
The International Journal of Oral & Maxillofacial Implants 189

Bone Healing Following Immediate Versus Delayed
Placement of Titanium Implants into Extraction 

Sockets: A Prospective Clinical Study
Lars Schropp, DDS1/Lambros Kostopoulos, MS, DDS, PhD2/Ann Wenzel, DDS, PhD, Dr Odont3

Purpose: The aim of this study was to compare bone healing and crestal bone changes following
immediate (Im) versus delayed (De) placement of titanium dental implants with acid-etched surfaces
(Osseotite) in extraction sockets. Materials and Methods: Forty-six patients were randomly allocated
to the Im or De group (n = 23 per group) and received 1 implant at the incisor, canine, or premolar
region of the maxilla or the mandible. The implants were placed an average of 10 days following tooth
extraction in the Im group and approximately 3 months after extraction in the De group. The widths
(parallel and perpendicular to the implant) and the depth of marginal bone defects around the
implants were measured clinically just after placement and 3 months later at the abutment surgery.
The crestal bone changes mesially and distally to the implants were evaluated radiographically by lin-
ear measurements. Results: The survival rates were 91% in the Im group and 96% in the De group. In
the Im group, the mean reductions in parallel width, perpendicular width, and depth of the largest
defect of each implant amounted to 48% (from 4.4 to 2.3 mm), 59% (from 2.2 to 0.9 mm), and 48%
(from 6.9 to 3.6 mm), respectively. The corresponding mean reductions in the De group amounted to
39% (from 3.1 to 1.9 mm), 77% (from 1.3 to 0.3 mm), and 34% (from 4.4 to 2.9 mm). The reduction
over time was statistically significant in both groups (P � .04). For both groups, a higher degree of
bone healing was achieved in the infrabony defects (� 60% for depth) than in dehiscence-type defects
(approximately 25%). Furthermore, 70% of the 3-wall infrabony defects with a parallel width of up to 5
mm, a depth of maximum 4 mm, and a perpendicular width of maximum 2 mm had a capacity of
spontaneous healing within a period of 3 months. Discussion and Conclusion: New bone formation
occurs in infrabony defects associated with immediately placed implants in extraction sockets. (INT J
ORAL MAXILLOFAC IMPLANTS 2003;18:189–199)
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healing

The introduction of endosseous implant–sup-
ported prostheses has contributed to a signifi-

cant improvement in restoring the masticatory
function of partially or completely edentulous
patients. Several studies have demonstrated that

treatment by means of titanium dental implants is a
safe method for oral rehabilitation with high success
rates.1–3 The original treatment protocol4 has been
challenged within the last decade by reducing the
time between tooth extraction and implant place-
ment and by reducing the time between implant
placement and implant loading. 

Placement of an implant into a fresh alveolus will
usually result in a gap between the occlusal part of
the implant and the bone walls. To ensure osseointe-
gration of the entire implant, synthetic bone substi-
tutes, membranes, bone grafting, osteoinductive sub-
stances, or a combination of these have been used to
achieve bone formation in such defects. Autogenous
bone and a variety of xenogenic graft materials have
been employed in conjunction with immediate
implantation, with many of them showing successful
results. Nevertheless, none of them have been shown
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to be superior to the others.5,6 Immediate implant
placement in extraction sockets in combination with
barrier membranes also seems to be a predictable
treatment modality. Lazzara7 introduced the use of
expanded polytetrafluoroethylene membranes after
immediate implantation with a positive outcome.
Since then, other case reports and studies have
shown good results of immediately placed implants
treated with this type of membrane.8,9

Later, bioresorbable barriers were developed,
which offered the advantage that membrane removal
was not needed; however, these possessed other
drawbacks such as lack of stiffness (thus requiring a
membrane-supporting material). In animal and
human studies, it has been shown that resorbable
barriers can be successfully used for bone augmenta-
tion purposes.10,11 Furthermore, the combination of
resorbable barriers and immediately placed implants
seems to be comparable with the combination of
nonresorbable barriers and immediately placed
implants in terms of integration of the implants.12

However, little information is available on this issue,
and more controlled studies are needed. 

Animal studies have indicated that osseointegra-
tion of immediately placed implants in extraction
sockets can be achieved without bone augmentation
procedures, and with a success rate comparable to
that of delayed implant placement.13,14 This was sup-
ported by a case series including 109 implants15 and a
prospective clinical study16 in which high success
rates of immediately placed implants were obtained
without the use of membranes or grafts. In reviews of
the literature,5,6 it was concluded that there is no con-
sensus whether the use of bone grafting, bone substi-
tutes, osteogenesis-stimulating substances, and/or
membranes in combination with implants immedi-
ately placed in extraction sockets yields better results
than the use of immediately placed implants alone.

Since simplified surgical procedures and low treat-
ment costs are preferable to the patient, it is desirable
that the necessity for the various bone-reconstructive
treatment strategies for achieving osseointegration of
immediate implants be evaluated. Therefore, it is
important to identify the type and size of peri-implant
bone defects that heal spontaneously with bone. 

The aim of the present study was to compare
bone healing and crestal bone changes following the
immediate versus delayed placement of submerged
titanium dental implants in extraction sockets. 

MATERIALS AND METHODS

Forty-seven patients (26 women, 21 men) referred
to the Royal Dental College, University of Aarhus,

Denmark, for tooth extractions, who needed single-
tooth implant treatment at the incisor, canine, or
premolar regions of the maxilla or the mandible,
were consecutively included in this study. The mean
age was 48 years (range, 20 to 74 years). The reasons
for tooth extraction included root fractures, peri-
odontally compromised teeth, endodontic failures,
and advanced caries lesions. The patients were given
oral and written information regarding the study,
and their written informed consent was obtained.
The investigation was approved by the Danish
Committee for Clinical Research Ethics as being in
accordance with the Helsinki Declaration II. The
patients were randomly allocated to the immediate
(Im) group (23 patients) or the delayed (De) group
(24 patients). One implant per patient was placed.
For experimental reasons (so as to be able to include
in this sample patients with periapical lesions and to
coordinate surgery with obtaining standardized radi-
ographs), the implants in the immediate group were
placed on average 10 days (range, 3 to 15 days) fol-
lowing tooth extraction; in the delayed group,
implants were placed approximately 99 days follow-
ing tooth extraction (range, 65 to 138 days).

Following local anesthesia, teeth were luxated
with an elevator and extracted carefully with forceps
(attempting to preserve the bone of the alveolus), and
the sockets were debrided. In addition to clinical
examination, intraoral, panoramic, and conventional
cross-sectional tomographic radiographs were taken
for the preoperative evaluation of the implant site.17

A crestal incision connected with 2 vertical releasing
incisions mesial and distal to the extraction site were
performed, and a mucoperiosteal flap was elevated.
The depth and buccolingual and mesiodistal dimen-
sions of the alveolar socket (Im group) or of the
remaining alveolar defect (De group) were measured,
together with the height of possible dehiscences.
After removal of granulation tissue from the socket,
an implant with appropriate dimensions determined
on the basis of the presurgical radiographs,17 as well
as the clinical evaluation of the recipient site at
surgery, was placed. The implant was placed in such a
way that the cover screw corresponded to the level of
the adjacent bone. All implants were determined to
be clinically stable. For ethical reasons, autogenous
bone chips harvested from the adjacent bone were
grafted to any exposed implant threads in cases of
dehiscences present in the De group. Primary closure
of the wound was achieved with a periosteal incision
of the buccal flap and 5-0 silk sutures. In association
with implant surgery, amoxicillin tablets (750 mg 3
times daily for 5 days) were systemically adminis-
tered, and pain control was achieved by naproxen
tablets (500 mg 2 times daily for 5 days). Medication
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was started 1 hour before surgery. The patients
rinsed their mouth with chlorhexidine digluconate
0.1% solution for 1 minute twice a day for 14 days
following implant surgery. All implants were placed
by the same clinician (LK).

A total of 46 Osseotite implants (Implant Inno-
vations, Palm Beach Gardens, FL) were placed (37
in the maxilla and 9 in the mandible). Of the 37
maxillary implants, 22 were placed in the anterior
region (12 Im, 10 De) and 15 were placed in the
premolar region (8 Im, 7 De). Of the 9 mandibular
implants, 2 were placed in the anterior region (1 Im,
1 De) and 7 were placed in the premolar region (2
Im, 5 De). In 1 patient, it was not possible to place
an implant as planned in the central incisor region
of the maxilla because of a substantial defect corre-
sponding to insufficient healing of the extraction
alveolus involving the anterior palatine foramen.
This large bone defect was not recognized in the
radiographs, including the tomograms, and treat-
ment was postponed. Hence, 23 implants were
placed in each of the 2 groups.

At 3 months following implant placement in the
maxilla or mandible, the patients were subjected to a
second operation. A crestal incision connected with 2
vertical releasing incisions mesial and distal to the
extraction site was made, and a mucoperiosteal flap
was elevated. The cover screw was replaced with a 1-
piece or 2-piece EP healing abutment (Implant Inno-
vations), and the flap was sutured with 5-0 silk
sutures. In cases of dehiscences or fenestrations at
this operation, autogenous bone chips were grafted to
the defects. Grafting performed at implant placement

was only repeated if a dehiscence or fenestration was
still present. At 4 to 6 weeks following placement of
the healing abutments, impressions were made for a
fixed prosthetic restoration fabricated on STA abut-
ments or UCLA abutments (Implant Innovations).
Second-stage surgery and prosthetic treatment were
performed by one of the authors (LS). 

The dimensions of the marginal bone defects at
the mesial, distal, buccal, and lingual sites of each
implant were measured by means of a periodontal
probe just after placement and 3 months later at the
abutment connection surgery (Figs 1a and 1b). The
following dimensions of the defects were measured
in millimeters: (1) the horizontal width of the defect
parallel to the implant at the bone crest (PaW), (2)
the horizontal width of the defect from the bone
crest to the implant surface in a direction perpen-
dicular to the long axis of the implant (PpW), and
(3) the vertical defect depth measured from the
implant-abutment joint and apical to the bone-to-
implant contact (VD). The sites were classified into
4 groups according to the size of the defects: 0 mm,
1 to 3 mm, 4 to 5 mm, and 6 or more mm. Further-
more, the peri-implant bone defects were divided
into 2 types: 3-wall infrabony defects or dehiscences
with exposure of the implant surface. 

Standardized intraoral radiographs using the par-
alleling technique with an occlusal bite index17 were
obtained just after implant placement and 3 months
later, at the abutment surgery. All radiographs were
digitized with a resolution of 300 dpi by a flatbed
scanner with a transparency module (Hewlett-
Packard, Palo Alto, CA). The crestal bone levels

Fig 1a The dimensions of peri-implant 3-wall infrabony defects.
Horizontal width of the defect parallel to the implant (PaW); hori-
zontal width of the defect from the bone crest to the implant sur-
face in a direction perpendicular to the long axis of the implant
(PpW); defect depth measured from the implant-abutment joint
and apically to the bone-to-implant contact (VD).

Fig 1b The dimensions of peri-implant dehiscence-type
defects. Horizontal width of the defect parallel to the implant
(PaW); defect depth measured from the implant-abutment joint
and apically to the bone-to-implant contact (VD).
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mesial and distal to the implants were evaluated in
these radiographs. The distance from the shoulder
of the implant (implant-abutment joint level) to the
first visible bone-to-implant contact was determined
by linear measurements. In addition, the length of
the implant was measured to determine the image
magnification. The measurements of bone levels
were then adjusted according to the magnification.
A computer program designed for measuring dis-
tances in digital images was applied (PorDiosW,
Institute of Orthodontic Computer Sciences, Mid-
delfart, Denmark), and the measurements were
repeated to assess the reproducibility.

All data were analyzed by descriptive methods.
Differences between the immediate and delayed
groups regarding implant site and age distribution
were tested by the chi-square test and the Student t
test, respectively. The differences in clinical defect
dimensions measured at implant placement surgery
and abutment surgery were calculated and tested by
means of Wilcoxon matched-pairs signed ranks test
within both groups, using the largest defect at each
implant as test parameter (the largest defect was
determined by adding the measurements of parallel
width, perpendicular width, and vertical depth for
each defect). These differences in clinical defect
dimensions were also tested following classification
of the defects as 3-wall infrabony defects or dehis-
cences, and by means of the Mann-Whitney U test,
differences in healing over time between the 2 types
of defects were analyzed for the Im and De groups
separately. By means of the latter test, differences in
defect dimensions at the abutment operation
between the Im and De groups were likewise tested.
The changes in bone levels evaluated radiographi-
cally, as well as the agreement between the repeated
measurements, were analyzed by Wilcoxon matched-
pairs signed ranks test (Table 1). The level of statisti-
cal significance was set at � = .05.

RESULTS

The age distribution was not significantly different
(P � .6) between the Im group (49 years, range 25
to 70) and the De group (47 years, range 20 to 74).
Furthermore, no significant difference between the
groups existed in terms of distribution of the
implants in the maxilla and the mandible (P � .29),
or in the maxillary anterior and posterior regions (P
> .94). The dimensions of the implants placed in the
Im and De groups are shown in Fig 2.

Two implants in the Im group and one in the
De group were lost at 3 months following surgery
(survival rate of 91% and 96%, respectively). All 3
had been placed in the maxilla. In 1 of the immedi-
ate cases, an implant with a diameter of 3.25 mm
was placed in the lateral incisor region. The bone
quality was considered to be poor, and large dehis-
cences at 2 of the 4 measured sites occurred just
after implant placement. In the other 2 cases, there
was no obvious explanation for the implant loss.
Apart from the 3 lost implants, none of the
patients suffered severe postoperative complica-
tions in either group. Two patients in the Im
group, who had received an implant in the
mandibular second premolar region, had tempo-
rary sensibility disturbances but recovered within a
month. Another patient experienced minor postop-
erative bleeding after implant placement in the
maxillary premolar region. 

Prior to placement of the Im implants, the mean
depth and buccolingual and mesiodistal width of the
alveolus amounted to 9.0 mm (range 5.0 to 15.0
mm), 7.3 mm (range 4.0 to 11.0 mm), and 6.6 mm
(range 3.0 to 11.0 mm), respectively. Eleven of the
23 alveoli had a buccal dehiscence component with
a mean height of 7.8 mm (range 5.0 to 14.0 mm),
and 4 had a lingual dehiscence with a mean height
of 6.0 mm (range 4.0 to 10.0 mm). In the De group,

Table 1 Linear Radiographic Measurements (Median and
25th and 75th Percentiles)

Time of
Median (25th/75th percentiles) (mm)

measurement First recording Second recording P value

At implant surgery
Mesially to implant 0.1 (0.1/0.2) 0.1 (0.0/0.7) .33
Distally to implant 0.1 (0.1/0.3) 0.1 (0.1/0.8) .43
Implant length 14.7(12.6/17.0) 14.9 (12.7/16.9) .88

At abutment surgery
Mesially to implant 0.1 (0.1/0.6) 0.1 (0.0/0.3) .56
Distally to implant 0.1 (0.1/0.7) 0.1 (0.1/0.7) .89
Implant length 14.1 (12.1/16.7) 14.2 (12.3/16.6) .30
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the corresponding mean dimensions (depth and
buccolingual and mesiodistal width) of the remain-
ing alveolar defects were 3.9 mm (range 0.0 to 10.0
mm), 2.7 mm (range 0.0 to 8.0 mm), and 2.7 mm
(range 0.0 to 9.0 mm), respectively. In this group, 4
of the remaining defects were associated with dehis-
cences, all of them localized buccally (mean height
of 6.3 mm, range 3.0 to 8.0 mm). 

Just after implant placement (Tables 2a to 2c), 60
of a total of 92 sites (65%) around the implants in
the Im group were found to have defects (forty-
eight 3-wall infrabony defects and 12 dehiscences),
and 18 of 92 (20%) in the De group (eight 3-wall
infrabony defects and 10 dehiscences). About one
third in the former group and two thirds in the lat-
ter group were located buccally. The remaining
defects were evenly distributed in the mesial, distal,
and lingual sites. Three months later, at the abut-
ment surgery, the total number of defects in the Im
group was reduced to 35 (twenty 3-wall infrabony
defects and 15 dehiscences), whereas in the De
group, an increase to 25 was found (fourteen 3-wall
infrabony defects and 11 dehiscences). 

In both the Im and the De groups, the PpW
ranged from 1 to 3 mm for all infrabony defects
except 2 sites in the Im group. In the Im group, 44
of the 59 defects (75%) (notice in Table 2c that 1
measurement of the depth at implant placement is
missing) were 4 mm or deeper, and two thirds (n =
40) had a PaW of 4 mm or wider. The number of
defects with a depth ≥ 6 mm amounted to 27 at
implant placement, but after 3 months, only 6
defects remained in this category. All 6 were located
buccally, and 5 of them were dehiscences. Two of

the lost implants were among these. In the De
group, 5 defects had a depth larger than 5 mm at
implant placement; 3 of these remained in this cate-
gory at abutment connection (2 dehiscences).

Tables 3a to 3c depict the mean dimensions of
the largest defect of each implant at implant place-
ment and abutment connection and their reduction
over time. The reduction of the PaW, the PpW, and
the VD in the Im group amounted to 48% (from
4.4 to 2.3 mm), 59% (from 2.2 to 0.9 mm), and
48% (from 6.9 to 3.6 mm), respectively. The corre-
sponding values in the De group amounted to 39%
(from 3.1 to 1.9 mm), 77% (from 1.3 to 0.3 mm),
and 34% (from 4.4 to 2.9 mm). This reduction over
time was statistically significant (P � .04) in both
groups. No significant difference in the defect
dimensions at abutment operation existed between
the Im and De groups (P � .27). At sites with no
defects at implant placement, it was found at abut-
ment connection that greater bone resorption had
occurred in the De group than in the Im group. 

Since the results indicated that the type of defect
had an influence on healing capacity, the reductions
in the 3-wall infrabony defects and the dehiscences
were analyzed separately. In the Im group, the VD
was reduced by 63% related to the infrabony defects
(from 6.3 to 2.3 mm) (Figs 3a to 3f), whereas a
reduction of 24% was achieved for the dehiscences
(from 8.2 to 6.2 mm) (Figs 4a to 4f). In the De group
the reductions amounted to 61% (from 3.8 to 1.5
mm) and 23% (from 4.8 to 3.7 mm), respectively.
The PaW of the infrabony defects was reduced by
54% (4.1 to 1.9 mm) for both groups, while the
reduction of PaW was less for the dehiscences (32%;
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Table 2a No. of Peri-implant Defects in 
Parallel Width (PaW) at Each Examination

No. of sites

At implant At abutment
Group PaW (mm) placement connection

Immediate 0 32 57
1–3 20 (17) 21 (13)
4–5 34 (26) 14 (7)
≥ 6 6 (5) 0 (0)
All ≥ 1 60 (48) 35 (20)

Delayed 0 74 67
1–3 10 (3) 8 (3)
4–5 8 (5) 17 (11)
≥ 6 0 (0) 0 (0)
All ≥ 1 18 (8) 25 (14)

Numbers represent 3-wall infrabony defects and dehiscences, while
numbers in parentheses represent 3-wall infrabony defects only.

Table 2b No. of Peri-implant Defects in 
Perpendicular Width (PpW) at Each Examination

No. of sites

At implant At abutment
Group PpW (mm) placement connection

Immediate 0 44 72
1–3 (46) (20)
4–5 (1) (0)
≥ 6 (1) (0)
All ≥ 1 (48) (20)

Delayed 0 84 78
1–3 (8) (14)
4–5 (0) (0)
≥ 6 (0) (0)
All ≥ 1 (8) (14)

Numbers represent 3-wall infrabony defects and dehiscences, while
numbers in parentheses represent 3-wall infrabony defects only.

Table 2c No. of Peri-implant Defects in 
Vertical Depth (VD) at Each Examination

No. of sites

At implant At abutment
Group VD (mm) placement connection

Immediate 0 32 57
1–3 15 (15) 20 (15)
4–5 17 (15) 9 (4)
≥ 6 27 (17) 6 (1)
All ≥ 1 59 (47) 35 (20)

Delayed 0 74 67
1–3 8 (4) 18 (12)
4–5 5 (3) 4 (1)
≥ 6 5 (1) 3 (1)
All ≥ 1 18 (8) 25 (14)

Numbers represent 3-wall infrabony defects and dehiscences, while
numbers in parentheses represent 3-wall infrabony defects only.

Table 3a Dimensions of Largest Parallel-
Width (PaW) Defects at Each Examination, 
and Percent Reduction Over Time

Mean PaW ± SD (median)

Group/ Implant Abutment %
defect type placement connection reduction

Immediate
All 4.4 ± 1.5 (4.0) 2.3 ± 1.6 (3.0) 48*
3-wall infrabony 4.3 ± 1.7 (4.0) 2.1 ± 1.7 (2.0) 51*
Dehiscences 4.6 ± 0.8 (5.0) 2.9 ± 1.2 (3.0) 37*

Delayed
All 3.1 ± 1.4 (3.0) 1.9 ± 1.9 (2.0) 39*
3-wall infrabony 3.3 ± 1.5 (4.0) 1.2 ± 1.8 (0.0) 64
Dehiscences 3.0 ± 1.4 (3.0) 2.3 ± 1.8 (3.0) 23

*P � .05.

Table 3b Dimensions of Largest Perpendicular-
Width (PpW) Defects at Each Examination, 
and Percent Reduction Over Time

Mean PpW ± SD (median)

Group/ Implant Abutment %
defect type placement connection reduction

Immediate
All — — —
3-wall infrabony 2.2 ± 1.4 (2.0) 0.9 ± 0.8 (1.0) 59*
Dehiscences — — —

Delayed
All — — —
3-wall infrabony 1.3 ± 0.5 (1.0) 0.3 ± 0.5 (0.0) 77*
Dehiscences — — —

*P � .05.

Table 3c Dimensions of Largest Vertical-
Depth (VD) Defects at Each Examination, 
and Percent Reduction Over Time

Mean VD ± SD (median)

Group/ Implant Abutment %
defect type placement connection reduction

Immediate
All 6.9 ± 2.7 (7.0) 3.6 ± 3.0 (3.0) 48*
3-wall infrabony 6.3 ± 2.5 (6.0) 2.3 ± 2.0 (3.0) 63*
Dehiscences 8.2 ± 2.8 (8.0) 6.2 ± 3.1 (6.5) 24

Delayed
All 4.4 ± 3.0 (4.0) 2.9 ± 3.6 (1.5) 34*
3-wall infrabony 3.8 ± 2.5 (3.5) 1.5 ± 3.2 (0.0) 61*
Dehiscences 4.8 ± 3.4 (4.5) 3.7 ± 3.8 (3.0) 23

*P � .05.
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Fig 3a Before implant placement. Fig 3b Immediately after implant placement. 

Fig 3c Radiograph taken 1 week after implant placement. 

Fig 3d (Right) At abutment operation. 

Fig 3e Radiograph taken immediately after abutment connec-
tion. 

Fig 3f Definitive restoration.

Figs 3a to 3f Healing of a 3-wall infrabony defect following immediate placement of the implant. 



196 Volume 18, Number 2, 2003

SCHROPP ET AL

Fig 4c Radiograph taken 1 week after implant placement. 

Fig 4d (Right) At abutment operation.

Fig 4e Radiograph taken 1 week after abutment operation. Fig 4f Definitive restoration.

Figs 4a to 4f Dehiscence-type defect that did not heal following immediate placement of the implant. 

Fig 4a Before implant placement. 

Fig 4b (Right) Immediately after implant placement. 



3.8 to 2.6 mm). The reduction was not significantly
different between the 3-wall infrabony defects and
dehiscences in any of the groups (P � .10). Further-
more, no significant differences were found between
the Im and De groups for the 3-wall infrabony
defects at abutment operation (P � .14) or for the
dehiscences (P � .14). 

When 3-wall infrabony defects with a PaW of 1
to 3 mm in both the Im and De group were ana-
lyzed, it was revealed that 65% healed completely.
The mean VD and PpW of these amounted to 2.2
mm and 1.0 mm, respectively, at baseline. The
mean depth of the remaining 35% was 4.6 mm at
baseline and was reduced to 2.9 mm. The PpW at
baseline amounted to 2.0 mm and ended with a
width of 1.3 mm. Fifty-two percent of infrabony
defects with a PaW of 4 to 5 mm healed completely.
The mean depth and PpW were 4.1 mm and 1.4
mm, respectively. Of the remaining 48% of
infrabony defects, a 25% reduction of the PaW was
found. VD at baseline amounted to 5.9 mm and
PpW amounted to 2.2 mm. These dimensions were
reduced to 3.3 mm and 1.0 mm, respectively, after 3
months. Seventy percent of the defects with a PaW
of 4 to 5 mm, a PpW of 1 to 2 mm, and a depth of
maximum 4 mm healed totally.

High reproducibility of linear measurements of
the bone levels in the radiographs was found by com-
paring the repeated measurements (Wilcoxon
matched pairs signed-ranks tests, P � .3) (Table 1).
However, the clinical and radiographic measurements
of the depth of the mesial and distal defects immedi-
ately after implant placement were not in agreement.
In the Im group, 26 clinical defects with a mean
depth of 4.8 mm were found mesially and distally to
the implants at implant placement. Seventeen of
these were 4 mm or deeper. Only 12 defects, with a
mean depth of 1.7 mm, were recognized in the intra-
oral radiographs. Conversely, there was good agree-
ment between the radiographic and the clinical mea-
surements of the defect depth at abutment operation
(mean of 1.2 mm versus 0.9 mm). Because of the dis-
crepancy between the clinical and radiographic find-
ings at implant operation, the reduction of the defects
over time detected radiographically (29%; from 1.7
to 1.2 mm) corresponded poorly with the clinical
determination (81%; from 4.8 to 0.9 mm). In the De
group, more defects were found at implant operation
on the radiographs (n = 13) than clinically (n = 5). 

DISCUSSION

The results of this investigation demonstrated signif-
icant bone formation in 3-wall infrabony defects

associated with immediately placed implants with a
double acid-etched surface following tooth extrac-
tion. Less, but still considerable, bone generation was
found in defects around the delayed implants. With-
out the use of any bone-reconstructive techniques
such as graft materials or barrier membranes, the
number of 3-wall infrabony defects in the Im group
was halved after 3 months, whereas an increase was
found in the De group. Interestingly, it was shown
that the relative reduction of the defects in the Im
group was almost independent of the size, whereas in
the De group, the relative reduction decreased with
larger defects. However, the dimensions of the
defects in the De group after 3 months of healing
were not significantly different from those in the Im
group. At sites without defects at implant placement,
a small amount of bone loss had occurred during the
observation period, solely in the De group. A possi-
ble explanation for the difference in bone healing
between defects related to Im implants versus De
implants may be that the waiting period of at least 3
days between tooth extraction and implant placement
meant that the Im implants were placed into sites
where the inflammatory response of the organism, as
well as wound healing, was in its active stage.

Approximately the same number of dehiscences
at the implant surfaces were found in the Im and De
groups (12 and 10, respectively) just after placement
of the implants. Most of the dehiscences in the Im
group were related to the extraction of the teeth,
whereas in the De group, most of the dehiscences
arose as a result of preparation of the implant site
because the alveolar ridge was narrow. 

Since measurements made at multiple sites
within the same patient are statistically correlated, it
was decided to choose the largest defect at each
implant for the data analyses. This defect was con-
sidered to be the one having the greatest impact on
the prognosis for implant survival. Analysis of the
largest 3-wall infrabony and dehiscence defect of
each implant separately revealed an appreciable dif-
ference in the reduction of the dimensions of these
2 defect types. In the Im group, a 63% reduction in
depth had occurred for the infrabony defects (Figs
3a to 3f), versus a reduction of 24% for the dehis-
cences (Figs 4a to 4f). A similar difference was
observed in the De group (61% versus 23%). How-
ever, it appeared that the reduction in depth or par-
allel width in both the Im and the De groups was
not significantly different between the 3-wall
infrabony and dehiscence defects. This might be
explained partly by the small number of defects
available for statistical analyses. 

Likewise, Dahlin and coworkers showed that
peri-implant dehiscences associated with implant
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placement at healed extraction sites and covered
with a mucoperiosteal flap alone did not heal with
bone.18 In the De group, grafting was carried out
for ethical reasons just after implant placement in
cases of dehiscence defects. The finding that this
additional treatment did not have any substantial
effect on bone generation strongly suggests that
complete bone formation in peri-implant dehis-
cence-type defects likely will not be achieved by the
mere transplantation of autogenous bone particles. 

An interesting finding in the present material
was that 70% of the 3-wall infrabony defects with a
parallel width of up to 5 mm, a depth of up to 4
mm, and a perpendicular width of up to 2 mm had
the capacity of spontaneous healing during a period
of 3 months. This finding suggests that the effect of
peri-implant bone-reconstructive procedures (such
as GTR, grafting materials, bone-inductive sub-
stances) on bone formation should be evaluated in
3-wall infrabony defects with larger dimensions
than those mentioned above. However, it is likely
that bone formation continues after abutment con-
nection surgery, thereby resulting in further reduc-
tion of the defect dimensions. 

The present study did not disclose the quality of
the interface between the implant surface and the
generated bone in the peri-implant defects. How-
ever, experimental animal studies have demon-
strated histologically that osseointegration occurs
after the placement of implants into fresh extraction
sockets.19–21 The present study did not disclose
whether the quality of the bone generated following
immediate implant placement was comparable to
the quality of bone surrounding the implant follow-
ing delayed placement. Therefore, long-term, con-
trolled clinical and radiographic studies are needed
to evaluate this aspect of implant dentistry. How-
ever, in an animal study,13 histologic observations
indicated that there was no difference in the stabil-
ity of newly formed bone around immediately
placed implants and bone surrounding convention-
ally placed implants.

The overall survival rate of 91%, though evalu-
ated in only a short-term follow-up, was compara-
ble with that for conventional implant placement in
the anterior and premolar regions.1–3 This supports
the results of previous studies and case reports,
which have demonstrated high success rates in con-
junction with immediate implants.22–26

The rationale for immediate implant placement
is that one utilizes the potential of new bone forma-
tion in the extraction socket to obtain osseointegra-
tion. Advantages of the immediate procedure
include preservation of the alveolar bone height and

width27,28; furthermore, treatment time and costs
are reduced. Various guidelines for this technique
have been suggested,7,16,23 but there is no consensus
regarding which protocol to follow. Among the
issues that have been discussed is whether the pres-
ence of chronic infection is a contraindication for
implant placement. In an animal study,29 it was
found that experimentally induced periapical lesions
had no influence on osseointegration of immediately
placed implants. Other investigators have reported
successful treatment outcomes related to immediate
implantation at chronically infected sites.15,30,31

Nevertheless, it was concluded in a review of the lit-
erature6 that infection associated with an extracted
tooth contraindicates immediate implant placement.
To reduce the risk of complications caused by infec-
tion, the immediate technique was modified in the
present study by deferring the time of implant
placement for at least 3 days following extraction.

In the present material, potential for sponta-
neous bone healing was found in 3-wall infrabony
defects associated with titanium dental implants
with a double acid-etched surface placed into
extraction sockets, while dehiscences failed to heal
completely with bone. More controlled, prospective
clinical studies are needed to define the potential
for spontaneous healing, for instance, in 1-wall and
2-wall infrabony peri-implant defects, as well as the
long-term prognosis of immediate implant place-
ment into fresh extraction sockets.
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