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Abstract: Peri-implantitis is a biofilm-mediated inflammatory condition 
associated with progressive loss of supporting tissue and poses a significant 
challenge to clinicians worldwide. Because limited efficacy is associated with 
nonsurgical therapy, surgical intervention is often required to manage this 
disease. This article focuses on operator factors when treating peri-implantitis 
and presents a stepwise approach to eight essential keys for successful 
regenerative/reparative treatment of peri-implantitis defects. These keys are 
aimed at optimizing clinical outcomes for diverse patient needs and defect 
anatomies. They include evaluating operator experience, risk assessment, and 
implant restorative design, as well as nonsurgical and surgical therapies such as 
the use of biologics and biologic derivatives, the postoperative protocol, and a 
patient-specific periodontal maintenance program. 
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P eri-implantitis is associated with local and systemic 
factors that significantly impact implant success.1 
Successful peri-implantitis therapy is also multifac-
torial.2,3 Due to limited access to the implant surface, 
nonsurgical therapy alone has limited efficacy in 

treating most cases of peri-implantitis.4,5 Surgery, therefore, is 
often necessary for disease management.6

Peri-implant flap surgery is intended to enable access to the 
implant surface to remove biofilm soft and hard deposits and resid-
ual dental implant cement, thus promoting healing and reducing 
further progression. Reconstructive techniques seek to regener-
ate the bone defect and achieve reosseointegration7 while closing 
the pathogenic peri-implant pocket.8 The management of peri-
implant defects relies mainly on understanding defect morphol-
ogy and other related topographic characteristics. 

Risk assessment tools and clinical checklists are beneficial to 
avoid undue complications.8-11 Several of the present authors have 
described a 10-key checklist for immediate implant placement 
at esthetic sites12,13 as well as a seven-key checklist intended for 
treating periodontal intrabony defects.14 All implant procedures 
involve the biological response of the host (“host response”), the 
microbiological environment (“microbiology”), and treatment 

factors associated with the human operator (“human factors”).8,15 
This article examines this process and presents eight keys for peri-
implantitis defect regenerative treatment (Table 1). Each key can 
be linked to one or more of these three categories. 

Eight Keys to Regenerative Treatment  
of Peri-Implantitis Defects
Key No. 1: Operator and Patient Factors, Implant Condi-
tions, and Peri-implant Configuration (Human Factors)
The use of a checklist takes advantage of the collective wisdom of 
those who developed the checklist, providing consistent, effective, 
standardized treatment protocols.15 Interestingly, a growing focus 
across a range of industries, both in and outside of medicine and 
dentistry, has been on “human factors” as sources of error, includ-
ing peri-implantitis treatments.9 Surgeon experience and skills 
and environmental stressors play critical roles in the success of 
these procedures.8 Techniques similar to those used in aviation 
industry checklists and situational awareness can help address 
human factor issues and improve clinical performance.1,10,16 

When conducting Key No. 1, performing a full-mouth periodon-
tal and occlusal assessment and radiographic evaluation (including 
full-mouth periapical and/or cone-beam computed tomography 

PROOF—NOT FOR PUBLICATION 



121www.compendiumlive.com March 2025      COMPENDIUM

imaging) is recommended, along with an assessment of implant 
position and prosthesis, as these factors may contribute to peri-
implantitis progression.6 In addition to the medical and dental 
history, the periodontal, occlusal, and radiographic examina-
tions are assessed and reviewed with the patient in a pretreatment 
consultation “knee-to-knee and eye-to-eye.” Based on previously 
published studies and treatment guidelines,17-20 this article intro-
duces a peri-implantitis defect risk assessment (PIDRA) tool to 
aid clinicians in identifying influential factors to achieve success-
ful outcomes when performing regenerative procedures (Table 2). 
The PIDRA allows for predictable, standardized patient and profes-
sional communication regardless of risk level. 

Before commencing any peri-implant therapy, the potential 
for protheses adjustments or refabrication to optimize treatment 
outcomes must be considered. Therefore, patient-centered discus-
sions regarding the possible need for this preparatory step and the 
timing and cost implications are essential before any nonsurgical 
or surgical intervention (Table 1).

Key No. 2: Nonsurgical Therapy (Human Factors)
The PIDRA assumes that the patient with a peri-implant defect 
is periodontally healthy and practices good dental hygiene. 
Nonsurgical (flapless) interventions are initially recommended 
to shift the biofilm ecosystems and assess their effectiveness. 
However, limited success has been reported for nonsurgical 
means in treating peri-implantitis. Hence, a re-evaluation after a 
period of at least 6 weeks post–nonsurgical treatment is essential 
to confirm disease resolution (ie, pocket depth less than 6 mm with 
no profuse bleeding on probing and no progressive bone loss). If 

these criteria are unmet, surgical therapy is advised based on the 
PIDRA risk profile (Table 2). A possible referral to a more experi-
enced general dentist or specialist should be considered.

Key No. 3: Surgical Preparation (Host Response,   
Human Factors)
Three approaches have been proposed for peri-implantitis regen-
eration: (1) Submerged: remove implant crown, place cover screw, 
achieve primary closure over the grafted area, and allow for unin-
terrupted wound healing. (2) Non-submerged: keep the crown in 
situ and treat the defect similarly to natural teeth regeneration 
procedures. (3) Healing abutment: place a healing abutment to 
promote transmucosal healing; the prosthesis is then reinstalled 
following complete surgical site healing.

The submerged approach has three main shortcomings. The 
first is the inability to restore the implant immediately after 
surgery, especially in the esthetic zone, which may cause the flap 
to collapse. The second problem is that the crowns in these cases 
are not always retrievable, which means increased cost and time 
for fabricating a new crown. Thirdly, the coronally advancing flap 
used to attain primary closure will lead to coronally advancing 
the mucosal junction, a shallow vestibule, and insufficient buccal 
keratinized mucosa. This is especially a concern in molar sites.

While requiring additional steps and cost, removing the 
implants’ suprastructures will provide increased visual access to 
the implant surface (ie, the valleys and threads of the implant) and 
the intrabony defect for detoxification and placement of regenera-
tive materials. Posterior sites, especially molars, are more chal-
lenging to treat without direct visual access. This suggests that 

Eight Keys for the Reconstructive Therapy of Peri-Implantitis-Related 
Intrabony Defects 
PRESURGICAL EVALUATION
1. � �Evaluation of operator factors, patient factors, implant conditions, and peri-implant configuration: Surgeon exper-

tise and environmental stressors impact procedure success. PIDRA review with the patient is necessary.

2. �Nonsurgical therapy: Nonsurgical interventions alter the biofilm ecosystem but have limited effectiveness in remov-
ing plaque and calculus around the implant.

3. �Surgical preparation: Diagnosis of the defect is needed to decide between resective or regenerative approaches. 
For a crown, one of three approaches is considered: submerged, non-submerged, or healing abutment.

SURGICAL STEPS
4. �Surgical access: Full-thickness buccal and lingual flaps are made; defect configuration is confirmed. Both resective 

and reconstructive techniques may be necessary for combined defects, along with possible soft-tissue grafting.

5. �Implant surface decontamination: Achieved using mechanical, chemical, electrolytical, or combined approaches.

6. �Supracrestal component: If any roughened surface or threads of the implant extending from the peri-implant sulcus 
are exposed, implantoplasty may be performed to modify surface and allow for repair.

7. �Potential for reconstruction: Tissue regeneration involves the use of bone grafts (FDBA or DBBM) + collagen mem-
branes + biological agents (rhPDGF-BB or EMD).

MAINTENANCE 
8. �Supportive peri-implant maintenance: Strict supportive periodontal therapy is adhered to every 2 to 3 weeks for  

3 months (including polishing and plaque control); long-term follow-up occurs every 3 to 4 months.

DBBM = deproteinized bovine bone mineral, EMD = enamel matrix derivative, FDBA = freeze-dried bone allograft, PIDRA = peri-implantitis defect risk assess-
ment, rhPDGF-BB = recombinant human platelet-derived growth factor-BB

TABLE 1
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prosthesis removal with submerged healing may create a more 
favorable environment for bone regeneration.21,22

While the authors highly recommend antibiotic prophylaxis 
using 2 g of amoxicillin 1 hour before surgery, there is limited 
evidence on the effectiveness of any antibiotic protocol on the 
success of reconstructive therapy to manage peri-implantitis.

Key No. 4: Surgical Access (Host Response,  
Human Factors)
On the day of the surgical procedure, an Nd:YAG laser-assisted 
peri-implantitis procedure (LAPIP) may be employed to sterilize 
the submucosal diseased pocket while targeting the defect depth 
and adjacent inflamed soft tissues before raising a flap. This is 
followed by a marginal internal bevel incision using a papillary-
sparing technique for access, which is done after completing full-
thickness buccal and lingual flaps that extend half to one full tooth 
size in length on either side of the bony defect. The operator must 
confirm the type of defect visualized to determine the optimal 
surgical approach. Peri-implant defects may be classified accord-
ing to their morphology and severity as follows23: Class I defects 
are intraosseous defects and subclassified as class Ia, buccal dehis-
cence; class Ib, two- to three-wall defect; and class Ic, circumfer-
ential defect. Class II defects are supracrestal/horizontal defects. 
Class III are combined defects, with subclassifications of class 
IIIa, buccal dehiscence + supracrestal bone loss; class IIIb, two- to 
three-wall defect + supracrestal bone loss; and class IIIc, circum-
ferential defect + supracrestal bone loss. Diagnosing intraosseous 
defects is essential for guiding clinical treatment decisions.

Intrabony defects are best treated using regenerative methods, 
while peri-implant supracrestal defects are best addressed with 
resective therapy. Essentially, 25% of peri-implantitis defects have 
a combined (intrabony and supracrestal) defect configuration.23 
Two studies have contributed to classifying peri-implant defects 
according to their morphology and severity (class I through class 
III).23,24 The most common defect configuration is Ib (two- to three-
wall defect, with the buccal plate missing the bony wall). Defects Ia 
(buccal dehiscence), Ib, and IIIb (two- to three-wall defect + supra-
crestal bone loss) comprise roughly 86% of all defects.23 

Class Ib cases may be associated with implants positioned beyond 
the confines of the osseous housing.25 In cases where primary wound 
closure may not be feasible, a combined therapeutic approach is 
recommended. This approach involves achieving pocket closure 
through resection techniques on the buccal aspect and utilizing 
reconstructive procedures at the interproximal aspect.

Soft-tissue augmentation using a connective tissue graft may be 
necessary for cases characterized by a thin periodontal phenotype 
(less than 2 mm of tissue thickness), an inadequate width of kera-
tinized tissue, or areas of tissue shrinkage, as are commonly seen in 
the esthetic zone. Free epithelialized gingival grafts or soft-tissue 
alternatives can be used after at least 4 months post–reconstruc-
tive therapy in cases lacking an adequate zone (ie, less than 2 mm 
width) or thickness of attached keratinized gingiva. Tissue grafts 
have the added benefit of significantly reducing or eliminating 
gingival sensitivity that may be experienced during oral hygiene 
maintenance.

Key No. 5: Implant Surface Decontamination (Microbi-
ology, Human Factors)
Removing the biofilm from the implant surface is essential for a 
successful outcome.26 Decontamination practices include the use of 
mechanical methods, such as titanium brushes, curettes, air-powder 
abrasive systems, ultrasonic tips, and implantoplasty; chemical 
agents, including hydrogen peroxide/citric acid, local tetracycline, 
24% ethylenediaminetetraacetic acid (EDTA), and chlorhexidine; 
electrolytic cleaning; and laser energy.27,28 No method has been 
established as superior over the others.

A combined strategy may be the most effective approach.29 
The authors favor the use of air-powder abrasive systems (either 
glycine or erythritol, with the particle size dependent on the 
specific product used) due to the ability to clean all aspects of the 
implant surface while causing the least amount of implant surface 
damage and release of titanium particles.

Key No. 6: Limitations of Reconstructive Therapy— 
Supracrestal Component and Areas Outside the Bony 
Housing (Host Response, Human Factors)
When treating a combined intrabony defect, the clinician’s expe-
rience becomes increasingly crucial in selecting the most suit-
able and predictable treatment for the patient. The portion of the 
implant surface in the oral cavity extending from the peri-implant 
sulcus is at long-term risk if any roughened surface or threads are 
exposed. Such exposed roughened surface is significantly more 
susceptible to recontamination and recolonization than smooth 
implant surfaces. Therefore, performing implantoplasty must 
be considered to modify the roughened surface coronal to the 
intrabony defect, where some repair can be expected. When appli-
cable, this should be completed before bone grafting using carbide 
football-shaped 12-fluted surgical-length burs under copious 
amounts of sterile water. The implantoplasty converts the rough-
ened implant surface to a smooth-titanium tissue-level implant 
surface, making the local environment more amenable to soft-
tissue reattachment and healing.30 Nevertheless, the impact of 
releasing titanium particles into the tissues is not well-established. 

Key No. 7: Potential for Reconstruction (Human Factors)
“Reparative potential” refers to the intrabony component within 

the alveolar bony envelope.21 When more walls (three to four) are 
present, as seen with the treatment of intrabony defects around 
teeth, there is a significantly better prognosis for regeneration than 
a defect with fewer walls (one to two). In fact, a one-wall defect 
might not be indicated for reconstructive therapy.

Tissue regeneration relies on three key components: cells, scaf-
folds (eg, bone grafts), and signaling molecules (eg, growth factors). 
Vascularization, wound stability, and time are imperative for these 
components to successfully fulfill their role in tissue regenera-
tion.31 Peri-implantitis defects involve significant bone loss and 
reduced blood and cellular supply. Based on the current evidence, 
the bone reconstruction of the defect should be performed using 
xenografts or allografts. 

Because the stability of the wound is pivotal, barrier membranes 
may be used to support graft containment for partially contained 
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of PDL cells and promote more rapid bony healing of the defect. The 
recombinant human platelet-derived growth factor-BB (rhPDGF-
BB) has been used with different bone substitutes, such as mineral-
ized freeze-dried bone allograft (FDBA)36 or deproteinized bovine 
bone mineral (DBBM).37 Presently, the use of rhPDGF-BB in peri-
implant regenerative procedures is considered an “off-label” means 
for treating peri-implantitis defects and is not available in many 
countries. Enamel matrix derivative (EMD) has been assessed for 
surgically treating peri-implantitis. Alberti et al proposed that EMD 
may improve bone and implant contact.38 Overall, only modest 

TABLE 2

Peri-implantitis Defect Risk Assessment (PIDRA) 
Low Risk Medium Risk High Risk

Operator factors

Level of experience Highly experienced Limited

Environmental stress 
factors

Low Medium High

Using checklist? Yes No 

Patient factors

Medical status Healthy, uneventful 
healing

Compromised  
healing

Smoking habit Nonsmoker Light smoker (≤10 
cigarettes/day)

Heavy smoker  
(>10 cigarettes/day)

Plaque control FMPS ≤15% FMPS 16% to 24% FMPS ≥25%

History of periodontitis No Yes

Patient’s compliance  
history to SPT

Compliant Erratic Poor compliance

Implant factors

Cleansability of  
prosthesis 

Cleansable Partially cleansable Non-cleansable

Type of retention Screw-retained Cement (zinc-based) Cement  
(resin-based)

Crown Satisfactory Crown needs 
adjustments or 
replacement 

Unsatisfactory and 
patient won't agree 
to remake or removal

Peri-implant  
soft- and 
hard-tissue 
configuration

Soft-tissue substrate No soft-tissue  
dehiscence 

Presence of soft-
tissue dehiscence

Mucosal phenotype:  
MT and KMW

Thick MT (≥2 mm) 
with a ≥2 mm–wide 
band of KMW

Thin MT with a ≥2 
mm–wide band of 
KMW

Thin MT with a  
narrow band of or 
lacking KMW

Ability to clean the  
valleys between the  
implant threads

Yes No, due to lack of 
access

Defect morphology 
(Monje et al, 201923)

Class I Class III Class II

Advanced marginal bone 
loss (>50%)

No Yes

Cleansable through  
surgical access; 
prosthesis removal is 
recommended 

Yes No

FMPS = full-mouth plaque score, KMW = keratinized mucosal width (≥2 mm is recommended), MT = mucosal thickness (≥2 mm is recommended), SPT = 
supportive periodontal therapy

defects (class Ib). In the case of a healing abutment approach (Key 
No. 3), trimming the membrane using the “poncho-like” tech-
nique and stabilizing it with the healing abutment has been evalu-
ated with variable successes combined with allografts and xeno-
grafts.32 Conversely, in narrow circumferential defects (class Ia, 
IIIa), the use of a barrier membrane may not significantly enhance 
outcomes compared to not using a membrane.33-35

Unlike natural teeth, dental implants lack a surrounding peri-
odontal ligament (PDL) necessary for regeneration; therefore, 
adding growth factors to the bone graft can compensate for the lack 

PROOF—NOT FOR PUBLICATION 



124 Volume 46, Number 3COMPENDIUM      March 2025

team should have checklists for proper care of surgical patients, 
and the patient should understand that these visits are as criti-
cal to success as the procedure itself. Maintaining a plaque-free 
environment is crucial to minimizing the risk of re-infection post-
surgery. Professional prophylaxis should be initiated in the first 
2 to 3 weeks, with the use of a rubber cup or an air polisher device 
commencing after 4 to 6 weeks for plaque removal. Once the 
sutures are removed at 2 to 4 weeks, plaque control and polish-
ing are recommended every 2 to 3 weeks for the first 3 months.40,41

Several considerations when treating peri-implantitis patients 
include: having a specific periodontal maintenance protocol (or 
supportive periodontal therapy [SPT]) and instrument setups, 
adequate appointed scheduled time for the SPT visit, and patient 
education, including using and sharing the patient’s updated peri-
odontal risk score (PRS) at each visit.10,16,42

qualitative and quantitative evidence is available regarding the use 
of EMD to treat peri-implantitis.39

Finally, a critical factor in every successful regeneration proce-
dure is the provision of tension-less primary closure over the surgi-
cal site. Periosteum-releasing incisions should be performed to 
achieve a tension-free closure of the flap. Recommended sutures 
are those that are nonresorbable, made of high-density polytetra-
fluoroethylene (d-PTFE), or are slowly resorbable, which should 
be left in for at least 4 weeks unless they become loose and, there-
fore, can be removed earlier.

Key No. 8: Supportive Care (Host Response,  
Microbiology, Human Factors)
The postoperative protocol can vary in complexity and approach 
across different practices. During postoperative visits the clinical 
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Fig 1. Fig 2. Fig 3. 

Fig 4. Fig 5. Fig 6. 

Fig 7. Fig 8. Fig 9. 

Fig 1. The patient presented with a probing depth of 6 mm to 8 mm at site No. 20 and bleeding on probing.  Fig 2. A radiograph of the dental 
implant area before treatment depicted the defect angle, which was less than 40%. Fig 3. Granulation tissue was visible after degranulation of 
the defect. Fig 4. Intraoperative surgical assessment of the peri-implant defect showed the area after cleaning. Fig 5. FDBA was soaked with 
rhPDGF-BB in a sterile dappen dish at the beginning of the surgery. Fig 6. The graft material was placed and packed into the defect and supra-
crestally. Fig 7. A collagen membrane hydrated with rhPDGF-BB was placed over the defects with interproximal extensions. Fig 8. Flaps were 
sutured using nonresorbable 6-0 polypropylene after coronal positioning. Fig 9. Immediate postoperative radiograph. 
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Follow-up appointments should occur every 3 to 4 months. Use 
of an air polisher is recommended during the periodontal/peri-
implant maintenance phase. Although there is limited evidence 
regarding the ideal frequency for peri-implant maintenance, 
scheduling visits every 3 months is advised, particularly during the 
first year.43 Later, maintenance visits may be customized accord-
ing to the patient’s risk profile.44 A recent study by Leone et al 
concluded that the likelihood of developing peri-implantitis is 
five times higher among noncompliant patients than among those 
who adhere to regular maintenance.45 Additionally, maintenance 
therapy at intervals of less than twice a year may be ineffective in 
preventing peri-implantitis.43,46

Case Report 
The following case report describes treatment of a circumferen-
tial intrabony defect with a buccal dehiscence (class Ib-Ic defect), 
which was diagnosed clinically. In 2007, a 40-year-old nonsmok-
ing woman (American Society of Anesthesiologists [ASA] 1) with 
excellent periodontal health visited a periodontist for the replace-
ment of a single missing mandibular premolar (tooth No. 20), 
which had been extracted 6 months before. A restorative-driven 
tapered implant with an SLActive® surface (4.1 mm x 10 mm) was 
placed using a customized anatomically correct surgical guide. At 
3 months, a 3-mm solid abutment was torqued to 35 Ncm, followed 
by a final porcelain-fused-to-metal crown cemented with resin 
cement. The postoperative care protocol was exclusively under 
the care of the restorative dentist post-completion, as the patient 
was periodontally healthy with an excellent PRS of 3.

At 5 years post–implant placement, implant site No. 20 showed 
circumferential depths of 6 mm to 8 mm with heavy bleeding 
on probing (Figure 1).1,47 The keratinized mucosa width locally 
recorded 4 mm buccally and lingually, with a thick gingival 

phenotype. The four-wall intrabony lesion was diagnosed as a 
class 1c (circumferential) intrabony peri-implant defect with 
less than 40% defect angulation in the mesial and distal radio-
graphic aspects (Figure 2).48 Additionally, resin cement–associ-
ated peri-implantitis was diagnosed.49 The patient preferred to 
maintain the existing well-fitting crown due to financial concerns. 
The patient would be considered low-medium risk according to 
the PIDRA (Table 3). (To view Table 3, the PIDRA for this case, 
visit compendiumce.com/go/2505.)

A minimally invasive papillary retention technique was used (to 
aid in flap closure), with buccal and lingual access flaps to gain visu-
alization of the intrabony defect. The surgical goals were to remove 
all subgingival diseased biofilm and residual subgingival cement and 
perform guided bone regeneration of the defect.36,37,50 In this case, 
clinical expectation for the four-wall defect was to achieve bone fill 
to the level of the interproximal bone height of the adjacent teeth.14 

Curettes with small tips were used with ultrasonics to thor-
oughly clean the intrabony defect while not touching the implant 
surface (Figure 3 and Figure 4). The surface valleys and threads 
were carefully cleaned using an air polisher (sodium bicarbon-
ate) for 1 minute, followed by sterile water irrigation of the site 
for 1 minute. After air drying, EDTA was applied for 1 minute, 
followed by sterile water rinse for 1 minute, with the previous steps 
repeated. The FDBA bone graft was soaked in sterile water, dried 
with a 2 x 2 gauze, and soaked in rhPDGF-BB (Figure 5).51 The 
bone graft was firmly packed into the defect with slight overpack-
ing above the crest (Figure 6). A collagen membrane was divided 
in half and soaked in rhPDGF-BB. The collagen membranes 
were then adapted buccally and lingually with slight overlapping 
interproximally for graft containment (Figure 7). The flaps were 
passively positioned coronally and interproximally using nonre-
sorbable 6-0 polypropylene sutures (Figure 8). 

Fig 10. Fig 11. Fig 12. 

Fig 13. Fig 14. Fig 15. 

Fig 10. Clinical presentation at 2-month follow-up. Fig 11. Radiograph at 9-month follow-up showing intrabony defect fill. Fig 12. Clinical pre-
sentation at 9-month follow-up showing complete regeneration and interproximal papillae. Fig 13. Radiograph at 6-year recall. Fig 14. Clinical 
presentation at 6-year recall showing stable results. Fig 15. Bitewing series at 11-year follow-up showing stable bone levels. (Periodontist: Robert 
A. Levine, DDS; Restorative dentist: Gary Nack, DDS)
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A postsurgical periapical x-ray was taken (Figure 9). Postoperative 
visits were at 2- to 3-week intervals. The patient was instructed to 
use chlorhexidine for 2 weeks, followed by the use of a two-row soft 
toothbrush and interproximal flossing. Interproximal proxy brush 
usage began after the suture removal at 4 weeks. After 2 months, 
healing was excellent (Figure 10); at 9 months, the interproximal 
papillae regeneration was complete, and radiographic confirma-
tion of radiographic intrabony defect fill was observed (Figure 11 
and Figure 12). After 1 year, maintenance visits were conducted by 
the restorative office’s registered dental hygienist.

Six-year and 11-year recall visits (Figure 13 through Figure 15) 
confirmed stable long-term soft- and hard-tissue regeneration 
and bone healing. 

Conclusion
Peri-implantitis-related lesions may be classified into human, 
host response, and microbiology-local factors. These factors are 
integrated into the peri-implant defect risk assessment (PIDRA) 
to gauge the potential level of difficulty, risk, and success asso-
ciated with the treatment of an implant with peri-implantitis. 
Implementing the eight keys’ checklist for treating peri-implan-
titis intrabony defects promotes a more standardized and predict-
able treatment outcome while reducing complications. 
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