RESEARCH PAPER

Incidence of post-operative complications following Immediate VS
Delayed Implant Placement in Fresh Extraction Sockets: A
Retrospective Analysis

Dr. Saurabh Bhardwaj', Dr. Ayush Garg?, Dr. Swati Choudhary?, Dr. Dinesh Kumar?,
Dr. Sameer Gupta’, Dr. Diwakar Vasudev®

!Senior Lecturer, Department of Oral & Maxillofacial Surgery, Sudha Rastogi College of Dental
Sciences and Research Faridabad, Haryana, India;
2BDSGraduate, Dasmesh Institute of Research and Dental Sciences, Faridkot, Punjab, India;
3Professor, Department of Oral & Maxillofacial Pathology and Oral Microbiology, 1.T.S Dental
College and Research Centre, Greater Noida, Uttar Pradesh, India;
*MDS 3" year PG student, Department of Periodontology and Implantology, Desh Bhagat Dental
College, Mandi Gobindgarh, Punjab, India;
S Associate Professor (Reader), Department of Oral & Maxillofacial Surgery, Inderprastha Dental
College and Hospital, Sahibabad, Ghaziabad, Uttar Pradesh, India;
S Assistant professor, Department of Oral & Maxillofacial Surgery, Dasmesh Institute of Research
and Dental Sciences, Faridkot, Punjab, India

Corresponding author: Dr Saurabh Bhardwaj, Senior Lecturer, Department of Oral &
Maxillofacial Surgery, Sudha Rastogi College of Dental Sciences and Research Faridabad, Haryana,
India, Email id- drsaurabhmfs@gmail.com

Received: 16 May 2026; Revised: 18 May 2026; Accepted: 26 May 2026; Available Online: 29 May 2026

ABSTRACT

Background: Over the past 40 years, dental implantology has progressed significantly in its
development and there is still a debate that continues about the timing for the implant placement
after tooth extraction. Immediate implant placement (IIP) provides benefits in terms of biological and
patient comfort, but a number of issues remain with respect to the complication profile of IIP versus
delayed implant placement (DIP).

Aim: To find out whether there was a difference in post-operative complications and implant
survival between patients who received an immediate implant versus a delayed implant in a fresh
extraction site.

Hypothesis: To determine if there was a difference between the incidence of post-operative
complications and implant survival between immediate and delayed implants in fresh extraction
sockets.

Methods: The records of 128 patients (64 immediate and 64 delayed) who underwent a total of 144
dental implants from January 2021 to December 2023 were analysed in a retrospective comparative
study performed at a tertiary dental centre. The outcome measures were post- operative infection,
peri-implant mucositis, implant mobility or failure, marginal bone loss, pain and/or swelling that
persisted during the post-operative period, and soft tissue dehiscence. The viability of the implants
was evaluated at 3, 6, 12 and 18 months. Data were analysed in SPSS version 26.0 and Chi-Square
test and Independent-samples t-test were used, and a p-value of <

0.05 was considered statistically significant.

1062


mailto:drsaurabhmfs@gmail.com

Incidence of post-operative complications following Immediate VS Delayed Implant Placement in Fresh
Extraction Sockets: A Retrospective Analysis

Results: Overall complication rates were 33.3% in Group A and 23.6% in Group B (OR 1.61, 95% CI
0.77-3.34; p = 0.202). None of the individual complication categories were statistically significant.
Implant survival at 18 months was 91.7% for Group A and 94.4% for Group B (p = 0.428). After
one year (12 months) and two years (18 months), there was a significant difference between the
groups in marginal bone loss (p = 0.007 and p = 0.014, respectively). The stability quotient of the
implants at loading was significantly higher in Group B (72.1 £ 5.8 vs 67.4 £+ 6.2; p<0.001).

Conclusions: The rates of complications and survival were clinically acceptable and statistically
similar between immediate and delayed implant placement protocols after 18-months follow-up.
Though delayed placement showed slightly better marginal bone preservation and primary stability,
both techniques could be considered depending on site-specific factors and patients' characteristics.
Further prospective, random controlled trials with longer duration of follow-up are warranted.

Keywords: Immediate implant placement; delayed implant placement; fresh extraction socket; post-
operative complications; peri-implant mucositis; osseointegration; implant survival; marginal bone
loss
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1. INTRODUCTION

The field of prosthetic dentistry has
undergone a revolution over the past 40 years
since the pioneering work of Brdnemark and
his colleagues®>® with the introduction of
osseointegrated dental implants, from a purely
submerged, delayed loading approach to more
biologically dynamic treatments such as
immediate and early implant placement in
fresh extraction sockets. This development has
been motivated by the need to shorten the total
treatment time, decrease the number of
surgical procedures and exploit the potential
for enhancement of the alveolar bone during
the peri-extraction period.

Each protocol offers specific clinical
benefits and biological compromises that
should be considered for each patient based on
their systemic status, local bone morphology,
soft tissue phenotype, and the esthetic
expectations.>

The main biological argument for
immediate implant placement (IIP) is the
preservation of the alveolar ridge dimensions
through the use of the socket as a natural guide

to the location of the implant. The buccal
plate, consisting almost exclusively of bundle
bone, is especially affected by volumetric
reduction, and mean horizontal bone loss of
~3.79 mm and vertical of 1.24 mm have been
reported at 6 months after tooth extraction.

Delayed implant placement (DIP), on
the other hand, lets the extraction site
completely or nearly completely heal prior to
surgical intervention. This has theoretically the
advantage of creating a more predictable
implant bed, increases the primary stability of
the implant, and minimizes the risk of buccal
fenestration ~ or  dehiscence.’>?*  The
disadvantages are longer treatment time,
unavoidable alveolar bone resorption over the
healing period and the need for ridge
augmentation in patients with extensive bone
loss. >

Complication rate following implant
surgery is a multi-faceted phenomenon,
depending on patient-related factors (e.g.
smoking,  systemic  disease, = immune
competence, oral hygiene), surgical-related
factors (e.g. flap design, implant geometry,
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insertion torque, gap between the implant
surface and the socket wall) and prosthetic-
related factors (e.g. loading time, type of
loading).!®!%!%32 The most common early
complications are infection and peri-implant
mucositis, while implant failure, marginal
bone loss, and peri-implantitis are the most
common long-term complications.>*-

Despite this evidence, most of the well-
designed studies have been performed in
western populations and most of the well-
designed studies have focused on anterior
maxillary implants; few studies have focused
on mixed dentition posterior and anterior sites
in South Asian populations.

Moreover, the majority of the
published studies on the aetiology of tooth loss
in India and the Indian sub-continental
countries are retrospective, with small
samples, limited follow-up time, no
standardisation =~ of the definitions of
complications, and conflicting confounding
factors such as smoking and diabetes.?>¢

The aim of the present study was
therefore to fill this void by comparing the
incidence of post-operative complications and
implant survival rates in patients who had
immediate implant placement with those who
had delayed implant placement in a tertiary
dental care institution in the northern part of
India, followed for a minimum of 18 months.

2. MATERIALS AND METHODS
2.1 Study Design
This was a single centre retrospective
comparative  cohort  study, conducted
following STROBE (Strengthening the
Reporting of Observational Studies in
Epidemiology) guidelines for observational
studies. The department of oral and
maxillofacial surgery dental records of patients
treated in IMS, Lucknow from January
2021 to December 2023 was reviewed.

at least 18 years; (i1) Patients with at least one
single or multiple tooth loss requiring implant-
supported prosthetic rehabilitation;

(ii1) Patients treated with IIP or DIP from

2.2 Ethical Approval

The study has been approved by the
Institutional Ethics Committee
(IEC/IDS/2024/078) of Institute of Dental
Sciences, Lucknow with date of approval as
15-01-2024. The study was performed in
accordance with the principles of the
declaration on Helsinki (revised 2013). The
ethics committee waived the need for
individual informed consent because the study
was conducted in a retrospective manner on
de-identified patient records. Anonymity and
confidentiality of patients and data were
ensured during the study.

2.3 Study Setting

The study was carried out in the
department of Oral and Maxillofacial Surgery,
Institute of Dental Sciences, Lucknow which
is a tertiary dental care and academic centre.
Surgery was done by postgraduate-trained
specialist ~ OMF surgeons following
standardised protocols.

2.4 Sample Size

The sample size was determined by
using the published percentages of overall
post-operative  complications  for  both
immediate implant placement
(approximately 30-35%) and delayed implant
placement (approximately 15-20%) with two-
proportion z-test formula at a significance
level of 5% (o = 0.05) and statistical power of
80% (B = 0.20). A minimum sample of 58
patients per group was calculated and 64
patients per group were enrolled to
accommodate 10% attrition resulting in a total
sample size of 128 patients.

2.5 Inclusion Criteria

The following criteria were applied for
inclusion of the patients: (i) Patients aged
January 2021 to December 2023 in the study
institution; (iv) patients with at least 18
months of follow-up data; (v) patients with
ASA Physical Status Classification I or II;
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(vi) minimum residual alveolar bone height of
8 mm and width of 5 mm confirmed by the
Cone-beam computed tomography (CBCT) of
the implant site; and (vii) regular follow- up
visits.

2.6 Exclusion Criteria

Patients were excluded if they had: (i)
active or chronic uncontrolled systemic
diseases (uncontrolled diabetes mellitus
(HbA1c>7.5%), haematological disorders);
(i1) history of radiation therapy to the head and
neck region; (ii1) history of bisphosphonate or
anti-resorptive drug therapy; (iv) history of
inadequate treatment of adjacent teeth with a
history of acute periapical or pericoronitis
infection at the time of implant placement
(applicable to Group A); (v) heavy smoking
(>20 cigarettes/day); (vi) incomplete or
illegible medical/dental records; and (viii)
extensive bone augmentation procedures
(guided bone regeneration (GBR) with a
membrane not limited to the implant shoulder
extending more than 3 mm, sinus floor
elevation, or ridge splitting).

2.7 Group Allocation

It classified the eligible patients into
two groups based on the time interval between
implant placement and the removal of their
tooth: Group A: Immediate Implant Placement
(ITP): Implant placed in the same surgical
session as tooth extraction (Type 1: within 24
hours after extraction). Group B (Delayed
Implant Placement (DIP) — Implant placed after
complete osseous socket healing
(radiographically and clinically) at 4-6 months
after extraction.

2.8 Surgical Protocol

Patients were treated according to a
standardised pre-surgical protocol which
included full-mouth professional scaling and
root planing, oral hygiene instructions, and
radiographic evaluation (OPG, CBCT) as well
as  systemic  screening.  Pre-operative
chlorhexidine 0.2% mouthwash was given for

60 seconds immediately prior to the
procedure; the antibiotic prophylaxis consisted
of amoxicillin 2 g PO 1 h prior to surgery or, if
the patient was allergic to penicillin,
clindamycin 600 mg PO 1 h prior to surgery
and continued for the subsequent 5 days.28

Atraumatic extraction was carried out
under local anaesthetic (2% lignocaine with
1:80,000 adrenaline) of all the teeth of Group A
(ITP) by using periotomes and microelevators.
A curette was used to carefully debride the
socket and saline was flushed into it. To
ensure primary stability, the preparation of the
sequential osteotomies was performed at the
palatal or lingual wall of the socket, engaging
native bone apical and lateral to the socket. If
necessary, a gap of < 2 mm between the
implant surface and the socket wall was
treated with deproteinised bovine bone mineral
(DBBM; Bio-Oss®, Geistlich, Switzerland)
and a collagen membrane (Bio-Gide®,
Geistlich, Switzerland). Primary closure was
performed with the use of 4-0 polyglycolic
acid suture material tension-free vertical
mattress sutures.

In Group B (DIP), a complete osseous
healing was confirmed at 4-6 months
following the extraction (CBCT and probing)
and a standard crestal incision with mesial and
distal releasing incisions was performed under
local anaesthetic. All osteotomies were
prepared according to manufacturer's- directed
drilling and the implant was inserted at the
manufacturer's recommended insertion torque.
The closure was effected, as in Group A.

2.9 Implant Systems

In the study all implants used were
two-piece, titanium alloy (grade 4 or 5 Ti-
6Al1-4V), surface sand blasted and acid etched
(SLA or SLActive) endosseous dental
implants. The implants consisted of
Straumann® Standard Plus (Straumann Group,
Basel, Switzerland), BioHorizons® Tapered
Internal (BioHorizons, Birmingham, USA) and
MIS® Seven (MIS Implants Technologies,
Shlomi, Israel). All implants were platform-
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switched abutments and the diameter ranged
from 3.3 to 5.0 mm and the length from 8.0 to
14.0 mm.

2.10 Outcome Measures

The following post-operative
complications were noted and compared
between the two groups at each recall (1 week,
1 month, 3, 6, 12 and 18 months): (i) Post-
operative infection — presence of purulent
exudate, localised swelling with erythema
and/or fever that required antibiotic adjustment
or surgical drainage; (ii) Peri- implant
mucositis — defined as the presence of
bleeding on probing but no MBL, as per 2017
EFP/AAP classification;39  (iii)) Implant
mobility/failure — any clinical movement of
the implant body, which is defined as total
failure requiring explantation; (iv) MBL -
radiographic measurement of the change in
bone level from a standardised periapical
radiograph at the time implant placement
compared to recall visits using the implant-
abutment junction as the reference point; (v)
Persistent pain and/or swelling — persisting
pain (VAS > 4) on probing and/or discernible
soft tissue swelling beyond 2 weeks post-
surgery; (vi) Soft tissue dehiscence — exposure
of implant surface or collar by loss of soft
tissue from the surrounding area. Survival of
the implant was considered to be if the implant
was in place, in use and not determined to be
failed, even if there were biological or
prosthetic complications. This definition
complies with the modified Albrektsson
criteria for implant success and survival.

2.11 Implant Stability Measurement

The stability of the implants was
evaluated by the resonance frequency analysis
(RFA) with the Osstell® ISQ device (Osstell
AB, Gothenburg, Sweden), at the time of
implant placement and at the loading

appointment (3—4 months after implant
placement for Group B and 3-4 months for
Group A). Implant stability quotient (ISQ)
values were taken.

2.12 Statistical Analysis

IBM SPSS Statistics for Windows,
Version 26.0 (IBM Corp., Armonk, New
York, USA) was used for all statistical
analyses. Data for continuous variables were
presented as mean £ SD and the differences
between groups were tested for normality by
Shapiro-Wilk test and compared by
independent-samples t-test. Absolute numbers
and percentages were used to present the
categorical variables and compared using the
Pearson chi-square test or Fisher's exact test,
as appropriate. Odds ratios (OR) with 95%
confidence intervals (CI) were calculated for
dichotomous complication outcomes.
Cumulative survival rates were used to
represent the implant survival. In all analyses,
a p value of < 0.05 was taken as statistically
significant. No imputation was done for
missing data, rather complete case analysis
was used.

3. RESULTS:
3.1 Demographic and Clinical
Characteristics

The total number of patients studied were 128
(72 male, 56 female), with a mean age of 38.8
+ 9.9 years. The mean ages of patients in
Groups A and B were 38.4 + 9.7 years and
39.1 £ 10.2 years, respectively. There was no
difference between the two groups for age (P =
0.683), male/female ratio (P = 0.719), smoking
status (P = 0.814), controlled diabetes (P =
0.771), ASA classification (P = 0.830), and
mean follow-up duration (P = 0.491). The
results indicate that there are no demographic
differences between the two groups, as shown
in Table 1.
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Table 1: Demographic and Clinical Characteristics of Study Groups

Group A: Group
Variable Immediate E:elaye d v:;:le Significance
(n=64) (n = 64)
Mean Age 301+
(years £ 384+9.7 1(') ) 0.683 NS
SD) ’
36
Sex: Male 34 (53.1%) (56.3%) 0.719 NS
. 0
Sex: o 28
Female 30(46.9%) (43.7%)
11
Smokers 12 (18.8%) (17.2%) 0.814 NS
. 0
Diabetic 6 (9.4%) a 079(” 0.771 NS
. 0
ASA Class 0 50
I 51(79.7%) (78.1%) 0.830 NS
ASA Class 0 14
I 13 (20.3%) (21.9%)
Mean
Follow-up 17.9 +
+
(months + 183+3.1 34 0.491 NS
SD)

NS = Not Significant; SD = Standard Deviation; ASA = American Society of Anesthesiologists.

3.2 Implant Site Distribution

In both groups a total of 144 implants were inserted (72 per group). The number of jaw regions did
not significantly differ between groups (Table 2). The most common implant location in Group A
was the maxillary anterior region (33.3%) and in Group B was the maxillary posterior region

(30.6%).

Table 2: Implant Site Distribution by Jaw Region

Group B (n
Group A (n=
Implant Site =72 Total p-value
72 implants)
implants)

Maxillary Anterior 24 (33.3%) 18 (25.0%) 42 (29.2%) 0.287
Maxillary Posterior 18 (25.0%) 22 (30.6%) 40 (27.8%) 0.452
Mandibular Anterior 12 (16.7%) 14 (19.4%) 26 (18.1%) 0.670
Mandibular Posterior 18 (25.0%) 18 (25.0%) 36 (25.0%) 1.000
Total 72 (100%) 72 (100%) 144 (100%) —

IJDDT, Volume 16 Issue 51s, 2026
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3.3 Post-Operative Complications

The overall complication rate was 33.3% (24/72 implants) in both Group A and 23.6% (17/72
implants) in Group B. This difference did not reach statistical significance (OR 1.61, 95% CI 0.77—
3.34; p =0.202). The individual complications are discussed in detail in Table 3.

Table 3: Comparison of Post-Operative Complications Between Groups

Complication Gm“ﬁf};%}:‘; oty (l;l;(;:}?eg @itis Ré;i)o €% p-value Sig.
n=72 (%)

Post-op Infection 9 (12.5%) 5 (6.9%) 1.91 (0.62-5.89) 0.254 NS
Peri-implant Mucositis 14 (19.4%) 8 (11.1%) 1.94 (0.77-4.89) 0.163 NS
Implant Mobility / Failure 5 (6.9%) 2 (2.8%) 2.59 (0.49-13.80) 0.256 NS
Marginal Bone Loss > 1 mm 11 (15.3%) 7(9.7%) 1.68 (0.62-4.54) 0.307 NS
Persistent Pain / Swelling 8 (11.1%) 4(5.6%) 2.13 (0.62-7.27) 0.227 NS
Soft Tissue Dehiscence 7(9.7%) 3 (4.2%) 2.48 (0.62-9.90) 0.197 NS
Any Complication 24 (33.3%) 17 (23.6%) 1.61 (0.77-3.34) 0.202 NS

*p < 0.05 considered statistically significant. NS = Not Significant;, OR = Odds Ratio; CI =
Confidence Interval.

Post-operative infection was recorded in 9 implants (12.5%) in Group A and 5 implants (6.9%) in
Group B (OR 1.91, 95% CI 0.62—-5.89; p = 0.254). Peri-implant mucositis was found to be the most
common complication in both groups, with 14 (19.4%) and 8 (11.1%) implants affected in Groups A
and B, respectively (OR 1.94, 95% CI 0.77-4.89; p = 0.163). Implant mobility requiring
explantation occurred in 5 cases (6.9%) in Group A and 2 cases (2.8%) in Group B (OR 2.59, 95%
CI 0.49-13.80; p = 0.256). Soft tissue dehiscence was observed in 7 implants (9.7%) in Group A
versus 3 implants (4.2%) in Group B (OR 2.48, 95% CI 0.62-9.90; p = 0.197). All the complications
were numerically higher in Group A but failed to reach statistical significance.

3.4 Implant Survival Rates

The cumulative implant survival rates at 3, 6, 12 and 18 months are shown in Table 4. There was no
difference in implant survival at any time point. At 18 months, Group A demonstrated a survival rate
0f 91.7% and Group B 94.4% (p = 0.428).

Table 4: Cumulative Implant Survival Rates at Follow-up Intervals

period: | Immedinte (%) | Delayed (vey | Diference 0% €0 || JL | sie.
3 months 95.8% 97.2% -1.4% (-6.9t04.1) | 0.627 | NS
6 months 94.4% 95.8% -1.4% (-74104.6) | 0.641 | NS
12 months 93.1% 95.8% 2.7%(-9.1103.7) | 0.402 | NS
18 months 91.7% 94.4% 2.7%(-94104.0) | 0.428 | NS

NS = Not Significant.
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3.5 Marginal Bone Loss and Implant Stability

The quantitative radiographic and stability data are summarised in Table 5. MBL at 6 months
showed a non-significant trend towards greater resorption in Group A (0.41 + 0.23 mm vs 0.31 £
0.19 mm; p = 0.073). By 12 months, MBL was significantly greater in Group A (0.68 + 0.31 mm vs
0.54 + 0.27 mm; mean difference 0.14 mm, 95% CI 0.04—0.24; p = 0.007). This difference persisted
at 18 months (0.84 = 0.38 mm vs 0.69 £ 0.34 mm; p = 0.014). ISQ at the time of loading was
significantly higher in Group B (72.1 £ 5.8 vs 67.4 £6.2; p <0.001).

Table 5: Marginal Bone Level Changes and Implant Stability Quotient

Parameter Group A Immediate Group B Delayed Mean Diff. oliTe
(Mean + SD) (Mean + SD) (95% CI)
MBL change at 6 months (mm) 0.41+0.23 0.31+0.19 0.10 (—0.01 to 0.21) 0.073
MBL change at 12 months (mm) 0.68 +0.31 0.54 +0.27 0.14 (0.04 to 0.24) 0.007*
MBL change at 18 months (mm) 0.84+£0.38 0.69 £ 0.34 0.15(0.03 to 0.27) 0.014*
Probing Depth at 18 months (mm) 2.81+0.62 2.64+0.58 0.17 (-0.02 to 0.36) 0.082
Implant Stability Quotient at loading 67.4+6.2 72.1+£5.8 —4.7 (—6.7 to =2.7) <0.001*

*» < 0.05;, MBL = Marginal Bone Loss, ISQ = Implant Stability Quotient; SD = Standard
Deviation.

3.6 Figure Legends

Total records screened |

312
Excluded (n=184)
o nadequade folow-up =§7)
| . Concurmont magor done asgmentaton
POoRduns n=43)
o Urcortrofied systemc dseese e 38)
*  Incomplote records 2= 36)

v
Patients who met inclusion criteria

(n=128)
I
Group A Group B
(n=64) (n=64)

Figure 1: STROBE-compliant flowchart illustrating patient selection and group allocation. Of
312 records initially screened, 128 patients met inclusion criteria (64 per group). Major reasons
for exclusion included inadequate follow-up (n = 67), concurrent major bone augmentation
procedures (n = 43), uncontrolled systemic disease (n = 38), and incomplete records (n = 36).
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Figure 2: Grouped bar graph depicting the incidence (%) of each post-operative complication
category in Group A (Immediate Placement, dark grey bars) and Group B (Delayed Placement,
light grey bars). Error bars represent 95% confidence intervals. No complication reached

statistical significance (all p > 0.05).

100% 4
98%
96%
94%

92% 4
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~&— Group A (medate Placement)
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Figure 3: Line graph depicting cumulative implant survival rates (%) for Group A (immediate,
solid line) and Group B (delayed, dashed line) over the 18-month observation period. The two
survival curves run in close proximity throughout, consistent with the non-significant p-values at

all time points.

4. DISCUSSION

A retrospective study of 128 patients
with 144 implants was performed to investigate
the incidence of post-operative complications
and implant survival between immediate and
delayed implant placement protocols in these
patients, with a minimum follow-up of 18
months. The principal finding was that, although
complication rates were numerically higher in
the immediate placement group, no statistically
significant difference was detected for any of
the individual or overall complication rates at
any of the evaluation periods or for implant
survival. The results of this study are generally
in line with the literature, except for marginal
bone loss and implant stability quotient at
loading, which showed significant differences

favouring the delayed group.

The overall implant survival rates of
91.7% and 94.4% for immediate and delayed
groups respectively, is consistent with the
published literature. This 1is broadly in
keeping with the numerical trends reported
here, with a mean failure rate of 2.9% of
immediate implants compared to 0% at 3
years for delayed implants in the anterior
maxilla reported by Tonetti et al. in the
landmark randomized controlled trial comparing
immediate to delayed implants.! Although the
placement complication rate was higher
(33.3%) in the immediate placement group, it
was not statistically significant (p = 0.202)
compared with the delayed placement group
(23.6%). This result is similar to that of the
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meta-analysis conducted by Esposito and his
colleagues, 11 in which they found no significant
difference in the failure or complication rates of
Type 1 and Type 4 placement protocols among
all the studies that were examined. Likewise,
Gallucci et al. conducted a systematic review of
placement and loading protocols, and concluded
that the success rate of implants was similar
between immediate and delayed placement for
various types of patients when appropriate
patient selection criteria were adhered to.'*

Berglundh et al. (2018) EFP/AAP
classification consensus report noted that the
oral hygiene regimen in the study protocol is
likely to have a beneficial effect on the
incidence of peri-implant mucositis, which is a
common biologic peri-implant complication in
medium-term studies, with the 18-month rates
observed in the present study being substantially
lower, and that peri- implant mucositis is
reversible with proper intervention, with all
cases in this cohort resolving within two recall
visits after professional debridement and
reinforcement of oral hygiene.

The finding of significantly greater
marginal bone loss in Group A at 12 months
(0.68 £ 031 mm vs 0.54 + 0.27 mm, p
=0.007) and 18 months (0.84 = 0.38 mm vs
0.69 £ 0.34 mm, p = 0.014) merits careful
consideration. Both the presence or absence of a
gap-filling biomaterial and the absolute
differences are small and remain within
clinically acceptable limits (< 1 mm at 18
months for both groups); however, the
statistically significant differences at later time
points may be associated with the continued
remodelling of the bundle bone that lines the
socket walls irrespective of the presence or
absence of the biomaterial.*%!®
Biologically intuitive are the significantly
higher ISQ values at loading in Group B (72.1 +
5.8) compared to Group A (67.4 £ 6.2), p <
0.001. In the present study, the implants in both
groups had ISQ values greater than 60 at
loading, which might be an explanation for the
absence of a statistically significant difference
in implant failure rate between the groups

despite the difference in ISQ.

The overall infection rate of 12.5% in Group A
compared with 6.9% in Group B (p = 0.254) is
consistent with the existing literature on the
biological risks inherent in placing implants in
the inflammatory microenvironment of a fresh
extraction socket. 2643

Paolantonio and colleagues reported a 6.3%
early infection rate for immediately placed
implants in a prospective study, and attributed
this to the residual bacterial contamination of
the socket apex and periodontal ligament
fragments.*> Van Dooren and colleagues have
emphasised that buccal plate thickness is a
critical modifier of infection risk in immediate
placement, noting that sockets with a thin buccal
plate (< 1 mm) carry a substantially elevated
risk of dehiscence and subsequent infection.?® In
the present cohort, CBCT-confirmed adequate
buccal plate thickness was an inclusion
criterion, which likely attenuated the infection
rate in Group A relative to unselected
immediate placement series. There were no
significant differences between the two groups
with regard to soft tissue dehiscence (9.7% vs.
4.2%). A dehiscence rate of 5.5% in the
immediate group is in line with the higher
technical sensitivity of this placement
technique.'>?> Cosyn et al. in their 3-year
case series of immediate anterior maxillary
implants reported that the factors that had the
greatest impact on implant exposure and
contamination were tissue biotype, flap
tension, and thickness of buccal bone.'”> Den
Hartog et al. in their systematic review also
found that the most favourable condition for
achieving soft tissue stability was immediate
implant placement in thick biotype patients.??
Overall, 6.9% of Group A implants failed and
required explantation compared to 2.8% of
Group B implants (p = 0.256). This difference is
not statistically significant but clinically
significant. In the present study failed implants
were found in both smoking and non-smoking
sub-groups of Group A, indicating that socket-
specific factors may be as important as systemic
factors in early implant failure. In a systematic
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review of 23 longitudinal studies with a
minimum of 10 years follow-up, Moraschini et
al. reported overall implant survival rates of
94.6% but also found that early failures (those
that occur within the first year) were
disproportionately associated with immediate
placement in posterior sites, systemic
conditions, and smoking.'®

By 4-6 months as implants were placed in
Group B, the socket was filled with woven bone
which is a mechanically competent implant bed
and is progressing to maturation into lamellar
bone.** The vascularity from this new bone
formation coupled with the inflammatory
resolution, is arguably a more favorable
environment for early osseointegration than a
socket which is also traumatised by the
extraction,  osteotomy  preparation, and
biomaterial placement.*s

The present study findings should be considered
for individual patient selection. In addition,
Schimmel and co-worker noted that patient age
and systemic disease burden should also be
considered when making implant decisions,
with ASA Class II patients showing similar
implant survival when using suitable surgical
protocols, compared to ASA Class 1.3

There were some methodological limitations in
the present study due to its retrospective design.
First, the decision of when to place the new
implant was based on clinical judgement of the
surgeon rather than being random, which can
lead to patient selection bias. Because of
possible selection of ideal socket, the difference
in complications was minimized. Third, the
follow-up period of 18 months was sufficient to
evaluate early complications, but not long- term
biological complications such as peri-
implantitis, which usually occurs after 5 years
or more.*® Third, the study was performed at a
single implant centre and the generalisations of
results to other implant centres should be
interpreted with caution. Fourth, the diversity of
the implant brands (minimised by limiting to
SLA implants) can affect the osseointegration
kinetics which is a possible confounding
variability. Fifth, there was no systematic

evaluation of patient- reported outcomes
including aspects related to the quality of life,
aesthetic satisfaction, or experience of pain.

To overcome these limitations, future studies
should employ prospective multicentre RCTs
with stratified randomisation by tooth location,
wall integrity of the sockets and systemic
disease with  prospective patient-reported
outcome measures and a long-term observation
period of five years or more to measure the
occurrence of peri-implantitis and the changes
in marginal bone levels over time.

5. CONCLUSION

The results of the present retrospective
comparative study showed that the immediate
and delayed implant placement in fresh
extraction sockets had comparable survival
rates, post-operative complication profiles and
achieved clinically acceptable results at 18
months. There was no significant difference in
the overall complication rate, infection rate, peri-
implant mucositis, implant failure or soft tissue
dehiscence. There were statistically significant
benefits in terms of bone preservation around
the implant at 12 and 18 months and implant
stability quotient at loading for delayed
placement. These results indicate that [P might
be a safe and effective treatment option in well-
selected patients, that permits a shorter overall
treatment duration, but that delayed IP
treatment may result in slightly more
predictable biological success, especially when
considering the quality of osseointegration and
the preservation of the crestal bone level. The
placement timing is dependent on a careful
case-by-case evaluation of the socket anatomy,
integrity of the buccal plate, soft tissue biotype,
and overall health status of the patient and their
expectations. In order to get high level,
definitive evidence in this area, prospective
randomised controlled multicentre trials with
longer follow-up and standardised outcome
measures are needed.

REFERENCES
1. Branemark PI, Hansson BO, Adell R, Breine

1072

IJDDT, Volume 16 Issue 51s, 2026



Incidence of post-operative complications following Immediate VS Delayed Implant Placement in Fresh
Extraction Sockets: A Retrospective Analysis

U, Lindstrom J, Hallén O, et al
Osseointegrated implants in the treatment of
the edentulous jaw. Experience from a 10-
year period. Scand J Plast Reconstr Surg
Suppl. 1977;16:1-132. PMID: 356184.

Adell R, Lekholm U, Rockler B, Branemark
PI. A 15-year study of osseointegrated
implants in the treatment of the edentulous
jaw. Int J Oral Surg. 1981;10(6):387-416.
doi:10.1016/S0300-9785(81)80077-4.

Chen ST, Wilson TG Jr, Himmerle CH.
Immediate or early placement of implants
following tooth extraction: review of biologic
basis, clinical procedures, and outcomes. Int J
Oral Maxillofac Implants.
2004;19(Suppl):12-25. PMID:15635942.
Botticelli D, Berglundh T, Lindhe J. Hard-
tissue alterations following immediate
implant placement in extraction sites. J Clin
Periodontol. 2004;31(10):820-828.
doi:10.1111/5.1600-051X.2004.00565 .x.
Hammerle CH, Chen ST, Wilson TG Jr.
Consensus statements and recommended
clinical procedures regarding the placement
of implants in extraction sockets. Int J Oral
Maxillofac Implants. 2004;19(Suppl):26-28.
PMID:15635943.

Schulte W, Kleineikenscheidt H, Lindner K,
Schareyka R. The Tiibingen immediate
implant in clinical studies. Dtsch Zahnarztl Z.
1978;33(5):348-359. PMID: 289877.
Lazzara RJ. Immediate implant placement
into extraction sites: surgical and restorative
advantages. Int J Periodontics Restorative
Dent. 1989;9(5):332-343. PMID: 2640210.
Aratjo MG, Sukekava F, Wennstrom JL,
Lindhe J. Ridge alterations following
implant placement in fresh extraction sockets: an
experimental study in the dog. J Clin Periodontol.
2005;32(6):645-652. doi:10.1111/5.1600-
051X.2005.00726.x.

Sanz M, Cecchinato D, Ferrus J, Pjetursson
EB, Lang NP, Lindhe J. A prospective,
randomized-controlled  clinical trial to
evaluate bone preservation using implants
with  different geometry placed into
extraction sockets in the maxilla. Clin Oral

10.

11.

12.

13.

14.

15.

16.

Implants Res. 2010;21(1):13-21.
doi:10.1111/5.1600-0501.2009.01824.x.

Tonetti MS, Cortellini P, Graziani F, Cairo F,
Lang NP, Abundo R, et al. Immediate versus
delayed implant placement after anterior
single tooth  extraction: the timing
randomized controlled clinical trial. J Clin
Periodontol. 2017;44(2):215-224.
doi:10.1111/jcpe.12666.

Esposito M, Grusovin MG, Polyzos IP,
Felice P, Worthington HV. Timing of implant
placement after tooth extraction: immediate,
immediate-delayed or delayed implants? A
Cochrane systematic review. Eur J Oral

Implantol. 2010;3(3):189-205. PMID:
20847992.
Chrcanovic BR,  Albrektsson T,

Wennerberg A. Immediately loaded non-
submerged versus delayed-loaded submerged
dental implants: a meta- analysis. Int J
Oral Maxillofac Surg. 2015;44(4):493-506.
doi:10.1016/j.ijom.2014.11.007.

Mangano C, Mangano FG, Shibli JA,
Tettamanti L, Figliolia F, D'Avila S, et al.
Immediate loading of  mandibular
overdentures supported by very short (5-
mm) non-submerged titanium implants
placed in the symphysis. Clin Oral Implants
Res. 2018;29(1):66-74.
doi:10.1111/clr.13060.

Gallucci GO, Hamilton A, Zhou W, Buser D,
Chen S. Implant placement and loading
protocols in partially edentulous patients: a
systematic review. Clin Oral Implants Res.
2018;29(Suppl 16):106—134.
doi:10.1111/clr.13276.

Cosyn J, Raes S, Packet M, De Bruyn H.
Immediate single-tooth implants in the
anterior maxilla: 3-year results of a case
series on hard and soft tissue response and
aesthetics. J Clin Periodontol.
2013;40(10):957-965. doi:10.1111/jcpe.12140.
Moraschini 'V, Poubel LA, Ferreira VF,
Barboza ES. Evaluation of survival and
success rates of dental implants reported in
longitudinal studies with a follow-up period
of at least 10 years: a systematic review. Int

1073

IJDDT, Volume 16 Issue 51s, 2026



Incidence of post-operative complications following Immediate VS Delayed Implant Placement in Fresh
Extraction Sockets: A Retrospective Analysis

17.

18.

19.

20.

21.

22.

23.

J Oral Maxillofac Surg. 2015;44(3):377—
388. doi:10.1016/j.ijom.2014.10.023.

Lang NP, Pun L, Lau KY, Li KY, Wong MC.
A systematic review on survival and success
rates of implants placed immediately into
fresh extraction sockets after at least 1 year.
Clin Oral Implants Res. 2012;23(Suppl
5):39-66. doi:10.1111/5.1600-
0501.2011.02372.x.

Aratjo MG, Wennstrom JL, Lindhe .
Modeling of the buccal and lingual bone
walls of fresh extraction sites following
implant installation. Clin Oral Implants Res.
2006;17(6):606—614. doi:10.1111/5.1600-
0501.2006.01315.x.

Sanz-Sanchez I, Sanz-Martin I, Figuero E,
Sanz M. Clinical efficacy of immediate
implant loading protocols compared to
conventional loading depending on the type
of the restoration: a systematic review. Clin
Oral Implants Res. 2015;26(8):964-982.
doi:10.1111/clr.12550.

Berberi A, Le Breton G, Marin P, Barakat A,
Moussally C. Influencing variables on
implant stability using resonance frequency
analysis: a systematic review. J Oral
Implantol. 2014;40(1):1-8.
doi:10.1563/AAID-JOI-D-11-00167.

Hartlev J, Kohberg P, Ahlmann S, Andersen
NT, Schou S, Isidor F. Immediate placement
and provisionalization of single-tooth
implants involving a definitive individual
abutment: a clinical and radiographic
retrospective study. Clin Oral Implants Res.
2014;25(6):652—660. doi:10.1111/clr.12134.
Den Hartog L, Slater JJ, Vissink A, Meijer
HJ, Raghoebar GM. Treatment outcome of
immediate, early and conventional single-
tooth implants in the aesthetic zone: a
systematic review to survival, bone level,
soft-tissue, aesthetics and patient satisfaction.
J Clin Periodontol. 2008;35(12):1073-1086.
doi:10.1111/5.1600-051X.2008.01330.x.
Buser D, Chappuis V, Bornstein MM,
Wittneben JG, Frei M, Belser UC. Long-
term stability of contour augmentation with
early implant placement following single

24.

25.

26.

27.

28.

29.

30.

31.

tooth extraction in the esthetic zone: a
prospective, cross-sectional study in 41
patients with a 5- to 9-year follow- up. J
Periodontol.  2013;84(11):1517- 1527.
doi:10.1902/jop.2013.120635.

Cecchinato D, Bengazi F, Blasi G, Botticelli
D, Cardarelli I, Zucchelli G. Bone level
alterations at implants placed in the posterior
segments of the dentition: outcome data from
a randomized, parallel, controlled clinical
trial. Clin Oral Implants Res.
2008;19(3):282-287. doi:10.1111/5.1600-
0501.2007.01479.x.

Mayer Y, Ginesin O, Horwitz J. Hard and soft
tissue healing following immediate and early
implant placement. A retrospective study.
Clin Implant Dent Relat Res.
2019;21(4):659—665. doi:10.1111/cid.12759.
Schwartz-Arad D, Grossman Y, Chaushu G.
The clinical effectiveness of implants placed
immediately into fresh extraction sites of
molar teeth. J Periodontol. 2000;71(5):839—
844. doi:10.1902/jop.2000.71.5.839.

Fugazzotto PA. Implant placement at the time
of maxillary molar extraction: treatment
protocols and report of results. J Periodontol.
2008;79(2):216-223.
doi:10.1902/j0p.2008.070400.

Crespi R, Cappare P, Gherlone E.
Radiographic evaluation of marginal bone
levels around platform-switched and non-
platform-switched implants used in an
immediate loading protocol. Int J Oral
Maxillofac Implants. 2009;24(5):920-926.
PMID: 19865642.

Van Dooren E, Bortoluzzi E, Durr ML, Chen
ST, Buser D. Immediate implant placement
in post-extraction sockets and the influence of
buccal bone thickness on remodeling. J
Periodontol. 2019;90(4):372-381.
doi:10.1002/JPER.18-0290.

Héammerle CHF, Tarnow D. The etiology of
hard- and soft-tissue deficiencies at dental
implants: a narrative review. J Periodontol.
2018;89(Suppl 1):S291- S303.
doi:10.1002/JPER.16-0810.

Grandi T, Guazzi P, Samarani R, Garuti G.

1074

IJDDT, Volume 16 Issue 51s, 2026



Incidence of post-operative complications following Immediate VS Delayed Implant Placement in Fresh
Extraction Sockets: A Retrospective Analysis

32.

33.

34.

35.

36.

37.

38.

Immediate loading of four (All-on-4) post-
extractive implants supporting mandibular cross-
arch fixed prostheses: 18-month follow-up from a
multicentre prospective cohort study. Eur J Oral
Implantol. 2012;5(3):277-285. PMID:
22977785.

Schimmel M, Srinivasan M, McKenna G,
Miiller F. Effect of advanced age and/or
systemic medical conditions on dental
implant survival: a systematic review and
meta-analysis. Clin Oral Implants Res.
2018;29(Suppl 16):311-330.
doi:10.1111/clr.13288.

Urban IA, Montero E, Monje A, Sanz-
Sanchez 1. Effectiveness of vertical ridge
augmentation interventions: a systematic
review and  meta-analysis. J  Clin
Periodontol. 2019;46(Suppl 21):319-339.
doi:10.1111/jcpe.13061.

Lau SL, Chow J, Li W, Chow LK.
Classification of maxillary central incisors—
implications for immediate implant in the
esthetic zone. J Oral Maxillofac Surg.
2011;69(1):142—153.
d0i:10.1016/j.joms.2010.07.004.

Kan JY, Rungcharassaeng K, Umezu K, Kois
JC. Dimensions of peri-implant mucosa: an
evaluation of maxillary anterior single
implants in  humans. J  Periodontol.
2003;74(4):557-562.
do0i:10.1902/jop.2003.74.4.557.

Jemt T. Failures and complications in 391
consecutively inserted fixed prostheses
supported by Brinemark implants in
edentulous jaws: a study of treatment from
the time of prosthesis placement to the first
annual checkup. Int J Oral Maxillofac
Implants. 1991;6(3):270-276. PMID: 1813395.
Cosyn J, Sabzevar MM, De Bruyn H.
Predictors of inter-proximal and midfacial
recession following single implant treatment
in the anterior maxilla: a multivariate
analysis. J Clin Periodontol. 2012;39(9):895—
903. doi:10.1111/5.1600-051X.2012.01912.x.
Mombelli A, Lang NP. The diagnosis and
treatment of peri-implantitis. Periodontol
2000. 1998;17:63—-76. doi:10.1111/5.1600-
0757.1998.tb00124.x.

39.

40.

41.

42.

43.

44,

45.

Berglundh T, Armitage G, Araujo MG,
Avila-Ortiz G, Blanco J, Camargo PM, et al.
Peri-implant  diseases and  conditions:
consensus report of workgroup 4 of the 2017
World Workshop on the Classification of
Periodontal and Peri- Implant Diseases and
Conditions. J Clin Periodontol.
2018;45(Suppl 20):S286— S291.
doi:10.1111/jcpe.12957.

Stacchi C, Vercellotti T, Torelli L, Furlan F,
Di Lenarda R. Changes in implant stability
using different site preparation techniques:
twist drills versus piezosurgery. A single-blinded,
randomized controlled clinical trial. Clin Implant
Dent Relat Res. 2013;15(2):188-197.
doi:10.1111/5.1708-8208.2011.00341 .x.

Penarrocha-Diago M, Uribe-Origone R,
Guarinos-Carb6 J. Implant-supported
rehabilitation of the severely atrophic

maxilla: a clinical report. J Prosthodont.
2004;13(3):187-191. doi:10.1111/§.1532-
849X.2004.04028 x.

Zafiropoulos GG, Deli G, Hoffmann O,
Kasaj A. Alveolar ridge preservation using
collagen membrane and artificial bone graft
or demineralized freeze-dried bone allograft
following tooth extraction: a report of three
cases. J Contemp Dent Pract.
2010;11(1):E025-E033. PMID: 20098993.
Araujo MG, Lindhe J. Dimensional ridge
alterations following tooth extraction. An
experimental study in the dog. J Clin
Periodontol. 2005;32(2):212—
218.d01:10.1111/5.1600-051X.2005.00642.x.
Sanz I, Garcia-Gargallo M, Herrera D,
Martin C, Figuero E, Sanz M. Surgical
protocols for early implant placement in post-
extraction sockets: a systematic review. Clin
Oral Implants Res. 2012;23(Suppl 5):67-79.
doi:10.1111/5.1600-0501.2011.02339.x.
Paolantonio M, Dolci M, Scarano A,
D'Archivio D, Di Placido G, Tumini V, et al.
Immediate implantation in fresh extraction
sockets. A controlled clinical and histological
study in man. J Periodontol.
2001;72(11):1560-1571.
do0i:10.1902/jop.2001.72.11.1560.

1075

IJDDT, Volume 16 Issue 51s, 2026



Incidence of post-operative complications following Immediate VS Delayed Implant Placement in Fresh
Extraction Sockets: A Retrospective Analysis

46. Becker W, Becker BE, Ricci A, Geurs N,

47.

Ogata J, Calonghi G. A prospective multi-
center clinical trial comparing one- and two-
stage titanium screw-shaped fixtures with
one-stage plasma-sprayed solid-screw
fixtures. Clin Implant Dent Relat Res.
2000;2(3):159-165. doi:10.1111/j.1708-
8208.2000.tb00134.x.

Gonzalez-Martin O, Lee EA, Veltri M,
Pjetursson BE, Couso Queiruga E, Barreda
Muiiz Y, et al. Clinical performance of
implants placed in post- extraction sites with
and without bone grafting: a prospective
multicenter study with 3-year follow-up. Int J

48.

49.

Oral Maxillofac Implants.
634. doi:10.11607/jomi.7883.
Quirynen M, Van Assche N, Botticelli D,
Berglundh T. How does the timing of implant
placement to extraction affect outcome? Int J
Oral Maxillofac Implants.
2007;22(Suppl):203-223.PMID:18437796.
Vignoletti F, Matesanz P, Rodrigo D,
Figuero E, Martin C, Sanz M. Surgical
protocols for ridge preservation after tooth
extraction. A systematic review. Clin Oral
Implants Res. 2012;23(Suppl 5):22-38.
doi:10.1111/5.1600-0501.2011.02331.x.

2020;35(3):623-

1076

IJDDT, Volume 16 Issue 51s, 2026



