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Abstract 

Aim: To investigate the potential benefit of enamel matrix derivative (EMD) as adjunct to re-

instrumentation of residual pockets persisting after steps 1 and 2 of periodontal therapy. 

Material & Methods: 44 adult patients participated in a multicenter feasibility randomized clinical 

trial with split-mouth design. They had presented at re-evaluation after initial non-surgical 

periodontal therapy (steps 1 and 2 of periodontal therapy) for generalized periodontitis with at 

least 2 teeth with residual probing pocket depths (PPD) ≥ 5 and ≤ 8 mm, with bleeding on probing A
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(BOP). Two teeth with similar PPD were randomized to receive re-instrumentation either with 

(test) or without (control) adjunctive flapless administration of EMD. Differences in the changes of 

PPD and BOP from baseline to 6 and 12 months were analyzed, and the frequencies of pocket 

closure (PPD ≤ 4 mm and no BOP) compared. 

Results: For the primary outcome “change of mean PPD after 6 months” a significant additional 

benefit of 0.79 ± 1.3 mm (p < 0.0001) could be observed for the test group. At 12 months, this 

difference could be maintained (0.85 ± 1.1 mm; p < 0.0001). The frequency of pocket closure in 

the test group was 69% at 6 and 80% at 12 months and significantly higher than in the control 

group with 34% and 42%, respectively (p < 0.01).

Conclusion: The results of the present feasibility study indicate a benefit of adjunctive EMD 

during non-surgical retreatment (step 3 of periodontal therapy) of residual deep pockets. 

 

Clinical Relevance 

Scientific rationale for the study: The selection of an efficient method for retreatment of 

residual periodontal pockets after non-surgical periodontal therapy presents a challenge to the 

clinician. Various adjunctive measures to non-surgical retreatment have been evaluated, however 

the potential benefit of enamel matrix derivative (EMD) is unclear. 

Principal findings: The results of this multicenter randomized feasibility study indicate that 

adjunctive EMD application during subgingival re-instrumentation of selected sites with residual 

deep probing depths resulted in enhanced treatment outcomes compared to re-instrumentation 

alone.   A
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Practical implications: Flapless use of EMD during periodontal retreatment should be further 

explored as it may reduce the need for additional periodontal surgery in step 3 of periodontal 

therapy.
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Introduction

Subgingival instrumentation is an effective approach during initial periodontal therapy directed at 

the suppression/elimination of the subgingival bacterial load. Clinical endpoints of treatment that 

are usually assessed at re-evaluation after this first phase of therapy have been subject of debate 

(Claffey & Egelberg 1995, Lang & Tonetti 2003, Tomasi et al. 2017, Matuliene et al. 2008). In 

recent years there is consensus that the use of “no bleeding following pocket probing” and “a 

probing pocket depth of ≤ 4 mm” (pocket closure) can be considered as meaningful clinical 

endpoints of treatment success (Tomasi & Wennström 2017, Loos & Needleman 2020). A stable 

periodontitis patient after completion of periodontal therapy has been defined by gingival health 

on a reduced periodontium, characterized by shallow probing depths of ≤ 4 mm and no 4 mm 

sites with bleeding on probing (Chapple et al. 2018). 

However, many factors are known to compromise the healing response to initial non-surgical 

treatment (D´Aiuto et al. 2005, Tomasi et al. 2007, Jepsen et al. 2011) and it is well known that 

these endpoints cannot always be achieved and therefore, further treatment needs to be 

implemented. At this point the clinician has to make a choice between non-surgical re-

instrumentation (with or without adjunctive measures) or periodontal flap surgery/surgical access 

(Graziani et al. 2018).

The adjunctive application of enamel matrix derivative (EMD) on the surgically exposed root 

surface is well established in regenerative periodontal therapy for the treatment of deep residual 

sites associated with intrabony and furcation defects and has been shown to promote significant 

additional gain in clinical attachment levels and enhanced reduction of probing pocket depths 

(Cortellini & Tonetti 2015, Miron et al. 2016, Nibali et al. 2020, Jepsen et al. 2020, Trombelli et al. 

2020). Positive effects were also observed in supra-alveolar periodontal defects (Jentsch & 

Purschwitz 2008, Di Tullio et al., 2013, Graziani et al. 2014).

In contrast, the non-surgical (“flapless”) application of EMD as an adjunctive measure during the 

initial phase of periodontal therapy by root instrumentation has led to conflicting results. While 

several studies did not observe an added benefit of EMD (Gutierrez et al. 2003, Mombelli et al. 

2005, Giannopoulou et al. 2006, Wyganowska-Światkowska et al. 2013) other studies reported 

positive effects (Wennström & Lindhe 2002, Mellonig et al. 2009, Aimetti et al. 2017, Graziani et 

al. 2019). 
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However, to the best of our knowledge no study has been performed to evaluate whether a 

selective re-instrumentation of residual pockets after active initial periodontal therapy could 

benefit from the adjunctive non-surgical application of EMD. 

Therefore, it was the aim of the present randomized feasibility trial to test the hypothesis that an 

adjunctive flapless application of EMD could lead to superior clinical outcomes compared to re-

instrumentation of residual periodontal pockets alone. 

Material and Methods   

Study design and patient selection

This study was designed as a multicenter feasibility randomized split-mouth trial of 12 months 

duration. The study protocol was approved by the ethical committees of the authors´ institutions 

in Leipzig, Turin, Rome, Mainz and Bonn, and was registered at the ISRCTN 

(http://www.isrctn.com/ISRCTN14654696). The study was conducted in accordance with the 

declaration of Helsinki and all patients gave their informed consent. The study was performed 

between September 2015 and August 2018 at four different specialist clinics for periodontology: 

Centre for Periodontology at the Department for Cariology, Endodontology and Periodontology, 

University Hospital of Leipzig, Leipzig, Germany; Private Practice Turin, Italy; Sapienza, 

University of Rome, Italy; Department of Periodontology and Conservative Dentistry, University of 

Mainz, Germany. Study participants were consecutively screened for inclusion by the four 

centers. Patients with moderate to advanced generalized periodontitis (in retrospect fulfilling the 

criteria for Stage III periodontitis (Papapanou et al. 2018)) were eligible for inclusion if they 

presented for re-evaluation 3 – 6 months after active initial non-surgical periodontal treatment. 

Initial treatment had been performed according to operator discretion within each center but 

consisted of the usual measures of step 1 and 2 therapy, including subgingival instrumentation 

with hand and/or power driven instruments under local anesthesia.  Patients had to have at least 

two residual pockets with probing pocket depth (PPD) ≥ 5 mm and ≤ 8 mm, bleeding on probing 

(BOP), mobility ≤ degree 1 and without furcation involvement. Experimental teeth with similar 

PPD had to be located in different quadrants, or at least 3 teeth apart from each other. Individuals 

were excluded from the study for the following reasons: (a) full mouth plaque score (modified 

O´Leary et al. 1972) > 20%, (b) uncontrolled systemic disease, requiring high dose steroid 

therapy, radiation or other immune-suppressive therapy and history of malignant disease in the 

oral cavity or previous radiotherapy in the head or neck area, (c) pregnant or lactating females, 

(d) drug and alcohol abuse, (e) smoking > 10 cigarettes per day and (f) inadequate restorative 

therapy or malocclusion. A
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Sample size and randomization

The sample size calculation was based on earlier reports on periodontal retreatment (Tomasi et 

al. 2008). The primary outcome “change of PPD after 6 months” was used to determine the 

sample size. With an alpha error defined as 0.05, the power calculation based on the detection of 

a 0.5 mm difference in mean PPD reduction between treatment groups (considering a standard 

deviation of 0.5 mm) revealed that 32 patients were required in each treatment group to have a 

power of 80%. To account for possible drop-outs each of the 4 centers aimed at enrolling at least 

10 patients for the study. 

Immediately following completion of periodontal re-instrumentation a person otherwise not 

involved in the study randomly assigned the 2 experimental teeth in each patient to either test or 

control group by toss of a coin. 

Periodontal retreatment

The treatment protocol had been discussed in detail and agreed on during an investigator 

meeting. Following the application of a local anesthetic with vasoconstrictor experimental sites 

were carefully debrided by a combined use of mini curets (Hu-Friedy, Chicago, IL) and ultrasonic 

instruments with thin and delicate tips (PS (Perio Slim), EMS, Nyon, Switzerland).  

Caution was taken to avoid soft tissue trauma. In the test sites the root surfaces were conditioned 

for 2 min with 24 % ethylenediaminetetraacetate EDTA (PrefGel®, Institut Straumann AG, Basel, 

Switzerland). The sites were then copiously rinsed with saline solution and thoroughly dried with 

air. Blood if present was removed using either absorbent paper points, pointed tips, gauze swabs, 

and/or sponge pellets followed by repeated irrigation and air-drying until complete bleeding 

control. Then EMD (Emdogain®, Institut Straumann AG, Basel, Switzerland) was gently applied 

with a blunt tipped sterile syringe until overflowing from the gingival margin. By means of sterile 

wetting gauzes the gingival margin was gently compressed until pocket marginal closure was 

obtained.  Re-instrumentation procedures and the application of EMD were performed with 

magnification systems according to the individual needs of the operator.

Patients were advised to rinse with 0.2% chlorhexidine digluconate mouth rinse (Chlorhexamed 

forte 0.2%, GlaxoSmithKline Healthcare, Bühl, Germany) for one minute twice daily for 4 weeks. 

They were instructed to avoid tooth brushing including flossing and interproximal brushes in the 

treated area for 2 weeks. After that they were allowed to use a soft tooth brush. After 4 weeks 

subjects resumed their normal oral hygiene practices with manual or powered tooth brushes and A
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interdental cleaning devices. Recall appointments were scheduled weekly during the first 

postoperative month and every 3 months during the 12 months study period for reinforcement of 

oral hygiene and supragingival plaque removal.  No additional subgingival instrumentation was 

performed. Complications possibly related to the study procedure or study device were collected, 

from the treatment visit until the final study visit. To this end, at each visit the investigator 

observed the clinical situation and inquired the patient if any complication occurred since the last 

visit. Findings were recorded in the patient file. In addition, the status of adverse events recorded 

in the patient file was evaluated by the investigator throughout the study.

Clinical measurements

The calibrated and blinded clinical examiner in each center was different from the clinician who 

provided the treatment. No inter-examiner calibration was conducted, however, the examiner in 

each of the centers underwent an intra-examiner calibration exercise (Hasturk & Cugini 2014). 

This consisted of PPD assessments in 3 patients and a repeat exam 3 days later. Agreement 

level for PPD within 1 mm (± 1 mm) was set at 97%. At baseline the clinical parameters PPD and 

BOP were recorded at 6 sites per tooth with a manual 1-mm graduated periodontal probe (PCP-

UNC 15, Hu-Friedy Manufacturing Co., Chicago, IL, USA) and the target sites were defined. 

Measurements were repeated at 6 and 12 months after retreatment of the residual pockets. 

Data analysis 

Statistical analysis of the clinical and laboratory data was performed by an independent 

biostatistician (RF) using the software SAS (SAS Institute Inc., Cary, NC, USA). Unit of analysis 

in all statistical tests was the individual. The difference in PPD-change from baseline between test 

and control was analyzed with a one-sample t-test at a level of 5%. For further intra- and inter-

group comparisons of quantitative variables the paired t-test was used. Changes in frequencies of 

PPD ≤ 4 mm, of BOP and of pocket closure (no BOP and PPD ≤ 4 mm) were analyzed by 2 x 2 

tables and the McNemar-test. The difference in PPD-change from baseline between test and 

control was compared between the four centers by one factorial analysis of variance to check for 

center effects.

Results

A total of 51 individuals were screened and 44 patients (age range: 31 -74 years; 23 female, 21 

male; 11 smokers (≤ 10 cigarettes/day)) were finally included in the study (center 1: 13 patients, A
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center 2: 10 patients, center 3: 10 patients, center 4: 11 patients). Tooth types (incisors/ 

premolars/ molars) of experimental teeth were evenly distributed among both groups: 19/14/10 

for test and 19/13/11 for control, respectively. The 2 experimental teeth were located in different 

quadrants, except in 4 patients where they were at least 3 teeth apart from each other. A small 

portion of sites (8 out of 88) showed radiographically slight angular bone loss (≤ 2 mm). Due to 

drop-outs 43 patients were available for the 6 months examination and 40 patients could be 

followed up for 12 months. Figure 1 presents the study flow chart according to CONSORT. 

Patients maintained a good level of oral hygiene throughout the study. No complications or 

device-related adverse events were observed or reported by the patients. 

For the primary outcome “change of mean PPD after 6 months” a significant additional benefit of 

0.79 ± 1.3 mm (95% Confidence Interval (CI): 0.39 - 1.18 mm) could be observed (p < 0.0001) for 

the test group, and thus, the hypothesis tested could be confirmed. At 12 months, this difference 

could be maintained (0.85 ± 1.1 mm; 95% CI: 0.47 - 1.22 mm; p < 0.0001). No evidence for a 

center effect could be observed (p = 0.246 and 0.219 at 6 and 12 months, respectively).

Periodontal retreatment led to clinical improvements in both control and test groups, showing 

significant reductions of mean PPD and of BOP at test and control sites after 6 and 12 months (p 

< 0.0001). Results are presented in Table 1. Baseline mean PPD in test sites was significantly 

reduced from 6.0 ± 0.9 mm to 3.9 ± 1.2 mm after 6 months and to 3.9 ± 1.2 mm after 12 months. 

Corresponding values for control sites at baseline, 6 and 12 months were: 5.9 ± 0.9 mm, 4.6 ± 1.2 

mm, and 4.6 ± 1.1 mm. At 6 months 9.3 of test sites and 27.9% of control sites showed BOP, and 

after 12 months 5.0% vs. 22.5% (p < 0.01). 

With regard to a conversion of residual deep sites to sites with shallow probing depth (PPD ≤ 4 

mm), the frequency of conversion amounted to 76% at 6 months and 80% at 12 months for the 

test sites compared to 46% and 45%, respectively, for the control sites (p < 0.001) (Table 2). The 

frequency distribution of sites according to their PPD at baseline, 6 and 12 months, respectively, 

for both groups is displayed in Figure 2 and the supplementary Table 1.

Pocket closure, as defined by PPD ≤ 4 mm and absence of BOP, was attained in 69% and 80% 

of test sites at 6 and 12 months, respectively. These frequencies were superior to the 34% and 

42% of sites, respectively, with pocket closure observed in the control group (p < 0.01) (Table 3). 

Discussion 
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The results of the present randomized feasibility trial could indicate that adjunctive EMD 

application during subgingival re-instrumentation of selected sites with residual deep probing 

depths following initial non-surgical therapy resulted in enhanced treatment outcomes compared 

to re-instrumentation alone.  For the primary outcome “change of PPD after 6 months” a 

significant effect could be demonstrated in favor of the test group. Thus, the hypothesis of the 

study could be confirmed. Moreover, adjunctive non-surgical EMD application resulted in a 

significantly higher number of sites reaching the endpoints of PPD ≤ 4 mm and “pocket closure”. 

The study question is of high clinical relevance. In the recently published S3-level clinical 

guideline for the treatment of periodontitis (Sanz et al. 2020) the decision making for retreatment 

after step 2 therapy (initial non-surgical phase including subgingival instrumentation) has been 

addressed. Based on a systematic review (Sanz-Sanchez et al. 2020) it was recommended to re-

instrument residual pockets with a PPD of 5 mm by a non-surgical approach, whereas residual 

pockets of ≥ 6 mm should be reduced by periodontal flap surgery in order to reach the endpoint of 

active therapy (PPD ≤ 4 mm, no BOP of 4 mm sites; Tomasi & Wennström 2017, Chapple et al. 

2018, Loos & Needleman 2020, Sanz et al. 2020). Thus, it appears attractive to enhance the 

outcomes of subgingival re-instrumentation by adjunctive measures in order to avoid the need for 

additional surgery even for residual sites of ≥ 5 mm. Therefore, in the present trial residual deep 

pockets with a PPD of 5-8 mm were included to explore this possibility. 

The present study has obviously strengths and limitations. The trial had a multinational 

multicenter design and included experienced clinicians and blinded calibrated examiners. The 

number of patients were evenly distributed among the centers. The fact, that the study was 

conducted in different settings (2 private practices and 2 university clinics) and no center-effect 

could be observed adds to the credibility and also generalizability of the observed results. On the 

other hand, limitations have to be addressed as well. Since the initial non-surgical phase of 

therapy (step 1 and 2) was not part of the prospective study protocol, the possibility cannot be 

ruled out that differences with regard to the quality of the initial instrumentation among patients 

and between centers could have existed. Due to the feasibility character of this study, the 

hypothesis was tested in relatively few selected target sites only and no placebo-group was 

included. Furthermore, due to the split-mouth design a possible spill-over effect of the active 

ingredient (EMD) may be discussed. However, test and control sites were located in different 

quadrants, except in 4 patients where they were at least 3 teeth apart from each other, and thus 

such an effect appears to be very unlikely. No efforts were made in this feasibility study to collect 

reliable clinical attachment level data across the centers, what can also be seen as a limitation. It 

has to be emphasized, however, that it was not our assumption that we would be able to A
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stimulate new connective tissue attachment by non-surgical EMD application, but rather to 

enhance pocket reduction and pocket closure as stated in our hypothesis due to the reported 

anti-inflammatory and antibacterial properties of EMD (Brett et al. 2002, Arweiler et al. 2002, 

Newman et al. 2003, Miron et al. 2014).

Previous studies have explored the effect of adjunctive topical measures to enhance the 

outcomes of non-surgical subgingival re-instrumentation of residual pockets after initial therapy. 

For example, in a well-designed and thoroughly reported study that included the initial 

instrumentation (step 1 and 2) as part of the prospective protocol, Tomasi et al. (2008) tested 

locally delivered doxycycline as an adjunct to subgingival re-instrumentation. After 9 months both 

test and control groups showed a mean PPD reduction of 1.1 mm. These outcomes are in 

agreement with the mean PPD reduction of 1.3 mm (at 6 and 12 months) in the control group of 

the present study. Other studies reported mean PPD reductions between 0.7 and 1.9 mm after 

non-surgical re-instrumentation (Kinane & Radvar 1999, Aimetti et al. 2004, Cappuyns et al. 

2012). Significantly higher PPD reductions were observed when tetracycline-loaded fibers were 

applied as adjunctive measure compared to instrumentation alone (Kinane & Radvar 1999, 

Aimetti et al. 2004), however this treatment modality is no longer available. Tomasi et al. (2008) 

reported that the probability of pocket closure was not improved by the adjunctive topical 

doxycycline therapy. The observed percentages of pocket closure (in their study defined as PPD 

≤ 4mm, regardless of BOP) amounted to 45% (at 3 months) and 53% (at 9 months) correspond 

well to the 46% and 45% at 6 and 12 months, respectively, observed in the control group of the 

present trial. 

The rationale for the selection of EMD as an adjunct in the present trial was based on an earlier 

publication by Wennström & Lindhe (2002), reporting in a comparative study more favorable 

clinical soft tissue healing outcomes during the first 3 weeks when EMD had been applied 

topically in instrumented pockets and based on a case series by Mellonig et al. (2009) who 

observed substantial reduction in PPD at 6 months after the application of EMD as an adjunct to 

scaling and root planing. Mellonig et al. (2009) also provided some histological evidence for 

periodontal regeneration in 3 out of 4 teeth. Indeed, encouraging results for the flapless 

application of EMD in conjunction with the objective of a regenerative treatment of deep intrabony 

defects were also published by Aimetti et al. (2016, 2017). In a prospective case series the 

flapless application of EMD was applied to 11 residual deep intrabony defects in 11 patients and 

significant clinical and radiographic improvements were obtained 12 and 24 months post-

operatively (Aimetti et al. 2016). In a 24-months RCT including 30 patients (Aimetti et al. 2017) 

EMD was applied for regenerative treatment of intrabony defects either in a flapless fashion or A
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using a minimally invasive flap procedure. Both modalities led to comparable CAL gain and PPD 

reduction, but the flapless approach required less chair time. 

More recently, adjunctive flapless EMD application was tested in 2 randomized clinical trials in 

comparison to subgingival debridement only in the initial (step 2) phase of periodontal therapy. 

Graziani et al. (2019) in a 3 months parallel group study with 38 patients evaluated this approach 

in initially deep sites (≥ 6 mm). Even though the focus of their study was on the systemic acute-

phase response and on medium term inflammation, PPD reduction and pocket closure were 

analyzed as secondary outcomes. Interestingly, at 3 months there was a significantly higher 

mean PPD reduction and number of sites with pocket closure in the test group. These findings 

are in agreement with the results of our study, although time point of EMD application and follow-

up was quite different.

This concept of adjunctive flapless EMD was further investigated in a multi-center split-mouth 

study by Schallhorn et al. (2020). They tested the effects of a repeated application of EMD in 

conjunction with initial non-surgical therapy as compared to scaling and root planing alone in sites 

with baseline PPD of 5-8 mm over a period of 12 months. In contrast to the study by Graziani et 

al. (2019) no significant differences for CAL gain and PPD reduction were found. Even though the 

study design by Schallhorn et al. (2020) differs from the present study with regard to mode of 

application (repeated vs. single) and timing in the overall treatment sequence (adjunctive to initial 

instrumentation (step 2) vs. adjunctive to re-instrumentation (step 3)) it is of interest to note that 

the investigators observed a similar benefit of EMD with regard to the percentage of sites 

converted to a PPD ≤ 4 mm after 12 months (79.8% in their study vs. 80% in the present study). 

Furthermore, they reported significantly more BOP reduction in test compared to control sites.

In view of the results derived from the studies described above and the present trial, there 

appears to be some potential for flapless EMD application in various phases of periodontal 

therapy. At the same time data obtained so far are somewhat contradictory and there is a definite 

need for further well-designed investigations. Such studies should ideally include step 1 and 2 

therapy as part of their prospective protocol followed by re-evaluation and then follow-up with 

step 3 therapy by either nonsurgical re-instrumentation of residual deep pockets with the goal of 

pocket reduction/closure (Wennström et al. 2001) or in case of presence of deep intrabony 

defects a regenerative approach with the goal of CAL and bone level gain. 

Only such studies with appropriate follow-up, which must also include cost-benefit analyses will 

be able to help us to determine if and when, where and how adjunctive flapless EMD can be A
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reasonably embedded in the overall context of the incremental stepwise approach to the therapy 

of stage III periodontitis. 

In conclusion, the results of the present feasibility study indicate a potential benefit of adjunctive 

EMD during non-surgical retreatment of residual deep pockets. Flapless use of EMD during 

periodontal retreatment should be further explored as it may reduce the need for additional 

periodontal surgery.  
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Legends

Figure 1: CONSORT Flow chart of patient enrollment and follow-up exams

Figure 2: Frequency distribution of test and control sites according to their PPD (mm) at baseline, 

6 and 12 months

References

Aimetti, M., Romano, F., Torta, I., Cirillo, D., Caposio, P., Romagnoli, R. (2004) Debridement and 

local application of tetracyline-loaded fibers in the management of persistent periodontitis: results 

after 12 months. Journal of Clinical Periodontology, 31, 166-172.

Aimetti, M., Ferrarotti, F., Mariani, G.M., Fratini, A., Giraudi, M., Romano, F. (2016) Enamel 

matrix derivative proteins in combination with a flapless approach for periodontal regeneration of 

intrabony defects: a 2-year prospective case series. International Journal of Periodontics and 

Restorative Dentistry, 36, 797–805. 

Aimetti, M., Ferrarotti, F., Mariani, G.M., Romano, F. (2017) A novel flapless approach versus 

minimally invasive surgery in periodontal regeneration with enamel matrix derivative proteins: a 

24-month randomized controlled clinical trial. Clinical Oral Investigations, 21, 327-337.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Arweiler, N.B., Auschill, T.M., Donos, N., Sculean, A. (2002) Antibacterial effect of an enamel 

matrix protein derivative on in vivo dental biofilm vitality. Clinical Oral Investigations, 6, 205-209.

Brett, P. M., Parkar, M., Olsen, I., & Tonetti, M. (2002). Expression pro- filing of periodontal 

ligament cells stimulated with enamel matrix proteins in vitro: A model for tissue regeneration. 

Journal of Dental Research, 81, 776–783. 

Cappuyns, I., Cionca, N., Wick, P., Giannopoulou, C., Mombelli, A. (2012) Treatment of residual 

pockets with photodynamic therapy, diode laser, or deep scaling. A randomized, split-mouth 

controlled clinical trial. Lasers in Medical Science, 27, 979–986. 

Chapple, I.L.C., Mealey, B.L., Van Dyke, T.E., Bartold, P.M., Dommisch, H., Eickholz, P., 

Geisinger, M.L., Genco, R.J., Glogauer, M., Goldstein, M., Griffin, T.J,. Holmstrup, P., Johnson, 

G.K., Kapila, Y., Lang, N.P., Meyle, J., Murakami, S., Plemons, J., Romito, G.A., Shapira, L., 

Tatakis, D.N., Teughels, W., Trombelli, L., Walter, C., Wimmer, G., Xenoudi, P., Yoshie, H,.J. 

(2018) Periodontal health and gingival diseases and conditions on an intact and reduced 

periodontium: Consensus  report of workgroup 1 of the 2017 World Workshop on the 

Classification of Periodontal and Peri-implant Diseases and conditions. Journal of Clinical 

Periodontology, 45 Suppl 20, S68-S77.

Claffey, N., & Egelberg, J. (1995). Clinical indicators of probing attachment loss following initial 

periodontal treatment in advanced periodontitis patients. Journal of Clinical Periodontology, 22, 

690–696. 

Cortellini, P., & Tonetti, M. S. (2015). Clinical concepts for regenerative therapy in intrabony 

defects. Periodontology 2000, 68, 282–307. 

D`Aiuto, F., Ready, D., Parkar, M., Tonetti, M.S. (2005) Relative contribution of patient-, tooth, 

and site-associated variability on the clinical outcomes of subgingival debridement. I. Probing 

depths. Journal of Periodontology, 76, 398-405.

Di Tullio, M., Femminella, B., Pilloni, A.,  Romano, L., D'Arcangelo, C., De Ninis, P., Paolantonio, 

M. (2013) Treatment of supra-alveolar-type defects by a simplified papilla preservation technique 

for access flap surgery with or without enamel matrix proteins. Journal of Periodontology, 84, 

1100-1110.

A
cc

ep
te

d 
A

rt
ic

le

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Pilloni+A&cauthor_id=23030240
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=D%27Arcangelo+C&cauthor_id=23030240
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=De+Ninis+P&cauthor_id=23030240
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Paolantonio+M&cauthor_id=23030240


This article is protected by copyright. All rights reserved

Giannopoulou, C., Andersen, E., Brochut ,P., Plagnat, D., Mombelli ,A. (2006) 

Enamel matrix derivative and systemic antibiotics as adjuncts to non 

surgical periodontal treatment: biologic response. Journal of Periodontology 77, 707–713.

Graziani, F., Gennai, S., Cei, S., Ducci, F., Discepoli, N., Carmignani, A. & Tonetti, M. (2014) 

Does enamel matrix derivative application provide additional clinical benefits in residual 

periodontal pockets associated with suprabony defects? A systematic review and meta-analysis 

of randomized clinical trials. Journal of Clinical Periodontology 41, 377-386.

Graziani, F., Karapetsa, D., Mardas, N., Leow, N., Donos, N. (2018) Surgical treatment of the 

residual pocket. Periodontology 2000 76, 150 – 163.

Graziani, F., Gennai, S., Petrini ,M., Bettini, L., Tonetti, M. (2019) Enamel matrix derivative 

stabilizes blood clot and improves clinical healing in deep pockets after flapless periodontal 

therapy: a randomized clinical trial. Journal of Clinical Periodontology 46, 231–240.

Gutierrez, M. A., Mellonig, J.T., Cochran, D.L. (2003) Evaluation of enamel matrix derivative as 

an adjunct to non-surgical periodontal therapy. Journal of Clinical Periodontology, 30, 739-745.

Hasturk, H., Cugini, M. (2014) Examiner standardization and calibration for oral and periodontal 

regenerative studies. In Osteology Guidelines for Oral and Maxillofacial Regeneration Clinical 

Research. W. V. Giannobile, N. P. Lang, M. S. Tonetti (editors). Osteology Foundation, 

Quintessence Publishing, 97-120.

Jentsch, H., Purschwitz, R. (2008) A clinical study evaluating the treatment of supra-alveolar-type 

defects with access flap surgery with and without an enamel matrix protein derivative: a pilot 

study. Journal of Clinical Periodontology , 35, 713-718.

Jepsen, S., Deschner, J., Braun, A., Schwarz, F., Eberhard, J. (2011) Calculus removal and the 

prevention of its formation. Periodontology 2000, 55, 167–188 

Jepsen, S., Gennai, S., Hirschfeld, J., Kalemaj, Z., Buti, J. & Graziani, F. (2020) Regenerative 

surgical treatment of furcation defects: A systematic review and Bayesian network meta-analysis 

of randomized clinical trials. Journal of Clinical Periodontology, 47, Suppl 22, 352-374.

Kinane, D.F., Radvar, M. (1999) A six-month comparison of three periodontal local antimicrobial 

therapies in persistent periodontal pockets. Journal of Periodontology, 70, 1-7.  

A
cc

ep
te

d 
A

rt
ic

le

https://www.ncbi.nlm.nih.gov/pubmed/?term=Graziani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24329867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gennai%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24329867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cei%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24329867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ducci%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24329867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Discepoli%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24329867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carmignani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24329867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tonetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24329867
https://www.ncbi.nlm.nih.gov/pubmed/?term=enamel+matrix+and+suprabony+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=enamel+matrix+and+suprabony+review


This article is protected by copyright. All rights reserved

Lang, N. P., & Tonetti, M. S. (2003). Periodontal risk assessment (PRA) for patients in supportive 

periodontal therapy (SPT). Oral Health Preventive Dentistry, 1, 7–16. 

Loos, B. G., & Needleman, I. (2020). Endpoints of active periodontal therapy. Journal of Clinical 

Periodontology, 47(Suppl 22), 61–71. 

Matuliene, G., Pjetursson, B. E., Salvi, G. E., Schmidlin, K., Brägger, U., Zwahlen, M. & Lang, N. 

P. (2008) Influence of residual pockets on progression of periodontitis and tooth loss: results after 

11 years of maintenance. Journal of Clinical Periodontology , 35, 685-695.

Mellonig JT, Valderrama P, Gregory HJ, Cochran DL. (2009)                                               Clinical 

and histologic evaluation of non -

surgical periodontal therapy with enamel matrix derivative: a report of four cases. Journal of 

Periodontology 80, 1534-1540.

Miron, R.J., Sculean, A., Cochran, D. L., Froum, S., Zucchelli, G., Nemcovsky, C., Donos, N., 

Lyngstadaas, S. P., Deschner, J., Dard, M., Stavropoulos, A., Zhang, Y., Trombelli, L., Kasaj, A., 

Shirakata, Y., Cortellini, P., Tonetti, M., Rasperini, G., Jepsen, S., Bosshardt, D. D. (2016) Twenty 

years of enamel matrix derivative: the past, the present and the future. Journal of Clinical 

Periodontology , 43, 668-683. 

Miron, R. J., Dard, M., & Weinreb, M. (2014). Enamel matrix derivative, inflammation and soft 

tissue wound healing. Journal of Periodontal Research, 50, 555–569. 

Mombelli, A., Brochut, P., Plagnat, D., Casagni, F., Giannopoulou, C. (2005) Enamel matrix 

proteins and systemic antibiotics as adjuncts to non-surgical periodontal treatment: clinical 

effects. Journal of Clinical Periodontology, 32, 225–230.

Newman, S. A., Coscia, S. A., Jotwani, R., Iacono, V. J., & Cutler, C. W. (2003). Effects of 

enamel matrix derivative on Porphyromonas gingivalis. Journal of Periodontology, 74, 1191–

1195. 

Nibali, L., Koidou, V. P., Nieri, M., Barbato, L., Pagliaro, U. & Cairo, F. (2020) Regenerative 

surgery versus access flap for the treatment of intrabony periodontal defects. A systematic review 

and meta-analysis. Journal of Clinical Periodontology, 47 Suppl 22, 320-351.

O'Leary, T. J, Drake., R. B. & Naylor, J. E. (1972) The plaque control record. Journal of 

Periodontology , 43, 38.A
cc

ep
te

d 
A

rt
ic

le

https://www.ncbi.nlm.nih.gov/pubmed/?term=Matuliene%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18549447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pjetursson%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=18549447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salvi%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=18549447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidlin%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18549447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Br%C3%A4gger%20U%5BAuthor%5D&cauthor=true&cauthor_uid=18549447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zwahlen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18549447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lang%20NP%5BAuthor%5D&cauthor=true&cauthor_uid=18549447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lang%20NP%5BAuthor%5D&cauthor=true&cauthor_uid=18549447
https://www.ncbi.nlm.nih.gov/pubmed/9310876
https://www.ncbi.nlm.nih.gov/pubmed/9310876
https://www.ncbi.nlm.nih.gov/pubmed/9310876
https://www.ncbi.nlm.nih.gov/pubmed/?term=O'Leary%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=4500182
https://www.ncbi.nlm.nih.gov/pubmed/?term=Drake%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=4500182
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naylor%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=4500182
https://www.ncbi.nlm.nih.gov/pubmed/12010523
https://www.ncbi.nlm.nih.gov/pubmed/12010523


This article is protected by copyright. All rights reserved

Papapanou, P. N., Sanz, M., Buduneli, N., Dietrich, T., Feres, M., Fine, D. H., ... Tonetti, M. S. 

(2018). Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the 

Classification of Periodontal and Peri-Implant Diseases and Conditions. Journal of Clinical 

Periodontology, 45(Suppl 20), 162–170. 

Sanz-Sanchez, I., Montero, E., Citterio, F., Romano, F., Molina, A. & Aimetti, M. (2020) Efficacy 

of access flap procedures compared to subgingival debridement in the treatment of periodontitis. 

A systematic review and meta-analysis. Journal of Clinical Periodontology, 47 Suppl 22:282-302. 

Sanz, M., Herrera, D., Kebschull, M., Chapple, I., Jepsen, S., Berglundh, T., Sculean, A., Tonetti, 

M.S.; EFP Workshop Participants and Methodological Consultants. (2020) Treatment of stage I-III 

periodontitis – the EFP S3 level clinical practice guideline. Journal of Clinical Periodontology, 47 

Suppl 22, 4-60. 

Schallhorn, R.A., McClain, P.K., Benhamou, V., Doobrow, J.H., Grandin, H.M., Kasaj, A.  (2020) 

Application of enamel matrix derivative in conjunction with non-surgical therapy for treatment of 

moderate to severe periodontitis: A twelve-month, randomized prospective, multi-center study. 

Journal of Periodontology, 2020 Sep 29. doi: 10.1002/JPER.19-0579. 

Tomasi, C., Leyland, A. H., & Wennström, J. L. (2007). Factors influencing the outcome of non-

surgical periodontal treatment: A multilevel approach. Journal of Clinical Periodontology, 34, 682–

690. 

Tomasi, C., Koutouzis, T., Wennström, J.L. (2008) Locally delivered doxycycline as an adjunct to 

mechanical debridement at retreatment of periodontal pockets. Journal of Periodontology, 79, 

431-439.

Tomasi C., Wennström, J. (2017) Editorial: Is the use of differences in the magnitude of CAL gain 

appropriate for making conclusions on the efficacy of non-surgical therapeutic means? Journal of 

Clinical Periodontology,  44, 601–602.

Trombelli, L., Simonelli, A., Quaranta, A., Tu, Y.K., Li, H., Agusto, M., Jiao, X.J., Farina, R. (2020) 

Effect of flap design for enamel matrix derivative application in intraosseous defects. JDR Clinical 

Translational Research, 19: 2380084420934731. doi: 10.1177/2380084420934731. Online ahead 

of print.

Wennström, J.L, Newman, H.N., MacNeill, S.R., Killoy, W.J., Griffiths, G.S., Gillam, D.G., Krok, 

L., Neddleman, I.G., Weiss, G., Garrett, S. (2001) Utilisation of locally delivered doxycycline in A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

non-surgical treatment of chronic periodontitis. A comparative multi-centre trial of 2 treatment 

approaches. Journal of Clinical Periodontology, 28, 753-761.

Wennström, J. L. & Lindhe, J. (2002) Some effects of enamel matrix proteins on wound healing in 

the dento-gingival region.  Journal of Clinical Periodontology , 29, 9-14.

Wyganowska-Świątkowska, M., Szkaradkiewicz, A.K., Karpiński, T.M., Marcinkowski, J.T. (2013) 

The evaluation of enamel matrix derivative on subgingival microbial environment in non-surgical 

periodontal therapy (in Polish). Annals of Agricultural and Environmental Medicine, 20, 431–435.

A
cc

ep
te

d 
A

rt
ic

le

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wennstr%C3%B6m%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=11846843
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindhe%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11846843
https://www.ncbi.nlm.nih.gov/pubmed/11846843


This article is protected by copyright. All rights reserved

Table 1. Mean probing pocket depth (PPD)  standard deviation (mm), percent bleeding on ±

probing (%BOP) at baseline, 6 months and 12 months at test and control sites

Baseline
n = 44

6 months
n = 43

12 months
n = 40

PPD (Test) 6.0±0.9 3.9±1.2* 3.9±1.2*

PPD (Control) 5.9±0.9 4.6±1.2* 4.6±1.1*

∆ PPD Change

(Test - Control)

0.79±1.3**
(0 vs. 6 mo)

0.85±1.1**
(0 vs. 12 mo)

BOP (Test) 100 9.3*** 5.0***

BOP (Control) 100 27.9 22.5

*significantly different from baseline (p < 0.0001)

**significantly different between test and control (p < 0.0001)

*** significantly different between test and control (p < 0.01)

PPD = Probing pocket depth, BOP = Bleeding on probing

Table 2. Proportion of sites with PPD ≤ 4 mm (irrespective of BOP)

Test Control p-value*

Baseline 0/44 0/44

6 months 33/43 – 76% 20/43 – 46% 0.0029

12 months 32/40 – 80% 18/40 – 45% 0.0010
*McNemar-Test

PPD = Probing pocket depth, BOP = Bleeding on probing

Table 3. Proportion of sites with “pocket closure” (PPD ≤ 4 mm and no BOP)A
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Test Control p-value*

Baseline 0/44 0/44

6 months 30/43 – 69% 15/43 – 34% 0.0011

12 months 32/40 – 80% 17/40 – 42% 0.0003
*McNemar-Test

PPD = Probing pocket depth, BOP = Bleeding on probing
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Figure 1: CONSORT Flow chart of patient enrollment and follow-up exams 
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Figure 2: Frequency distribution of test and control sites according to their PPD (mm) at 

baseline, 6 and 12 months (PPD = Pocket probing depth) 
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