures as they
improve support, retention, and stability.
Consequently, they improve the patients’ abil-
ity to chew food. Patients found implant over-
dentures more comfortable, and an ease of
speech was noted in comparison with a conven-
tional denture (Romanos, Advanced immediate
loading, Quintessence Books, 2012, p. 179).
Implant overdentures should also be considered
for their benefits from a bone-conservation
point of view. Implants stimulate the bone and

help maintain its level (Davarpanah and
Szmukler-Moncler, Manuel d’implantologie
clinique: concepts, protocoles et innovations
récentes, Paris, 2008).

The timing suggested for implant loading
after placement of the implant, which also
refers to the delivery of the prostheses, varies.
Traditionally, there was a wait period of
3-6 months prior to implant loading in the
mandible which is referred to as the conven-
tional loading protocol, introduced initially by
Branemark (Javed and Romanos, J Dent
38:612-20, 2010). In order to reduce this wait
period, other protocols have been introduced:
immediate loading (under 1 week) and early
loading (1 week to 2 months). Additionally,
due to improved implant surfaces and tech-
niques, conventional loading is now accept-
able as of 2 months (Misch, Contemporary
implant dentistry, Elsevier Health Sciences,
2007; Misch et al., J Oral Maxillofac Surg
57:700-6, 1999). There are numerous factors
that come into play when determining the
appropriate loading protocol.
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Introduction

In the last decade, immediate loading has been
introduced as a viable option to reduce the wait
period and accelerate implant treatment.
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However, the success of this concept relies
mainly on implant stability and adequate osseo-
integration. Several factors have been identified
as playing a key role in osseointegration: initial
implant stability, implant surface characteristics,
bone metabolism, interim prosthesis design, and
occlusion pattern during the healing phase [1].
Ideally, all these factors should be considered in
the selection of an appropriate loading protocol
for the edentulous patient.

This chapter will explore the different factors
affecting the osseointegration of an implant. It
will describe various methods of evaluating the
stability of the implant in the bone. Finally, con-
ventional, early and immediate loading protocols
will be defined and discussed.

10.2 Osseointegration
10.2.1 Concept of Primary Stability

In order to have a long-term success with dental
implants, the surrounding bone has to be mechan-
ically stable, bearing the occlusal loading forces.
Initial mechanical stability of the implant with
the surrounding lamellar bone is necessary dur-
ing implant insertion. The gentle osteotomy,
without overheating or significant mechanical
trauma, is necessary to get good primary contact
between the implant and bone. This is clinically
determined as primary implant stability [1].

Primary stability is defined as the mechanical
anchorage immediately after implant insertion. It
is obtained by surface of contact between the
implant and bone [2, 3]. It is an important factor
in the establishment of osseointegration and con-
tributes to determining the prognosis of the
implant and, in consequence, to the choice of the
appropriate loading protocol [2].

Primary stability is obtained through the qual-
ity and quantity of the contact area between the
implant and the bone [2]. The measure of this
contact area is given by the bone-implant contact
(BIC) measured in percentage [4]. Several factors
related to the bone (bone quality and quantity)
and implant type (implant length, diameter, sur-
face type, and macrogeometry) influence the BIC.

The quality of bone density has been classified
into four categories by Lekholm and Zarb [2, 4].
Quality 1 bone consists of homogenous compact
bone, quality 2 consists of a thick layer of cortical
bone surrounding a think layer of compact tra-
becular bone, quality 3 consists of resistant tra-
becular bone surrounded by a thin layer of
cortical bone, and lastly quality 4 consists of low-
density trabecular bone surrounded by a thin cor-
tical bone layer [4]. Low-density trabecular bone,
being more porous than cortical bone, offers a
reduced BIC and leads to uneven and concen-
trated force distribution from implant to bone.
The increased forces on the implant-bone inter-
face can lead to excessive microstrain and in
some cases implant mobility and failure [4, 5]. In
general, higher bone density has a higher BIC,
and consequently, the greater the bone density,
the greater the primary stability [4]. However, it
is to be noted that this does not automatically
translate to a higher implant success rate.

Next, the implant length plays an important
role in increasing the bone-implant contact area.
A longer implant can increase the bone-implant
contact area and further engage the cortical bone
[6-8]. Ideally the length should vary between 10
and 15 mm. An implant length above 15 mm is
deemed unnecessary. The risk of implant failure
increases if the implant length is under 10 mm
[8]. In the case of poor bone quality, an increase
in implant length has a more significant increase
on primary stability [7]. In fact, every 3 mm
increase of length of the implant can increase the
bone-implant interface (or contact area) by
approximately 20-30% [5]. However, placement
of short dental implants could be a predictable
alternative to longer implants to reduce surgical
complications and patient morbidity in situations
where vertical augmentation procedures are
needed. The 1-year and 5-year cumulative sur-
vival rates for short implants were reported to be
98.7% and 93.6%, respectively [9].

It is found that the larger the diameter, the
greater the primary stability due to the increased
contact area [8]. This is limited by the width of
the alveolar ridges. Increased diameter implants
allow for a greater distribution of forces by fur-
ther engaging the cortical bone, thus increasing
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primary stability and reducing micromotions [4].
This effect is more prominent in the cortical bone
already absorbing a greater proportion of forces
due to its larger contact area [2]. However, it
should be noted that several studies on wide-
diameter implants have reported an increased
failure rate, which was linked with over-
instrumentation and heat generation [10]. More
recent studies believe the failure rate is mainly
associated with operators’ learning curves, poor
bone density, implant design, and site preparation
[11]. Hultin-Mordenfeld et al. reported a higher
implant failure rate with wide-diameter implants
but better results in the mandible (94.5%) than
the maxilla (78.3%).

Next, macrogeometry and morphology can
influence the BIC as well. Primary stability was
found to be more positively affected by a slightly
tapered implant in comparison to a cylindrical
one [12]. With regard to the macrogeometry of
the implant, the form of the neck is important as
it engages the cortical, and in a lower-density
bone, smaller treads promote a better primary
stability [5].

Additionally, the surface topography of the
implant is an important factor in the process of
osseointegration. However, surface topography
does not affect primary stability and will be dis-
cussed in the next section regarding secondary
stability [13].

After taking into consideration and maximiz-
ing all these variables, it is important to assess the
implant’s primary stability. To do so, it is recom-
mended to evaluate the implant’s torque. A torque
is a measure of the force applied to the implant
causing it to rotate and is expressed in newton
centimeters (Ncm). There are different ways of
assessing it, such as cutting torque resistance
analysis and insertion torque value (ITV). For
cutting torque resistance analysis, a torque gauge
is incorporated into the drill used to cut into the
bone. This measures the energy required to cut
the bone. This value correlates with bone density
types which contribute to the primary stability
[3]. Cutting resistance during insertion is com-
monly used to determine primary stability. In this
case, a sudden stop while seating the implant
indicates better primary stability [14]. However,

one of the preferred techniques of assessing pri-
mary stability is the ITV, a measure of the highest
insertion torque obtained by the motor during
placement of the implant. ITV of 32, 35, and
40 Ncm and higher have been suggested as indi-
cating adequate stability for an immediate load-
ing protocol [3, 15, 16]. Studies demonstrate a
high failure rate at 20 Ncm or less with an imme-
diate loading protocol (ILP) [17], and so many
studies exclude ILP when the ITV is low.
Additionally, it is to be noted that several studies
found that there was no statistically significant
difference in insertion torque and cutting resis-
tance in failed versus successful implants with a
conventional loading protocol [18, 19].

Above, the graph (Fig. 10.1) represents a gen-
eralized overview of early wound healing after
implant placement: showing the implant stability
in function of time. It is suggested that implant
stability is at its maximum immediately follow-
ing the surgery; this is known as primary stabil-
ity. In the beginning, osteoclastic activity causes
the implant stability to decrease, which causes a
micromotion of the implant. It was found that
micromovements between 50 and 150 pm could
jeopardize the osseointegration of the implant
[21]. This period marked by a drop in primary
stability is shown until week 4, at which time
secondary stability gradually takes over, provid-
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Fig. 10.1 Primary and secondary stability in function of
time [20]
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ing the main source of stability (Fig. 10.1).
Secondary stability refers to the formation of new
bone around the implant.

10.2.2 Concept of Secondary
Stability

Secondary stability refers to the formation of new
bone around the implant. After implant place-
ment, the bone surrounding the newly placed
implant is reorganized, and during this process,
primary stability is gradually replaced by second-
ary stability. Secondary stability is given by the
level of osseointegration. This refers to the con-
cept of an anatomical and functional junction
formed directly between the living bone and
implant without the presence of fibrous matter.

Depending on temperature during preparation
of the implant bed and placement of the implant,
there is a certain amount of necrosis of the adja-
cent bone, generally up to 1 mm. For osteogene-
sis to take place, there must be a stable surface;
adequate cells, either from the bone marrow or
from undifferentiated mesenchymal cells; nutri-
tion for these cells; and an appropriate biome-
chanical environment. Although some mechanical
stimulation is necessary for osteogenesis, too
much (50-150 pm) has the undesirable effect of
stimulating differentiation through the fibroblast
lineage [21]. This leads to the formation of a
fibrous mass parallel to the vertical axis of the
implant known as fibrointegration, as opposed to
osseointegration [2].

In the trabecular bone, secondary stability
begins with the formation of a blood clot, filling
the gap between the implant and remaining bone.
The fibrinogen in the blood attaches to the
implant, allowing for preferential adsorption of
platelets to the implant surface, and their imme-
diate degranulation, releasing factors attracting
undifferentiated cells to the site [2].

A network of fibrin is then formed followed by
angiogenesis, which allows the undifferentiated
mesenchymal cells to arrive to the site, providing
both the adequate cells and cell nutrition neces-
sary for osteogenesis. Ideally, these cells would
then differentiate following the osteoblast lineage.

As these cells migrate toward the implant surface,
they exert a certain amount of tension on the fibers
causing a retraction. At this point, the osteogene-
sis can be divided into two types. Depending on
whether or not the fibers manage to resist this
force, the osteogenesis will be in contact or in dis-
tance [22]. Therefore, it is important to limit
micromovements as discussed above [2].

In contact osteogenesis, the cells arrive directly
to the implant surface, recognizing it as stable, and
begin to differentiate into osteoblasts producing
trabecular bone. Bone apposition occurs simulta-
neously from the implant to the bone and from the
bone to the implant, thus creating a trabecula that
is perpendicular to the vertical axis of the implant
[2]. On the other hand, in osteogenesis at distance
cells begin apposition from the most stable surface
away from the implant, the walls of the socket, and
move toward the implant. This type of osteogene-
sis is a slower process and creates an osseous shell
(corticolization) [2].

The type of osteogenesis can be influenced by
the type of surface modification used. The first
category is topographic modification. Implants
with a rough and/or etched surface offer more
retention for the fibers compared to smooth sur-
face implants, allowing for contact osteogenesis
rather than osteogenesis at a distance. The second
category is surface coating. It has been reported
that hydrophilic implant surfaces, such as
Straumann’s SLActive®, can reduce the risks
during the critical early treatment by accelerating
implant integration. The bone formation process
is initiated at an earlier stage, resulting in
improved implant stability in the “critical dip”
period (Fig. 10.2). The improved and optimized
secondary stability process leads to a higher
implant stability between week 2 and 4. While
healing showed similar characteristics with bone
resorptive and appositional events for both regu-
lar and hydrophilic surfaces between 7 and
42 days, the degree of osseointegration after 2
and 4 weeks was superior for the SLActive® com-
pared with the regular implant surface [23].

In cortical bone, the process of osteogenesis is
much slower due to the reduced vascularization.
The effects of the implant surface are also less
apparent than in the trabecular bone. These fac-
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Fig.10.2 Edentulous
patient with lower worn
dentition (a). Extraction
of lower teeth,
alveoloplasty, and
placement of four
mandibular dental
implants (b). Placement
of multiunit abutments
and closure of the
surgical site (c).
Immediate loading of
the four implants with
an acrylic fixed
provisional prosthesis

tors can explain the lower degree of osseointegra-
tion seen in quality 1 bone. In fact, the quickest
degree of osteogenesis is usually seen in quality 3
or 4 trabecular bone with rough surface implants.
However, overall, qualities 2 and 3 tend to yield
better results for implant success [2].

10.2.3 Evaluation
of Osseointegration

In order to evaluate implant success, several cri-
teria have been established. The most recognized
criteria were established by Albrektsson et al.
[24]. Initially, accepted vertical bone loss was set
at 1.5 mm during the first year and 0.1 mm for the
following years. These criteria were later revised,
and the accepted vertical bone loss was changed
to 0.2 mm annually after the first year of service
[25].
Criteria for implant success [26]:

— An individual unattached implant is immobile
when tested clinically.

— The radiograph does not demonstrate any evi-
dence of periimplant radiolucency.

— Vertical bone loss is less than 0.2 mm annually
after the first year of service of the implant.

— Individual implant performance is character-
ized by an absence of persistent or irreversible
signs and symptoms such as pain, infections,

neuropathies, paresthesia, or violation of the
mandibular canal.

— Success rates of 85% at the end of a 5-year
observation period and 80% at the end of a
10-year period are minimum criteria for
success.

There are also several techniques used to eval-
uate osseointegration. To begin, it is important to
perform a clinical examination of the implant.
This exam should determine if the implant is
mobile, if there is sensitivity to percussion, and
eventually if there is presence of infection, as
these can be signs of implant failure. Radiographs
are essential to assess bone height as well as any
radiotranslucency surrounding the implant. The
implant threads are commonly used as a reference
of dimension [27, 28]. It is also important to take
a periapical X-ray, in particular when implant
presents mobility. If a radiotranslucent border
appears around the implant in the X-ray, this is a
sign that the implant did not osseointegrate [8].

There are also other methods to evaluate
osseointegration that are available to clinicians.
These include the Periotest® and the Osstell™
method.

10.2.3.1 Periotest’

The Periotest® is an electromechanical instru-
ment consisting of a metallic rod and hand-
piece. The rod percusses the implant 16 times,
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while a sensor records the length of time of
contact. The greater the time, the more mobile
the implant and the greater the Periotest value.
The lower the value, the greater the stability
and damping effects of the measured implant
or tooth. Values of —8 to O indicate that the
implant may be loaded, and +1 to 9 indicate
that further clinical examination is needed
prior to loading [28]. Superior values indicate
that the osseointegration is insufficient. This
test has proven to be a reliable method to eval-
uate primary stability [28, 29].

10.2.3.2 Osstell™

Osstell™ is an indirect measure of osseointe-
gration. This instrument measures the fre-
quency at which the sensor on the implant
vibrates, which is known as the resonance fre-
quency analysis (RFA). This value is con-
verted into an implant stability quotient (ISQ).
Values on this scale range from 1 to 100, with
greater values indicating greater stability.
According to Osstell™, an ISQ of 70 and
greater represents high stability, 60—69 repre-
sents medium stability, and below 60 is low
stability. According to another source, a reso-
nance frequency of at least 60 was required
from ILP; however, the evidence base is lack-
ing in this area [30]. Although this test gives
information regarding failure to osseointe-
grate, single readings offer limited clinical
value [31].

10.3 Implant Loading Protocols
There are three recognized loading protocols for
implants: conventional loading, immediate load-
ing, and early loading. A conventional loading
protocol is when the restoration is delivered
2 months after implant placement. Immediate
loading refers to a restoration delivered within
1 week following implant placement. Finally,
early loading implies that the restoration is deliv-
ered between 1 week and 2 months after implant
placement [32].

10.3.1 Definitions

Loading

protocols New definitions

Conventional ~ Restoration delivered after 2 months
following implant placement

Immediate Restoration delivered within 1 week
following implant placement

Early Restoration delivered between 1 week

and 2 months following implant
placement

10.3.2 Conventional Loading
Protocol

During the 1960s, Dr. Branemark established the
first surgical protocol for implants. This was a
two-stage conventional loading protocol. For this
protocol there is a first surgery to place the
implants, followed by a 4-6-month waiting
period to allow the implants to become osseoin-
tegrated, thereby ensuring a certain secondary
stability regardless of primary stability [33]. This
is particularly important in low-density bone.
Next is a second surgery to uncover the implants
and place healing caps, followed by a 4-8-week
waiting period to allow soft tissue to heal prior to
taking an impression for the two-implant over-
denture and loading of the implants [2].

The multiple surgeries suggested by this pro-
tocol demand time from both the patient and the
dentist, as well as recovery periods during each
of which the patient experiences some discom-
fort. Additionally, during the combined wait peri-
ods prior to loading, the completely edentate
patient must function with either a conventional
denture or no denture. Consequently, the patient
must deal with unsatisfactory function and aes-
thetics for several months before receiving their
final treatment (two-implant overdenture) [2].

In order to reduce the inconveniences of wait-
ing for the final restoration, without compromis-
ing osseointegration, a one-stage conventional
protocol was established. With this protocol,
healing caps are placed during the first surgery
immediately following implant placement, thus
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eliminating the specific wait period for soft tissue
healing by merging it with the osseointegration
wait period [34]. Nonetheless, with this protocol,
there is still a wait period [2]. Today implant sur-
faces have been improved, lessening the time
necessary for osseointegration and decreasing the
wait period for the conventional loading protocol
to 2 months.

To this day, the conventional loading protocol
remains the option of choice. However, for those
with good primary stability, there are more pos-
sibilities that may be of greater interest to the
patient.

10.3.3 Immediate Loading Protocol

In fact, an immediate loading protocol was sug-
gested in order to answer to the demand to
shorten this wait period. Following the immedi-
ate loading protocol, the overdenture is delivered
within 1 week of implant placement, meaning
prior to osseointegration [35]. Through several
studies, it has been proven that the immediate
loading protocol is an effective treatment option
yielding a success rate comparable with that of
the conventional loading protocol and offering
greater patient satisfaction than the later [36].
That said, it is necessary to mention that there
are some requirements prior to adopting an
immediate loading protocol and that it is only
indicated in cases involving good primary stabil-
ity, otherwise the success rate plummets [17].
Indeed, when the overdenture is delivered and
put into occlusion, it exerts certain forces on the
implants, and without adequate primary stability
to immobilize these, they are more susceptible to
micromotion. When this micromotion exceeds
50-150 pm, it will prevent osseointegration by
causing fibrointegration instead, which will lead
to implant failure. Hence, the importance of pri-
mary stability when subjecting implants to a
load prior to osseointegration, such as in the
immediate loading protocol. In order to prevent
implant failure, primary stability must be gauged
prior to selecting a loading protocol. There are

many methods and values suggested to deem
whether or not primary stability is sufficient for
the use of the immediate loading protocol, but
one of the best and most commonly used is the
insertion torque value (ITV). ITV takes into
account bone density, which should be of quality
1, 2, or 3 for immediate loading, as the lower the
bone density, the less torque is necessary to cut
through it and place the implant [2]. Again, as
ITV is a good indicator of primary stability, it is
suggested to have a minimum ITV of 32 Ncm to
proceed with an immediate loading [3, 16].

Additionally, with immediate loading, it is
particularly important to minimize forces that
may cause micromotion. For instance, splinting
of the implants allows the occlusal forces to be
more evenly distributed on the implants and
diminishes the stress placed on each of them,
allowing the horizontal forces to be minimized at
the bone-implant interface [4]. Moreover, it is
recommended to place the implant(s) in nonfunc-
tional occlusion in order to minimize stress and
optimize primary stability [8]. In fact, a study has
shown that immediate nonfunctional loading
increased the implant survival rate when com-
pared with immediate functional loading [37].
The implant surface is also important in the ILP,
and a rough surface implant is found to yield the
best result [8]. It is also important to mention that
the patient adhering to a liquid and soft diet for
6-8 weeks after implant placement decreases the
risk of overload failure [8].

10.3.4 Early Loading Protocol

Finally, an early loading protocol, where the res-
toration is delivered between 1 week and 2 months
of implant placement, has also been suggested as
an alternative to conventional loading. This proto-
col, however, is not ideal as it has a higher failure
rate [35]. Referring back to Fig. 10.1 (page 4),
necrosis of the bone adjacent to the implant occurs
gradually in the weeks following placement of the
implant bringing primary stability from 100% the
day of implant placement to 75% in the first
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2 weeks and then to 25% by the fourth week and
continuing to diminish. At this time, the process
of osseointegration has begun to offer some sec-
ondary stability but is still only at 25% by the
fourth week and takes another 4 weeks to provide
an adequate total stability as primary stability
continues to diminish. Consequently, this process
of acquiring stability spans the entire window of
restoration delivery of the early loading protocol.
That said adopting the early loading protocol
means subjecting implants to forces when stabil-
ity is at its lowest and putting osseointegration at
risk. This explains the higher failure rate associ-
ated with this particular loading protocol [2].

10.4 Patient Perception
of Immediate Loading

Another important factor in determining whether
a particular treatment or loading protocol could
be advised is patient perception and satisfaction
with this option. As these are subjective, they
vary from person to person and do not rest
entirely upon the degree of fulfillment of the
patient’s functional needs (reestablishment of
phonetic and masticatory capacity). In fact, the
patient’s expectations, preferences, and knowl-
edge, as well as their sociocultural background,
level of education, and even personality, can
influence their level of satisfaction [38—40]. That
being said, it can be noted that patients were gen-
erally more satisfied and had an improved oral
health quality of life (OHQoL) with two-implant
mandibular overdentures in comparison with
conventional mandibular dentures [39, 41].
Additionally, it has been suggested that the use of
an immediate loading protocol could further
increase said patient satisfaction and OHQoL
[42]. Although studies on this subject are scarce
and can refer to fixed prostheses, bar, or other
attachments [41-44], some including one pilot
trial referring to immediate loading of two-
implant overdentures seem to indicate a high sat-
isfaction rate (94.4% with 100% of patients
recommending this treatment option) [41, 45—
47]. The high patient satisfaction rate for the ILP
is due to the decreased wait period prior to

achieving the following: satisfactory aesthetic
results, positive impact on social life, decrease in
discomfort, improved stability and masticatory
ability, no additional surgeries, and reduced num-
ber of visits [45, 48]. It is also interesting to note
that the pain experienced during the longer
appointment associated with ILPs did not nega-
tively impact patients’ opinion of this loading
protocol. However, more research must be done
on immediate loading of mandibular two-implant
overdentures to confirm this information.
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Abstract
The introduction of dental implants has dra-
matically changed the lives of many edentu-
lous patients by providing a mechanism of
anchorage that contributes to stabilizing the
mandibular denture during function. This has
provided a variety of new options for the treat-
ment of complete upper and lower edentulism
(Emami et al., Periodontol 66:119-31, 2014).
This chapter will discuss the fundamental
principles and differences between the implant-
retained and implant-supported mandibular
dentures. The implant-retained overdenture
presents a unique clinical situation that requires
distinct surgical and prosthetic considerations
to help optimize the clinical outcome (Kimoto
et al, Clin Oral Implants Res 20:838—43,
2009). A multitude of stud-type attachment
systems are available today to provide reten-
tion and stability for the mandibular complete
implant-retained denture. A description of the
various morphological characteristics and the
impact that they have on the retention and wear
behavior of stud attachments will be reviewed.
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This chapter will also cover the basic surgical
and prosthetic principles that underline the
planning of implant-supported removable and
fixed mandibular prosthesis.

11.1 Introduction
The loss of natural dentition is inevitably accom-
panied by anatomic and physiological changes,
which result in the resorption of the alveolar bone
[1, 2]. These changes affect the mandibular lower
denture as they manifest clinically with a loss of
retention and stability of the prosthesis and a pos-
sible reduction in the functional capacity of the
patient. The introduction of dental implants has
dramatically changed the lives of many edentulous
patients by providing a mechanism of anchorage
that assists in stabilizing the mandibular denture.
They also have been shown to slow down the det-
rimental loss of the residual ridge over time.
Historically, fixed implant-supported prosthe-
ses were considered the ideal treatment modality
for the completely edentulous patient. The sur-
vival rates of dental implants supporting a fixed
mandibular prosthesis are well documented [3].
Overdentures were considered as a secondary
option in cases of anatomical and financial limi-
tations. They were often regarded as a lesser
treatment. However, in the past few years, the
efficacy of overdentures for the treatment of
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edentulous patients has been clearly recognized.
In fact, in 2002 at the McGill Consensus
Conference, this treatment modality was consid-
ered as the first choice of treatment for the eden-
tulous mandible and is currently regarded by the
scientific community as a standard of care [4].
This was further reinforced by the York
Consensus in 2009 [5, 6].

Multiple prospective, randomized clinical tri-
als were carried out to determine the survival
rates of un-splinted dental implants [7]. The
assessment criteria used by different authors are
based primarily on implant survival. The high
implant survival rates reported in these studies
reflect the success of this treatment approach and
are comparable to the survival of implants sup-
porting a fixed prosthesis [3].

Mandibular two-implant overdentures have
been recognized as the standard of care for the
treatment of edentulous patients [4]. When com-
pared with conventional complete dentures, they
provide higher patient satisfaction [8] and better
masticatory ability [9] and preserve residual
ridge height over time [10]. Furthermore, two-
implant overdentures are more cost-effective
when compared with implant-supported prosthe-
ses [11]. Indeed, they are characterized by a
reduced cost [4, 12] and a simpler technique of
fabrication [12]. Also, hygiene is generally facili-
tated by the removable nature of the prosthesis,
the limited number of dental implants, and the
absence of a metal bar. Therefore, for all the
abovementioned reasons, this option of treatment

presents a considerable amount of advantages,
particularly to the elderly patients.

11.2 Implant-Retained

Mandibular Dentures

11.2.1 Definitions

Implant overdentures can be categorized accord-
ing to the support offered by dental implants as
implant-supported or implant-retained prosthe-
sis. Implant-supported prostheses are generally
fully sustained by dental implants. They are char-
acterized by a higher number of implants ensur-
ing the majority of support of the lower denture
(Fig. 11.1). In contrast, implant-retained prosthe-
sis depends mainly on the posterior edentulous
ridges for their support. The dental implants in
the anterior region of the mandible participate
only partially in supporting the lower prosthesis
(Fig. 11.2). These implants, however, offer ade-
quate anterior anchorage and a significant
improvement in prosthetic retention.

11.2.2 Movement Pattern of Implant-
Retained Overdentures

The implant-retained overdenture presents a
unique clinical situation that is distinct from the
implant-supported prosthesis. In fact, overdentures
retained by two implants in the inter-canine region

Fig. 11.1 Implant-supported mandibular prosthesis (a) Removable prosthesis supported by a Dolder bar (b) Fixed
prosthesis supported by four dental implants



11 Fundamental Surgical and Prosthetic Principles of Mandibular Implant Assisted Prostheses

189

Fig.11.2 Implant-retained mandibular prosthesis

of the mandible are subject to a series of complex
movements during mastication. The denture often
exhibits an occluso-gingival movement during
chewing. This rotational movement is centered on
an imaginary axis that is drawn between the two
anterior implants. The amplitude of this movement
has been historically associated to the thickness
and the compressibility of the supporting tissues,
the resiliency of the attachment system, the dis-
tance of the application of force relative to the axis
of rotation, and the magnitude of the applied force.
It is very similar in its behavior to the Kennedy
class 2 removable partial dentures.

Recently, certain prosthetic parameters have
been associated with an increase in rotational dis-
placement of the denture during function. In a
cross-sectional study, Kimoto et al. assessed a
variety of prosthetic factors in order to determine
their involvement on implant overdenture rota-
tion and the influence of rotation on general satis-
faction and chewing ability. They reported that
participants were more likely to detect rotational
movement when the distance between the tip of
the anterior teeth and the anterior denture border
increased (Fig. 11.3). In fact, the horizontal posi-
tion of the anterior teeth was considered to be the
most important factor in rotational movements.
Conversely, increasing the length of the denture
base was associated with a decrease in the per-
ception of this displacement (Fig. 11.4). Patients
that were aware of rotational movements of their
denture reported a reduced ability to chew com-
pared to the ones that were unaware of the rota-
tion [13].

Fig. 11.3 Increase in rotational movement of the lower
implant-retained mandibular denture as the distance
between the incisal edge of the anterior prosthetic teeth
and the denture border increases

Fig. 11.4 Decrease in rotational movement of the
implant-retained mandibular denture as the length of the
denture base increases

It has been historically postulated that the con-
dition of the alveolar ridge is very important for
the success of denture treatments [14]. Kimoto
et al. also assessed the relationship between bone
height and perceived rotation. They were able to
establish that the percentage of the participants
who complained about rotation increased as bone
resorption increased [13]. This suggests that
implant-retained prosthesis may more easily
rotate as resorption of the residual alveolar ridge
becomes more severe which will have an impact
on the patient’s functional capacity. However, no
relationship has been established between this
resorption and the satisfaction of patients with
the treatment outcome. Nevertheless, in these
cases, the attachment system is subjected to an
increased functional stress. Consequently, wear
of the attachments is accelerated because of
greater dependence on the soft tissue support.
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Rotational awareness may have a negative
impact on the perceived functional capacity of
patients  with  implant-retained  prosthesis.
However, when compared to complete dentures,
patients will still often rate their implant overden-
tures higher in terms of functional capacity, gen-
eral satisfaction, and prosthesis stability regardless
of the residual bone height [15].

11.2.3 Surgical Considerations

A considerable amount of surgical and restor-
ative concepts currently used in designing
implant overdentures are derived from the experi-
ence of clinicians with tooth-borne overdentures.
Historically, the canine sites were selected as the
first choice for implant placement in the case of
implant-retained overdentures (Fig. 11.5). This is
often due to the common retention of canine teeth
for tooth-borne overdentures. As we discussed
previously, the placement of implants in the
canine position will establish for the most part an
anteroposterior cantilever. This is highly depen-
dent on the shape of the edentulous ridge and the
position of the prosthetic teeth. In fact,
“V-shaped” jaw forms will be more prone to
establishing an anterior cantilever when com-
pared to a “U-shaped” ridge.

The occluso-gingival displacement of the den-
ture in the posterior quadrants is generally better
tolerated by patients due to the support provided by
the primary and secondary bearing areas. However,
the anterior displacement that may result as we push

Fig.11.5 Implant placement in canine sites for implant-
retained mandibular dentures

on the lower incisors will create a tipping effect that
is poorly resisted by the vestibular tissues. The pos-
terior lifting will be amplified, as the rotation axis
established by the two implants is located further
from the anterior teeth. This situation can be
improved by the addition of a third implant that will
act as an indirect retainer. This implant should be
placed most anteriorly to create a tripod in the ante-
rior quadrant that would improve denture stability
as well as retention [16] (Fig. 11.6). Moreover, the
accelerated wear of the attachment is prevented
with the previous parameters improved.

An alternative to the placement of a third
implant would be to consider the lateral sites
instead of the canines (Fig. 11.7). This will be
favorable for patients with a V-shaped jaw, as it
would limit the anterior cantilever. Positioning
implants in the most anterior position will also
open the possibility of adding two implants in

Fig. 11.6 Implant placement in canine sites with the
addition of an anterior implant creating a tripod and acting
as an indirect retainer

Fig. 11.7 Implant placement in lateral sites for implant-
retained mandibular dentures
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Fig.11.8 (a, b) Design principles of complete dentures for the mandible illustrating key anatomical factors involved
in establishing appropriate extensions for support, retention, and stability of the prosthesis

the premolar sites that would allow patients to
change the prosthetic design to implant-
supported prosthesis should they want to
improve the retention and stability of their den-
ture at a later date.

Emami et al. reviewed these surgical principles
in 2015 by evaluating a group of 135 participants
that received three implants and single-unit attach-
ments. Only 20% of participants were aware of
rotational movement of their overdentures. For
these patients, awareness of rotational movements
was correlated to a decrease in stability, comfort,
ability to chew, and general satisfaction. The
results were independent of the type of attach-
ments and implants used [17].

11.2.4 Prosthetic Considerations

A significant amount of design concepts for
implant overdentures have been historically
derived from the complete denture philosophies
(Fig. 11.8). The importance of proper denture
extensions and coverage in order to optimize the
support, stability, and retention of lower dentures
has been reported [14].

Denture teeth are generally positioned in a
similar location as the patients’ natural teeth.
Often, this will result with the anterior teeth
positioned anterior to the alveolar ridge and
closer to the vestibular area, which is located

Fig.11.9 Design principles of implant-retained mandib-
ular dentures, the addition of an implant in the anterior
sextant acting as an indirect retainer

anterior to the fulcrum line formed between the
two mandibular implants. Based on findings by
Kimoto et al., this will create a rotational move-
ment of the implant overdenture when incising
on the anterior teeth. This movement will
increase as the distance between the tip of the
anterior teeth and the anterior denture border
increases [13]. The presence of a third implant
providing added support can minimize this
movement by acting as an indirect retainer as
described earlier (Fig. 11.9).

Alternatively, contrary to the prosthodontic
rationale mentioned above, limiting the position
of the anterior teeth to the area above the ridge is
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Fig. 11.10 Placement of the anterior teeth above the
ridge will help diminish the anterior cantilever in cases
where two implants are placed for mandibular implant-
retained prosthesis

recommended to minimize the magnitude of the
forward rotation when foods are incised.
Moreover, limiting the posterior dentition to the
first molar for implant-retained prosthesis can
further assist in restricting the lifting motion of
the denture during the consumption of sticky
foods (Fig.11.10). This can be challenging in cer-
tain conditions, particularly for patients with a
class II skeletal relationship.

Denture rotation has been reported to nega-
tively affect the perceived chewing ability of
patients. Although patients who experience
rotation may still be generally satisfied with
their prosthesis, the reduction in their ability to
chew is important, because they may not be
benefiting from the full potential of this
treatment.

11.2.5 Attachment Mechanism

11.2.5.1 Definitions

Attachments are manufactured in a large variety
of designs and are compatible with most of the
implant systems commercially available today.
The attachment systems for implant-retained
overdentures can be classified as bar or stud
types. The first type employs plastic or metal
clips in the denture base engaging a metal bar

connected to the implants. Stud types include
ball-socket or magnetic mechanisms.

11.2.5.2 Bar-Type Attachments

The majority of bar-type attachment systems
consist of a metallic bar connected to the implant
and a clip mechanism nested in the denture base.
Most of the retentive bars are often distinguished
by the morphological characteristics of their
walls and their composition. Based on the latter,
bars can be characterized as resilient or non-
resilient. Resilient (round) bars are designed to
allow movement around their axis and are often
recommended for the restoration of implant-
retained prosthesis in order to accommodate the
movement of the denture during mastication. The
non-resilient designs are often recommended for
implant-supported prosthesis. They are charac-
terized by parallel walls that once engaged by the
clip assembly, limit significantly the movement
of the dentures (Fig. 11.1a).

11.2.5.3 Stud-Type Attachments
A multitude of stud-type attachment systems are
available today to provide retention and stability
for the mandibular complete denture. The majority
of attachment systems consist of a male part con-
nected to the implant and a female part nested in
the denture base. Most of these attachments are
often distinguished by the morphological differ-
ences between their male and female components.

The male parts often show variations in their
morphology and composition. Some attachments
have a spherical shape with extracoronal reten-
tive portion (Fig. 11.11). Other attachments rely
solely on the internal retentive cavity in which
the retention element is inserted. Recent systems
comprise of both extra- and intracoronal retentive
characteristics (Fig. 11.12).

The female parts are often categorized accord-
ing to their retention mechanism. Three different
types are generally recognized:

1. O-ring anchors: These female attachments
include a metal housing containing a rubber
band that engages the male component.

2. Metallic anchors: These female attachments
include a metal housing often containing a
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Fig.11.11 Stud-type

attachment system with
a spherical-shaped
extracoronal male
component and a female
part comprised of a
metal retentive
mechanism in a metallic
housing

Fig.11.12 Stud-type
attachment system with

a cylindrical-shaped
male component
displaying both extra-
and intracoronal
retentive characteristics
and a female part
comprised of nylon
inserts in a metallic
housing

metallic mechanism that engages the male
component. The retention is often due to the
friction between the two elements. Companies
that offer this design often provide a key to
adjust the level of the retention provided by
female component (Fig. 11.11).

. Nonmetallic anchors: These female attach-

ments may or may not include a metal hous-
ing containing a nonmetallic insert that
engages the male component. The retention is
often the result of the friction between the

insert and the retentive surfaces of the attach-
ment (Fig. 11.12).

11.2.5.4 Retention Characteristics

The retention of stud-type attachments can be
defined as the maximum amount of force required
to separate the male component from the female
component [18]. Retention forces of most attach-
ment systems have been reported to be in the
range of 17-30 N for bars, 7-28 N for stud attach-
ments, and 1-9 N for magnets [19-22]. The
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values of the initial retention not only vary sig-
nificantly between attachment systems but also
within the same system. This variability is often
associated with a host of morphological charac-
teristics. Physical features such as the parallelism
of the walls, number of resistive surfaces, and
presence of undercuts have been related to the
variation in retentive capabilities of an attach-
ment system [23, 24].

The resiliency of the female retentive element
also plays a role in the final value of the retention
of the prosthetic attachment assembly. Several
systems provide a variety of inserts with different
retention forces. These inserts vary in their abil-
ity to deform upon removal. Essentialy, a stiffer
insert will often provide more resistance to dis-
lodgment during removal.

Lehmann et al. reported that a value of only 7
newton is needed to retain prosthesis during function
[25]. However, patients seem to prefer prostheses
that offer a degree of greater retention and stability
[22]. A positive correlation between retentive values
and stability, patient preference, quality of life has
been established by several authors [7, 19, 26].

11.2.5.5 Wear Behavior
of Attachments

In the oral cavity, attachment systems are exposed to
continuous mechanical stimuli and thermal varia-
tions, which may ultimately lead to a loss of their
retentive capacity. This degradation can be the result
of the manipulation of the prosthesis by the patient,
including insertion and retraction, distortion related
to mastication [27], and deterioration following the
cleaning of the prosthetic elements [28, 29].

Different angulations of the implants could
also influence the wear behavior of attachments.
Attachments placed on parallel implants are less
suscetible to retention loss when compared to
those on fixtures with excessive angulations.
Jabbour et al. reported that implant angulations
influenced the loss of retention of the Locator
after 1 year of clinical use [30].

Several studies have attempted to explain the
wear characteristics of attachment systems. Stud-
type attachments tend to exhibit gradual and con-
tinuous loss of retention associated with repeated
insertion-removal of the prosthesis [31, 32].

Depending on the morphological characteristics
of the system, the loss is often abrupt and can
sometimes reach 60-80% of their initial value
[32]. This is often the result of structural changes
in both the patrix and matrix over time [33, 34].
In contrast, it was found that bar attachments are
less susceptible to this type of wear [35].

Implant-retained overdentures are also
exposed to wear due to the movement of the den-
ture during mastication. Only a limited amount of
studies assessed the wear behavior of single un-
splinted attachments simulating the movement
patterns of the mandibular prosthesis during mas-
tication. Abi Nader et al. assessed in vitro the
effect of simulated mastication on the retention
of two stud attachment systems for two-implant
overdentures. The loss of retention after approxi-
mately 1 year of simulated function was reported
to reach up to 60% of the initial value of the
tested attachments [27].

11.3 Implant-Supported

Mandibular Dentures
11.3.1 Definitions

Implant-supported prostheses are generally fully
sustained by dental implants. They are frequently
classified as fixed (Fig. 11.13) or removable
(Fig. 11.14) appliances [36]. They are generally
characterized by a higher number of implants
that ensure the majority of the support for the
lower denture. The number and location of the
implants are highly dependent on the type of

Fig.11.13 Implant-supported fixed mandibular denture
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prosthesis as well as the available bone volume.
Implants can be distributed equally in the man-
dibular arch (Fig. 11.15) or located in the anterior
region of the mandible (Fig. 11.15). The latter is
often a common occurrence due to the alveolar
resorption and the anatomical limitations present
in the posterior quadrants. This prosthetic design
offers superior anchorage and an improvement in
retention when compared to the implant-retained
overdentures.

11.3.2 Surgical Considerations

A minimum of four implants is generally recom-
mended for implant-supported mandibular den-
tures. Some studies suggest that the placement of
three implants may be sufficient [37, 38].
However, more favorable results have been
reported with the use of four dental implants for
this prosthetic design [39]. In fact, as a general

guideline, it is often agreed that the length of the
prosthetic distal cantilever should not exceed 1.5
times the anterior-posterior (A-P) distance
between the corresponding implants. Therefore,
a proper distribution in the anterior zone maxi-
mizing the anterior-posterior spread of the
implants (Fig. 11.16) is essential to allow for an
appropriate design.

This may be challenging in certain conditions
due to the presence of an anterior loop of the infe-
rior alveolar nerve, as it exists the mental fora-
men. In fact, Apostolakis and Brown in 2012 [40]
reported the presence of a 3-mm (or smaller)
anterior loop in 95% of the 93 cases assessed.
Some clinical reports suggest that in certain situ-
ations, distally tilting the two posterior implants
may allow to increase the anterior-posterior
spread as well as avoid the nerve (Fig. 11.17).
This will optimize the distribution of the implants
and minimize the distal cantilever when design-
ing this type of prosthesis [41].

Fig. 11.14 Implant-supported removable mandibular denture (a) Dolder bar secured to the mandibular implants
(b) Removable mandibular denture connected to the Dolder bar

Fig. 11.15 Surgical strategies for implant-supported mandibular prostheses (a) Six implants evenly distributed
(b) Four implants limited to the anterior sextant
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and the corresponding prosthetic design characteristics

A\ A

Fig. 11.16 Anterior-posterior spread of the mandibular implants for an implant-supported fixed mandibular denture

N

Fig.11.17 Inclining the distal implants increases the anterior-posterior spread allowing to extend the distal cantilever

11.3.3 Prosthetic Considerations

The design principles of the implant-supported
removable and fixed prosthesis are centered on
creating a singular prosthesis that is sustained in
the anterior area by four implants and suspended
over the posterior ridges by a cantilever. This is
often the case due to the anatomical limitations
discussed earlier. Therefore, cantilevers serve an
important role as an adjunct treatment in helping
to overcome these anatomical restrictions and

maintain a functional occlusal table. There are
several design rules in relation to the geometry of
this prosthetic restoration and the implant loca-
tions that have been reported in the literature.
Rangert et al. have defined most of the guidelines
in 1989 regarding implant positions and their
anterior-posterior (A-P) spread [42]. A-P spread
is defined as the distance measured from the cen-
ter of the most anterior implant to the distal
aspect of the most distal implant (Figs. 11.16 and
11.17). It was concluded that implants should
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have a spread of at least 10 mm along the curve of
the arch and that the bone quality of the mandible
would allow a cantilever of about 15-20 mm. In
fact, as a general guideline, it is often agreed that
the length of the prosthetic distal cantilever
should not exceed 1.5 times the anterior-posterior
(A-P) distance between the corresponding
implants. These biomechanical principles for the
lower implant-supported prosthesis have been
recommended in order to prevent biological and
prosthetic complications. A systematic review
conducted by Romeo and Storelli in 2012 con-
cluded that there was no increase in complication
rate due to the presence of a cantilever extension.
The cumulative survival rate of implants support-
ing cantilevered prosthesis is 98.9%, and the
prosthesis itself had a survival estimated at 97.1%
after 5 years [43].

Fixed and removable implant-supported
complete dentures provide several advantages
in comparison to an implant-retained remov-
able prosthesis. They offer better retention by
having the prosthesis fully secured in place
resulting in higher biting forces and better
chewing efficiency [44]. They also provide
minimal tissue coverage and no movement dur-
ing function. This can be very benefiting for
patients suffering from a reduced salivary flow.
The absence of contact with tissues and the sta-
bility of these prostheses minimize the rubbing
effect of the resin that may cause ulceration
and discomfort.

For the elderly patient, fixed implant sup-
ported prostheses can be less appealing for a
variety of reasons. Implant-supported prosthe-
ses are generally more costly to fabricate when
compared to implant-retained prosthesis [11].
Technical complications occur continuously
over time as a result of fatigue [45] and can
represent a significant source of cost in terms
of after care and maintenance when compared
to the implant-retained prosthesis [46]. The
hygienic maintenance of this type of prosthesis
is also considered more challenging. Plaque
often accumulates on the fitting surface of the

denture in proximity to the soft tissues [47] and
would require a daily maintenance routine.
This could be challenging for elderly patients
with limited manual dexterities. Moreover,
from an esthetic perspective, it is more difficult
to restore atrophied ridges with the absence of
prosthetic flanges due to the possible compro-
mise that this may have on their lip support.
Phonetics presents an additional concern with
airway leakage. However, these concerns are
more relevant for the maxillary prosthesis and
are often well managed in the mandibular arch.

11.4 Space Requirements
for Implant Prosthesis

Implant-assisted prostheses have different restor-
ative space requirements. This can often vary
widely depending on the type of prosthesis
planned as well as the type of attachments uti-
lized. Several authors have reported on the differ-
ent space requirements. The interocclusal space
required is generally measured from the soft tis-
sue ridge to the opposing dentition or surface of
occlusion. Swadosky and Hansen [48] reported
that implant prostheses retained by Locator
attachments require 8-9 mm, bar overdentures
require from 10 to 12 mm, and fixed complete
dental prostheses require 12—15 mm. These are
general guidelines and may vary depending on
the height of the stud attachments used, the
design of the retentive bar, and the materials
selected for the fixed implant-supported prosthe-
sis. In order to properly assess the restorative
space available, a prosthetically driven treatment
plan should be performed. A definitive denture or
denture-teeth setup is critical to measure the
available space and avoid diagnostic errors.
Moreover, implant position should be planned
based on the selected definitive prosthetic plan
and anticipated design of the final prosthesis
(Fig. 11.18).

Conclusion
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Fig. 11.18 A sagittal view of a denture-teeth setup for a
planned implant-retained mandibular denture illustrating
the available restorative space as well as the implant
position

Mandibular implant-assisted prostheses can
offer tremendous advantages to the denture
wearer. Appropriate case selection and plan-
ning, strategic implant positioning as well as
suitable prosthetic designs are some of the
essential parameters required to ensure the
successful outcome of these treatments. The
next three chapters will detail the surgical and
prosthetic guidelines recommended for the
fabrication of implant-retained as well as
implant-supported fixed and removable
prostheses.

References

1. Atwood DA. Reduction of residual ridges: a major oral
disease entity. J Prosthet Dent. 1971;26(3):266-79.

2. Tallgren A. Alveolar bone loss in denture wearers as
related to facial morphology. Acta Odontol Scand.
1970;28(2):251-70.

3. Attard NJ, Zarb GA. Long-term treatment outcomes in
edentulous patients with implant-fixed prostheses: the
Toronto study. Int J Prosthodont. 2004;17(4):417-24.

4. Feine JS, Carlsson GE, Awad MA, Chehade A,
Duncan WJ, Gizani S, et al. The McGill consensus
statement on overdentures. Mandibular two-implant
overdentures as first choice standard of care for eden-
tulous patients. Gerodontology. 2002;19:3—4.

5. Thomason JM, Feine J, Exley C, Moynihan P,
M¢uller F, Naert 1, Ellis JS, Barclay C, Butterworth C,
Scott B, Lynch C, Stewardson D, Smith P, Welfare R,
Hyde P, McAndrew R, Fenlon M, Barclay S, Barker
D. Mandibular two implant-supported overdentures

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

as the first choice standard of care for edentulous
patients—the York consensus statement. Br Dent J.
2009;207:185-6.

. Thomason JM, Kelly SA, Bendkowski A, Ellis

JS. Two implant retained overdentures—a review of
the literature supporting the McGill and York consen-
sus statements. J Dent. 2012;40:22-34.

. Naert I, Alsaadi G, van Steenberghe D, Quirynen

M. A 10-year randomized clinical trial on the influ-
ence of splinted and unsplinted oral implants retaining
mandibular overdentures: peri-implant outcome. Int J
Oral Maxillofac Implants. 2004;19(5):695-702.

. Thomason JM, Lund JP, Chehade A, Feine JS. Patient

satisfaction with mandibular implant overdentures
and conventional dentures 6 months after delivery. Int
J Prosthodont. 2003;16:467-73.

. Raghoebar GM, Meijer HJ, Stegenga B, van’t Hof

MA, van Oort RP, Vissink A. Effectiveness of three
treatment modalities for the edentulous mandible. A
five-year randomized clinical trial. Clin Oral Implants
Res. 2000;11:195-201.

Kordatzis K, Wright PS, Meijer HJ. Posterior mandib-
ular residual ridge resorption in patients with conven-
tional dentures and implant overdentures. Int J Oral
Maxillofac Implants. 2003;18:447-52.

. Attard N, Wei X, Laporte A, Zarb GA, Ungar WJ. A

cost minimization analysis of implant treatment in
mandibular edentulous patients. Int J Prosthodont.
2003;16(3):271-6.

Naert I, Quirynen M, Theuniers G, van Steenberghe
D. Prosthetic aspects of osseointegrated fixtures sup-
porting overdentures. A 4-year report. J Prosthet
Dent. 1991:65(5):671-80.

Kimoto S, Pan S, Drolet N, Feine JS. Rotational
movements of mandibular two-implant overdentures.
Clin Oral Implants Res. 2009;20(8):838—43.
Critchlow SB, Ellis JS. Prognostic indicators for con-
ventional complete denture therapy: a review of the
literature. J Dent. 2010;38(1):2-9.

Awad MA, Lund JP, Dufresne E, Feine JS. Comparing
the efficacy of mandibular implant retained over-
dentures and conventional dentures among middle-
aged edentulous patients: satisfaction and functional
assessment. Int J Prosthodont. 2003;16(2):117-22.
Oda K, Kanazawa M, Takeshita S, Minakuchi
S. Influence of implant number on the movement of
mandibular implant overdentures. J Prosthet Dent.
2017;117(3):380-5.

Emami E, de Souza RF, Bernier J, Rompré P, Feine
JS. Patient perceptions of the mandibular three-
implant overdenture: a practice-based study. Clin Oral
Implants Res. 2015;26(6):639-43.

Petropoulos VC, Smith W. Maximum dislodging
forces of implant overdenture stud attachments. Int J
Oral Maxillofac Implants. 2002;17:526-35.

Burns DR, Unger JW, Elswick RK Jr, Beck
DA. Prospective clinical evaluation of mandibular
implant overdentures: Part I: retention, stability, and
tissue response. J Prosthet Dent. 1995;73(4):354-63.



1"

Fundamental Surgical and Prosthetic Principles of Mandibular Implant Assisted Prostheses

199

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Petropoulos VC, Smith W, Kousvelari E. Comparison
of retention and release periods for implant over-
denture attachments. Int J Oral Maxillofac Implants.
1997;12(2):176-85.

Van Kampen F, Cune M, van der Bilt A, Bosman
F. Retention and postinsertion maintenance of bar-
clip, ball and magnet attachments in mandibular
implant overdenture treatment: an in vivo comparison
after 3 months of function. Clin Oral Implants Res.
2003;14(6):720-6.

Naert I, Gizani S, Vuylsteke M, Van Steenberghe D.
A 5-year prospective randomized clinical trial on the
influence of splinted and unsplinted oral implants
retaining a mandibular overdenture: prosthetic
aspects and patient satisfaction. J Oral Rehabil.
1999;26(3):195-202.

Chung KH, Chung CY, Cagna DR, Cronin RJ
Jr. Retention characteristics of attachment sys-
tems for implant overdentures. J Prosthodont.
2004;13:221-6.

Leung T, Preiskel HW. Retention profiles of stud-
type precision attachments. Int J Prosthodont.
1991:4(2):175-9.

Lehmann KM, Arnim FV. Studies on the retention
forces of snap-on attachments. Quintessence Dent
Technol. 1978;7:45-8.

Geckili O, Cilingir A, Erdogan O, Kesoglu AC,
Bilmenoglu C, Ozdiler A, Bilhan H. The influence
of momentary retention forces on patient satisfaction
and quality of life of two-implant-retained mandibular
overdenture wearers. Int J Oral Maxillofac Implants.
2015;30(2):397-402.

Abi Nader S, de Souza RF, Fortin D, De Koninck
L, Fromentin O, Albuquerque Junior RF. Effect of
simulated masticatory loading on the retention of stud
attachments for implant overdentures. J Oral Rehabil.
2011;38(3):157-64.

Nguyen CT, Masri R, Driscoll CF, Romberg E. The
effect of denture cleansing solutions on the reten-
tion of pink locator attachments: an in vitro study. J
Prosthodont. 2010;19(3):226-30.

You W, Masri R, Romberg E, Driscoll CF, You T. The
effect of denture cleansing solutions on the retention
of pink locator attachments after multiple pulls: an
in vitro study. J Prosthodont. 2011;20(6):464-9.
Jabbour Z, Fromentin O, Lassauzay C, Abi Nader S,
Correa JA, Feine J, de Albuquerque Junior RF. Effect
of implant angulation on attachment retention in man-
dibular two-implant overdentures: a clinical study.
Clin Implant Dent Relat Res. 2014;16(4):565-71.
Fromentin O, Picard B, Tavernier B. In vitro study
of the retention and mechanical fatigue behavior of
four implant overdenture stud-type attachments. Pract
Periodontics Aesthet Dent. 1999;11:391-7.
Gamborena JI, Hazelton LR, NaBadalung D, Brudvik
J. Retention of ERA direct overdenture attachments
before and after fatigue loading. Int J Prosthodont.
1997;10:123-30.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Fromentin O, Lassauzay C, Nader SA, Feine J, de
Albuquerque RF Jr. Wear of matrix overdenture
attachments after one to eight years of clinical use. J
Prosthet Dent. 2012;107(3):191-8.

Fromentin O, Lassauzay C, Nader SA, Feine J, de
Albuquerque RF Jr. Wear of ball attachments after 1
to 8 years of clinical use: a qualitative analysis. Int J
Prosthodont. 2011;24(3):270-2.

Pigozzo MN, Mesquita MF, Henriques GE, Vaz
LG. The service life of implant-retained over-
denture attachment systems. J Prosthet Dent.
2009;102(2):74-80.

Emami E, Michaud PL, Sallaleh I, Feine JS. Implant-
assisted complete prostheses. Periodontol 2000.
2014;66(1):119-31.

Branemark PI, Engstrand P, Ohrnell LO, Grondahl
K, Nilsson P, Hagberg K, Darle C, Lekholm
U. Branemark Novum: a new treatment concept for
rehabilitation of the edentulous mandible. Preliminary
results from a prospective clinical follow-up study.
Clin Implant Dent Relat Res. 1999;1(1):2-16.

De Kok 1J, Chang KH, Lu TS, Cooper LF. Comparison
of three-implant-supported fixed dentures and two-
implant-retained overdentures in the edentulous
mandible: a pilot study of treatment efficacy and
patient satisfaction. Int J Oral Maxillofac Implants.
2011;26(2):415-26.

De Bruyn H, Kisch J, Collaert B, Lindén U, Nilner K,
Dvirsiter L. Fixed mandibular restorations on three
early-loaded regular platform Branemark implants.
Clin Implant Dent Relat Res. 2001;3(4):176-84.
Apostolakis D, Brown JE. The anterior loop of the
inferior alveolar nerve: prevalence, measurement of
its length and a recommendation for interforaminal
implant installation based on cone beam CT imaging.
Clin Oral Implants Res. 2012;23(9):1022-30.

Malé P, de Aratdjo Nobre M, Lopes A, Ferro A,
Gravito 1. All-on-4® treatment concept for the reha-
bilitation of the completely edentulous mandible: a
7-year clinical and 5-year radiographic retrospective
case series with risk assessment for implant failure
and marginal bone level. Clin Implant Dent Relat Res.
2015;(17 Suppl 2):e531-41.

Rangert B, Jemt T, Jorneus L. Forces and moments on
Branemark implants. Int J Oral Maxillofac Implants.
1989;4(3):241-7.

Romeo E, Storelli S. Systematic review of the survival
rate and the biological, technical, and aesthetic com-
plications of fixed dental prostheses with cantilevers
on implants reported in longitudinal studies with a
mean of 5 years follow-up. Clin Oral Implants Res.
2012;(23 Suppl 6):39—-49.

Elsyad MA, Hegazy SA, Hammouda NI, Al-Tonbary
GY, Habib AA. Chewing efficiency and electro-
myographic activity of masseter muscle with three
designs of implant-supported mandibular overden-
tures. A cross-over study. Clin Oral Implants Res.
2014;25(6):742-8.



200

S.A.Nader and S. Mesmar

45.

46.

Papaspyridakos P, Chen CJ, Chuang SK, Weber HP,
Gallucci GO. A systematic review of biologic and
technical complications with fixed implant rehabili-
tations for edentulous patients. Int J Oral Maxillofac
Implants. 2012;27(1):102-10.

Attard NJ, Zarb GA, Laporte A. Long-term treatment
costs associated with implant-supported mandibular
prostheses in edentulous patients. Int J Prosthodont.
2005;18(2):117-23.

47.

48.

Abi Nader S, Eimar H, Momani M, Shang K, Daniel
NG, Tamimi F. Plaque accumulation beneath maxil-
lary All-on-4™ implant-supported prostheses. Clin
Implant Dent Relat Res. 2015;17(5):932-7.
Sadowsky SJ, Hansen PW. Evidence-based criteria for
differential treatment planning of implant restorations
for the mandibular edentulous patient. J Prosthodont.
2014;23(2):104-11.



®

Check for
updates

Case Presentation: Implant
Retained Mandibular Prostheses

12

Samer Abi Nader and Samer Mesmar

Abstract

This chapter will present a clinical case
describing the treatment of a lower edentulous
patient with an implant-retained prosthesis.
The surgical strategies underlining the place-
ment and the distribution of the dental implants
to optimize the prosthetic outcome will be
highlighted and discussed. The various clini-
cal and laboratory steps starting from the plan-
ning to the completion of the prostheses will
be presented as well as the criteria for the
selection of single attachments for this pros-
thetic design. This also includes the descrip-
tion and review of the various techniques
available to connect the matrix component of
the attachment to the denture base. The advan-
tages of each technique will be discussed and
their inconveniences highlighted.

Digital dentistry can present tremendous
advantages for the elderly patient. This chapter
will also present the various clinical steps and
digital workflow involved in the fabrication of
implant-retained mandibular complete dentures
for the edentulous patient. The advantages and
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inconveniences related to the use of computer-
aided design and manufacturing (CAD/CAM)
in complete denture will be underlined.

12.1 Patient History

and Background

A 62-year-old male patient presented with the
following chief complaint: “I want new dentures,
my lower denture is very loose and I can’t eat
properly.” The patient’s maxillary and mandibu-
lar teeth were extracted when he was in his early
30s because he was unable to afford replacement
restorations. He was rendered completely eden-
tulous by the age of 33.

He presented with a moderately resorbed
mandible (Fig. 12.1) and is interested in improv-
ing the stability and retention of his lower pros-
thesis. He is content with the general performance
of his maxillary removable complete denture but
would like to improve the appearance. The max-
illary arch presents with a mild alveolar ridge
resorption (Fig. 12.2).

12.1.1 Medical History
— Hypertension: controlled with medication

— Allergic to penicillin
— No history of smoking or drug abuse
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Fig.12.1 Mandibular residual ridge

Fig.12.2 Maxillary residual ridge

12.1.2 Dental History

— Multiple extractions
— Complete upper and lower dentures

12.1.3 Clinical Findings

— Complete edentulism

Inadequate existing complete dentures
Compromised chewing function

— “U-shaped” mandibular arch form

12.1.4 Diagnosis

— Complete upper and lower edentulism

— Moderate  mandibular  residual
resorption

— Moderate maxillary residual ridge resorption

ridge

Fig. 12.3 Mandibular residual ridge following implant
placement. Surgery: Dr. Veronique Benhamou, Periodontist

12.2 Implant Placement Strategy
Clinical assessment of the edentulous mandible
reveals a wide U-shaped jaw with moderate
resorption of the posterior ridges. A preliminary
assessment was completed, and an implant-
retained mandibular denture was recommended.
Three dental implants (Straumann Soft Tissue
Level Implants) were planned for placement in
the anterior sextant to improve the support, reten-
tion, and stability of his lower prosthesis. The
two posterior implants were placed in the most
retruded position considering the anatomy and
location of the alveolar nerve. The third implant
was placed most anteriorly to optimize the distri-
bution. This placement strategy was discussed in
the previous chapter and should enhance the
effect of the indirect retainer provided by the
anterior implant. This will minimize the rotation
of the lower denture during function and improve
denture stability as well as retention (Fig. 12.3).

12.3 Clinical Procedures

12.3.1 Preliminary Impressions
of the Upper and Lower Arch

The clinical procedure starts with preliminary
impressions of the maxillary and mandibular
arches following implant placement and an ade-
quate healing period to ensure proper osteo-
integration. An irreversible hydrocolloid material
(Jeltrate Alginate, Dentsply Caulk, Canada)
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placed in stock edentulous metal trays (Patterson
Dental Supply, Canada) is generally used for this
step (Fig. 12.4a, b). Impressions are poured using
type III dental stone (GC America Inc., USA) to
produce preliminary casts (Fig. 12.5a, b) which
will be used for custom tray fabrication.

12.3.2 Custom Tray Fabrication
and Design

Customized trays are fabricated using a light cured
acrylic material (7riad TruTray, Dentsply, Canada)
following the basic principles of flange height reduc-
tion to allow room for border molding procedures
(Fig. 12.6a, b). Custom trays are then tried intra-
orally to verify extensions and fit (Fig. 12.7). Bolder

molding of the periphery is performed using dental
compounds (Kerr Dental, Canada) (Fig. 12.8) and
the manipulation of the patient’s tissue to capture the
muscles and soft tissue attachments.

12.3.3 Final Impressions
of the Upper and Lower
Arches

Final impressions are completed for the maxillary
and mandibular arches by capturing the anatomi-
cal structure including the functional periphery,
using polysulfide material (Permlastic™, Kerr
Dental) (Fig. 12.9). Definitive casts are produced,
and baseplates with wax rims are fabricated to reg-
ister the appropriate clinical parameters.

Fig.12.4 (a) Irreversible hydrocolloid impressions of the maxillary and (b) mandibular arches

Fig.12.5 (a) Preliminary cast of maxillary and (b) mandibular arches
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Fig.12.6 (a and b) Design of the custom trays for final impressions

Fig.12.7 (a and b) Try-in of the maxillary and mandibular custom trays prior to the border molding procedures

Fig.12.8 (a and b) Border molding of the maxillary and mandibular arches using dental compound

12.3.4 Wax Rim Adjustments

Adjustments of occlusal wax rims start by deter-
mining the lip support, incisal display, and occlu-
sal plane of the maxillary wax rim. Incisal display
is determined by considering the age, gender, and

preference of the patient. With age, the maxillary
incisal teeth tend to be less apparent; this is more
significant for men when compared to women [1].
Lip activity should also be taken into consider-
ation. Some patients have a hypermobile lip that
could result in excessive display during smile.
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Fig.12.9 (a and b) Final impression using polysulfide of the maxillary and mandibular arches

Fig.12.10 Wax rim adjustments: (a) lip support and (b) esthetic and occlusal plane alignment

Once the display is determined, the midline and
smile line are marked on the wax rim (Fig. 12.10).

The occlusal plane is adjusted to be parallel
with the bi-pupillary and bi-commissural lines
using the Fox Plane. In the posterior region, it
should be parallel to camper plane joining the
inferior border of the tragus of the ear to the
infra-nasal angle.

Different methods have been described in the
literature to determine the occlusal vertical
dimension [2]. At this stage, the physiological
rest position was used. This method starts by
marking two reference points, one on the nose tip
and the chin, in order to perform some measure-
ments. The physiological rest position is then
recorded using the phonetics approach by having
the patient pronounce the labial m sound [3].

Once the physiological rest position measure
is recorded, the occlusal vertical dimension is

obtained by subtracting the interocclusal space.
The interocclusal space can vary depending on
numerous factors including gender, age, and
Angle classification. Several authors estimate an
average value of 2-4 mm being acceptable for
most of patients [3, 4].

Maxillomandibular  relationship is then
recorded in centric relation using a fast-set bite
registration material (Jet Blue Bite registration
material, Coltene Whaledent). The mandible can
be guided into centric relation using patient- or
dentist-mediated techniques. The recorded posi-
tion is then verified for reproducibility
(Fig. 12.11).

Finally, a facebow record is performed to
position the maxillary cast and facilitate mount-
ing on a semi-adjustable articulator. A maxillary
positioning jig can also be used to mount the
maxillary model within an average setting. This
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will often position the model within the triangle
of Bonwill. All records are sent to the dental lab-
oratory to have the casts mounted and denture
teeth set per the determined clinical and anatomi-
cal parameters (Fig. 12.12). Balanced occlusion
is often recommended for complete denture ther-
apy, although very little clinical evidence is avail-
able to support the use of this occlusal scheme for
complete dentures and implant-retained/implant-
supported prosthesis.

12.3.5 The Trial Denture

As described previously, anterior denture teeth
for implant-retained overdentures are generally
placed over the attachments as much as possible
to decrease cantilevering effect and rotational
movement anterior to the fulcrum line drawn

Fig. 12.11 Intermaxillary relationship recorded in cen-
tric relation using patient-mediated technique and bite
registration material

between the implants [5] (Fig. 12.13). The addi-
tion of a third implant acting as an indirect
retainer in this case greatly diminishes the rota-
tional effect. Consequently, the stability of the
denture is increased, and the accelerated wear of
the nylon-retentive elements of the Locator
attachment system is diminished.

The denture teeth setup is then tried clinically in
order to evaluate the esthetics, phonetics, and
occlusal stability (Figs. 12.14 and 12.15). Once all
esthetic and occlusal parameters are verified and
the patient is satisfied with the anticipated outcome,
the case is sent back to the dental laboratory to start
the acrylization process (Figs. 12.16 and 12.17).

12.3.6 Delivery of the Final
Prostheses

12.3.6.1 Locator Attachment

The Locator is a resilient attachment that has a
self-aligning feature with dual retention provided
by both external and internal mating surfaces.
The nylon component is resilient and provides
the ability to pivot in any direction over the
matrix, which accommodates for the natural
movements of the denture base during occlusion
and the pliancy of the supporting soft tissue. It
provides a multitude of nylon inserts with a vary-
ing degree of retention and angulation versatility.
In fact, the extended range matrices allow for
insertion of the overdenture with up to 40° of
divergence between implants.

Fig.12.12 (a and b) Mounting on semi-adjustable articulator and setting of denture teeth according to the determined
parameters
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Fig.12.13 (a, b) Occlusal view illustrating the denture teeth position. (¢) Cross-sectional and lateral view demonstrat-
ing the position of anterior prosthetic teeth over the attachments as well as the effect of the third implant in minimizing
the anterior cantilever

Fig.12.14 (a and b) Denture teeth try-in to evaluate esthetics, phonetics, function, stability, and occlusal contacts during
mandibular movements
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Fig.12.15 (a and b) Verification of centric and occlusal scheme

Fig.12.16 (a and b) Conventional acrylization process

Fig.12.17 Acrylized dentures ready for delivery

The Locator consists of a metal patrix made
from a titanium alloy with TiN coating attached
to the implant. The engaging component of the
patrix is approximately 1.5 mm in length. The
transmucosal cuff height varies depending on
the soft tissue thickness. The total vertical
height of the Locator attachment including the
matrix and the engaging component of the patrix
is only 3.17 mm (Fig. 12.18). Therefore, it

requires minimal interocclusal space. It is a rel-
atively durable system that has been widely and
commonly used.

12.3.6.2 Selection Process

The selection process for the Locator attach-
ment starts by determining the type of implant
and diameter being used. Secondly, the soft tis-
sue thickness is measured from the apical rim
of the implant body to the highest contour of
the gingiva (Fig. 12.19). The required height of
the Locator abutment corresponds exactly to
the soft tissue measurement described previ-
ously or is the next closest higher size avail-
able. The working engaging part of the
attachment will be positioned supragingivally.
Once the abutment is selected, it is attached to
the implant using an abutment driver that
engages the inside diameter of the Locator
abutment. Final torque tightening of the abut-
ment is performed using a torque wrench. To
prevent screw loosening, follow the torque
value recommended by the implant manufac-
turer according to the implant specifications.
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Fig.12.18 (a) The Locator attachment and (b) height measurement of the patrix and the matrix

Fig.12.19 Soft tissue measurement for Locator attachment
height selection

Various techniques are available to attach the
matrix component of the attachment to the den-
ture base. They are classified as direct, indirect,
or a combination of both. Several factors should
be considered when selecting the technique for
incorporating attachments for overdenture. The
angulation of implants, complexity of maxillo-
mandibular relationships, operatory preference,
availability of inventory of prosthetic compo-
nents, and cost are some of these factors [6].

12.3.6.3 The Direct Method

The direct method involves the connection of the
inserts and the housing to the abutment intra-
orally using a resinous or acrylic material. This
requires an additional clinical step when com-
pared to the indirect method. However, it offers
the advantage of minimizing errors during the
acrylization process of the matrix component in
the denture base.

It is important to consider that all attachments
should engage and be passively seated with the
denture base adequately supported by the soft tis-
sue in areas of primary and secondary support.
This will prevent any movements of the denture
and/or wear of the attachment. Considering that
the direct method is done intraorally with the
denture seated and occluding properly with the
opposing denture, errors in the acrylization pro-
cess of the matrix components leading to
improper seating are minimized.

However, the direct method requires addi-
tional clinical steps to be performed at the deliv-
ery appointment. Moreover, this method is
technique sensitive and requires proper isolation
and saliva control to ensure the success of the
bonding procedure. Furthermore, it is imperative
that all surfaces in an undercut area around the
Locator attachment are blocked to prevent any
flow of acrylic which could lock the denture in
place and prevent its removal following the con-
nection procedure.

Description of the Direct Technique

Once the patrix is torqued in place, it should be
prepared for the pickup process. The first step is
to verify if the denture is properly relieved to
accommodate the addition of the matrix as well
as the connection material (Figs. 12.20 and
12.21). The use of a disclosing medium such as a
fast-set impression material (Fit Test, Quick Up,
VOCO, Germany) syringed into the created space
can alert to the presence of a contact between the
matrices and the resinous base (Fig. 12.21a, b).
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This should be done by placing the denture intra-
orally and in occlusion (Fig. 12.21c). In that case,
the denture is adjusted further by selective grind-
ing at the implant location to accommodate for
the attachment complex. It is important to elimi-
nate any contact between the denture base and
the metal matrix and to have enough thickness

Fig. 12.20 Mandibular denture adjusted to accommodate
enough space for the matrices, the Locator abutments, and
the material used for the connection

Fig.12.21 (a)
Disclosing medium
placed inside prepared
spaces of mandibular
denture. (b) Anterior
implant showing contact
between the matrix and
the resinous base;
further adjustments are
then done to relieve the
area. (¢) Mandibular
denture placed over the
metal matrices to detect
any contact between the
resinous base and the
attachment complex

for the material to function properly and prevent
any excess pressure on the implant.

The pickup process starts by attaching the
Locator matrix to the abutment using the black
processing nylons that will maintain the overden-
ture in the upper limit of its vertical resiliency dur-
ing the acrylization process (Fig. 12.22). This is
followed by placing a prepunched piece of rubber
dam over each Locator attachment. The addition

Fig. 12.22 Metal matrices with black processing
inserts attached to Locator abutments
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of the rubber dam will minimize the flowing of
material in the undercuts of the male attachment
and prevent the locking of the denture during the
procedure. Secondly, a white blockout spacer is
placed over the head of each Locator abutment. It
is used to block out the area immediately sur-
rounding the abutment and will provide the space
required to allow for the resilient function of the
matrix without traumatizing the tissue (Fig. 12.23).

The surface is then cleaned and a bonding
agent placed (Fig. 12.24). The pickup procedure
is done by placing a small amount of the auto-
polymerizing resin (Quick Up, VOCO, Germany)
around each cap as well as in the relief areas
(Figs. 12.25 and 12.26). Intraoral saliva control is
important for this technique. Any contamination
during this procedure may cause the material to
dissociate from the denture base. The denture is
then positioned properly onto the soft tissues, and

Fig. 12.23 Isolating rubber dam and white blockout
spacer placed under metal matrices

Fig. 12.24 The inner surface of the denture is cleaned
prior to the application of the bonding agent into the
prepared spaces

Fig. 12.25 Application of auto-polymerizing resin into
the prepared spaces

Fig.12.26 Prepared spaces filled with auto-polymerizing
resin and application of auto-polymerizing resin directly
onto the metal matrices intraorally

Fig. 12.27 Mandibular denture in occlusion during the
setting phase

the patient is guided into occlusion (Fig. 12.27).
It is important to have the patient hold the posi-
tion without excessive compression of the soft
tissue which could cause tissue recoil against the
denture base and potentially cause dislodging
and wear of the nylon inserts.
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Once the polymerizing is completed, the den-
ture is removed (Fig. 12.28). Any excess of mate-
rial around the matrix should be removed with
care, not to damage any of the components; the
area is then cleaned and polished.

Using the Locator removal tool, the black pro-
cessing nylons are replaced with the desired
inserts (Fig. 12.29). Inserts are categorized based
on their design characteristics and retentive capa-
bilities. Selecting the appropriate ones is depen-
dent on the desired retention, the angulation of
the implants and the dexterity of the patient. To
remove the nylons, the circular edge on the end of
the removal tool is wedged down into the nylon
and pulled at an angle out of the metal housing.
The replacing nylon is placed using the Locator
seating tool and firmly pushed in place while sup-
porting the denture (Figs. 12.30 and 12.31).

12.3.6.4 The Indirect Method

The indirect method is less time-consuming and
requires no clinical time to attach the matrices
into the denture base. This technique requires an
implant impression to be made at the level of the
implant or abutment with the appropriate impres-
sion copings in order to produce an accurate cast
of the abutment or implant position. This cast is
subsequently used by the laboratory technician to
incorporate the metal housings into the mandibu-
lar denture during the acrylization process. This
facilitates the connection procedure and ensures
a more predictable outcome. However, any error
during the impression-taking procedure, the con-
nection of analogs into the impression copings,
as well as pouring the impression could result in
difficulty with seating the denture onto the attach-
ments clinically. In a case where all attachments
are not engaging passively, accelerated wearing
of the nylon component could occur [6].

Fig. 12.28 Mandibular denture removed showing excess
resinous material

Fig. 12.30 Insertion of pink nylons into metal housing
using the Locator core tool

Fig.12.29 Trimming of the resinous excess and removal
of black processing nylon

Fig. 12.31 Mandibular denture in place with Locator
attachments engaged and passively seated
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Description of the Indirect Technique

The indirect technique starts by taking an impres-
sion of the implant position and edentulous ridge.
The impression can be made at implant shoulder
level or abutment level.

The Implant Level Impression Method

The implant shoulder impression registers the
implant angulation and position as well as the
soft tissue height around each implant. Impression
copings are attached to the implants, and seating
can be confirmed radiographically. Open-tray or
closed-tray technique can be used (Fig. 12.32).
The remaining clinical steps such as border mold-
ing, wax-rim adjustments, try-in and delivery are
similar to conventional denture procedures. The
Locator abutment selection is then made on the
cast using the same method described earlier. The
abutments are ordered with the specific soft tis-
sue height for each implant and delivered to the

Fig. 12.32 Indirect technique: open-tray implant level
final impression

patient during the delivery appointment. This
method has the advantage of decreasing the
inventory required of different heights and diam-
eters of Locator abutments.

The Abutment Level Impression Method

This method requires the selection of the Locator
abutments by measuring the soft tissue height
intraorally. Once the abutments are inserted intra-
orally onto the implants, an abutment level impres-
sion is completed using Locator impression
copings (Fig. 12.33a). The remaining clinical steps
are similar to the conventional denture techniques
described earlier (Fig. 12.33b).

When performing an abutment level impres-
sion, are must be taken to properly stabilize the
impression copings during the procedure
(Fig. 12.34). Improperly designing the tray may
lead to a premature contact and possible displace-
ment of the impression copings during the
impression (Fig. 12.34b). A premature contact
with the tray may cause the displacement of the
impression coping, therefore creating an impre-
cise working model. This can be difficult to ver-
ify clinically during the impression procedure
and would only be picked up at a later stage.
Locator analogs are then placed onto the impres-
sion copings, and a cast is poured reproducing
the Locator abutment inserted clinically
(Fig. 12.35a).

The indirect method has the added advantage
of allowing for the fabrication of a baseplate into
which the Locator metal matrices can be incorpo-
rated and used during the different denture fabri-

Fig.12.33 (a) Locator impression copings placed on Locator abutments (b) abutment level final impression
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Fig.12.34 (a) Proper seating of the abutment impression coping (b) displacement of the impression coping during the

impression procedure

Fig.12.35 (a) Mandibular cast with Locator analogs (b) wax-rim fabrication incorporating the metal matrices

cation procedures (Fig. 12.35b). It provides
stability for the mandibular occlusion rims by
having it engage onto the Locator abutments,
which facilitates the adjustments of the wax rims
and the registration of centric relation.

Both the direct and indirect techniques have
been described and are widely used by clinicians
today. The main advantage of the direct method
is its simplicity and limited cost. However, this
approach requires care not to cause binding of the
prosthesis due to implant misalignment or to
resin flowing into undercuts. There is also the

added difficulties in finishing and polishing the
resinous material; in fact, porosities can often be
observed in the vicinity of the metal housing
(Fig. 12.36a, b). Benefits of the indirect tech-
nique include reduced chair time and optimal
polishing of the resin in proximity to the matri-
ces; however, the added technical steps may
introduce certain discrepancies, which can create
imprecisions in the final outcome.

Limited information is available when com-
paring the two techniques of connecting attach-
ments to dentures. Nissan et al. in 2011 [7]
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Fig. 12.36 (a) The incorporated Locator matrix housings using the direct method (b) showing porosities and excess
material under a microscopic image

reported on the long-term prosthetic aftercare of
direct vs. indirect techniques for mandibular
implant-retained overdenture on ball abutments.
A group of 45 patients were followed for a period
of 20 years. The patients were randomly assigned
to two groups based on the connection technique
used. Prosthetic complications were significantly
higher when indirect method was used.
Interestingly, attachment replacement due to
wear occurred mainly in the indirect technique

group.

one of the main advantages of the digital envi-
ronment is the preservation of all the parameters
registered clinically. In fact, a significant por-
tion of the patients’ anatomical features as well
as the image of the final dentures remains avail-
able in the software. Therefore, in case of lost or
damaged dentures, the remake procedure is
greatly facilitated. For this chapter, we pro-
ceeded to fabricate a set of digital dentures for
the patient; the steps and procedures are detailed
below.

12.4 CAD/CAM Complete Denture
Fabrication

Complete denture rehabilitation is the most tradi-
tional prosthodontic treatment for edentulous
patients. The methods of fabrication have
remained relatively unchanged for many years.
The conventional approach involves a sequence
of multiple clinical and laboratory steps. An
accelerated method of denture fabrication has
been described by Kawai et al. in 2005 [8] and
was shown to have comparable clinical outcomes
to the more complex procedure. However, in both
instances, the acquired clinical parameters are
lost once the dentures are processed and deliv-
ered to the patient.

Digital dentistry can present a tremendous
amount of advantages for the elderly patient. It
is often presented to the clinicians by the manu-
factures as a timesaving procedure. However,

12.5 Clinical Procedures

The clinical procedure starts with impressions of
maxillary and mandibular arches (Fig. 12.37a, b)
using an irreversible hydrocolloid material
(Jeltrate Alginate, Dentsply Caulk, Canada)
placed in stock edentulous metal trays (Patterson
Dental Supply, Canada). Impressions are poured
using type III dental stone (GC America Inc.,
USA) in order to produce preliminary casts
(Fig. 12.38a, b).

The preliminary casts are used to fabricate
custom occlusion rims for the upper and lower
jaws (Fig. 12.39). If the existing dentures of the
patients are acceptable or require minor changes,
they can be utilized as a guideline for the fabrica-
tions of the rims. If there are changes necessary,
these can be incorporated during the clinical pro-
cedures. The rims are then tried and adjusted
intraorally as described earlier. The lip support,
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Fig.12.37 (a and b) Alginate impression of the maxillary and mandibular arches using stock metal trays

Fig.12.38 (a and b) Preliminary cast of the maxillary and mandibular arches

Fig.12.39 Upper and lower occlusion rims

incisal display, midline, occlusal plane, and verti-
cal dimension of occlusion are recorded follow-
ing the conventional complete denture protocols
(Fig. 12.40a). The rims are then used to capture
the details of the soft tissues, the border of the
muscular attachment, as well as the interocclusal
registration (Fig. 12.40b).

This setup provides all the necessary informa-
tion to the laboratory to progress into the digital
medium (Fig. 12.41a, b). This sequence is one of
multiple ways to transfer clinical information
into the digital environment.
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Fig.12.40 (a) Final impressions of the upper and lower arches (b) bite registrations using the occlusion rims

Fig.12.41 (a and b) Digitized upper and lower wax rims with all the relevant clinical parameters

Once the clinical features are digitized, the
tooth setup can be started on the software
(AvaDent Digital Dental Solution, USA) by
selecting the appropriate tooth mold and color.
The placement of the teeth is guided by the
parameters provided by the rims (Fig. 12.41a). It
is important to provide the technician with all the
information and guidelines to allow the place-
ment of the prosthetic teeth (Fig. 12.42).
Anatomic features such as the residual ridge and
the retromolar pad can also be used to facilitate
the setup procedure (Fig. 12.41b). Once the pro-
cedure of placing the teeth on the software is
completed, the restorative dentist will generally
have to validate the final setup. Adjustments can

Fig.12.42 Placement of the prosthetic teeth is facilitated
by the clinical guidelines provided as well as some ana-
tomical features
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be made easily before the fabrication process.
Working in the digital environment allows for a
clearer unhindered view of the design process
specifically for implant-retained overdentures. A
clear image of the prosthetic teeth in relation to
the residual ridges as well as to the implants can
be obtained (Fig. 12.43a, b). Thus, an evaluation
of the anterior tooth positioning in relation to the
anticipated axis of rotation around the implants
can be assessed, and alterations can be done
accordingly.

Once the tooth setup is approved, the labora-
tory can generate a try-in denture that would allow
to properly visualize the clinical outcomes. In fact,
the try-in denture can assess certain esthetic
parameters (midline, lip support, and tooth shape)
as well as functional ones (centric relation and
occlusal contacts). The try-in denture is generally

machined from a singular block of polymethyl
methacrylate (Fig. 12.44a, b). If adjustments are
required, they can be done directly on the try-in
denture and sent back to the laboratory in order to
modify the digital setup. This process may be lim-
iting for patients with high esthetic demands that
may have difficulty assessing the end result prior
to the fabrication of the definitive prosthesis. For
these cases a wax try-in may be indicated.
Moreover, in cases where significant adjustments
must be made to the try-in denture, it may require
a digital modification with fabrication of an addi-
tional try-in denture to properly assess the modifi-
cations and allow for the patient to evaluate the
result [9]. An additional appointment is required
with an increase in the laboratory fees.
Understanding the digital workflow is critical for
the success of these cases.

Fig.12.43 (a) Occlusal view of the prosthetic teeth in relation to the mandibular ridges and implants (b) Sagittal view
of the final tooth position for implant-retained mandibular denture

[,

Fig.12.44 (a and b) Trial upper and lower dentures to assess all the relevant clinical parameters
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Fig. 12.45 Delivery of upper and lower CAD/CAM
dentures

Once the changes are completed, the dentures
can be machined for delivery to the patient
(Fig. 12.45). This process requires that the female
component be picked up directly in the oral cav-
ity as described earlier.

The technique presented incorporates digital
technology (CAD/CAM) without disregarding
the fundamentals of complete denture fabrica-
tion. The main advantage of this technique is
focused on providing the patient with complete
dentures without losing the clinical information
in the process. Therefore, in cases of lost or dam-
aged dentures, the remake procedure is greatly
facilitated. Most manufactures can regenerate a
new set of dentures within a few working days.
These can be provided to the patient or re-adapted
to the oral condition depending on the changes in
the residual ridges. In cases where significant
intraoral changes have occurred, new impres-
sions may have to be taken followed by the same
steps described.

The fabrication process is also unique to the
digital setting. All the bases are generally machined
from a solid block of pink polymethyl methacry-
late. Therefore, this process is not susceptible to
any contraction due to conventional processing,
material properties, or human errors [9]. Goodacre
et al. [10] compared the denture base adaptation
between CAD/CAM and conventional fabrication
techniques to determine which process produces
the most accurate and reproducible adaptation.
They compared the conventional pack, press, pour,

and injection techniques to the CAD/CAM pro-
cess. They concluded that the CAD/CAM fabrica-
tion process was the most accurate and reproducible
denture fabrication technique. The dentures are
also denser and less porous. This feature may have
an impact on the wear behavior of the prosthetic
teeth, the strength of the denture, as well as the
plaque retention [11]. More research is needed to
validate the importance of these parameters on the
longevity and clinical outcomes of digitally gener-
ated removable prosthesis vs. conventional
techniques.
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Abstract

Uses of modern dental implants are providing
new options for the treatment of complete
upper and lower edentulism. Implant-supported
removable overdentures have proven to be an
effective treatment option, especially for the
treatment of patients with severely atrophied
residual ridges.

This clinical report describes the treatment
of a completely edentulous patient complain-
ing of a lack of retention and stability of her
existing mandibular conventional complete
denture. Clinical steps and laboratory proce-
dures involved in the fabrication of a remov-
able mandibular overdenture supported by a
milled Dolder bar will be described in detail in
this chapter.

13.1 Patient History

and Background

The patient, a 60-year-old female patient, was
referred for prosthodontics evaluation by her
general dentist. Her chief complaint at the time of
presentation was “My lower denture is becoming
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very loose and I sometimes feel pain on my left
side when I eat.” The patient explains that she has
been edentulous since a very young age and has
been wearing complete dentures since. Her most
recent dentures were fabricated approximately
10 years ago, and recently she has been having
discomfort described as a tingling sensation
when she eats, specifically on the left side.

The patient presents clinically with a severely
atrophied mandibular residual ridge with poor
soft tissue quality and loading capacity. Due to
the extensive resorption, her left mental nerve is
now located on top of her residual ridge which
may explain her discomfort. In addition, the floor
of the mouth is very mobile. She is content with
the overall performance of her maxillary com-
plete denture but has noticed that it is starting to
“feel loose.” She is interested in improving the
stability and function of her prostheses.

13.1.1 Medical History

Hypertension: controlled with medication
Type 1I diabetes: controlled with medication
— Medication: Metformin

No known drug allergy

— No history of smoking or drug abuse

13.1.2 Dental History

— Full mouth extraction at age 24
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13.1.3 Clinical Findings

— Complete edentulism

— Inadequate existing complete dentures

— “U-shaped” arch form

— Mobile floor of mouth

— Left mental nerve located on crest of alveolar
ridge

13.1.4 Diagnosis

— Maxillary and  mandibular
edentulism
— Severely atrophied mandibular residual ridge

— Moderately atrophied maxillary residual ridge

complete

Following a preliminary assessment, the fabrica-
tion of a new maxillary complete denture as well as
an implant-supported mandibular prosthesis was
recommended. Four dental implants (Straumann
Dental implant system, Bone level, NC) were
planned for placement in the anterior sextant of the
mandible to improve the support, retention, and sta-
bility of her lower prosthesis (Figs. 13.1 and 13.2).

13.2 Implant Placement Strategy
Clinical assessment of the edentulous mandible
reveals a “U-shaped” arch with severe residual
ridge resorption especially in the posterior areas.
The excessive amount of resorption has resulted
in the left mental nerve being located on the crest
of the ridge (Fig. 13.3). The floor of her mouth is
very mobile; muscle and frenum attachments are
located high on the ridge, her soft tissue is thin,
and the buccal vestibule is shallow.

The preliminary assessment was completed,
and a removable complete denture to be sup-
ported by a Dolder bar on four implants placed in
the interforaminal region was planned. The two
posterior implants were placed as close as possi-
ble to the mental foramen without jeopardizing
the nerve. The anterior implants were placed as
far anteriorly as possible without compromising
distribution (in this situation, the lateral incisor
positions) (Fig. 13.4). This careful planning of the
implant position should maximize the anterior-

Fig.13.1 Maxillary residual ridge

Fig. 13.2 Mandibular residual ridge following implant
placement. Surgery: Dr. Veronique Benhamou, Periodontist

posterior spread and allow for the fabrication of a
Dolder bar with bilateral distal extensions. Such a
bar design would entirely support the mandibular
overdenture and greatly increase retention, stabil-
ity, and support. This will enhance the comfort of
the prosthesis by minimizing any pressure on the
soft tissue during function, therefore preventing
any impingement of the left mental nerve.

Although the survival and success rate of dif-
ferent loading protocols (immediate, early, and
conventional) seem to be similar, some authors
have reported a tendency toward a slight increase
of failure rates when implants are immediately
loaded [1, 2]. A conventional delayed approach
was favored in this situation due to several factors
including quantity and quality of the bone as well
as the surgeon’s preference.
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Fig. 13.3 Left mental nerve located on crest of residual
ridge due to severe resorption

Fig.13.4 Strategic implant placement in the interforami-
nal region resulting in even distribution and maximizing
A-P spread

13.3 Clinical Procedures
13.3.1 Abutment Selection

Transmucosal abutments were used to move the
prosthetic interface closer to the level of the soft
tissue. This will facilitate the prosthetic proce-
dures as well as allow the splinting of the four
implants. The abutments are selected based on
the height of the soft tissue around each implant
(measured from the platform of the implant to
the lowest contour of the gingiva) (Fig. 13.5a,
b). The required height of the abutment to be
selected corresponds exactly to the soft tissue
measurement described previously or is the next
lowest height available. In doing so, the margin
of the prosthetic interface will be located either
at the level or slightly below the gingiva
(Fig. 13.6).

Four Straumann multi-base abutments are
inserted and torqued using the torque wrench fol-
lowing the manufacturer’s recommendation.

13.3.2 Preliminary Impression

After ensuring that the tissues are healthy, pre-
liminary impressions of the maxillary and man-
dibular arches (Fig. 13.7a, b) are completed using
irreversible hydrocolloid (Jeltrate Alginate,
Dentsply Caulk, Canada) with the help of stock
edentulous metal trays (Patterson Dental Supply,
Canada). Impressions are then poured in Type I1I

Fig.13.5 Measurement of soft tissue height for multi-base abutment selection
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gypsum (GC America Inc., USA) to produce the
preliminary casts (Fig. 13.8a, b) for the fabrica-
tion of custom trays.

Fig. 13.6 Multi-base abutments inserted and torqued in
position following manufacturer’s recommendation

13.3.3 Border Molding and Final
Impressions of the Upper Arch

The outline of the custom trays was designed
based on anatomical landmarks, muscles, and
frenal attachments, as well as to accommodate
for the space requirement for the border-molding
material (Fig. 13.9a, b). The maxillary custom
tray was fabricated using a light polymerizing
acrylic resin material (7Triad TruTray, Dentsply.
Canada). The custom tray was subsequently tried
intraorally and evaluated for proper fit, and the
extensions were verified and adjusted to allow
space for the modeling compound material

Fig. 13.7 (a and b) Alginate impression (irreversible hydrocolloid) of the maxillary and mandibular arches using

edentulous stock trays

Fig.13.8 (a and b) Preliminary models of the maxillary and mandibular arches poured in Type III dental stone
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Fig.13.9 (a and b) Design and fabrication of the maxillary custom tray for final impression

Fig. 13.10 Clinical try-in of the maxillary custom tray
prior to the border-molding procedure

(Fig. 13.10). Bolder molding of the periphery
was performed using dental compounds
(Fig. 13.11a, b) and the manipulation of the
patient’s tissue to capture the muscles and soft
tissue attachments. Final impression of the max-
illary arch was taken using a polysulfide rubber
material (Permlastic™, Kerr Dental).

13.3.4 Border Molding and Final
Impressions of the Lower Arch

A mandibular custom tray was fabricated using a
light polymerizing acrylic resin material (7Triad
TruTray, Dentsply. Canada) using the same prin-
ciple as the maxillary arch (Fig. 13.12a, b).
Additional space was provided in the anterior
sextant to accommodate the implant pickup
impression copings. The custom tray was tried
intraorally, evaluated for proper adaptation, and
the extensions were adjusted approximately

2 mm short of the mucobuccal fold (Fig. 13.13).
The custom tray was border molded to the mus-
cles and soft tissue attachments using dental
compound (Kerr Dental, Canada).

The long-term success of multiunit implant-
supported prostheses depends on a multitude of
factors of which proper fit and passivity of the
superstructure are of prime importance [3].
Multiple studies [4—6] have reported that splint-
ing of the impression copings may improve the
accuracy of the final impression and the resulting
master cast.

The splinting process is generally done either
directly in the mouth or indirectly using a master
model. In this situation, a direct technique was
preferred, as it requires fewer clinical steps,
appointments, and lab work, which ultimately
results in a decrease in the cost. The pickup abut-
ment level impression copings were connected
to the multi-base abutments. Radiographs were
taken to confirm their proper fit (Fig. 13.3).
Dental floss was used to link the impression cop-
ings together to act as a scaffold onto which a
light cured acrylic material (TRIAD Dual- line,
Dentsply. Canada) was applied to connect all the
impression copings together. The splint was sub-
sequently sectioned between each coping and
reconnected using the same light cured material
(Fig. 13.14). This process of sectioning
and reconnecting is done to improve accuracy
by reducing internal stresses caused by the



226 S. A.Nader and M. F. Seng

Fig.13.11 (a and b) Border-molding procedure is performed using dental compound, and subsequently final impres-
sion is made using polysulfide impression material

Fig.13.12 (a and b) Design and fabrication of the mandibular custom tray for final impression

Fig. 13.14 Abutment level pickup impression copings
Fig. 13.13 Try-in of the custom trays prior to the were placed onto the multi-base abutments and splinted
border-molding procedure together using a light curing resin
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polymerization process of the material [7]. An
open-tray final impression was taken using the
previously border-molded custom tray and a
high consistency addition type polyvinyl silox-
ane impression material (Affinis, Coltene Dental)
(Fig. 13.15).

The maxillary final impression is poured in
Type I gypsum (GC America Inc., USA) to gen-
erate the master cast (Fig. 13.16a). Laboratory
abutment analogs are attached to the pickup
impression copings, and the mandibular final
impression is poured using type IV gypsum
(Fujirock EP, GC America, USA) with a soft tis-
sue analog to produce the definitive mandibular
cast (Fig. 13.16b).

Fig. 13.15 Open-tray mandibular final impression of
splinted impression copings using light and heavy bodied
polyvinyl siloxane impression material

13.3.5 Wax Rim Adjustments

The maxillary occlusal wax rim was tried clini-
cally and adjusted to establish the anterior and
posterior occlusal planes based on lip support,
anterior display, esthetic and phonetic parame-
ters, and Camper’s plane (Fig. 13.17a—c). The
mandibular wax rim was then adjusted to the
maxillary record base at the appropriate vertical
dimension of occlusion. The vertical dimension
was determined using phonetic [8] and facial
measurements taken at the physiologic rest
space [9] (Fig. 13.18a).

Maxillomandibular relationship was then
recorded in centric relation using a fast set bite
registration material (Blue Bite, Polyvinylsiloxane,
Henry Schein, Canada). The recorded position
was verified for reproducibility to confirm its
accuracy (Fig. 13.18b). A facebow record was
also taken to allow for proper positioning of the
maxillary cast during mounting on a semi-
adjustable articulator. Teeth shade and mold are
selected and approved by the patient. All records
are sent to the dental laboratory to have the casts
mounted and denture teeth set in wax per the
determined parameters. Bilateral balanced occlu-
sion is recommended for complete denture ther-
apy, although very little clinical evidence is
available to support the use of this occlusal
scheme for complete dentures and implant-
retained/supported prostheses.

Fig.13.16 (a and b) Master casts of the maxillary and mandibular arches



228

S. A.Nader and M. F. Seng

Fig.13.17 Wax rim adjustments: (a) Lip support, (b) esthetic, and (c¢) occlusal plane alignment

Fig.13.18 (a and b) Wax rims are adjusted to the proper
vertical dimension of occlusion and the maxillomandibu-
lar relationship recorded in centric relation using chin

13.3.6 The Trial Denture

The teeth are set in wax (Fig. 13.19) and tried clini-
cally to evaluate the esthetics, phonetics, function,
stability, and occlusion (Fig. 13.20). Centric relation

point guidance technique and a fast set silicone bite regis-
tration material

and vertical dimension of occlusion are confirmed.
Once all parameters are verified and the patient is
satisfied with esthetics and function, the case is
returned to the dental laboratory for the design and
fabrication of the mandibular Dolder bar.
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Fig. 13.19 Mounting on semi-adjustable articulator and
setting of denture teeth per the determined parameters

13.3.7 Computer-Aided Design
and Computer-Aided
Manufacturing (CAD/CAM)

Once all the setup completed and verified clini-
cally, the bar can be designed and manufac-
tured. Most bar-type attachment systems
consist of a metallic bar connected to the
implant and a clip mechanism nested in the
denture base. Most of the retentive bars are
often distinguished by the morphological char-
acteristics of their walls and their composition
(Ackermann bar/spherical shape, Dolder bar/U
shape or ovoid shape, Hader bar/keyhole

Fig.13.20 (a—c) Denture teeth try-in to evaluate esthetics, phonetics, function, stability, occlusion and vertical dimen-

sion of occlusion during excursive movements
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shape). Based on the later, bars can also be
characterized as resilient or non-resilient.
Resilient bars are designed to allow movement
around their axis and are often recommended
for the restoration of implants retained pros-
theses to accommodate the movement of the
denture during mastication. The non-resilient
designs are often recommended for implant-
supported prostheses. They are characterized
by parallel walls, which once engaged by the
clip assembly, limit significantly the move-
ment of the dentures.

A variety of methods exist for the fabrication
of bars. The conventional method consisted of
prefabricated bars that are adjusted (cut to desired
dimension) and soldered to the abutments that
are connected to the implants. Plastic patterns for
various types of bars are also available and can
be casted to produce the final bar. Bars can also
be designed virtually by computer and fabricated
by milling machines. The later method is today
the most commonly used technique as it is
assumed to offer advantages such as precision,
accuracy, strength, and individualized design that
the traditional methods do not [10]. Katsoulis
et al. [11] compared the conventional soldered
technique of bar fabrication to the new CAD/
CAM approach and observed that milled bars
resulted in less technical complications and
fractures.

Bar design is dependent on several factors
such as the available restorative space, the
implant position, the amount of retention
desired, the type of attachment systems, and
the type of prosthesis desired (rigid vs.
resilient).

When designing the bar, it is critical to
determine the restorative space available, as
the bar attachment system requires more space
than a prosthesis using a stud attachment sys-
tem (as described in a previous chapter).
Sawdosky et al. reported that a minimum of
10-12 mm of space was required for a bar
overdenture. This space is measured from the
implant platform to the occlusal plane. The
tooth setup is often used as a guideline in the

design process, and it is an essential component
for the design phase. This information is
digitally acquired by scanning the mandibular
master cast as well as the tooth arrangement
(Fig. 13.21a). Once the background informa-
tion is captured, the virtual design process can
begin (Fig. 13.21b, ¢). When designing the bar,
certain important criteria should be respected:
the bar should be positioned within the confine
of the prosthesis and directly over the crest of
the ridge (Fig. 13.21b), a space of about 2 mm
or more between the bar and the soft tissue
should be left to allow for proper hygiene
(Fig. 13.22), and if a distal extension is
planned, the later should not extend beyond 1.5
times the distance between the most anterior
and most posterior implants [12—14]. Once the
virtual design process is completed, the infor-
mation is sent to a production center to have
the bar milled from a titanium block.

13.3.8 Bar Try-In

The Dolder bar is tried intraorally and verified for
proper fit and passivity. Alternate finger pressure,
direct vision and tactile sensation, radiographs,
one-screw test, and screw resistance test
[15, 16] are all different methods that have been
documented in the literature to evaluate the fit of
a framework. Kan et al. [17] suggested using a
combination of these different methods to verify
and confirm the fit of a framework. The design of
the bar is also evaluated visually to ensure that it
is not impinging on the tissue and that adequate
space is available for proper maintenance.

13.3.9 Second Trial Denture

The bar is returned to the laboratory, and the
initial mandibular tooth setup is modified to fit
onto the bar. Another clinical trial of the tooth
arrangement is then performed. The mandibu-
lar tooth setup is tried over the bar and
reevaluated to confirm that the parameters
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Fig. 13.21 (a) Digital scan of the mandibular master cast and tooth setup (b) 3-D virtual design of the Dolder bar
beneath the planned prosthesis (¢) Final design of Dolder bar (d) Manufactured Dolder bar

Fig.13.22 Clearance of 2 mm between bar and tissue to
allow for proper hygiene

established in the initial clinical trial (i.e.,
esthetics, phonetics, function, stability, occlu-
sion, and vertical dimension of occlusion) were

all maintained. Centric relation is reconfirmed.
For implant-supported prostheses, tooth
arrangement should not extend beyond the
milled bar, which usually limits the occlusion
to the first molars. Once all parameters are ver-
ified and the patient is satisfied with esthetics
and function, the case is returned to the dental
laboratory for processing and incorporation of
the metal retentive clips (Fig. 13.23).
Depending on the type of bars used, the reten-
tion mechanism/clips come in different materi-
als. Metal clips are usually more resistant to
wear, and their dimension can be customized to
fit exactly onto the bar (especially important in
small inter-implant segment), while plastic
clips are easier to replace.
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Fig.13.23 (a) Acrylized removable prostheses (b) Maxillary complete denture (¢) Mandibular overdenture with three
retentive metal clips positioned in the anterior section and on the distal extensions

13.3.10 Delivery

The Dolder bar is seated in position, and the pros-
thetic screws are torqued to the manufacturer’s
recommendation using a torque wrench. The
access holes are closed with cotton pellets and a
composite material. This cotton protects the head
of the prosthetic screws and allows for the
removal of the bar at a latter appointment should
therebe aneed. The mandibularimplant-supported
removable denture is tried onto the bar and evalu-
ated for proper seating, fit, peripheral extension,

retention, and stability. If necessary, the metal
retentive clips can be adjusted to either increase
or decrease the retention as needed. The occlu-
sion is verified last and adjusted if any interfer-
ence is detected in centric occlusion and eccentric
movements (Fig. 13.24). The patient is shown
how to insert and remove her prosthesis. Home
care is explained, and the patient is shown to use
an interdental brush to clean and remove plaque
from the undersurface areas of the bar
(Fig. 13.25). The patient is also instructed to
remove her prostheses at night.
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Fig.13.24 (a—c) Delivery of complete upper denture and removable implant-supported mandibular overdenture

Fig. 13.25 Careful design of the bar allows for ease of
maintenance
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Implant-Supported Fixed
Mandibular Prostheses

Samer Abi Nader and Samer Mesmar

Abstract

This chapter will present a clinical case
describing the treatment of a lower edentulous
patient with an implant-supported fixed pros-
thesis. The surgical strategies underlining the
placement and the distribution of the dental
implants will be highlighted and discussed, as
well as the concepts that underscore the design
of the final prosthetic outcome.

The various clinical and laboratory steps
starting from the planning to the completion of
the prostheses will be presented. This includes
the use of cone beam computer tomography in
the planning process to prepare and plan for
implant placement, the various impression tech-
nics, as well as the computer-aided design and
manufacturing (CAD/CAM) of the titanium bar.

14.1 Patient History and Background

A 66-year-old female presented with the following
chief concern: “My lower denture is very
loose and I am having a hard time chewing and talk-
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ing, I want something fixed.” The patient has been
wearing her current set of tissue-supported remov-
able dental prostheses for 4 years. She is satisfied
with the overall performance of her maxillary den-
ture. However, She is concerned with the absence of
retention and stability of the mandibular prosthesis.

During the clinical examination, a moder-
ately resorbed mandibular residual ridge was
noted. In addition, high muscle attachments
and shallow buccal and lingual vestibules were
observed (Fig. 14.1). The overall prosthetic
parameters of the current prostheses were
acceptable in terms of teeth arrangement and
display, maxillo-mandibular relashionship and
occlusal vertical dimension (Fig. 14.2).

Patient’s medical history consisted of a con-
trolled hypertension and hyperthyroidism with
medication. There is no history of smoking or
known allergies.

14.2 Implant Placement Strategy

A cone beam computer tomography (CBCT)
was performed in order to evaluate the bone
volume in the mandibular arch as well as the
location of anatomical structures. A prelimi-
nary assessment was completed, and four
implants (NobelSpeedy Groovy) were planned
for placement in the anterior sextant (Nobel
Clinician, Nobel Biocare) (Fig. 14.3). A distal
inclination was planned for the two posterior
implants in order to improve the distribution
and increase the anteroposterior spread. This
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Fig.14.1 Preoperative mandibular ridge

rotation [ e=——{fl— 0

Fig.14.2 Preoperative complete upper and lower prostheses

Fig.14.3 Cone beam computer tomography illustrating the anticipated surgical placement of the four implants

surgical strategy will minimize the prosthetic
cantilever as well as avoid the anterior loop of
the inferior alveolar nerve [1]. This careful
planning of the implant position should allow
for the fabrication of a fixed implant supported
prosthesis. This type of prosthetic design will
significantly increase the stability of her lower
prosthesis and greatly enhance her comfort dur-
ing function.

With the mandibular prosthesis being ade-
quate, a duplicate was made in acrylic in prep-
aration for surgery (Fig. 14.4). The duplicate
will be utilized during the surgical procedure to
calibrate bone reduction to ensure the presence
of sufficient restorative space for the prescribed
treatment as well as target implant placement.
The addition of beryllium sulfate in the acrylic

Fig. 14.4 Mandibular prosthesis duplicate in acrylic

mix would have provided a radiopaque medium.
Wearing the latter during the CBCT would have
provided a prosthetic guideline for further plan-
ning on the digital medium.
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14.3 Clinical Procedures
14.3.1 Abutment Selection

Once the surgical procedure completed, heal-
ing abutments were placed during the healing
period. After osteo-integration is confirmed
and the soft tissue fully matured, the patient is
ready for abutment selection (Fig. 14.5). Four
multiunit abutments (Nobel Biocare) were
selected and placed on the implants. The abut-
ment selection was done to provide a pros-
thetic interface that is located at the level of
the soft tissues as well as correct the posterior
implant angulation (Fig. 14.6). The angle cor-
rection is necessary to align the access holes
of all four implants within the occlusal table
of the lower teeth. The surgical guide is gener-
ally used for this step; it provides a guideline
to position the angulated abutments (Fig. 14.7).
The abutments are then torqued to the recom-
mended manufacturer values using a torque
controller.

Fig. 14.5 Mandibular residual ridge following implant
placement. Surgery: Dr. Veronique Benhamou, Periodontist

Fig.14.6 (a) Angled
multiunit abutment, this
prosthetic component is
often used to realign the
prosthetic access

(b) Straight and angled
mutiunit abutments
placed on all four
implants

14.3.2 Preliminary and Final
Impressions of the Upper Arch

An impression of the maxillary ridge was taken
using an irreversible hydrocolloid material (Jeltrate
Alginate, Dentsply Caulk, Canada) and a stock
trays for edentulous arch (Patterson Dental Supply,
Canada) (Fig. 14.8a). The impression was then
poured with type III stone (GC America Inc., USA)
in order to produce a preliminary cast for custom
tray fabrication.

The maxillary custom tray was fabricated using a
light-cured acrylic material (Triad TruTray, Dentsply,
Canada). The extensions were trimmed to allow
space for dental compound material used to border
mold the periphery. After the custom tray was veri-
fied intraorally, border molding was performed,
using dental compounds (Kerr Dental, Canada), by
having the patient execute various movements to
capture the functional periphery (Fig. 14.8b).
Subsequently, the final impression of the maxillary
arch was taken using a polysulfide rubber material
(Permlastic™, Kerr Dental) (Fig. 14.8c). A working
cast was then produced (Fig. 14.8d) and baseplate
with wax rim fabricated.

14.3.3 Preliminary and Final
Impressions of the Lower Arch

Fixed implant-supported prostheses depend
solely on dental implants for their support, reten-
tion, and stability. Therefore, the registration of a
functional periphery using the border-molding
technique and a custom tray is not indicated for
this prosthetic design. The use of a stock tray to
register the anatomical details of the mandible,
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as well as register the implant position, is gener-
ally sufficient. Various techniques have been
described in the literature to take the mandibular
impression [2]. The main differences are related
to the concept of splinting vs. non-splinting the
impression copings during the process.

When assessing the success rate of fixed implant-
supported dental prostheses, multiple factors are
important to consider [3]. One of the major consid-
erations is the passive fit of the superstructure
attached to the implants. Passivity of fit is important
to the success of any prosthesis due to the nature of

Fig.14.7 Abutment selection and alignment

the implant-bone interface [3]. Several clinical and
technical variables can affect this parameter, namely,
the impression material, impression and pouring
techniques, the die stone properties, machining tol-
erance of prosthetic components, in addition to
implant angulation, and depth [4]. Several articles
have been published to assess the effect of splinting
the impression copings when taking an impression
of multiple implants [5]. It has been reported that
splinting may reduce the variance in the implant
analog position within the cast, therefore producing
a more accurate working model [6]. Moreover,
ensuring that the components are joined intraorally
using an auto-polymerizing acrylic material seems
to improve the accuracy of the final impression [7].

The fabrication of the splint is generally done
intraorally. However, the use of a model greatly
facilitates the procedure and reduces chair time dur-
ing the final impression appointment. Pickup
impression copings were connected to the multiunit
abutments on the mandibular arch (Fig. 14.9); a non-
splinted preliminary impression using polyvinyl
siloxane (Affinis, Coltene Dental) was taken using a
stock tray (COE, GC America, USA) (Fig. 14.10)
and poured using ISO type IV dental stone (Snap-
Stone, Whip Mix, USA). This preliminary cast will
be utilized for splint fabrication (Fig. 14.11a).

Fig. 14.8 (a) Preliminary maxillary impression (b) Custom tray and border molding (c¢) Final maxillary impression

(d) Final maxillary cast
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Fig. 14.10 Non-splinted preliminary impression using
polyvinyl siloxane

Fig.14.9 Abutment level impression copings placed onto
multiunit abutments

Fig. 14.11 (a) Preliminary cast used for splint fabrication  copings to support splinting material (d) Syringing with light
(b) Abutment level impression copings placed onto multiunit  curing composite material (e) Impression copings splinted.
abutment analogs (c¢) Dental floss tied around impression  (f) Sectioning of the splint in between impression copings
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The splint fabrication starts by connecting
the abutment level impression copings on the
multiunit abutment analogs (Fig. 14.11b). A
dental floss is then tied around the impression
copings to support the splinting material
(Fig. 14.11c). A light-curing composite mate-
rial is syringed (TRIAD Dual-line, Dentsply.
Canada) onto the meshwork created by the
floss in order to splint the impression copings
(Fig. 14.11d). Once the splint is completed
(Fig. 14.11e), it is sectioned in between the cor-
responding impression copings (Fig. 14.11d).
A stock tray (COE, GC America, USA) is then
adjusted by creating a window allowing for an
open-tray impression technique (Fig. 14.12).
As discussed earlier, the use of a custom tray to
capture the functional border of the mandible is
not indicated for an implant-supported fixed
mandibular denture. The next steps consist of
placing the sectioned splint intraorally and con-

Fig. 14.12 Adjustment of stock tray for an open impres-
sion technique

firm seating clinically and/or radiographically
(Fig. 14.13a). A self-cured acrylic (Pattern
resin LS, GC America, USA) is then used to
splint all sections (Fig. 14.13b). Once the mate-
rial has fully set, the impression is made using
a polyvinyl siloxane material (Affinis, Coltene
Dental) (Fig. 14.14a). The impression is poured
using ISO type IV stone (Fujirock EP, GC
America, USA) with a soft tissue analog to pro-
duce the definitive cast (Fig. 14.14b).

A verification jig can be fabricated using the
same steps described earlier. The jig is splinted
on the final model using a pattern resin and
transferred to the oral cavity in order to verify
the seat and confirm the precision of the final
model prior to the fabrication of the titanium bar.
Once both the final upper and lower impressions
are completed and definitive casts produced, the
occlusion wax rims are fabricated for intraoral
adjustments.

14.3.4 Wax Rim Adjustments

The adjustments of maxillary and mandibular
occlusion rims are then completed as described
in detail in the previous chapters. The lip sup-
port, incisal display, midline, and occlusal
plane are all adjusted and recorded on the
upper rim following the conventional complete
denture protocols (Fig. 14.15a, b). The physi-
ological rest position and the vertical dimen-
sion of occlusion are determined using the
lower wax rim.

Fig. 14.13 (a) Placement of sectioned splint intraorally (b) Splinting intraorally of each section using auto-

polymerizing acrylic
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Fig. 14.14 (a) Final impression with the splinted impression copings (b) Definitive cast with soft tissue analogue

around the implant replicas

Fig.14.15 Wax rim adjustments: (a) esthetic, occlusal plane alignment and (b) lip support

Maxillo-mandibular relationship is then recorded
in centric relation using a fast set bite registration
material (Jet Blue Bite registration material, Coltene
Whaledent) (Fig. 14.16). The recorded position is
then verified for reproducibility. All records are sent
to the dental laboratory to have the casts mounted
and denture teeth set according to the determined
parameters. Balanced occlusion is recommended for
complete denture therapy, although very little clini-
cal evidence is available to support the use of this
occlusal scheme for complete dentures and implant-
retained/implant-supported prosthesis.

14.3.5 The Trial Denture

The tooth setup is tried clinically to evaluate
the esthetics, phonetics, function, stability, and
occlusal contacts during mandibular move-

ments (Fig. 14.17). Once all parameters are
verified and the patient is content with esthetics
and function (Fig. 14.18a, b), the case is sent
back to the dental laboratory to request the
design and fabrication of the mandibular bar.

14.3.6 Computer-Aided Design
and Computer-Aided
Manufacturing (CAD/CAM)

The design process is started by scanning the
mandibular working model as well as the tooth
setup into the selected software. Various bar
designs are available from different manufacturer
that can adapt to different implant or abutment
platforms. Most of the design features are depen-
dent on the available restorative space and the
restorative material selected.
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Fig.14.16 Intermaxillary relationship recorded in centric
relation

Fig.14.17 Denture teeth try-in

Fig.14.18 (a, b) Denture teeth try-in to evaluate esthetics, phonetics, function, stability, and occlusal contacts during

mandibular movements

Fixed implant-supported prostheses have differ-
ent space requirements depending on the selected
design and restorative material. It is very important
to assess the available restorative space prior to
communicating the options of prostheses to the
patient. These options can be divided into three dis-
tinct categories: porcelain fused to metal-, zirco-
nia-, or metal-acrylic-based prostheses. Restorative
space is usually measured from the implant plat-
form to the opposing dentition or plane of occlu-
sion. For a fixed porcelain fused to metal or zirconia
prosthesis, a minimum of 7-8 mm is required
depending if it is a screw-retained or cemented res-
toration [8]. A metal-acrylic prosthesis, a minimum
of 12—14 mm, is required to allow space for the
metal bar and enough thickness for the acrylic sup-
porting the denture teeth [9]. Other factors such as
phonetics, esthetics, patient expectation, hygiene,
and maintenance also need to be assessed carefully
prior to deciding on the type of prosthesis recom-
mended [10].

For implant-supported metal-acrylic fixed pros-
thesis, metal bars provide the support and strength
required. Conventionally, metal bars were fabri-
cated using a casting method, which is labor-inten-
sive and technique sensitive [8]. CAD/CAM
technology introduced a milling process to fabricate
the metal bars.

Today, titanium milled bars have become the
“standard of care” for the treatment of the lower
edentulous arch with a fixed implant-supported
prosthesis. Several articles have demonstrated
their superior fit and passivity when compared to
conventional casted bars [11, 12].

The titanium bar is usually fabricated out of a solid
block medical grade titanium and milled using a
S-axis milling machine. Titanium is well suited for
this purpose because of its resistance to corrosion,
biocompatibility, low cost and favorable mechanical
properties. The final product is a one-piece titanium
bar that is not susceptible to any deformation or errors
which may result with the casting and soldering pro-



14 Case Presentation: Implant-Supported Fixed Mandibular Prostheses

243

cedures [13]. The bar generally incorporates retentive
features for improved mechanical retention of the
acrylic. The framework has to support the denture
teeth with a suggested minimum height of 4 mm [14].

The design features of the bar are heavily
influenced by the final position of the prosthetic
teeth. Support and retentive characteristics are
strategically planned in order to optimize the
final result. The two most common designs for
the mandibular arch are the “wrap-around” and
the “Montreal” bars. The “wrap-around” bar
allows for the placement of acrylic on the intaglio
surface and will permit for easier modifications
of the fitting area (Fig. 14.19a, b). The “Montreal”
bar is a more complex design featuring a full tita-
nium surface in contact with the soft tissues
(Fig. 14.20a, b). Highly polished titanium is gen-
erally more hygienic because it is less retentive to
plaque. This feature may be of interest in cases
were oral hygiene is a challenge.

Fig.14.19 (a) Occlusal
and sectional views of
the CAD software
“NobelProcera™”
demonstrating denture
teeth position over the
designed wrap-around
bar (b) Completed bar in
titanium

14.3.7 Bar Try-In

The bar is returned to the laboratory after milling,
finishing, and polishing. The mandibular denture
teeth are then remounted on the bar using a
remount jig (Fig. 14.21) in order to preserve all
the prosthetic parameters that were previously
established and verified clinically (Fig. 14.22).
The case is then sent back to the clinician for a
final try-in with the teeth in wax to confirm the
passive fit of the bar intraorally, as well as verify
all the necessary clinical parameters (Fig. 14.23).
Several methods have been described in the lit-
erature for evaluating framework fit: alternate
finger pressure, direct vision and tactile sensa-
tion, radiographs, one-screw test, and screw
resistance test [15, 16]. A combination of these
different methods should be used to verify the fit
[17]. This step will also provide the clinician and
the patient with the anticipated final contours of

NobelProcera®

Cwverdenture Bar 4 12
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Fig.14.20 (a) Occlusal
and sectional views of
the CAD software
“NobelProcera™”
demonstrating denture
teeth position over the
designed bar “Montreal”
(b) Completed bar in
titanium with added
lingual and buccal
channels to enhance the
retention of the resin

NobelProcera®

Overdenture Bar 412

Fig.14.21 Teeth being transferred onto the bar using a
silicone positioning index

the prosthesis and would allow for some minor
modifications prior to final processing. This is
generally more critical for the maxillary prosthe-
sis as the gingival and buccal contours have an
influence on the phonetic and the esthetic out-
comes. Once all parameters are reverified and the

patient is satisfied with esthetics and function, the
prostheses are sent back to the dental laboratory
for final processing.

14.3.7.1 Design Principle

of Prosthetic Contours

The design principles of the prosthetic contours
for the fixed implant-supported prosthesis are
centered on creating a prosthesis that is cleanable
by the patient. This is an essential component of
the treatment to allow patients to properly care
for their restoration. Fixed prosthesis should not
possess any flanges extending beyond the posi-
tion of the implants (Fig. 14.24) which is critical
in providing access for maintenance. The pres-
ence of flanges will hinder the removal of any
food particles that accumulate between the den-
ture and the soft tissues possibly causing biologi-
cal complications in the long run. Essentially, the
intaglio surface of the prosthesis that is in contact
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Fig. 14.22 Remounting the mandibular denture teeth on the titanium framework according to the predetermined

parameters

Fig. 14.23 Bar and denture try-in to evaluate passivity
and prosthetic parameters

with soft tissues should be convex to discourage
the accumulation of debris and allow for easier
plaque removal on a daily basis. Lastly, the pros-
thesis should be in contact with the soft tissues
without creating any hindrance for hygienic care.
This is in contrast with the original design where
a space was intentionally created to allow for
maintenance. This intimate contact will mini-
mize the accumulation of large food debris as
well as limit the airflow bellow the prosthesis
during speech.

14.3.7.2 Delivery of the Final
Prosthesis

The final upper and lower prosthesis are acryl-
ized and prepared for delivery to the patient
(Fig. 14.25). The lower prosthesis is placed in
position and evaluated for proper seating and fit
as described earlier. The prosthetic screws are
torqued to the manufacturers’ recommendation

Fig. 14.24 Prosthetic contours of implant-supported
fixed mandibular prosthesis

using a torque wrench (15 N/CM). The access
holes are sealed with cotton pellets and a com-
posite material; this will ensure the possibility to
reaccess the prosthetic screws if needed without
any difficulties. The upper prosthesis is also
seated and the presence of pressure spots
assessed. The clinical parameters are verified,
and all the esthetic and functional parameters are
reconfirmed. The desired occlusal scheme is
reassessed, and minor adjustments are done
accordingly (Fig. 14.26).

Hygiene instructions are given to the patient in
order to ensure proper care for the lower and the
upper prosthesis. The maintenance of this type of
prosthesis is considered more challenging. Abi
Nader et al. in 2015 [18] determined that plaque
often accumulates on the fitting surface of the
denture in proximity to the soft tissues. This accu-
mulation was more significant on the lingual areas
of the prosthesis; this is possibly due to a more



246

S.A.Nader and S. Mesmar

Fig.14.25 Completed upper and lower prosthesis

Fig.14.26 Delivery of complete upper denture and fixed
implant-supported mandibular prosthesis

Fig.14.27 (a) Implant care toothbrush to clean the lingual of the fixed mandibular prosthesis (TePe). (b) Dental floss
to access and maintain the fitting surfaces of the fixed denture

restricted access. A rigorous daily maintenance
routine is recommended in order to ensure plaque
control. Home care is explained, and the patient is
provided with all the necessary tools in order to
optimize plaque removal (Fig. 14.27 a, b).
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Mandibular Implant Overdentures

Igor J. Pesun

Abstract

Guidelines for the occlusion of mandibular
implant-supported overdentures are pre-
sented based on best available evidence.
Often the cause for late implant failure is
due to occlusal overload. Various occlusal
schemes have been described in the litera-
ture, but none have been determined as
being superior over another. More research
is required to evaluate the prognosis of var-
ious occlusal schemes following treatment.
Moreover, the lack of devices for monitor-
ing objectively the degree of force placed
on implants makes the topic a clinical chal-
lenge where proper tooth selection is
important. In this chapter, the records
required to set denture teeth and their rela-
tion to one another are described. Based on
the setting of the articulator and patient
situation, the occlusal scheme can be linked
to specific treatment protocols. Particularly,
the various occlusal schemes that the poste-
rior denture teeth can be arranged are
described and are related to several specific
patient scenarios.
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Occlusion as it related to the implant-assisted
mandibular complete dentures can vary signifi-
cantly depending on the type of implant prosthe-
sis and patient factors. The goal is to develop an
aesthetic and functional occlusal scheme.
Functionally the occlusion should distribute
forces to prevent damage to the existing soft tis-
sue and implants. Occlusion is a known factor
that can affect the long-term prognosis of a dental
implant. Occlusal forces on the osseointegrated
implants have demonstrated that occlusal over-
loading appears to be the main cause of bone loss
around mandibular implants [1]. Full-arch pros-
theses that are implant-retained and soft tissue-
supported should have an occlusal scheme that
relates to that of complete dentures for patients
that have ideal ridge configurations. The occlusal
scheme depends not only on the support of the
implant but also that of the opposing dentition. If
the opposing dentition is a removable soft tissue-
supported dentition, it should be closer to that
expected for a complete denture. If the opposing
dentition is fixed, then the occlusal scheme
should incorporate the concepts of a mutually
protected occlusion we want to create for a fully
dentate occlusion. Although there is significant
literature that relates to the surgical techniques
and the implant bone and soft tissue interface, the
literature on occlusion is lacking.

This chapter will review the collection of jaw
relation records, their application to the labora-
tory situation by mounting and setting of the
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articulator and how the manipulation of the artic-
ulator settings will affect the overall occlusion of
the final prosthesis. The chapter will conclude
with a review of the different occlusal scheme
that can be developed and the current indications
for each occlusal scheme based on the type of
restoration that is being fabricated.

15.1 Jaw Relation Records

To develop an appropriate occlusal scheme for
edentulous patients, it is important to collect
appropriate jaw relation records. Jaw relation
records include three types of records: intra-arch,
inter-arch and gleno-maxillary.

15.1.1 Intra-arch Records

Intra-arch records reflect the relationship between
the teeth, implants and soft tissue in the same
arch. This record is most commonly known as an
impression. There is a wide range of intra-arch
recording medium, and the use of the appropriate
material is dependent of the situations that one is
addressing.

Thermoplastic materials include waxes and
modelling plastic impression compound. These
are used to border moulding final impressions.
The goal of border moulding is to capture the
dynamic borders for complete dentures. Proper
denture extension captured during the final
impression procedure will ensure adequate reten-
tion, support and stabilization of complete
dentures.

Rigid materials include plaster and metallic
oxides. These are most commonly used as wash
impression materials for complete denture
impressions or for inter-arch records.

Elastic materials include alginates, polysul-
fides, polyethers and polyvinyl siloxanes (PVS).
Alginates are generally used for diagnostic
impressions or removable partial denture final
impressions. Polysulfide, polyether and polyvi-
nyl siloxane materials are used for final impres-
sions for fixed and removable restorations.

Polyvinyl siloxanes (PVS) are the most popular
material used in practice. They are very stable over
time. Polyvinyl siloxane’s various viscosities
allow it to be used in many applications. PVS was
initially developed for final impressioning for
fixed restorations and is now used for all types of
intra-arch and inter-arch records. Various formula-
tions are used for diagnostic and final impressions.
For complete denture impressions, the heavy body
materials can be used for border moulding similar
to the thermoplastic materials, whereas the light
body materials can be used as wash material simi-
lar to the rigid materials. The accuracy of PVS
materials makes it the ideal material in implant
dentistry where the tolerances of fit of multiple
abutment implant prosthesis relate to the long-
term success of these prostheses.

The introduction of digital technologies has
resulted in multiple systems available to make
final impressions. Intraoral scanners are very
accurate when used to make hard tissue impres-
sions of teeth and scan bodies. Intraoral scanners
are not able to accurately record the movable soft
tissues intra-orally. To accurately digitize the
edentulous soft tissue, laboratory scanners are
used to scan casts or the impressions made with
the aforementioned materials.

15.1.2 Inter-arch Record

Inter-arch records aim to reflect the relationship
between the arches in various positions, to allow
for the patient’s casts to be mounted allowing for
the fabrication of a dental prosthesis. These
records capture the anterior-posterior, lateral and
vertical relationships between the maxillary and
mandibular arches. Inter-arch record positions
that are collected are dependent on what informa-
tion the dentist feels is necessary to mount the
casts and set the articulator. The records include
centric relation (CR), centric occlusion (CO),
maxillary intercuspation (MIP), protrusive and
lateral. The dentist can physically guide the
patient into these positions or let the patients go
into the position under the direction of the den-
tist. There has been significant debate over the
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years as what is the correct position of the con-
dyles in the glenoid fossa. Irrespective of ones
position on how the record is made, the one thing
that is consistent is that these recorded positions
need to be repeatably reproduced.

When making a CR, CO or MIP record, the
vertical dimension of occlusion VDO must also
be properly recorded. The VDO affects the func-
tion, occlusion and stability of the restorations
and the overall aesthetics of the final restorations.
A modification of the inter-arch space requires
close attention to the occlusal scheme developed.
The greater the VDO, the longer the length of the
lever arm that results in greater lateral forces act-
ing on the implants.

The vertical dimension of occlusion can be
determined by various techniques. When deter-
mining the VDO, it is helpful to use several of the
techniques to confirm the chosen VDO. The dif-
ference between the VDO and the vertical dimen-
sion of rest (VDR) is known as the inter-occlusal
distance (IOD) using the following formula:
VDR — VDO =10D. IOD is different for patients
whether they were Angle Class 1, 2 or 3. For
patients that are Class 1, the IOD is in the range
of 24 mm and Class 2 in the range of 4-5 mm
and Class 3 in the range of 1-2 mm (Fig. 15.1).

There are multiple techniques that have been
described and evaluated to determine VDO. Most
involve simply evaluating the patient clinically.
VDO can be evaluated by looking at the patient’s

facial aesthetics from the facial and lateral view.
Facial aesthetics [1] is considered balanced when
each one third of the face is considered to be
equal. The thirds are measured from the crown of
the head to the nasion, the nasion to the base of
the nose and the base of the nose to the base of
the chin. This last measurement is the one that is
the most variable and requires several additional
measurements to confirm the ideal VDO. The
closest speaking space [2] is dynamically deter-
mined by having the patient talk, and the dentist
observes the anterior teeth and evaluates how
close the teeth come together. Let “S” be your
guide [3] is similar in that you have the patient
count from sixty (60) to seventy (70) and make
the similar evaluation as above. A measurement
of the VDO can also be done after the patient
swallows [4] as the mandible drops back with
swallowing bringing it to the ideal VDO at which
point the VDR is measured.

Making measurements using technology has
also been evaluated but has not been shown to be
any more accurate than those listed above.
Orthodontists have used cephalometric [5] evalu-
ation of patients to evaluate facial aesthetics
based on anatomical averages. Bite force [6]
should be the greatest at the VDO and can be
determined using the Boos Bimeter. The VDR is
when the muscles of the face are at rest, and this
can be evaluated using biofeedback [7]. Studies
have shown that this technique results in the

Fig.15.1 (a) Determining the vertical dimension of rest: patient sitting up straight and nothing in the patient’s mouth.
(b) Recording the vertical dimension of occlusion: patient sitting straight up with the occlusal rims in the patient mouth
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Table 15.1 Techniques for determining vertical dimen-
sion of occlusion

. Facial aesthetics

. Closest speaking space

. Let “S” be your guide

. Swallowing

. Cephalometric evaluation

. Bite force — Boos Bimeter

. Biofeedback

. Pre-extraction records

. Ensuring the maxillary and mandibular ridges are
parallel to each other

O 00 3 N Lt AW N —

patients being restored to a significantly open
VDO resulting in patients having myofascial
pain. Pre-extraction records [7] can record the
facial form with lateral photographs or a Willis
gauge. A Willis gauge records the distance from
the base of the nose to the gonion before the teeth
are extracted and relates that to the post-extraction
situation. Once the casts are mounted, the maxil-
lary and mandibular ridges should be parallel to
each other [7] (Table 15.1).

Recording medium for inter-arch records is
similar to those described early in the section on
intra-arch records. Irrespective of which material
is used, it is important that the bite registration
materials have the following features: short
working/set time, viscosity that is mousse like
when being placed but is very rigid once set so
that it has the ability to be trimmed.

Once the VDO has been determined, the man-
dible also needs to be set in the correct position
that the dentist wants to capture. To capture these
positions, there are several bite registration tech-
niques. Basically these are categorized as either a
closed-bite registration or open-bite registration
technique. Closed-bite registration techniques
have the patient placed in the desired position,
and the registration material is injected into the
patient’s mouth. For dentate patients or those
with implants, the facial contour is captured. This
is also how most digital technologies capture the
inter-arch relationship. For the edentulous
patient, record bases are stabilized in the patient’s
mouth before the material is injected between the
bases. The record bases can be wax rims or uti-
lize a central bearing point. Using a central

bearing point is useful for those patients who
have difficulty in being guided into position to be
recorded (Fig. 15.2a—c).

Open-bite registration technique involves
placing bite registration material on a stabilized
base and occlusion rim and then guiding the
patient into position. For this technique to be suc-
cessful, the patient will need to be easily guided
into a repeatable position (Fig. 15.3a, b).

15.1.3 Gleno-Maxillary Record

Gleno-maxillary records reflect the relationship
between the glenoid fossa and the maxillary den-
tition (Fig. 15.4). Bonwill described an average
equilateral triangle of 110 mm (4 in.) with the
apices at the centre of the condyles and the
mesial-incisal point angle of the mandibular cen-
tral incisors [2]. The importance of this record is
most important in cases where VDO might need
to be changed and where the loss of all of the
posterior teeth requires the development of an
appropriate occlusal scheme.

The maxillary dentition orientation is recorded
on a bite fork. The third point of reference
attempts to relate the occlusal plane to be parallel
to the Frankfort horizontal plane. How this is
determined is dependent of the type of face bow
that is used. Examples include the nasion
(Whipmix), infraorbital notch (Hanau) or 43 mm
superior to the distal incisal line angle of the
maxillary right central incisor (Denar).

The location of the glenoid fossa can be deter-
mined using various techniques. The most accu-
rate technique involves finding the transverse
horizontal axis. The need for the accuracy to this
level can be questioned when evaluating the
geometry of the mandibular movement. Weinberg
calculated that the error at the second molar
would be 0.2 mm if the average condylar axis is
within 5 mm of the transverse horizontal axis [3].
This minimal error usually results in flatter cusps
which is desirable in that it reduces the lateral
forces on the prostheses. With this minimal error
in occlusion, the most common average used
value for the condylar axis involves using exter-
nal auditory meatus as a simple repeatable
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Fig. 15.2 (a) Central bearing point set at correct vertical dimension of occlusion. (b) Gothic arch tracing with the
centric relation position at the apex of the tracing. (c¢) Central bearing point closed-mouth jaw relation record

Fig. 15.3 Preparation of the stabilized base and wax
occlusion rims for a open-mouth centric relation record.
(a) Place grooves in maxillary rim and place stabilized
base and rim in the patient’s mouth. (b) Build up the pos-

location to record a repeatable relationship to
glenoid fossa. Ear bows sits within the external
auditory meatus and takes into account that the

terior mandibular rim with wax, soften and place in the
patient’s mouth and have patient close into centric
position

transverse horizontal axis within the glenoid
fossa is an average distance of 8—14 mm anterior
to the external auditory meatus.
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Fig. 15.4 Relationship between the patient’s dental
arches and an articulator

15.2 Articulators and Their
Relation to Occlusion

Articulators are an analog of masticatory
geometry not of masticatory function. Based on
how close to the actual movement the articulator
can mimic that of the patient is how articulators
are classified. Some simply relate the casts to
each other in a static position that is nonadjust-
able. The relationship allows for a vertical or
hinge opening to be evaluated. An average value
articulator allows for the mounting of the casts
with a gleno-maxillary record, but the remaining
values of the intra-condylar distance, the Bennet
angle, condylar curvature and condylar angle are
preset at anatomical averages. The casts can be
moved in protrusive and lateral movements, but
they are based on these anatomical averages and
will not exactly reproduce the patient’s mandibu-
lar movements. This articulator is adequate for
cases where the anterior guidance is very steep
and the occlusal scheme is canine guidance.
Semi-adjustable articulators have adjustable fea-
tures that each manufacture selects as being the
most important for their line of articulators. For
most removable and simple fixed prosthodontic
treatment, semi-adjustable articulators are ade-
quate. Highly or fully adjustable articulators are
used in restoring complex fixed prosthodontic
cases (Table 15.2).

The choice of articulator should be made
based on articulator cost and the benefits the

Table 15.2 Articulator classification

1. Nonadjustable
(a) Vertical alignment
(b) Hinge
2. Average value
3. Semi-adjustable
4. Highly or fully adjustable

articulator will bring to the treatment being
undertaken. Articulator costs relate to the clinic
time required to set up the articulator, the cost of
articulator itself and the time it takes to commu-
nicate the required information to the laboratory.
The benefits of an articulator relate to its ability
to provide a higher quality of service. Although
the setup time for articulators is greater on the
front end of treatment, it can significantly reduce
the clinic time required to deliver restorations.
This is achieved by reducing the inaccuracies in
occlusion by accurately recording mandibular
movement and transferring it to the articulator.
When choosing an articulator, it should be the
simplest instrument that meets the requirements
of the dental treatment and has features in com-
mon with the restoration being fabricated.

15.3 Factors Affecting Occlusion

Hanau described five factors (Hanau’s Quint) that
affected a balanced occlusion [4] (Table 15.3).
The posterior factor that cannot be modified by
the dentist is the condylar inclination, which is
determined by the patient’s anatomy. The restor-
ing dentist can control all the remaining four fac-
tors as they all relate to the teeth and their
arrangement. The arrangement of the anterior
teeth influences the horizontal and vertical over-
lap known as the incisal guidance. The posterior
teeth have a cuspal inclination that can be
changed by selecting teeth of varying cuspal
angles. The occlusal plane inclination and the
compensating curve refer to the arrangement of
all of the teeth. The occlusal plane can be raised
or lowered, and the compensating curve of the
occlusal plane can be increased or decreased.
When setting denture teeth or completing a
full-mouth reconstruction, the dentist can change
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Table 15.3 Hanau’s Quint
1. Condylar inclination/guidance (CG)
2. Incisal guidance (IG)
3. Cuspal inclination/height (CH)
4. Occlusal plane inclination (OP)
5. Compensating curve (CC)

all of these factors with the exception of the con-
dylar inclination. Using appropriate jaw rela-
tion records will help in setting the articulator.
Theilman elaborated on the Hanau’s Quint and
described the interrelationship of these five factors
with the formula: CG x IG = CH x CC x OP.
By changing the interrelationship, the dentist can
develop the type of occlusal scheme that they
seek to create for their patient. This can range
from canine disocclusion to a fully bilateral bal-
anced occlusion. When all five factors with in
Hanau’s Quint are in “balance”, all teeth contact
in excursive positions.

Condylar inclination is the one factor that
the dentist has no control over since it is based
on the anatomy of the patient. The condylar
inclination recorded for setting the articulator
is made by making functionally generated
path, protrusive and/or lateral jaw registrations
from the patient.

The incisal guidance, which is controlled by
the clinician, plays a key role in the proper place-
ment of the anterior teeth. In general it is sug-
gested that the incisal guidance for the complete
denture patient be minimized (within the con-
fines of aesthetics and phonetics) to reduce hori-
zontal forces of occlusion. Cusp height, cusp
angulations and compensating curves are affected
by these determinants and affect the final aes-
thetic result.

Geometry dictates that three points define a
plane. To define the occlusal plane, the anterior
point is the mesial-incisal point angle of the man-
dibular central incisors. The posterior determi-
nates of the occlusal plane are located one half to
two thirds the way up the retromolar pad.
Although the occlusal plane can be located where
needed for the edentulous patient, it cannot be
substantially changed since functional require-
ments dictate its position.

The degree of cuspal inclination is dependent
on multiple factors (residual ridges, neuromuscu-
lar control, aesthetics, etc.). However in general
it is best to reduce cuspal inclination to help
reduce horizontal forces of occlusion. The com-
pensating curve is very helpful in obtaining bal-
anced occlusion, and depending on the posterior
tooth forms, it can easily be modified to facilitate
posterior tooth contacts in eccentric positions.

15.4 Posterior Tooth Selection

Anterior teeth selection is aesthetically oriented.
The maxillary anterior teeth are designed for the
aesthetics and phonetics, whereas the lingual of
the maxillary anterior teeth and the facial of the
mandibular anterior teeth are designed to provide
the incisal guidance for the patient. The degree of
horizontal overlap and vertical overlap is how
incisal guidance can affect the occlusion.

The patient’s anatomy determines the condy-
lar guidance and is recorded with the appropriate
jaw relation record to set it on the articulator. The
incisal guidance is determined by the arrange-
ment of the anterior teeth. The remaining deter-
minates of occlusion are all related to the
posterior teeth. This makes the selection of poste-
rior teeth functionally oriented. The design and
selection of posterior teeth have been discussed
in the earliest prosthodontic literature as a factor
in denture success.

There are four factors to consider when select-
ing posterior denture teeth. These include the
mesiodistal length of posterior teeth, occluso-
gingival height, degree of cusp height and least
importantly the shade (Table 15.4).

The posterior tooth shade is selected to match
the shade of anterior teeth. Even so these teeth
have a shade that is slightly lower in value to take
into account the increased thickness of the dentin
posterior teeth have.

There are several methods to determine the
mesiodistal length of posterior denture teeth.
Denture teeth have anterior/posterior tooth mould
conversion charts. The posterior teeth length is
based on an anatomical average. The posterior
teeth should be based on measuring the distance
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Table 15.4 Posterior teeth selection
1. Shade
2. Mesiodistal length of posterior teeth
3. Occluso-gingival height
4. Degree of cusp height

Table 15.5 Classification of denture teeth cusp heights

0° teeth (monoplane, rational)
10° teeth (functional, anatoline)
20° teeth

30° teeth (Pilkington-turner)
33° teeth

40° teeth (Euroline, Biostabil)

from the distal of canine to the anterior of maxil-
lary tuberosity or anterior to the ascending ramus
of mandible. There is a need for a compromise
often and can be achieved by leaving a space dis-
tal to the canine or the elimination of the
premolar.

The occluso-gingival height of posterior teeth
is dependent of the inter-ridge space available.
Ideally the longest tooth that will fill this space
should be chosen. If there is insufficient inter-
ridge space, choose a shorter tooth and be pre-
pared to thin the trial base to the point of even
setting the denture teeth on the ridge. The cervi-
cal portion of the tooth is trimmed.

Denture teeth are manufactured with a wide
range of degrees of cusp heights. These are
dependent on the type of occlusal scheme that the
dentist wants to develop for their patient. The
cusp height angles range from O to 40 degrees
(Table 15.5).

15.5 Occlusal Schemes
for Complete Dentures

Occlusal schemes are greatly influenced by the
degree of cusp height of the posterior teeth that
are selected. Denture occlusal schemes can be
broken down into three types: bilateral balanced,
monoplane or lingualized. Patient surveys have
indicated that overall not one occlusal scheme is
superior to another based on function. Even with
these studies, there are indications for the choice

of one denture occlusal scheme over another. The
remainder of this chapter will review each of
these occlusal schemes, describing how the teeth
are arranged and the indications of when each of
these schemes should be used. These schemes are
only important when the teeth are in contact. It is
important to remember that once a bolus is placed
between the teeth, what occlusal scheme is used
is irrelevant as occlusal schemes only relate to
when the teeth are in contact. Teeth are only in
contact during parafunctional habits or during
swallowing. As these are active positions, it is
important to make sure that the centric relation
position of the dentures is a stable position. For
patients with parafunctional habits, it is impor-
tant that as the denture occlusion is such that
when the patient moves into positions away from
the centric relation position, the occlusal scheme
should be designed to stabilize the denture into
place and distribute the forces over a greater area.
This becomes even more important for implant
prosthesis where occlusal forces overtime can
result in bone loss around the implant.

15.5.1 Bilaterally Balanced Occlusion

Bilaterally balance occlusion is one of the most
complex occlusal schemes to set teeth in. The
goal of bilateral balanced occlusion is where all
of the posterior teeth should be in simultaneous
contact when the patient contacts their teeth in
the centric relation/occlusion position. As the
patient moves into lateral excursion, the teeth
have continuous smooth bilateral gliding to any
eccentric position within the normal range of
mandibular function. The contact is required on
both on the working and the balancing side denti-
tion, namely, there is cross-arch contact or “bal-
anced occlusion”. Maxillary teeth should travel
across the inter-cusp spaces and grooves of the
mandibular teeth. These contacts are smooth
without inter-arch interferences. Bilateral bal-
anced occlusion requires a minimum of three
contacts for establishing a plane of equilibrium.
To achieve balanced occlusion, the factors
described in Hanau’s Quint must be utilized. This
would require mounting the case with a face bow,
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Fig.15.5 Bilateral balanced denture setup

centric jaw record and protrusive records to set
up a semi-adjustable articulator. The setup of
teeth in bilateral balanced occlusion requires the
most time and complexity of records to be
completed. The teeth used to achieve this type of
occlusion will have adequate cusp heights that
will result in proper balance of the occlusion.
There is a restriction of posterior tooth positions
that is allowed by cuspal anatomy. This also lim-
its the position of the anterior teeth. Patients with
good ridge height and anatomy or implants to sta-
bilize the dentures are indications for this type of
occlusion. The benefits of this occlusal scheme
are that aesthetically the posteriors appear more
natural. Chewing is also more efficient than with
any other tooth setup (Fig. 15.5).

The realeff: resiliency and like effect that pres-
ents with the resilient mucosa that tissue-
supported dentures experience, results in a
decrease in the tolerances that dentures need to be
made to, simplifying the balancing of the teeth in
any type of occlusal scheme. Hanau stated the less
realeff, the more the instrument would simulate
mandibular movements [4]. Even so with den-
tures, once a bolus enters between teeth, balance
exits, and the denture occlusal scheme would
have very little to do with denture stability.

15.5.2 Monoplane Occlusion
Monoplane occlusion is the polar opposite of

that of bilaterally balanced occlusion. It is a
simple occlusal scheme where the posterior

Fig. 15.6 A patient with minimal mandibular coordina-
tion with dentures with monoplane occlusion

tooth anatomy is flat and the cusp angles are at 0
degrees. There are no curves or cusps on the
occlusal of the teeth. The flat occlusal surfaces
sit against the flat occlusal surface of the oppos-
ing teeth. This makes the setup of the teeth very
simple. And there can be a wide range of poste-
rior teeth positions. To mount the casts to com-
plete this setup, a centric relation jaw record is
needed and can be setup on a simple articulator.
The anterior teeth can be setup with a horizontal
overlap but not any vertical overlap. The lower
posterior teeth are set up after the anterior teeth
and are set in a flat plane to the middle of the
retromolar pad. The upper teeth are set to con-
tact the lower teeth with no attempt to have con-
tact on excursive movements. All teeth just pass
over one another during excursive movements
usually with nothing to provide guidance.

This setup results in reduced lateral stresses
on the mucosa. It is indicated for patients with
uncoordinated closures where it is difficult to
capture a repeatable jaw centric relation record.
Patients with parafunctional habits also find this
type of occlusal scheme more comfortable as it
reduces lateral forces on the residual ridge. This
lack of lateral interferences helps the denture be
more stable for those patients with poor ridge
anatomy (Fig. 15.6).

There are compromises with this setup. The
flat premolars may appear less aesthetic when
compared to the posterior teeth. The lack of cusps
results in a less efficient chewing ability. The
anterior aesthetics is affected by the need of more
horizontal overlap and no vertical overlap.
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Monoplane teeth can also be arranged to a bal-
anced articulation. To achieve a balanced articu-
lation, a centric relation jaw record is required
with a face bow to mount the cast, and records
are required to set the condylar inclinations on a
semi-adjustable articulator. The anterior teeth are
set with horizontal overlap and slight vertical
overlap. To achieved a balance occlusion, a com-
pensating curve is incorporated that goes from
the anterior to the posterior (Curve of Spee) and
a medio-lateral curve (Curve of Wilson) with the
buccal cusps higher than the lingual cusps. The
posteriors teeth are set to contact on at least 1
point on nonworking and balancing movement.
Overall this is a simple tooth arrangement to set
up although it does take slightly more laboratory
setup time. It also allows for more aesthetic over-
lap of anterior teeth than that found in an unbal-
anced monoplane occlusion, but the premolars
still appear flat if visible. The posterior point con-
tact maintains denture base stability on excur-
sions or parafunction.

15.5.3 Lingualized Occlusion

Lingualized occlusion has been around for over
80 years but the last scheme to be introduced to
the profession and may use a variety of tooth
moulds. Some manufacturers produce specific
moulds for this occlusal concept. This is a very
versatile type of occlusal scheme. These teeth
can be arranged in a balanced or non-balancing
scheme.

All that is required is a centric jaw record if a
non-balanced occlusal scheme is desired. For
those patients who have poor ridges, a mono-
plane or flat occlusal plane that is not balanced
can be established. The maxillary teeth are cho-
sen based on aesthetics resulting in the upper pre-
molars appearing natural. The mandibular teeth
are chosen to have none to minimal cusp height.
The monoplane lower posterior teeth are set to
retromolar pad. The anatomical upper posterior
teeth are set with only lingual cusps contacting
the central groove of the mandibular teeth. The
buccal cusps are raised off the occlusal plane.
When setting the teeth, some range of posterior

Fig. 15.7 Dentures with lingualized occlusion (Note the
buccal cusps are above the level of the occlusal plane)

tooth position is allowed. With the introduction
of the cusped maxillary teeth into the occlusal
scheme, there is a reported slightly better chew-
ing ability than with monoplane teeth but not as
efficient as fully cusped teeth.

This occlusal scheme can also be set up as a
balanced lingualized occlusion. Additional
records such as the face bow and eccentric records
to set the condylar inclination on the articulator
are then also needed. To achieve a balanced lin-
gualized occlusion, some grinding may be needed
to create upper cusp tip/lower fossa contacts. By
altering the mandibular teeth cusp angulations,
the occlusal scheme can be fully balanced for
those patients with good ridges or implants.
Lingualized occlusion helps to eliminate or reduce
lateral stress [5]. This eliminates contacting of the
maxillary buccal cusp on the working side, thus
lingualizing or centralizing the forces on the pros-
thesis. It might be argued that this reduction of the
horizontal lever arm is insignificant, but any
reduction in the lateral stresses generated should
be considered advantagous (Fig. 15.7).

15.5.4 Buccalized Occlusion

Buccalized occlusion is a variant on lingualized
occlusion where the buccal cusps of the man-
dibular teeth contact the central groove of the
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maxillary teeth. To achieve buccalized occlu-
sion, the mandibular teeth have significantly
greater cusp heights than the maxillary teeth.
Buccalized occlusal scheme has similar advan-
tages and disadvantages to that of lingualized
occlusal schemes with the exception of the aes-
thetics of the maxillary premolars. The maxil-
lary premolars appear flatter that one would
expect to be natural.

15.5.5 Anatomical Variations

The description above of the occlusal schemes
is for patients who are considered to have an
orthognathic mandible (Angle Class 1).
Patients with a prominent maxilla and/or a ret-
rognathic mandible (Angle Class 2) may need
a modified denture tooth setup. The horizontal
and vertical overlap relationship to restore
their facial form, dental aesthetics and speech
will need to be revised to take this into account.
The upper teeth may need to be set to the lin-
gual with their labial inclination very vertical
or even retruded. The mandibular teeth are set
to the facial to correct for the skeletal mis-
match. When setting the maxillary posterior
teeth, often the first premolars are deleted simi-
lar to what takes place during the orthodontic
therapy using serial extraction.

Patients with a combination of a prominent
long mandible with small retruded maxillae are
prognathic (Angle Class 3). Upper anterior
teeth are set to the facial with no horizontal or
vertical overlap and only light “end-to-end”
incisal contact. The mandibular teeth are
inclined lingually and distally back from the
larger mandible to meet upper teeth. There is a
limit to how far anterior the maxillary incisors
can be put facially as too much tension can be
placed on the denture by the upper lip muscula-
ture. This would result in dislodgement of the
denture. The posteriors are often set in a “cross-
bite” relationship with the maxillary buccal
cusps positioned lingual to the mandibular teeth
and an enhanced lateral occlusal curvature
(Curve of Wilson) to best accommodate the
small maxillary/large mandibular arches [6].

15.6 Selection of Occlusal Scheme
for Implant-Supported
Restorations

The goal of patient restorations is to be able to
achieve adequate retention, stability and support
for the restoration while preventing damage to
the underlying soft and hard tissues and dental
implant. Overall this relates to the residual anat-
omy that remains after the extraction of the teeth.
Support is determined by the extension of the
denture bases and the introduction of dental
implants. Implants can add to provide additional
support for tissue-supported dentures.

The selection of an occlusal scheme for
implant-supported complete denture restora-
tions is dependent on the occlusal philosophy
that one subscribes to and what one is trying to
achieve. This is even though there are no clini-
cal experimental data to substantiate these
assumptions. Occlusal scheme choice is based
on the literature pertaining to the development
of occlusion for natural tooth-borne restora-
tions and transposes these principles to develop
the occlusion for implant-borne prostheses. The
goals that are set out for all occlusal schemes
agree on a stable non-traumatic posterior occlu-
sion with simultaneous contacts in the centric
cusp to fossa relation occlusion position.
Interfering occlusal contacts need to be reduced,
and as a result there are reduced lateral stresses.
The emphasis is that the forces should be as
vertical as possible.

15.6.1 Considerations

When examining a patient, one has to evaluate
multiple factors to determine the appropriate
occlusal scheme for full-mouth restorations. The
denture stability is dependent on the anatomy of
the residual ridge. Adequate ridges that have par-
allel sides to them allow for greater stability and
retention. The height of the muscle attachments
will also affect the retention and stability. Closer
to the crest of the residual ridge, the muscle
attachments attach; the dentures will be increas-
ingly unstable.
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The maxillary denture retention is based on
achieving suction. The extension of the dentures
must be correctly recorded to create the suction
cup effect. The posterior border of dentures must
not extend beyond the vibrating line. Dependent
on the House classification of palatal mobility,
the palatal seal location becomes important to
identify.

Overall complete upper dentures are more
stable than complete lower dentures. This has
resulted in the McGill consensus statement that
treatment of the edentulous mandible should
include the use of minimally two implants to pro-
vide adequate retention, support and stability of
the lower denture. The use of implants will make
the mandibular denture more stable than the max-
illary denture. Keep in mind that the arch in
which implants are placed becomes the dominant
arch. The maxillary edentulous arch now
becomes the weaker arch and the subject of
patient complaints as to the inadequacy of stabil-
ity, retention and support of the prosthesis.

To achieve a stable set of dentures, the periph-
eries need to be captured properly, and an occlu-
sal scheme needs to be correctly chosen.

15.6.2 Guidelines

The needs of each patient are not always obvious
and may require a great deal of analysis before a
final occlusal scheme is selected. When selecting
an occlusal scheme, the greater the stability of

the bases on the patient’s residual ridges, the less
the type of occlusal scheme is relevant. It should
be carefully noted that regardless of the scheme
of occlusion used when implants are placed in
one arch, there is always the possibility of render-
ing an opposing complete denture unstable.
Therefore the occlusion must be carefully devel-
oped to provide support, stability and retention to
the soft tissue-supported opposing prosthesis. It
is recommended that in the edentulous patient,
the type of occlusion used should follow the pre-
cepts of a bilateral balanced or a lingualized bal-
anced occlusion.
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Abstract

The clinical outcomes of implant-retained over-
dentures can be depicted in several ways.
Perhaps the most intuitive manner is to classify
each implant and prosthesis as successful or not.
Treating edentulous patients with implants will
also place them at risk of certain problems,
including prosthetic complications and unfavor-
able soft and hard tissue responses. These
adverse events add to those already expected fol-
lowing conventional denture treatment. In this
chapter, the main success criteria for implants
are described. Success rates are provided for the
main treatment methods based on mandibular
overdentures retained by different attachments
and implant numbers. Some eventual complica-
tions and maintenance events are also described,
including changes in the peri-implant complex
and supporting tissues. The chapter also reviews
the maintenance of overdentures per se, includ-
ing attachments and other prosthetic parts.
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16.1 Introduction

Treatment of edentulism in all its modalities
elicits a wide range of responses from patients.
Both conventional removable dentures and
implant-retained prostheses aim to improve oral
function but have some maintenance require-
ments. The provision of overdentures follows
the same operative principles used for conven-
tional dentures; both modalities demand short-
term post-insertion adjustments and preservation
of fitting on supporting tissues. However, fix-
tures and superjacent components render main-
tenance more demanding than with complete
dentures. Oral rehabilitation with implants
demands specific care to maintain long-term
survival and good performance of implants,
their attachments, as well as to prevent specific
complications.

The performance of mandibular-retained
overdentures has led to their recommendation as
a standard of care for edentulism [1, 2]. This
improved performance can be described both
from a clinician-based viewpoint and from
patient perspectives.

This chapter deals with clinical outcomes of
mandibular overdenture treatment, including the
survival and success rates, clinical complications,
and maintenance.
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16.2 Survival and Success Rates

Up until relatively recently, success and survival
rates were the main criteria considered in most
studies on dental implants [3]. Despite their use as
synonyms in several instances, success and sur-
vival refer to different concepts. Success criteria
were first introduced by Albrektsson et al. [4],
which were based mainly on the osseointegration
success. According to these criteria, a successful
individual implant must:

1. Present no mobility when tested clinically.

2. Demonstrate no evidence of peri-implant
radiolucency.

3. Have less than 0.2 mm of vertical bone loss
annually after the first year in function.

4. Show no persistent and/or irreversible signs
and symptoms, including pain, infections,
violation of the mandibular canal, paresthesia,
or neuropathy.

In order to consider an implant system as suc-
cessful, the same criteria recommend 5- and 10-year
success rates of at least 85% and 80%, respectively.

Buser et al. [5] also proposed a widely used
guideline for classifying implant success. This
involved the following five criteria:

1. No persistent patient-reported complaint, such
as pain, foreign body sensation, or dysesthesia.

2. No recurrent peri-implant infection with
suppuration.

3. No clinically detectable mobility.

. No continuous radiolucency around the implant.

5. Possibility of restoration.

o~

In 2007, a consensus conference (held by the
ICOI—International ~ Congress  of  Oral
Implantologists) revised the definitions of
implant success with four precise criteria to be
considered over a period of at least 12 months
following functional restoration [6]:

1. Absence of pain or tenderness during func-
tion, palpation, and percussion.

2. No visible mobility following vertical and hor-
izontal percussion with loads limited to 500 gf.

3. Crestal bone resorption lower than 2 mm ver-
tically at any postsurgical time, checked by
periapical radiographs.

4. No history of exudate.

According to this classification system, early
success refers to a span of 1-3 years, intermedi-
ate success to 3—7 years, and long-term success
to more than 7 years.

Table 16.1 provides a summary of these three
guidelines for implant success criteria. It is
important to highlight that prosthetic restorability
is a common requirement.

Lately, the definition of success has evolved to
consider other aspects, including prosthetic success
and patient-reported outcomes. A systematic review
by Papaspyridakos et al. [7] examined the most fre-
quent success criteria used by randomized trials and
prospective cohort studies. Most frequent success
criteria at the implant level were mobility, pain,
peri-implant bone loss, and radiolucency, whereas
soft tissue-level criteria included probing pocket
depth, bleeding, and suppuration. The review also
observed the use of prosthetic-related criteria—
technical complications and maintenance needs,
adequate function, and esthetics—and patient-
reported aspects, discomfort, satisfaction with
appearance, and perceived function/masticatory
ability. All included studies on overdentures quanti-
fied implant success rate based on Albrektsson et al.
[4] and/or Buser et al. [5], however.

Survival refers to those cases in which the
implants are still in the oral cavity but cannot fulfill
all success criteria. For instance, implants may be
successfully osseointegrated but placed in a posi-
tion that precludes adequate restoration. A surviving
implant is unsuccessful if peri-implant bone resorp-
tion exceeds acceptability criteria. For instance, an
implant with 3 mm of vertical bone loss 12 months
after the insertion of a mandibular overdenture
could not be considered a clinical success.

In summary, implant success refers to “ideal”
clinical conditions, whereas survival is one of the
criteria for success [6].

Relatively high success rates are one of the
reasons for recommending implant overden-
tures as a treatment for mandibular edentulous
arches. Early reports of two-implant-retained



16 Clinical Outcomes

265

Table 16.1

Success criteria
Albrektsson et al. [4]

Absence of 4
clinical mobility

No peri-implant v/
radiolucency

Acceptable
vertical bone loss

v (<0.2 mm/year, after 1st year)

Absence of signs
and symptoms

v (persistent and/or irreversible
events, e.g., pain/paresthesia/
neuropathy, infection, violation of the
mandibular canal)

prostheses have reported a cumulative implant
failure rate of 1.2% over 30 months, with the
use of straight bar attachments [8]. Reports
from a few years later provide evidence that
different attachment types would not lead to
more frequent implant failures, at least with the
use of standard-sized implants. In other words,
implant success rates using ball attachments or
magnets were reported to be similar to Dolder
bars [9]. A systematic review compared implant
overdentures retained by bars to unsplinted
attachment systems and found no difference in
success or survival rates of implants after
3 years or more [10].

Treatment with mandibular overdentures
generally shows high implant success and sur-
vival rates, as confirmed by subsequent reports.
Ferrigno et al. [11] found nearly identical
implant success rates using ball attachments
on two implants compared to four fixtures
united by a milled bar. After 5 years, the for-
mer option was successful for nearly 95% of
76 implants, whereas the latter resulted in 96%
successful fixtures (total n = 72 implants). At
least for standard-sized implants, these varia-
tions in numbers do not exert considerable
influence on success and survival rates [12]. A
study from our group confirms the good predict-
ability of two-implant overdentures in terms
of these outcomes, as a single fixture failed in
40 patients treated with ball attachments [13].
Interestingly, this failure had no correlation with
osseointegration.

Other modalities of implant-retained man-
dibular overdentures merit consideration. Some

Comparative summary of the major success criteria used in dental implantology

Buser et al. [5] Misch et al. [6]

v v (vertical/horizontal
percussion: 500 gf)

v _

- v (<2 mm, any time)

v (persistent patient-
reported complaint; recurrent
infection with suppuration)

v (pain/tenderness on
function, palpation, or
percussion; exudate)

recent studies have purported the use of a single
implant placed in the symphysis area. In terms
of success and survival rates, this approach
seems similar to two implants in the anterior
area, as disclosed by a systematic review [14].
The use of four or two mini-implants has also
been reported recently. These are very narrow
(<3 mm) one-piece implants presenting a
threaded shaft and an attachment patrix, nor-
mally a ball-shaped extremity. Our study
observed success rates between 80 and 90%
after 12 months of loading, depending on the
number of mini-implants [13]. As long as that
study used 2 mm-wide fixtures, it could be con-
cluded that a middle term between standard
implants and that diameter may present more
favorable long-term results. However, this
should be further investigated.

Dentures themselves can also be evaluated
to determine success and survival. A surviving
prosthesis can be in use regardless of its condi-
tion, whereas success implies achieving treat-
ment goals, including appropriate retention and
stability provided by attachments. However,
numbers can vary widely due to different meth-
ods used by each study [12]. Survival rates tend
to be approximately similar to those found for
separate fixtures. These rates just represent the
number of cases of continuous denture wearing
and can be at least 92% following 2 or more
years. Such numbers can be much lower for
success if patients do not undergo a strict main-
tenance program following treatment with
mandibular overdentures. In our experience,
this treatment method demands periodic return
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to replace attachment components, reline, and
make minor adjustments. A success rate of 94%
was observed for 120 patients treated with
mandibular overdentures on either standard fix-
tures or mini-implants, given that adequate
maintenance was provided [13]. Although a
scheduled recall regimen of a single appoint-
ment each year may work well for conventional
denture wearers [15], we prefer to reappoint
overdenture wearers after 6 months, at least
during the initial 2 years.

Table 16.2 summarizes results from recent
systematic reviews comparing implant success
and/or survival rates for different types of
treatment methods based on mandibular over-
dentures. It presents some key findings, con-
sidering the major relevance of this kind of
study as a source of evidence for clinical
decision-making.

16.3 Clinical Complications
and Maintenance

16.3.1 Changes in Denture-
Supporting Tissues

A major concern when providing dental care is to
preserve existing structures. However, mandibular
overdentures will interact directly with the under-
lying edentate ridge and oral mucosa and may
adversely affect those structures. This relationship
must be harmonious and avoid overdependence on
implant retention and stability, mainly when more
conservative  approaches, e.g., two-implant-
retained hybrid prostheses, are used. In this way,
one can avoid the overload of attachment systems,
prostheses, or fixtures, while the odds of develop-
ing soft tissue lesions or accelerated residual ridge
resorption will be reasonably low.

Table 16.2 Summary of results for success and survival rates of implants and overdentures, as reported by systematic

reviews
Systematic
review Comparison Type of studies
Andreiotelli  Different attachment — RCT (n = 4), prospective
etal. [16] types and implant cohort studies (n = 14)

numbers, both arches — Follow-up >5 years

Main results

— Different treatment does not seem to
influence implant or overdenture survival/
success rates (bar-clip, ball attachments,
magnets, or telescopic crowns)

Stoumpis and  Splinted versus — RCT (n = 2), prospective — Implant survival rate, mandible,
Kohal [10] unsplinted implants, (n = 3) and retrospective 95.3-100%; maxilla, 90-95.5%
both arches (n = 1) cohort studies — No difference between bar-clip and ball
— Follow-up >3 years attachments (five studies separately);
magnets (one study)
Kim et al. Different attachment — 14 clinical studies, excluding — Mean implant survival rate was over
[17] types and implant case/technical reports 98% (range 91.7-100%)
numbers, mandible ~ — Follow-up >1 year — No evidence of effect from attachment

Dantas et al.  Two versus four

[12] implants, mandible non-randomized controlled
trials (n = 4), prospective
(n =5) and retrospective
(n = 1) cohort studies
Srinivasan Single versus two — RCT (n = 2), prospective
et al. [14] implants, mandible cohort studies (n = 28)

— Follow-up >1 year

RCT randomized controlled trial; ns nonsignificant

—RCT (n= 1) and

systems (bar clip, ball, or magnets)

— A single prospective cohort study
reported both conditions of interest
(10-year overdenture survival, two ball
attachments, 98.8%; four-implant-
retained bar, 97.7% (ns))

— Other studies reported one of the two
treatment modalities, without evident
difference

— Meta-analysis for two RCT, risk
difference for implant survival—One
versus two implants, 0.05; 95%
confidence interval, —0.07 to 0.18 (ns)
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16.3.1.1 Residual Ridge Resorption
Tooth loss will invariably lead to progressive
reduction of residual ridges, with considerable
variation among patients. Although residual ridge
resorption is associated with a series of factors that
include metabolism and anatomy, there are a few
interventions a clinician can perform to prevent or
minimize it. One of them is the insertion of dental
implants. Both mandibular overdentures and fixed
dentures have been associated with lower residual
ridge loss. In truth, the non-dependence of the
edentulous ridge to receive loads directly from
fixed dentures can result even in some posterior
bone apposition over the years [18]. Mandibular
overdentures will lead to a modest ridge resorption
pattern over time, even with only two implants in
the anterior area. Following this treatment, Raedel
et al. [19] observed an average rate of 1.5 mm
resorption in the posterior ridge after 10 years.
Interindividual variation is considerably wide,
however. It is important to highlight that overden-
ture rotation around attachments may lead to var-
ied loading on the posterior ridge, which must be
minimized by adequate treatment provision and
maintenance.

Good standard practices for conventional
complete denture treatment also deserve men-
tion, including optimal dentures and adequate
wearing habits [20]. Such practices will mini-
mize compressive load on edentulous ridges, a
known factor associated with bone resorption. As
long as most implant-assisted mandibular over-
denture designs rely on tissue support, one should
expect these approaches to be important follow-
ing these treatment modalities. Overdenture fab-
rication should follow the same good standard
procedures expected for conventional prostheses,
including satisfactory base extension and fit, in
order to dissipate load evenly and to the maxi-
mum area of the ridge possible. The same could
be expected from occlusion, although the evi-
dence supporting different occlusal schemes is
scarce and controversial. Overnight denture
wearing should also be avoided in order to pre-
vent further unnecessary compressive strength
over edentulous ridges.

16.3.1.2 Soft Tissue Lesions

Despite the clinical success of dental implants,
some mucosal lesions may be associated with
implanted materials and components. The most
common type is mucosal hyperplasia, which is
relatively more frequent with bar-retained over-
dentures [21]. Stud attachments may also be
associated with hyperplastic tissue if abutments
do not have a minimum height, e.g., their trans-
mucosal portion should be 1 mm above the peri-
implant mucosa. Mild cases may be managed by
changing prosthetic design or repairs on denture
bases, but surgical removal is usually the treat-
ment of choice for well-defined lesions. Removal
of the causative factor following surgery is man-
datory for avoiding recurrence.

Other lesions are rare, fortunately, but may
include reactive lesions such as peripheral giant
cell lesions, pyogenic granuloma, and traumatic
ulcerative granuloma [22-24]. Differential diag-
nosis may be a bit more challenging in some of
these cases but feasible by careful clinical obser-
vation associated with biopsies. As for typical
hyperplastic lesions, removal or reduction of a
chronic irritation associated with implant compo-
nents is mandatory for their management.

There have also been reports in the literature
of malignant lesions in implant sites [25].
Although they are not caused by implants, the
remote possibility of such atypical lesions associ-
ated with the peri-implant mucosa merits careful
diagnostic appraisal.

16.3.2 Peri-implant Complications

Perhaps the most concerning complication
related to peri-implant tissues is the bone loss
that occurs following implant insertion. Bone
resorption is classically described as occurring
more intensely during the first post-insertion
year, with slightly lower rates during subsequent
periods. Bone loss is not so pronounced for
mandibular overdentures, even when two
unsplinted fixtures are used. Contemporary
implant systems can achieve mean vertical bone
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loss of approximately 0.3 mm during the first
year followed by 0.1 mm in the subsequent year
[26]. The use of bar-clip attachments, even with
higher numbers of implants, does not reduce such
values [27]. An advantage of splinting implants
would be a better distribution of forces on fix-
tures; however, this does not seem to be signifi-
cant when standard fixtures are used for
mandibular overdentures.

The mechanism linked to peri-implant bone
resorption merits some consideration, in order to
understand its clinical implications. Albrektsson
et al. [28] report that the placement of a dental
implant leads to an inflammatory process follow-
ing the osteotomy. At first, this is an acute pro-
cess that may lead to primary clinical failure,
which is rare when present-day implants are
installed by well-trained professionals. However,
successful implants will invariably undergo a
mild chronic inflammatory process termed for-
eign body equilibrium. In this steady state, the
bone encapsulates the implant with increasingly
thicker mineralized tissue. Resorption tends to be
more intense during the first days due to adaption
to healing and loading, which may not be deter-
minant for subsequent bone level changes. Bone
loss may increase over time in the presence of
some factors that can lead to imbalance in this
foreign body equilibrium. These factors include
poor implants or clinical handling, poor patient-
related conditions (e.g., anatomical conditions,
systemic diseases), or changes in the distribution
of loads.

Within the context of bone loss, infection may
be also a factor with potential to disrupt the
inflammatory equilibrium. Bacteria may lead to
mucositis when bone levels are clinically ade-
quate, which is a reversible inflammatory disease
of soft tissues around implants. This is character-
ized by erythema, swelling, and bleeding on
probing. This alteration is treatable solely by
removing peri-implant biofilm, both by profes-
sional cleaning and adequate oral hygiene [29].
The latter approach may be critical in the case of
elderly patients, who may have reduced dexterity
and therefore difficulties with oral hygiene.
Therefore, the use of overdentures retained by a
reduced number of unsplinted implants enables

easier cleaning and therefore may minimize the
risk of mucositis for such patients.
Peri-implantitis seems to be an aggravated
response to already imbalanced implants follow-
ing bone loss rather than a disease analogous to
periodontitis [28, 30]. Severe bone resorption
due to imbalanced foreign body equilibrium may
lead to harboring of submucosal biofilm, thus
leading to a more severe clinical condition. In
other words, the presence of microorganisms and
suppuration may not necessarily be the primary
cause of bone resorption but an aggravation of
the process. Although the therapeutic approach to
peri-implantitis is very similar to the one used for
periodontitis [29], their different etiologies
should be taken into consideration when manag-
ing diseased peri-implant sites. Consequently, the
abovementioned factors that may imbalance
osseointegration should be approached also.

16.3.3 Prosthetic Complications

16.3.3.1 Attachment System
Any attachment system will invariably suffer
some wear with ongoing use. Although there are
several in vitro studies describing certain changes
occurring on attachment components after cyclic
loading, their findings tend to be optimistic com-
pared to what happens to actual patients [31]. The
presence of a bolus, saliva, and plaque is associ-
ated with varied types and degrees of forces in
the oral cavity. Average maintenance needs may
also vary among different patients considerably.
For instance, some patients may severely deform
the attachment parts after receiving an overden-
ture. This happens due to incorrect insertion
using oblique paths and even seating dentures by
biting; from a clinical perspective, this problem
seems more pronounced in the elderly with lower
dexterity and extremely resorbed ridges.
Furthermore, an atrophic ridge will make the
denture insertion path less intuitive and transfer a
higher percentage of load directly onto attach-
ment components.

Occurrence of attachment maintenance may
vary considerably for different systems. A nylon
capsule-based O-Ring system could require sub-
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stitution of retentive matrices for more than 50%
of patients after 6 months [13]. However, a more
reasonable scenario for most mechanical stud
attachments is to expect some reactivation or
substitution of matrices for half of overdenture
wearers during a single year [32].

The use of magnetic attachments may lead to
lower maintenance needs, due to their long-
lasting retentive force [33]. Contemporary mag-
nets have overcome corrosion-related problems
of older systems, while detaching from denture
bases is their major complication. Compared to
O-Ring attachments, bar-clip systems were pre-
liminarily shown as less prone to wear due to
insertion-removal cycles or functional forces.
However, a systematic review shows some con-
troversial data in clinical studies comparing the
number of maintenance events for these systems.
Longer time needed for changing bars or clips
should be considered as well [17].

16.3.3.2 Other Denture Components
Overdenture bases may also break after some
period of use, requiring either repairs or remak-
ing. Fractures may occur with complete dentures
regardless of the implants, often when patients
drop them while cleaning. In addition, the pres-
ence of matrix housings or clips increases the
incidence of this problem, as they would repre-
sent sites in the denture base bulk where cracks
can develop. It is reasonable to allow a minimum
thickness of 1 mm of acrylic resin at the point
where attachment housings would be the closest
to perforate denture flanges and more resin in
other areas. A study reported that approximately
15% of patients would have fractured mandibular
overdentures after little more than 3 years [34].
Denture bases can be reinforced by incorporating
fibers or metallic frames in order to prevent frac-
tures. Although some in vitro studies and clinical
experience may support this approach, a clinical
trial could not find a statistically significant effect
of reinforced mandibular dentures as a preven-
tion method for fractured bases [35].

Many mandibular overdenture wearers have
conventional complete dentures in their antagonist
arch. From our experience, a few of them com-
plain about maxillary denture stability after

attachments are in use. Although a likely cause for
these complaints is based on changes in patient
perspectives (i.e., the maxillary dentures do not
feel much better than their opposing prosthesis
anymore), they may also be associated with an
augmented occlusal load in the anterior area [36].

In general, a systematic review mentions no
difference in prosthetic maintenance for different
attachment systems, except for bars with distal
extensions, which are prone to fracture [16]. The
same review highlights an unclear difference
between rigid and resilient bar attachments,
although the latter seems associated with more
maintenance events. However, a paucity of ran-
domized trials in removable prosthodontics hin-
ders a precise comparison between different
types of attachments. This renders clinician
expertise and preferences to be major determi-
nants for the choice of attachment systems.

16.4 Final Remarks

From a clinical perspective, mandibular implant-
retained overdentures are an important treatment
option for edentulism due to their high success
rate. Favorable outcomes do not exclude the pos-
sibility of complications of a biological or pros-
thetic nature, as with any oral rehabilitative
procedure. The delivery of a mandibular over-
denture will require continuous maintenance to
prevent or minimize the impact of eventual com-
plications. An understanding of ongoing phe-
nomena following initial insertion will lead to
more predictable clinical care and to better-
informed patients.
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Abstract

Patient-oriented outcomes focus on the
patients’ ‘lived experience’ of medical or den-
tal conditions rather than metrics such as pros-
thesis survival, operator perceived acceptability
or physiological outcomes. Patient-oriented
outcomes can provide important insight into
how it is to live with a condition and also the
management of a condition. This is perhaps
most important when considering chronic con-
ditions where treatment does not aim to cure
the condition but has the intention of allowing
the patient to live with it more easily [1].
Treatment of patients with tooth loss is an
example of such a chronic condition where
‘palliative care’ rather than ‘cure’ is the
intended outcome. This may be valuable in
informing treatment planning decisions, refo-
cusing towards aspects of treatment which are
most important to the patient, their families
and carers. In the research setting, it is a pro-
cess that may be used to assess and assure the
quality of care delivered and ensure that the

objectives which patients value most are pri-
oritised over those a clinician may have other-
wise considered best [2].

This chapter examines both qualitative and
quantitative examples of patient-oriented out-
comes and considers these alongside patient
expectations. In doing this it becomes clear
that having an understanding of the patients’
lived experience of implant-assisted overden-
tures is crucial to understanding their value
and essential when providing prospective
patients with accurate information to enable
them to give truly informed consent. Whilst it
is important for patients to know that their
implant may have a 98% chance of surviving
for 5 years after placement, it is probably
more important for patients to understand the
likely effects of implant-assisted overdentures
on their quality of life as reported by patients’
and are possibly the best means of countering
unrealistic patient expectations.

17.1 Introduction

17.1.1 What Do We Mean by Patient-
Oriented Outcomes?
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The concept of patient-oriented (also referred to
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is relatively new.
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Prior to the use of patient-oriented outcomes, the
success or otherwise of treatment tended to focus on
metrics such as prosthesis survival, operator per-
ceived acceptability or physiological outcomes. By
contrast, patient-oriented outcomes focus on the
patients’ ‘lived experience’ of medical or dental con-
ditions, the management of those conditions and
subsequent aftercare. In order to do this fully, patient-
oriented outcome measures may also take into con-
sideration patients’ initial expectations of treatment,
their subsequent levels of satisfaction and the impact
of their medical or dental condition and its manage-
ment on their quality of life. For some patients and
some conditions, the outcome measure may be pri-
marily orientated towards a patient’s family, friends
and/or other support network.

Patient-oriented outcomes can provide impor-
tant insight into how it is to live with a condition
and/or the management of a condition. This is
particularly important when considering chronic
conditions where treatment does not aim to cure
the condition but has the intention of allowing the
patient to live with it more easily. As an obvious
example of this, there is no cure for tooth loss,
and so treatment aims at living with tooth loss but
improving the condition for the patient. In this
respect patient-centred outcomes may be seen as
being of greatest value when faced with a chronic
medical or dental condition where ‘palliative
care’ rather than ‘cure’ is the intended outcome.
This in turn may be valuable in informing treat-
ment planning decisions, by refocusing the
patient-doctor shared decision-making towards
aspects of treatment which are most important to
the patient, their families and carers.

From a research point of view too, such mea-
sures are also increasingly being used to assess
and assure the quality of care delivered, and fur-
ther, to inform clinical guidelines and policy,
such that the objectives which patients value
most are prioritised over those a clinician may
consider best.

17.1.2 Specificity of Outcomes

The phrase ‘quality of life’ is used by the gen-
eral population as well as the scientific com-

munity and can be thought of as a general
measure of wellbeing. Patients living with
chronic conditions, and their subsequent man-
agement, are likely to experience some degree
of impact on their quality of life. An instru-
ment for capturing the extent to which an indi-
vidual’s (or a society’s) quality of life is
affected is an attractive concept. Its assessment
or determination may include consideration of
multiple aspects of an individual’s life, such as
their employment, financial situation, educa-
tional opportunities and attainment, living
environment, feelings of safeness/security as
well as physical health.

Such broad outcome measures whilst having
value in some circumstances clearly lack the sen-
sitivity to observe changes in outcomes which
are condition specific. This lack of sensitivity
means that if wanting to use such broadly based
instruments to detect meaningful differences
between treatment options, the group sizes
required for each of the study groups would need
to be very large in order to provide sufficient
power to demonstrate significant effect.

It is useful to reflect on Marlow’s hierarchy of
need when considering some of the difficulties of
using a generic measure such as quality of life
[3]. Thus an edentulous adult struggling with
poorly fitting mandibular dentures whilst living
in comfortable secure housing in a peaceful envi-
ronment may well report a significant impact on
their quality of life due to their dental status. The
same individual living in war-torn city, with
intermittent water supplies and no access to med-
ical service, may report a similar degree of
impairment in quality of life but due to a com-
pletely different set of considerations. Their den-
tures would be just as ill fitting, move the same
amount and cause a similar amount of discom-
fort. The former individual may not be able to go
and dine out with friends and family due to fear
of social embarrassment on dislodgement of their
dentures. The latter may likewise be unable to
socialise in this way—but due to fear for their
lives on leaving their home. Therefore, whilst
highly transferable, generalised assessment tools
may be less useful in comparing and contrasting
treatment strategies.
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‘Health-related quality of life’ has a more spe-
cific focus on physical health, yet this measure
still remains highly generic. The lived experi-
ence, of any one condition, is likely to present a
quite unique model specific only to that condi-
tion. Thus a patient-oriented outcome measure
that assesses the quality of life of renal dialysis
patients would be hugely different to that of a
patient living with an edentulous mandible.
Interventions in one of these areas may bring
about significant changes in this condition, but its
effect on an overall quality of life measure may
be masked by the impact the other condition has
on the patient’s quality of life. Generic patient-
oriented outcome tools such as health-related
quality of life may be used to assess a range of
medical conditions but lack the specificity
required to compare treatment modalities for the
same condition and are thus less useful in inform-
ing treatment planning and policy [4].

Ideally, patient-centred outcome measures
should be specific to the particular condition
being considered and as such require to be indi-
vidually modelled, designed and constructed.
Arguably this cannot be achieved unless there is
an understanding of the lived experience [5]. One
approach to establishing this understanding is the
utilisation of qualitative research methods which
allow us to listen to and interrogate patient’s
accounts and stories and subsequently identify
the relevant themes. Having done so, quantitative
measures which allow systematic and empirical
investigation of the observed phenomena can
then be developed. Such instruments allow test-
ing of a predetermined hypothesis/theory and
subsequently comparison through measurement,
collection of numerical data, mathematical mod-
elling and statistical analysis.

17.1.3 Qualitative Patient-Centred
Outcome Measures

Qualitative research methods have a strong
basis in sociology and may use multiple
approaches including semi-structured inter-
views and focus groups, to examine the ‘why’
and the ‘how’. A grounded theory approach is

commonly used whereby the researcher starts
with no previous understanding and builds this
through an iterative exploration of the phenom-
ena [6]. The published results of qualitative
research usually include illustrative quotations
from patients.

There have been very few qualitative research
studies applied to the area of dental implants,
which is perhaps indicative not only of the chal-
lenges in developing such studies but also the
potential reticence of the dental research commu-
nity, who, whilst trained in quantitative research
methods, are perhaps unsurprisingly reluctant to
engage with research methodologies based in
sociology. Most of the studies in the literature
which are entirely qualitative in their methodol-
ogy are relatively recent, the oldest dating from
only 2002, confirming the novelty of this
approach and also the relatively recent develop-
ment of implant technologies.

Qualitative research of this nature allows us to
explore why patients may make decisions in a
particular way and are especially useful when
their decision-making may seem counterintui-
tive. As an example, as clinicians we may be sur-
prised when patients decline implant treatments
after experiencing multiple poor outcomes with
conventional treatment modalities and when the
scientific literature gives us confidence in the
likelihood of a positive outcomes. For a group of
such patients, the reasons for refusal were
explored using focus groups of patients who had
declined implants even though the ‘cost barrier’
had been removed [7]. There are several core
themes which emerge.

The first and perhaps least unexpected is
patient fear of the pain of surgical placement.

I don’t want it... they could give them to me; I'd
still refuse. I'm too afraid of suffering.

Of particular relevance is that this appears
even more acute in the older patient who may
question their own vulnerability and suitability
for the surgical stage and post-operative recovery
period:

Your bones are already brittle, because you are

older, and you have a hole. It’s like planting a nail
in a dry board; it can split in two it can break.
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I'm afraid of the consequences. At our age too...
what if there was a little problem, an infection for
some reason? At 40, the body is good (at fighting
it) but at 60, 65 or 70, or older still, it’s not as
quick to recover, eh?

This was compounded by a healthy dose of
cynicism and mistrust of the dental profession
and their reasons for recommendation of a new
technique.

I distrust professionals a bit...because they tell

lies. So as not to scare you, maybe he looks at you

and says....it would be good for him.” — so they
tone it down. The guy’s selling his product.

Anxieties about early and late complications,
possibly as a result of conversations with friends
and family, were also at the forefront of patient’s
refusal to go ahead with implant procedures:

Am I going to regret them? Am I going to suffer
side-effects for the rest of my life?

Another interesting theme which became
apparent was the reluctance of patients to be
without their current prosthesis during the heal-
ing stage:

The fact that 1 would have no teeth in and 1

couldn’t, if they had given me a million pounds I

couldn’t walk around for three weeks, I was told,

with no teeth. No way would I, even in the house, in
a room I wouldn’t walk around.

Only one study exists which specifically con-
sidered implant-assisted mandibular complete
dentures using entirely qualitative patient-centred
outcomes [8] and even so the population studied
was not limited to the geriatric (age range of
48-84).

This study used semi-structured interviews
and thematic content analysis to explore the
effects of being edentulous and subsequent
prosthetic rehabilitation with implant-assisted
mandibular complete dentures. The interviews
explored the social, functional and emotional
aspects of eating with a view to understanding
the significance of any limitations upon eating
behaviour [8]. The main themes that were
identified included the patients’ experience of
being edentulous, the ‘public constraint’ of
wearing conventional dentures and the impact
of conventional dentures and implant-assisted

mandibular complete dentures on eating and
the enjoyment of food. The findings suggest
that whilst the functional limitations of con-
ventional dentures impose food choice and
social restrictions on edentulous patients,
implant-assisted mandibular complete dentures
provide improved function and subsequently
increased social confidence that reduces the
impact of the edentulous condition on the
patients’ quality of life. The following direct
quote from one of the study participants
(64-year-old female) illustrates the key
findings.

I really have got my life back ... .because [ wouldn’t

go out anywhere to dinners ....it was so embarrass-

ing so I just didn’t. It was really bad. But after this
1 go out, you know I’'ve got so much confidence.

Even in studies not specifically considering
implant-assisted mandibular complete dentures,
it is possible to identify themes that are relevant
to this group of patients.

A study that included within its study popula-
tion patients in the age range 46—80 identified an
increase in confidence as a key outcome follow-
ing rehabilitation with implant-assisted mandibu-
lar and maxillary complete dentures [9]. Other
aspects of the patients’ experience that were iden-
tified through the semi-structured interviews
included improved speech clarity and the reduc-
tion in intra-oral ulceration induced by denture
movement. Patients in this study were also able
to identify some challenges with using implant-
assisted dentures which may be of particular rel-
evance to the geriatric patient, namely, difficulty
in ‘manipulating’ the denture and cleaning the
implants.

A recent study within the UK utilised semi-
structured interviews with patients at various
stages of implant treatment to explore the patient
journey from the point of referral to a specialist
provider up to several years post-treatment [10].
Whilst the study had a mixed population in terms
of both age and type of implant restoration, a
number of interesting themes emerged which are
directly relevant to a geriatric patient group being
rehabilitated with an implant-assisted mandibu-
lar complete denture.
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The first of these relates to the patients’ expec-
tations of implant treatment. Patients often
referred to the implant rehabilitation in terms of
its permanency, with little understanding of the
need for maintenance.

I assume they’re pretty much for life. Like I don’t
think they’ll need much maintenance but 1 will
have sorts of regular visits to my dentist I assume
like my other teeth also implant won’t get decay
like teeth or infection.

Patients frequently expressed their anxiety
and uncertainty about their physical suitability
for implant placement and also their eligibility
for free implant treatment within the UK’s
National Health Service.

My actual dentist couldn't really set expectations
because he didn't know what the wait time was
with the dental hospital; didn't have an idea of how
long it would all take.

I’'m scared in case I'm not allowed them, or I
don’t qualify.

At the stage of implant placement surgery, the
main theme to emerge was patients’ overestima-
tion of problems at the time of the surgery itself,
which subsequently contributed to a relatively
favourable reflection on the actual experience
and perceived outcome.

Oh, 1 think I overestimated the surgery. Definitely a
lot easier than what you would think it was, plus, I
mean, I was knocked out. Well, I wasn't knocked
out, but, you know, you're not all there. The seda-
tion, yes, and it was really good.

However, one particular negative aspect of the
patient experience was the use of surgical drapes
during the implant placement procedure:

First they tried to cover my face I did not like it. I,
personally, have ‘claustrophobia’ and in fact um I
do have it quite badly. I just didn’t like the feeling
of feeling like I was trapped, I think that was prob-
ably my feeling at that time, when they and my eyes
were covered, so but other than that it was abso-
lutely fine.

Whilst the majority of patients reported
favourable experiences of surgery, in contrast,
patients experienced difficulty in the immediate
postsurgical healing period, and whilst partially
dentate patients could immediately perceive
the advantages of fixed retained temporary

restoration, patients with overdentures perceived
little/no immediate advantage.
I couldn’t believe the pain about an hour later. I, it
was very, very extreme in the jaw bone, you know.
I called into [pharmacist] for some painkillers and
they didn’t work anyway. But eventually it, it set-
tled down and, and my implants have been very
successful.

[ think for one week I could not wear my den-
tures after the surgery and I told my friends and
Sfamily don’t come to see me I could not face people
without my teeth may be that my just pride, also |
can’t eat I was eating only soft and soup.

Patients strongly believed in the long-term
success and permanency of their implant-retained
restoration; however, this belief was often associ-
ated with uncertain knowledge of the long-term
care and hygiene regime. Whilst short-term
enhancement of patients’ quality of life was
recounted, after a significant period of use, these
improvements seemed to be adversely affected
by longer term complications and the ongoing
maintenance needs of the implant restoration.

There was never enough room to clean up there,

because you couldn't get the floss up there. So I had

infection after infection, inflammation after inflam-
mation, and realised that I'd lost a lot of bone, a lot

of tissue, and that the threads were exposed on one

of the implants, It was something I accepted.

The connection, connection to them, they’re like

a press stud, um, it doesn’t, it does- they don’t, oh,

it seems to soon wear off after maybe about, I don’t

know how long you see, maybe about, is it a year or

it could be even a year and a half. I don’t know.

No studies have been found which investigate
patients’ quality of life after long periods of using
implant restoration involving maintenance or
failure experiences. This area should be the focus
of future research.

17.1.4 Quantitative Measures

Quantitative instruments or measures provide
largely numerical data that can subsequently be
analysed using statistical and mathematical tech-
niques to investigate observed phenomena.
Statistical analysis can provide reassurance as to
whether differences between study cohorts are
real or occur by chance and determine the size of
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an intervention effect. There are some notable
studies which have derived quantitative instru-
ments to examine the effect of treatments in
terms of patient-centred outcomes where the
quantitative instrument has been built using qual-
itative methodologies. Patient satisfaction indi-
ces for mandibular implant overdentures are a
notable example.

Specifically designed for edentulous individu-
als, the ‘patient satisfaction’ index developed by
researchers at McGill University uses visual ana-
logue scales anchored at either end by extremes
of response to quantify patients’ satisfaction with
various aspects of their mandibular prostheses.
Previous qualitative work identified a number of
themes that were important to patients in terms of
their satisfaction with their dental rehabilitation.
This tool has since been used in many studies that
compare pre- and post-rehabilitation with either
conventional dentures or implant-assisted man-
dibular overdentures. In turn this allows mean-
ingful comparison between studies.

Other quantitative instruments have been
designed on the basis of a theoretical model.
Perhaps the best known and most widely used in
this field is the Oral Health Impact Profile-49
(OHIP-49) which assesses seven conceptual
dimensions of ‘oral health’. The 49 questions
again incorporate the use of a Likert scale to
record the impact of a patient’s oral health on
their quality of life (Oral Health Impact); the
lower the score, the less the impact and the better
the patient’s quality of life. Since its inception
variations of the OHIP-49 have been developed
to allow a more focussed or specific assessment
of particular dimensions of oral health. Of rele-
vance to our discussion are the OHIP-20, OHIP-
14 and OHIP-EDENT which are all relevant to
the edentulous condition and its subsequent man-
agement with dentures.

There is a longer history of studies that have
used such quantitative patient-oriented outcomes
compared with those using qualitative outcomes,
and whilst the numbers remain relatively small,
this is now sufficient to begin to take strong mes-
sages from their outcomes. The first systematic
review undertaken identified seven randomised
controlled trials published between 1996 and

2006 comparing wearers of implant-supported
mandibular overdentures and complete maxillary
denture with conventional complete mandibular
and maxillary denture wearers. These studies
were reported in 18 papers [11]. A series of dif-
ferent instruments were used to assess the out-
comes in terms of both satisfaction and the impact
on quality of life. Their commonality was that
these instruments recorded the patient’s assess-
ment of their position before treatment and after
treatment allowing an assessment of the effect of
treatment on aspects of their satisfaction with the
prosthesis or the impact of the prosthesis on their
quality of life. The conclusion of the systematic
review was that patients are more satisfied with
implant-assisted mandibular overdentures than
conventional dentures and that patients’ oral
health-related quality of life can be significantly
improved using implant-supported mandibular
overdentures.

One major advantage of studies developing
quantitative data such as this is the opportunity to
collate studies of similar design to provide
increased power, by bringing various results
together in the form of a meta-analysis. Emami
and colleagues compared all randomised con-
trolled trials published in English or French up
until April 2007 [12]. The outcomes they consid-
ered were both patient satisfaction and oral and
general health-related quality of life. They identi-
fied seven RCTs discussed in ten publications
and were able to use eight of these in their meta-
analysis. Patients’ general satisfaction was mea-
sured using either a 100 mm visual analogue or a
Likert-type response scale. Of the six studies
they were able to combine for this, the pool effect
size was 0.80 and significantly (p = 0.0004)
favoured the implant group.

To look at the effect of the mandibular pros-
theses on oral health-related quality of life, only
the three studies using OHIP as the outcome were
included. The pooled effect size was —0.41 and
so was again consistent with a positive effect pro-
duced by the implant-supported overdenture
(with OHIP a larger positive number on the scor-
ing scale indicates a greater negative impact).
Interestingly within the meta-analysis paper, the
authors commented on the one study identified
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that used a measure to identify the impact of
treatment on perceived general health QoL. This
study used the SF-36 questionnaire but no differ-
ence was shown between groups for any of the
subscales [12]. The SF-36 is a general health
questionnaire, and it is unclear if there was really
no impact or if this impact could not be measured
for the reasons described previously whereby
changes may be masked by the other conditions
that the patient may have and their impact on the
patient’s general quality of life.

An updated meta-analysis undertaken by
Kodama et al. [13] was able to include 11 RCTs
which assessed the efficacy of implant-supported
mandibular overdentures. The analysis was lim-
ited to RCTs involving patients over the age of
18 years, wearing maxillary conventional den-
tures and either mandibular two implant-
supported overdentures or conventional dentures,
and included general satisfaction and general
health and/or oral health-related quality of life as
the primary outcome measures. Studies had to
include a follow-up period of at least 2 months.

Fifteen papers published since 1995 were
identified that met the inclusion criteria (of which
seven undertaken in Canada, three in the
Netherlands, two in the UK (and Republic of
Ireland), two in South America and one in North
America). Whilst not strictly, limited to geriatric
populations all studies contained individuals >65.
Recruitment of patients varied, but largely fell
into two different approaches: studies which
recruited patients referred to implant services
because of problems with conventional dentures
and those where patients were actively recruited
from the general population.

Nine studies considered patient satisfaction
and analysis demonstrated a pooled ES 0.87 in
favour of IOD. If the results are considered
with respect to the method of recruitment, the
ES was much greater in favour of IOD for those
patients referred with initial problems (ES 1.09)
compared to those studies who recruited from
general population (ES = 0.76). With respect to
oral health-related quality of life, 15 studies
used either OHIP-49 or 1 of its derivatives. The
15 studies included for analysis demonstrated a
combined ES of —0.66 (in favour of IODs).

When the analysis was restricted to studies with
participants recruited from the general popula-
tion, the ES was 0.71, compared to an ES of
0.72 seen in studies where patients were
referred due to previous problems with conven-
tional dentures. At this point it is important to
reflect that these studies have been based on
populations with age ranges that cover not just
the geriatric population but much younger
patients too.

There are very few studies which have tar-
geted the over 65-year-old patient; however, an
example would be the study by Awad and col-
leagues [14] and further reported by Heydecke
and colleagues in 2003 [15]. This study suggests
that the geriatric population enjoys similar posi-
tive outcomes in favour of implant-supported
prostheses as the younger cohort (35-65) reported
by the same group [14, 16].

17.1.5 Patients’ Expectations

The general population’s recognition of dental
implants, as a type of tooth replacement, is grow-
ing. For instance, in 2013, the percentage of
patients who were aware of dental implants was
77% in the USA, 72% in Austria and 96% in
Jordan [17]. Whilst multiple sources of informa-
tion may contribute to patients’ knowledge and
understanding of dental implants, previous stud-
ies indicate that the main sources of patient infor-
mation regarding dental implants in the UK,
Austria and Jordan are family and friends, with
reference to dentists only made when extra infor-
mation is needed [18].

Patients’ expectations of health care are an
important aspect of the human experience of any
treatment and as such can be crucial and decisive
in subsequently evaluating care provision. Thus
when attempting to model patient satisfaction,
their expectations are defined as one of the deter-
minants [19].

In the UK, patients’ expectations of implant-
retained prostheses have been reported as being
‘high’ [20], and patients’ belief in dental implants
seems to be undiminished with passing time and
potentially greater exposure [21]. Patients’
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anticipation of treatment outcomes has been con-
sidered unrealistic in some studies, with some in
particular identifying that patients perceive
implants as a panacea for all [22, 23]. Crucially
negative patient-based outcomes have been
observed when initial expectations are high, par-
ticularly in relation to the function and comfort of
overdentures with an adverse relation that was
between age and expectation of outcomes [24].

In light of these findings, it is clear that having
an understanding of all aspects of the patients’
lived experience of implant-assisted overden-
tures is becoming more important. From a medi-
colegal perspective, it is essential to provide
prospective patients with accurate information
thus enabling them to give truly informed con-
sent, particularly as we see increasingly high suc-
cess rates reported clinician-  or
technique-centred outcomes.

For whilst it is important for patients to know
that their implant has a 98% chance of surviving
for 5 years after placement, it is possibly even
more important for patients to understand the
likely effects of implant-assisted overdentures on
their quality of life and in particular the limita-
tions of the final rehabilitation and the long-term
maintenance and replacement implications as
reported by patients.

Moreover, in terms of improving the patient
experience and subsequently their satisfaction
with the outcome, studies reporting patient-
centred outcomes are best placed to counter unre-
alistic patient expectations.

using
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