Clinical and Esthetic Outcomes of Implants
Placed in Postextraction Sites
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Purpose: The aim of this review was to evaluate the clinical outcomes for the different time points of
implant placement following tooth extraction. Materials and Methods: A PubMed search and a hand
search of selected journals were performed to identify clinical studies published in English that
reported on outcomes of implants in postextraction sites. Only studies that included 10 or more
patients were accepted. For implant success/survival outcomes, only studies with a mean follow-up
period of at least 12 months from the time of implant placement were included. The following out-
comes were identified: (1) change in peri-implant defect dimension, (2) implant survival and success,
and (3) esthetic outcomes. Results and Conclusions: Of 1,107 abstracts and 170 full-text articles con-
sidered, 91 studies met the inclusion criteria for this review. Bone augmentation procedures are effec-
tive in promoting bone fill and defect resolution at implants in postextraction sites, and are more
successful with immediate (type 1) and early placement (type 2 and type 3) than with late placement
(type 4). The majority of studies reported survival rates of over 95%. Similar survival rates were
observed for immediate (type 1) and early (type 2) placement. Recession of the facial mucosal margin
is common with immediate (type 1) placement. Risk indicators included a thin tissue biotype, a facial
malposition of the implant, and a thin or damaged facial bone wall. Early implant placement (type 2
and type 3) is associated with a lower frequency of mucosal recession compared to immediate place-

ment (type 1). INT J OrRAL MAXILLOFAC IMPLANTS 2009;24(suPpL):186-217
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dvances in biomaterials and clinical techniques

have facilitated significant expansion in the indi-
cations for dental implant therapy. In the beginning,
the replacement of already missing teeth, eg, in eden-
tulous patients, dominated daily practice. Today,
many patients present for treatment to replace teeth
that first need to be extracted before implants can be
placed. This provides clinicians with the opportunity
to decide on the timing of implant placement after
tooth extraction.? This decision is critical, since it has
a significant influence on treatment outcome.? A
recent systematic review of randomized controlled
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trials (RCTs) identified only two studies of immediate
implants that fulfilled the inclusion criteria. Although
this review concluded that implants placed into fresh
or healing sockets was a viable treatment option,
more research was required.

The aim of this paper was to review the literature
pertaining to implants placed in postextraction sites,
and to identify the level of evidence and clinical out-
comes for the different time points of implant place-
ment following extraction.

MATERIALS AND METHODS

An electronic search of the dental literature using
PubMed was undertaken to identify papers pub-
lished in English between January 1990 and May
2008, using the following search terms: dental
implant, extraction, socket, immediate implant, immedi-
ate placement, delayed implant, delayed placement,
and late placement. A hand search of the following
journals was undertaken: Clinical Oral Implants
Research, International Journal of Oral & Maxillofacial
Implants, International Journal of Periodontics &
Restorative Dentistry, Journal of Periodontology, Journal
of Clinical Periodontology and Clinical Oral Implants
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and Related Research. In addition, the reference lists of
recent review papers were searched for additional
citations."248 Papers accepted for publication were
also included.

Selection of Studies

All clinical studies of implants in postextraction sites
that included 10 or more treated patients were evalu-
ated. For studies reporting on success and survival
outcomes, only studies with a mean follow-up period
of at least 12 months from the time of implant place-
ment were included. Where a follow-up publication of
a previous study was identified, the most recent study
was included.

Studies were excluded if the mean follow-up
period was not stated. In studies that reported on
cases with different implant placement times after
tooth extraction, studies were excluded if the data
did not permit a differentiation of the placement
time in subjects and sites.

Evaluation of Treatment Outcome
The following treatment outcomes were recorded:

+ Change in peri-implant defect dimension, either as a
reduction in defect area (mm? or %), defect height,
width, and/or depth (mm or %), or as the change
in the number of exposed implant threads. The fol-
lowing parameters were recorded: study design,
implant surface, number of patients and implant
sites, timing of implant placement after tooth
extraction, implant sites, augmentation method,
healing protocol (whether submerged or transmu-
cosal), concomitant use of systemic antibiotics,
healing time from implant placement to surgical
reentry,and postoperative complications.

* Implant survival, recorded either as an overall sur-
vival rate or cumulative survival rate. Loading pro-
tocol and complications during the follow-up
period were also recorded, in addition to the para-
meters listed above.

« Esthetic outcomes. The following parameters were
recorded: descriptive soft tissue outcomes,
esthetic indices, recession of the mucosa and
papillae (in mm or % change), changes in probing
depths or attachment levels, radiographic changes
of the proximal bone, loading protocol, patient-
evaluated esthetic outcomes, and complications
during the follow-up period.

Definitions

In the literature, a number of descriptive terms have
been used to describe when implants are placed after
tooth extraction.The terms immediate, recent, delayed,

Table 1 Classification and Descriptive Terms for

Timing of Implant Placement After Tooth Extraction
(from Chen and Buser?)

Desired clinical
outcome

Classifi- Descriptive
cation terminology

Type 1 Immediate placement An extraction socket with no
healing of bone or soft tissues

Type 2 Early placement-with A postextraction site with
soft tissue healing healed soft tissues but without
(typically 4 to 8 wk of  significant bone healing
healing)

Type 3  Early placement-with A postextraction site with
partial bone healing healed soft tissues and with
(typically 12 to 16 wk  significant bone healing
of healing)

Type 4  Late placement (more A fully healed socket
than 6 mo of healing)

and mature were introduced to describe the timing
of placement in relation to soft tissue healing and the
predictability of guided bone regeneration.’ The term
late was used to describe time intervals of 6 months
or more after extraction.'® More recently, the term
early has been used to describe implant placement
after initial soft and hard tissue healing but before
complete healing of the socket has occurred.>'"12

The imprecise nature of these descriptive terms in
the dental literature was discussed at the Third ITI
Consensus Conference in 2003, and a new classifica-
tion system for timing of implant placement after
tooth extraction was proposed.’ A slight modifica-
tion to the classification was made in a 2008 ITI publi-
cation, the ITI Treatment Guide, Vol 3 (Table 1).2 This
classification system was based on the desired clinical
outcome of the wound-healing process, rather than
on descriptive terms or rigid time frames following
extraction. Type 1 placement refers to placement of
an implant on the same day as tooth extraction and
as part of the same surgical procedure. Type 2 place-
ment occurs when the implant is placed after soft tis-
sue healing, but before any clinically significant bone
fill occurs within the socket. In contrast, type 3 place-
ment is defined as placement of an implant following
significant clinical and/or radiographic bone filling of
the socket. In type 4 placement, the implant is placed
into a fully healed site. This classification was vali-
dated in a recent review paper.! The authors of the
paper felt that the classification was an appropriate
means for describing the timing of implant place-
ment in postextraction sites, as it accounted for varia-
tions in the healing capacity of individuals.

Although this classification system has clarified
the terminology for implant placement in postextrac-
tion sites, various descriptive terms remain in wide
use in the dental implant literature. Therefore, to
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avoid ambiguity with respect to the timing of implant
placement after extraction, the descriptive terms and
classification adopted in the Third ITI Treatment
Guide, Vol 3, were used simultaneously in this review.?
The term postextraction sites was used to describe
collectively fresh and healing extraction sites that
permit implants to be placed immediately (type 1),
early after soft tissue healing (type 2), and early after
partial bone healing (type 3).

RESULTS

A total of 1,107 abstracts and 170 full-text articles
were evaluated. Of these, 91 studies met the inclusion
criteria for this review. Data were extracted from the
studies and tabulated.

Regenerative Outcomes of Postextraction
Implants

There were 28 studies reporting on healing of peri-
implant defects in postextraction sites (Table 2).
Eleven comparative studies were identified, of which
7 were RCTs.'#20 Four were prospective and retro-
spective studies.?’~2* The remaining 17 studies were
prospective and retrospective case series, the major-
ity of which investigated immediate placement (type
1).2°-38 Three studies reported on treatment out-
comes with early placement (type 2).3%-41

How Effective Are Bone Augmentation Proce-
dures? The majority of studies used combinations of
bone grafts and/or barrier membranes to promote
bone regeneration in peri-implant defects. The most
commonly used augmentation material was depro-
teinized bovine bone mineral (DBBM), either
alone3"33 or in conjunction with expanded polytetra-
fluoroethylene (e-PTFE) membranes' or collagen
membranes.21:22:2430.324041 Qther augmentation
materials included autogenous bone alone,’”:26
e-PTFE barrier membrane alone,?”?° freeze-dried
demineralized laminar cortical bone membrane,3*
composite graft of polymethyl methacrylate and cal-
cium hydroxide,?® and hydroxyapatite alone.’®
Despite the heterogeneity of the evaluated bone-
augmentation techniques and variations in methods
for quantifying defect fill, all studies reported signifi-
cant fill of the peri-implant defects, resulting in clini-
cally acceptable resolution of the defects.

Five RCTs have provided data to compare different
augmentation techniques (Table 3).4-1619.20 |n a study
comparing defect height changes with immediate
placement (type 1), defect reduction was significantly
greater when an e-PTFE membrane was combined
with demineralized freeze-dried bone allograft
(DFDBA) than for an e-PTFE membrane alone after 6
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months of submerged healing (5.68 £ 1.4 mm vs 3.18
+ 2.8 mm; P < .04).* In a study of 83 patients compar-
ing a hydroxyapatite graft and a resorbable polymer
membrane with immediate placement (type 1) and
submerged healing, no significant differences were
observed in defect height resolution. Residual defect
height for both groups was between 0.70 and 0.80
mm (P = .772)."® In a study comparing four different
augmentation techniques (e-PTFE membrane alone,
e-PTFE membrane and autogenous bone, resorbable
polymer membrane and autogenous bone, and auto-
genous bone alone) with a nonaugmented control
group, no significant differences were observed with
respect to reduction in defect height and orofacial
defect depth after 6 months of healing with immedi-
ate placement (type 1)."° However, sites treated with
the addition of a membrane (e-PTFE or resorbable
polymer) showed greater reduction in the mesiodistal
width of the peri-implant defect. A study of immedi-
ate placement (type 1) with transmucosal healing
reported no significant differences in defect height
and depth reduction when comparing two augmen-
tation methods (DBBM and collagen membrane, and
DBBM alone) to a nonaugmented control group.2°

The results of these controlled clinical studies are
supported by retrospective and prospective cases
series studies with immediate (type 1) and early (type
2) implant placement. Without exception, these stud-
ies showed statistically and clinically significant reso-
lution of the peri-implant defects. There is strong
evidence to suggest that bone augmentation proce-
dures are effective in promoting bone fill and defect
resolution in peri-implant defects with both surgical
approaches—immediate (type 1) and early (type 2)
placement.

Are Bone Augmentation Procedures Necessary?
Recently, several studies reported on healing out-
comes without the use of barrier membranes and
bone grafts within the peri-implant defects in postex-
traction sites.'920.23:3537-39 |n two separate studies,
Chen et al reported that various combinations of bar-
rier membranes and/or bone grafts and substitutes
achieved similar defect resolution when compared to
nonaugmented control sites that were allowed to
heal with a blood clot alone.'2° Defect height reduc-
tions between 68% and 83% were reported. Nir-
Hadar et al reported that after 3 to 6 months of
submerged healing, the residual vertical defect was
less than 0.5 mm with early placement (type 2), irre-
spective of whether an initial orofacial defect was
present or not.3° Complete defect resolution was
observed with immediate placement in a prospective
study in 10 patients.3® In this study, the peri-implant
defects were less than 2 mm in the orofacial dimen-
sion. The same authors compared the outcomes of



Group 4

Anuoal £e(0002) [B 19

1e WW €0 F T'T 0} PAONPaJ WW 9°0 F '€ USI9Y 10949p [e1Hul uesy pagiawans aueiqwaw ou yum Ngga T edAL  (TZ) ST pauwinL SO dsoid sydiequeals uep
(101Ul BJOM S||IEeM BuOoq (VH pue

||E UBYM pasn J0U sueiquiaw) aueiq Sdl ‘painixa} 2(0002)

ww Q'€ pue G Usamlaq auoq ul uieg |eoluan padiawgns -waw uage||0d 8|qeqJosal pue Ngga T 2dAL (T9) T9 -oJolw) snoieA SO dsoid |e 18 AYsnoowaN

Alusal e ;ww

01’0 ¥ 9°0 01 padNPaJ ;WW ' F L9°0¢ BaJe 109J9p [eliul UBd)\
A1usalle ww 2Z'0 F 8°0 03 paonpal

ww €0°T ¥ 779 1318y 1094ep |eniul ues|y siuejdwi yusoelpe o4

Anueaile ;ww pasodxa 9oeIns
66°0 F L'0 01 paoNpal ;WW 6" TT F /'€ ©aIe 109Jap [Bllul US|\ juejdwl 8y} JO %GZ < PBY IO WW {7 < (S}o9m
AJ1usal 1e WW 69°0 F 9°0 O} paonpal || 2JoM S109J9p 90UBISIYDP ‘duelq / 01G) 0p(0002)
Www €2°¢ ¥ 2°9 1318y 1094ep |eniul ues| :siuejdwi o[3uls Jo4 pagiawagns  -Wwaw usge||0d s|qeqlosal pue Ngad ¢ odAL  (8Z) T¢  SdLlpue3gs SO dsoid |e1e AYsnoowoN
17e(0002)
LWW 0/°0 F 9°0 0} PRONPaJ WW Z/'T F 9°C IBIaY 109)0p [eniul uesiy pagiawang silem auoq oejul :Ajuo Ngga T odAL  (92) v¢  SdLpue3gs SO dsold |e1s AYsnoowsN
Anusalle ww /10 F 200} WW 7 < S}0940p 90UISIYapP Ul dueiq
paonpas WW ST'T F 9" WYS19Y 109J9p [B1IUl UBSIA :S8)IS duRIqISIA -waw uage||09 d|qeqlosal pue Nggad
Anusal 1e Ww 90 ¥ £°0 01 padnpal S109J0p (palyoads Jou 0c(666T)
ww 9T'T  6'T JUBIey 10848p |BIUI UBBIA SBYS BURIGUWBW ON pagiawaqns S10949p Jo 8zIs) |lews ul Ajuo Ngga T edAL  (€€) 62 VHPpuesdl SO dsoid |e1s AYSAoowseN
1111} BWIN|OA 10848 %176
Anusaiie 62(866T)
Ww 8'0 ¥ T° 03 PaoNpaJs WW €T F / {7 109}9P |BOI1IOA |BlIUI UBSIN |esoonwisuel| Ajuo auelqwaw J41d-® TadAL  (TT)OT Sdl SO dsoid |ele apswweH
*WW Z0'0+200
01 paoNpal WW €/°T F 9'T 10949p (|e10.1010) [2IU0ZII0Y |BIIIUI UBSIA
«JU9Sge Sem 1094ap (]e10.}0J0) [BIUOZIIOY B UM W
GC'0 ¥ 87°0 01 padNpal WW 8GO F 98°E 1099 [BOILISA [eljiul UBSIA (sx190m
¥1U9SaId Sem 109J0p (]e1oej0.0) |e1UOZIIOY B UBYM W 8019) 6c(866T)
7970 ¥ 9€°0 03} P2ONPaJ WW LE°0 F G'T 109)9P |BIIISA [BIHUI UBSIN pagiawaqns uopejuswgneoN godAL  (T2) ¥T pauin  S9dsoid  |e1e JepeH-lIN
JWW €€ F t7'¢ 0} paONpal WW €1 F 17°9 40 sIay
109J9p |BIIUI UBBW (0 = N) |eAOWI duelquiaw AlJea Ylim Saus 1y
JAnusal 1e ww 70 F T°0 01 PedNpal WW G'Z F 6t J0 1ySiay 108)8p S09 dsoid 9z(766T)
|eniul ueaw (g = N) |eAOWd) dueIquaW Al1Eea Ou YlM SIS 1Y padiawqns Aluo aueiquaw J414-0 T adAL (61) OF pauiny Ja1udonnA |e 18 Jayoag
12(V66T)
uonesauagdal suoq 913|dwod Yum saus Tz/0T |jesoonwsuel| Aluo auelqwaw 3414 TodAL  (TZ) 9T Sdl SO dsoid e 10 Sue
*WW 80
F 2°0 01 pRoNpaJ WW T°Z F '€ YIPIM 10919p |BI0RL0IO |BIIUI UBSIA
xA1jusal 9(766T)
12 WW O'T F G0 0} Paonpal Ww O'E F GG 318y 10940p [ellul UBS|A padiawqns sdiyo auoq snouagoiny T adAL (¥3) o€ pauing SD dsoud |e 1o Jayoag
93e19N00 %9/ ‘AlUo 1eid Yaa4a Ysm pareall 10940p ||em eI yga4qa + dueiquiawl 3414-0
-OU B JO 9SBd U0 U 1dadxa sanbiuyday ||e 1oy 83e1an00 peaiyl %00T pagiawaqns J0 esd yga4q ‘eueiqwaw 34140 T adAL  (0G) GE pauinl S0 dsold o (€66T)AI9D
sagueyd 1090301d poyjaw uonoesxa (syuejduwy aoens ugisap Apms
109)2@ Suljesay uonejuswsny 19ye J0 "ON) Juejduwy Apn}s

awn sjyuaned
juswade|d Jo "ON

S9}IS U0I}oBIIXB)S0d Ul sjuejdwi] YHM pajeloossy $30939( juejdwi-1iad jo SuijeaH uo Suiioday saipmys [ediully g alqel

The International Journal of Oral & Maxillofacial Implants 189



Chen/Buser

(L0" > d) euljeseq woly ebueydo dnolb-uiyum 1uediubis,

(GO" > d) euljeseq wou) ebueydo dnolb-uiyim 1uediiubis

‘14e160||e BUOQ PBIIP-8Z88l} PazijeJduIWLP = YgQ4d ‘[eJoulw duoq auIA0q pazijelouliuep = NggQ ‘oueiquiaw ausjAylooion|jesialAjod pepuedxs = 34| 4-0 :poyiaul uoneluswbny

“abpui ay1 Jo Buijeay 819|dwod Joije 1uswade(d a1e| = ¢ adA|

‘Buijeay auoq |enuelsqns Jalje wusweoe|d Ajies = ¢ adA| ‘Buljeay anssiy 140S [ellul Jolje Juswade|d Ajles = g odA| (UOI1ORIIXS JO SWI 8y} 1B Juswade|d aleipawiwl = | odA] 1UOI1ORIIXS J81JE SUIl JUBWade|d
‘pPayo1e-pIoe pue palse|gpues = 39S

‘payo1e-ploe pue 1u6-ab1e| YIM palse|gqpues 8oepns = 7S ‘paleod-ay1edeAxolpAy = yH ‘paAeids-ewseid wniuell = S4| ‘90e4NS paulyoew 01 Jus[eAinba = pauiny :82euns juejdul|

'S1I8S 9SeD = ) 'ApN1S LOY0o = S07) ‘eAndadsold = dsoud :ubisep Apnig

(S91S JO %GT Ul WW g 0} T < ‘S8MS JO % /4 Ul W T 01 O < ‘SO)S 2£(2002)

10 %8€E Ul WW Q) Ww 80 Sem 1ygiay auoq |B1Sald Ul uoionpal ueajy pagiawqgns uonejuawgne oN T adAL (02) 0T Sdl SO dsoid |e 18 1ueno)
ww g'0 ¥ T'T lengul] ‘ww 8'0 ¥ T°0 [eisIp
‘ww /0 F G'T |eloe) iww 80 F €0 |eIsaw :uononpal Yyipim 109j8q

Ww /g ¥ G'€ [engul] ‘ww ¢ ¥ +°0 [eisip 16(t002)
‘WW €2 F GG |eloe) ‘ww g€ 9T |BISOW :Uuononpal ygiay 1085oq  pagiawgnsiwes uoneyuswgneoN ToadAL  (TZ) ST V1S S)dsoid |2 19 Ij]90m0g
(80 =d)
WW 6T '8 01 WW t'Z F T'6 WOJ) pasealdap YIpim agpl [eulaixy 9PIX0IPAY WINID|RD pue ae| 2e(€002)
wuw Q 0} 5’9 WOJ) padNpaJl UoISUSWIP 189400S |euIdlu| |Bl1oRJ0IO pagiawqns -Aioeyiaw [AyrowAjod jo aysodwo) T adAL (0€) €2 VH SO dsoid |e 18 BUYNA
(a8ueyo WW Z Uyl 210W OU 918M
%GE) WW €T F8'9 01 WW G'T ¥ G'OT WOJJ paoNpai Sjjem auoq |eng ue|dwi pue ||em 19400S Usamiaq «e(€002)
-Ul| pUEe |el1o.) USDMISQ 90URISIP (PBAISSIO S}09)8pP SU0( [BNpISal ON pogiowgng  S10940p |euidiew ‘uoneiluswgne oN T odAL (GT) 0T Sdlpue3gs s dsoid |e 18 1UeAOD
uononpal eale
109J0pP %00T PeY SaMS 0T /8 ‘%EE F 98 JO UOIONPaI eaJe 103)eQ (syoam
JWw o0+ aueiq T 0} 8) 7(T00T) 8uet
G'Z 0} WW ' F 8L WO} paonpal yg1ay 109Jap |EJILISA [B1IUl UBSIN |esoonwisuel)  -wWaw uage||09 a|qeqlosal pue Ngga ¢ 2dAL (0T) OT Sdl SO dsoud pue allewweH
auelqwiaw Jau
pasodxe  -leq e Se pasn auoq |e211I0d Jeujwe| »(0002) Pawyy
AJ1UdaJ 18 WW €0 01 PadNpal WW G'] JO 1YSI9Y 109)9p [ellul US|\ WD dueIqWBIA uewny pazijelauiwap paup-azaal{ T adAL (ye) Gz pauiny  S) dsoud pue 1sinbuasoy
sagueyd 1090304d poyjaw uonoesxa (syuejdwy aoejns ugisap Apms
109)9@ Suljeay uonejusawsny 19)ye J0 "ON) juejduwy Apms

awn sjuaned
juawaode|d Jo "oN

S9}IS UOJ}ORIIX3)S0d Ul spuejdwi] YM pajeloossy s309jaq Juejdwi-1iad jo SujjeaH uo Suipioday saipnis [edjulj) Panupuod g ajqel

190 Volume 24, Supplement, 2009



Group 4

(¢LL =d)
ww 080 01 £/°0 83uel iz dnouy
ww 080 01 0L 0 8duels :T dnoun

24B1ay 19940p [EONJAA [BNPISAY

(TO" =d) %¥°'89 ¥ G9 (8T = ) 8oULBdSIYaQ

%86 F 86 (€T = U) 82Ud0sIysp ON

auelquaw 34]d-° 104

(SN) %6°8T F L8 i(¥7 = U) ®ousdsiyeq

%0°6T F 176 (6E = U) 2Ud3SIYap ON

aueiquiaw uage||09d 104

:90Ud0SIYap punom

B J0 9ouasaid 8y} Ul UONONPaJ BaJe 109)9P UBSIA
(TO0O" > d) %E'6T ¥ ¢6 :dURIqUIBW USZE(|0D

% 0S ¥ 8/ duelquisw 341d-9

-:uononpal eale 109jap Ues|y

(20 >d) (uBIey auoq |eysaud ul uled ‘el) 9/°C F 6E T- =
payess yga4q ‘ww 9/°Z ¥ TT'0 = payels yaa4a-uon
:1sal0 Jo th _mo_Qm 1SOW W04} SSO| au0q |e1sald uealp
(SN)8E'TFES'T =

payels vaa4q ‘ww 99°T F 65T = peless vaa4d-uoN
115810 8U0(Q |BUOJOD 1SOW WOJ]) SSO| 8U0( |e1sald UealN
(¥0 >d)

WWw G¥'€ ¥ 89°G = peyess vda4d ‘Ww €8°C ¥ 8T'€

= thm\_w v4ad4d-uon :uononpal Ew_wc 109J9p UEBaN
sadelins ucm_QE_ U3aM1a(q Sadualallip ON

spnsey

dn-mo|

-0} A7 aU3
pa1a|dwoo
sjuaned (e
quawaoeld

woul A ¢

GG = ¢ dnoin
9G =T dnoun

Ot = (uonoesn
-Xo Ja}je ow
9 uey} aiow)
oS pojeaH
1T =(uon
-0BJIXd U300}

e|lixew Jale ow 9 pue

dUI Ul MM 9 uddaMIBC)

ow 9 pue v ‘e ‘g adAL

8|qipuew L2 =T adAL

sy ulow 7 78

0T =7 dnoio

0T = € dnoin

¢t =g dnoin

owg TT=Tdnoin
jJuawoaoeld sjyuejdwi

Suimojjoy 10 "ON
pouad Aniyuaay

juejdwi T ueyy
2I0W PaAIgoal
sjuaied sawos
/dnoJg yusw
-Jeal} swes ayy
0} paguojaq
sjuaned

||e ‘pajels Jou
dnoJg yoea ui
sjuaned jo "'ON
[=210)

sjaned €8

Aluo

auelqwaw JawAjod
9|qeqJosay ;g dnoin
Aluo yes3 yH :T dnoun
S8lIs yioq

1e paye’s sem NGdd
‘(saus yi0q 404 pasn
Sem auelquiaW swes
Y} WW T uey) sss|

11 ‘SO1IS OM1 8] USBMIB]

20edS JO WW T Sem
aJay} papinoid) aueiq
-waw J41d-2 9|qeqlos
-21Uou e 3YIS JaY10

Y} pue sueiqwiaw
uage||0o a|qeqiosal

e pangdal Ajwop

-ueJ a)Is auo ‘syuejdwi
21eIPBWILI OM] 1SED)|

GZ 1k paiinbaijuaned yoeg

0T = dnoiy
0T = € dnoin
0T = ¢ dnoin
0T =T dnoiy
sjyuaned
J0 'ON

vda4a snid 3414-e pue

20BLINS YH ¥ dnoin
Aluo

auelqwiaw 341d-0 pue
20BJINS YH :€ dnoin

vga4a snid 341d-6 pue

90BJINS Sd] ¢ dnoin
Aluo

auelqwiaw 341 d-8 pue
90BJINS Sd1 :T dnoun

spoyjaw

uopejuswgne
pue sdnoi3

Jejuawiiadx3y

1ysiey 10840p

ul a3ueyo-ajgqeren
aWo02IN0 Alewlid
/(ww 6°G) uejdwi
JojoWelp-apim

e yum uonoun(

-U0J Ul SPoOYIBW Uof}
-ejuswigne auoq om}
aledwod 0] /1D

©aJe 10949p Ul
agueyn/Apnis pazi
-wopuel yinow-yids
e u| sueiquiaw
3d41d-8 8|qeq.os
-21UoU B YIm
aueiqwiaw uage||od
9|qeqJosal e uisn
uoneluswsgne auoq
aledwod 0] /104

S|OAS| BUO( [B1S840
pue ygiay 094ep
ul 8guey)/saoey
-Ins jyuejdwi omy
12 spoylaw uonel
-uswdne auoq om]

aledwod 0] /10y /padiowqns/T adAl pue Sd1

sajqeneA
awojno
/wie Apms

sals
Jejow Jejngipuew
pue Aiejixen
/pagiawgns

/T 9dAL

SuoNeoo| ||e-sals
Je|ngipuew pue
Klejjixel\ /pagiaw
-ans/v ‘€ ‘¢ ‘T odAL

sols
Jejow pue sejowald
‘auiue Jeinqipuew
‘solis Jejowald pue

Jousyue Aiejjixep

suopea|pul [eo1Ul|d ddeNS

paise|q 41(€002)
-pues |e1s Jadsoid
c1(L66T) B 3D

pauiny uuewzyz

VH +1(766T)
[e 18 Jayn

Apms

/1090304d Suijeay juedwy

/1090304d
jJusawaode|d

S9}IS UOJIRIIX3}S0d 03Ul pade|d spuejduwi] YM pasn SPOYSIAl uopjejuswiSny Juaiayig supedwod saipnis [eoajull) pajjospued € ajqel

The International Journal of Oral & Maxillofacial Implants 191



Chen/Buser

Jaded ay) Ul paluasald elep WoJ) PAALISP SEM UONEBIASP plepuels Lolid plepuels pariodal sioyine ay] x

ayeydsoyd wnjojeauy e3aq = 401

‘yeJ3o||e duoq palIp-9zaaly pazijelaulwap = ygad4d {[eJaulll duoq suln0g pazijeiaulwap = NggQ ‘dueiquaw auajAyiaoion|jenalifjod papuedxa = 341 d-9 :poyIdW uoneudWSNY "SalIas ased = §)
{ApN1S 10Y09 = S09 ‘APN1S |BOIUID PAJI0JIU0D = SOD ‘Bl PBJ|0JIU0d paziwopuel = |JY :udisap ApniS "a8pl ay Jo Suljeay a19|dwod Jayje Juswade|d ale| = 7 adA] ‘Buljeay auoq |elueISqns Jayje
Juswooe|d Alues = ¢ adA| ‘Buljeay anssi} 1Jos [eul Ja1e Juswade|d Ales = g adA| ‘uooeIxa Jo swil 8y} 1e Juswade|d ajeipawwl = T 8dA] :(uonoelixs Jaye swil Juswaoe|d) [090304d JuUsSWSE|d
‘payo1e-ploe pue 18-931e| YlIm paise|qpues a0euns = S ‘pareod-aiedeixolpAy = yH ‘pakelds-ewse|d wnijueln = Sd1 ‘99elns paulyoew 0l Jus|eAinba = pauin] :9oepns uejdw|

auo0q |e1SaI0

(z pue T sdnouy ueyy Ja1eald Aued |ejoey pue ‘yidep
-lugis € dnoin 'STO" = d) %S'6 F €8 :€ dnoIo %'eT pue ‘ypim ‘Wsley
F8'€z:zdnoin ‘%/°9T F 6'ST T dnoin :8uoq |eloe) ay) Jo 1013U09 ‘uoneuswgdne 10949p Ul a3ueyd
uondJosal |ElUOZIIOY UBaW ‘S||em SUOQ JOBIUI UM SBYS 1Y ON :(0T=u) € dnoin -S9|qelieA awod
(SN) Ww 60 ¥ €T :€ dnolp ‘wwi auelquaw uagde||0d  -1no Alewlid/109)9p
9'0F0T:zdnoin ‘ww z'T ¥ T'T T dnouo 3ysiay auoq |e1 a|geqJosal pue Nggd Jeuidiew uejdwi
-S210 |eloey) Ul 93Ueyd Ueaw ‘s||em auoq 10ejul YUM Sals 1y (0T = u) g dnoun -uad ayy jo 3ul soyIs Jejowaud
(SN) %¥'8¢ ¥ 0°GG :€ dnoun ‘%) €€ F 1 T8 :¢ dnouY ‘yeye nNggqa -esay uo sainpadoud pue Jjousjue Aie|
F /'T/ T dnoup :(je1oejol0) yidap 10940p Ul dgueyd ueaip 0T =€ dnoiy QT =€ dnoip (0T =u) T dnoin uonejuswgdne sauoq  Ixew ul syuejdwi
(SN) %9°9T ¥ 2’89 :€ dnoJ9 '%/T ¥ G'0L g dnol9 (%0’ 0T =¢dnoiny QT =g dnoio SoUS Jejowald  SNOLIEA JO 108449 8UY}  Y300}-8|8UIS/|eS0D 02(£002)
F 2’78 T dnoun 1y3iay 10949p |BOILIBA Ul d3URYD URDIA ow9 QOF=T7dnoiny QT =T dnoiy pue soudlue Aiejixepn aledwoo 01 /104 -nwisuel] /T adAL Al |e 1o uay)
(g pue { sdnouy |0J3UO0D ‘UOI}  ||EM BUO( |eloe) By}
woiy JuUsIBIp € dnoly ‘47 dnots) woly Jualayip ¢ dnous) -ejuswgne oN :G dnoio Jo uondiosal pue
‘G pue ¢ sdnoig wouy Juaiapip T dnosy ‘sdnoi3 usamiaq Ajuo auoq  sa3ueyd yidap pue
TO >d) T'v¢ ¥9'€L :G dnoiy €8¢  T¥€ i dnoin 'z'6¢ + shousgony 7 dno1n  ‘yipim siay 1084ep
2T/ € dnoip {6°GE F9'09 g dnoin ‘9'ez F €729 T dnoin auoq snousgoine pue -So|geleA W09
:(%) uononpal ([esipoisaw) Yipim 10858Q aueiqwaw JowAjod  -Ino Alewld/10840p
(SN) ¢¥¥ ¥ L'69 :G dnoio {0'9g ¥ 9'G/ 7 dnoun '6°6T + 9 =[e10l 9 = |ejol 9|qeq.osay :¢ dnoin [euigiew juejdu suoigal
/68 :€ dnoiy ‘g€ ¥ 8'G/ ;g dnoi ‘£°0€ F 9°€/ T dnouyp ZT =G dnoiny gT =g dnoin Aluo -yad ayy Jo ur  Jejowsaid pue Jou
(%) uononpai (jeroejo.0) yidap 10850Qq T = dnoiy T = dnoun auelqwaw JowAjod -jeay uo sainpadosd  -ajue Alejjixew ayy
(SN) T'¥Z F9'€/ :Ggdnoio ‘602 F £G/ ‘7 dnoup ‘'€z ¥ ZT=cdnoin T =¢dnoio 9]qeqlosay :g dnoJy  uoneuswsne auoq ul suejdwi Y100y
7°€8:€dnoin 91z F T'69 :2 dnoin 482 F 6’17, ;T dnosy  Juipeo] T[T =gdnoiy TT =g dnoip Aluo auelq SNOLIBA JO 109)49 -9[3u1S/padiow 61(5002)
(%) uononpal ydiey 109)eq JoueAg gr=Tdnoiny ZT =T dnoiy -waw J41d-9:T dnosy ayy asedwod o] /10Y -Qns/T 9dAL  pauinp |e 1o uay)

(S0" > d) ww 0 :dnoJ3 jo)uo)

wuw T°g :dnoJg 1sa)

Jow 93e

J2PINOYS dY1 0} |BUOIOD S|AS] UISJeW [2S0ONW |200N( UBSIA
(TO" >d) Www T'T :dnoJg j0,u0)

ww €7 :dnoig 18]

|engur]
(TO" > d) Ww €' :dnoig j0,3u0)
ww 9z :dnoig 1sa1 sjue|dwi s1e1pswwl
|eoong 1e uonejusw
:ow 9 e Jep Ajuo sueiquisw -3ne suoq Joj usg
-|NOYS 8y} 0] [EUOIOD S|OAS| UIgiew [esoonw [ewixold uesiy uage||00 9|LeqI0SaY  -2[|00 9|geQI0Sal 0}
Ww T°Z SA WW Z°Z :dnoig |013u0) 0T = :dnoi3 [013u0)  1ounfpe ue se auoq siejowaud pue
ww 8T SA ww 2T :dnoig 3sa) dnoJg |01u0) 0T = suelquaw BUIAOQ pazi|elaul Saulued Jeingipuew
:0W 9 0] duljdseq “4ap|noys 0T dnoJg |01u0) uagde||09 9]qeqlosal -WIap JO 1084J0 8yl pue Aiej|Ixe|n/|esod 51(#002)
1ue|dwi WoJy UONEd0| 8Uoq |B1saId dlydeigoipes uea|y ow 9 =dnoig1sal QT =dnoigisal  pue Nggq :dnoigisal aJedwod 0] /104 -nwisuel] /T adAL VIS |e 18 1uljsulo)
s)nsay juswadeld sjpuedwy sjuaned spoyjaw sajqeneA suoljeaipul [eajul|d aaepns Apms
Suimojjoy 10 "ON 10 "ON uopjejuawgne awoono /1090304d Sujjeay juejdw
pouiad A1juaay pue sdno.3 /uwie Apn}s /1090301d
Jejuswiiadx3 jJuswase|d

S9}IS UOIRIIXB)}SOd O}ul pade|d sjuejdw] y}im pas SPOYISIAl Uorpeuawsny Juaiapig Suredwod saipnis [ea1ulj) Pajjo}uc) panupuod ¢ ajqel

192 Volume 24, Supplement, 2009



Group 4

type 1 and type 2 placement, and concluded that
both approaches resulted in complete defect fill.23 A
human histologic study confirmed that spontaneous
bone regeneration occurred in experimental peri-
implant defects that were less than 2 mm in width,
and that the newly regenerated bone became inte-
grated with the previously exposed implant surface.*?

Covani and coworkers observed that complete
defect fill occurred in the peri-implant gaps following
type 1 and type 2 implant placement.?33> The initial
peri-implant gaps were 2 mm or less, and all sites had
intact bone walls. These observations are corrobo-
rated by human histologic studies that have shown
spontaneous bone regeneration and osseointegra-
tion when peri-implant defects were less than 2 mm
in a horizontal dimension.*>=** In contrast, two stud-
ies examining healing outcomes when the initial peri-
implant gaps were more than 2 mm reported that
not all sites healed with complete bone fill. Botticelli
et al demonstrated that 25% of sites with initial orofa-
cial gaps of 2 to 3 mm healed completely, compared
to 78% of sites with initial gaps of less than 2 mm.3’
Schropp et al observed that only 52% of sites with an
initial orofacial defect depth of 4 to 5 mm healed
spontaneously in the presence of intact bone walls.'”

Summarizing these studies, there is evidence to
show that peri-implant defects with gaps of less than
2 mm following type 1 and type 2 implant placement
may heal with spontaneous bone regeneration and
defect resolution. However, gaps of 2 mm or more in
the orofacial dimension show clearly reduced pre-
dictability for spontaneous bone regeneration.

Do Implants Prevent Resorption of the Ridge in
Postextraction Sites? Recent clinical and experimen-
tal studies have demonstrated that healing in postex-
traction sites is characterized by bone regeneration
within the socket and external dimensional changes
due to bone resorption and bone modeling.#=#" A
series of well-designed experimental studies in a
canine model have demonstrated that implants
placed into extraction sockets of mandibular premo-
lar teeth did not prevent these resorptive and model-
ing changes from taking place.*®4° The result is a
reduction in the orofacial dimension of the ridge and
a loss of crestal bone height, predominantly at the
facial aspect of the ridge.

Several studies have provided clinical data on the
dimensional changes that occur adjacent to implants
in postextraction sockets when no augmentation was
performed.3>3738 |n a prospective study, the distance
between the facial and lingual bone walls changed
from 10.5+ 1.5 mm to 6.8 = 1.3 mm (35% reduction in
initial orofacial width) after 6 months of submerged
healing.3 In this study, implants were placed into
extraction sockets (type 1 implant placement) in max-

illary and mandibular anterior and premolar sites. A
further prospective study reported on type 1 place-
ment of 21 implants in 18 patients.3” Implant sites
were confined to maxillary and mandibular anterior
and premolar sites. After 4 months of submerged
healing, the implant sites were reentered and
changes in the dimensions of the ridges were
recorded. External bone resorption and modeling
resulted in a reduction in the orofacial crest width of
56% on the facial aspect and 30% on the lingual
aspect.The height of the crestal bone was reduced by
0.2 to 0.6 mm. In a similar prospective study, Covani
and coworkers reported a mean loss in facial crestal
bone height of 0.8 mm after 6 months of submerged
healing following type 1 placement in 20 patients.3®
Implant sites included maxillary and mandibular ante-
rior and premolar sites. Although 38% of the sites
showed no change, 47% had between 0 mm and 1
mm of loss,and 15% had between 1 and 2 mm of loss.
These studies provide strong evidence that type 1
placement per se does not prevent vertical or hori-
zontal resorption of the ridges in postextraction sites.
Does Bone Augmentation Prevent Ridge Resorp-
tion with Postextraction Implants? Three RCTs'41920
and one prospective clinical case series®® reported on
the effect of bone augmentation on external dimen-
sional changes with postextraction implant placement.
In a study of 40 patients, vertical resorption of the
facial crestal bone was similar for sites treated with an
e-PTFE membrane alone or an e-PTFE membrane and
DFDBA (1.59 £ 1.7 mm vs 1.53 £+ 1.4 mm) for type 1
placement after 6 months of submerged healing.’*
Similar changes in facial crestal bone height were
observed in a study of 30 patients who received 30
immediate implants and transmucosal healing.?°
After a healing time of 6 months, vertical resorption
of the facial bone was 1.1 + 1.2 mm for peri-implant
defects grafted with DBBM, 1.0 £ 0.6 mm for sites
augmented with DBBM and collagen membrane, and
1.3 £ 0.9 mm for nonaugmented control sites. There
were no significant differences between groups. The
results of these two studies are similar to results from
studies of nongrafted postextraction implant sites
with respect to vertical crestal bone resorption.37:38
A study of various augmentation techniques with
type 1 placement showed that although defect fill
was similar, dehiscence defects showed significantly
greater horizontal resorption than sites with intact
bone walls.' In another study by the same authors,
significantly less horizontal resorption of the facial
bone occurred when the peri-implant defects were
grafted with DBBM (13.9% to 23.8%) compared to the
nonaugmented control group (48.3%).2° Similarly,
Yukna and Castellon reported that following type 1
placement and grafting of the peri-implant defects
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with a composite of polymethyl methacrylate and
calcium hydroxide, the external dimensions of the
sockets changed only slightly, from 9.1 + 2.4 mm to
8.4 £ 1.9 mm (an 8% reduction in orofacial ridge
width) after 6 months.3¢ Both these studies used
bone fillers with a low substitution rate.

These studies provide strong evidence that bone
augmentation following type 1 placement reduces
horizontal resorption of the facial bone. However,
these augmentation procedures appear not to influ-
ence vertical resorption of the facial bone.

Does Damage to or Loss of the Facial Bone Affect
Regenerative Outcomes? In postextraction sites, loss
of one or more of the socket walls is a common obser-
vation. In a retrospective study of 75 patients, only 10
out of 31 extraction sites (32%) had intact bone
walls.2! The majority of extraction sites presented
with damage to the socket walls, with two-wall (52%
of sites) or no-wall/one-wall (16% of sites) defects.The
authors also reported that the proportion of two- and
three-wall defects diminished as the time after tooth
extraction increased. In an RCT, 60 out of 92 type 3
and type 4 implant placement sites had peri-implant
defects. Of these, 48 were three-wall defects and 12
were dehiscence or two-wall defects.'”

Several studies were identified that reported on
treatment outcomes in postextraction sites in the pres-
ence of dehiscences of the socket walls,'7/1920:253040 |y
two RCTs of type 1 placement using various augmen-
tation techniques, sites with dehiscence defects
achieved similar defect fill compared to intact sites.’®20
However, greater horizontal resorption of the facial
bone occurred in the presence of a dehiscence, despite
bone augmentation.’® In a prospective study of type 1
placement in 35 patients, 100% implant thread cover-
age was achieved in all sites except one site with a no-
wall defect morphology, which achieved only 76%
coverage.? In this study, DFDBA was used alone or in
combination with an e-PTFE membrane. A study of
type 1 implant placement in 29 patients receiving 33
implants showed significant gain in crestal bone
height at dehiscence sites using DBBM and collagen
membrane.3° The resultant ridge height was similar to
that observed in sites that initially had intact bone
walls. In a study of type 2 implant placement in which
all 28 implant sites in 21 patients presented with dehis-
cence defects, a defect area reduction of 97% was
reported using DBBM and collagen membrane.*® A
gain in crestal bone height of 6 to 7 mm was recorded.

In contrast to these studies, Schropp et al reported
that a trend toward greater bone fill was observed at
sites with intact bone walls compared to sites with
dehiscence defects."”

These studies provide strong evidence that bone
augmentation following type 1 and type 2 placement
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is effective in reconstructing the damaged facial
bone. However, with type 1 placement, greater
resorption of the facial bone was shown to occur in
one RCT. This may have significant implications for
esthetic outcomes. A recent study reported a high
incidence of recession of the facial mucosa in the
presence of defects of the facial bone with type 1
placement, despite bone augmentation using DBBM
and collagen membranes.>®

Does Timing of Implant Placement Affect the
Regenerative Outcome? There were six studies that
provided comparative data on the effect of timing of
implant placement on regenerative outcomes (Table
4).1517.21-24

Three studies compared immediate (type 1), early
(type 2 or 3),and late (type 4) implant placement.In a
split-mouth randomized study of dehiscence defects
augmented with DBBM, Zitzmann et al reported less
defect area reduction with healed sites (80% for
e-PTFE membrane and 90% for collagen membrane)
compared to immediate and healing sites (85% to
94% for e-PTFE membrane and 95% to 97% for colla-
gen membrane) in 25 patients.’” Similarly, in a retro-
spective study of 75 patients by the same authors,
defect area reduction was significantly better with
type 1 and types 2 and 3 implant placement (92% =+
20.8% and 92% + 20.7%, respectively) compared to
type 4 (80% * 34.1%).2' The authors suggested that
the difference was attributable to the greater propor-
tion of one-wall/no-wall defects found with type 4
placement compared to immediate and early place-
ments, which had a greater proportion of two-wall
and three-wall defects.In another retrospective study,
the use of DBBM and collagen membrane resulted in
less defect area reduction with type 4 placement
(87.6% * 11.5%) compared to type 1 (90.2% + 9.1%)
and type 2 (95.6% *+ 8.7%) placement.?* Type 2 place-
ment achieved the best regenerative outcome in this
study.

Two studies compared types 1 and 2 implant place-
ment.In a prospective study using DBBM and collagen
membrane to manage dehiscence defects, signifi-
cantly greater defect area reduction was observed
with type 2 placement (91.2% =+ 9.1%) compared to
immediate placement (type 1;77.4% + 17.0%) in maxil-
lary molar sites.?? Covani et al reported that both type
1 and type 2 placement in sites with intact bone walls
achieved complete defect fill in the absence of simul-
taneous bone augmentation procedures.??

One RCT compared early placement in 46 patients
who received single-tooth implants in maxillary and
mandibular anterior and premolar sites."” Implants
were placed a mean of 10 days after extraction (range
3 to 35 days) in the test sites (23 implants in 23
patients). In control sites (23 implants in 23 patients),
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implants were placed a mean of 14.1 weeks following
extraction (range 9.3 to 19.7 weeks). Most sites did
not receive bone grafts or membranes; three control
sites received autogenous bone chips to cover dehis-
cences of the facial bone. The authors reported no
statistically significant differences in defect height,
width, and depth reduction between the two groups.

These studies provide strong evidence that aug-
mentation procedures are more successful with
immediate (type 1) and early (types 2 and 3) implant
placement than with late placement (type 4). There is
some evidence to show that regenerative outcomes
are better with type 2 placement compared to type 1
placement in the presence of dehiscence defects of
the bone. However, with intact bone walls, type 1 and
type 2 placement achieve similar results with respect
to fill of the peri-implant defect.

Does the Healing Protocol (Submerged Versus
Transmucosal Healing) Affect Treatment Outcome?
Most studies used a submerged healing protocol fol-
lowing implant placement. In five studies that used a
transmucosal healing protocol,'820272941 the healing
outcomes appeared to be similar to reports from
studies using a submerged approach. No studies
were identified that directly compared submerged
with transmucosal healing for postextraction
implants.

Evidence is lacking to demonstrate the superiority
of one healing protocol over the other with respect
to healing of peri-implant defects with postextraction
implants.

What Are the Postoperative Complications with
Postextraction Implants? The majority of studies
with postextraction implants reported the occur-
rence of postoperative complications. Although not
common, the most clinically significant complication
with type 1 placement was postoperative infection or
abscess formation leading to implant loss.'®>1-°6

The most common complication reported was
dehiscence of the wound and exposure of e-PTFE
membranes when submerged healing was used with
immediate implants.15192528303133-3552,57-60 Three
studies reported on the rate of complications with e-
PTFE membranes,”®>961 which ranged from 4.3% to
48% of sites. Studies with reentry defect data showed
that this complication was associated with impaired
healing and reduced bone fill in the peri-implant
defects.’>?® Premature membrane exposure and
infections in 15% to 20% of sites were reported in
studies of type 1 placement using transmucosal heal-
ing when e-PTFE membranes were used.?”-?° In stud-
ies using collagen membranes combined with bone
grafts and bone substitutes, wound dehiscences were
also reported.30-356263 These studies reported com-
plication rates ranging from 4.2% to 36.7%.

Since 1998, there has been a clear trend in study
designs to use resorbable collagen membranes
rather than e-PTFE membranes for bone augmenta-
tion. In the event of wound dehiscences, collagen
membranes have been associated with less adverse
healing outcomes. A split-mouth study which com-
pared e-PTFE membranes with collagen membranes
demonstrated that when wound dehiscences
occurred, bone fill was significantly better in sites
with collagen membranes than in sites with e-PTFE
membranes.’®> Furthermore, the healing outcomes
were similar in sites with collagen membranes,
whether or not a wound dehiscence occurred.

Other complications reported with type 1 place-
ment included postoperative pain,3®°2%4 sloughing of
the flaps,3®3' postoperative bleeding,?' and temporary
paresthesia.5>%% Absence of complications with type 1
implants was reported in only seven studies.263867-71

Only two studies reported on complications with
type 2 placement. These included postoperative
infection and necrosis of the flap in 2 out of 10
patients (20%)*' and postoperative bleeding.?' No
complications were reported in two studies with type
2 placement and submerged healing.3%72

Two studies provided comparative data on post-
operative complications with postextraction implants
placed with submerged healing. In a split-mouth
study comparing type 1 and type 4 placement, pre-
mature implant exposure occurred in 7 out of 14 sites
(50%) with type 1 placement compared to 4 out of 14
sites (28.8%) with type 4 placement. Bone augmenta-
tion with particulate hydroxyapatite was under-
taken.”? In a retrospective study in which autogenous
bone chips were grafted into peri-implant defects,
premature implant exposure occurred in 10.2% of
sites with type 1 placement compared to 11.8% of
sites with type 4 placement.”*

There were no studies that compared the rate of
postoperative complications between type 1 and
type 2 or 3 implant placements.

The evidence is clear that postoperative complica-
tions are common with immediate placement. The
most common complication is dehiscence of the
wound when either collagen or e-PTFE membranes are
used in conjunction with submerged healing. There is
strong evidence to show that in the presence of a
wound dehiscence, collagen membranes result in bet-
ter bone regeneration and defect fill compared to e-
PTFE membranes. There were no comparative data for
complication rates between type 1 and type 2 or 3
implant placements.

Do Systemic Antibiotics Enhance the Treatment
Outcome? The majority of studies included systemic
antibiotics that were prescribed perioperatively
and/or postoperatively. Amoxicillin was the most
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commonly prescribed antibiotic. There were no stud-
ies that reported on the influence of systemic anti-
biotics on the outcome of bone augmentation
procedures, or on the occurrence of postoperative
complications.

Survival Outcomes of Postextraction Implants
A total of 54 papers reporting on survival out-
comes of postextraction implants were identified
(Table 5). There were 24 prospective and 11 retro-
spective studies; of these, the majority reported on
survival outcomes with type 1 implant place-
ment,25:27,50-52,54-56,58,59,61,63,64,67-71,75-85 Equr studies
provided data on type 2 placement.!1,3972:86

There were 19 studies that provided data com-
paring different placement times after extraction
(Table 6). Of these, only two were RCTs®7:88 and two
were controlled clinical studies.”*>#° The remaining
studies were prospective and retrospective case
series studies.53:57.6566,74,90-99

What Are the Survival Outcomes of Postextrac-
tion Implants? The data on survival outcomes of pos-
textraction implants were predominantly derived
from studies with type 1 implant placement. Most
studies (35 studies) were short term, with mean obser-
vation periods of 1 to 3 years. Survival rates ranged
from 65% to 100% (median 99%), with 25 studies
reporting survival rates of 95% or higher. Ten studies
had mean follow-up periods of 3 to 5 years. Survival
rates over this period ranged from 90% to 100%
(median 95.5%). Only 3 studies were published with
follow-up periods of greater than 5 years; survival
rates for these studies ranged from 92% to 97%
(median 95%).

Seven studies reported on survival after early
implant placement (type 2), six of which were short-
term studies of 1 to 3 years. One study provided com-
parative data between type 1 and type 2 placement
over 4 years. The survival rates for type 2 placement
ranged from 91% to 100% (median 100%).

There were only two studies that reported data on
early implant placement with partial bone healing
(type 3).The survival rates were 96% and 100%.

Due to the heterogeneity of the studies with
respect to implant surfaces, loading protocols, and
the relatively short-term observation period for the
majority of studies, the data should be interpreted
cautiously. However, it appears that survival rates for
postextraction implants are high, with the majority of
studies reporting survival rates of over 95%.

Does Timing of Implant Placement Influence Sur-
vival Outcomes? Of the 19 studies with comparative
data, most compared type 1 and type 4 implant
placement (11 studies). Three studies compared type
1 and type 2 implant placement. Two studies com-
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pared type 2 and type 3 implant placement, and one
study compared type 1 and type 3 implant place-
ment (two of these studies were RCTs).8788 One study
had comparative data on type 1, type 2, and type 4
placement. The majority were short-term studies.
Four studies reported follow-up periods of 3 to 5
years, whereas only one study had a follow-up time of
over 5 years. In one retrospective study with compar-
ative data, it was unclear when implants were placed
after tooth extraction.®*

Type 1 Versus Type 4 Implant Placement. All studies
comparing type 1 to type 4 implant placement were
either retrospective or prospective cohort or case
series studies. In seven studies with conventional or
delayed loading, survival rates of type 1 implants
ranged from 90% to 100% (median 99%) compared to
60% to 100% (median 94%) for implants with type 4
placement.64739091,96-98 |n six studies of immediate
restoration of single-tooth, short-span, and full-arch
replacements, the survival rates of immediate implants
(type 1 placement) was 65% to 100% (median 91%)
compared to 94% to 100% (median 95%) for implants
with type 4 placement.>366:9296:9899 |n one retrospec-
tive study providing data on three placement proto-
cols, type 1 and type 2 implant placement had higher
survival rates (99% and 100%, respectively) than type 4
implant placement (81.8%).>

There is evidence to show that postextraction
implants have survival rates similar to implants in
healed sites. With immediate loading, type 1 implants
may have lower survival rates than implants placed
into healed sites.

Type 1 Versus Type 2 Implant Placement. Two short-
term retrospective studies®”®> and one prospective
cohort study with a 5-year follow-up® provided com-
parative data on type 1 and type 2 placement. Sur-
vival rates for type 1 implant placement ranged from
90% to 99% (median 90%) compared to a range of
90% to 100% (median 94%) for type 2 placement.
Thus, implants placed with an immediate or early
(type 2) protocol appear to have a similar survival
outcome. In two studies, increased failure rates were
noted in patients with a history of periodontitis.6>°4

Type 1 Versus Type 3 Implant Placement. Compara-
tive data for type 1 and type 3 implant placement
were examined in only one study, which was an
RCT.88 A total of 50 patients were selected, each with
a single tooth site with radiographic evidence of
chronic apical periodontitis. The patients were ran-
domly allocated to receive either immediate place-
ment or placement 12 weeks after extraction (type 3).
A submerged healing protocol was used and patients
were followed up for 12 months. The survival rates of
implants placed immediately were 92% and 100% for
type 1 and type 3 placement, respectively.
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Group 4

Type 2 Versus Type 3 Implant Placement. One study
compared the outcomes of 10 implants placed
4 weeks after extraction in 10 patients, with 10
implants placed 12 weeks after extraction in another
group of 10 individuals.® The survival rate was 100%
for both groups after 5 years of function. One RCT
compared the outcomes of different early placement
times over a 2-year observation period.®” A total of 46
subjects each received a single implant, either 3 to 15
days (mean 10 days) or 3 months after extraction
(type 3 placement). The survival rates were 91% for
type 2 and 96% for type 3. It should be noted that
implant placement between 3 and 15 days after
extraction is unlikely to have been accompanied by
complete soft tissue healing, and therefore does not
fulfill the definition of early placement with soft tis-
sue healing (type 2) adopted in this review.

Does Implant Surface Affect Implant Survival? A
variety of implant surfaces were used in the studies
reviewed, with many studies reporting the use of
mixed implant systems and surfaces. Implants with a
machined surface were widely used prior to the year
2000; subsequently, the majority of studies utilized
roughened surfaces. Survival rates for machined
implant surfaces ranged from 93.6% to 100%
(median 95%).2>:39:°1:59,65.66,68.86 Sy ryjval rates for
hydroxyapatite (HA)-coated implants were 82.4% to
100% (median 99.5%).>387376 Survival rates reported
in studies that used implants with a titanium plasma-
sprayed surface (TPS) ranged from 94.5% to 100%
(median 97%).27°2°6567 |n studies using implants with
a sandblasted and acid-etched surface (SLA), survival
rates of 99.1% to 100% (median 100%) were
reported,23607077,79.8997,100,101

Due to differences in study design and follow-up
periods, no direct conclusions can be drawn from the
data. However, there was a trend toward slightly
lower survival rates for implants with a machined sur-
face (median survival rate 95%) and highest survival
rates for implants with an SLA surface (median sur-
vival rate 100%). No studies were designed to com-
pare the survival of implants with different surfaces in
postextraction sites. One retrospective study
reported no differences in survival outcomes
between implants with machined and roughened
surfaces.®!

Does Systemic Antibiotic Therapy Improve Sur-
vival Outcomes? The majority of studies reported that
systemic antibiotics were prescribed. However, the
antibiotic regimen varied considerably between stud-
ies. Penicillin was the most common antibiotic pre-
scribed. There were no studies that evaluated survival
outcomes with and without systemic antibiotic ther-
apy. In one retrospective study, implant survival was
significantly influenced by choice of antibiotics.! Fail-

ure rates were higher in patients who were allergic to
penicillin and were prescribed alternative antibiotics.

What Are the Potential Risk Indicators for Sur-
vival of Postextraction Implants? Several factors
have been considered as potential risk indicators for
failure of postextraction implants.

Chronic Periodontitis. In a retrospective study of
1,091 implants in 591 patients who were observed for
a period of 1 to 11 years, an overall survival rate of 95%
was reported.’ The authors reported that there were
significantly more failures in men than in women, in
those who were prescribed alternative antibiotics to
penicillin, in implants in mandibular anterior sites, and
in tooth sites with chronic periodontitis. Three other
studies identified chronic periodontitis as a risk indica-
tor.>16>%% A higher failure rate was also noted in peri-
odontitis sites irrespective of the timing of placement
after extraction.®>?* In a study of implants placed into
76 extraction sites with infection (55 chronic peri-
odontitis, 15 endodontic pathology, and 6 root frac-
tures) in 33 patients, two implants failed during the
12-month follow-up. The failed implants were in sites
affected by chronic periodontitis.8

Periapical Pathology.The data for survival of
implants in sites with apical pathology are contradic-
tory. Two controlled studies have been published
comparing sites with periapical pathology. In the RCT
of Lindeboom et al described previously, the authors
reported that the survival rate was lower for type 1
compared to type 3 implant placement.®® In a con-
trolled clinical study, type 1 implant placement was
compared in 17 tooth sites with apical pathology and
17 sites without apical pathology in 32 subjects.8?
After 12 months, the survival rates for both groups
were 100%. It should be noted that 5 sites (4 with api-
cal pathology and 1 without apical pathology) were
withdrawn due to lack of initial implant stability.

Immediate Loading. The data on survival of imme-
diately loaded implants placed into postextraction
sites are unclear. Although high survival rates ranging
from 91% to 100% (median 100%) were reported in a
number of prospective case series studies of immedi-
ate restoration of single-tooth, short-span, and full-
arch cases,>>°6:6470,76,78,80,102 comparative studies
have reported lower survival rates of 65% to 100%
(median 91%) for type 1 implants compared to 94%
to 100% (median 95%) for implants with type 4 place-
ment for similar clinical indications.>3669296,9899 | 3
study in which implants were placed into extraction
sockets of teeth with chronic periodontitis, a much
lower survival rate was observed with type 1 place-
ment (65%) compared to implants placed into healed
(type 4) placement sites (94%).%°

Implant Sites. The majority of reports with type 1
placement were confined to single-root extraction
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sites in the maxillary and mandibular anterior and
premolar regions. Several studies provided data on
implants placed into multiroot extraction
Sites.6063.69,79.100.101 The syrvival rates of 89% to 100%
(median 99.5%) were similar to the results for
implants in single-root extraction sites.

Systemic Risk Factors. One study reporting on the
effect of systemic conditions on postextraction
implant survival was identified.”’ In this retrospective
study comparing type 1 and type 4 implant place-
ment, no postoperative complications or implant fail-
ures were observed in 61 patients who were on oral
bisphosphonate therapy.

Esthetic Outcomes of Postextraction Implants
Esthetic outcomes of postextraction implants were
reported in 17 prospective?0>05666,70,72,76-78,82,
83,86,88,93,103-105 and 7 retrospective studies.!1:80,106-110
(Table 7).

Esthetic outcomes were reported as changes in
the position of the midfacial mucosa and papillae,
width of keratinized mucosa, radiographic location of
the proximal bone, esthetic indices, and patient- and
clinician-rated esthetic results. The majority of studies
reported on outcomes with single-tooth implant
restorations, predominantly in the maxillary anterior
and premolar regions.

The majority of studies were short term, with fol-
low-up periods of 12 to 24 months. Three studies
reported on esthetic outcomes after mean observa-
tion periods of 4 to 5 years.2%7893 One study provided
data on a subset of patients who were followed for 6
to 9 years.'%

What Tissue Alterations Occur with Postextraction
Implants? Changes in the level of the midfacial
mucosa and height of the papillae have been reported
in studies using different placement protocols.

Midfacial Mucosa. Three studies reported that
mean recession of the midfacial mucosa ranging
from 0.5 to 0.9 mm (median 0.75 mm) occurred with
type 1 implant placement.”®76197 One of these stud-
ies used an immediate restoration protocol in which
implants were placed without elevation of surgical
flaps.”® In a retrospective study of type 1 implant
placement without flap elevation in 85 single maxil-
lary central and lateral incisor sites in 85 patients,
mean recession of 4.6% of the length of the adjacent
maxillary central incisor was reported.''? With type 2
placement, one study reported 0.6 mm of recession
of the facial mucosa.?® In a study comparing type 2
and type 3 placement, mean recession of 0.6 mm and
0.7 mm was reported, respectively. Over 5 years, fur-
ther recession of 0.3 mm occurred in the type 2
placement group, whereas a reduction in recession of
0.3 mm was observed in the type 3 placement
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group.?® These dimensional changes are similar to
those found in reports of single-tooth implants in
healed sites (type 4 implant placement)."1-113

In addition to mean values, which express the mag-
nitude of change, frequency analyses provide a useful
way to examine the trends in soft tissue recession.'?”
Frequency of recession with type 1 placement was
reported in eight studies,20°0,83:88103,104107.110 Races-
sion was reported in a high proportion of sites, rang-
ing from 8.7% to 45.2% (median 39%). Five studies
reported that recession of 1 mm or greater was
observed in 8% to 40.5% (median 21.4%) of
sites.”0.83.88,103,107 |n gne study in which type 1
implants were placed without elevation of surgical
flaps and restored 3 months later, recession of more
than 10% of the length of the adjacent reference max-
illary central incisor occurred in 18% of sites.'"°

One retrospective case series study with 45 single-
tooth implants using early placement (type 2)
showed a low incidence of recession after 2 to 4 years
of follow-up.!" This low incidence of recession was
confirmed in a prospective study of type 2 placement
by the same authors.”? Only one out of 20 sites (5%)
exhibited recession, and this was between 0.5 and 1.0
mm. In contrast, a prospective pilot study comparing
type 2 and type 3 placement reported a much higher
frequency of recession in both treatment groups. The
authors observed that the clinical crowns of the
implant restorations were longer than the contralat-
eral natural teeth in 9 of 10 and 8 of 10 sites, respec-
tively. The difference in frequency of recession
reported in these studies may be due to the different
approaches to bone augmentation used by the
authors. Gotfredsen used e-PTFE membranes when
defects of the facial bone were present, but with no
adjunctive bone grafts.?? In addition, the utilization
of e-PTFE membranes required a second open flap
procedure for membrane removal, causing additional
morbidity and local bone resorption. In contrast,
Buser and coworkers grafted the peri-implant defects
and external surfaces of the facial bone with DBBM
and covered the graft with a resorbable collagen
membrane, which did not require a second open-flap
procedure.'>’2 DBBM is a xenograft reported to have
a low substitution rate''* and therefore exhibits low
dimensional change over time.

There were three studies of type 1 placement with
immediate restoration that reported on changes to
the midfacial mucosa. Kan et al reported that mean
recession of 0.5 £ 0.53 mm occurred after 12
months.”® Wohrle observed that recession of 1 mm to
1.5 mm occurred in 2 out of 14 (14.3%) sites.’® In a
prospective study in which type 1 implants with
defects of the facial aspect were immediately
restored, recession of greater than 1.5 mm was
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observed in 34.8% of sites.>® Chen et al observed that
mucosal recession occurred soon after restoration of
the implants, and then remained stable between the
1-year and 3-year recall periods.?°

One RCT compared type 1 and type 3 placement
in sites with radiographic evidence of chronic periapi-
cal periodontitis.88 Absence of recession was noted in
only 56% of immediate implant (type 1) sites, com-
pared to 84% for early placement (type 3). Recession
of 1 to 2 mm was observed in 8% of type 1 implant
sites. In contrast, there were no sites with recession of
1to 2 mm in the type 3 placement group.

In an RCT comparing implant placement soon
after tooth extraction (mean 10 days) with early
placement after partial bone healing (type 3), reces-
sion of the mucosal margin resulting in exposure of
the metal margin of the implants was observed in
8.7% of implants in each of the two groups after 2
years.'% The height of the implant crowns was sub-
jectively determined to be too long in 17% of the 10-
day postextraction sites and 20% of type 3 implant
placement sites, and too short in 30% of type 3
implant placement sites. The crowns were of an
appropriate height in 83% of the 10-day postextrac-
tion sites and only 50% of type 3 implant sites.

Data on long-term outcomes are limited. However,
one study provided data on a subset of patients who
were followed for 6 to 9 years, with implants placed in
both anterior and posterior sites.’° Twenty-two
patients received 22 single-tooth type 1 implants that
were submerged at the time of surgery using connec-
tive tissue grafts. Twenty patients with 20 immediate
implants that were placed without the use of connec-
tive tissue (CT) grafts served as controls. Between 6
and 9 years following surgery, the proportion of sites
with recession greater than 1 mm (in relation to adja-
cent teeth) was 5% in test sites compared to 20% in
control sites. It was not possible to distinguish
between anterior and posterior sites from the study.

From these studies, it can be concluded that reces-
sion of the midfacial mucosa, even when combined
with grafts of bone or bone substitutes, is a common
complication with type 1 placement. The recession
occurs soon after restoration of the implants. Reces-
sion of 1 mm or more was observed in a high propor-
tion (range 8% to 40.5%; median 21.4%) of sites. This
dimensional change may lie within the visual thresh-
old of detecting a difference in mucosal levels.?
Mucosal recession would therefore be expected to
have an adverse effect on esthetic outcomes, as most
studies reported that implants were placed in the
maxillary anterior and premolar sites. Recession was
also observed with immediate restoration of
implants, and implants placed without elevation of
surgical flaps.

Early placement (type 2 and type 3) may also be
associated with recession. However, there is evidence
to suggest that early placement with soft tissue heal-
ing (type 2) is associated with a relatively low inci-
dence of recession when implant placement is
combined with GBR procedures using DBBM. There is
evidence that early placement with partial bone heal-
ing (type 3) is associated with a lower frequency of
recession compared to type 1 placement.

Papillae. With type 1 placement, a mean loss of
papilla height of between 0.5 and 0.6 mm was
reported in three studies.”®86197 Changes in papilla
height were similar for conventional loading and
immediate restoration protocols. In a prospective
study of type 1 placement using the crown of the
natural tooth as an immediate restoration, slight
blunting of the papilla was reported in 9 out of 10
treated sites.'® In a retrospective study of type 1
placement with immediate restoration, 64% of sites
achieved a satisfactory papilla form.8° Loss of papilla
height was accompanied by a reduction in the height
of the proximal crestal bone of 0.3 to 1.9 mm (median
1.2 mm).>6:66.707683105 | ass than ideal papilla fill was
reported for adjacent implants when the interimplant
distance was less than 2 mm.'0?

Four studies used the Papilla Index of Jemt to
describe the form of the papillae with immediate
placement.’08388108 The results were variable. In the
four studies, a score of 3 (indicating complete fill of
the proximal embrasure space) was recorded in 35%
to 78% (median 37%) of sites. A score of 2 (indicating
that half or more of the papilla height was present,
but not 100%) was recorded in 22% to 64% (median
55%) of sites. A score of 1 (indicating that less than
half of the papilla height was present) was only
recorded in one study, affecting 14.5% of sites',
three studies reported that no sites recorded a score
of 1. In studies of immediate restoration of
implants’%1%8 there was no clear advantage over
studies using conventional loading protocols83114
according to this index.

Two studies provided comparative data on differ-
ent placement times after extraction. One RCT
reported that the risk of a missing papilla or negative
papilla form at the time of restoration was 7.2 times
greater for type 3 compared to type 2 implant place-
ment (33% of sites vs 8% of sites, respectively).'%4
However, after 1.5 years there was no difference
between the groups (8% for type 2 placement and 3%
for type 3 placement). Overall, 5% of sites had a score
of 0,35% had a score of 1,and 60% had a score of 2.
Another RCT comparing type 1 and type 2 implant
placement showed no difference between treatment
groups.88 Studies of type 4 implant placement have
reported similar variations in papilla fill.'16117
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The main disadvantage of the Papilla Index of
Jemt'"® is that scores are based on the degree of fill
of the embrasure space after the crown has been
attached to the implant, and not on a comparison
with the pretreatment form and height of the papilla
prior to tooth extraction. Implant crowns will often
have an altered width and contact area to compen-
sate for a reduction in height of the papilla.”"® This
makes it difficult to compare results between studies
with this index. Several studies reported that the form
of the papilla improved over time with postextraction
implants,8%1%4 a phenomenon also reported with
type 4 placement.'16-118

The results of these studies show that type 1
placement is associated with recession of the papil-
lae. The majority of sites achieved fill of the interproxi-
mal embrasure space of at least half of the height, but
achieving complete fill was variable. There is evidence
to suggest that the final form of the papillae with
type 1 placement using immediate restoration and
conventional loading is similar. Similar outcomes
have been reported with type 4 placement. Two RCTs
provide strong evidence that the final form of the
papillae is independent of the timing of implant
placement after tooth extraction.

Width of Keratinized Mucosa. Three studies
reported on the width of the keratinized mucosa on
the facial aspect following type 1 placement. The
mean width was 3.3 mm and 4.1 mm in two stud-
ies.>%82 In a third study, 92.9% of sites had a width of
keratinized mucosa greater than 2 mm.2 These
dimensions are in accord with studies of type 4
implant placement.’'®1"® The width of keratinized
mucosa was greater when type 1 implants were sub-
merged using connective tissue (CT) grafts, com-
pared to sites that did not receive CT grafts.'%

What Factors Are Associated with Recession of
the Mucosa? Several factors have been associated
with recession of the peri-implant mucosa.

Tissue Biotype. With type 1 placement, sites with a
thin tissue biotype had a higher frequency of reces-
sion of > 1 mm than sites with a thick tissue bio-
type.2076,107

Facial Bone Wall. Kan et al reported that damage to
the facial bone wall encountered at the time of type 1
placement represented a significant risk factor for
mucosal recession.”® In 23 patients, implants were
placed into fresh extraction sites with a damaged
facial bone wall. The defects were grafted with DBBM
and covered with a resorbable membrane.The results
indicate that the risk of recession increased with the
width of the dehiscence of the facial bone. Only 8.3%
of sites with narrow (V-shaped) defects exhibited
recession of 0.5 mm or more. Recession for sites with
wide (U-shaped) defects and defects that involved
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the adjacent teeth (UU-shaped defects) was 42.8%
and 100%, respectively.

The thickness of the facial bone at the time of
implant placement may be an important factor.In an
RCT, Chen et al noted three residual defect types fol-
lowing type 1 placement.?? Sites that healed with
complete bone fill or a residual craterlike defect had
an initial thickness of the facial bone of 0.7 to 0.9 mm
and recorded vertical loss of crestal bone height of
0.3 to 0.9 mm at reentry. In contrast, sites that healed
with a dehiscence defect initially had a facial bone
thickness of 0.5 mm and recorded vertical crestal
bone loss of 2.1 mm at reentry. Thus extraction sock-
ets with thin facial bone lost more vertical height and
had less bone fill than sites with thicker bone.

Orofacial Position of the Implant Shoulder. The orofa-
cial position of the implant shoulder in the extraction
socket with type 1 placement is strongly associated
with mucosal recession. In three studies, implants that
were placed facially within the sockets had a higher
frequency and greater magnitude of recession than
sites where implants were more palatally posi-
tioned.2%107.110 At sites with recession, the implants
had a significantly greater orofacial defect depth of
2.3 mm compared to 1.1 mm for sites with no reces-
sion.?’ This is consistent with the observation that a
peri-implant gap with type 1 implant placement is
required to minimize compression of the facial bone
wall on inserting the implant, and to allow bone
regeneration in the gap to establish a thicker facial
bone wall.’?® These clinical observations have been
corroborated in an experimental study of implants in
fresh extraction sockets in a canine model.* Less ver-
tical crestal bone loss was observed when the peri-
implant defects were wide, compared to sites where
the defects were less than 2 mm in width.

What Are the Outcomes Based on Esthetic
Indices? Esthetic indices were used in four studies.
Based on the Pink Esthetic Score (PES),"?' a mean
score of 11.1 (out of a maximum 14) was reported in a
prospective study of 14 immediate implants in 12
patients.83 In this study, 64.3% of cases had incom-
plete fill of the papillag, and 42.9% had deficiencies in
the alveolar process. In a retrospective study of 85
maxillary central and lateral incisors, a mean PES of
10.95 was recorded.''® Optimum esthetic results were
achieved in 21.23% of sites (PES scores of 13 and 14).
Suboptimal esthetic outcomes (PES scores of 8 and 9)
were seen in 22.3% of sites. Using an alternative scor-
ing system, 82% of sites had a satisfactory esthetic
outcome with type 1 placement in a retrospective
study of 42 implants in 42 patients.'”” A total of 18%
of sites had an unsatisfactory outcome, mainly due to
recession of the midfacial mucosa. In a prospective
case series study with 20 single-tooth implants using
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early placement (type 2), the 12-month results exhib-
ited a mean modified PES index of 8.1, and a mean
WES index of 8.65 (both out of a maximum of 10).72

Studies reporting on patient-evaluated esthetic
outcomes generally reported that patients were
highly satisfied with the results with immediate (type
1) placement>6:6676.105 and early placement (type 2
and type 3)'% irrespective of the loading protocol.

Although there has been increased interest in and
reporting of esthetic outcomes with postextraction
implants since the Third ITI Consensus Conference in
2003, there are still relatively few studies at the cur-
rent time that evaluate esthetic outcomes using
objective parameters.

CONCLUSIONS

Regenerative Outcomes of Postextraction
Implants
From the studies reviewed, it can be concluded that:

+ Bone augmentation procedures are effective in
promoting bone fill and defect resolution in peri-
implant defects following immediate (type 1) and
early (type 2) placement.

+ Peri-implant defects associated with immediate
(type 1) and early (type 2) placement may heal
spontaneously when the peri-implant defect is
less than 2 mm in width and the facial bone wall is
intact.

+ Immediate placement does not prevent vertical or
horizontal resorption of the ridges.

+ Bone augmentation combined with immediate
placement may reduce horizontal resorption, but
does not prevent vertical resorption of the facial
bone.

+ Bone augmentation procedures are more success-
ful in combination with immediate (type 1) and
early (type 2 and type 3) placement compared to
late placement (type 4).

+ Evidence is lacking to demonstrate the superiority
of one placement protocol over the other with
respect to healing of peri-implant defects with
postextraction implants. However, there is some
evidence to show that regenerative outcomes are
better with early placement (type 2) compared to
immediate placement (type 1) in the presence of
dehiscence defects of the facial bone wall.

+ Postoperative complications are common with
immediate placement.

+ The efficacy of concomitant antibiotic therapy
with regard to healing of postextraction implants
has not been demonstrated.

Survival Outcomes of Postextraction Implants

+ The survival rates for postextraction implants are
high, with the majority of studies reporting rates
of over 95%.

+ Immediate (type 1) and early (type 2) placement
protocols have similar survival rates.

+ There is some evidence to suggest that implants
with a machined surface have a lower survival out-
come than implants with a roughened surface.

+ There is no evidence to show that systemic antibi-
otics affect the survival outcome of postextraction
implants.

+ A history of chronic periodontitis is a risk indicator
for survival of postextraction implants.The evidence
for periapical pathology and immediate restoration
as risk indicators is contradictory. Evidence for sys-
temic factors as risks for implant survival is lacking.

Esthetic Outcomes of Postextraction Implants

+ Tissue alterations leading to recession of the facial
mucosa and papillae are common with immediate
placement.

+ There is evidence that early placement (type 2 and
type 3) is associated with a lower frequency of
mucosal recession compared to immediate place-
ment (type 1).

* Risk indicators for recession with immediate place-
ment include a thin tissue biotype, a facial malpo-
sition of the implant, and a thin or damaged facial
bone wall.

« There is evidence to suggest that immediate
restoration and conventional loading protocols
appear to have similar outcomes with respect to
soft tissue alterations.

+ Although patient-evaluated esthetic outcomes
with postextraction implants are generally favor-
able, there are relatively few studies that evaluate
esthetic outcomes using objective parameters.
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