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As a major constituent of the body’s hard tissues, calcium phosphate salts
have been investigated extensively and used as implant materials for
several decades.' Development has focused on the polycrystalline ceramic

! forms of calcium phosphate, hydroxylapatite (HA) and tricalcium
i phosphate (TCP), and on compounding calcium phosphates with silicon
and sodium to form ceramic glasses (also called bioactive glasses).’ Of
these materials, HA is naturally present throughout the human body, and .
makes up approximately 98% of enamel, 77% of dentin, 70% of cementum, |
and 60-70% of bone by weight.? In the 1970s, HA was first applied as a
coating for orthopedic implants through a plasma-spraying process.? In
1982, the first HA-coated dental implant (Integral, Zimmer Dental Inc.,
Carlsbad, CA) was commercially introduced in the United States.?

: e

arly reports in the dental literature®” documented the

ability of HA coating lo signilicanily increase the

percentoge, development rale and stength of bone-to-

implant contact (BIC). Over the next hwo decades,
codlinuing research would make HA-coated denlal implants
the mast clincally documented of oll modifications 1o implant
surfoces, This article will review over 20 years of research on
Zimmer Ha-coaled dental implants with respec! to benethits and
risks that the coating con provide

Animal Studies

In the canine model, Black et al® comporad Zimmer HA-
cooted dentol implonts with gritblosted and machined implants
at the histolagic level. Of the 101 implants placed, 4 implanis
12 maochined, 2 gritblosted and | HA-coated) fuiled * The
remaining 9% implants ossecintegraled ond were retrieved for
histologic anolysis at 1, 4 and 10 manths ofter plocemant ®

Armorth 1, oll machined (n = 8| implonts were sasily remaoved
fram the bone aher axial sectioning, whils, 2 cut af 4 gril-
blasted implants and all of the HA-coated (n = 13] implants
were adherent 1o bane © Histologicolly, machined implanis
werg surnounded by a soH tissue seom, grithlasted implants
had anly 25% {range = 15-30%] of their surface areas closely
reloted 1o bane, and oll HA-cocted implants had intimate BIC

waithout the presence of mtervening soft lissue in appraximately

70% [range = 60-90%)| of the implant surtace

At month 4, 5 machined implants had pericdonlal pockels
ranging hiom 2-8 mm deep and could be rotated within the
bone socket; 12 Zimmer HAcoated and 5 gritblasted implants
could not be rotated and had periadontal pockels less than 3
mm, excepl far 2 gritblosted and 2 HA-coaoted implonts, which
nad delects ha! measured up 1o & mm deep.? Histologically,
crastal bone resarphon ranged fiom 0.5 - 5.5 mm fer machined
{n = 2] ond grittlasled [n = 2| implants, ond from 0= 1.5 mm, N
= 5] for the HA<cooled implanis® The bone interface was lined
with @ sofl fissue seam 200 _m thick arcund machined implanis
[n= &) ond 15.30 _m thick around gritblasted implanis, but all
Zimmer HA-coated implants achieved direct bane apposilion
without an intervening soft tissue seam ®

Al month 10, 3 machined implants foiled 10 ossecniegrale ond
nad perodonlal pockets renging from 3-8 mm deep; 3 grit-
plosted implanis werne cssecintegraled with 2-& mm deeg
pericdontal pockets; and the Zimmer HA-cooted implants were
immabile with penodontal packes that ronged fom 1 1o 4
mm.? Histalogically, mochined implants (n = 7| were separated
from the bane by a thin layer of soft lissue with lew areas of
clage Udoﬂlclion and epill'le|||:_1| cell migration down to the
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middle of the implants associated with inflammatory response.?
Gritblosted implants exhibited 50% soft tissue encopsulation
with crestol bone resorption ranging from 0.5 - & mm, ®
Zimmer HA-coated implants had bone directly apposed 1o
0% [range = 90 - 100%] of the implant suface from coronal
te apical regions, and crestal bone resarplion ranged from O -
1.5 mm. *

In o second caning study, Block el ol ¥ evaluated the respanse
of caning mandibular bone 1o looded Zimmer HA<coaled
implants and gritblasted implonts. Fixed pertial dentures
suppated by 2 implarts were ploced in each quadiant of 4
dags and evoluated after 1 ond 10 moniths of loading.” Soft
tissue pocket depths and crestal bone loss were not stotisticalky
different between the HA-coaled and gritblosled implants;
nowever, the HAcoated implarts had a statistically greoter
amaunt of bone-ta-implant contact in their axial and opical
surfoces compored to the gritblasted implants”

Cook et al." compared interface mechanics and boneto-
implant contact of bead-blasted ond Zimmer HAcoated
ranseorlical irmplants in the femurs of 12 OGS, Alweeks 5, 10
and 32, four of the animals were socrificed and the implants
wera histolegically eveluated.™ Na signs of inlammation,
adverse lissue reoclion or any other nagative clinical
implication were found with any of the implants al the fime of
animal sacrifice."” Radiographically, there were no gross
changes to the femoral architeciure, olthough some endosteal
bone formation and consolidaiion was noted in the 32-week
animals. ™ Interface shear strength and siitness evaluations
showed thot the HA<ooted implonts exhibited significanthy
grealer interface shear .';irrenglh and inlerface stiffness values
and significantly greater bone-loimplant contact than the
beadblosted implonts. '

Meftert et ol." evaluated the hard- and scftfissue response of
Zimmer HA-coated implants, machined implants and grit-
blosted implorts in 10 mongrel dogs. Sihy-one implants were
placed level with the crest of the ridge, and 40 implants were
ploced with 2 mm of the implants extending ohove the crest of
the ridge."" Of the 101 implanis placed, 1 HA-coated implant,
2 machined implarts and 2 grithlasted implonts failed shorly
cher placemant; the remaining 94 implonts achieved
ossecintegration ' Aller healing and restoration, pocket depth
measuemeanls rﬂnged from 2 10 8 mm for all ilnp!unls, with no
ditterences between surlaces.” Histologic analysis showed
fibrous tissue encopsulation of both mochined implants and

gritblastec implonts, while HA-coated implants achieved baone-

todimplant contac os eady s 1 month after plocemant.” Ar 4
months, BIC wos achieved ot 70% of the Zimmer HA-coated
implant surface, and this increosed 1o 90% by 10 months."' The
HA-coaled implants also demansirated the mast normal soft
tissue anatamy in terms of lock of apical migration of the
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Figure 1 Enlargement of an implant thread with HA MP-1 coating (x200 SEM}

junctional epithelium and lack of infflommation.”

Gommage ef al. ¥ compared Zimmer HA-coated implants and
titanium plosmo-sproyed [TPS) implants in 3 mongrel degs.
Histologic analysis conducted alter 1¢ weeks of funclional
loading revealed migration of epithelium down the 2 mm
polished collar of the TS implants 1o the level of the coated
surfoce, whereas the HAcoaled mplanis achieved boneto-
implant contact in all lacotions withaut any soft lissue
intervention.” in 1 somple, the HA broke oway from the
implant surface in one location ond bone formation occurred
on both sides of the HA coaling.™

In another canine study, Knox et ol compared Zimmer HA-
coated implants and gritblasted implanis 1o determing if there
was a crilical boneimplant distonce past which bone weuld
not bridge to become integrated with the imglant surtoce, end
lo determine if HA coating would offect this distance. The HA-
conted implants had significantly higher mean caronal BIC
and smaller residucl defect areos than the gritblosted implonis
after 8 weeks af submerged healing ™

Human Studies

MNumerous studies have documented the ability of Zimmer HA-
cooted implonts 1o achieve and mointgin funclione
ozsecintegeation in humons. Golec™ reported 100% success
with B15 Zimmer HAcoated implants afler 3 years of clinical
ooding in 367 patients. Kent et al."* dacumented a clinical
success rafe of greater thon 5% for 722 Zimmer HA coaled
implants with up te 5 years of clinical follow-up. Block &t ol.'®
documented a 93.4% survival rote for 243 Zimmer HA-cooted
implants restored with various overdeniure apgplications and
manitored lor up to 1 wear, O the surviving irnp|u;|n|5. 25
exhibiled gingival hyperplasio associoled with poor oo
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hygiene, bul oll cases were resolved with mare frequent
proohylaxs and impraved patient complionce.™

Trisi et al. ¥ reported on 2 Zimmer HA-cooted implants
refrieved postmartem fram the mandible of ¢ woman after 10
veors of lunciionol loading with on combination implant and
tooth-supported fixed parlial denture. BIC was found on
78.48% ol the implant surfece, ™ While the coating had
resorbed in opproximately 22.668% of the implont surfaces,
bone was in direct contact with the exposed lilanium
subsirate. Bone volume measured 2766% and expecled
bonedo-implant contact was 37.55%." The cuthors
concluded that the HA coaling was not domaged and
contributed 1o the success of the implant aver 10 years of
clinical functioning."”

During the 1980s, Zimmer's HA cooting was opplied o
subperiosteal implonts'®" with long-term success rotes
exceeding @5% with up 1o 7 vears of dinical functioning ™
Benjamin and Block® anclyzed o subperiosteal implant
retrieved cfter 1 yeor of looding in o humon found direct
allochmenl between the implant ond the underlying bone
withaul an intervening solt tissue layer ™

In shudies of immedicte implant plocement inte human
exlroction sockets, Block ond Kent®? reparted 100% success
with &2 Zimmer HAcooted implants placed inla resh tooth
exlroction sockets in humons, and Yukna® lound ro clinical
ditferences wher |::-|-::|cemerll into fresh exiroction sockets were
campared with placement inta healed extraction stes. Ina 5
year refrospective study of ,203 Zimmer HA-cooted implants
placed in 2,104 potients, ot which 40% were placed in the
maxillary jow, Stultz et al ™ reported 93.2% success. Black
and Kenl™* compared survival rates of Zimmer HA-coated
implonts ploced during the developmental period of 1985
thraugh 1988, and during o recen! period of 1989 through
1991, During the develapmental pariod, the authars?
cchieved a cumulolive implant success rale of 86 5%, but

cumulative cutcome rose to 97.5% success in the recent period,

The authars™** atributed the difference 1o o learning curve
experienced during the developmental periad.

lozada el al ¥ reviewed the outcame of Zimmer HA-coated
roattorm (n = 745) and bladedorm {n = &2 implanis ploced
al loma linda University [loma Lindo, CA, USA), and
documented cumulolive survival rales of 98% for the former
and G7% for the latier with up to mare than 5 vears of clinical
function. In low-density bone, tailure rotes were 14.9% for HA.
coated imalonts compored to 32.6% for uncoated implants
placed in the universitg ™ Guilenberg™ ploced 690 Zimmer
Ha-cooted implants, mary of which were placed in complex
clinical cozes, and achieved o cumulalive imalant success raie
of 96.5% after 88 manths of function,

In o longerm prospective study,™ 375 Zimmer HA-coated
implants mointained P6% survival role after 5 years [n = 375
implonts| and a 95% survival rate [n = 114 implants) oller &
years of clinical functioning. Mean combined crestal bone loss
was 1.2 mm in the mandible and 1.4 mm in the maxilo after 5
vears of lunction ™ In anather retiospective study of 4,319
Zimmer HA-coated implants, Pikas e ol * reported o 9%
survival rate with up 1o 8 years of clinical follow-up. Implom
zurvival wios not adversely impacied by jow localion {maoxilla
vs. mandible|. gender |male vs. female), alechal use, diohetes
or other systemic disease, bul it was significantly affected by
smoking [Chi-Square = 19.57, p > 0.05)°° In another long-
term refrospective study of Zimmer HA-coaled implants, Arzi et
al” reported S-year implant survival rates of 979% and 10-
year survival rates of 96 4%,

In 1991, the United Slales government begen o prospeciive,
mullicenter study of Zimmer Dental’s Paragan implani line "
The study involved six different implant designs with HA-conoled
or acid-elched surfoces, more than 85 dentists of 32 reseorck:
cenlers around the Liniled Slates, and over 1,000 restoralions
supporied by 2 795 denlal implants {1,725 HA-coofed
surface, 1,070 acid-etched surface) that were randemized as
to placemen! location in both the maxillary and mandibular
jaws. 3 All of the HA-cooled implanis were fully cooied
without a metal collar in the coronal region.

type measurements recorded every three months for o tolal of
3& manths alter uncovering revealed no clinically significant
difterences between the HA-coated ond uncoated implants.*
¥ Daola reloted to the calculus index also showed similar resulis
b the o implant surtaces, ™ * At 36 months, HA-cooted
cylinder implonts achieved the highest survival rates and the
best stability of oll implonts iested, while commercially pure
titgnium screws exhibited the laast siabiling® 3 n o

Figure 2 Cross-section of B4 MP- 1 cogting (k300 SEM}
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camparisan of implants mobile and immabile af placement,
HA-coated implanis also had o significantly higher survival rate
|91.8%) ot 3 years compared to uncoated implants

[53.6%] 123

The study™ clse evaluated implont survivel occording o
clinician experience levels, and found that clinicians with linle
of no priar implan! experience had higher implant failure rates
than clinicians who had aleady placed 50 ar more dental
implants 12 33 When the implont failures were evaluated by
surface wpe, however, it was found that HA-coated implants
cchieved a 10% higher survival rale than uncoaoted implants,
regardless of clinician experience levels ™ ¥ Each study
patien! was assigned to | of the following 3 healh
classifications: ASAT [narmal healthy patient), ASA 2 |patient
with mild systemic diseose), or ASA 3 [potien! with severe
systemic disease| ¥ Implant survival rotes by potient health
slalus after 3& months of funclion were 94.4% [ASA 1], 977%
[ASA 2) and 90.7% [ASA 3) for HAcoated implants
compared o B3 8% [ASA 1], BB.9% (ASA 2] and B2.1% [ASA
3) for uncooted implants '3 In patients with Type 2 diabetes,
the use of HA-coaled implants improved implant survival by
13.2% compared to uncoated implants, 2 7

The use of precperctive anfibiolics in the sludy™ was found to
increase overoll implan! survival by 4.8%.2% %1 \When
evaluated by implant surfoce, however, implont survival was
B8.2% higher for HA-coated implants compared to uncoated
implants. ¥ 44" Although both HAcoaled and uncoated
implants clso exhibited higher survival rates in palients whe
had never smoked, HA-coated implants sill ochieved 95 5%
survival in smokers compared to 83.8% far uncoated
implants.® ¥ Evaluation of implant survival by bone quality lie.
tvpe |, type 2, type 3, lype 4]* revecled that HA-coated and
uncoated implants had similar survival rotes in dense [ype 114
and moderalely dense [type 21*F bone quality [93.8% and
23.3%, respectively]. - ** In modercte low-density (type 31
and law-density [ype 4]*7 bone, however, uncocted implants
exhibited o sigrificant difference in survival rates [80.9% ond
74.5% , respectively|, whereas survival rates for HAcoated
implants were comparable {95.5% and 95.1 %, respectively] **

44

Research conducted over the past decade has documenied
that highly erystalling HA implant cootings exhibited greater
resislance o dissolution and higher percentages of bone
appasition in camporisan to HA cootings with lawer
erystallinhy #49 Kay stated that the percentoge of the
crystalling phose in HA cootings should be maximized lo
contain ag less than 90% crystalline HA. Based on such studies
and ongeing clinical research, Zimmer's HA cocting was
subjected 1o o proprigtary MP-1 heat treatment, which has
been documented 1o increase the crystalliniey of the HA

Local and systemic infections
with or without secondary

implant failure are potential
risk factors for HA-coated
dental implants

coaling from 77% to 96%, and o decrease its omorohous
content from 21% to 4% in comparison to untreated HA
coating.** The resulting HA MP-1 surface [Figs. 1-7] hos been
reported to be mone resistant lo dissolulian in viva than the
unirected HA coating without significantiy oltering the coaling's
biocompatibility or surfoce roughness ®97 In a retrospective
study clinical study of 3,811 HA MP-1 coaled denlal implants,
Pikos et ol reported o cumulalive survival rale of 99.3% with
up to 5 years of clinical follow-up.

HA Coating & Clinical Risks

Despite the widely dacumented clinical effectiveness of HA-
coated implants generally reported in the scientific literature,
some confroversy arose during the early 1990s concerning the
longerm stability of HA coalings in vive.*** Several isolated
cose reports*** suggested thal HA coalings were inherently
unstable, susceplible to bacterial intection, and possibly
predisposed lo ropid bone loss or saucerization around the
cervicol end of the implant. Such arguments have not been
substantioted by long-term clinical sudies, nar da they reflect
the current state of HA-coated implant technalogy %
Menetheless, many manufaciurers of HA-coated implants
odded o 1 mm metal collor around the tops of their HA-
coated implant designs to resist the potential plague formation
and microbial colonization that some clinicians associated wilh
HA coating.®

Since HA is o major constituent of hone, @ should not elicit a
chronic inflammatory or immune response when used as an
implant coafing; indeed, na known published reparts of
aollergic reoctions to HA coatings have been identified in the
present evaluation. There are, however, several uncomman
reparis in the scientific itercture that indicate possible patient
sensitivity to fitanium™ 5 ar other metals olloyed with the
fitanium, such as nicksel .¢.|Ii11::nugh l;||.|ecg~:,r la fitkanium is a rare
complicolion, o preoperalive immunologic examination and
review of any known metal allergies should be performed prior
lo reatment of pafienis with g |'|i51cm_,r of severs ﬂ||ergl'c
diseases

tocal and systemic infections with or withaul secondary imolan
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Figure 3 SEM magnification demonstrates the uniform porosity of the HA MP-1 surface of (o) x500, (b) x 1000, (c} x8000 and (d] x 70,000

lailure are potential risk factars for HA-coated dental implants.
At the time of surgery, infection can occur if the implant ar the
surgical condilions are contaminaled by the environment, ar f
a pre-exisiing infection is present in or near the implant site 9
Any undiagnosed systemic disease thal cliers the body's ability
to fight infection or heal postoperatively may cause an HA-
coated implant 1o foil

Alter plocement, lacalized infactian can accur fram various
Iaetars, such as unirested plaque accumulation, ™ excess
cement accumulation in the soft lissue, poor oral hygiene,
bocterial contamination fram neighbaring dental shuctures 4%
ele. Soll lissue edema con elso oceur around HA-coaled
implants from surgical frauma, and infectians from oral plague
ond bacteria accumulation con couse various odverse solt
tissue condilions: periimplant mucositis, hyperplastic mucositis,
fistulotion and mucosal abeess **? Perhaps the most seriaus of
localized infections is peridmplantiis, an inflammatary disease
with progressive loss of the supporling bone surreunding o
functioning implant,* and resorplion of the HA coaling ilself, In
conirasl, refrogrcld& peri-implnnﬂis is characterized by o
periapical lesion localed of the bohem af the implant caused
by a remaining scor of granulomatous Tissue of the recipient
site: endedontic pathelogy cf extracted toath {scartissue
impocted tooth) or possible endadentic pathelagy frem a
neighbaring looth 2

Periimplantits is believed 1o have the some plaquerelated
elialogy as periodontilis, bul with much more ropid destruction
af the supporting bone.® Some studies*® ¥ have reporled
that HA may be more susceptible to periimplantitis than

uneooted implants, while ather comporative research'13. 2470

DENTAL ASIA |
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and numerous short' 22257 and long-term'™ 24 253 clinicgl
studies have refuted the cloim. Treatment of periimplantitis
around HA-coaled implants can range from simple ariibistic
and plagueremaoval theragies for solt lssue inflammation o
additional mechanical debridement and decanlamination of
Ihe expased implanl surloces using various modalities [e.g.
laser therapy, phetodynamic therapy, application of
onlimiciebial ond//or chemotherapeulic cgents, etc.| followed
by guided lissue regeneration far patienls with peri-
implaniiti 3 84 & 7274

Dental implonts can tail 1o achieve asseainteqration or lose
assecinlegralion afler prosthelic resteralion under cerlain
adverse conditions: infection, occlusal overloading, and
impaired healing related to exceassive surgicel raume [eg.
averheating the bone|, undiagnoses systemic disease, and
excessive implanl micromation during the healing perad 57
When such failures ocour, the imalant must be remaoved, The
implant site moy sometimes be treated in the same manner as
a fresh tooth exiraclion socket and re-prepared lo receive o
wider diametar imglant with or withour guided tissue
regeneration procedures®™ or the socket may be debrided
and grabed belore a new implant is placed.

HA coaling con abrade from the implont surtace during frictional
plocement of the implant™ or from gouging exposed HA
coating with hygiene insruments during routing prophylaxis
treatments.”® While some resaarchars™® hove expressed
cancemn thal such areas of abrasion may potenlioly compromise
ossecinlegration of the implant, histalogical analysis'” suggests
that bone will assecintegrate with the implant’s fitanium subsirate
in areas of missing o loosenad HA coating, F HA cocting

For more information, email: info@pabloasia.com
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becomes exposed and/or is damaged by hygiene instruments,
guided bone regeneraiion procedures® ™ are indicated 1o re-
establish te boneimplant interfoce,

Discussion ".-'IIP'HET {OUGHT OF THE DENTIS

This orticle hos atempted 1o succinctly review the voluminous

£l
scientific lilerature an Zimmer HA-coated implants with respect B R I N Gs i B ROA ) g I i j
| . - —

lo the clinical benelits and risks they provide. Any surgical
procedure harbors an inherent element of risk, and o variety of
exiernal foclars unrelated o implant design can affect longderm
implant survival, such as occlusal averlooding, poor oral
hygiene, patient paralunclional habits, systemic disease,
traume, etc. It must also be recognized that benefits and risks
will vary in emphasis between individuals. Aport from these
factars, there are no other known or anticipated risks in the
application, content and/or clinical flunclioning of Zimmer HA-
cooted dental implanis that would exceed those generally
reportad in the literature tar denial implants in general. The
entensively documented clinical success of Zimmer HA-cogled
implanis and the documented clinical benelits and risks of
dental implant treatment in general far outweigh any potential
adversities that may be encountered. @
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