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Abstract

Until recently age, particularly old age, was considered a contraindication to the placement of
dental implants:== However this was based largely on anecdotal dogma rather than empirical
information..Fhis review considers the biological, clinical and smmoomic implications

of implants'placed in the aged population. Aging has been shown to have an influence on the
biological aspects of soft and hard tissue wound healing and tissue remodelling, which may
influence the establishment and maintenasfamplantintegration However, information to

date indicates that age should not be an a priori contraindication for implamhetacnd

there is goodwevidence to indicate dental implants can be placed successhdlgloetly

with good-€linical and socioeconomic outcomes.

Biological Considerations for Dental Implant Treatment in the Elderly Patient

The ongoing biological success of implant therapy is based on long term stability of
both soft and hard tissue integration. The main biologioasiderations in treatirgjderly
patients with dental implants is tpessibility of compromised wound healing following
implant placement, as well as the effect of aginghe long term integrity of

osseointegration.

Osseointegration is a complpsocess thainvolves a cascade of evetitstoccur at
the tissuemplant interface. These involve clot formation and the initial adsorptiorrainse
components immediately following implant placement, an immune-inflammatory regponse

implant insertionthe migration and attachment of undifferentiated mesenchymal cells onto
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the implant surface, their proliferation and differentiation, the formation of extracellular

matrix, and finally its mineralization and maturation.ecBnt studies using a humanvvo

model have shown that inflammation, skeletogenesis, angiogenesis and neurogenesis are the
main biological processes that are involved in osseointegration {4@@8urrently, IxB/

NF«B, wat and"TGF/morphogenetic protein signalling are prominently regulated during the
osseointegration process.

Thesphysiological process of agiitgelf is alsohighly complex at the molecular,
cellular, andssystemic levels, and can affaetmultiple aspectsf wound healing associated
with surgicalimplant placememn There are no studies that specifically investigate differences
in the biological aspects @found healing around dental implants among patients of different
ages. However, the effect of aging on the healing of other soft and hard tissues has been
invesigated-elsewhere ithe body, such as the skin and periodontium, as well as long bone
fractures. Sinee'marnyf the wound healing biologicarocesses are common between
differentpartsof the body with similarities particularly evident in different boneating
scenario$9,58,67) we can look to this literature for insight into possible biological

mechanisms that may be compromised following implant placement.

In‘this'section of our review, the effect of aging on biological mechanismsnélkev

the soft and hard tissue wound healing proes

gssociated with dental implant insertion will
be assessed inthe context of the classically rezed stages of wound healing: 1)
Inflammatory fhaseand2) Newtissue formation3) Maturation and remodelling. A
summary of these mechanisms is presented in Table 1.

Early (Inflammatory) Stage of Wound Healing

Thetemporal soft and hard tissue wound healing events following implant placement
have beeninvestigat@d a dog model over a 12 week period (19,20jelms of soft tissue
morphogenesis-of the mucosal attachment to implantgglthe 4 days after transmucosal
implant placement, large numbers of neutrophils were shown to infiltrate andlel¢gea
coagulum present between the mucosa and the implamngedibrin network established a
primitive seal between the wound surface of the flap and the implant. Thegnstogi
epithelial proliferation were not observed until after 1 and 2 weeks of healing lathier
epithelium being established at thimeé. Similarly, in terms of bone formation and the
establishment of osseointegration, the preparation of a recipient site for a dental implant
results in blood vessel disruption and the ensuing blood clot fills the osteotemy sit
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Consequently, plateletse activated and release alpha granules into the-filohin

extracellular matrix, forming a hemostatic ‘blot clot’ that functions as a reservoir for
signalling molecules including chemoattractants for inflammatory cellsrdjeuls,

monocytes, and lympultytes appear consecutively, and their fibrinolytic activity enable them

to migrate intothe extracellular matrix of the blood ¢l®).

Inflammation is the critical aspect of early wound healing, and hencenp@tant to
note thatmflammationhasbeen shown to increasath aging(34,43). Aging is known to
promote thesrelease of inflammatory mediators from fibrobld€s7), and a prolonged
inflammatory phase may delay wound healing (5). In a distraction osteogenesis model, aged
mice had increaskcirculating serum levels afterleukin6 and tumor necrosis factarand
an associate@0% reduction in bone formation compared to young mice (128). The reduced
bone formationsin aged mice could be simulated in young mice treated by the use of the pro-
inflammatery-eytokingumor necrosis factea, and it could be reversed in old mice by the

inhibition eftumor necrosis factex signalling 28).

The.coneept that aging affects systemic inflammation is further supported by bone
fracture healingtudies using aged chimeric mice produced by ablating the bone nveithow
radiation andthen reconstitutimgth marrow from mice of differerage(134).This
approach produceaged chimeric miceniwhich tissue progenitor cells and osteoblastse
hostderived, but inflammatory cells in the callus were derived from younger mice. The
chimeric aged mice developed larger fracture calluses and had accelerated remodelling
compared to the control aged mice, indicating that the inflammatory cells from yocag
enhanced the bone regenerative processmsever, in young chimeric mice, the
transplantation of inflammatory cells from aged mice didimaibit the superiohealing
observed in these mi¢&34), suggestinthat although systemiaflammation and other
factors influence local stem cells, intrinsic differences in stem cell populations are an

important determinant of the reduced repair that occurs with aging.
New Tissue Formation (Proliferative Stage)

In terms, of soft tissue healirmyound implants, after 2 weeks of healing, fibroblasts
arethe dominating cell population in the connective tissue interface, but by 4 weeks, the
density of fibroblastsubstantially decreases as the connective tissue degmeture. After
6 - 8 weeks bhealing a mature barrier epithelium and fully organized collagen févers

present, and a fully functional soft tissue ssaistablishedZ0). Notally, in a gingival
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healing model, a significant delay in wouralerage by epithelial tissue has bedserved

in older rat426). In terms of bone formation to establish osseointegration, blood vessels
sprout into the blood clot forming ‘granulation tissue’, and mesenchymal progenitors
originating from the bone marrow enter the site, ultimately diftea#ng into osteoblasts.

The formationof woven bone by osteoblasts results in bone formation at the impldatenter
(20).

There-are two aspects of aging which potentially affect new tissuetfomaauring
the regenerative; phase of healing, namely changes in stem cell populationarages éh the
microenvironmentgrowth factorsextracellular matrixetc.) that alter the biological activity
of progenitor cells. Adult progenitaells are present in virtualbll tissues, and their primary
role is toregulate tissue homeostasis and regenergditem cell functions decline with age,
probably through alterations in sefinewal, differentiation potential, senesceacd the
arrest of preliferatiorf59). Depletion and/or senescence of progenitor ceisaasociated
with agerelated tissue degeneration as well as the reduced potential for regeneration
following injury (106,109). Rsearch in stem cell aging hasre recently focused on the role
of oxidative stress and impaired cellular antioxidaethanisms, modifications in the
systems that control the repair of damaged DNA, reduction of telomere lengthjgertkép
changes indueed by histone acetylation and methylation fi9hese events are affected by
many different celintrinsic and ck-extrinsic pathways that influence not only stem cell

function but also other cells present in ghem cellniche 73,95).

Mesenchymal progenitor cells are key to bone regeneration, with bone marrow
derived stromal cells) being the key population in the context of dental implant
osseointegration. It has been known for some time that the nomiesenchymal
progenitors withirbone marrowdecreasgwith age(21,38). Furthermore, it has been
reported.that cell proliferation, migration, and pluripoteacy significantly inhibited in stem
cells obtainedfrom aged periodontal ligament tissues compared with young individuals
(137). Similarly;'it has been shown that gingival fibroblasts derived from aged donors
displayed.areduction in cell proliferationmapared with ced obtained from younger donors
(26).

The diminished cell proliferation described in aged cellarigely mediated through
telomere shortening aritde DNA damage response. The function of telomeres is tasact
molecular clockthat keem record of cell replicatior6(Q). Telomere loss through multiple
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cell divisions results in critically short telomeres that result in a phenomenon known as
replicative senescence?). A defining aspect of cellular senescence is the inability of cells to
progress through the cell cycle. The loss of telomeres is detected as a type of DNA damage,
triggering the DNA damage response. A group of DNA damage kinaisesa( telangiectasia
mutatedataxiarand Radelated checkpoint kinase-1, armmtheckpoint kinas€ are the main
mediators/of the DNA damage response, which upon phosphorylation activate several cell
cycle proteins, including p53 (27). Phosphorylated p53 protein activates the expression of
p21, whichi binds to and inhibityclin-dependent kinassompkexes, ultimately altering the
proliferative.activity of cells49). Several markers and morphologic features characterize
senescent cells; includinige absence of the proliferative marker@, an increase in
senesceneessociated B-galactosidase actiyit and the expression of tumor suppressors and
cell cycle inhibitors (p16, ARF, p53, p21, p15, p27, and hypophosphorylated retinoblastoma
protein) ©4).

The importance of maintaining robust stem cell populations is demonstrateain mic
with telomerase ge deletion (109,110T.hese mice develop senescent stem cell populations
and have redueéd capacity for tissu@ntenance and regeneration (110). In bone, telomerase

gene deletion results in acceleratgping and reduced bone mass (109).

The role of aging on the cellular aspects of bone healing continues to be an active
field of investigation. For examplegcentlythe early periosteal progenitor cell response was
investigated in rigidly fixed murine proximal tibia osteotomiegh a more robust persteal
response observed in young compared with aged mice. Ad%hermore, the rate of
proliferationyexpression of cyclin D1, and the amount of matrix formed were sayntif
elevated inlyoung mice compared to aged mice.nhu@ne calvaria criticatlefect model
examiningthe role of wnt signalling ithe relative regenerative potentialb@ine marrow
derived’stromal cellsom young and aged mice, bone marrow griafsn aged mice resulted
in impairedbone healing associatedth reduced3-cateninsignalling whichwas restored
following Wnt3a/treatmen(81). These various studies suggest that aging results in intrinsic
differences in_the population of regenerative (progenitor) cells thas lihetcapacity for new
tissue femation which may be reversed by the delivery of deficient molecular cues to the

wound site.

Cumulative oxidative stress arpther factor thabhas been shown to induce cell

senescence and apoptddis,109,111). Bone healing in the elderly may be negatively
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impacted by a reduced capacity to neutralize reactive oxygen species of ttaagsphain.
Free radicals produced by the respiratory chain may cause oxidative damage to various
cellularcomponents thahayaffect cellular funagbn by cells of the osteogerlioeage

(55,76.

Aside.from the effect of aging on resident tissue cells, it has been shown that it may
alsohave anegative impacbn the growth factors present in serum. Indeed, upon exposure of
gingivaldfibreblasts to serum derived from young and middle-agedstgisrior cell
migration wassinduced by serum from the younger animals T26s isconsistentvith a
previous report that musclesiues from aged mice experie@cejuvenating procesvhen

theyareexposed to a young circulatory system (35).

In the context of the effect of aging on the local environment during bone healing, it
has been shown that intramuscular implantation of demineralaez hatrixcausedess
calcium and lowerdvels of alkaline phosphatasealder rabbits (122). Furthermore,
demineralized bone matrprepared from younger sources has been reported to be more
osteoinductive,than preparations from older animals, indicating a possible decrease in
morphogenetiproteirs and other growth factors (102). Indeed, inslikae-growth factor-1
and transforming growtfactor-p concentratios in bone have been showndecline with
age 09,113. The osteogenic capacity of subcutaneouslylanted recombinant
morphogenet protein2 in a ratmodelwas also negatively affected by increasing @$.
Theadministration oparathyroid hormone, prostaglandip, &r calcitrol (2,25
dihydroxycholecalciferojvas able to restordie bone inductive activity of bone morphogenetic
protein2 in aged rats/d). Overall, thesectopic implantatiostudies imply thathe local

environment contributes to age-related changes in bone formation.

Aging'may affect angiogenesis at several levels, including changes irothefon
or signaling associated wittascular endothelial growth factand fibroblast growth factor-2
(56,123). Another study showed that, as compared witkeek old mice, middiaged (6
months) and old;mice (18 months) exhibit a progressive decrease in the exprassions
hypoxiainducible factefla and matrix metalloproteaSeearly in fracture repair and have
reduced vascularization of fracture callus and decreased bone réigen8&. More
recently, the effect of aging on angiogenesis has been shown to occur in apsstie-

manner (11h

Tissue Maturation and Remodelling
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The longterm success of implant therapyéianton the maintenance of a soft tissue
seal around the implaras well as adequate bone suppappropriate maturation of the
wound and subsequent remodelling are essential in achieving these absaletgiisites for
clinical success, and hence an ustlrding of the effect of aging on tissue maturation and

remodellingristimportant.

Thetissueremodelling phasef the wound healing process is associated with a
changerirthecollagencomposition witim the wound. As the wound matuyé&gpe Il
collagen, whighsis the predominant matrix molecule fourgkramulation tissue, isgltimately
replaced by typ&collagen B7). 1t has been shown thabliagen 1A1 gene expressian
down regulatedh the agegeriodontal liganent(96). Furthermore, it has also been reported
that decreasetlansforming growth factop-signaling and consequent reduced levels of
connedie tissue growth factanay be responsible for tipgogressive loss of collagen in
aged skin 100):

It has beemlemonstratethat aging modifies gingival wound healing 26
Furthermoregonly young fibroblasts develop actin stress fibers and incorpamtsoth
muscle atin,into.these structuse Furthermore, aged fibroblasts had a reduced capacity to
remodel’3=dimensional collageratnces compared with young ce{%5). These results
suggest that aging affects the dynamics of the actin cytoskeleton and collagen zatagani

during wound healing, probably disturbing tissue homeostasis and function.

Collagenfibers are sigriicantly modified and reorganized during tisseeaodelling
with matrix.metalloproteinasmvolved in theremodellingof extracellular matrixcomponents
asnewly formed tisseis re-organized duringhe maturation stage gfngival wound healing
(101).Increased levels ahatrix metalloproteaseand tissuenhibitors ofmatrix
metalloproteasehave been identified in periodontal ligament cells from aged compared to
young donors (17). It has been suggethatitissueremodellingand maturation develogith
an increased level of proteolytic enzymes in aged subyelkish might negatively alter the
mechanical properties tie newly formed tissue (119). The effect of aging on apoptosis is
also worth considering becausetie final stages of theound-healing process, activated
fibroblasts, macrophages, and endothelial cells undergo apoptosis as an importarthstep i
wound maturation process (42). Since aging modifies apoptotic signalingt (t&s been
speculatedhat heremoval of cells fronthe rewly regeneratetissue is compromised in
older individuals (119
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Collagen igemodelledhrough phagocytosis duringound healing®). Collagen
phagocytosiss a complex process that irlves the initial degradation abllagen
macromolecules bgnatrix metalloproteasg the binding and internalizatiasf collagen
fragments by integrins, and their degradatiomtracellular pragolysosomal domains (114).
It has been'shown thetll aging was associated with an increase in collagen phagocytosis
(79). Given thataged periodontdigaments show a decreasecollagen content9), it has
been speculated that increased collagen phagocytosis may contribute to this altered

phenotype:

With regards to bone healing during osseointegration, immature woven bone is
remodellednto lamellar bone over time, in a process recapitulating intramembranous bone
formation (L9). Furthermore, successful osseointegration is reliant on adequate bone support
for the implant:te withstand masticatory forces over time, and thigitstabust be

consideredsinsthe context of a continually remodelling bone support over time.

The effect of aging on cellular and structural changes leads to an imbalance in bone
remodelling,80,76). Althougmot all elcerly patients are osteoporatitis gererally
accepted that if we livieng enough, we will become osteoporotic. Osteoporssie result
of progressive cataltic changesandit is generally accepted that thekrfor osteoporosis
increases with-ag@5,107. Changes found in skin collagen also occur in bone collagén
aging and may be a causal counterpart to loss of bone quality in senile ostsafdBpsin
addition,agerelated changs of nonealcified collagen irhuman cortical bonedve been
reported {32). Non-enzymatioglycaion-induced crodsks of collagen might also be a
reason for the reduced biomechanmalperties of aged bonas well asnfluencingboth

remodellingand bone regeneration (132,138

Preclinical animal trialsusually utilizing ovariectomized amals, have showithat
osteoporosis can have a negative impact on osseointegatinaasured by
histomorphometric outcomes such as bone-implant contact and bone volume (45,125).
Furthermore, the use of osteogenic surface modifications has been shown to improve
oss®integration in similar prelinical animal modelsg9). Nevertheless,ldnough some
clinical reports suggest that osteoporosis is afestor for implant failureJ), there is
limited evidence that osteoporosis may have detrimental effedisree healing during or
following osseointegration (50), and hence it is not possible to make any firm conclusions

regarding the effect of osteoporosis in dental implant therapy. Furthermore, it is unclear if
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any potential negativelinical effect can bevercome by the use of implants with a

microrough (Ra 1 2um) surface topography (2).

Clinical outcomes of implants in older patients

Implant outcomes are measured by survival and su¢t2ss he definition of these
terms has:changed over time. Success originally meant survival and this can make assessment
of implant outecemes difficult. Currently, survival is the physical presence afgblant in
the mouthj while success is the absence of complications. These complicatidres may
biological, teehnical and, more recently, aesthetic. Biological complications includdibty
periimplant mucositis, pedimplantitis and inflammation from excess cement. Screw
loosening sfracture or chipping of crowns or bridges and loss of retention are technical
complicationssAesthetic complications can be rated by both the clinician and,pien
include differing appearance to the contralateral natural tooth, recession of mucosal margin
and metal'of'the'implant showing. A summary of the clinical outcomes of aging on dental

implants is presented in Table 2.
Survival of Implants in the Elderly Patient

Dental implants have high lortgrm (10 years and longer) survival rates irrespective
of system, surface and type of restoration (13,14,25,32,124 Sidtultaneas grafting with
implant placement and aesthetic outcomes are similar in the elderly and younger patients
(12,22,72)..Many of these studies either have not reported on the age of the subjects or the
elderly areiin very small numbers. Both of these will kthg survival rates in patients over
65 years of age. There can be a high dropout rate among the elderly due to death, infirmity or
serious'illness‘that prevents them attending review appointm@tsnterestingly insome
reports implant surgery haséseundertaken with a high average age, such as 55 years with
few posteperative issueslP4).A regression analysis of the lotgym survival of 388
Straumann TPSimplants found that age it significantly elated to implant survival time
(13). Implant placement in the elderly is not mentioned to be an issue in terms of poor
wound healing or pogiperative complications. However, the elderly that attend dental
clinics for implant surgery are likely to be healthier and more able to look aftesé¢hees.

Few recent studies have focussed on elderly patients altos. papers reporting
outcomes in the elderly afis years and older, often using machined or titanium plasma
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sprayed surface implants, which are no longer used (24,53,70,91,112,120,136). In the short
term, 1 to 6 years, success rates in elderly patients were at least equal to younger patients
under 65 (40). The Toronto studies led by Zarb replttiatd.7% of implants were lost after

ten years in subjects aged between 65 and 33.(Data from the BranemarHigic
regardingrimplants placed in edentulous healthy elderly patients, aged 79 years aaid over
thetime of/placemenhave the samprognosis as younger patients (A0patient’s age was

not associated with increased surgmainplications and geriatric patients may not be poor

surgical candidated 20).
Risk Factors Affecting Implant Outcomes in the Elderly Patient

Traditional risk factors affecting implant outcomes are medical issues, such as
smoking and diabetes, previous periodontal disease, residual cement, lack of meenaerika
poor oral hygiene or inability to clean (4,104). These also apply to implants in the elderly
(33). The prevalence of peri-implant mucositis ranges from 19 to 65% ancp&mtitis 1
to 47% (4,8,41). Many studies include patients over 65 in their analysis and, as withl surviva

and successgage is either not mentioned or not a statistically significant factor.

From asmall retrospective study of 35 geriatric patients over 70 years of ages it
reported thatimplant therapy in patients with controlled systemic digeasender the care
of an appropriate physician, on appropriate medications and not deteriostimgy not be
considered particularly high rigk9). Interestingly smoking is not widelgported in the
literature looking at implant risk factors in the elderly. This may be ali@x numbers of
smokers. Type2 diabetes is increasing in prevalence and affects many elderly patients.
Glycaemic eontrol a#icts perimplant health with poorer control related to increased
bleeding and greater bone loss in patients aged 59 to 64 yeats \(&Esuggestdthat
control of‘periodontal disease is a key element in implant success. More regular recall, use of
chlorhexidine mouthwashes and poperative antibiotics may reduce the incidence of

complications.

Manyselderly patients have serious medical issues in addition to smoking and
diabetes, stich.as canegrdosteoporosis/osteopenia, and these can affectmingplacomes
(103). Head and neck cancers are more common in the elderly and can be treated with
radiotherapy 31). Radiotherapy decreases bone vascularity and vitalitg agcent
systematic review reported a significant increase in the risk of implant failure especially in
the maxilla 81). Osteoporosis and osteopenia are declines in bone volume and quality and
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are seen in poshenopausal women. These women may be considered at risk for tooth and
implant loss, although results are inconsistéi}. (After taking into account age, implant
position, implant surface, years in function, diabetes, plaque, smoking, pericdamdifperi-
implantbone status, Dvorak et al. (47) could find no relation between osteoporosis and peri-
implantitis. Bisphosphonates aszemmonly used in the management of osteoporosis and
inhibit osteoclast activity preventing bone resorption and turnover (7). This rpayim
osseointegration and there is a low risk of bisphosphoe&tted osteonecrosis of the jaws

with implant placementA recent metanalysis reported on almost 1300 patients with over
4500 implants and just under a third in patients taking oral bisphosphonates (7). The use of
bisphosphonates did reduce the survival and success rates of dental irkpjaysix

patierts (6:7%) were reported to have developed bisphosphoglated osteonecrosis of the

jaws which'lasted for 16 to 72 months. Implant placement does carry a risk in these .patients
Peri-implant-Mucositis and Peri-implantitis

Pertimplant mucositis is a reversible inflammation of the soft tissues around the
implant withredness, swelling and bleeding but no bone lossimma@entitis involves bone
loss around. an integrated fixture. The prevalence of peri-implant mucositis and peri
implantitis‘'varies between studies and depends on the criteria used (8). Many elderly patients
are often included in these reports. However, again age may not have been reported and the

numbers are often too low to be statistically significant.

Theprevalence rates of mucositis and pemplantitishavebeen reported to be
around 31% and 37% at the patient level and 38% and 23% and the implant level respectively
in a Belgian study (87). Subjects older than 65 years and those with a history ddmigrso
were mare likely:to experience mucositis or peplantitis. The association was stronger in
fully edentuloeus-patients, which is many elderly patients and often those repatied i
literature. There'was a correlation with rough surfaces andrpplant disease. Periodontitis
prevalencesncreases with ad®4) and will increase the risk of pamplantitis. The
incidence of\perimplant mucositis and penmplantitis can increase with increased function
time in the mouth (90). Whether this is due to the effect of ageing on the immune sydtem a

healing or length of exposure remains to be determined (40
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Maintenance of Dental Implants in the Elderly Patient

Regular annual maintenance reduces the incidence of biological complicatibns a
enrdment in a maintenance programnecessary to get the best survival and success rates
(32,36). This will. be difficult for those in aged care or hospitalstdurgirmity or serious
illness that prevents them attending review appointménesddition, therare few dentists

that undertake treatment in these facilitieg)

Plague accumulation around implants is related to mucod&j3@5) Implants ae
not always well cleaned by elderly patients because of impaired vision and lackenitgde
(93). Oralhygiene of elderly in ageclre homes can also be poor especially if the patient is
reliant on thestaff to provide their oral hygiebd,75). A study of oral health in nursing
homes has'shawn that less than tmned of residents cleaned their own teéwice a day, but
more than half once a day (63). Cihéd of residents had some assistance and those with
cognitive impairment, such a dementia, required help. When assistance was required onl
30% had their teeth cleaned once or twice a week. Educ¢hgrejderly is an answer, but
they may have.trouble with dexterity or holding the brush. Bigger brush handles or powered
brushes may‘help. In addition, those with cognitive impairment may not remember the
instructions‘and; irrespective of age, all oral hygiene advice needs contimiecteznent.
A solution is tereducate tregedcare staff, but there seems to be a lack of appropriate
education and most information comes from journals, books, AV media or in-housegtraini
by other staff (65). One-third didn’t receive any information at all. Additionaldyarare no
reinforcement, low priority, fear of causing pain and injury, a perception that cead@as
not provide significant benefits, issues with poor patient cooperation, too few staff and a lack
of time. There may also be a high rate of staff turnovex. [3% use of family members
seems to have been overlooked, but they may not be interested in looking after the resident,
live too farrawayior might not be able to afford oral hygiene products.

People with implantsvill become increasinglyommon in agedare facilities and
many of the staff may not know that inhabitants have dental implantdt(&s been
suggestdthatconsideration should be given to the cleansability of implant restorations and
that removable restorations should be favoured for ease of cleaning. Therloreffects of
poor oral hygiene on implant survival in the elderly remains to be determirstadyAof 35
edentulous patients restored with a mix of fixed and removable full arch testsyhas

reported that roughly two thirds had poor oral hygiene and slightly fes¢tnoderate to
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severe inflammatio66). Those who could provide their own daily oral hygiene had better
oral hygiene and more inflammation. However, good function was maintained in the majority
of the patients and the authors recommended this choice of treatment in elderly patients.
Elderly patients with implarsupported overdentuseavere highly satisfied with their
treatment{8)=The dentures were easier and quicker to clean than fixed restorations,
suggesting that implametained dentures may be the preferred choice in the edentulous
elderly ratherthan fixed restorations. The data for single implant retaioeds or fixed

bridges dasnot exist to any great extent.

Pertimplant mucositis responds well to treatmétgriimplantitiscan alsaespond
well to management. However, in a recent revitemasnoted that in the treatmeaof pert
implantitis, although many shotérm outcomes arfavorable theremaybe a lack of disease
resolution and-further progression, recurrence of the disease and implant logshé&lpnden
suggestedithat-where there bhi@ogical complicationsthe superstructure or denture

attachment could be removed and the implant buried (126).

In summary, treatment of patients over 65 with implants can be considereshdafe
predictable;, Patients’ ageer saloes not appear to present a risk factor in implant survival
and suceess:"However, poor general health can reduce implant outcomes. Poor oralshygiene i
an issue in the-elderly and is related to peri-implant inflammation. Regulatemance is

important,but difficult for many elderly to attend due to infirmity or serious illness.

Sodological Considerations of Implants for the Aged Patient

Social considerations of dental implant treatment for the aged patient shodltferot
considerably.from those for any patient. It is recognized that provision of dentahts\d
complex andrequires good communication with the patiemiriomize misunderstandings

with regardstestreatment outcomes, complications and commitment to ongoengica
summary.efociological considerations for dental implants in the aged patient is presented in
Table 3.

Changing Demographics
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The prevalence of edentulism has been monitored for decades in many countries with
most developed countries demonstrating a substantiahdacledentulism in recent times
(37,63,92.117,121,133). Even though there is a clear decline in the number of missing teeth
in older patients it is predicted that there will continue to be a need for replacement
treatments wellinto the futur&4). Thesedecliningratesof edentulismandincreasing
numbersofinaturalteeth in the aging population have been describe@mtsstryachieving
an advers&onsequencef success’{1). Thus, as more teeth are retained into older age
moreteethbecomeatrisk of developingdentalcariesand periodontadliseasesAs a
consequence there is now a trend towards q@eeplewith moreteeth having greater

requirements for dental care and this is leading tio@eased burdeon the healthsystem

Theimpact of missing teeth, due to issues with appearance and function, igdr&porte
most commonly. affect psychological and social taeithg 89). Historically missing teeth
have been‘replaced with dentures, but today many people regard dentures poorly and find the
thought of wearing dentures disturbing (62). With the advent of implant supported or
retained dental prostheses has come a significant change in treatment strategies for
edentulous patients. Perhaps the two most significant advances in this field have been the
ability to.provide improved stability for complete denture wearers, and for thallyar

edentulous, improved esthetics and function (1

Patient Satisfaction & Expectations with Implant Retained/Supported Dentures for the
fully edentulous patient

Many studies have reported that the general satisfaction rate of edentulous patients
with complete dentures ranges betweer®98% (18,29. Nonetheless, there are individuals
who, for a variety of reasons, are unable to adapt or tolerate full dentures. Unébytunat
ability topredict'who these patients will be is very unreliaB&.( While various soft and
hard tissue"augmentation procedures have been developed to provide a better foundation for
complete dentures, they do not always improve themtsdtability to control and manage
their dentures in a comfortable and functional way. However impédained dentures have
improved these, adverse outcomes and in doing so improved the quality of life for those
patients who cannot tolerate completatdees. More recently a systematic review
concluded that implant supported dentures resultédyimpatient satisfaction with regard to
denture comfort,mproved chewing efficiency andcrease maximum bite forcbowever an

improvement in general quality of life was not always notedl. (23
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Patient Satisfaction & Expectations with Implant treatment for Partially Edentulous
Patients

Once all of the teeth have been lost the only replacement option is full dentures.
Whether these will be implant retained or not will depend on functional, financial and clinical
parameters..Even though the incidence of full edentulousness is declining thenéasre
that there Is still a significant proportion of the aging population who will haveda(aed

demand) for complete denture services.

Therissues facing partially edentulous individuals differ from those for fully
edentulous patients. For individuals with missing teeth the issues comdrtdmmare
largely related to elsetics and function. While many people with missing teeth replace them
with removable partial dentures this option is becoming less acceptabienekie aging
population. A recent study investigating the motivation and expectations of partially
edentulousgpatients seeking an implant solution found that an overriding driving fore& to se
such treatment.was to return to “normality'hat is, they sought implant treatment as a
means to.return their quality of life to a normal stafi4gy.( Following treatment a common
finding was that the subjects felt the replaced teeth felt like natural teeth and had restored
their lost function and or esthetics. Due to the limited sample size it was concluded that
further studies were needed to determine the expectations of patients aesl ealbge of
ages and socioeconomic background to enable a better understanding of patients’ attitudes

and beliefs towards implants prior to undertaking such treatment.

Economic Issues

Apart from the clinical judgment and technical competence of the clinictasdong
implant treatment, the patient should be presented with enough information to urtti#sta
costs, benefits and potential complications of such treatment. Many oftieedifficult to
quantifyrand interpret, but they are of considerable importance to aged patients. ti@ne of
most significant of these issues for the patiefihencial constraintwhich can preclude
many from undertaking such treatment. However, interestingly, a study that cethsve
obstacle and offered mandibular overdenture implant treatment at no cosedepat 36%

of the participants did not accept the offe29). Those who refused treatment cited fear of
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implant surgery and satisfactionth their current complete dentures as reasons for their
decision. From this it would sedimatcost is not always an overriding issue in the decision

making process of whether to proceed with implant related treatment.

Nonetheless, dental implant treent is generally considered by most patients to be
an expensivertreatment option. In this context it must be notengblaints are often placed
where more,conservative, simpler, faster and less costly traditiohaldaes involving far
less risk'would benefit the patient to a far greater dg@@eThus, although other less
expensivetreatment options to implants exist, the esthetic, functional andreahbenefits

gained from dental implant treatment can be signifiabeit difficult to measure.

The financial aspect of implant treatment is often overlooked in reviews congideri
implant treatment with the major focus being on site assessment, patient fitness for treatment
and a willingness and ability to undergo tbgquired surgical and restorative procedures.
However, another very important aspect to patient management and successfehtreatm
outcomesisreonsideration of the future comfastwell asunctional and aesthetic benefits in
relation to/the associatdreatment cost€learly, any implant treatment plan needs to take
into account the costs of not only the initial capital outlay (involving professiorsl fee
laboratoryfees and implant component costs), but also future maintenance ancbstpair

and any_other potential hidden costs of the service (82,84)86,97

Thus a patient needs sufficient information to be able to evaluate the cost/benefit of
the proposed treatment. This should include an appraisal of the financial obligatiens, t
commitment, opportunity for improved quality of life, discomfort and inconvenience as well
as long term_maintenance costs. These must be considered both individually atidedgllec
prior to commencement tfeatment. If the patient perceives the costs involved@gtwthe
expected,Value.and outcomes of the treatment they are likely to question whetbeeéal pr
On the other*hand, if they believe the costs are justified, then treatment is likely to proceed

and they aresmore likely to appreciate the treatmeniged\yl31).

To'date there have been few studies evaluating the cost/benefit or health economic
outcomes of dental implant treatments. Most have considered single tooth implant
replacement versus traditional fixed three unit fixed dental prosthesis and atmesave
considered such issues in the aged or aging patient. Typical findings are tleatositigl

replacement with an implant is a cost effective treatment compared to the traditional fixed
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bridge and that for the replacement of multiple teethad@mplants are associated with
higher costs but better health outcomes than other traditional (fixed or remdoainie of

multiple tooth replacemen127,139).

Initial studies investigating cost benefit outcomes of implant treatments hede us
visual analeguscales and patient satisfaction questionnair@g) (In addition to these it has
been suggested that quality of life benefits should also be consideyebhiied studies
investigating how implants impact on quality of life used various faritise Oral Health
Impact Profile'118). Recently such instruments have been refined ar@ulaéity of Life
with ImplantProstheses' questionnaire for assessing the impact of cemented implant
prostheses.on.oral healtblated quality of life has been ddoped (98). This new
guestionnaire allows for patient satisfaction, patiesit-beingand patienguality of life to

be assessed.

Thisitype“of approach has been extended;hich patient preference for implant
treatments-before and after treatment was recorded using visual analoguel 86aleBhis
was followed with some further sophisticated modeling including quality-adjtst¢h years
(an assessment of the typerektoration and its effect on adjacent teeth) and then using a
stochastic'eestffectiveness model the expected costsqradity-adjusted tooth yeaksere
analyzed.From these analyses it was concluded that while both implant supported single
crowns and fixed dental prostheses resulted in good long term clinical resuftshé
patients’ perspective, the lower costs associated with the single tooth implant option resulted

in this treatment being preferred over the traditional fixed dental prosthésis.op

Most recently, a systematic review attempting to determine the degree to which cost
of prosthodontics care is considered in relation to good clinical outcomes condlatled t
measures'of.cost benefit, cost effectiveness and cost utility are commonly used to address
these issued):" However it was noted that such measures are difficult to do and that further
collaboratienswith experts in health economics is needed to fully understand thgsexco

interrelationships.
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Table 1

Summary of Biological Considerations of Aging for Dental Implants

Early (Inflammatory) Stage of Wound
Healing

Aging promotes the release of inflammatory mediators raguiti a prolonged
inflammatory phase which may delay soft tissue wound healirgpdds
healing is also affected by age and appears to progress atea site tharn

younger individuals.

Referencess, 128, 134

New Tissue Formation (Proliferative Stage)

Aging affects new tissue formation during the regenerative pifasealing by
changes in stem cell populations and changes in the microenvirorgtemt
cell numbers and functions decline with age reducing the potential for
regeneration following injury. Bninished cell proliferation described in aged
cells is largely mediated through telomere shortening and the DNA damage
response. Bone healing in the elderlg also negatively impacted. Aging also
affects angiogenesis through changes in the production orlsigredsociated
with many growth factors.

References27, 49, 55, 56, 59, 60, 76,
106,109 115, 123

Tissue Maturation and Remodelling

Long-term sucess of implant therapy is reliant on the maintenance of a sof|
tissue seal around the implant, as well as adequate bonetsuppor Aging
modifies a number of important processes associated with tissueation
including gingival wound healing, cell actiyjtlevels ofmatrix
metalloproteaseand tissue inhibitors ofiatrix metalloprotease apoptosis and

collagen turnover. Aging also results in an imbalance in bemedelling.

Referencesl?, 26, 30, 42, 52, 76, 79,
96,119
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Table 2

Summary of Clinical Outcomes of Aging on Dental Implants

Survival ofimplants in the Elderly Patient

Over the short term (1 to 6 years), success rates in efulignts (65 years and oldg
appear to be similar to younger patients A patient’'s age atasssociated with
increased surgical complications and geriatric patients may madresurgical

candidates.

References24, 40,53,
70,91,112,120,136.

Peri-implant Mucositis and Peri-implantitis

The prevalence of pefinplant mucositis and peininplantitis varies between studies
and depends on the criteria used. The association efg@ent mucositis and peri
implantitis appears to be stronger in fully edemiigl patients, which is mainly eldyer
patients. There was a correlation with rough surfaces andingglant disease. Factor
associated with pefimplant mucositis and peninplantitis are long standing pre

existing periodontitis and increased function time in the mouth

References4, 8, 40, 41,
87, 90, 104
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Risk Factors affecting Implant outcomes in the Elderly | Many elderly patients have serious medical issues in additismoking and References?, 31, 33, 47,
Patient diabetes, such as cancer and osteoporosis/osteopenia, anchthe$fect implant 51,79, 103
outoomes.Associded treatments such as radiotherapy and medications such as

bisphosphonates can increase the risk of implant failure.

Maintenance of Dental Implants in the Elderly Patient | Regular annual maintenance nizgydifficult for those in aged care or hospitale do | References39, 63, 64,
infirmity, serious illness that prevents them adiegy review appointmentnd 65, 75, 93
relianceon the staff to provide their oral hygierigducation of both the elderly and

their carers will be essential to maintaining deitgilant health this group.

Table 3

Summary of Sociological Considerations for Dental Implants in the Aged Patient

Changing Demographics Despite a substantial decline in edentulism inmetimes it is predicted that Referencesl, 37,54, 63,
there will continue to be a need for replacemegdttnents well into the future. | 92,117,121,133
This trend towards oldgreoplewith moreteeth having greater requirements for

dental care is leading to &creased burdeon the healthsystemWith the
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advent of implant supported or retained dental prostheses has smnédieant
change in treatment strategies for edentulous patients. Imptamtgrovide an
opportunity for improved stability for complete denture wearersf@mnithe

partially edentulous, improved esthetics and function.

Patient Satistaction & Expectations with Implant Implantretained dentures have improved comfort and function for thosfsa| References23
Retained/Supported Dentures for the fully edentulous | who cannot tolerate complete dentures. As a result implant segmtentures
patient are associated withigh patient satisfaction but an associated improvement in
general gality of life is not always noted.
Patient Satisfaction & Expectations with Implant The motivation and expectations of partially edentulous patieekingean Referencesh4

treatment for Partially Edentulous Patients

implant solution are a desiretieturn to “normality”. Although subjects have
reported that implants felt like natural teeth &ad restored their lost function
and or esthetics further studies are needed to determine the émpsatht
patients over a broad range of ages and soaimedic background to enable a
better understanding of patients’ attitudes angfsetowards implants prior to

undertaking such treatment.

Economic Issues

Patients should be presented with enough information to undgthosts,
benefits and potential complications of implanatneent.Cost benefit, cost
effectiveness and cost utility are commonly used to address tssues (11). T|
date there have been few studies evaluating the cost/benadfialtin economic
outcomes of dental implant treatments in the aged or aging p&asttbenefit

outcomes of implant treatments should inclgdality of life benefits.

Referencesll, 46, 8284,
86, 97, 98118, 131, 139
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