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ABSTRACT

Background: Systemicdiseases may impact osseointegration of dental implants. Osteoporosis has become one
of the concerningdiseasessince its prevalence reached 18.3% in the world and 10.3%in Indonesia. Itis character-
ized by the decrease in bone thickness, alteration of trabecular structures, and increase in ratio of carbonate and
phosphate, making the bone more fragile and prone to fracture. Consequently, the issue ofbone quantity and qua-
lity will have a greatimpact on dental implant survival rate. Objectives: To know the effect of osteoporosis on survi-
valrate and osseointegration of dentalimplants. Conclusion: Dentists should be more cautious if patients receiving
dental implant treatment have a bone mineral density score of -2.5<T-Score<-1and an estrogen deficiency, be-
cause bothare directly related to osteoporosis. Consumption of bisphosphonates should also be asked because it
could cause osteonecrosis ofthe jaw. Most studies show no significantdifferences between survivalrate ofimplants
placed onosteoporotic patients and healthy patients after ashorttime period, 0-1 year. However, most studies show

significant differences after a long time period, 5-7 years, so evaluation of implants is recommended.
Keywords: survival rate, osseointegration, dental implants, osteoporosis

INTRODUCTION

Overtime, dentalimplanttreatmentreplacing
singletoothloss to edentulousjawhasbecome po-
pular. One of the keys to success of dental im-
plantsis osseointegration. Patients oftencomewith
specific medical conditions or the consumption of
certaindrugs that can affect the osseointegration
ofdentalimplants. Severaldiseases such asdiabe-
tesmellitus, cardiovasculardisease, hypothyroid-
ism,rheumatoid arthritis and osteoporosis may af-
fectthe osseointegration of dentalimplants.! There
are 86 studiesintotalbeingassessedforthe preva-
lence of osteoporosis worldwide. From 86 studies
withatotalof103,334,579 samplesranginginage
from 15-105years,the prevalence of osteoporosis
inthe worldwas 18.3%.2In Indonesia, osteoporo-
sis needs to be concerned because it has a pre-
valence of 10.3%, which means that 2 out of 5 In-
donesians are at risk for osteoporosis.® Osteopo-
rosisischaracterized by adecrease in bone thick-
ness,changesintrabecularbone structureandin-
crease in the ratio of carbonate to phosphate so
that the bone becomes susceptible to fracture.*

Based onthe World Health Organization, the
diagnosis of osteoporosisis established based on
thevalue of bone mineral density (BMD)-2,5<T-
score <-1.0.°Osteoporosisis classified into prima-
ry and secondary osteoporaosis, type | primary o0s-
teoporosisiscloselyrelated to low levels of estro-
trogeninpostmenopausalwomen. The decrease
inestrogenlevelsinwomenoccursabout2-3years
before enteringthe menopause phase andwillcon-

tinue for 3-4 years after entering the menopausal
phase.SEstrogenisessentialforbone metabolism;
deficiency ofthe hormone causes inhibition of os-
teoclastcell apoptosis, resultingin bone loss until
fracture.’

Tooth loss can lead to reduced quality of life
for a person because it causes problems in mas-
tication and aesthetics. One of the treatments to
replace missing teeth is dental implants. Adental
implant is a form of metal screw that is implanted
in the jawbone to support a crown, partial or full
dentureorprosthesis.8 The choice of dentalimplant
treatment has now drastically increased due to
osseointegration ability ofimplantstobone, sothe
success rate is high and the risk of complications
is low.2Calculation of the success or survival rate
oftheimplantisbasedon4clinical categories which
contain conditions of success, satisfactory survi-
val,compromised survival,and failure. Animplant
is said to have failed if it had to or had been re-
moved.°

Successofdentalimplanttreatment is highly
dependent on osseointegration. Failure of bone
osseointegration with dentalimplants occurswhen
bone decreases in mass anddensity.1: The estro-
trogendeficiency causestype-1primary osteopo-
rosis (post-menopausal osteoporosis) resultingin
adecrease inbone mass by 2-5% per year and a
decrease in trabecular bone density by 50% and
corticalbone by 35%.'?>Therefore, osteoporosis is
considered to be one of the risk factors for dental
implanttreatment.!' This study aims tofurtherana-
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lyze osteoporosisas arisk factor for dentalimplant
treatment and its effect on survival rate.

LITERATURE STUDIES
Osteoporosis

Osteoporosis is a multifactorial disease that
interferes with the bones, including maxilla and
mandible, characterized by the decreased bone
strength and increased risk of bone fracture. Os-
teoporosis risk factors are genetic, intrinsic, exo-
genous and lifestyle that influence each other.:®
Osteoporosis’ particular features are a decrease
inbone densityandbone quality. The disease cau-
ses the decrease in bone thickness, mineral level
of the bone, changes in trabecular structure, and
an increase in ratio of carbonate to phosphate so
that the bone becomes susceptible to fracture.
This greatly affects the treatment in prosthodon-
tics which requires good bone quality.*

Classification of osteoporosis

Based on the cause of the disease, osteo-
porosis is classified into primary and secondary.
Primary osteoporosis is divided into two types.
Type 1, called postmenopausal osteoporosis, is
associated with low levels of estrogen. The de-
creaseinestrogen levelsinwomendoesnotoccur
during the menopausal phase,butabout2-3years
before entering the menopausal phase and will
continue to be persistent until 3-4 years after the
menopause. Type-2 is osteoporosis associated
with old age, calcium and vitamin D levels in the
bones. Individuals over 70 years ofage have twice
the risk of osteoporosis than people with type-1
osteoporosis. The cause of secondary osteoporo-
sisarediseasessuchasEhler-Danlos syndrome,
hyperthyroidism, hypothyroidism, Cushing’s syn-
drome, result of a surgery, ortakingdrugsthat ac-
celerate bone loss.®

Pathophysiology of osteoporosis
Homeostasis of human bone is maintained
by the presence of three main cells that play a
role in bone remodeling, namely osteocytes, os-
teoblasts and osteoclasts. The process of bone
remodeling can repair bone damage, maintain
bone structure and homeostasis of calcium and
phosphate, which are importantminerals in bone.
To maintain its strength, bone needs to hold re-
sorption and new bone formation continuously.*
In osteoporosis, the process does not run nor-
mally. The number of osteoprotegerin (OPG) re-
ceptors decreased so that they could not bind to
the receptor activator of nuclear ofkappa-B ligand

(RANKL) optimally, as a result there was no inhi-
bition of osteoclast differentiation and decreased
osteoclastapoptotic activity. Increased osteoclast
activity causes animbalancein the function of os-
teoblasts-osteoclasts, resulting in a decrease in
bone mass leading to bone loss.®

Bone mineral density

The BMD is avalue obtained fromthe amount
of inorganic minerals in bone. The BMD value is
influenced by severalfactors, namely age, gender,
disease, genetics, and lifestyle.’> Determination of
the diagnosis of osteoporosis is by looking at the
BMDvalue. The normal BMD-value of adult hum-
anisT-Score>-1.Whereas osteoporosis patients
have an average BMD value of -2,5<T-Score <
-1.0.°BMD is one of the important risk factors for
bonefracturesin osteoporaosis patients. The lower
the T-Scorevalue thatdeterminesthe BMD value,
the greatertherisk ofa person’s bone fractures.*®

Estrogen deficiency

Estrogendeficiencyis associated with prima-
ry osteoporosistype-1or postmenopausal osteo-
porosis. Estrogenhas animportantrolein the ma-
turation, mineralization and maintaining the bone
mass.t” Estrogendeficiency accelerates boneloss
by stimulating the formation of inflammatory cyto-
tokines that act as osteoclast regulators, such as
IL-1,IL-2,IL-6 and prostaglandin-E (PGE).* When
estrogen levels in the blood fall below normal,
whathappensis an increase in osteoclast forma-
tion causing excessive bone resorption. Low es-
trogen also inhibits osteoclast cell apoptosis and
whenallofthem occur together, itwill cause bone
loss and eventually fracture.” The importance of
estrogen to bone was proven in a study conduct-
ed by Hendrijanti et al*?thatdecrease in estrogen
levelsin osteoporosis patients causes a decrease
inthe bone mass by 2-5% per year and adecrea-
sein trabecular bone density by 50% and in corti-
ticalbone mass by 35%. Estrogen deficiencywith
aging can interfere with bone formation processes
involving oxidative stress mechanisms.’

Aging

Older people are atgreaterrisk of osteoporo-
rosis. Entering the fourth decade of life, humans
will begin to experience a progressive decline in
BMDvalues. Theriskofbone fracturewillincrease
starting fromthe ninth decade of life and beyond.*®
When osteoporosis patients will undergo implant
treatment,ageis important to determine the prog-
nosis of successful installation. The elderly pati-
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entstendto have systemic health problems, have
poorbone conditionsandtheirhealingabilitiesare
not as good as when they were young.'*

Osteoporosis manifestation in the oral cavity

Osteoporosis canmanifestin bones through-
out the body, including the maxilla and mandible.
The manifestationsinclude decreased cementum
vascularity, alveolar ridge, jaw bone mass and
density and bone metabolic capacity as well as
changesinthe stomatognathic system due to the
patient’s low BMD, increased maxillary and man-
dibular porosity, periodontal tissue changes, and
increased the trabecular bone spacing. In addi-
tion, the temporomandibularjoint also undergoes
changes, in particular, reabsorption inthe condyle
area.Radiographicexaminationisimportantto see
the manifestations of osteoporosis in the oral ca-
vity, the commonly used is panoramic radiogra-

phy.19

Bisphosphonate therapy in the osteoporotic
patients

Osteoporosis patients often receive bispho-
sphonate over therapy. Intravenous administra-
tion of bisphosphonate causes the patient to de-
velop osteonecrosis of the jaw. The bisphospho-
nateswillaccumulate at the site of bone remodel-
ing centers that interfere with the bone replace-
mentprocess, cause surgical traumato the alveo-
veolar bone, increase postoperative drug accu-
mulation, and increase the risk of peri-implantitis
becausethe bisphosphonates reduce peri-implant
bone resistance to oralbacteria.'* Osteonecrosis
ofthe jawbecause ofbisphosphonatesis referred
to as Bisphosphonate (BP)-related osteonecrosis
of the jaw (BRONJ). Zoledronic acid in the bis-
phosphonates makes patients feel pain. BRONJ
manifests as necrotic bone in the maxillaor man-
dible. Its conditions can be exacerbated by infec-
tion with the actinomyces. For that, oral hygiene
osteonecrosis patients must be maintained to re-
duce pathogenic bacteria.?®

Implant treatment in prosthodontics among
patients with osteonecrosis need special atten-
tion. Meanwhile, the survival rate of implant pla-
cement in osteonecrosis patients within a period
of 1-4 years is still 100%. Siebert, et al showed
from 120 implants placed in the mandibular inter-
foraminal areain the group of osteoporosis patients
who received bisphosphonate therapy everyyear
and non-osteoporosis patientswhodid notreceive
bisphosphonate therapy results in no significant
difference, noimplantmobilitywas found andthere

was nodifference inthe mean marginal bone loss
and crestalbone lossin both groups of study sub-
jects.?°

Dental implants

Tooth loss is a problem that humans always
haveto face. During the era when food was mini-
mally processed, tooth loss would make the mas-
ticationand chewing processesless effective, en-
dangering the human survival. However, in this
modern era, survival is no longer a problem, due
to advancements in food processing. Now, aes-
thetic factors and the ability to enjoy various food
textures are the important reasons to replace lost
teeth.?

One of the ways of replacing the lost teeth is
throughdental implants. Dental implantis a metal
screwplacedinthe jawbonethrough surgical pro-
cedures, and acts as a replacement for lost root.
Dentalimplants can support single tooth replace-
ment as crowns, fixed partial or full dentures or
maxillofacial prosthetics.® A dental implant has 3
maincomponentswhichare 1)implantbody,inser-
ted into the bone, 2) abutment, on top of implant
body, 3) superstructure or denture. High success
rate and low risk of complications have made den-
talimplants frequently chosento repairaesthetics
and mastication processes of a patient.?%°

Indicationsand contraindications ofthedental
implants

Indications for dental implants are 1) repla-
cingasingletooth, 2) distalextensionbase, 3)com-
pletelyedentulous state,4)longedentulous spans,
5)whenafixed partialdentureis compromised due
to weak support, long edentulous spans, cantile-
ver,and unfavorable numberand location of abut-
ments, 6) when full denture is compromised by
poor muscle coordination, low mucosaltolerance,
compromised supporting tissues, parafunctional
habits thataffectdenture stability, unrealistic pros-
thodontic expectations, hyperactive gagreflex,and
patient’s requirement for fixed dentures and psy-
chologicalinability towear removable dentures.??

Contraindications for dental implants are di-
vided into two categories, absolute and relative.
Absolute contraindications are 1) high dose irra-
diated patients, 2) hematologic systemicdisorders,
3) psychiatric problems, such as psychosis and
dismorphophobia, 4) surgical contraindications
dueto systemic conditions. Relative contraindica-
cationsare 1) low dose irradiated patients, 2) dia-
betes, 3) smoking, alcohol consumptionanddrug
abuse,4) childrenupto 18yearsold (untiljawbone
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growth has stopped), 5) pregnancy.??

Survival rate of dental implants

On the 5th Octoberof2007,aPisa, Italy Con-
sensus Conference sponsored by International
Congress of Oral Implantologists (ICOI), modified
James-Misch Health Scale and agreed on four
clinical categories. They consistofsuccess, satis-
factory survival,compromisedsurvival,andfailure.
Success category describes implant in optimal
condition, survival category describes a function-
ing implant but not in ideal condition, and failure
category describesimplantsthat must be or have
been removed.°

Table 1 Health scale for dental implants.*°

Implant Quality Scale
Group Clinical Conditions

iccess (optimum health)

Il. Satisfactory surviva

DISCUSSION
Effect of osteoporosis on the dental implant
survival rate

Humanbone metabolism goesthrough a ba-
lance between bone formation and bone resorp-
tion that occurs throughout life. If at any time this
process is disturbed until an imbalance occurs,
for example, systemic skeletal disorders such as
osteoporosis, later the bones will become more
brittle, lose strength (decreased bone mass) and
are atrisk of fracture. The balance of this process
is also very closely related to the estrogen hor-
mone. In general,adeficitof estrogen can disrupt
the balance ofbone metabolism,increasing osteo-
clastogenesis so that the formation process de-
creases and is dominated by the bone resorption
process, makingbone mass and quality decreases
andisatrisk forfracture, this condition is often the
cause of patients with primary type-1 osteoporosis
orwhatis often called osteoporosis postmenopau-
sal.?®

Although studies have shown association of
osteoporosis with smallimplant failure, bone qua-

lity still plays amajor role as abenchmark for good
implanttreatmentoutcomes. So, in systemic con-
ditions where there is a decrease in bone quality
and quantity, suchas osteoporosis,needto be con-
sidered before implant treatment in patients. To
helpdentists diagnose osteoporosis as arisk factor
for implant treatment, the WHO has determined
the criteria for the diagnosis of osteoporosis pa-
tients based on the value of BMD which is-2.5<
T-Score < -1.0. In addition, female patients who
have entered the menopause phase should also
be suspected of having osteoporosis due to estro-
gen deficiency. Ifa patientundergoing the implant
treatment has osteoporosis, the survival rate of
the dental implants needs to be reviewed before
treatment.”2324

Severalscientificarticles provide information
onthe survival rate of implant treatment in osteo-
porosis patients both in the short and long term.
Merheb, et al®® proved that of 160 dental implants
placedinosteoporosis patients and after beingfol-
lowed up for 3 months, none failed, so the survival
rate of the osteoporosis group was 100% not sig-
nificantly different from the control group (healthy
patients). Likewise, Temmerman, et al*® conduc-
tedastudy of installing 148 dental implants in os-
teoporosis patients and only 12 failed after being
followed up for one year so that the survival rate
was 98.4% at the implant level and 97.9% at the
subject level. However, research by Holahan, et
al’®who installed 168 implants, after being follow-
edup for a period of 5-10 years, only 26 implants
failed, sothe average survivalrate was only 82.6%,
much lower than the control group. Niedermaier,
et al*’ installed 34 implants in osteoporosis pa-
tientsand after 7 years of observation, only 2 of 34
dentalimplants failed, resulting inasurvival rate of
94.1%lowerthanthe controlgroup. Temmerman,
etal® also showed the results of a comparison of
survival rates that differed significantly between
dentalimplantsinthe controlgroup andthe osteo-
porosis group. Ofthe 63 dental implants installed,
after being followed up 5 years later there were 5
dentalimplants thatfailed so that the survival rate
was 91.5% at the implant level and 89.2% at the
subject level. Finally, Alsaadi, et al*® also investi-
gatedthe installation of 120 dental implants in os-
teoporosis patients andthe results of a 5-year fol-
low-up showed that 1 implant failed, not much dif-
ferent from the installation of dental implants in
non-osteoporosis patients. Inthis study, the survi-
vivalrate ofimplants in osteoporosis patientswas
96.3%.

Most studies show no significant differences
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Table 2 Short term studies (0-1 year)

Short-Term Placement (0-1 year)

Author Total number of NUmber of
dental implants . failed
implants

Survival rate differences
between osteoporosis and
control group

Survival rate

Merheb J et al®

Temmerman A et
a|23

160 (3 months) 0 (3 months)

148 (1 year) 12 (1 year) 9

98.4% on implant level and
7.9% on subject level (1 year)

100% (3 months) Not significant

Not significant

Table 3 Long term studies (5-7 years)

Long-Term Placement (5-7 years)

Author Total number of

dental implants implants

Number of failed

Survival rate differences
between osteoporosis
and control group

Survival rate

Holahan CM et

82.6% remains

a2 168 (5-10years) 26 (5 to 10 years) constant (5-10years) Significant

l:;zcljgrmwer R 34 (upto7years) 2(upto7years) 94.1% (upto7years) Significant

Temmerman A 91.5% on implant

ot al?® 63 (5 years) 5 (5 years) level and 89.2% on Significant
subject level

gl;sgaadl W et 120 (5 years) 1 (5 years) 96.3% (5 years) Not significant

between survival rate ofimplants placed on osteo-
porotic patients and healthy patients after ashort
time period (0-1 year). However, moststudies show
significantdifferences after along time period (5-7
years) so evaluation ofimplants isrecommended.

Differences in results between human and
animal

Differences of results between experiments
regarding implantosseointegration on osteoporo-
tichumans and animals canbe observed.On den-
talimplants placed forat least 3 yearsinhumans,
there are no significantdifferences inthe marginal
bone loss (MBL), plaque index (PI), and probing
depth between osteoporotic and non-osteoporo-
ticgroups.? Then, thereis also no significant cor-
relation between mandibular cortical index (MCI)
of osteoporosis and MBL on the dental implants
placed for at least 2 years in humans.* On the
other hand, the implants on rats show the peri-im-
plantbone volume, trabecular architecture, bone-
to-implant contact (BIC), and biomechanical pa-
rameters decrease progressively and significantly
within 12 weeks post-ovariectomy.*: Onimplants
placedfor28daysinratsundergone ovariectomy,
results indicate significant decrease of bone vo-
lumef/total volume (BV/TV) and BIC. Maximum
torque, stiffness,and energy oftorque are alsolow-
er onovariectomy rats compared tonormalrats.*

Basedonthe experimental resultsabove,itcanbe
observedthatosteoporosis hasagreater negative
effect on animals compared to humans.

One of the factors that influence this pheno-
menonis the location ofimplants onanimals which
isusuallythe femoralortibialbone. This createsan
environmentforimplants that is different from the
oral cavity, because actualdentalimplants are al-
ways exposed to chemical agents, bacteria, and
mastication forces.®® It is also shown in rats that
femoraland tibial bone experience greatestbone
loss post-ovariectomy, 75.0% and 70.4% respec-
tively in week 36. In contrast, the jaw and cranial
bonesonly experience 1-3%bonelossinweek 36
post-ovariectomy. Trabecular structures of femo-
ralandtibialbonesalso experiencesignificantdes-
truction, whereas jaw bones are relatively stable
post-ovariectomy.3*

Bioactive agents and stem cells to
improve osseointegration

Technology andinnovationindentalimplants
have progressed really far, making it as the main
choices forreplacementoflostteeth. However,the
risk of implant failures still exists, especiallyinpa-
tients with systemic diseases such as osteoporo-
sis, which causes a decrease in bone mass and
interferes with osseointegration. Modifications of
implantsurfaces have beendevelopedto modulate
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host tissue response to implant and improve os-
seointegration. Some methods that are currently
studied are loading of bioactive agents and stem
cells on implant surfaces to improve osseointe-
gration, especially in osteoporotic patients.3>=°
Loading of bioactive agents such asthe anti-
osteoporosis medications like bisphosphonates,
RANKL antibody, parathyroid hormone (PTH)and
selective estrogen receptor modulators (SERM)
have been proven to increase implant osseointe-
gration. Bioactive molecules like platelet-derived
growthfactor, insulin-like growth factor, fibroblast
growth factor, vascular endothelial growth factor
(VEGF),and bone morphogenetic protein (BMP)
have also been used to improve osteogenic dif-
ferentiation and mineralization of bone marrow
stem cells. Inorganic elements such as calcium
(Ca), strontium (Sr), magnesium (Mg), zinc (Zn),
andsilicone (Si)canalsostimulate osteogenesis.*®
Strontium (Sr)is often used in treatment of osteo-
porosisdue toits similarity to calcium (Ca) and its
ability to simultaneously stimulate osteoblast and
inhibit osteoclast. Implantsurfacesloaded with Sr
through hydrothermalreaction have a positive ef-
fectonpromoting early osseointegration in osteo-
poroticrabbits.3” Moreover, biomimetic coating of
Ca-P or calcium-phosphate have been used fre-
quently due to its excellent biocompatibility from
mimicking natural bone mineralization process.*®
Manyresearchers have alsostudiedstemcells
toimprove the osseointegration. Stem cells have
potential to undergo osteogenic differentiationand
proliferate to promote the bone regeneration. Like
the humanumbilical cord mesenchymalstemcells
(hUCMSCs) are proven to have high osteogenic
effect and improve bone regeneration in osteopo-
roticanimalmodel.** Human amniotic mesenchy-
mal cells (hAMSCSs) can also improve bone rege-
neration and osseointegration of implants in rab-
bits.*°The bone marrow mesenchymal stem cells
(BMSCs)coatings cultured in extracellular matrix
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