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The immediate placement of im-
plants into extraction wounds is 
performed to decrease the healing 
time for patient treatment.1–3 Some 
advocate primary closure,4 while 
others allow healing to occur via 
secondary intention.5,6 The dilem-
ma facing implants placed in fresh 
extraction sockets has been the 
horizontal distance between the 
implant surface and the labial plate 
of bone. Clinical healing appears to 
be noneventful in most cases, but 
the question remains as to the in-
terface of implant and bone.7–10

It has been postulated that a 
connective tissue interface will de-
velop when the gap is greater than 
1.5 mm at the coronal aspect of 
the implant. Some suggest the dis-
tance should be 0.5 mm or less.7–10 
There is no available information 
on the implant–labial bone inter-
face with secondary wound heal-
ing. It is apparent that the single 
common feature of previous stud-
ies is the effort to accomplish pri-
mary flap closure over the gap 
without a membrane.7–12 The cas-
cade of events of extraction wound 

The aim of this research was to verify clinically and histologically whether an 
excessively large horizontal and vertical gap distance of an implant placed into 
an immediate extraction socket would osseointegrate coronally at the implant-
socket interface without primary flap closure, a bone graft, or a barrier membrane. 
An immediate implant and straight-profile healing abutment were placed at 
the palatal aspect of the extraction socket replacing a nonrestorable maxillary 
left canine. The residual horizontal defect measured 4.2 mm buccolingually 
and was allowed to heal by secondary intention. The implant was loaded 
after 5 months and biopsied after 10 months of placement, using the coronal 
portion of the buccal bone. The histologic section of the coronal aspect of 
the implant interface revealed intimate bone contact to the first thread. There 
was reestablishment of the implant biologic width coronal to the bone contact 
with connective tissue and junctional epithelium. This case report provides 
clinical and histologic proof that the immediate placement of implants into 
extraction sockets with an intact buccal wall allows healing and osseointegration 
despite a large gap distance and without primary flap closure, a bone graft, or 
a barrier membrane. (Int J Periodontics Restorative Dent 2011;31:515–521.)
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healing without implants reveals a 
time frame of some weeks before 
re-epthelialization. The explanation 
for the delay is that the avascular 
epithelium at the socket periphery 
depends on the underlying connec-
tive tissue for vascular nourishment: 
The blood supply is forthcoming 
from the alveolar bone lining the 
extraction wound, and immediate 
postextraction blood clots do not 
contain new vasculature for some 
days until angiogenesis occurs.13

The question, then, is when an 
implant is placed into an extraction 
socket and heals by secondary in-
tention without flap closure, what 
is the sequence of events that oc-
cur? This is reminiscent of the epi-
thelial race with soft tissues from 

the periphery of the wound. It is 
necessary to test this hypothesis 
with a clinical case supported by a 
histologic assay. If the hypothesis is 
true, the horizontal distance of the 
gap would not be significant be-
cause the granulation tissue from 
the socket wall would result in bone 
development at the implant surface 
rather than connective tissue from 
the marginal border of the socket.

Therefore, the purpose of this 
clinical report was to provide histo-
logic validation to the hypothesis 
that a gap distance greater than 
1.5 mm between the implant sur-
face and the buccal plate of bone 
would result in bone-to-implant 
contact when healing by secondary 
intention.

Case report

A 75-year-old Caucasian man pre-
sented for treatment of his max-
illary dentition that included an 
existing metal-reinforced provision-
al fixed partial denture with tooth 
abutments at the central incisors, 
left canine, and left second molar. 
He selected a fixed partial denture 
treatment plan. The patient dem-
onstrated a clenching habit and 
had a very low smile line (Fig 1).14

Clinical and radiographic exami-
nation revealed that the left lateral 
incisor had a fracture extending to 
the free gingival margin and the left 
canine was restored with a post and 
core restoration after experiencing 
recurrent caries (Fig 2).15 The root 

Fig 1    Patient at maximum smiling showing a low midfacial and interdental smile line. Fig 2    Maxillary lateral-canine radiograph 
showing the subgingival residual root at the 
left laterial incisor and very large case foun-
dation restoration at the canine with little 
to no ferrule effect and recurrent caries. 
Restoration of the lateral incisor would re-
quire endodontic treatment, and both teeth 
would need crown lengthening surgery 
prior to definitive restoration if saved.
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of the left canine was tapered with 
inadequate coronal tooth structure 
that would compromise long-term 
retention and restoration.16 A transi-
tional extraction treatment plan was 
performed that retained the tooth to 
help support the provisional restora-
tion. Implants were placed at the left 
lateral incisor, first and second pre-
molars, and first molar sites as the 
first phase of treatment. After inte-
gration and loading, the canine was 
extracted sans flap elevation, and a 
NanoTite tapered implant (13 × 4 
mm; Biomet 3i) was placed. There 
was a horizontal gap of 4.2 mm sep-
arating the implant from the inner 
surface of the buccal plate (Fig 3). 
The defect healed without primary 
closure, a bone graft, or a barrier 

membrane. A healing abutment was 
placed, and a provisional fixed par-
tial denture covered the surgical site.

The free facial gingival margin 
collapsed slightly over the socket 
after 1 week of healing, and a fibrin 
clot was visible within the socket 
(Fig 4). The gingival tissue ap-
peared to be keratinized and com-
pletely surrounded the abutment 
after 9 weeks (Fig 5).

Restorative impressions were 
made 8 months after the implants 
were placed. Single-unit metal-
ceramic restorations were made 
for implants at the left lateral inci-
sor, canine, and second molar sites 
as well as for both central incisors 
(natural abutment teeth) (Fig 6). A 
three-unit fixed partial denture was 

fabricated to reach from the left 
first premolar to first molar sites.

The patient agreed to biopsy 
removal of the implant at the left 
canine, with informed consent 
based on the Helsinki Declaration 
of 1975, as revised in 2000. The 
biopsy took place 10 months after 
placement and 5 months after oc-
clusal loading. The purpose of the 
biopsy was to verify that the gap 
between the implant and buccal 
plate of bone had filled with bone 
and excellent bone-to-implant con-
tact had been achieved via second-
ary intention wound healing.

A cone beam computed to-
mography scan of the implant at 
the left canine demonstrated 3.12 
mm of bone at its buccal aspect 

Fig 3    A threaded internal connection 
implant (NanoTite NT) was placed at the 
palatal aspect of the extraction socket. A 
residual gap distance of approximately 4.2 
mm buccolingually was measured with a 
periodontal probe.

Fig 4    A fibrin clot (arrow) was visible in the 
socket 1 week postextraction.

Fig 5    After 9 weeks, the young tissue ap-
peared keratinized.
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(Fig 7). This implant was placed for 
potential functional support, but 
the success of the other implants 
made it superfluous. Bone sound-
ing of the osseous crest was per-
formed using a periodontal probe, 
and a distance of 3 mm from the 
free gingival margin was recorded 
on the direct facial aspect of the 

implant (Fig 8). Histologic evidence 
was necessary to ultimately sub-
stantiate intimate bone-to-implant 
contact.  

The implant and a section of 
the buccal plate were biopsied un-
der local anesthesia. The site was 
regenerated with bone allograft 
(Puros, Zimmer) and covered with 

an absorbable collagen membrane 
(BioMend Extend, Zimmer). The 
patient received 2 g of amoxicillin 1 
hour preoperative and 500 mg ev-
ery 6 hours for the following week. 
A replacement implant was placed 
5 months after grafting, and a new 
single-tooth restoration was con-
structed (Fig 9).

Fig 6 (left)    Radiograph of the healed and 
restored immediate implant placed at the 
left canine site.

Fig 7 (right)    Cone beam computed 
tomography scan of the implant at the left 
canine site 5 months after restoration and 
10 months after placement. A measurement 
of 3.12 mm of radiographic buccal bone 
was noted.

Fig 8 (above)    Sounding of the hard tissue was performed with a 
periodontal probe; 3 mm was recorded on the direct facial aspect 
of the implant.

Fig 9 (right)    Radiograph of the replaced implant restoration of the 
left canine 6 months post–implant replacement and 11 months after 
implant removal.
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Histologic processing

The specimen was placed in 10% 
formalin and sent for histologic pro-
cessing (Fig 10a). It was embedded, 
sectioned, ground, polished, and 
stained for light microscopy exami-
nation. The implant and surrounding 
tissue were subject to graded etha-
nol substitution, defatted with ace-
tone, infiltrated with Technovit 7200 
resin (EXAKT Technologies), and 
cured in the EXAKT 520 Light Poly
merization Unit. The polymerized 
block was mounted to an EXAKT 
stain-free plastic histology slide, sec-
tioned using the EXAKT 300 CP Band 
System, and ground to 110 µm using 
the EXAKT 400 CS Grinding System. 
The section was then polished using 
a Buehler Ecomet III to a 1-µm sur-
face finish and a section thickness of 
approximately 100 ± 4 µm.

The section was stained using 
toluidine blue and imaged on a 
Leica DM5000 B microscope (Leica 
Microsystems) using a Leica HC PL 
Fluotar 20/0.50 objective lens. Im-
ages were acquired with a Leica 
DFC290 color video camera and 
QWin (V3.40) image acquisition 
system (Leica Microsystems). Image 
field widths were equal to 475 µm.

Syncroscopy Montage Explorer 
software (Synoptics) was employed 
to create the high-resolution macro-
image using a Leica-Leitz DMRX/E 
Universal Microscope (Leica Micro-
systems) configured with a Mar-
zhauser motorized stage, a Leica PL 
Fluotar 5/0.12 objective lens, and 
a JVC KYF55B color video camera. 
The scale was represented by the 
implant screw pitch of 811 µm.

Histologic findings

The junctional epithelium extend-
ed 0.5 mm from the coronal aspect 
of the implant (Fig 10b) to the con-
nective tissue attachment (Fig 10c), 
which ended at the first thread of 
the implant (Fig 10d). The bone-
to-implant contact began at this 
point, evidencing osseointegration 
with normal healing for this implant 
design.

Discussion

Wound healing with variable gap 
distances between the buccal plate 
and implant surface continues to 
be somewhat controversial. A hori-
zontal gap distance greater than  
1.5 mm was shown to heal with con-
nective tissue on the implant sur-
face when primary flap closure was 
used. It is possible that the connec-
tive tissue from the flap with prima-
ry closure migrates to the implant 
surface before bone develops. This 
histologic specimen presents evi-
dence that it is possible for bone to 
reach the surface first when allow-
ing the socket to heal by secondary 
intention, as occurs routinely with 
dental extractions. The soft tissues 
from the marginal gingiva appear 
not to migrate over the clot until 
the granulation tissue in the socket 
matures. It is possible then that an 
implant placed in an extraction site 
without soft tissue closure could 
heal with bone-to-implant contact 
before the soft tissues have an op-
portunity to interfere.
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The effect of the thickness of 
the buccal plate at the time of im-
plant placement is not understood 
completely and may be related to 
the fact that approximately 90% 
of labial plates in the maxillary an-
terior region were 1 mm or less in 
thickness.17,18 The original probing 
on this extracted canine found the 

buccal plate to be 4.2 mm from the 
implant. The computed tomogra-
phy scan after healing found the 
labial plate of bone to be 3.2-mm 
wide, indicating some remodeling 
of the buccal plate as the gap to the 
implant surface filled with bone. It 
is unknown whether a thick buccal 
plate is required or if a thin buccal 

plate might be sufficient, although 
some studies demonstrate signifi-
cant loss of buccal plate when no 
grafting is performed. The thick-
ness could be problematic when a 
flap is elevated, which would com-
promise the blood supply from the 
periosteum.

Fig 10a    Histologic processing revealed evidence 
that osseointegration (bone-to-implant contact at 
the implant-socket interface) was present at the first 
thread without any graft material, membrane, or pri-
mary flap closure. The 4.2-mm gap was left to repair 
undisturbed by secondary intention wound healing.  

Fig 10b    The most coronal aspect of the junctional 
epithelial attachment approximately 0.5 to 1.0 mm 
from the abutment-implant connection. The epithe-
lium was separated during sounding of the implant 
interface in Fig 10a (magnified view of highlighted 
area A).

Fig 10c    Connective tissue zone apical to the junc-
tional epithelium shown in Fig 10b (magnified view of 
highlighted area B).

Fig 10d    Note the arrow showing the most coronal point of bone-to-implant contact at the 
first thread. This shows that bone was able to grow across the gap before the connective tis-
sue from the flap could do so. The fact that no primary closure or flap was performed is critical 
to this occurring (magnified view of highlighted area C).
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The implant was placed at the 
level of the buccal crest, allowing 
the restoration to have a flat emer-
gence profile from the sulcus. The 
vertical defect was not measured 
because there was no thought of 
biopsy when it was placed. Ques-
tions have risen regarding the pos-
sibility of bacterial contamination 
when the soft tissues are not coapt-
ed. It appears that clot formation in 
the first few minutes functions as a 
cover and binds to the surface of 
the implant. Therefore, the clot is 
mechanically attached to the im-
plant threads and microtexture of 
the implant surface. This might pre-
vent contamination unless the clot 
is dislodged. 

Conclusions

This case report provides proof-
of-principle clinical and histologic 
evidence that the immediate place-
ment of implants into extraction 
sockets with a thick intact buccal 
plate can result in osseointegration 
with bone-to-implant contact to the 
first thread in the presence of a 4.2-
mm gap. The socket was allowed 
to heal by secondary intention 
without flap closure, a bone graft, 
or a barrier membrane. The effects 
of adding bone grafting material in 
the gap were not explored in this 
case report. Continued research 
is required on this type of wound 
healing to evaluate predictability.
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