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Abstract: Although technique-sensitive, periodontal regeneration seems 
efficient in treating intrabony defects; nonetheless, complete success can 
be difficult to attain. Seven keys for successful periodontal regeneration 
of intrabony defects, presented herein, encapsulate an evidence-based 
treatment planning and surgical protocol for achieving predictable 
outcomes. Utilizing a step-by-step approach, the seven keys offer 
periodontists a checklist for treating intrabony defects and include protocols 
for the planning, surgical, and postoperative phases of the treatment. This 
article describes the use of the seven-key checklist to achieve predictable 
regenerative outcomes at short-term and long-term follow-ups. A case 
report demonstrates the application of these seven keys.
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T he regeneration of periodontal defects aims to 
improve the short- and long-term clinical outcomes 
of teeth with periodontal bone loss. True regenera-
tion includes the formation of cementum, periodontal 
ligament, and alveolar bone.1 Significant periodontal 

pockets associated with deep intrabony defects are considered 
a clinical challenge and a chief cause of tooth loss for patients 
undergoing periodontal maintenance.2 Periodontal intrabony 
defects (also known as vertical or angular defects) are defined as 
anatomical sequelae of periodontitis progression, observed when 
the base of the defect is positioned apical to the interdental alveo-
lar crest and surrounded by one, two, or three bony walls.3,4 The 
complex interaction of deep intrabony defects, associated loss of 
periodontal attachment, deep pocketing, and possible accompa-
nying tooth mobility significantly decreases tooth prognosis.5 If 
the affected tooth is a molar, the treatment increases in complex-
ity, with multiple intricacies added, such as furcation involvement, 
root trunk height, and accessibility for hygiene procedures. Hence, 
the regeneration of such defects can change tooth prognosis from 
uncertain to fair or favorable.6 

Regenerative therapies can be used to gain clinical improvement 
beyond that which is achieved via flap surgery. Generally, the intent 
of regeneration procedures is twofold: regain a considerable portion 
of the lost attachment apparatus and reduce pocket depth. Ideally, 
this should be achieved without much increase in gingival reces-
sion.7 It is notable that different studies on regenerative approaches 
have shown great variability in clinical outcomes, typically attrib-
uted to systemic and local factors. Interestingly, a certain degree of 
variability of clinical outcomes, called the “center effect,” may result 
from differences in the enrolled patient pool and/or the clinician’s 
surgical ability, the efficacy of previous cause-related therapy, and 
supportive periodontal care programs.7-10 

Many factors can affect the predictability of a regeneration proce-
dure. For instance, smoking, the number of walls comprising the 
defect, tooth mobility, patient compliance, and defect width, depth, 
and morphology were all correlated with the outcomes of various 
regenerative approaches.7,8 Though technique-sensitive, periodon-
tal regeneration seems to be efficient in treating intrabony defects, 
whether deep or shallow, wide or narrow.4 Achieving complete 
success in periodontal regeneration is challenging, which the 
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the patient missed three supportive periodontal therapy (SPT) 
visits over a year, resulting in periodontal breakdown interproxi-
mal between teeth Nos. 18 and 19 (mandibular left second and first 
molars, respectively). At his most recent periodontal maintenance 
visit, significantly increased periodontal probing depths of up to 10 
mm with bleeding on probing were noted (Figure 1 through Figure 
3). The periapical radiograph revealed a deep, narrow three-wall 
intrabony defect at the distal aspect of tooth No. 19, with class I 
buccal furcation involvement (Figure 4). According to the peri-
odontal risk score (PRS),15 formerly known as the Miller-McEntire 
periodontal prognosis index, the tooth prognosis at the patient’s 
initial examination was “good” (score = 5), taking into account that 
he was unaware of his hemoglobin A1C (HbA1c) levels. This scor-
ing motivated the patient to be tested, and his follow-up HbA1c was 

<6%, thus reducing his PRS to 3, which was considered “excellent,” 
as the PRS target goal for regenerative procedures is a score of <5.15 

Tooth No. 19 presented with no mobility and tested vital 
endodontically. Soft-tissue anatomy was intact, with a keratin-
ized tissue width of >2 mm. The operator was experienced, with 
no environmental stress and used checklists. Thus, based on the 
presurgical risk assessment, the patient presented a low-medium 
risk for periodontal regenerative therapy (Table 2).

Key No. 2: Surgical Preparation
Prior to a site-specific intrabony regenerative surgical procedure, 
sites with bleeding on probing should be managed with plaque control 
education and full-mouth periodontal scaling and root debridement.7 
Scaling and root planing should only be performed supragingivally 
in the sites to be treated regeneratively, avoiding subgingival instru-
mentation in the planned surgical sites. Biofilm control evaluation 
and education should be reviewed with the patient. Teeth with Miller 
grade II or grade III mobility should be splinted and/or occlusally 
adjusted in all working, protrusive, and nonworking movements prior 

authors believe may be attributed mainly to incomplete risk assess-
ment, use of inadequate surgical approaches and materials, and 
insufficient clinical experience.10 

The use of checklists in clinical practice can help clinicians avoid 
unexpected complications.11 For example, the authors have proposed 
a 10-key checklist for immediate implant placement at esthetic sites 
to achieve predictable outcomes.12 Checklist usage has been shown 
to help avoid complications in medicine, dentistry, and surgery.13 The 
purpose of this article is to describe seven essential keys to performing 
periodontal regeneration for intrabony defects with successful long-
term outcomes (Table 1). This sequential, scientifically sound clinical 
approach can be used to help build and perform a strategy to optimize 
clinical outcomes in different patients with different defect anatomies.

Key No. 1: Periodontal Regeneration Risk 
Assessment for Intrabony Defects
The success of regenerative procedures in intrabony defects begins 
with a comprehensive approach to case selection. Based on previous 
decision trees,7,8,14 the authors propose a periodontal regeneration 
risk assessment to help clinicians identify patient-, tooth-, defect-, 
and operator-related factors that could influence the likelihood 
of achieving successful outcomes when performing regenerative 
procedures (Table 2). Based on the specific aspects observed in the 
risk assessment, the clinician should select the optimum treatment 
approach, including incision design, flap extension, and biomateri-
als, respecting the limitations of each case. This phase is critical to 
align the patient’s expectations with treatment predictability. High-
risk treatment sites should be thoroughly discussed with the patient.

In the case presented, a 56-year-old healthy nonsmoking male 
patient, diagnosed with periodontitis stage III, localized, grade B, 
had been under care in a private practice periodontal office (RAL) 
for 25 years. He had a history of good compliance with his treatment 
(full-mouth plaque score <20%). During the COVID-19 pandemic, 

TABLE 1

7 Keys Checklist for the Treatment of Periodontal Intrabony Defects

DBBM = deproteinized bovine bone mineral, EDTA = ethylenediaminetetraacetic acid, EMD = enamel matrix derivative, FDBA = freeze-dried bone allograft, Nd:YAG = neodymium-doped:yttrium 
aluminum garnet, rhPDGF-BB = recombinant human platelet-derived growth factor-BB 

➊	 Risk assessment for periodontal regeneration of intrabony defect: Patient-related factors, tooth conditions, defect 
morphology, and operator-related factors.

➋	 Surgical preparation: Management of sites positive for bleeding on probing, mobility, or in need of endodontic 
therapy; plaque removal and Nd:YAG laser-assisted periodontal therapy recommended on the day of surgery. 

➌	 Surgical access: Minimally invasive full-thickness access with papilla preservation flaps.

➍	 Root preparation and conditioning: Removal of all granulation tissue, scaling and root planing using hand instru-
ments/ultrasonic tips or nonfluted surgical-length burs or fine diamond burs, and use of 24% EDTA–containing gel 
to remove the smear layer.

➎	 Combined therapy: Use of bone grafts (FDBA or DBBM) + biological agents (rhPDGF-BB or EMD) + customized 
non-crosslinked collagen (soaked in growth factors) and/or amnion-chorion membrane.

➏	 Primary closure of flap: Stable, tension-free closure of the flap achieved through the use of periosteum-releasing 
incision and sutures; 5-0/6-0 nonresorbable/slowly resorbable sutures left in for 4 to 6 weeks.

➐	 Postoperative protocol: Strict supportive periodontal therapy every 2 to 3 weeks for 3 months (polishing and 
plaque control) and long-term follow-up.

PROOF—NOT FOR PUBLICATION



4 Volume 44, Number 4COMPENDIUM      April 2023

to surgical treatment.7 Vital teeth should be kept vital if the periodon-
tal defect does not involve the apex. Existing root canal therapies 
should be carefully evaluated. Nonvital teeth must be successfully 
treated, and inadequate root canal treatments should be retreated 
with the aid of an endodontic evaluation and management.7,16 

Any remaining bacterial deposits around the tooth in question 
should be removed on the day of the surgery. The adjunctive use 
of laser-assisted regeneration therapy can effectively sterilize the 
subgingival pocket area to the depth of the intrabony defect.17,18 
Although controversial in the literature,19-21 antibiotics can be used 
by prescribing a loading dose (2 g of amoxicillin) to prevent post-
operative infections and, thus, reduce postsurgical complications. 

Key No. 3: Surgical Access
When planning for a regenerative procedure, several general 
requirements must be met for successful outcomes,22 including 
the creation of a space of sufficient volume to support a blood clot 
as well as stable, immobile soft-tissue protection of the treated area 
to avoid bacterial contamination.23,24 Optimal flap design to access 
intrabony defects must achieve passive primary closure. Wound 
stability is attained through proper soft-tissue management and 
adjacent teeth being stable (immobile).

Papilla preservation flaps are wide, mobile flaps to allow clear 
visibility of the defect area, easy application of biomaterials/
barrier membranes, and passive primary closure of the flap while 
preserving interdental papilla.25-27 Several minimally invasive 
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techniques utilizing the aid of operative microscopes and micro-
surgical instruments have been suggested. These techniques mini-
mally elevate the tissues to reduce surgical trauma and increase 
flap stability. Therefore, the surgical approach should be chosen 
based on the defect morphology and extension. While minimally 
invasive techniques might provide better tissue stability, in some 
cases a large flap is necessary (eg, deep defects involving three or 
more sides of the root).7

In the present case, intrasulcular incisions were performed, 
followed by a releasing incision in the mesial aspect of tooth No. 19. 
A full-thickness flap was elevated in the buccal and lingual aspects 
(Figure 5 and Figure 6) using a minimally invasive periosteal eleva-
tor. The site was carefully managed to avoid salivary contamination.

Key No. 4: Root Preparation and Conditioning 
To increase the success rate of regenerative procedures, root prepa-
ration and modification are suggested.28 After flap elevation, the first 
step is the removal of the granulation tissues using hand, ultrasonic, 
and/or rotatory instruments. A high-speed handpiece with a surgi-
cal-length scaler bur or fine diamond tooth preparation bur under 
copious irrigation is used, and efficient debridement of the lesion is 
performed. The careful removal of all hard and soft deposits on the 
root surface and any clinically diseased cemental surface is essential 
for success. Although controversial, removing the smear layer and 
exposing collagen fibers through use of root conditioners, such as 
24% ethylenediaminetetraacetic acid (EDTA) gel, might increase 

Fig 1. 

Fig 4. 

Fig 3. 

Fig 1. Tooth No. 19 at presentation, buccal view. Fig 2. Tooth No. 19 at 
presentation, occlusal view. Note the thickness of the soft tissue and 
width of keratinized tissue. Fig 3. Distal probing depth of 10 mm at 
tooth No. 19. Fig 4. Periapical radiograph revealing a distal intrabony 
defect at tooth No. 19.

Fig 2. 
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cell adhesion and present clinical benefits, including increased 
visualization and better hemostasis.29,30

In the present case, the root of tooth No. 19 was prepared using 
piezoelectric scalers and nonfluted surgical-length burs to remove 
granulation tissues and any plaque/calculus on the root surface. 
Root conditioning was performed by applying 24% EDTA–contain-
ing gel for 2 minutes, followed by copious irrigation with sterile 
saline (Figure 7). 

Key No. 5: Placement of Regenerative Biomaterials 
(Combined Therapy)
Tissue regeneration is based on three key components, often 
referred to as the “regeneration triad”: cells, scaffolds (eg, bone 
grafts), and signaling molecules (eg, growth factors). Given 

sufficient vascularization, wound stability, and time, these compo-
nents play an imperative role in tissue regeneration.31 Different 
systematic reviews have shown that combination therapies, ie, 
bone grafts, barrier membranes, and/or biological agents, should 
be employed for the treatment of residual pockets with deep (≥3 
mm) intrabony defects.9,32,33

The use of biological agents, such as proteins or growth factors, 
is supported by a plethora of studies in the literature.4,7,9,34 The 
introduction of growth factors has marked a new era in periodon-
tal regeneration.35 Enamel matrix derivative, for example, consists 
of a heterogeneous mixture of proteins containing amelogenins as 
a major component. Another well-studied, clinically and histologi-
cally proven cytokine for periodontal regeneration is recombinant 
human platelet-derived growth factor-BB (rhPDGF-BB).36-38 In 

TABLE 2

Patient Periodontal Regeneration Risk Assessment for Intrabony Defects

FMPS = full-mouth plaque score, GT = gingival thickness, KTW = keratinized tissue width, PRS = periodontal risk score, SPT = supportive periodontal therapy 

The risk factors highlighted in bold represent the patient in the present case.

Low Risk Medium Risk High Risk

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%–24% FMPS ≥25%

Patient’s compliance with SPT Compliant Erratic Poor compliance

Patient’s expectations Realistic — Unrealistic

TOOTH 
FACTORS

Site-specific periodontal  
prognosis based on PRS

PRS score = 1–4 PRS score = 5–7 PRS score = 8–11

Occlusal trauma/ 
mobility management

Controllable
—

Uncontrollable

Endodontic condition

Vital with periodontal 
defect not involving 

apex; adequate 
endodontic treatment

Existing root canal 
therapies should be 
carefully evaluated

Vital with periodontal 
defect involving apex; 
inadequate endodon-

tic treatment; non-
vital

Status of the root surface Flat Concave 2 fused roots

Soft-tissue anatomy Soft tissue intact — Soft-tissue defects

Gingival phenotype: 
GT and KTW

Thick Thin with a ≥2 mm–
wide band of KTW

Thin with or without a 
narrow band of KTW

DEFECT 
FACTORS

Defect anatomy 3-wall, narrow, deep 2-wall 1-wall, wide, shallow

Furcation involvement None Class I or II Class III

Cleansable through  
surgical access?

Yes 
Anterior region

Yes
Posterior region

No

Contained defect?
Yes; 1–2 sides of the 

 root involved —
No; ≥3 sides of the 

root involved

OPERATOR 
FACTORS

Level of experience Experienced — Beginner

Environmental stress factors Low Medium High

Using checklist? Yes — No
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combination with an osteoconductive scaffold, this growth factor 
was shown to significantly increase clinical attachment level gain, 
reduce gingival recession, and enhance bone fill and defect resolu-
tion compared to positive control. Human histologic studies showed 
evidence of the formation of new bone, cementum, and periodontal 
ligament when rhPDGF-BB was used with any type of bone graft, 
including mineralized freeze-dried bone allograft (FDBA), demin-
eralized FDBA, tricalcium phosphate, or deproteinized bovine bone 
mineral in either intrabony or furcation defects.39,40 Finally, a recent 
systematic review showed that the efficacy of rhPDGF-BB in combi-
nation with bone grafts was not associated with any adverse effects.41

The addition of barrier membranes is fundamental in large and 
non-contained defects to keep the bone graft in place. Considering 
the higher postoperative morbidity and incidence of complica-
tions when using nonresorbable barrier membranes,7,9 resorbable 
membranes should be the first choice, as they will combine with 
a bone graft and act as a scaffold.42-45 Non-crosslinked collagen 
membranes are recommended.46,47

In the present case, rhPDGF-BB was used in combination with 
FBDA and firmly packed into the intrabony defect (Figure 8 and 
Figure 9). An amnion-chorion membrane was customized and 
adapted over the bone defect (Figure 10 and Figure 11).

Key No. 6: Primary Closure of the Flap
Successful regeneration requires tension-free primary flap closure 
over the entire surgical site.48,49 As previously mentioned, papilla 
preservation flaps and microsurgical techniques help improve 
esthetics while maintaining the primary closure of the flap and 
enhancing the ability to create space for regeneration in the inter-
dental area.7,14,25,26 Exposure of barrier membranes is the most 
common complication in regenerative procedures; thus, flap 
management is pivotal in preventing unsuccessful outcomes.7,9,50

Another factor that may enable primary closure to be maintained 
is adherence to minimally invasive principles. In a recent systematic 

review, microsurgical techniques were found to significantly improve 
periodontal plastic surgical outcomes and postsurgical recovery.51 
Therefore, periosteum-releasing incisions should be performed 
to achieve a tension-free flap closure. Additionally, due to a wide 
papilla dimension, a horizontal mattress combined with interrupted 
sutures can support better flap stability. Recommended types of 
sutures include nonresorbable, high-density polytetrafluoroeth-
ylene (d-PTFE), or slowly resorbable, which should be left in for at 
least 4 weeks unless they become loose, in which case they should 
be removed earlier.

In the present case, stable and tension-free closure of the flap was 
achieved with the use of periosteum-releasing incisions and sutures. 
The 5-0 slowly resorbable sutures were left in for 4 weeks (Figure 12). 

Key No. 7: Postoperative Protocol
Postsurgically, the effective control of supragingival and subgingival 
biofilm performed by mechanical means (eg, hand instruments and/
or ultrasonic debridement), air-polishing devices, or other chemical 
means (eg, antiseptic) has been shown to be a chief component of 
successful regenerative treatment, especially in deeper periodon-
tal pockets.52 Treatment results may be maintained long-term only 
with regular SPT.53 Highly comprehensive mechanical and antisep-
tic regimens were typically reported in regenerative therapy studies. 
Although recall duration and frequency varied widely throughout 
the regenerative studies, by and large they recommended a recall 
interval of two or more times every month in the first 3 months. In 
fact, some studies suggested bringing patients in for recall every 
week, at least during the first months after surgery.27,54

In the present case, the patient’s postoperative protocol included 
the administration of analgesics and mouthrinse. Plaque control 
and polishing were performed every 2 to 3 weeks for the first 3 
months. The patient was then placed on a 3-month recall system. 
At the 1-year follow-up, stability of the soft and hard tissues could 
be observed (Figure 13 and Figure 14). Following the seven-key 

CONTINUING EDUCATION 1  |  PERIODONTAL REGENERATION

Fig 5. 

Fig 8. 

Fig 6. 

Fig 9. 

Fig 7. 

Fig 5. Surgical access and root preparation. 
The flaps were elevated after intrasulcular 
incisions were made and a releasing incision 
was done in the mesial aspect of tooth No. 
19. The granulation tissue was removed. 
Fig 6. 5-mm-deep distal intrabony defect at 
tooth No. 19. Fig 7. Root conditioning using 
a 24% EDTA–containing gel. Fig 8 and Fig 9. 
Combination therapy in which rhPDGF-BB 
was combined with FDBA (Fig 8) and packed 
into the bone defect (Fig 9).
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checklist, this clinical case demonstrated that correct case selection, 
with consideration given to patient-, tooth-, defect-, and operator-
related factors, combined with the use of an evidence-based surgi-
cal protocol, led to predictable outcomes. 

Conclusion
Considering the increase in life expectancy and high incidence of 
peri-implant diseases, especially in periodontal patients, interven-
tions to save teeth and increase their prognosis, such as regenera-
tive procedures, must be performed with high predictability. The “7 
keys” checklist for successful periodontal regeneration of intrabony 
defects is intended to be a guide for clinicians in the treatment plan-
ning and execution of regenerative procedures. Each key is essential 
in achieving a predictable long-term outcome.
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6. When planning for a regenerative procedure, sufficient  
 space needs to be created surgically to support:
 A. adjacent teeth.

 B. human platelet-derived growth factor.

 C. a blood clot. 

 D. the placement of antibiotics.

7. In root preparation and conditioning, although   
 controversial, what might increase cell adhesion and  
 improve visualization and hemostasis?
 A. removing the smear layer

 B. using intrasulcular incisions

 C. placing nonresorbable barrier membranes

 D. All of the above

8. The so-called “regeneration triad” comprises:
 A. defect-, tooth-, and patient-specific factors.

 B. presurgical, surgical, and postoperative phases.

 C. surgical access, root preparation, and bone graft.

 D. cells, scaffolds, and signaling molecules.

9. Because exposure of barrier membranes is a common  
 complication in regenerative procedures:
 A. root canal therapies should be avoided.

 B. flap management is pivotal.

 C. non-crosslinked collagen membranes are not 
  recommended.

 D. barrier membranes cannot be used with  
  growth factors. 

10. Regenerative treatment results may be maintained  
 long-term only with:
 A. ultrasonic debridement for biofilm control.

 B. 2-week recall for 1 year postsurgically.

 C. regular supportive periodontal therapy (SPT).

 D. long-term use of analgesics.
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1. True periodontal defect regeneration includes 
 the formation of: 
 A. cementum but not alveolar bone.

 B. cementum and periodontal ligament only.

 C. alveolar bone only.

 D. cementum, periodontal ligament, and alveolar bone.

2. Which of the following can affect the predictability  
 of a regeneration procedure?
 A. smoking

 B. tooth mobility

 C. patient compliance

 D. All of the above

3. The success of regenerative procedures in intrabony  
 defects begins with a comprehensive approach to:
 A. case selection.

 B. root preparation and conditioning.

 C. the use of biological agents.

 D. combination therapy.

4. Prior to site-specific intrabony regenerative surgery,  
 sites with bleeding on probing should be managed with  
 plaque control education and:
 A. full-mouth periodontal scaling/root debridement.

 B. all teeth should be endodontically treated.

 C. receive subgingival scaling and root planing.

 D. nonvital teeth should be left untreated. 

5. What can be used adjunctively presurgically to  
 sterilize the subgingival pocket area to the depth  
 of the intrabony defect?
 A. 24% EDTA gel

 B. laser-assisted regeneration therapy

 C. biological agents such as growth factors

 D. enamel matrix derivative
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