Immediate or Early Placement of Implants Following
Tooth Extraction: Review of Biologic Basis, Clinical

Procedures, and Outcomes
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Purpose: The aim of this article was to review the current literature with regard to survival and success
rates, along with the clinical procedures and outcomes associated with immediate and delayed
implant placement. Materials and Methods: A MEDLINE search was conducted of studies published
between 1990 and June 2003. Randomized and nonrandomized clinical trials, cohort studies, case-
control studies, and case reports with a minimum of 10 cases were included. Studies reporting on suc-
cess and survival rates were required to have follow-up periods of at least 12 months. Results: Thirty-
one articles were identified. Most were short-term reports and were not randomized with respect to
timing of placement and augmentation methods used. All studies reported implant survival data; there
were no reports on clinical success. Peri-implant defects had a high potential for healing by regenera-
tion of bone, irrespective of healing protocol and bone augmentation method. Sites with horizontal
defects (HD) of 2 mm or less healed by spontaneous bone fill when implants with rough surfaces were
used. In the presence of HDs larger than 2 mm, or when socket walls were damaged, concomitant
augmentation procedures with barrier membranes and bone grafts were required. Delayed implant
placement allowed for resolution of local infection and an increase in the area and volume of soft tis-
sue for flap adaptation. However, these advantages were diminished by simultaneous buccolingual
ridge resorption and increased requirements for tissue augmentation. Discussion: Immediate and
delayed immediate implants appear to be predictable treatment modalities, with survival rates compa-
rable to implants in healed ridges. Relatively few long-term studies were found. Successful clinical out-
comes in terms of bone fill of the peri-implant defect were well established. However, there was a
paucity of data on long-term success as measured by peri-implant tissue health, prosthesis stability,
and esthetic outcomes. Conclusions: Short-term survival rates and clinical outcomes of immediate
and delayed implants were similar and were comparable to those of implants placed in healed alveolar
ridges. INT ] ORAL MAXILLOFAC IMPLANTS 2004;19(suppL):12-25
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Since the first report of the placement of a dental
implant into a fresh extraction socket,! there has
been increasing interest in this technique for
implant treatment (for reviews see Schwartz-Arad

and Chaushu’ and Mayfield®). The advantages of
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immediate implant placement have been reported
to include reductions in the number of surgical
interventions and in the treatment time required.*’
It has also been suggested that ideal orientation of
the implant,®’ preservation of the bone at the
extraction site,% 10 and optimal soft tissue esthetics®
may be achieved.

However, it has been reported that immediate
implant placement may be adversely affected by the
presence of infection!!~1? and lack of soft tissue clo-
sure and flap dehiscence over the extraction site,'*
particularly when barrier membranes have been
used for guided bone regeneration.”’~2% Treatment
outcomes for both submerged and nonsubmerged
placements may be affected by lack of tissue
volume?! and thin tissue biotypes. In addition,
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Table 1

Extraction Sockets

Human Histologic Studies Presenting Data on Osseous Regeneration in

No. of
Study Duration patients Sites
Amler et al 50 days Not stated Varied
(1960)32
Boyne (1966)33 19 days 12
Amler (1969)34 50 days Not stated Varied
Evian et al 16 weeks 10 Varied
(1982)%

Maxillary
teeth

First Substantial
appearance Initial bone fill
of osteoid calcification of socket
7 days 18 days 38 days
(% fill)
10 days — —
7 days 20 days 40 days
(% fill)
— 4 to 6 weeks 10 weeks
(complete fill)

incongruity between the shape of the implant body
and that of the socket wall may lead to gaps
between the bone and the implant. At the present
time, there is a lack of consensus on the need for
immediate implants and the optimal regenerative
techniques to be used with them.>? The clinician
must therefore decide whether augmentation proce-
dures are necessary and, if so, the most efficacious
technique to use. To overcome the problems of
immediate implantation, alternative techniques have
been described, calling for implant placement at
various intervals following initiation of wound heal-
ing subsequent to tooth extraction.!*?>-27

This article will examine the biologic basis, as
well as the indications and clinical outcomes, of
immediate and delayed implant placement. It will
not deal with techniques for delayed implant place-
ment following soft and hard tissue augmentation at
the time of tooth extraction (for a review on this
topic, see Adriaens’®). An understanding of extrac-
tion wound healing and subsequent bone resorp-
tion, regeneration, and remodeling of the healing
socket is necessary to provide a basis for reviewing
the outcomes of implants placed early after tooth
extraction.

LITERATURE REVIEW AND
SEARCH RESULTS

A MEDLINE search was conducted to identify
clinical articles published between 1990 and June
2003. The search terms used were “immediate” and
“implants,” “implants” and “extraction sockets,”
“delayed-immediate” and “implants,” “delayed” and
“implants,” “delayed implants” and “extraction,”
“delayed placement” and “implants,” and “early
placement” and “implants.” In addition, the bibli-
ographies of 2 review articles were checked for

appropriate studies.”® The reference lists of identi-
fied studies were then searched for additional cita-
tions. Randomized clinical trials and nonrandom-
ized cohort studies, case control studies, and case
series with a minimum of 10 cases were included. In
addition, studies reporting on success and survival
rates needed to have follow-up periods of at least 12
months.

A total of 31 studies that met the criteria for this
review were identified. Of these studies, 18 provided
data on survival rates of immediate and delayed
implants. Nineteen studies provided clinical, radi-
ographic, and re-entry data on healing around
immediate and delayed implants.

HEALING OF EXTRACTION SOCKETS

Histologic Events

The events that occur in a healing extraction socket
have been identified by examination of animal his-
tologic material??~*! and human biopsies (Table
1).3273% Five stages of healing have been described.’*
In the first stage, an initial clot forms as a coagulum
of red and white blood cells derived from the circu-
lation. In the second stage, granulation tissue
replaces the clot over a 4- to 5-day period. Cords of
endothelial cells are associated with budding capil-
laries. In the third stage, connective tissue gradually
replaces granulation tissue over 14 to 16 days. The
connective tissue is characterized by the presence of
spindle-shaped fibroblasts, collagen fibers, and a
metachromatic ground substance. In the fourth
stage, calcification of osteoid is apparent, commenc-
ing at the base and periphery of the socket. Early
osteoid is seen at the base and periphery of the
socket by 7 to 10 days. Bone trabeculae almost com-
pletely fill the socket by 6 weeks. In the fifth stage,
complete epithelial closure of the socket is achieved
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Table 2 Studies Measuring Mean Apicocoronal and Buccolingual

Change in Ridge Dimensions Following Tooth Extraction

Healing
Study time (mo)
Lekovic et al (1997)3° 6
Lekovic et al (1998)40 6
Camargo et al (2000)*2 6
lasella et al (2003)43 4106
Schropp et al (2003)* 12

Vertical Buccolingual
change change
(mean = SD) (mean = SD)
-0.86 £ 0.14 mm —
-1.50 £ 0.26 mm —
1.00 £ 2.25 mm 3.06 £ 2.41T mm
—0.90 £ 1.60 mm -2.63 £2.29 mm

-0.7 mm (-1.4/-0.2)* -5.9 mm (-7.7/-4.7)*

*Indicates 25th/75th percentiles.

after 24 to 35 days. Substantial bone fill occurs
between 5 and 10 weeks.’?=3* By 16 weeks, bone fill
is complete, with little evidence of osteogenic activ-
ity at this time.>®

Maximum osteoblastic activity, seen as a prolifer-
ation of cellular and connective tissue elements,
with osteoblasts laying down osteoid around imma-
ture islands of bone, occurs between 4 and 6 weeks
after extraction. After 8 weeks, the osteogenic
process appears to slow down.?’

External Dimensional Changes at
Extraction Sockets
Morphologic changes in healing extraction sockets
have been described by cephalometric measure-
ments,’%37 study cast measurements,’®*! subtraction
radiography,*! and direct measurements of the ridge
following surgical re-entry procedures.’®40:42:4

Measurements from diagnostic casts allow assess-
ment of the gross morphologic changes that take
place during healing and reflect changes in both the
bone and overlying mucosa.*! Approximately 5 to 7
mm of horizontal or buccolingual ridge reduction,
representing about 50% of the initial ridge width,
occurs over a 6- to 12-month period. Most of this
change takes place during 4 months of healing. 3%
A corresponding apicocoronal or vertical height
reduction of 2.0 to 4.5 mm accompanies the hori-
zontal change. % Greater apicocoronal changes
take place at multiple adjacent extraction sites than
at single extraction sites. 444

The dimensional changes of the bone in healing
sockets have been reported via intraoperative mea-
surements (Table 23%-*). Loss of between 3.1 and
5.9 mm of buccolingual ridge width was observed in
studies with observation periods of 4 to 12
months.?** Schropp and coworkers measured
dimensional changes in 46 healing sockets in 46
patients.*! The extraction sites were confined to the
premolars and molars in both jaws. All but 2
patients agreed to not wear a prosthetic replace-
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ment during the healing phase. It was found that a
reduction in buccolingual width of approximately
50% (from 12.0 to 5.9 mm) took place over a 12-
month period, with two thirds of this change occur-
ring in the first 3 months after extraction. These
changes were slightly greater in molar sites than in
premolar sites, and in the mandible compared with
the maxilla. At 3 months after tooth extraction, a
reduction in apicocoronal ridge height of 0.8 mm
was noted on the buccal aspect.

Apicocoronal crestal bone height reductions of
0.7 to 1.5 mm have been reported after 4 to 6
months. 3?0424 In contrast, a gain in ridge height of
0.4 mm after 12 months was observed in one study.*!

A variety of factors may influence the dimen-
sional changes of the bone following tooth extrac-
tion, and it is clear that current knowledge is lim-
ited in many areas. Systemic factors may include the
patient’s general health and habits (eg, smoking).
Local factors include the reasons for extraction, the
number and proximity of teeth to be extracted, the
condition of the socket before and after tooth
extraction, the influence of tissue biotype on heal-
ing, local differences between sites in the mouth
and the dental arches, and the type of interim pros-
thesis used.

Internal Dimensional Changes Within
Extraction Sockets
Healing events within the socket reduce the dimen-
sions of the socket over time. Vertical socket height
reduction of 3 to 4 mm, or approximately 50% of
the initial socket height, has been reported after 6
months of healing.?>* Horizontal socket width
reduction of 4 to 5 mm, or approximately two thirds
of the original socket width, has been shown to have
occurred by 6 months of healing.3%40:42

A radiographic analysis using subtraction radiog-
raphy over a 12-month period confirmed that bone
formation within the socket occurred simultane-
ously with loss of alveolar crest height.*! Most of
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this bone gain and loss occurred in the first 3
months following tooth extraction. In the same
study, linear measurements of radiographs showed
that crestal bone levels at the tooth surfaces adja-
cent to the extraction sites remained relatively
unchanged over the 12-month observation period
(mean 0.1 mm loss). In contrast, mesial and distal
bone height levels in the extraction sockets were
reduced by 0.3 mm. The level of bone that regener-
ated in the extraction sockets did not reach the level
of the bone at the adjacent teeth.

Dimensional Changes in Damaged

Extraction Sockets

The rate and pattern of bone resorption may be
altered if pathologic or traumatic processes have
damaged one or more of the bony walls of the
socket. It is likely in these circumstances that
fibrous tissue may occupy a part of the socket,
thereby preventing normal healing and osseous
regeneration from taking place.”® There are insuffi-
cient data on the differences in rates and patterns of
the healing of intact versus damaged extraction
sockets.

Dimensional Changes of the Mucosa

It is generally believed that the form of the mucosa
closely follows the changes in the underlying bone.
An apical shift in the coronal bone may be followed
by a similar shift in the position of the mucosa.
However, in a study comparing healing of undis-
turbed sockets with healing of sockets grafted with
freeze-dried bone allograft and a collagen mem-
brane,® the authors reported that the thickness of
the mucosa at the buccal aspect of the ridge crest
increased by 0.4 mm after 4 months in the control
group. The grafted group showed a loss of tissue
thickness of 0.1 mm. The differences between test
and control groups were significant.

Although complete epithelialization of the socket
is established by the fifth week of healing, organiza-
tion and maturation of the collagen in the underly-
ing lamina propria takes longer to occur. Matrix
synthesis begins at 7 days and peaks at 3 weeks; this
is followed by a continuous process of maturation
until complete tensile strength is restored several
months later.* Lack of tensile strength in the
mucosa of healing extraction sockets may result in
wound dehiscence. Dehiscence rates of 5% to 24%
have been reported at delayed implant sites treated
with both resorbable and nonresorbable mem-
branes, despite the presence of adequate tissue vol-
ume to achieve primary closure.?>*

CLASSIFICATION OF TIMING OF IMPLANT
PLACEMENT AFTER TOOTH EXTRACTION

Several classifications have been proposed for the
timing of implant placement following tooth extrac-
tion. In the classification of Wilson and Weber, the
terms immediate, recent, delayed, and mature are used
to describe the timing of implant placement in rela-
tion to soft tissue healing and the predictability of
guided bone regeneration procedures.!* However,
no guidelines for the time interval associated with
these terms were provided. In the recent classifica-
tion of Mayfield, the terms immediate, delayed, and
late are used to describe time intervals of 0 weeks, 6
to 10 weeks, and 6 months or more after extraction,
respectively.’ The interval between 10 weeks and 6
months was not addressed.

Most of the studies reviewed described immedi-
ate implant placement as part of the same surgical
procedure and immediately following tooth extrac-
tion. The exceptions were Schropp and associates,?’
who defined immediate implantation as implants
placed between 3 and 15 days (mean 10 days) fol-
lowing tooth extraction, and Gomez-Roman and
coworkers,*® who defined it as occurring between 0
and 7 days afterward. The majority of studies that
described delayed implant placement used a delay
period of 4 to 8 weeks after extraction. In a report
published by Himmerle and Lang, placement was
delayed for 8 to 14 weeks.?’ In an additional 3
reports, implant placement was considered delayed
when it occurred between 6 weeks and 6 months
after extraction*”*” and between 1 week and 9
months.*® This variation indicates a lack of unifor-
mity in the interpretation of the terms immediate,
delayed, and late.

Thus, it is necessary to introduce clearer defini-
tions of implant placement that are based on the
morphologic, dimensional, and histologic changes
following tooth extraction and on common practice
derived from clinical experience.

CLINICAL OUTCOMES

Several studies have reported on clinical, radio-
graphic, and bone defect changes that take place fol-
lowing placement of immediate and delayed
implants (Tables 3 and 4). Ten studies reported on
healing of immediate implants only,!718,51-33,57-61
and 3 studies dealt only with delayed implants.?’-*%
Several articles compared immediate with delayed
placement,???7:62 or immediate with late place-
ment.’%%6 A total of 6 papers provided comparative
data on immediate, delayed, and late place-
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ment.!0242647-49 The majority of the comparative
reports were not randomized with respect to place-
ment and augmentation techniques.

Healing of Inmediate and
Delayed Implant Sites
Following observation periods of between 1 and 4.5
years, no significant differences were reported to
occur in radiographic crestal bone levels or in prob-
ing of pockets at immediate, delayed, or late
implantation sites.!%,22:48,50,56

The majority of studies reported that peri-
implant defects associated with immediate implants
healed with significant bone fill, irrespective of the
placement protocol (submerged versus nonsub-
merged) and augmentation method used.’!33,77-61
However, significantly better bone fill (5.7 mm ver-
sus 3.2 mm) and less crestal bone resorption were
reported at immediate implant sites treated with
demineralized freeze-dried bone combined with
nonresorbable barrier membranes, versus sites
treated with a nonresorbable barrier membrane
alone.!” An exception to these positive findings
above was reported in a study of immediate
implants in 15 patients.!® Substantial bone regener-
ation was observed histologically in only 3 of 15 tis-
sue samples taken at the time of membrane
removal. The results were compromised by wound
dehiscences that resulted in early exposure of non-
resorbable membranes in 10 of 15 patients. In other
studies, premature exposure of nonresorbable mem-
branes was reported to be associated with reduced
volumes of regenerated bone in the peri-implant
defects.!7#7:60 However, lower incidences of prema-
ture membrane exposure were observed using colla-
gen membranes.*/»’8

Peri-implant defects encountered at the time of
delayed placement have been reported to heal with
significant reduction in defect dimensions. In the
absence of augmentation techniques, defect height
(DH) reduction was greater at sites with no hori-
zontal defects (ie, the peri-implant space) compared
to sites where horizontal defects were present (3.4
mm versus 1.1 mm).>* Highly successful outcomes
for defect area (DA) reduction (86% to 97% reduc-
tion) were reported in dehiscence defects treated
with collagen barrier membranes and anorganic
bovine bone mineral.?>

Comparisons between immediate and delayed
implantation sites showed a trend toward higher
percentages of DH and DA reduction at delayed
sites (range between studies for DH, 86% to 97%;
for DA, 86% to 97%) compared with immediate
sites (DH 77% to 95%; DA 77% to 95%). The
exception was in the study of Schropp and cowork-
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ers, in which DH reductions were comparatively
modest (48% immediate; 34% delayed).”” In most
cases, differences between groups for DH and DA
reductions were not statistically significant.?%47:4
However, Nemcovsky and colleagues found signifi-
cantly better DH and DA reduction at delayed sites
compared with immediate sites.5?

Localized pathologic processes may lead to dam-
age of one or more walls of the extraction socket,
with the formation of dehiscence defects.?#?6:27-50,31
Sockets with dehiscence defects may lack the poten-
tial for complete bone regeneration, and the risk of
long-term complications may be increased with
immediate implants placed at these sites.!* How-
ever, several reports have shown that bone regener-
ation may be achieved in dehisced sites adjacent to
immediate implants using a variety of augmentation
techniques, including a nonresorbable expanded
polytetrafluoroethylene (e-PTFE) membrane and
demineralized freeze-dried bone allograft,’! a
resorbable collagen membrane and anorganic
bovine bone,’* and autogenous bone alone.?’*? In a
comparative study, significantly greater defect
height reduction was achieved in dehisced sites with
delayed compared to immediate implant placement
(88.8% versus 77.4%).2¢ Interestingly, early place-
ment (immediate and the earlier delayed) showed
consistently better reduction of dehiscence defects
than did late implantation in healed alveolar
ridges.?#26:4749 Defect morphologies with early
implantation present with 2 or 3 intact bony walls,
whereas defects with late implantation tend to pre-
sent as 1-wall or no-wall defects.?* A report that
70% of 3-wall defects associated with immediate or
early delayed implants healed without augmentation
confirms the high potential for bone regeneration at
these sites.?” The location of the implant in relation
to the socket appears to be a critical determinant of
the outcome of regenerative treatment at dehisced
sites. Thus, implants should be placed well within
the confines of the socket to ensure a maximum
number of bone walls and to take advantage of the
healing potential of the socket.

Survival Rates

Eighteen studies were identified that fulfilled the
selection criteria for this review (Table 5!
11,13,22,24,48,50-54,56,61,63-67)  Only 4 studies involved
nonsubmerged healing following immediate place-
ment.*$33:5663 The majority of studies used a sub-
merged healing protocol that required a second sur-
gical procedure for abutment connection. Because
the study of Polizzi and associates was a 5-year fol-
low-up of a 3-year report of Grunder and cowork-
ers, only the former study was included in the



GROUP 1

‘poAeids-ewse|d winiuell = S ‘PaYSIUl BUIYOBW = {|/ ‘pa1e0d-a11edeAXOIpAY = H ‘UOISS9081 = DJY 'S8MIS pajesay = SH

‘1uesaud s1094ep ou = QN ‘pablewgnsuou = gNSN ‘paebiewagns = gNs
'sdnouf ||e 1o} s1usiied Jo Jequunu [e101 S81edIpu|,

‘au0q palp-6z8al) ‘pazijelsulwep = 9 ‘aledeAxoipAy = G ‘auoq aulnoq dlueBloue = { ‘auoq snousboine = ¢ ‘euelquiaul Uabe||0d = Z ‘euelquiawl 34| 4-e = | ‘uoiejuswbne ou = O,
"8lo11Ie [eUIBLIO By} Ul PAUIBIUOD BIEP WUOI) POAIISP 818M SaN[eA ‘patiodal 10U UaYpA

(uonoeuixe (uonoeixe (uonoeixs

Jeye  Jsye ow g 40 3M dnSN gv(L661)
ow g Av 01 dM : L C_r_w_>>v 6@:30@; Sdl Hjell4 |els ueuloy
€ € € L L L G ov¥/,9L€ ¥91/,9LE 98/,9.¢ SOUS %1 ON "VH/MelS -Z3WO0H

(ssus (SMm ans EIA
snojniuspe) 8-9) 710'e+1 0 Jliewsuelg 01(G661)
gl 6'¢ 8’1l G0 80 0L L'LC L1/,0T 9¢/,0¢ L6/,0C :SNOLIEA ON ‘'VH/ZIN| e 18 38z1ep\

8/9 gnSN
11D dnoub 'SH=20

0L¢ /A N] 0¢/0C ‘0e/S1L ‘AN =10 95(9661)
4o} — vSTL — - - cl :zodnoin - ‘Ldnoin ‘Auo | = | ON Sdl/ILI [e1e sebbelg
ans A 2z(7661)
(M 8 01 9) €+LGTL0 Stlewsuelg | 1o Ajjinod
— 6l S'¢c - €0 g0 vl — L6/9€ €6/1E ‘SNOLIEA ON 'VH/ZNI  -HHopsus|p
(€°0034) (20034 VH 0s(L6B61)
e — 8¢ 80 — 60 9 v1/,8¢ — ¥1/,8¢ ans ‘g ON /Aeuole] BUNNA
aje] paAelag 9leipaww ajeT paAeje@ ojeipaww] (ow ‘ueaw) ajeT (poad  ajeipaww] jo203j04d  uonezZIWOpURY  3JeNS Apmis

(ww) syayo0d (wuw) sso| auoq |e}satd ot LT Pt ESN] e

fuiqosd udesBor uoneAldsqo paAejaq *poylaw juejduwy

1q0.4d ueap\l aiydeaboipeu uea|p
uonejuawbny
sjuejdwi/syuaned
J0 'ON

jJuawade|d aje 1o paie|ag yum ajeipaww| burredwon

pue sajig Juejdw) paAe|ag pue ajeipawuwyj je buijeaH jo eyeq siydeiboipey pue jeajul) Buipuasaid saipnis |[ediul) € a|ger

17

The International Journal of Oral & Maxillofacial Implants



%08 4O UoIONPal eale 10949(] :91e7] (ow 9

%6 $0 uononpal eale 10830 peAejeq (ow 9 <) 01 %M 9) 4N (6661) 210
% ¢6 $0 uoidoNpal esle 198/9( -d1elpawul| 901y 8¥7/,GL €¢/,SL LE/,SL ans ‘v+e ON Jllewsuelg uuewzyiz
LIl 10940p %16 ‘Allus-a1 15(8661) [B18
18 WW | 'Z 0} 8UIjaseq 18 WW /'y WOlj UONoNpal HA ‘alelpawiu| g - - LL/0L gnSN ‘1 ON SdULI ajlewiwieH
LWiw 0 0} PeONpPas WW 9'L aH
! Juasald gH YM WW G0 O} PIONPaI WL §°E 10819P JO HA (M g o1 g) 45(8661) 210
{,uesald H OU UM WW 0 O} PEONPSI WW G'Z 10948p JO HA :pahejeg goig = Lzl = ans o oN pa1e:s 10N 1epeH-IN

+%06 = dueIquIBW Uabe||0d yum

'+%08 = dUEBIqUIBW J4| d-© YLIM UONONPal Bale 10940 (91T
+%/6 = dueIquIsW Uabe||0d yum

L% V6 = dUBIqUIBW J4] -0 YLIM UONONpal eale 10948(] (paheaQ

+%G6 = dueiquiaw uabe|jod yum (owg <) (owgoixmo) 4N plL66L) [B1S
'+%G8 = eueIqUBW 341 d-8 YlIM UOIONpal eale 108)8( 8lelpauw| 90} ¥ 0v/,5¢ LL/,GC Lz/,SC ans v+ v+l SOA iewsueig uuewziz
+%9/ 40 uononpal eale 10848( :8le
+%98 4O uononpai eale 199}0( paheleg (dwg <) (owgoixmo) 4N 64(9661L) [B 1S
+%68 40 UoRONPaI edle 10848 :81elpaw| 90y €2/,08 12/,08 §¢/,08 ans ‘v+e ON /Hiewsuelg uuewzyz
so|dwes anssii 4N 5.(G661L) IR 18
G| JO € AJUO Ul UO1BULIO} BUOQ 4O 82UapIAg :ABO|0ISIH 81elpawW| 9 - - 0z/51 ans ‘L oN /flewesuelg unyibny
es(7661)
uolleseusbal auoq 918|dwod YlIM S81IS | Z JO 0Z :91elpaulw| £ 01G - - 1Z/9L gNSN ‘Ajuo | oN Sd/ILI |e 10 Bue
(sdnoub useamiag GO° > 4) WWI 8|S = |0JIU0D ‘W 89°'G = 1581 :||Iyeuog

!(sdnoib usemiaq GO* > o) WW | |'Q— = [0J1U0D ‘WU GE" |+ = 1S8) 115810 1Z/9L ans
40 Jied |eoide 1SOW WO} SSO| BUOQ [B}S8ID ‘WU GG’ |— = [0J}U0D * ww €G° |— :|013U02 ‘Ajuo | :]0J3u0d VH/A#M0RD L1ve61)
=159] :1S810 8UO( [RUOIOD 1SOUI UIOJ) SSO| BUOQ [B1S8I)) :1eIpallW| 9 - - '22/0Z 1591 ‘9+1] 18] SO pue Sd1/I1| |e 18 Jayn
(1ussaud sousosIysp [e0oNg UsyM uleb sse| Apyblls) wiw z°0 4N 25(v661)
0} peoNpal W /°¢ QH *;WW G'Q 0} PaONPal WW G'G H/ :elelpawiul| paiels 10N +G/0E ans ‘Ajuo g oN /flewsuelg |e 10 Joyoag

2beION0D 9% 9/ = AJUO Q JUBWIIRAI] YlIM PBleaI} 108}0p |[BM-OU B JO (e]lixew) 9 ansS ‘9 '9+1 ‘L 4N
aseo | ul1dedxe ‘senbiuyosl ||e 4o} 86eI8A0D pealyl % (00| :elelpswwl|  (s|qipuew) { - - 05/5e :SNOLIBA oN Jllewesuelg  4(€661) 8D
sabueyd 199j9p-auoq A1jua-ay (ow ‘ueaw) (poriad (poniad ajelpawiw| xpoylaw wopuey aoens Apnig
pouad Aejap) Aejap) uonejuawbny JwalsAs
uoinleAldsqQ aje paAejeq juejduwy
sjuejdwi/syuaned
jo ‘oN

Juswade|d Juejdw] aje] Jo/pue ajeipawwl] YHm jusawadeld juejdw) palejaq buriedwos pue sajg juejdwy

paAejaq pue ajeipawuw] je bujjeaH Buimojjo4 sabueys 199j9q auog juejdwi-1134 uo ejeq Anyua-ay |eaibing Hunpuasaid saipnig [ediul|d ¥ ajqel

18 Volume 19, Supplement, 2004



GROUP 1

‘pabiewgnsuou = gNSN ‘Seus pajeay = SH ‘peblawgns = gNS !(jeuotodooide) 1ybiay 10840p |eOILIaA = HA (|enb

-U1|099N0) Yidep 10848p [eluozioy = QH (|BISIPOISW) YIPIM 10848p [BIUOZILIOY = AAH ‘PaInIXaloolw = X | |A ‘paieod aliiedeAxoipAy = yH ‘paAelds-ewse|d wniuei} = Sq] ‘paysiul-auiyoew = 4|A| \payole-pioe = 3y
“dnolB juswieall 8yl UIYIM Buljeseq Wolj (G0° > d) 8Bueyo 1uediiubls seleoipul,

'sdnoJb ||e Jo} sluened Jo Jequinu [e101 Se1edipul,

19

's)4e1B0||e BUOQ paLIP-8z081) pazijeIouILISp = g ‘B111edeAX0IPAY = G ‘8U0q 8UIAOQ dlueBloue = 1 ‘auoq snousfoine = ¢ ‘suelquiaw Usbe||0d = g ‘auriquiawl 34| 4-0 = | ‘uoneiuswbne ou = 0,
"9|oIHe [BUIBLIO 8U} Ul PAUIRIUOD BIEP WO} PAALISP 819M SanjeA ‘paliodal Jou USUAA

+%VE = HA+'%LL = AH +'%6E = MH :U01dNpal 19848Q :pakejeq (M Lyl (P OL uesw) ans :(s1084ep 12(€002)
+%8Y = HA +' %65 = AH ' %87 = MH :UonoNpal 10849 :81eIpawwl| 9 - uesw) €z/eT €7/€C  9oUSDsIysp UI) € S8A Jv/eroaessQ/ I |e 1o ddoiyos
(sdnoub g eyl usemiaq GO' > o) %9°/8 4O UoIONPa. eale
10948p :(sdnoub € sy} UsaMIag G0° > o) %G'Z/ UoNoNpal 1yBIay 108)e( :81e7] ans ‘v+e 9z(c002)
9%9°G6 4O UOIONPa. eale 10818p ‘9% 8'88 0 uoionpal ybley 10840Q :peAejeq (Im 9 01 1) 'S109}9p 92UBISIYSP VH Pue ‘sdl ‘XLIA 121y pue
%206 $0 U0IIoNpal eale 198J8p ‘%t // JO Uoonpal 1yBiay 1098 :81elpauwl] 8019 (SH) ov/ce 6¢/ac €7/61 1829NQ YUM Sals ||y ON Peroe) 19zng  AysnoowsN
(sdnoub usemiaqg Go' > d)
%Z L6 4O UOIONpal Bale 108J8p ‘%z L6 40 uoionpal ybiay 10848 :paAejaq
(sdnof usamiaq G0' > d) %Z 06 0 (im g 01 ) VH PUB 'SdL 'XLIN  £5(c002) I8 1e
uoIoNpal eale 10848p ‘%t L/ 4O uononpal 1ybiay 10848 eleIpaulW| 8019 - Ls/ve cz/6l ans ‘v+¢ ON 'SSQUOIS pue JazNg  AYSAOOWSN
(s10840p
juedwi-uad ans
UM s8lis /7) ‘Seuelquiaw N/ 1€ PUB  14(2007) (B30
[1I} 30848p %00 -S1eipawwW]| G'9 Uea|n| - - LY/8E Jallieq ¥ 9 ON 4N ewauelg uleIsp|on
52(1002)
(Im 1 018) Bueq pue
+%98 10 Uolonpal eale 19849 :pahejeq L0OV9 - oL/ol - aNSN v+¢ ON Sd.L/ILI slewweH
ans 65(0002)
‘suelquusu suoq paswyy pue
;WW €°0 0] WW G'g WO} uolldonpal HA 8lelpawiud| 9 = = ¥£/G¢ w:O@O_OEOI ON n__\/_\v_‘_mrtmcm\_m HwSUcwwOI
00(0007) B 10
S§81IS ¢ Ul ssO| auoq dans ‘wwl ¢ <dH ®£@\_®Qc®muw
‘selis g ul _m_tma ‘'sels Q| ul m«m_arcou 10849 elelpauwiwl| 9 - - 1Z/Gl  Yyum s1o8jepie ON 4IN/dewsuelg uep
(Im £ 01 6) ans XLIN/A8MOBD PUB  44(0002) I8 30
% /6 O uononpal eale 108)9( ”Um\»m_wﬂ 8019 = 8Z/1¢ = Y+e ON Sdl1/euo01eD >v_w>ooccmz
VH pue 5(6661)
#mcm\_QEmE UM W /70 01 Ww 9'f7 WoJ} uononpal HA Wmcm\_prcwg dans EIA ‘wmo_\_muw 1211y pue
OU YlIM Wil g0 01 W g*| Wol) uoilonpal HA :elelpawiud| 6109 - - £8/62 u>_CO 7 SAp+L ON pue %8101 >v_w>OoE®Z
sabueyd 109jep-auoq A1pua-ay (ow ‘ueaw) (pouad  (pouad  ajeipawwy «poylaw wopuey ajeyns Apnig
pouad Aejap) Aejap) uoljejuawbny JwalsAs
uoneAIssqQ aje paAejaqg jJuejduwy
sjuejdwi/syuaned
Jo "'ON

(pPanuniuo9) Jusawade|d Juejdw] ajeT] Jo/pue ajelpawwu] YHm jusawade|d juejdw] paiejag burtedwo pue saug juejdwyj

paAejag pue ajeipaww] je buijeay Buimojjo4 sabueys 199j9q auog Juejdwi-1134 uo eyeq Anua-ay |ealbing Bunpuasaid saipnis [ealul|y) H ajqel

The International Journal of Oral & Maxillofacial Implants



CHEN ET AL

Table 5 Clinical Studies with Follow-up Periods of 1 Year or More Reporting Survival Rates of Inmediate

and Delayed Implants and Comparing Delayed with Imnmediate Implants

I Immediate Delayed Survival rate (%)
mplant Delayed Follow-up
Type of system/ SUB/ No.of No.of No.of No.of placement period Immediate Delayed

Study study surface NSUB patients implants patients implants  time (mean) (CSR) (CSR)

Ashman Pros Steri-Oss/MF SUB 16 16 - - - 6 to 24 mo 94.1 -

(1990)64 (NG)

Yukna Pros Calcitek/HA SUB 14 14 - - - 8 to 24 mo 100 -

(1991)50% (16 mo)

Gelb Retro  Branemark/MF  SUB 35 50 - - - 8 to 44 mo 98.0 -

(1993)%" (17 mo)

Becker et al Pros Branemark/MF ~ SUB 49 49 - - - 1y 93.9 -

(1994)52

Mensdorff- Retro 57 IMZ/HA, SUB 31 93 36 97 6108 Ttody 92.5 94.9

Pouilly et al 40 Branemark/ wk (12.4 mo) (80 mo) (60 mo)

(1994)%2 MF

Lang et al Pros ITI/TPS NSUB 16 21 - - - 21t042mo 100 -

(1994)%3 (30.3 mo)

Watzek et al Retro 20 IMZ/HA, SUB 20" 97 20" 26 6to8 4t083mo  99.0 92.3

(1995)10 5 Branemark/ wk (27.1 mo)

MF

De Wijs et al Pros IMZ/HA SUB - - 81 173 3moor 3to64mo - 96.1

(1995)%5 later (33.5 mo) (3y)

Rosenquist  Pros Branemark/ SUB 51 109 - - - 1to 67 mo 93.6 -

and Grenthe MF (30.5 mo)

(1996)"

Bragger et al Pros ITI/TPS NSUB 21 28 - - - 1y 100 -

(1996)%8

Gomez- Pros Frialit-2/HA NSUB 376" 86 376" 164 Twkto 1toby 97.1 99.4

Roman et al and TPS 9 mo (4.5y) (4.5y) (4.5y)

(1997)48*

Cosci and Retro  Integral and SUB 858 423 - - - Tto7y 99.5 -

Cosci (1997)66 Onmiloc/HA (NG)

Nir-Hadar Pros Branemark/ SUB - - 14 21 4t08 1y - 95.2

et al (1998)% MF wk

Zitzmann Retro  Bré&nemark/ SUB 757 31 757 33 6wkto 1y 96.8 93.9

et al (1999)% MF 6 mo

Polizzi etal  Pros Branemark/ SUB 143" 217 1431 47 3to5b 5y 92.4 92.4

(2000)"3 MF wk maxilla, maxilla,
94.7 94.7
mandible mandible
(5 y)* (5y)*

Schwartz- Pros NS; 47 MF, SUB 43 56 - - 4t060 15 mo 89.3 -

Arad et al 9 HA mo

(2000)%7

Gomez- Pros Frialit-2/ NSUB 104 124 - - - 5toby 97.0 -

Roman et al GB, AE (5.6y)

(2001)83

Goldstein Pros Branemark/ SUB 38 47 - - - Ttoby 100 -

et al (2002)6" MF and 3i/ (39.4 mo)

MF

When not reported, calculations for survival rates were derived from data contained in the original paper.

*Includes data on late implant placement.

TIndicates total number of patients for all groups.

*Indicates survival rates for immediate and delayed placement were combined.

Surfaces: MF = machined; TPS = titanium plasma-spray coated; HA = hydroxyapatite-coated; GB = grit-blasted; AE = acid-etched
Healing protocol: SUB = submerged healing; NSUB = nonsubmerged healing

CSR = cumulative survival rate derived from life-table analysis.

Pros = prospective; Retro = retrospective; NG = not given; NS = not stated
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review.!>13 Eleven studies reported on the survival
rates of immediately placed implants, with mean
observation periods ranging from 1 to 5.6
years.11,91-93,56,61,63-67 One study reported on sur-
vival rates of delayed implants following an observa-
tion period of 12 months.’*

Six reports were identified as comparative stud-
ies. One study compared immediate with late
implant placement after a mean of 16 months.’?
The remaining 5 studies compared survival rates
between immediate and delayed implants!®13:22,2%
and between immediate, delayed, and late place-
ment?’ with observation periods of 1 to § years. No
statistical differences in survival rates for immedi-
ate, delayed, and late placement techniques were
reported in the comparative data. Most reports were
of short duration, with only 4 studies presenting
cumulative survival data on mean follow-up periods
of 3 to 5 years.13:48,61,63

When grouped according to implant surface
characteristics, there were 3 studies of hydroxyap-
atite-coated implants (610 implants; survival rates of
96.1% to 100%), 8 studies of machined-surface
implants (620 implants; survival rates of 93.6% to
100%), 2 studies of titanium plasma spray-coated
implants (130 implants; survival rate of 100%), 1
study of grit-blasted/acid-etched implants (124
implants; survival rate of 97.0%), and 4 studies of
mixed surfaces (496 implants; survival rates of
89.3% to 99.4%). In general, the trend suggested
that immediate and delayed implants had similar
short-term survival rates and that these survival
rates were comparable to rates for conventional
placement in healed ridges.

There were no reports of the long-term clinical
success of immediate or delayed implants. To make
a comprehensive assessment of the clinical success
of immediate and delayed implants, additional para-
meters are required that describe the health of the
peri-implant tissues, function of the prosthetic
reconstruction, and esthetic results. Therefore, the
long-term success of immediate and delayed
implants as measured by these parameters remains
undefined.

Management of Local Pathology

A number of studies have demonstrated that the
survival rate of implants placed following extraction
of teeth with root fractures, perforations, and com-
bined endodontic-periodontal problems is similar to
that of implants placed in healed ridges.®®7! How-
ever, implants placed in sites where teeth have been
affected by chronic periodontitis have been associ-
ated with slightly elevated failure rates.!'"13 There is
currently a lack of definitive evidence regarding the

effect of local pathology on the success and survival
of immediate implants.

Systemic Antibiotics

In most of the studies reviewed, broad-spectrum sys-
temic antibiotics were used in conjunction with imme-
diate and delayed implant placement.!1,20,27,50-53.72
However, the effect of systemic antibiotics on treat-
ment outcome is unknown; thus, controlled studies
are needed.

Bone Integration of Immediate and

Delayed Implants

The basic prerequisites for successful bone healing
in immediate and delayed implant sites are the same
as for implants placed in healed alveolar ridges. In
addition, a space often exists between the surface of
the implant and the socket walls that needs to be
filled with bone to achieve an optimal outcome.
This bone healing is dependent on stabilization of
the initially formed coagulum in this space. Animal
experimental studies have shown that both the dis-
tance from the bone to the implant and the surface
characteristics of the implant are critical factors for
stabilization of the coagulum.”>-7¢ Clot stabilization
and bone formation may be adversely affected by
lack of intact bony walls. In such situations, tech-
niques utilizing barrier membranes and/or mem-
brane-supporting materials have been shown to be
effective in regenerating bone and allowing osseoin-
tegration to occur.!77?

In the intact socket, a critical component of the
peri-implant defect is the size of the horizontal
defect (HD), which is the longest distance in a per-
pendicular direction from the implant surface to the
socket wall.?? It has been demonstrated that for
implants with a HD of 2 mm or less, spontaneous
bone healing and osseointegration take place if the
implant has a rough surface.?%77-7%

In 2001, a well-designed study examined 96
experimental titanium plasma-sprayed mini-
implants in 48 patients.”® Half of the implants were
placed into extraction sockets with HDs of 2 mm or
less; the other half were placed into mature bone
and served as controls. No membranes or grafts
were used, and primary soft tissue closure was done.
Examination of the test implants following surgical
re-entry at 6 months showed complete bone fill of
the previous defects. Subsequent histologic exami-
nation showed no statistically significant differences
between test and control sites in the percentage of
bone-to-implant contact and initial level of bone-
to-implant contact between test and control sites.

HDs in excess of 2 mm have been shown to not
heal predictably with bone.?’ However, it may be
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possible to achieve predictable bone fill in such situ-
ations by using collagen barrier membranes and
implants with a sandblasted and acid-etched
surface.”” A combination of a barrier membrane and
a bone graft has been shown to enhance the per-
centage of bone-to-implant contact in large HDs in
an animal model.”*

CLINICAL INDICATIONS

Esthetics

Although esthetics are frequently cited as a reason
for immediate implant placement,’ data are lacking
on esthetic outcomes following immediate implant
placement.8%8! However, adjunctive techniques to
mobilize flaps’*%82:83 and to augment soft tissue
volume’?84-86 for wound closure at immediate
implant sites may be beneficial in achieving accept-
able esthetic results. Novel techniques, including
nonsubmerged immediate implant placement’?6:63
and flapless procedures,®’ 8 need further evaluation
with respect to esthetic outcomes.

When implant placement is delayed for a period
of time after tooth extraction, soft tissue healing
may provide opportunities to maximize tissue vol-
ume to achieve proper flap adaptation and accept-
able soft tissue esthetics. However, this advantage is
offset by resorption of bone and loss of ridge
dimensions. In one report, a delay of 3 months or
more after tooth extraction in the anterior maxilla
resulted in such an advanced stage of resorption
that only narrow-diameter implants could be used.®’
Thus, timing of implant placement following tooth
removal may be important to take advantage of soft
tissue healing but without risk of losing bone vol-
ume through resorption. The data to support
enhanced soft tissue esthetic outcomes with delayed
implant placement are lacking.

Augmentation Procedures
Several reports have shown that bone augmentation
techniques may not be required where the distance
between the implant body and bony wall is less than
2 mm.”389-92 If barrier membranes are used, wound
dehiscence may lead to early exposure of nonre-
sorbable membranes and reduced quality and vol-
ume of bone regeneration in the peri-implant
defects.!7:18:47:60 T ower incidences of premature
membrane exposure have been reported in studies
using collagen membranes.*’:’8

Delaying implant placement for several weeks
after tooth extraction allows time for bone regener-
ation to occur at the base and periphery of the
socket,’??3 thereby reducing the dimensions of the
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socket and avoiding the need for augmentation pro-
cedures.’* However, the concomitant resorption of
buccal bone may increase the need for augmenta-
tion buccolingually. An interesting observation was
a lower incidence of wound dehiscence and mem-
brane exposure with delayed implant placement,
irrespective of the type of membrane used.?6%

CONCLUSIONS

There have been a number of reports on the subject
of immediate and delayed implants with observation
periods of 12 months or more. However, longitudi-
nal studies with mean follow-up periods between 3
and 5 years were limited to 4 reports. Most reports
were nonrandomized with respect to timing of the
placement and augmentation methods used.
Despite these limitations, short-term survival rates
of immediate and delayed implants appear to be
similar. Furthermore, survival rates for immediate
and delayed implants appear comparable to those of
implants placed conventionally in healed alveolar
ridges. Studies of healing of immediate nonsub-
merged implant sites are limited. Further examina-
tion of this protocol for placement is required.

As an alternative to immediate implant place-
ment, delayed placement has several advantages.
These include resolution of infection at the site and
an increase in the area and volume of soft tissue for
flap adaptation. However, these advantages are
diminished by concomitant ridge resorption in the
buccolingual dimension. Thus, 4 to 8 weeks appears
to be the optimal period to defer implant placement
to allow adequate soft tissue healing to take place
without undue loss of bone volume.

Peri-implant defects associated with immediate
and delayed implants have a high potential for bone
regeneration. At sites with HDs of 2 mm or less,
spontaneous bone regeneration and osseointegra-
tion may be expected when implants with a rough
surface are used. At sites with HDs greater than 2
mm, or where one or more walls of the socket are
missing, concomitant augmentation procedures
with combinations of barrier membranes and bone
grafts are required. No conclusions can be drawn
from the available data regarding the optimal bone
augmentation technique in these situations. How-
ever, if membranes are used, resorbable membranes
appear to be effective and are associated with lower
rates of wound dehiscence and membrane exposure
than nonresorbable materials.
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