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ABSTRACT 

This systematic review aimed to assess the survival rate of immediate implants placed in sites with chronic 

periapical lesions, following different disinfection protocols. A comprehensive literature search was performed 

according to the PRISMA guidelines. Clinical trials published in English between 2012 and 2023 were 

considered. Eligible studies included randomized clinical trials (RCTs) and cohort human clinical trials that 

evaluated the survival rate of implants in infected sockets, with a control group and a minimum follow-up 

period of 3 months. In vitro studies, animal research, pilot studies, case reports, and case series were excluded. 

The Newcastle-Ottowa scale was used for cohort studies, while the Cochrane Risk of Bias assessment tool 

(version 2) was used for RCTs. Seven studies met the inclusion criteria: five cohort studies and two RCTs. Due 

to data heterogeneity, none of the studies were suitable for quantitative meta-analysis. A total of 259 patients 

and 663 implants were evaluated, with implant survival rates ranging from 94.4% to 100%. All studies used 

curettage as the primary debridement method in the test groups for infected sockets. No statistically important 

differences (P < 0.05) were observed in implant survival when additional disinfection methods such as 

chlorhexidine rinsing or sequestrectomy using Er, Cr: YSGG laser were applied. The findings suggest that 

while various measures can increase the likelihood of implant integration, additional disinfection techniques 

are ineffective unless thorough curettage of the alveolus is performed. 
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Introduction 

Brånemark’s traditional protocol suggests that a dental 

implant must only be placed once the alveolar bone has 

completely healed [1]. Complete healing of extraction 

sockets can take up to 12 months [2]. Unfortunately, 

after a tooth is removed, the alveolar ridge often 

undergoes resorption, which can lead to a significant 

reduction in bone volume, limiting the potential for 

ideal implant placement and restoration outcomes [3]. 

To overcome this issue, the immediate implant 

placement approach was developed to achieve better 

results [4]. 

In the last eleven years, immediate implant placement 

has gained substantial attention. This technique 

involves placing an implant in the same location as a 

compromised tooth on the day of extraction [5]. Key 

benefits of immediate implant placement include the 

ability to load the implant immediately, fewer surgical 

procedures, reduced alveolar bone resorption, and the 

potential to place the implant in a more favorable axial 

position [6]. When considering patient-centered 

benefits, including reduced morbidity, positive 

psychological effects, and significantly shorter time to 

dental restoration, immediate implant placement 

becomes a favorable option [7]. Several clinical reports 
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and animal studies have demonstrated that implants 

placed immediately in freshly extracted sockets often 

lead to satisfactory outcomes [8-10]. However, the 

success of immediate implantation may be 

compromised by an active infection at the extraction 

site, which could lead to the spread of infection to 

surrounding tissues, resulting in retrograde peri-

implantitis or implant failure [11]. 

To prevent bacterial contamination and implant failure 

caused by bacterial strains, preventive antibiotics 

(PAs) are commonly prescribed [12, 13]. The 

American Heart Association (AHA) recommends the 

use of antibiotics before complex surgical procedures, 

including immediate implant placement. The AHA 

specifically suggests antibiotics like amoxicillin due to 

their higher absorption rates and prolonged serum 

levels [14]. As a result, the use of prophylactic 

antibiotics in dental implant surgeries remains a topic 

of debate [15]. The European Association for 

Osseointegration acknowledges that PAs may be 

beneficial in challenging cases, including immediate 

implant placement, although there are currently no 

established guidelines for their administration in these 

situations [16]. It is well-established that successful 

immediate implant placement requires thorough 

debridement and disinfection of infected sockets [17]. 

In 1995, Novaes Jr. and Novaes documented the first 

successful case of immediate implant placement in an 

infected socket. Their recommended approach includes 

careful removal and debridement of the socket 

(including excision of a thin layer of bone from the 

periapical lesion site), followed by extensive saline 

irrigation, guided bone regeneration, primary closure, 

and a regimen of systemic antibiotics [18]. 

The success of the procedure is largely contingent on 

the mechanical curettage of contaminated tissues [19]. 

Several decontamination methods and drug protocols 

have been reported for immediate implantation [20, 

21]. Del Fabbro et al. [20] applied PRGF liquid to the 

implant body, promoting bioactivation of the implant 

surface. Garcés Villalá et al. [21] emphasized that the 

crucial factor to successful immediate implant 

placement lies in cleaning the sockets with sterile 

saline and 3% hydrogen peroxide to remove tissue 

debris from the alveolus which was vital for the 

protocol’s success. 

Understanding the disinfection of the socket before 

immediate implantation is crucial for achieving a 

favorable outcome [22]. Furthermore, data on healing 

dynamics and bone regeneration specific to each 

protocol are necessary to compare different options and 

determine the most effective approach. 

Aim 

The objective was to assess the survival rate of 

immediate implants placed in sites with chronic 

periapical lesions following the application of various 

disinfection techniques. 

Materials and Methods 

The systematic review was carried out following the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines. The protocol for 

this review was formally registered with PROSPERO, 

hosted by the University of York’s Centre for Reviews 

and Dissemination. The study’s registration number is 

CRD42023392878. 

Focus question 

The focus question for this research was developed 

using the participant, intervention, comparison, 

outcome (PICO) framework [23]. It aimed to assess the 

implant survival rate (O) following immediate 

implantation (I) in patients with periapical lesions in 

the socket (P) compared to those receiving immediate 

implantation in non-infected sockets (C). 

Inclusion and exclusion criteria 

Inclusion criteria 

 Studies published in English. 

 Research conducted within the last 11 years. 

 Cohort studies or randomized clinical trials (RCTs) 

assessing the survival rate of implants placed in 

infected sockets. 

 A minimum follow-up period of 3 months. 

 A clearly stated disinfection protocol. 

 Participants in the control group must have a 

healthy periapical region where implants were 

placed. 

 The test group must include patients who 

underwent immediate implantation in sites with 

periapical lesions. 

 Studies report the implant survival rate. 

Exclusion criteria 

 Participants with systemic conditions. 

 Individuals with chronic illnesses. 

 Studies involving incompatible medication or 

conditions. 

 Smokers consume more than 10 cigarettes per day. 

 Lack of follow-up data. 

 Studies of in vitro, animal, pilot studies, case 

reports, and case series. 
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Search strategy and study selection 

A comprehensive literature search was carried out 

following PRISMA guidelines. Clinical trials 

published in English from 2012 to 2023 were included 

in the review. Each author independently performed 

electronic searches in the Medline (PubMed) and 

Embase (ScienceDirect) databases. Various 

combinations of the following keywords were used: 

(immediate implantation), (infection), (infected 

socket), (periapical lesion), (socket decontamination), 

(periodontitis), and (survival rate). After screening the 

titles and abstracts, full-text articles were selected for 

in-depth evaluation based on the inclusion criteria. The 

researchers reviewed the results and discussed any 

discrepancies to reach a consensus. 

Risk of bias tools 

The Newcastle-Ottowa scale was employed to assess 

both prospective and retrospective cohort studies. For 

the selected randomized controlled trials (RCTs), the 

Cochrane Risk of Bias Assessment Tool version 2 

(RoB 2) was utilized. Using this standardized tool, 

potential systematic errors in the included studies were 

evaluated, considering factors such as random 

sequence generation, group allocation, deviations from 

the intended intervention, missing data, outcome 

measurement bias, selective reporting, and other 

possible sources of bias. 

 

 
Figure 1. Prisma flow diagram 

 

Results and Discussion 

Study selection 

A PRISMA flow diagram (Figure 1) illustrates the 

process of reviewing articles, abstracts, and full-text 

publications. The initial search, using various keyword 

combinations, resulted in 368 titles. After removing 

duplicates, 292 records remained. From these, 278 

were excluded based on the inclusion criteria (such as 

meta-analyses, systematic reviews, insufficient data, 

case reports, animal studies, and publications older 

than 12 years), leaving 14 publications for full-text 

review. Ultimately, 7 studies were included in the 

analysis. Of these, 5 were cohort studies, and 2 were 

randomized clinical trials. Due to significant data 

heterogeneity, none of the studies were suitable for 

quantitative meta-analysis. 

Patient’s data 

The ages of patients in the studies ranged from 41.9 to 

56.3 years. A total of 259 patients and 663 implants 

were assessed across the 7 studies included in this 

review. In the test groups, all patients had teeth with 

one of the following conditions: periapical pathology, 
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asymptomatic periodontitis, granulation tissue, or 

infection in the apical area of the socket following 

extractions. The control groups in all studies consisted 

of patients with teeth extracted due to fractures, trauma, 

or advanced caries, with no periapical pathology 

present. 

 

 
Figure 2. Randomized clinical studies quality evaluation (RoB 2 tool). 

 

Quality evaluation 

The results of the risk of bias assessment for the RCT 

and cohort studies are presented in Figure 2 and Table 

1, respectively. The randomization process in the two 

RCTs [24, 25] included in this review did not show a 

significant risk of bias. All 5 cohort studies [26-30] 

demonstrated high analytical quality. 

 

Table 1. Quality assessment using the Newcastle-Ottowa scale of included cohort studies in a systematic review 

Study 

Selection 
C

o
m

p
a
ra

b
il

it
y
 (

*
*
) 

Outcomes 

T
o
ta

l 
sc

o
re

 o
u

t 
o
f 

9
 

R
ep

re
se

n
ta

ti
v
en

es
s 

o
f 

th
e 

ex
p

o
se

d
 

co
h

o
rt

(*
) 

S
el

e
ct

io
n

 o
f 

th
e 

n
o
n

-e
x
p

o
se

d
 

co
h

o
rt

 (
*
) 

A
sc

e
rt

a
in

m
en

t 
o
f 

ex
p

o
su

re
(*

) 

O
u

tc
o
m

e
 n

o
t 

p
re

se
n

t 
a
t 

th
e 

st
a
rt

 

o
f 

th
e 

st
u

d
y
 (

*
) 

A
ss

es
sm

en
t 

o
f 

o
u

tc
o
m

e 
(*

) 

L
en

g
th

 o
f 

fo
ll

o
w

-

u
p

 (
*
) 

A
d

eq
u

a
cy

 o
f 

fo
ll

o
w

-u
p

 (
*
) 

Montoya-Salazar et al. [26] *  * * * * * * 7 

Katyayan et al. [27] *  * * * * * * 7 

Al Nashar et al. [28] *  * * ** * * * 8 

Fugazzotto et al. [29] *  * * * * * * 7 

Jung et al. [30] *  * * ** * * * 8 

Treatment outcomes 

The findings from the evaluated studies are 

summarized in Table 2. The implant survival rates in 

the included trials ranged from 94.4% to 100%. Both 

clinical and radiographic assessments were conducted 

to verify the absence of infection. 

In the randomized controlled trial by Crespi et al. [24], 

following tooth extraction, the sockets were randomly 

assigned to two groups: the test group (TG), where 

granulomatous tissue was removed and rinsed with a 

physiological solution, and the control group (CG), 

where granulomatous tissue was left in place. Follow-

up appointments were scheduled by the surgeon and 

dental hygienist at 2 months and every six months after 

implant placement. Immediate implant placement 

occurred in 372 cases following tooth extraction. After 

2 months of follow-up, 2 implants in the TG and 3 in 

the CG were removed. The overall implant survival 

rate was 98.66% (98.92% for TG and 98.39% for the 

control group). This rate remained consistent after 3 

years, with no statistically important differences in 

clinical outcomes or marginal bone level changes 

between the two groups (P > 0.05). Additionally, no 

significant intragroup changes were observed over time 

(P > 0.05). 

In terms of other outcomes, 3 patients in the control 

group experienced pain, and two had edema at the 

implant site during the first three months. No 

statistically important differences were found between 

the TG and CG regarding bleeding index (P > 0.05; P 

= 0.37 at 36 months) and plaque accumulation (P > 

0.05; P = 0.54 at 36 months). 

Montoya-Salazar et al. incorporated laser treatment 

into their disinfection protocol. A total of 36 implants 
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were placed, with 18 in non-infected sockets (control 

group) and 18 in infected alveoli (test group), all of 

which underwent debridement, mechanical cleaning, 

hydrogen peroxide rinsing (90%), yttrium-scandium-

gallium-garnet (Er, Cr: YSGG) laser irradiation, and a 

final wash with a sterile solution. 3 months post-

operation, all implants had successfully 

osseointegrated. The 3-year implant survival rate was 

100% for TG, compared to 94.44% for CG. 

In the study by Fugazzotto et al. [29], 64 implants were 

placed in the TG after debridement. Similarly, 64 

implants were immediately inserted in the CG 

following the extraction of a maxillary incisor, with no 

periapical pathology present. Molt and Gracey's 

curettes were used to remove the remaining soft tissue 

and periapical tumor. The survival rates for implants 

placed in sites with periapical pathology and those 

placed in sites without periapical pathology were 

98.1% and 98.2%, respectively. 

Four studies—by Crespi et al. [25], Katyayan et al. 

[27], Al Nashar et al. [28], and Jung et al. [30]—

reported a 100% implant survival rate in both the 

control and test groups. 

 

Table 2. Evaluated studies and implant survival rate 
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In a double-blind, randomized clinical trial, Crespi et 

al. assigned participants to two groups: group A, 

consisting of thirty teeth, received soft tissue 

debridement before implant placement; group B, also 
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with 30 teeth, had soft tissue debridement with the 

reactive tissue left in the apical lesion. Although no 

statistically significant differences were found in basal 

bone levels or between the groups, all fresh sockets in 

both groups experienced buccal-palatal bone loss after 

1 year [31]. In group B, a 100% survival rate and a 

mean implant stability quotient of 65 were observed, 

with no significant differences between groups (P > 

0.05). Three participants in group B reported edema 

and 3 noted discomfort at the implant site, while no 

issues such as soreness or discomfort were reported in 

group A. 

Katyayan et al. followed a disinfection protocol that 

included rinsing with 0.2% chlorhexidine, curettage of 

infected sockets, and rinsing with a physiological 

solution. During follow-up, no pain, implant mobility, 

flap dehiscence, suppuration, or radiolucency around 

the implants was observed. 

In the study by Al Nashar et al. [28], each participant 

received 2 implants near their lateral mandibular 

incisors. One implant was treated with platelet-rich 

growth factors (PRGFs) (group I), while the other 

served as a placebo (group II). Each cohort received 15 

immediate implants. After carefully removing 

granulation and fibrous tissue from the extraction sites, 

both groups were irrigated with sterile saline. PRGFs 

were gently and slowly injected into the drilled sites at 

the test locations before implant placement, and the 

PRGFs were also applied directly to the implant before 

seating. 

Before implant placement, Jung et al. [30] ensured the 

removal of all granulation tissues. The study included 

27 patients, with 15 in the control group, who had no 

periapical diseases, and twelve in the test group, who 

had periapical pathologies. All participants underwent 

guided bone regeneration (GBR). 

The primary aim of this extensive review was to assess 

the impact of various disinfection protocols on the 

survival rate of implants placed immediately. The 

objective of immediate implantation surgery is to 

maintain the integrity of both the hard and soft tissues 

to ensure optimal implant stability and precise three-

dimensional positioning. To achieve this, various 

surgical protocols are employed. Eini et al. [32] 

emphasize the strict requirements for immediate 

loading to prevent failure of osseointegration, such as 

applying the correct insertion force for primary 

stability, selecting the appropriate implant length, and 

ensuring there are no local or systemic 

contraindications. 

Crespi et al. [33] suggest that both the endo-

periodontal origin of infection and its association with 

anaerobic bacteria typically found in infected root 

canals (including Fusobacterium, Porphyromonas, 

Prevotella, Streptococcus, Actinomyces, and 

Peptostreptococcus) may play a role in the high 

success rates of immediate implants placed in sockets 

affected by chronic conditions [33, 34]. The 

modifications in the anaerobic environment following 

socket extraction and curettage are thought to help 

eliminate the bacteria linked to the endo-periodontal 

infection [33]. Nevertheless, similar to other studies 

[17, 18, 21], our findings indicate that immediate 

implants can be successfully placed into debrided 

infected dentoalveolar sockets when performed under 

controlled conditions. Based on the findings of this 

systematic review, the most critical factor for 

successful integration of an implant in an infected site 

is thorough curettage. 

Some researchers incorporate additional strategies to 

enhance disinfection and improve implantation 

outcomes. Kakar et al. utilized a hardening bone graft 

replacement to address peri-implant defects in all 

participants. The socket was also treated and 

decontaminated using an Er, Cr: YSGG laser 

(Waterlase MD, Biolase Technology, Irvine, CA) 

equipped with an MZ-4 (14 millimeters) radial-firing 

point. The implant survival rate reached 95.45%, with 

only five implants removed and recorded as failures 

[17]. Chrcanovic et al. [35] acknowledged that 

although laser therapy can be effective in debriding 

infected sockets before implantation, as evidenced by 

the reduction in bacteria reported by Kusek [36], the 

number of patients involved (n = 10) in studies is 

limited. In contrast, Kakar et al. [17] supported the 

efficacy of laser treatment after carrying out a larger-

scale study (n = 68). Montoya-Salazar et al. also 

incorporated laser treatment as an additional measure. 

In their protocol, infected sites in the TG were 

irradiated with an Er, Cr: YSGG laser. No significant 

difference in survival rates was observed between the 

two groups (P = 0.720). 1 implant failure in the test 

group was attributed to the patient’s poor hygiene and 

lack of cooperation [26]. The selection of the Er, Cr: 

YSGG laser, with a wavelength of 2780 nanometers, 

was due to its ability to remove compromised tissues 

with minimal thermal side effects and little to no 

damage to surrounding areas [37, 38]. This laser is 

highly effective in decontaminating, reducing harmful 

bacteria by 98%, which shortens healing time and 

reduces the risk of post-operative infection [39]. The 

water/air mist emitted by the Er, Cr: YSGG laser also 

cools and alleviates pain, reducing the sensation of 

tissue burning or charring [40, 41]. The outcomes of 

laser therapy are comparable to the established success 
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rates for immediate implantation in non-infected sites 

[17, 42]. 

It is essential to highlight that PRGF was applied in 

only one study [28]. When used in conjunction with 

immediate implantation, PRGF can help treat extracted 

sockets and reduce the risk of infection. PRGF, when 

integrated with the bone, serves as an osteoconductive, 

autologous bone graft filling the space between the 

implant surface and the socket walls [43, 44]. In 

immediate implant placements, platelet-derived 

growth factors might effectively promote soft tissue 

regeneration and reduce inflammation and pain [45, 

46]. The study by Al Nashar et al. [28] showed a 100% 

survival rate in both groups, with group I receiving 

implants treated with PRGFs and group II not receiving 

treatment. Osseointegration was achieved for all 

implants, and there was no significant difference 

between the treated and untreated groups [28]. On the 

other hand, Pal et al. [47] concluded that using 2 doses 

of PRGF for immediate implants in compromised 

sockets results in superior outcomes and a successful 

rehabilitation method. Furthermore, Del Fabbro et al. 

[20] examined the impact of immediate implants in 

fresh extraction sockets of teeth affected by periapical 

lesions and found PRGF to be an effective and safe 

adjunct to the rehabilitation process. 

Several researchers have incorporated guided bone 

regeneration (GBR) with autologous bone or allograft 

that may enhance the chances of successful 

osteointegration of implants [29, 30]. AlKudmani et al. 

[48] found that combining buccal gap bone grafting 

with immediate implantation helps maintain the 

proportions of both hard and soft tissues, contributing 

to the implant’s long-term stability. This approach 

offers significant advantages in ensuring the implant’s 

durability. Jung et al. [49] discovered that implants 

placed simultaneously with GBR, whether using 

resorbable or non-resorbable membranes, achieve high 

survival rates ranging from 91.9% to 92.6%, thus 

confirming the procedure’s safety and predictability. 

However, bone regeneration primarily aids in reducing 

the likelihood of resorption and does not address the 

presence of residual bacteria in post-extraction sites, 

though it can still be applied to infected sockets. 

According to Said [50], in cases of chronic periapical 

lesions in the posterior maxilla with a history of 

endodontic failure, immediate implant insertion 

combined with guided bone regeneration may be an 

appropriate solution for replacing missing teeth. 

It is crucial to consider that various medications used 

for prevention or treatment post-surgery can influence 

the success of implant procedures. Prophylactic 

antibiotic therapy was employed in five out of seven of 

the studies included in this review, while all studies 

prescribed post-operative antibiotics. However, none 

of the studies mentioned the use of local antibiotics 

during the surgical procedure. In the research by 

Passarelli et al. [51], a thorough analysis found no 

significant advantage of local/topical antibiotics over 

mechanical debridement, scaling, root planning, or a 

placebo ointment. To avoid overstating the 

effectiveness of local antibiotics, only randomized 

controlled trials (RCTs) were included in this review. 

Romandini et al.’s [52] meta-analysis concluded that 

all prophylactic antibiotic regimens had a more 

substantial effect in reducing implant failures 

compared to a placebo or no antibiotics. Nonetheless, 

when used alone, antibiotic prophylaxis did not show a 

statistically important positive outcome, and the results 

must be interpreted with caution in this meta-analysis. 

For individuals without penicillin allergies, amoxicillin 

was the most commonly recommended antibiotic, 

although clindamycin was used by one researcher [28]. 

A 2-3g dose of amoxicillin administered orally 1 hour 

before surgery significantly reduces the likelihood of 

implant failure [53]. According to Momand et al. [15], 

antibiotic prophylaxis appears to offer minimal benefit 

when combined with implantation. Zhurakivska et al. 

[54] noted that antibiotic prophylaxis could improve 

implant success and short-term survival rates. 

However, a sub-analysis of major trials indicates that 

antibiotic prophylaxis provided little to no benefit in 

uncomplicated implantation in healthy individuals 

[55]. In contrast, studies that did not use pre-operative 

antibiotics still reported success rates of 98.1-98.2% 

[29] and 100% [30]. Post-operative antibiotics are 

valuable for preventing infections after implant 

placement [56]. 

In 5 out of 7 studies, a 0.12-0.2% chlorhexidine 

mouthwash was included as part of the post-operative 

care. Following a surgical procedure like immediate 

implant placement, the ability to control plaque 

mechanically is limited, so antimicrobial methods are 

frequently employed. Chlorhexidine has been shown to 

penetrate biofilms, disrupt biofilm formation, and 

exhibit a direct bactericidal effect [57, 58]. However, 

chlorhexidine can alter the surface structure of dental 

implants and induce cytotoxicity in cells, which may 

hinder re-osseointegration and even lead to implant 

failure. Therefore, its use during implant placement 

remains a subject of debate [59, 60]. 

Conclusion 

The analysis of the studies indicates that various 

strategies can enhance the likelihood of successful 

implant integration. However, without thorough 
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curettage of the alveolar socket, additional disinfection 

techniques are ineffective. Both pre-operative and 

post-operative antibiotic treatments are critical for 

achieving predictable implant survival rates in 

immediate implant placements. In contrast, the use of 

local antibiotics is neither necessary nor beneficial in 

improving implant survival. An effective alternative 

includes the use of the Er, Cr: YSGG laser, which, with 

its water/air mist, effectively cleans infected sockets 

while minimizing the risk of bone overheating due to 

its cooling features. PRGF, with its osteoconductive 

properties, accelerates the healing of the alveolar 

socket and aids in implant integration, making it an 

excellent tool for improving survival rates in 

immediate implantations of compromised sockets. 

However, a reliable comparison between disinfection 

methods is not possible due to the lack of sufficient 

data and variability in the existing studies. To 

determine the most effective protocol for immediate 

implant placement in infected sockets, more rigorous 

and standardized clinical studies are necessary. 
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