Short Dental Implants

A Literature Review and Rationale for Use

‘ } hen treatment planning for dental
implants, the haight of available bone

is often used to determinc the

implant length, ¥ adequate width and
mesi-listal space are present. The height of avail-
able bme is megsured from the crest of the eden-
tulous ridge to the opoosing landmark. The poste-
rior regions of the jaws usually have the loast
heighi, of exdsting bone, since the maxillary sinua
expands after tooth loxs and the mardibular canal
is 10 mm or more ahove the inferior border of the
markhibular body! A radiographic study of 431
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A review of the fiterature reveals implants
shorter than 10 mm often have a higher fail-
wre rate than longer implants. These compli-
cations may be related to an increase in
crown height, higher bite forces in the poste-
rigr regions, and less bone density,

partizlly efdsnlulous patients revesled thst the
poeterior placement of implanis at least & mm in
length was possible in only 368% of maxllae and
516 of mandibles.? The posterior regions of the
mouth have n higher bite force thap the anterior
regions? {Figure 1). As & consequence, in the poste-
rior regions of the mouth with the highest bite
Forces, the existing availzhle lune for implants is
oflen less compared to anterior edentulous sites.

RATIONALE FOR SHORT IMPLANT LENGTH
Stressce distribuced to the epical third of an
implant are of ruch lees magnitiude than those in
the erestal thivd Most endoateal dental implants
are Mbricated fom alloyed or pure itaniom with
g modulus of elasticity (stiffness) approxrmately 5
times greatar than denee cortical bone® A basic
mechenical principle states that when 2 materials
of differeni moduli are placed together with no
intervenimy material wmd one i= lozded, 8 stress
concenkration can be obscrved where the 2 materi-
als first. come into contact.® These stress contours
form a v-shaped or ushaped patbarn, with greater
magnitude near the poiint of st contact, which
carespmds o the crest of the bone® For an
maplant in bone of adeguabe density with a direct
bone contact, the greatest magnitude of stress is
concentrated in the crestal 6 mm of the bone-
implant interface. The phenomenon of higher eres-
ta] stresses next to animplant 1= confirmed m pho-
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Figure 1. The postarlor regions of the mouth have
higher bite fomes than the arterior regions. The
avallzble bone hieight s usuafly [ess ih the poste-
fiar than the anterior secthone,

v

) s I

Figure 3. Radiograph of 2 GioHaorl:ons Smim
Implants in the postaricr mandible that sre con

nected to longer iImplants in the anterior
mandlble.
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Figure 2. A 3-0 made! of an implent in bonz
demonstrates the nighest strain applled to the
Bame ares Inthe crestal 5 mm of the implant
body

Flgure 4. The fixed, full, 5arch restoration of
Figure 3 is supported by 7 BioHorizons dental
Implants.

toelastic and 2-[) or 3-D fintte eleprent analyes
(FEA} studies when an implant is placed within
3 bone gimulanl and Ioeded™® (Figure 2.
Therefore, although implant. length does affect
the geerall surface arca of an implant support
gystemn snd is therefore theoretically desirable,
stresses around implants during funetion and
parafonction are lypically concentrated at the
cresl of the cidge, untike what ooomrs for 2 naln-
ral teoth and Tts perindental membrane.

There are many advantages to using short
dental iraplants to support an implant proathe-
a@is. Bone grafting to sanpensate for the expan-
mion of the sinus andin loss of available one
heighl at the crest is unnecessary prior to
implant placement. This seves the patient time
and money and eliminates the pain relsted to
the procedures. Shorier implanty are easier te
insert. Osteoinmy preparation is simplified. The
potentiz] for overheating the bone is loas, emnce
the bene prepooation is n a shoxt site and the

irmigetion has direct access, Angulation to the
load may be improved, since the basal bome
beyond the originsl alveolar ridge for looger
implants is not shways in the long sxis of the
missing tooth (Table 1).

A question that i8 very relevant to implaat
treatment planning is this: at whst length does
an implant begin to have an incresss in eomgli
cations? The purpose of this article is to review
the hterature relsted to umplant length and
implant survival. In addition, the hiomechani-
cal issues relaled to implants of 10 mm or lese
will he addressed. including guidelines o
reduce risks of fallure.

LITERATURE REVIEW
A Medling search of 13 studiea related to implant
fadure and implent length was published by
Goodacre, e alf in 2003.1022 Jn these reports
2,754 implants were 10 men or less inlength, and
3,015 implants were greater than 10 mm in



Figure 5. Wheat & cantliewer forse is applied to an
i Implant, 8 differart rotatien points {moments) ang
i created around the implant.
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Flgwra 7. An angled foree 10 A0 Implant srown
Increasas the amount of forca applied to the
hane, and &n angle of 12* increasas the forca by
20%. When this angle is applied ta a crown height
of 15 mm with 100 N of foree, the forse is magnic
fied T 315 N,
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Flgure 8. When the crown halght is increased
from 10 mm o X0 mm, the lingual moment and
apical mament are ncreased DO0%,

Flgurs 8. When the numbar of Implants (5 related
to the height of bone, lesa bone height {ang
Eregter crown nedghi} reoelves fewer wnparits, The
higmiechanics increese the strass when increassd
crown helght and reduced impam arcas are used
1o support the proathesis.
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Flgura 5 wnen EE crown helght Incams, tha
<cantilever lengtk should be reduced and the
Implant number should be ingreased,

Figure 11 The nzatursl teeth increase suriace
area by 200% in the moler region. This reflects
The inorease in forse Gt thia position In the srch.

Flgura 10. Splintad inplants ars espentally Importart
in the postenor regions of higher siiesses and/or
poorer bone density. This panoramic film dennon
Srates an medease [h implat rmanbes n tha postedor
mexdlia vath short, Simm anplants in poor Bone densk
ty. The implants are splinted together in bobh Brches.

Shape of imptant threads

W dwee Awveres thread  Scuase thraad

Figure 12, The thread shape of an implant body
may be v-shaps, reverse buttress, or aquare.

length. The feilure rate of
implants 10 tim or less was
10%, compared 1o a 3% fatlure
rate of implarite longer than 10
M.

Lo addition to the Goodacre,
et al’ review, severai other

papers have reported clinteal

resulls with serew-type dental
implants of reduced langth.
Minsk, et al?® reported the
results of a frzinihy senter In
1996, with 80 different opera-
tors using € different systeme
ovar a B-vear period. Inplants 7
mm to 8 mm in length reported

n 16% fnilure rebe. The overall
survivel rate of all lengths was
91.3%. Henoe, similar tc the
Groodecre, et al? review, shorter
implants had at least & 7%
higher feilure rate when they
were leaa than 10 mm Jong,
Ivanoff, et al* in 1999

found an 8-mm-long, 5-mm-
dismeter implant faited 25% of
the time: m the maxilla and 33%
of the time in the mandible, On
the other hand, the 10-mm and
12-mm impluats that were &
mm in dizmpeter teported no
mandibular failure and a 109
failure in the maxills.

Winkler, =l al% publshed a
multicenter report in 2000
These data were collocted from
more than 30 hospitals and 2
university gites during 5 3-year
period and represented & differ-
ent implent body types. The 7-
mm-long implanis had a 26.6%
fatlure rate, while 16-mm
implantz demonstrated only &
2.5% rabe of foolure, Implants of
8 mn had a 13% faidbure rate,
while 10-mma implanta failzd at
a rate of 108% and 13-ivm
inplanis tailed at a raie of 5.7%
within the 3-yesr period report-
ed. Therefore, failure rate was
directly related to implant
length: it incressed 2 to 5 times
with shorter implants,

A multicenter ptudy of 6
dilferent centers was reported
by Weng, et ul in 2002 and
found 50% of all failed implants
were 10 mm or less in length.
The overall failure rate af all
implants m the atudy was 9%,
The 7-mm implant failed 26%
of the time, the 8mm mplant
had a 19% failure, while the 30-
mm implent had a 9% fadlure.
Therefire, the 10-mm mplant
survival was more similar to
the longer length implants,
while implants shorler than 10
mm demnonstrated sgnificantly
greaser risks of feilure.

WNaert, ot al®7 also reported
on clindeal outeemea of dental
implants in 2002, They frund a
cumulative aurvival rate of
91.4%. Implantz shorter than
10 mm had a sorvival rate aver-
age of 31.0%. Therefore, these
the Goodaers, et alf summary of
articles that indicates failure
rates are higher in implants of
shorter length. Howewver, many
of these chnical fndings arc
more alarming, since fmplants
ghorier then 10 mm had & risk
of failure of 15% 10 33% wersus
& failure rate of 4% to 9% for

It should be noted that the
faihire rates in these reporis are
not surgical fainres or fallunes
to ossecinteprate. The fmlurcs
reported oomarred after prosthe-
g delivery snd progthetic load:
ing, [n othier wonds, the suorgisal
gnccess did not vary relabive to
implant length, but once the

For more information
on Combunox,
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prasthesis wes loaded, an in-
vrease m Failore was cheerved,
espocially within the first 2
FOars.

Jn the other hand, a retro-
spective report by Misch, et
al?® was compiled from 2 pr-
vate offices using a sguerc
thread implant bedy design
(BioHorizons) rather than 2 v
ghaped thread as primarily
teported in the previous litera-
ture, Duriyg a J-vear period,
126 patients received Inmplants
less than 10 mm long The
total number of implants in
this report was 487 (408 im-
planie, § mm long and 29 im-
plants, 7 mm long}, which sup-
ported 141 restorations. The
majority of these restorations
were in the pogterior mandible
or maxilla. The restorations in
this report were loaded for at
least 18 months.

Of the 437 implants, here
were 3 implent failures in the
pogterior mandible and 1 fsilure
in the postenior mexila (39%
mmvival). All these failures were
implants 9 o long and 4 mm
in Fameter Mo raplandsy fuled
during the prosthesis babmca-
ticn. Hence, the averall implant
survival from stage 1 surgery to
prosthesia delivesy was 99.06%.
The implants and restorations
were followed ot loast 18
monthas and g long as 3 years.
Mo implsrta weree lost during
this time frame, and no restora-
tions were refabricated (Higures
5 amd 4).

This repert used several
guidelines for treatment in the
usze of short implants a change
in Implant design, splinting
implants together, no can-
tlevers in the prosthesis, and
additional methods to decremse
gtress to the fmplant interface.
Henwce, fiom this dinical report,
thege modifieations of irest-
mont may detrease the mak of
failire with shorter Implant
lengthe (Table Z).

DISCUSSION

The loeding faitare of shert
mplants may be due to a num-
ber of factors, including an
itwrease in forces fTom Ao
inereased crinen height. As the
rrestal height of the ndge is
resorbed, the available bone
height i3 rednced and the erown:
height iz increased When an
ostecplasty 18 used to merease
the width of crestal bone for
Linplant insertion, the availsble
hone height is reduced and the
crown height is ineressed As a

coninued on page 66
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Short Dental...
continued from page &5

{4} Implant Insertian easter.

Table 1, Advantages of Short Implants.

{1} Bone grafting lor height offan unmecessary.

(2) Lasa manay, pai, and e prier ta restoradion of the implant,
{3) Short implant bore surgery simplified.

{5} Angulation (o load may ba improved.

Tabde 2. Short Impant Failure Hates.

Author Failure Shord Yersus Long
Goodacre, et alP? 10% versus 3%

{13 articles)10-2

Mingk, st al?? 18% versus 8%

Ivanoff, &t aldd 30% versus 5%

Winkler, ot a2t 25% versus 3% !
Wang, et ai2€ 265 versus 9%

Magrt, et 327 18% versus 8%

Misch, ot P8 1% varsus 1%

consequence, Lmited length
endosteal Implants are ofien
used when t}w erown height is

Frmmagmﬁmaremma
tions or devices that increase
the amnunt of foree applied and
inclode a serew, pulley, indine
plane, and a lever The biome-
chanics of the crown height are
related to lever mechanics. The
issuea of lever mechanics ware
firet abserved in implant den-
tietry for fixed prostheses with
poaterior cantilevers m edento-
lous patients. The length of the
posterior cantilever was direct-
Ly related to complications with
andfor failvre of the prosthesis.

When the forces to the
mplant are applied on a can-
tilewer, they are magnified m
direct mlabionship te the helght
ofthe aown, In cther words, the
crown height becomes a vertical
cantiever. Bider and Mirch2e
evaluated the offact of a can-
tlever on an implant and its
relation to crowm height. When
a cantilever is plwed on an
moplang, there are & different
potential rotation, points (e,
mements) on the implant body
(Figure 5). When the crown
heipghi is inereased from 10 mm
to 20 mm, 2 out of & of these
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moments are inercased 200%
(Fizure 6), The consequences of
excessive crown haight may be
limited when cantilevers are
eliminated in the restorations.
Therefors, 2 important implant
positicns ars at each of the ter-
minal ends ofthe prosthesis.

An songled load to a arown
will also magnify the free to the
mmplant.® When an implant ig
inserted at an angle of 12° to the
occiusal Bree direeton, the force
o the implant will nerease by
204 (Figure 7). This incresase i
foree is further magnified by the
crown height. For example, a
100-N fores with a 12° :amgle will
rosnlt in A J15-N-mm foree on a
crown height of 15 mm. As o con-
sequence, when posterior im-
pants are placed fiw fixed proa-
theses, moisal guidence on the
antertor teeth is warranted. The
elimination of lateral forces dur-
ing mandibular excursions is
especially boncficial to decrease
the effects of an increased crown
height.

Sinre an inerease inthe bio-
mechamical forces arc In direct
relationship to the ncrease in
crown height, the trestment
plan for the implant, resteraliaon
shirild eongjder stregs-reduging
aptions whenever the crown

height is increased,

Eone Dansity
The density of the hone 1= direct-
1y related to the strength of the
bene. Softer bone typea are BO%
to 8080 weakar than denser bone
loaded in soft bone heve a 16%
higher failore rate. Several
reports in the posterior meaxilla
report 25% fatlure when short
implants are used to support the
of the fawa often have leas denae
bome: fhiem the anterior regioms
Henea, biomechanical methods
to decreass the siresses to short
impiants are finther werranted.

Methods te decrease stross
indude dasreasing foree to the
implanl prosthesis or inerens-
my wmplant surface aren of
prestheais support. These mod-
ificationa of treatment include
the following:#0

Decragsing Force:

{1) Decrease Intoral forces
to the pasterior implant pros-
thesis (incgal guidance}.

{#) Eliminate cantilevers
in the restoration.

Increasing Fmplant Surface

{1} Incroaze the mamber of
mplants.

(2) Splint the implants to-
gether.

(3) Increase the diemeters
of impiants,

(4) Increase the surfam: area
desizn of implants:

»thread number,

sthread depth.

sthread shape.

Implant Number
Mosl forees applied to the
ostenintegrated implant bady
are comcenirated in the crestal 5
e 7 mim in good berve, regardless
of implant. desien.t7 Therefore,
implant body length i not the
most effective methoad to cownter
the effect of crown height In
ather words, crown-roct ratio is
& progthetic concept thal may
guide the restoring dentist when
evahluating a natural tooth atat-
ment. However, the erown
height-implant mato 8 not a
the risks of greatsr arown height
andior less bone deneity may be
reduced by increasing the nurn-
ber of implants usuﬂ]lym:[m:ﬂ:l

and. fewer implants with greater
crown helghts in atrophied bone
{Figures 8 and 9.

Splinted Implants
[n mder to bepefit from the
increpsed numther of implants,
the crowma should be splnted
together: The splnted crrems
decrease the force to the prosthe-
gis, the cement, the abubtment
mierfaoe compared to unsplnt-
ed restorations. In order to bene-
Bt maximally from an increased
mumnber andfor surface ares of
the implant by width or design,
the implanta should be spinted
mgethser Sp]mtad implanis

Splinted iryilants ma]ra]mmm—
pensate for less bope dengity
(Figurs 10). Individual imptemta’
crowne incresse the stresa 1o
exch implant presthetic mit,
including porcelain on  the
CrowWnE, oament interhos, A~
metit screwa, and the bone
inplant interface.

The aesthetics of the pros-
thesie iz rarely improved by
individual crovns, especizlly in
the posterior repions. The
hyziene of the implants mey be
easier in termn of flossing with
individual crowng, but only
1% to 20% of patients fogs, 31
The cther 80% to 90% of the
patients would reeeive no
hyriens benefit Yet all of theee
patients have an ncremsed
stress rigk facter and may lose
their implants as a result.
Raraly 18 implant loss due toa
lack of using denta! floss in
comparieen to overload of the
restoraton.

Implant Slze
Methods te increase the func-
tiensl surfece avea, specifically
in the crestal & to 7 mm, i war-
eanted, espacially in the posteri-
or regions that have greater
e applied Lo the prosthesis,

The logical method o meresse
functionzal surface area by
irnplant design is by incrensing
the diameter of the implant. For
every 1-mm ingrease m diame-
tor, implants may neraase the
funetional surface area by 309%
to 20066, depending on their
design (e, eylinder versus
square thread shaped -
plants).?2 This i most impor-
tant in the molar region, where
the surface area of the natural
tooth mereases 200% (Fipume
11} When larger dismeter
implants cannot be used, 2
implants for each molar are

suggeaied However, the report
by Ivancl et 2l mey indicate
that implant diameter is not the
anly factor to inerease success of
a short enplant, since a fallure
rate of 5% to 33% =Gl was
observed in the posterior regions
with ghart inplanta

Impiant Deslgn

(1} Threud Fick. Funclionsl
gurface aren is that portion of
an implant interface that iz
able to tremsmat compressive
or tensile loada to the bone 33 It
mey be modified by varving 8
thread peometry parameters:
thread pitch, thread shape, snd
thread depth.

Thread pitch 8 defined as
the distanee between adjacent.
threads or the number of
threads pex unit langth in the
same axal plane and on the
samg side of the axis, Restated,
a decrease in the distance
between threads will increase
the number of threads per umit,
length. for example, the dis-
tance betwean the threads for
certein implonts ip 15 mom,
whereas the most common
thread distance is 0.60 mm.
Cme implant hes a thread dis-
tance of 0.4 mm. The greater
the nmumber of threads, the
greater the surface area, if all
vther factors are equal.

(2) Thread Depth The
thread depth refers to the dis-
minor diametar of the thread. %
The greater the thread depth,
the greater the surface srea,
HNot all implants have the same
depthy of {hread. One implamt
designn may have a hresd
depth of .28 mm, whereas oth-
ers have & thread depth of
0.419 mm 32 The lstter thread
depth mesults in greater Rame-
tional surface ama.

(3) Thread Skape The
thread shape i another char-
acterigtic of overall thread
geometry. Three thread shapes
presenily represented in den-
tal implant deaipns inechade:
#soquare, ¥-shape, and a reverye
buttress (Figure 12). In con-
ventional engineering spplica-
tions, the v-thread design is
valled a “fxtyre” and 38 often
used for the fxntion of metal
parts. This thread shape is the
most commonly nsed for fixing
the abutment scresvs io the
implant body and is the most
common thread shepe. The
reverse buttress thread shape
is pimilar, but flat on the top,
which is optimized for palleat
loade. This thread design origi-

comined on page 58
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nated from a German engineer
(Kropp) and waa used to pre-
vent screws from pilling out of
conerele bunkers nsed to hold
artillery earmon during World
War 1.92 The square or power
thresd provides more surface
area for inirusive, compreaatve
lpad tronamission 33

An animal stody by Stei
engs b @l oompared these 3
thread types with identical sor-
face condition, thresd mmmber,
and thread depth ¥ The v—shapc
and reverse buttzess thread gypes
torque values to romove the
implant. The square thread
deaign had a higher hoce implant
contact percernt and 4 greater
revorse torgque test value Henee,
it appenrs that thread shape may
also be an important, parametes
in s implant design,

SUMMARY

Implant, prostheses are often
used to resbore partially or come
pletely edentulous padents, The
posterior regions of the mouth
oftery have legs availsble bone
heaght than the antoror regions.
The hone density of the remain-
ing bone afler Looll: loss s olber:
less i the posterior rogions than
the antericr ragion of the mouth.

A review of the literakure
revesle implants shorter than
10 mm often have a higher fail-
wure rate than longer implanta.
These complication: may be

relaled Lo &n increase In crown
hetght, higher bite forees in the
poBteriar regions, and less bone
density. As 3 resoll, biome-
chanical methods to decresse
gtresses to the fmplant-bone
Interface are warranted.

The forees to the lmplaois
may be reduced by climinating
lateral comtacts in mandibular
exrursions and elindnstiyge can-
tilevers an the prosthesis. The
area of forces apphied tothe pros-
thesis mar be increpscd by
increaainy the implant number,
inwreasing the inplant dismeter,
incrensing the mplant deaign
surface area, aod splinting the
implants fopether, As a result of
these himechameal methods to
decrense stress, Misch, st sl
reported s 99% implant survival
with 7-mm and 9-mm implants
in the posterior regioms of the
Jawws,28

It is intereeting to note that
the naturat feeth Dow a simi-
lar biomechanical approach to
accommodate the higher bite
forces in the posteror regions of
the mouth. The molar teeth do
not become longer than the
anterior teeth. The diameter 1s
mereased, the dexgn of the
roots is difforent, and the reots
are sphinted together The ante-
riar teeth have inmazl uidsnee
and eliminate posterinr lateral
forees to the posterior teeth in
all mandibutar excursions. A
sirnmilar binmechsnical approach
iz logical for posterior implants,
especially when shorter im-
plants are ueed to aupport the
prosthesis 4+
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