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Abstract

Background: To investigate the clinical performance of minimally invasive surgical approaches for interdental tissue preserva-

tion in association with enamel matrix derivatives in the treatment of intraosseous defects.

Materials and Methods: A systematic literature review was carried out (PROSPERO: CRD42020135131) through research, ex-

traction and analysis of data in duplicate, according to the PICOS strategy. The Ovid MEDLINE databases were consulted; Ovid

EMBASE; Open Gray and in the journals Journal of Periodontology, Journal of Clinical Periodontology, Journal of Periodontal

Research and Journal of Dental Research, the search covered an unlimited period until May 2019, following the guide PRISMA.

For assessment was used Cochrane Collaboration's risk.

Results: Eight randomized controlled trials reporting 557 subjects and 698 defects were identified. Among in techniques for pre-

serving interdental tissues, there were no differences between them. However, in the meta-analysis obtained by the studies, the re-

sults were superior in clinical gain of insertion in favor of the test group [n = 119; MD= 0.92; 95%; IC (0.35; 1.50); p = 0.002 I²

78%], with these results statistically significant Conclusions: the open flap debridement technique using interdental tissue preser-

vation approaches in association with EMD promote slightly superior clinical results in insertion gain.

Clinical Relevance: Assist the professional in their clinical practice in traeatment of periodontal defects with minimally surgical

approachs and Furthermore, demonstrate the possibility and the benefits of using the biomaterials like the enamel derivative pro-

teins in the regeneration these periodontal defects.
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Introduction

Periodontal disease is a chronic infectious disease that results in inflammation in the supporting tissues of the teeth, leading to api-

cal migration of the junctional epithelium and bone loss, with subgingival biofilm being the main etiologic agent. From this point

view, the main approach to its therapy is to disorganize and disperse the biofilm through mechanical debridement and, in some sit-

uations, with chemical substances [1].

However, in sites affected by the progression of periodontal disease, with destruction of the support apparatus and formation of in-

traosseous  defects,  there  is  the  possibility  of  surgical  technical  approaches  aimed  at  periodontal  regeneration  of  these  sequelae,

forming new tissues that were previously lost (periodontal ligament, cementum) root and alveolar bone [2-5].

In the treatment of  intraosseous defects,  surgical  decontamination of  this  and the root  surface involved can restore  periodontal

health, when an adequate control of biofilm is achieved. However, several surgical techniques and materials have been developed

in order to improve clinical results, and to treat intraosseous defects conservativel [6].Minimally invasive surgery is a term that de-

scribes the use of smaller and more accurate surgical procedures that are possible through the use of enlargement instruments. The

purpose  of  using  this  approach  in  regenerative  periodontal  surgery  is  to  preserve  interdental  tissues,  which  will  result  in  better

wound healing, blood clot stability and improvement in periodontal clinical parameters [7-9].

Among the materials used for periodontal regeneration, enamel matrix derivative (EMD) stand out for playing an important role

in cementogenesis and mimicking the events that occur during root development, in addition to being able to stimulate various cel-

lular  activities,  resulting in better  postoperative results.  Thus,  being able  to regenerate  the periodontal  apparatus in cases  where

bone loss occurred with the application of EMD has been the objective of several studies6-8. One of the indications for the use of

EMD is in the treatment of intraosseous defects. And its use has been evaluated in humans with clinical results showing to be signi-

ficantly better than just open flap debridement [3-4].

Despite the publication of several systematic reviews demonstrating that the use of EMD [10-13], can be a viable alternative to en-

hance clinical  results in the treatment of intraobony defects,  there is  still  no systematic review that evaluates the clinical  perfor-

mance of surgical approaches to preserve interdental tissues in association with EMD in the treatment of these defects, associated

with a comparison between the follow- up times.

Therefore,  the  objective  of  this  study  was  to  conduct  a  systematic  review to  investigate  the  clinical  performance  of  surgical  ap-

proaches that preserve interdental tissues, in association with enamel matrix derivative in the treatment of intrabony defects.

Material and Methods

A  detailed  research  protocol  was  designed  according  to  PRISMA  [14]  and  registered  with  PROSPERO  under  number

CRD42020135131.  The focused question was:  “What  is  the  clinical  effect  of  using open flap  debridment  (OFD) associated with

EMD, in terms of clinical gain of insertion, compared to OFD not associated with EMD in the treatment of intraosseous defects?

This question was elaborated according to the PICOS strategy, an acronym used to formulate well-defined research strategies [15]

which “P” is the patient with intraosseous defects, “I” means the intervention with open flap debridement in association with the

EMD, “C the comparison group that was open flap debridement not associated with the EMD, “ O ”the result was the clinical gain

of insertion and“ S ”means the type of study, which were randomized clinical trials.

Criteria for the Studies Considered for this Review Types of Studies

The study included randomized controlled clinical trials (RCTs) with a minimum of 10 participants treated for each group or as a
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sample [5.] Studies in split or parallel mouth with two or more arms were also considered.

The studies, which were included, reported the average clinical gain of insertion, after the regenerative procedures in intraosseous

defects.  The reduction in probing depth, increased gingival recession and bone gain were present in secondary evaluations.  The

studies  had a  minimum follow-up of  6  months.  The studies  were  carried out  in  humans who received periodontal  regenerative

therapy to treat intraosseous defects of 1.2 or 3 walls.

Exclusively radiographic studies were excluded, with predominantly morphological, histological data, teeth with furcation defects,

teeth with grade 3 mobility and supraconse defects.

Types of Participants

Adult individuals (> 18 years) who received regenerative surgical treatment of intrabony defects through open flap debridement

(OFD) were selected, with a surgical technique that preserved interdental tissues associated with the use of EMD, with a minimum

follow-up period of 6 months. Study participants were systemically and periodically healthy.

The study patients underwent non-surgical treatment of periodontal disease and had at least one intraosseous defect of one, two or

three walls, involving the interproximal region of the affected tooth, with low bleeding at probing ≤ 20%, accompanied by for at

least six months.

The depth of the radiographic intraosseous defect was considered as the vertical distance in millimeters between the alveolar bone

crest and the defect base or the distance between the JCE and the defect base. And the width of the bone defect, in turn, was consid-

ered as the distance between the alveolar bone crest and the root surface or the distance between the JCE and the alveolar bone

crest [16]. Measures of bone defects were calculated based on periapical digital radiographic examinations or computed tomogra-

phy scans.

Types of Interventions

Patients received periodontal surgical treatment using the following therapeutic approaches:

A. OFD, through the modified papilla preservation technique (MPPT) [17]; simplified papilla preservation flap (SPPF) [18]; which

encompass the minimally invasive surgical technique (MIST) [19], + EMD compared to DRA not associated with EMD

B.  OFD,  through the  Papilla  Preservation  Flap  (PPF)  [20];  modified  minimally  invasive  surgical  technique  (M-MIST)  [9,  21]  +

EMD, compared to OFD, not associated with EMD.

Studied Clinical Outcomes

Changes in the clinical attachment level (CAL) were considered as the primary outcome for this review. As secondary outcomes,

descriptions regarding postoperative morbidity, regarding pain or discomfort, presence of edema, hematoma, suppuration, flap de-

hiscence and presence of granulation tissue were considered. The following clinical- periodontal parameters were also considered.

a. Probing depth;

b. Bone gain / fill percentage;

c. Gingival recession.

d. Bleeding rate on probing
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Research Methods for Locating Studies

The search for  studies  was  carried out  in  the databases  Ovid MEDLINE,  Ovid EMBASE and Scopus using combinations of  the

terms MESH, EMTREE and keywords. In addition, the bibliographies of all included articles and relevant revisions to the subject

were selected for possible analysis. The search covered an unlimited period until May 2019.

The OpenGray platform for unpublished works (gray literature), in addition to banks of university theses and dissertations, as well

as Google Scholar were researched, in an attempt to minimize the risk of publication bias. Databases from five dental journals

- Journal of Periodontology, Periodontology 2000. Journal of Clinical Periodontology, Journal of Periodontal Research and Jour-

nal of Dental Research were also searched. In addition, the clinical trials, controlled trial database sites were consulted, in search of

the registration of completed or ongoing controlled clinical trials. In addition, when necessary, the authors of the studies were con-

tacted to provide the missing data in the evaluated article.

Selection of Studies

The research was carried out in three phases, by two reviewers (EB and LM), duplicated, with the results evaluated independently,

in order to test the sensitivity and specificity of the search. Any disagreement between the two researchers was resolved with a dis-

cussion and in the absence of consensus, a third reviewer was consulted (BV). The initial research stage represented the calibration

period between the reviewers, referring to the data collection instruments

The subsequent stage, the research itself, was divided into three stages. The first one, the analysis of the titles, was carried out to

eliminate the materials that would not fulfill the norms established by the inclusion criteria of the research protocol. The second

step was the evaluation of the abstracts of the studies initially selected. It  was an the studies in terms of research characteristics,

that is, the characteristics of populations, interventions, results, design, quality and results. In addition, this step was used to deter-

mine the similarity of the studies for a possible meta-analysis assessment based on the type of study, characteristic of the popula-

tion, intervention, primary and secondary outcomes, previously established in the protocol, eliminating studies not corresponding

to them.

Data Extraction

A data extraction form was designed specifically for this study and was used to record details of the selected articles. The comple-

tion of the form was carried out by the two researchers independently. The data collected from the studies were based on impor-

tant questions for the research, such as: characteristics of the population, the intervention, the results and the type of study. These

records allowed for a more detailed analysis of the data at a later stage of the systematic review.

Evaluation of the Quality of Studies

The quality assessment of all included studies was conducted independently by two reviewers (EB and LM) using the RTC risk of

bias tool (Appendix B), prepared in accordance with the Cochrane manual [22]. Each study was judged as low, high or uncertain

risk of  bias  based on five domains:  Generation of  random sequence,  concealment of  allocation,  blinding of  participants  and re-

searchers,  blinding of  evaluators,  incomplete outcome data,  selective reporting and other sources of  bias.  The judgment of  each

item involved answering a question, with answers 'Yes' indicating low risk of bias, 'No' indicating high risk of bias and 'Not clear'

indicating lack of information or uncertainty about the potential for bias

Summary of the Data

The data for each studywas collected in tables and grouped according to the study design, with the assistance of the Review Manag-

er (RevMan). The descriptive analysis was initially carried out to determine the amount of data, also checking the variations of
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the third stage, the analysis of the full texts, was carried out using the data extraction form (appendix A) that verified the study's eli-

gibility based on the established inclusion and exclusion criteria. In addition, the form was also used to assess the methodological

quality of the study and extract the most detailed data on its characteristics and results obtained. The studies, which were excluded

after the complete reading, had the reason for their exclusion registered, in order to be mentioned in results of the review.

Summary Measures

The Mean Difference (DM) with 95% confidence interval (CI) was used for the analysis of dichotomous and continuous data, re-

spectively. Heterogeneity was assessed using the Cochran Q test and I² statistics (I² <40%: low heterogeneity; I² ≥ 40%: high hetero-

geneity) [22]. A fixed-effect model was used in studies that showed low statistical and random heterogeneity for those with high

heterogeneity.  The inverse  of  variance method was used to combine data  for  continuous outcomes,  while  Mantel-Haenszel  was

used  to  combine  dichotomous  outcomes.  The  computer  program  (ReVMan  [Computer  program].  Version  [5.3].  Copenhagen:

The Nordic Cochrane Center, The Cochrane Collaboration, 2014) was used for the meta-analysis calculations. A p-value less than

0.

The Kappa value for agreement between reviewers was 0.81 in title analysis, 0.76 in summary analysis and 0.79 in reading the full

text, showing good agreement between the reviewers.

Results

Selection of Studies

Altogether, 11,092 titles were found, through the search in electronic databases, carried out in a duplicate and independent way by

the authors. The search details are described in the PRISMA flow chart (Figure 1). After removing the duplicates, 7,773 titles re-

mained for analysis. In all, 38 articles were selected to read the full text. After this stage, 27 articles were excluded for different rea-

sons (Table 1), thus leaving 11 publications. However, since 3 studies had the same population [24-25, 41], as a result, it was con-

sidered the most complete publication of these studies. Therefore, only 8 studies were considered for statistical analysis and eligi-

ble for data extraction (Tables 2, 3 and 4).

Study Characteristics

The 8  studies  [23-30]  was  included  in  this  review,  resulted  in  randomized  controlled  trials.  Three  studies  [25,  26,  30]  were  de-

signed with the split mouth design, while the others were performed with parallel and simultaneous groups. The follow-up period

reported in the publications ranged from 6 to 60 months. Author, year of publication, study design, comparison, types of defects,

evaluation methods and follow-up period for the included studies are shown in tables 1,2 and 3.

Population Characteristics

The characteristics of the population of the studies included in this review are summarized in Table 1. In two studies [23, 27] the

place of recruitment is unclear, in three studies [24, 27, 30] a study was developed in Italy [25] was developed in Germany. One

study [29] was developed in Brazil, one study [26] was developed in India and one study was multicenter [28]. The age among par-

ticipants in the included studies ranged between 28 and 70 years. 3 studies did not include smoking patients [26, 29, 30] 3 studies

used antibiotic therapy after the procedures [23, 24, 30].

In 4 studies [23, 28, 29, 30] there were reports of losses after the interventions. These, for the most part, were justified as the patien-

t's refusal to continue the study, change of address, difficulty in contact and involvement by serious illness. No study has reported

problems with healing or adverse events resulting from interventions.
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Figure 1: PRISMA Diagram

Source: Adapted from The Prisma Statement 2020. Doi: 10.1016/j.jclinepi.2021.03.001. Epub 2021 Mar 29. PMID:

33789819.

RCT, randomized clinical trial; OFD, open flap debridement; SPPF, simplified papilla preservation flap; MPPT, modified

papilla preservation; FPP, papilla preservation flap .; modified minimally invasive surgical technique, M-MIST; EMD,

enamel matrix derivative≅ PDME

Source: The author

Evaluation of the Effects of Interventions

A total of 698 intraosseous defects in 557 patients were included in this review. The 8 studies included can be divided into 5 groups

according to the therapeutic approach studied: 1) studies that used the OFD + SPPF / MPPT + EMD surgery technique compared

to OFD + SPPF / MPPT alone [28, 30]. 2) Studies that used the OFD + SPPF + EMD technique compared to OFD + SPP alone [23,

24]. 3) Studies that used the OFD + MPPT + EMD technique compared to OFD + MPPT alone [25], 4) Studies that used the OFD

+ M-MIST + EMD technique compared to OFD + M-MIST alone [27], 5) Studies that used the OFD technique + MIST + EMD

compared to OFD + MIST alone [29] and 6) Studies that used the OFD + FPP + EMD technique compared to OFD + FPP alone

[26].

1. OFD + SPPF / MPPT + EMD versus OFD + SPPF / MPPT

Two studies [28, 30] compared the treatment of intraosseous defects using the OFD + SPPF / MPPT + EMD test group and the

OFD + SPPF / MPPT control group. In the study by Tonetti et al [28] the follow-up time was 12 months and that of Leonardis

ePaolantonio [30] was 24 months. In the study by Tonetti et al. [28] smoking patients were included and the study by Leonardis e

Paolantonio30 was a split-mouth clinical trial. Both used defects of 1,2 or 3 walls. It is important to highlight that the studies in-
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cluded in this group mentioned that they used two surgical techniques SPPF or MPPT in the treatment of intraosseous defects, the

choice for one or the other was due to the width of the defect. Regarding the clinical gain of insertion, in the study28 the test group

had an average of 3.1± 1.5mm and 2.5 ± 1.5mm in the control group at 12 months of follow-up. In the study [30], the test group

showed 2.73 ± 0.64mm at 12 months of follow-up and 2.95 ± 0.74mm at 24 months, and in the control group the results were 1.54

± 0.64mm at 12 months and 1.40 ± 1.13 mm at 24 months. Both studies showed clinical gain of insertion after 12 and 24 months

of treatment compared to the baseline data, also showing superior results with statistically significant differences for the test group

compared to the control group. In relation to the reduction of the drilling depth. In the test group, the studies obtained similar re-

sults. 3.9 ± 1.7mm in the study [28] and 3.51 ± 0.58mm in the study [30] after 12 months of follow-up. In the control group, there

was a greater difference, 3.3 ± 1.7mm in the study28 and 2.58 ± 0.55mm in 30 after 12 months of follow-up. In both studiests [28,

30] the results were statistically significant compared to the data in the baseline and with the test group with superior results. In re-

lation to the increase in gingival recession in both studies and in both groups, the averages ranged from 0.77mm to 1.4mm.

2. OFD + SPPF + EMD versus SPPF + EMD

Two studies [23, 24] evaluated the treatment of intraosseous defects using OFD + SPPF + EMD in the test group, compared to SPP

in the control group. In the study by Zucchelli et al23 the clinical follow-up was 12 months and in the study by Francetti et al [24]

it was 12 and 24 months. Both studies included smoking patients and bone defects of 1.2 or 3 walls. Regarding the clinical gain of

insertion, the study Zucchelli et al [23] observed a percentage of 4, 2± 0.9mm in the test group and 2.6 ± 0.8 in the control group,

on the other hand, in the study Francetti et al [24] only the simple mean gain of insertion was reported, which was 3.41mm in the

test group and 2.51 mm in the control group. Both studies [23, 24] the results were superior and statistically significant in 12 and

24 months compared to the data in the baseline, and the test group obtained superior and statistically significant results compared

to  the  control  group in  the  periods  of  12  and 24  months.  In  relation  to  the  reduction  in  the  depth  of  sounding,  the  study  [23]

showed an average of 5.1 ± 0.7 mm in the test group and 4.5 ± 1.0 in the control group. The study [24] showed an average of 4.02

mm in the test group and 3.51 mm in the control group. In both groups of the two studies [23, 24], better results were obtained

compared to baseline. With the test group showing better results compared to the control in the 12- month period, and these were

statistically significant. Both studies [23, 24] showed an increase in gingival recession in both groups. In the study24, the percent-

age of bone gain after the procedures was also reported, with percentage values of 53.7% after one year and 55.2 after 2 years in the

test group and 35.4% after one year and 45 after two years in the control group. The results of both groups were superior to those

of the baseline after 24 months, but there were no statistically significant differences between the groups. In the study24, the per-

centage of bone gain after the procedures was also reported, with percentage values of 53.7% after one year and 55.2 after 2 years in

the test group and 35.4% after one year and 45 after two years in the control group. The results of both groups were superior to

those of the baseline after 24 months, but there were no statistically significant differences between the groups. In the study [24],

the percentage of bone gain after the procedures was also reported, with percentage values of 53.7% after one year and 55.2 after 2

years in the test group and 35.4% after one year and 45 after two years in the control group. The results of both groups were superi-

or to those of the baseline after 24 months, but there were no statistically significant differences between the groups.

3. OFD + MPP + EMD versus OFD + MPP

Only one study Fickl et al [25], used in the treatment of intraosseous defects OFD+ MPPT + EMD in the test group and OFD +

MPPT in the control group. It was a split- mouth study with a 12-month clinical follow-up. Smoking patients were included in the

study and defects of 1.2 or 3 walls. Regarding the clinical gain of insertion, an average of 3.7 ± 0.4 mm and 1.7 ± 0.3 mm in the con-

trol group was observed in the test group, both groups showed statistically significant results after 6 and 12 months compared to

baseline,  however the clinical  gain of insertion was higher in the test  group. In evaluating the depth reduction of the probe, the

study showed a value of 4.2 ± 0.3 in the test group and 2.4 ±0.3 mm in the control group. In both groups, the results showed a re-

duction in the probing depth after 6 and 12 months compared to baseline and statistically significant differences were found. The

reduction in the drilling depth in the test group showed superior results compared to the control group. Regarding the increase in

gingival recession, both groups showed an increase in recession 6 and 12 months after the procedure, however, there were no statis-
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tically significant differences between the groups. Both groups showed significant bone filling after 6 and 12 months, with the test

group showing superior results compared to the control group. Regarding the increase in gingival recession, both groups showed

an increase in recession 6 and 12 months after the procedure, however, there were no statistically significant differences between

the groups. Both groups showed significant bone filling after 6 and 12 months, with the test group showing superior results com-

pared to the control  group.  Regarding the increase in gingival  recession,  both groups showed an increase in recession 6 and 12

months after the procedure, however, there were no statistically significant differences between the groups. Both groups showed

significant bone filling after 6 and 12 months, with the test group showing superior results compared to the control group.

4. OFD + M-MIST + EMD versus OFD + M-MIST

Only one study Cortellini and Tonetti et al [27] used this approach in the treatment of intraosseous defects. Clinical follow-up was

12 months. The study included smoking patients and defects of 1.2 or 3 walls were used. Regarding the clinical gain of insertion, in

the test group a value of 4.1 ± 1.2 mm and 4.1 ± 1.4 in the controlgroup were presented, observing similar results in both groups,

with no significant differences between groups.

. With regard to the reduction of the depth of sounding, the study showed values of 4.4 ±1.2 mm in the test group and 4.4 ± 1.6 in

the control group, observing similar results between the groups. Regarding the increase in gingival recession, the study showed no

statistically significant difference between the test and control groups. The mean bone gain after the procedures was also evaluat-

ed, showing values of 71 ± 18 in the test group and 77 ± 19 in the control group, this average was calculated using a pre-established

formula: X ray bone gain / X ray INFRA x 100 [27]. The differences between the groups in relation to the percentage of bone gain,

were not statistically significant. Regarding the patient's perception of postoperative pain, the study evaluated using the VAS scale,

with results of 11.5 ± 0.7 in the test group and 10.7 ± 2.1 in the control group. No patient reported postoperative edema. were not

statistically significant. Regarding the patient's perception of postoperative pain, the study evaluated using the VAS scale, with re-

sults of 11.5 ± 0.7 in the test group and 10.7 ± 2.1 in the control group. No patient reported postoperative edema. were not statisti-

cally significant. Regarding the patient's perception of postoperative pain, the study evaluated using the VAS scale, with results of

11.5 ± 0.7 in the test group and 10.7 ± 2.1 in the control group. No patient reported postoperative edema.

5. OFD+MIST+EMD versus OFD+MIST

Only one study Ribeiro et al. [29] reported the approach using OFD + MIST + EMD in the test group and OFD + MIST in the con-

trol group. Clinical follow-up was 6 months and smoking patients were not included. The mean clinical gain of insertion was 3.02

± 1.9 mm in the test group and 2.82 ± 1.1 mm in the control group, showing statistically significant differences in both groups com-

pared to baseline data, and these differences were greater in the test group, however the results were not statistically significant be-

tween groups. The probing depth reduction was observed with average values of 3.56 ± 2.0 in the test group and 3.55 ± 0.8mm in

the control group, showing statistically significant differences compared to baseline, but without statistically significant differences

between groups. . In relation to the increase in gingival recession, values of 0.46 ± 0.8 mm were observed in the test group and 0.54

± 0.5 mm in the control group, which did not show statistically significant differences between the groups.

6. OFD+FPP+EMD versus OFD+FPP

Only one study by Bhutda et al. [26], used this therapeutic approach. This study was divided mouth with a clinical follow-up of 60

months. Defects of 2 or 3 walls were included, and smoking patients were excluded. Regarding the mean clinical gain of insertion,

values of 3.96 ± 0.44 mm were observed in the test group and 2.05 ± 0.78 mm in the controlgroup after 1 year, and 4.90 ± 1.21 mm

in the test group and 5 , 72 ± 1.09mm in the control group after 5 years, these results were statistically significant in both the test

and control groups when compared to the baseline data. With regard to the reduction of depth of sounding, the averages observed

were 3.40 ± 0.5 mm in the test group and 4.90 ± 0.5 mm in the control group after 5 years. After the 5-year period, the test group

showed significantly higher results than the control group in the mean reduction in the depth of sounding. The increase in gingi-
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val recession was also assessed in the study and averages of 0.66 ± 0.1 mm in the test group and 0.32 ± 0.5 mm in the control group

were observed. The percentage of bone gain from defects was calculated after 5 years of the procedures, and the results showed a

percentage of 66.66 ± 7.8% in the test group and 31.71 ± 4.1% in the control group. There was a statistically significant difference

when comparing the test  group and the control  group, observing a greater bone gain in the test  group. The percentage of  bone

gain from defects was calculated after 5 years of the procedures, and the results showed a percentage of 66.66 ± 7.8% in the test

group and 31.71 ± 4.1% in the control group. There was a statistically significant difference when comparing the test group and

the control group, observing a greater bone gain in the test group. The percentage of bone gain from defects was calculated after 5

years  of  the procedures,  and the results  showed a percentage of  66.66 ± 7.8% in the test  group and 31.71 ± 4.1% in the control

group. There was a statistically significant difference when comparing the test  group and the control group, observing a greater

bone gain in the test group.

Qualitative Analysis of the Studies Included in the Review

The assessment of the risk of bias is summarized in graphics 1 and 2. In order to hide the allocation, the risk of bias was considered

unclear in 6 studies [23-26, 28, 29] For blinding the participants, the risk of bias was considered unclear in three studies26-28. For

risk of detection bias, three studies were deemed unclear [26-28].

For incomplete outcome data, the risk of bias was considered unclear in one study [26] and high risk in one study [24]. For the

risk of selective reporting bias, a study24 reported in two publications was considered to be high risk. Only one study [30] was con-

sidered low risk of bias in all categories.

Graphic 1: Graph of the risk of bias judgment: crossed percentages of all included studies

Source: The author
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Graphic 2: Summary of judgment for each item of risk of bias in the included studies

Source: The author

Quantitative Analysis

Due to the methodological heterogeneity and variability of the evaluation periods and incomplete reporting of the data, it was con-

sidered appropriate to perform a meta-analysis for data on bone gain and patient-centered outcomes. The statistical combination

of results was performed for the outcomes clinical attachment gain, reduction of probing depth and increase of gingival recession

with data from studies [29-30] that used the same technique and surgical approach (OFD + SSPF / MMPT + EMD and OFD +

SSPF / MMPT) with 1 year of follow-up.

There was a statistically significant difference in the assessment of clinical attachment gain [n=119; MD=0.92; 95%; CI (0.35; 1.50);

p=0.002] I² 78% in favor of the test group, with a high heterogeneity of studies in this parameter (Graph 3). A statistically signifi-

cant difference was also observed in the outcome reduction of probing depth [ n=119; MD=0.86; 95%; CI(0.63, 1.10); p=0.0001] I²

20%, in favor of the control group (Graph 4). There was a statistically significant difference in the outcome of increased gingival re-

cession [n=119; MD= -0.23; 95%; IC(- 0.37, -0.10); p=0.0008] I² 45% in favor of the control group (Graph 5).
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Meta Analysis Graphics

Graphic 3: Forest Plot of the comparation between OFD+SPPF/MPPT+EMD and OFD+SPPF/MPPT for the clinical At-

tachment gain, after 1 year of the intervention (random model).

Source: The author

Graphic 4: Forest plot of the the comparation between OFD + SPPF / MPPT + EMD and OFD + SPPF / MPPT for the

outcome reduction in Probing depth , after 1 year of the intervention (fixed model).

Source: The author

Graphic 5: Forest plot of the comparation between OFD + SPPF / MPPT + EMD and OFD + SPPF / MPPT for the out-

come increased gingival recession, after 1 year of the intervention (fixed model).

Source: The author

Discussion

This systematic review was designed to assess the clinical performance of the minimally invasive surgical approach to preserve in-

terdental tissues in association with proteins derived fromthe enamel matrix, compared to that same approach without PDME, in

the treatment of intraosseous defects. In general, the evidence collected suggests that only surgical access with the use of minimally

invasive techniques of preservation of the papilla, can lead to satisfactory clinical results in terms of clinical gain of insertion, reduc-

tion of probing depth and radiographic bone filling, as this This approach aims at better wound healing, surgical clot stability and

provides a stable space for regeneration26-27.

However, the use of PDME associated with minimally invasive approaches to preserve interdental tissues, can lead to an optimiza-

tion of these clinical results, since PDME promote periodontal regeneration through the formation of periodontal ligament, root

cement and alveolar bone, in addition to favoring the tissue healing process. Six studies from this review showed that the associa-

tion of PDME, produced better clinical results in 12 months [23-25, 27, 28, 30], however, only two studies [27, 29] showed that

PDME did not promote additional benefits.
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So much so that in the study [29] the clinical follow-up was only 6 months, and it is known that studies that show an advantage

with the association of PDME, the clinical follow-up is at least 12 months, so it is interesting to have longer clinical follow-ups, to

be  able  to  more  accurately  assess  the  long-term benefit  of  PDME.  A meta-analysis  by  Zanatta  et  al  [31].  evaluated  the  effect  of

PDME compared to open flap surgery over a 12-month period; results were demonstrated for clinical gain of insertion and reduc-

tion in probing depth consistently favorable to the PDME group.

However, a high heterogeneity was observed in the outcome, reduction of the depth of probe and clinical gain of insertion, in the

follow-up period of less than 12 months. And these results are in line with two other systematic reviews of the subject [5, 17]. How-

ever, in the meta-analysis by Zanatta et al  [31],  there were analyzes by subgroups, considering the time of follow-up, suggesting

that  the magnitude of  the differences between the use of  PDME and OFD decreases considerably over time.  Thus,  it  can be as-

sumed that  in some sites  treated with PDME, the formation of  long junctional  epithelium occurred after  using the PDME and,

therefore,  presented  a  healing  pattern  similar  to  that  of  the  control  groups.  In  addition,  the  factor  would  justify  the  results  of

greater clinical gain in the first 12 months.

Unlike these systematic reviews, this study used open flap decontamination as a control group only with surgical techniques that

preserved interdental  tissues.  It  is  known that  from a clinical  point  of  view,  better  results  of  clinical  insertion gain are  achieved

through this approach when compared to conventional approaches, and this leads to better wound healing patterns, with greater

clot stability in the interproximal area, favoring healing of the intraosseous defect. In a systematic review by Graziani et al [32], the

treatment  of  intraosseous  defects  over  a  period  of  12  months,  treated  with  conservative  periodontal  surgery,  was  evaluated  has

showed significant improvement in periodontal clinical parameters and it was pointed out that clinical performance may vary ac-

cording to the type of surgical flap used.

In addition, the authors suggested that further studies should be carried out with the comparison group using minimally invasive

techniques for preserving the papilla, which according to some studies [25-28] promote better healing and stabilization of the clot

in the wound, these Advantages are critical to successful regenerative treatment.

Studies [33-35] suggest better results when using papilla preservation flaps associated with PDME. And it can be argued that, given

the lack of adverse effects reported with the papilla preservation flaps, they may represent the best available technique to gain ac-

cess to intraosseous defects. And with the association of PDME, these results can be enhanced, since they have properties to stimu-

late various cellular reactions, which promote less inflammatory activities and accelerate healing.

Only two studies [27-28] evaluated the patient's perception of pain and level of satisfaction after treatment of intraosseous defects

with interdental tissue preservation technique and PDME. In both studies, the results indicated that the adverse events of postoper-

ative discomfort / pain, edema and flap dehiscence were lower in patients who used PDME. And in relation to the patient's satisfac-

tion level after one year of the procedure, in both studies, the patients reported high levels of satisfaction with the results, mainly

due to the possibility of preserving the tooth, on the other hand, as significant disadvantages were mentioned the needs of frequent

follow-ups.

Within the minimally invasive surgical approaches for preserving interdental tissues, there are several techniques, which are used

in surgical access to intraosseous defects. This systematic review divided them into groups to assess the occurrence of differences

in the clinical gain of insertion between them and to compare them with the association of enamel matrix proteins in the treat-

ment of these defects. Six studies [23-25, 28-30] used the MIST approach that can be subdivided into SPPF and MMPT according

to the width of the interdental space.

Five  of  them [23-25,  38,  30]  demonstrated favorable  clinical  results  when the  PDME were  associated with the  MIST technique,

with averages of clinical  insertion gain ranging from 2.95mm to 4.92mm. On the other hand, in these studies,  when the defects

were  not  associated  with  PDME,  the  gain  was  slightly  smaller,  varying  from  1.40mm  to  2.6mm,  this  over  a  period  of  12  to  24
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months. Only the study by Ribeiro et al. [29], showed no differences between the groups, reporting that the improvements in clini-

cal parameters are similar. However, despite the study being well designed, clinical follow- up was 3 to 6 months, which is consid-

ered short for a more accurate assessment of the benefit of PDME.

It was possible to perform a meta-analysis in relation to the clinical gain of insertion after 1 year with two studies [28, 30] that used

OFD + SPPF / MPPT + EMD in comparison with OFD + SPPF / MPPT, the results [n = 119; MD = 0.92; 95%; IC (0.35; 1.50); p =

0.002] I² 78%, showed greater gain in insertion in the test group, the differences being statistically significant, presenting results

similar to the study by Zanatta et al [31].with values 1.19 mm (CI95% 0.77 -1.60) favorable to PDME, with one year of follow- up

and 1.11 mm (CI95% 0.84 - 1.48) with two years of follow-up.

In the meta-analyzes [17-19],  similar results were found, since the mean clinical gain of insertion and reduction of the depth of

probing were slightly higher than the group that used PDME, however it is suggested that, despite the PDME being an excellent al-

ternative  in  the  treatment  of  intraosseous  defects,  there  is  a  variability  in  the  results  presented,  with  minor  differences  between

groups of studies with low risk of bias and studies with greater clinical follow-up. In view of this, it should be discussed whether its

use will actually make a greater contribution compared to retail decontamination. Cortellini et al. [27] used a less invasive varia-

tion of the MIST approach, the M-MIST and their results were similar to those of Riberio et al [29], however with a superior clini-

cal  follow-up.  And  these  data  suggest  that  the  intraosseous  defects  treated  with  M-  MIST  with  or  without  the  association  of

PDME, resulted in significant improvements in clinical and radiographic parameters. The study by Bhutda et al [26] was the one

with the longest clinical follow-up time, 5 years, and used the conventional papilla preservation flap. The study revealed that treat-

ment with PDME resulted in significant improvements in clinical gain of insertion, reduction of the probing depth and filling of

the bone defect in all follow-up periods (1 and 5 years). These results are in accordance with a study by Heden et al. [33] which de-

monstrated an average insertion gain of 4.3 mm in the period of 1 year and 5.3 mm in the period of 5 years, respectively, demons-

trating an excellent maintenance of the results obtained in the long term.

Evidence has shown that the topography of the intraosseous defect is directly related to its regenerative potential. Defects of three

walls are more easily regenerated when compared to defects of a wall, due to the presence of a greater number of bone walls and,

consequently, a greater number of cell sources capable of differentiating into cementoblasts, osteoblasts and fibroblasts of the peri-

odontal ligament. In addition, the vertical and horizontal components of the defects have an influence on their regenerative poten-

tial. Deeper defects compete with more favorable prognosis, and angles less than 45 ° formed between the root surface and bone

wall show greater predictability in relation to regeneration than larger defects [4, 23, 34]. From this aspect, differences in the topog-

raphy of defects, can characterize a risk of bias and can also explain variability in the results, since this systematic review included

studies that treated defects with 1, 2 or 3 walls. Five studies included smoking patients [23-25, 27-28]. Smoking has been shown to

be an important risk factor for periodontitis. The response to periodontal therapy is worse in smokers than in non-smokers. Re-

garding the treatment of intraosseous defects,  these studies showed that non-smoking patients obtained greater gains in clinical

insertion than smokers. The criteria for smokers was (<10 or <20 cigarettes per day), which may be an explanation for the high

heterogeneity between studies, also considering a risk of bias. This makes it difficult to draw conclusions about smoking as an influ-

encing factor in regeneration with PDME.

A possible variability in the results can be explained by the fact that three studies [23, 26, 30] used antibiotics. However, the benefi-

cial effect of antibiotics in the postoperative period has not been demonstrated. Thus, it is likely that the prescription of antibiotics

in the postoperative period did not have a great effect on the results. Studies [35-38] demonstrate that the antimicrobial properties

of Emdogain's vehicle: Propylene glycol alginate, can contribute to optimize the regeneration.

The results related to the clinical gain of insertion and the reduction of the probing depth were consistently favorable to the treat-

ment with the PDME. However, when the magnitude of these differences is discussed, you can see advantages that do not exceed

1.58 mm for the parameters evaluated in studies with follow-up periods of more than 24 months. Therefore, one can question the

clinical relevance of these differences in the magnitude of the effect, since the assessment of the heterogeneity of the clinical inser-
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tion gain shows differences in relation to the follow-up time,  in which studies  with a  follow- up period of  more than two years

shows little variability in the results, already. Studies with shorter follow-up periods these differences tend to be greater [38-40].

Additional studies are needed comparing surgical approaches to preserve interdental tissues with the use of PDME, with more rig-

orous methodologies and follow- up times longer than 12 months, since there are still few studies with this proposal, so that, it is

possible to reach more accurate conclusions of the additional clinical benefit that this approach can bring in comparison to conven-

tional flap debridement and other regenerative materials.

Another perspective that should be taken into account is in relation to the risk of publication bias, since studies that do not present

significant differences between the groups tested, tend not to be published, because, although PDME is an excellent alternative in

periodontal regenerative therapy, published studies should be carefully evaluated due to bias, since studies with lower risk of bias,

the results are similar between groups with PDME or without PDME.

Conclusions

Even considering the limited available evidence, the results found suggest that the treatment of intraosseous defects using the open

flap debridement technique using minimally invasive approaches to preserve interdental  tissues in association with proteins de-

rived from the enamel matrix promote slightly clinical results higher in insertion gain when compared to open flap debridement

without association of proteins derived from the enamel matrix.

No differences were found between the groups regarding the degree of postoperative morbidity of patients, suggesting that only

the use of a conservative surgical approach to preserve interdental tissues is sufficient for good postoperative healing. Although the

evidence is scarce in the literature regarding this outcome.

Regarding the follow-up time, the use of PDME showed clinical results slightly superior in clinical gain of insertion period of 12

months after the intervention, in the periods of 24 months or more, this difference between groups tends to fall, showing similar re-

sults and more stable between groups.
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