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Abstract 

 
Title of Thesis: Bone Replacement Grafts Enhance the Effectiveness of Enamel Matrix 
Derivative in the Treatment of Infrabony Defects 

Sara Behmanesh, Master of Science, 2011 
 
Thesis Directed by: Dr. Mark A. Reynolds, Professor and Chairperson, Dental School, 
Department of Periodontics 
 
Background: Histologic studies in animals and humans have provided evidence that the 

treatment of periodontal defects with EMD promotes healing which is characterized by 

formation of a new attachment apparatus—namely, new bone, cementum and periodontal 

ligament.  Nevertheless, improvements in clinical outcomes fail to completely restore the 

periodontium.  Considerable interest has focused on the potential of combing EMD with 

bone replacement grafts to enhance the regeneration. 

Purpose: The purpose of this paper is systematic review of literature comparing use of 

EMD alone or in combination with bone replacement grafts in treatment of infrabony 

defects. Does the addition of a bone replacement graft to EMD improve clinical outcome 

compared to EMD alone in the treatment of infrabony defects? 

Methods: An electronic search of the databases MEDLINE and EMBASE was 

performed without any language limitations as well as hand searches of selected 

periodicals.  Mean differences in clinical outcome measures (clinical attachment level, 

probing depth, recession, and defect fill) were submitted to a meta-analysis, including 

assessment for heterogeneity.  The meta-analysis was computed using a random-effects 

model, with α-level set at p ≤ 0.05. 

Results: The search strategies identified 326 publications, with 10 studies fulfilling 

qualifications for inclusion in the analysis.  A significant overall mean difference was 



found for defect fill, reflecting greater defect fill when EMD was combined with bone 

replacement graft compared to EMD treatment alone.  No significant differences were 

found in improvements for mean clinical attachment level and reduction in probing 

depth. 

Conclusions:  

The potential for EMD to support hard tissue formation, as reflected in 

periodontal defect fill, can be enhanced by the addition of a bone replacement graft.  

Although a significant improvement in defect fill was shown for combination therapy, the 

overall mean improvement in defect fill was nonetheless modest in magnitude (≈ 1 mm).  

Moreover, no evidence was found for a corresponding difference in mean gain in clinical 

attachment level or probing depth.  Thus, the potential benefit of greater defect fill on the 

therapeutic prognosis of the tooth must be considered in evaluating the cost-benefit ratio 

for combination therapy using EMD and bone replacement grafts. 
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Introduction 

 

Goals of regeneration and different modalities 

Periodontitis is a chronic infection of periodontium, which leads to inflammation 

and inflammatory breakdown of the supporting tissues of the teeth.  Effective treatment 

of periodontal disease requires control of the colonizing pathogenic bacteria (Esposito et 

al. 2009b). Periodontal pockets and root surfaces need to be mechanically debrided and, 

in cases of deep periodontal pockets, periodontal surgery is necessary to access and 

debride root surfaces. The goal of surgical debridement is to stop the progression of 

periodontal disease.  Surgical debridement results in healing by repair without the 

formation of new periodontal attachment (Bowers et al. 1989a).  A major concern of 

patients undergoing this modality of treatment is gingival recession and esthetics, 

resulting from excessive display of tooth structure. 

The ideal treatment is an attempt to regenerate the lost supporting tissue. 

Periodontal regeneration is defined as restoration of bone, cementum and periodontal 

ligament to their original levels before damage by periodontal disease (Carranza FA 

1996).  A variety of surgical procedures and techniques have been proposed to promote 

periodontal regeneration, including guided tissue regeneration (GTR), bone replacement 

grafts, and biologic agents or growth factors.  Grafting techniques include autogenous 

bone grafts, demineralized freeze-dried bone allografts (DFDBA), bovine-derived grafts 

(xenografts), and synthetic graft materials (alloplasts). 
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Historically, the most commonly used bone replacement grafts have been 

autografts and allografts (Mellonig et al. 1981a, Mellonig et al. 1981b, Sanders et al. 

1983, Schallhorn 1980).  These graft materials may act as a scaffold for the host’s cells to 

form new bone or provide factors that cause stimulation of regeneration by 

osteoinductive or osteoconductive pathways (Mellonig et al. 1981a, Mellonig et al. 

1981b).  Bowers et al. 1989 suggested that the addition of graft materials to a periodontal 

defect in an isolated environment enhances the success of regeneration.  The 

effectiveness of bone grafting for periodontal regeneration in intrabony defects was 

assessed in two systematic reviews (Reynolds et al. 2003, Trombelli et al. 2002b).  Both 

reviews reported improvement in clinical attachment level when bone graft was used 

compared to open flap debridement alone. 

The most frequently investigated regenerative approaches include grafting, GTR, 

or a combination of grafts and barrier membranes (Trombelli & Farina 2008).  All these 

approaches have shown additional benefits in defect fill and clinical attachment gain, 

when compared to open flap debridement(Trombelli 2005).  

Various histological studies in humans have shown that GTR and some of the 

grafting procedures may result in formation of new bone, cementum, and periodontal 

ligament(Bowers et al. 1989b, Dragoo & Sullivan 1973, Mellonig 2000, Trombelli & 

Farina 2008).  The nature and extent of regeneration depends on the cells repopulating 

the wound that are responsible for the growth and differentiation of new tissue(Melcher 

1976), which can be modified through biologic mediators.  Biologic mediators comprise 

(1) extracellular matrix proteins and cell attachment factors; (2) mediators of cell 

metabolism and activity; and (3) growth and differentiation factors (Bosshardt 2008).  
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Growth factors are molecules that regulate cell proliferation, activity, chemotaxis and 

differentiation.  Insulin-like growth factors (IGFs), fibroblast growth factors (FGFs), 

epidermal growth factor (EGF), platelet-derived growth factors (PDGFs), vascular 

endothelial growth factor (VEGF), parathyroid hormone (PTH), transforming growth 

factor-β (TGF-β), and bone morphogenetic proteins (BMPs) are among growth factors 

that have been extensively studied in human and animal studies (Bosshardt 2008). 

 

EMD as biologic mediators, introduction and biology and mechanism of action 

The rationale for the therapeutic use of enamel matrix derivate (EMD) is to mimic 

or recapitulate of the same physiologic and biochemical processes involved during root 

development(Hammarstrom 1997).  Several reports had demonstrated CAL gains after 

regenerative procedures supported by the application of EMD in intra-osseous 

defects(Froum et al. 2004, Guida et al. 2007, Gurinsky et al. 2004, Sculean et al. 2002a, 

Sculean et al. 2003d, 2005b, Velasquez-Plata et al. 2002, Yukna & Mellonig 2000, 

Zucchelli et al. 2003).  Histologic studies in animals and humans have provided evidence 

that treatment of various types of periodontal defects with EMD promotes periodontal 

regeneration(Bosshardt et al. 2005, Hammarstrom et al. 1997, Heijl 1997, Mellonig 

1999, Sculean et al. 2000a, Sculean et al. 2000b, Sculean et al. 1999, Yukna & Mellonig 

2000) 

EMD is a partially purified extract of proteins derived from porcine tooth bud.  

Amelogenin is the major component of the extract(Hoang et al. 2002), which also 

contains trace amounts of other proteins, such as albumin, amelin and enamelin(Melcher 

1976).  EMD is delivered in a propylene glycol alginate (PGA) carrier.  
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The stimulatory effects of EMD on tissue regeneration may be mediated by the 

up-regulation of local mediators, such as transforming growth factor-β1 (TGF-β1), by 

osteoblasts and other cells.(Bosshardt 2008).  TGF-β1 is a protein involved in cell 

proliferation, differentiation, motility and apoptosis. The TGFβ-1 protein is found 

throughout the body and plays a role in prenatal development, angiogenesis, the 

regulation of muscle tissue and body fat development, wound healing, and immune 

system function.  TGFβ-1 is particularly abundant in tissues that make up the skeleton, 

where it helps regulate bone growth, and in the intricate lattice that forms in the spaces 

between cells (the extracellular matrix)(Su et al. 2010). 

The exact biologic basis for how EMD promotes periodontal regeneration is 

poorly understood but possibly involves pathways similar to those in the development of 

the tooth supporting apparatus during tooth formation(Hammarstrom 1997).  Because 

enamel matrix proteins are expressed along the forming root, EMD is thought to play a 

pivotal role in the differentiation of progenitor cells into cementoblasts, which produce 

acellular extrinsic fibrillar cementum (Hammarstrom 1997, Hammarstrom et al. 1997). 

Amelogenins are thought to induce the formation of periodontal attachment during tooth 

formation (Esposito et al. 2009a).  Clinically, EMD (Emdogain®) has been successfully 

used for periodontal regeneration, soft tissue root coverage, and tooth replantation 

(Bosshardt 2008).  Since EMD is porcine derived, some concern has been raised about 

potential immunogenicity; however, porcine-derived EMD proteins are very similar 

among mammalian species and, presumably, less likely to be antigenic(Esposito et al. 

2009a).
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Effect of EMD on Epithelial Cell Proliferation 

EMD appears to exert an inhibitory effect on epithelial cell function and 

proliferation.  Normal tongue-derived epithelial cells exposed to 100 microgram EMD/ml  

have shown to exhibit a reduced rate of proliferation; however, this effect was not 

statistically significant when compared with the negative control (2% fetal bovine serum) 

(Gestrelius et al. 1997).  In subsequent studies, Kawase et al. (Kawase et al. 2000) 

examined the effects of EMD on the cell cycle of oral epithelial cells (SCC25, a 

carcinoma-derived cell line).  EMD was found to inhibit in a dose dependent manner cell 

division, halting cell cycle at the G1 phase.  Cell apoptosis, however, was not observed in 

this study.  The authors concluded that the action of EMD on epithelial cells is cytostatic 

rather than cytotoxic(Kawase et al. 2000).  Lyngstadaas et al. (Lyngstadaas et al. 2001) 

similarly concluded that EMD had inhibitory effects on epithelial cell cycle and 

proliferation. 

EMD has been shown to inhibit DNA synthesis in epithelial cells in a dose-

dependent manner(Kawase et al. 2002).  The inhibitory effects of EMD on TGF-β 

expression may mediate the suppression of epithelial cell growth.  However, this 

principle may not be applicable to all types of epithelial cells, such as the epithelial cell 

rests of Malassez (ERM).  Rincon et al. (Rincon et al. 2005) showed that DNA synthesis 

by epithelial cell rests of Malassez was significantly increased after EMD application.   

In periodontal surgery, the beneficial effects of EMD on periodontal regeneration may be 

attributable, in part, to the inhibitory actions of these proteins on the proliferation of 

epithelial cells.
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Effect of EMD on Connective Tissue Fibroblasts 

EMD has been found to stimulate DNA synthesis and proliferation of human 

gingival fibroblasts in a dose dependent manner(Kawase et al. 2000).  Similarly, Rincon 

showed a significant increase in 3H-thymidine incorporation into DNA of human 

gingival fibroblasts when compared with the controls (Rincon et al. 2003).  EMD dose-

dependently increased up to two-fold the number of murine gingival fibroblasts 

compared to controls (Keila et al. 2004). Porcine gingival fibroblasts revealed an increase 

in 3H- thymidine incorporation into DNA after stimulation with EMD; however, the 

effect on porcine PDL fibroblasts was more pronounced than human fibroblasts(Rincon 

et al. 2003).  EMD increased both 3H-thymidine incorporation and cell proliferation in 

primary human gingival fibroblasts and the effects were dependent on the presence of 

serum growth factors (Zeldich et al. 2007a).  In addition to up-regulating cellular activity, 

EMD has been shown to protect human gingival fibroblasts from apoptosis induced by 

tumor necrosis factor (TNF-α)(Zeldich et al. 2007b). 

    The actions of EMD appear to result, in part, to the cell-stimulatory effects of 

these proteins, which increase the expression of TGF-β1 by human gingival and 

periodontal fibroblasts(Haase & Bartold 2001). In addition Haase and Bartold reported 

that EMD stimulates mRNA expression of extracellular matrix proteoglycans, such as 

versican, biglycan and decorin, which exert important regulatory roles in cell adhesion, 

migration and proliferation as well as tissue mineralization.  EMD also appears to 

stimulate the synthesis of other extracellular molecules, such as hyaluronin(Keila et al. 

2004) and osteopontin (Rincon et al. 2005).
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Effects of EMD on Wound Healing 

  Treatment of human PDL fibroblasts, gingival fibroblasts, and MG-63 cells with 

EMD has been found to enhance wound-fill rates in an in vitro wound model, consistent 

with a stimulatory effect of EMD on cell proliferation and migration(Hoang et al. 2000). 

This stimulatory effect was greater for PDL cells at early time points than gingival 

fibroblasts or MG-63 cells.  Rincon similarly found EMD enhanced in-vitro wound 

filling by PDL, gingival, and dermal fibroblasts, which was attributed to a combination of 

cell proliferation and migration(Rincon et al. 2003).  The most rapid wound closure was 

observed when cells were cultured at a concentration of 20 µg/ml EMD, which was 

associated with cell proliferation(Rincon et al. 2003).  Yuan et al., in contrast, observed 

no significant effects of EMD on umbilical vein endothelial cells (HUVEC); however, 

EMD did exert a significant chemotactic effect on cells(Yuan et al. 2003).  Grayson et al. 

showed that EMD had a significant effect on contraction and number of human skin 

fibroblasts in an in vitro model for early wound contraction.  Since the effect was 

associated with elevation of TGF-β1 levels, the authors concluded that the observed 

effects were at least partially due to increased endogensous production of TGF-

β1(Grayson et al. 2006). 

 

Effect of EMD on Bacterial Growth 

Sculean et al. investigated the effects of EMD on ex vivo plaque vitality.  Plaque 

samples collected from patients with chronic periodontitis were exposed to different 

concentrations of EMD.  After 2 minutes of exposure, vitality measurements revealed 

that EMD suppressed bacterial viability by nearly 50%; however, when cells were treated 
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with a combination of EMD+ PGA carrier (Emdogain®), only 21.4% of the bacteria 

remained vital.  These results show that EMD has antibacterial effect and PGA is the 

contributory factor to this effect (Sculean et al. 2001). 

Spahr et al. examined the effect of EMD on the in vitro growth of gram-negative 

periodontal pathogens, including Aggregatibacter actinomycetemcomitans, 

Porphyromonas gingivalis, and Prevotella intermedia. (Spahr et al. 2002)  These 

investigators reported finding a significant inhibitory effect of EMD and PGA on the 

growth of these gram-negative bacteria.   Noteworthy was the observation that PGA 

alone had the same level of inhibitory effect (Spahr et al. 2002).  Newman et al. studied 

the impact of EMD on P. gingivalis and concluded that EMD+PGA and PGA alone had 

antimicrobial effects.  These investigators noted that the amelogenin fraction of EMD did 

not show an inhibitory effect but, rather, stimulated bacterial growth.  Thus, Newman et 

al. concluded that the anti-bacterial property of Emdogain is due to the PGA carrier rather 

than enamel matrix proteins (Newman et al. 2003). 

 

Rationale for Combing EMD and Bone Graft 

Emdogain® is the only commercially available product containing EMD delivered 

in a flowable carrier (Straumann, Andover, MA) (Esposito et al. 2009a).  One potential 

complication of using EMD alone in the treatment of periodontal defects is the collapse 

of the mucoperiosteal flap, particularly in deep one- or two-walled defects(Mellonig 

1999).  Gingival collapse would necessarily limit available space for regeneration 

process(Sculean et al. 2003c).  Given this potential, some clinical investigations have 

examined the clinical benefits of combining EMD with various types of graft 
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materials(Sculean et al. 2002b, Sculean et al. 2003c).  The addition of a bone 

replacement graft would presumably help preserve space by inhibiting collapse of the 

flap into the defect as well as increase wound stability, thereby enhancing the 

regeneration process(Lekovic et al. 2000, Sculean et al. 2002b, Sculean et al. 2003c).  

Combining bone graft materials with EMD, therefore, may enhance the 

regenerative potential of the individual materials(Zucchelli et al. 2003).  This 

combination therapy would presumably take advantage of two different healing processes 

occurring in a periodontal osseous defect: the graft material functions as an 

osteoinductive or osteoconductive matrix providing space maintenance properties, 

whereas the EMD acts on the root surface promoting new cementum and new attachment 

apparatus formation. 

 

Effectiveness of EMD Alone or Combination with Bone Replacement Grafts 

Studies document the effectiveness of EMD in improving clinical parameters 

following the treatment of intra-osseous defects (Bosshardt et al. 2006, Cortellini & 

Tonetti 2005, Froum et al. 2004, Guida et al. 2007, Gurinsky et al. 2004, Harrel et al. 

2005, Heden 2000, Heden et al. 1999, Kuru et al. 2006, Lekovic et al. 2000, Majzoub et 

al. 2005, Manor 2000, Martu et al. 2000, Mellonig 1999, 2000, Parashis & Tsiklakis 

2000, Pietruska 2001, Pietruska et al. 2001, Schwarz et al. 2003a, Schwarz et al. 2003b, 

Sculean et al. 2001, Sculean et al. 2002a, Sculean et al. 2008, Sculean et al. 2003a, 

Sculean et al. 2002b, Sculean et al. 2004, Sculean et al. 2007, Sculean et al. 2005a, 

Trombelli et al. 2002a, Velasquez-Plata et al. 2002, Windisch et al. 2002, Yukna & 

Mellonig 2000, Zucchelli et al. 2003).  Clinical improvements commonly include gain in 
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clinical attachment level, reductions in probing depth, and gain in defect fill(Trombelli 

2005, Venezia et al. 2004).  Currently, three systematic reviews have compared the 

effectiveness of EMD to open flap debridement in improving clinical measures following 

the treatment of periodontal defects (Esposito et al. 2005, Giannobile & Somerman 2003, 

Trombelli et al. 2002b).  Each review has concluded that EMD is superior to open flap 

debridement (OFD).  No randomized controlled trials were identified in these systematic 

reviews that compare the effectiveness of EMD alone over OFD in treatment of furcation 

defects. 

The clinical use of EMD in combination with various graft materials is limited to 

procedures involving treatment of intra-osseous lesions.  Clinical reports provide 

information on the combination of EMD with a variety of bone replacement grafts, 

autogenous bone (Guida et al. 2007, Leung & Jin 2003, Trombelli et al. 2006), allogenic 

bone (Gurinsky et al. 2004, Rosen & Reynolds 2002), xenogenic bone (Camargo et al. 

2001, Dori et al. 2005, Lekovic et al. 2001a, Lekovic et al. 2000, Lekovic et al. 2001b, 

Scheyer et al. 2002, Sculean et al. 2002b, Sculean et al. 2003b, Velasquez-Plata et al. 

2002, Zucchelli et al. 2003) and alloplasts (Bokan et al. 2006, Dori et al. 2005, Kuru et 

al. 2006, Sculean et al. 2002a, Sculean et al. 2007, Sculean et al. 2005b).  Moreover, 

multiple randomized controlled trials have examined the effectiveness of EMD alone or 

in combination with bone replacement grafts in treatment of intrabony defects (Bokan et 

al. 2006, Guida et al. 2007, Gurinsky et al. 2004, Jepsen et al. 2008, Kuru et al. 2006, 

Lekovic et al. 2000, Sculean et al. 2005a, Velasquez-Plata et al. 2002, Yilmaz et al. 

2010, Zucchelli et al. 2003).  What remains unclear, however, is whether bone 
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replacement grafts provide clinically significant improvements in clinical outcomes 

compared to EMD alone.  



 12 

Purpose 

 

EMD has been used alone or in combination with graft materials to achieve 

periodontal regeneration in multiple studies.  Some investigators consider combination 

therapy superior to EMD alone with respect to regenerative outcomes. (Mellonig 1999)  

According to the Consensus Report in the 6th European Workshop in Periodontology 

(Palmer & Cortellini 2008), however, the role of each component of the combination 

therapy is difficult to determine due to high number of combinations.  In addition, the 

potential exists for certain combinations to antagonize the bioactive agent under specific 

conditions (Palmer & Cortellini 2008).  

Although several systematic reviews have compared treatment with EMD to OFD 

in the management of periodontal defects (Esposito et al. 2005, Tu et al. 2008, Venezia et 

al. 2004), only one narrative review has compared clinical outcomes following treatment 

between EMD and EMD in combination with a bone replacement graft(Trombelli & 

Farina 2008).  The purpose of this systematic, therefore, was to address the following 

focused question:  Does the addition of a bone replacement graft to EMD improve 

clinical outcome compared to EMD alone in the treatment of infrabony defects? 
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Materials and Methods 

 

An electronic search of the databases MEDLINE and EMBASE without language 

restrictions using the search strategies and terms below: 

-emdogain, enamel matrix proteins, dental enamel proteins, amelogenins, enamel 

matrix derivatives. 

-infrabony, intrabony, intraosseous, graft, transplant, particulate matter, bone 

transplantation, bone allograft, bone substitutes, allogeneic bone, bone substitutes, 

bioOss, anorganic bone, autogenous bone, bone replacement graft. 

The reference lists of identified papers were searched for other potentially 

relevant publications. The Science Citation Index was used to identify articles citing 

relevant publications identified in the electronic databases.  A hand search was performed 

of the following periodicals: Journal of Periodontology, Journal of Periodontal Research, 

Journal of Clinical Periodontology, and European Workshops of Periodontology from 

1994 to 2011.  Publications were managed using an electronic database and reference 

manager EndNote X3, Thompson Reuters, Carlsbad, CA). 

 

Study Selection 

The title and abstracts of publications were independently evaluated by two 

investigators (S.B and K.V.) to determine qualification for inclusion in the review.  When 

necessary, full text articles were retrieved and independently reviewed to determine 

whether a study qualified for inclusion.  Data abstraction was similarly performed in an 
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independent manner by the same two investigators. 

 

Inclusion Criteria 

Controlled clinical trials, cohort studies, and case-control studies comparing the 

clinical effectiveness of combination therapy (EMD plus a bone replacement graft) to 

EMD alone for treatment of infrabony osseous defects were included in the review.  

Studies must include adult patients with periodontitis and 6 to 12 month post-treatment 

follow-up evaluations. 

 

Exclusion Criteria 

Studies including other adjunctive treatments, such as barriers, were excluded 

from the review. 

 

Outcome Measurements 

Outcome measurements included clinical attachment level, probing depth, 

recession, and defect fill.  For purpose of analysis, defect fill was considered the primary 

outcome measure, which assessed as a linear measure based on surgical re-entry, 

radiographic assessment, or bone sounding.  One study reported both buccal and lingual 

measurements; however, for the purpose of this systematic review, only the buccal 

measurements were included for data analysis(Lekovic et al. 2001a). 



 15 

Statistical Analysis 

The mean change score for each outcome measure was submitted to a meta-

analysis, including assessment for heterogeneity (Comprehensive Meta-Analysis, Biostat, 

Englewood, NJ), comparing EMD alone to combination therapy (EMD plus a bone 

replacement graft).  The meta-analysis was computed using a random-effects model, with 

α-level set at p ≤ 0.05.  Studies in the analysis were weighted according to the number of 

subjects contributing defects to each treatment group.  Subgroup comparisons were made 

between mammalian-derived (autogenous bone, bovine-derived anorganic bone, 

DFDBA) and synthetic (bioactive glass, β-TCP, HA/β-TCP) bone replacement grafts.   
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Results 

 

The search strategies identified 326 publications, with 10 studies fulfilling 

qualifications for inclusion in the analysis (Table 1).  Studies included the following 

particulate bone replacement grafts: autogenous bone, bovine-derived anorganic bone, 

DFDBA, bioactive glass, β-TCP, and HA/β-TCP. Table 2 provides abstracted data from 

all qualified studies in two separate groups, EMD alone and EMD plus bone replacement 

graft. Tables 3 to 6 provide summary statistics of outcome measures from studies 

included in the analysis.  Tables 7 to 9 provide the results of the individual meta-

analyses.  A significant overall difference in defect fill (0.94 mm) was found between 

EMD and combination therapy, reflecting a significantly greater defect fill for 

combination therapy compared to EMD alone (Table 8).  In the subgroup analysis, only 

mammalian-derived grafts were associated with significantly greater mean difference 

(1.17 mm) in defect fill (Table 8).  A significant overall difference emerged between 

treatment groups in mean post-surgical recession (Table 10).  In the subgroup analysis, 

significantly greater mean recession (0.34 mm) was associated with mammalian-derived 

bone-derived grafts.  For studies examining synthetic grafts, similar levels of recession 

were observed for both the EMD and combination therapy groups.  No significant 

differences were found for probing depth (Table 7) or clinical attachment level (Table 9).  

Significant heterogeneity was found across studies for each outcome measure (Tables 7-

10). Figures 1 and 2 show Forest plot analysis for defect fill and recession. 
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Table1. Studies fulfilling qualifications for inclusion  

Study Type of Graft Material Duration of 
the Study 

Bokan et al. 2006 Cerasorb 12 months 
Guida et al. 2007 Autogenous cortical bone particulate 12 months 
Gurinsky et al. 2004 DFDBA 6 months 
Jepsen et al. 2008 Straumann bone ceramic 6 months 
Kuru et al. 2006 Bioactive glass 8 months 
Lekovic et al. 2000 Bovine porous bone mineral 6 months 
Sculean et al. 2005 Bioactive glass 12 months 
Velasquez-Plata et al. 2002 Bovine derived xenograft 8 months 
Yilmaz et al. 2010 Autogenous bone 12 months 
Zucchelli et al 2003 Bovine porous bone mineral 12 months 
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Table 1. continued Studies fulfilling qualifications for inclusion  

Study Study 
design 

Randomization Standardization of 
outcome assessment 

Vertical defect 
fill 
measurement 

Bokan et al. 2006 Parallel 
group 
clinical trial 

Yes/ Unclear Unclear NA 

Guida et al. 2007 RCT Unclear Unclear Radiograph 
Gurinsky et al. 
2004 

RCT Yes/flip of a coin Unclear Re-entry 

Jepsen et al. 2008 RCT Yes/randomization 
envelopes 

Stent Bone sounding 

Kuru et al. 2006 RCT Yes/ flip of a coin Unclear Radiographs 
Lekovic et al. 2000 Split mouth  Yes/ flip of a coin Stent Re-entry 

Sculean et al. 2005 Case control Yes/ Flip of a coin Stent NA 

Velasquez-Plata et 
al. 2002 

Split mouth Yes/flip of a coin Unclear Re-entry 

Yilmaz et al. 2010 Case 
Control 

Yes/ Flip of a coin Stent Bone sounding 
and radiographs 

Zucchelli et al 2003 RCT Yes/software program Stent and a film holder 
device 

Radiograph 
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                        Table 2. Abstracted data on use of EMD alone: 
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 Table 2 (continued). Abstracted data on use of EMD plus graft: 
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Table 3. Studies Providing Outcome Data for Defect Fill  

 

Study name Year EMD 
Sample size 

EMD 
Mean ± S.D. 

EMD Plus 
Graft Sample 

size 

EMD Plus 
Graft Mean ± 

S.D. 
Guida et al. 2007 14 4.3 ± 2.4 14 4.3 ± 1.3 

Gurinsky et 
al. 

2004 20 2.6 ± 0.4 20 3.7 ± 0.2 

Jepsen et al. 2008 35 2.1 ± 1.2 38 2.01 ± 2.1 

Lekovic et al. 2000 21 1.3 ± 1.2 21 3.8 ± 1.4 

Velasquez-
Plata et al. 

2002 16 3.1 ± 1.0 16 4.0 ± 0.8 

Yilmaz et al. 2010 20 2.8 ± 0.8 20 3.9 ± 1.0 

Zucchelli et 
al. 

2003 30 4.3 ± 1.5 30 5.3 ± 1.1 

Sculean et al. 2005  NA   

Kuru et al. 2006 20 2.1 ± 0.4 20 2.8 ± 0.7 

Bokan et al. 2006  NA   
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  Table 4. Studies Providing Outcome Data for Probing Depth 

 

Study name Year EMD 
Sample size 

EMD 
Mean ± S.D. 

EMD Plus 
Graft 

Sample size 

EMD Plus 
Graft Mean 

± S.D. 
Guida et al. 2007 14 5.6 ± 1.7 14 5.1 ± 1.7 

Gurinsky et 
al. 

2004 20 4.0 ± 0.3 20 3.6 ± 0.2 

Jepsen et al. 2008 38 2.5 ± 1.8 35 1.9 ± 1.8 

Lekovic et al. 2000 21 1.9 ± 1.4 21 1.8 ± 1.4 

Velasquez-
Plata et al. 

2002 16 3.8 ± 1.2 16 4.0 ± 0.8 

Yilmaz et al. 2010 20 4.6 ± 0.4 20 5.6 ± 0.9 

Zucchelli et 
al. 

2003 30 5.8 ± 0.8 30 6.2 ± 0.4 

Sculean et al. 2005 15 4.5 ± 2.0 15 4.2 ± 1.4 

Kuru et al. 2006 20 5.0 ± 0.9 20 5.7 ± 0.8 

Bokan et al. 2006 19 3.9 ± 1.3 19 4.1 ± 1.2 

 

 

 

 



 23 

 Table 5. Studies Providing Outcome Data for Clinical Attachment Level 

 

Study name Year EMD 
Sample size 

EMD 
Mean ± S.D. 

EMD Plus 
Graft 

Sample size 

EMD/Graft 
Mean ± S.D. 

Guida et al. 2007 14 4.6 ± 1.3 14 4.9 ± 1.8 

Gurinsky et 
al. 

2004 20 3.2 ± 0.3 20 3.0 ± 0.3 

Jepsen et al. 2008 35 1.8 ± 1.6 38 1.3 ± 1.8 

Lekovic et 
al. 

2000 21 1.7 ± 1.3 21 3.1 ± 1.4 

Velasquez-
Plata et al. 

2002 16 2.9 ± 0.9 16 3.4 ± 0.9 

Yilmaz et al. 2010 20 3.4 ± 0.8 20 4.2 ± 1.1 

Zucchelli et 
al. 

2003 30 4.9 ± 1.0 30 5.8 ± 1.1 

Sculean et al. 2005 15 3.9 ± 1.8 15 3.2 ± 1.7 

Kuru et al. 2006 20 4.1 ± 1.1 20 5.2 ± 0.8 

Bokan et al. 2006 19 3.7 ± 1.0 19 4.0 ± 1.0 
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Table 6. Studies Providing Outcome Data for Recession 

 

Study name Year EMD Sample 
size 

EMD Mean 
±S.D. 

EMD/Graft 
Sample size 

EMD/Graft 
Mean±S.D. 

Guida et al. 2007 14 1.1 ± 0.1 14 0.3 ± 0.8 

Gurinsky et 
al. 

2004 20 0.7 ± 0.2 20 0.5 ± 0.3 

Jepsen et al. 2008 35 0.7 ± 1.1 38 0.6 ± 1.1 

Lekovic et al. 2000 21 1.3 ± 1.3 21 1.3 ± 1.3 

Velasquez-
Plata et al. 

2002 16 0.8 ± 0.8 16 0.3 ± 0.6 

Yilmaz et al. 2010 20 1.2 ± 0.8 20 1.4 ± 0.9 

Zucchelli et 
al. 

2003 30 0.9 ± 0.5 30 0.4 ± 0.6 

Sculean et al. 2005 15 0.9 ± 0.7 15 1.1 ± 0.8 

Kuru et al. 2006 20 1.0 ± 0.2 20 0.6 ± 0.2 

Bokan et al. 2006 19 0.7 ± 1.3 19 0.7 ± 1.1 
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Table 7. Subgroup meta-analysis of clinical outcome measurements, comparing synthetic 

graft material versus bone graft: 

Probing Depth: 

Model Study 
Mean 

Difference 
± Standard 

Error 

Z-Value p-Value 

 Jepsen    

 Sculean    

 Kuru    

 Bokan    

Random  0.08 ± 0.33 0.233 N.S. 

 Guida    

 Gurinsky    

 Lekovic    

 Velasquez-

Plata 

   

 Yilmaz    

 Zucchelli    

Random  0.16 ± 0.29 0.547 N.S. 

Random 
(Overall) 

 0.12 ± 0.22 0.566 N.S. 

N.S. Nonsignificant (≥0.05) 
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Table 8. Subgroup meta-analysis of clinical outcome measurements, comparing synthetic 
graft material versus bone graft  

Defect Fill: 

Model Study 
Mean 

Difference 
± Standard 

Error 

Z-Value p-Value 

 Jepsen    

 Sculean    

 Kuru    

 Bokan    

Random  0.37 ± 0.32 1.165 N.S. 

 Guida    

 Gurinsky    

 Lekovic    

 Velasquez-
Plata 

   

 Yilmaz    

 Zucchelli    

Random  1.17 ±	  0.21 5.628 0.001 

N.S. Nonsignificant (≥0.05) 
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Table 9. Subgroup meta-analysis of clinical outcome measurements, comparing synthetic 
graft material versus bone graft  

Clinical attachment level: 

Model Study 
Mean 

Difference 
± Standard 

Error 

Z-Value p-Value 

 Jepsen    

 Sculean    

 Kuru    

 Bokan    

Random  0.24 ± 0.43 0.55 N.S. 

 Guida    

 Gurinsky    

 Lekovic    

 Velasquez-
Plata 

   

 Yilmaz    

 Zucchelli    

Random  0.18 ± 0.31 0.57 N.S. 

Random 
(Overall) 

 0.20 ± 0.25 0.79 N.S. 

N.S. Nonsignificant (≥0.05) 
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Table 10. Subgroup meta-analysis of clinical outcome measurements, comparing 
synthetic graft material versus bone graft  

Recession: 

Model Study 
Mean 

Difference 
± Standard 

Error 

Z-Value p-Value 

 Jepsen    

 Sculean    

 Kuru    

 Bokan    

Random  -0.16 ± 0.16 -0.994 N.S. 

 Guida    

 Gurinsky    

 Lekovic    

 Velasquez-
Plata 

   

 Yilmaz    

 Zucchelli    

Random  -0.34 ± 0.13 -2.592 0.01 

Random 
(Overall) 

 -0.27 ± 0.10 -2.652 0.008 

N.S. Nonsignificant (≥0.05) 
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Fig 1: Forest plot showing the meta-analysis results of change in defect fill. 

 

 

 

 

 

 

 

 

 

Fig 2: Forest plot showing the meta-analysis results of change in recession. 
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Discussion 

 

Clinical studies have reported favorable regenerative outcomes using a 

combination of EMD with different bone replacement grafts (Guida et al. 2007, Leung & 

Jin 2003, Trombelli et al. 2006) (Gurinsky et al. 2004, Rosen & Reynolds 2002) 

(Camargo et al. 2001, Dori et al. 2005, Lekovic et al. 2001a, Lekovic et al. 2000, 

Lekovic et al. 2001b, Scheyer et al. 2002, Sculean et al. 2002b, Sculean et al. 2003b, 

Velasquez-Plata et al. 2002, Zucchelli et al. 2003) (Bokan et al. 2006, Dori et al. 2005, 

Kuru et al. 2006, Sculean et al. 2002a, Sculean et al. 2007, Sculean et al. 2005b).  The 

potential for biologics to improve regenerative outcomes has been shown for rhPDGF-

BB and β-TCP, which supports significantly greater defect fill than β-TCP alone(Nevins 

et al. 2005).  This systematic review compared the effect of EMD alone versus EMD 

combined with a bone replacement graft in treatment of periodontal infrabony defects.  

With the exception of defect fill, no significant adjunctive benefits were found for the use 

of combination therapy compared to EMD alone.  Studies were consistent in finding 

greater defect fill for combination therapy compared to EMD alone.  The mean difference 

in defect fill was about 1.2 mm for the mammalian-derived bone replacement grafts, 

whereas the mean difference for the synthetic graft materials was less than 0.5 mm.  

Inclusion of multiple bone replacement grafts in the analysis, however, limits the 

interpretation of mean effect size.  Nevertheless, the results do suggest that synthetic and 

mammalian-derived bone replacement grafts may function differently in combination 

with EMD.  This difference in hard tissue fill may reflect EMD-associated alterations in 



 31 

graft consolidation or resorption, underscoring the role of scaffolds in supporting hard 

tissue formation(Reynolds et al. 2010).  Despite an overall mean differences in defect fill, 

no evidence was found for a corresponding difference in mean gains in clinical 

attachment level or probing depth.   

Autografts, allografts, xenografts and synthetic materials support clinical 

improvements in attachment level and osseous defect fill in humans(Reynolds et al. 

2003).  Growth factors offer the potential to selectively target cellular events to optimize 

wound healing and periodontal regeneration.  Human studies provide strong evidence that 

growth factors can enhance regenerative outcome of bone replacement grafts, which 

function as scaffolds to enhanced blood clot stabilization and isolation of epithelial and 

connective tissue cells(Brunsvold & Mellonig 1993). 

Root bio-modification is commonly performed after mechanical debridement to 

remove smear layer, enhance exposure of collagen fibers, and decontaminate the root 

surface.  Conditioning agents, such as citric acid and ethylenediaminetetra-acetic acid 

(EDTA) at neutral pH, have been extensively used in regenerative therapies(Esposito et 

al. 2009a).  However, limited evidence is available to support that root conditioning is 

effective in achieving this goal(Sculean et al. 2006), consistent with the conclusions of a 

recent systematic review(Mariotti 2003). 

EMD improves regenerative treatment outcomes when compared to a 

conventional OFD in the management of periodontal defects(Esposito et al. 2003, 

Trombelli 2005, Venezia et al. 2004).  Although most studies have shown significant 

clinical benefits of EMD compared to OFD, a high degree of heterogeneity in outcomes 

across studies has been shown(Trombelli 2005), consistent with the findings in this study.  
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The heterogeneity is likely attributable, in part, to differences in patient and defect 

selection between the studies.  In contrast to three-wall bony defects (Mellonig 1992), 

deep non-containing defects exhibit poorer flap stability and regenerative 

outcomes(Froum et al. 2001), especially without a scaffold or barrier to provide structural 

support.  Such observations emphasize the importance of selecting reconstructive 

therapies based on defect and root morphology and that capitalize on the physical and 

biological properties of the regenerative materials (Cortellini & Tonetti 2005, Trombelli 

2005).  The therapeutic impact of defect morphology on the clinical outcomes has been 

previously characterized following EMD therapy (Tonetti et al. 2002).  In addition to 

defect morphology, soft tissue biotype also appears to be an important factor impacting 

regenerative outcome following EMD treatment.  The presence of thick and wide 

interdental soft tissues facilitate flap management, including suturing, and improve the 

possibility of achieving and maintaining primary soft tissue closure without soft tissue 

collapse, especially in interdental areas(Trombelli et al. 2002a). 

While some studies have demonstrated significant clinical improvement following 

a combination therapy(Guida et al. 2007, Gurinsky et al. 2004, Kuru et al. 2006, Lekovic 

et al. 2000, Velasquez-Plata et al. 2002, Zucchelli et al. 2003), other studies have failed 

to demonstrate enhanced clinical outcomes (Bokan et al. 2006, Jepsen et al. 2008, 

Sculean et al. 2007, Sculean et al. 2005b).  Therefore, the clinical application EMD in 

combination with bone replacement grafts also raises questions related to the cost-benefit 

ratio.  In this study, no differences were found in gains in clinical attachment level 

following treatment with EMD and combination therapy.  The potential benefit of greater 
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defect fill on the therapeutic prognosis of the tooth must be considered in evaluating this 

cost-benefit ratio. 

Over the past three decades, DFDBA has been used alone or in combination with 

other treatment modalities in treatment of periodontal defects(Mellonig 1992). Since 

DFDBA is both osteoinductive and osteoconductive, this graft material promotes 

mesenchymal cell migration, cell attachment, and osteogenesis(Schwartz et al. 1996). In 

this review, only one study was identified that compared the clinical effectiveness of 

EMD alone with EMD in combination with DFDBA (Gurinsky et al. 2004).  This study 

revealed no significant differences between two treatment groups with regard to soft 

tissue measurements.  However, combination therapy resulted in significantly greater 

bone fill, less crestal resorption, and a higher percentage of the sites gaining greater than 

50% and 90% bone fill, when compared to EMD alone(Gurinsky et al. 2004).  These 

results underscore the potential differential impact scaffold materials may have on 

regenerative outcome. 

Guida et al. and Yilmaz et al. examined primarily intraosseous defects with 1 to 2-

wall component and found no significant differences between treatment groups in terms 

of CAL gain, PD reduction and defect bone fill; however, combination therapy 

significantly increased the proportion of the defects with substantial CAL gain (≥6mm) 

and created a smaller postoperative recession increase compared o EMD alone(Guida et 

al. 2007).  Yilmaz et al. found statistically significant improvements in probing depth, 

gain in CAL and probing bone level using combination therapy versus EMD alone.  The 

latter studies differed with respect to initial defect depth and the surgical technique 

(Cortellini & Tonetti 2005, 2007). 
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Anorganic bovine bone has been investigated with EMD as a bone replacement 

graft for combination therapy(Lekovic et al. 2001a, Velasquez-Plata et al. 2002, 

Zucchelli et al. 2003).  In all these studies, greater gains in defect fill and less gingival 

recession was found for combination therapy when compared to EMD treatment. The 

presence of residual graft particles have been suggested as one possible explanation for 

the greater gains in defect fill when using anorganic bovine bone(Velasquez-Plata et al. 

2002). Consistent with the latter hypothesis, Zucchelli et al. reported significantly greater 

gain in CAL following combination therapy than with EMD treatment(Zucchelli et al. 

2003). 

HA-based synthetic bone replacement grafts have also been investigated with 

EMD as a bone replacement graft for combination therapy(Bokan et al. 2006, Jepsen et 

al. 2008, Sculean et al. 2005a).  Alloplasts have shown to be effective in periodontal 

defect resolution(Froum et al. 1982), and can act as a bone filler.  However, histologic 

evaluation indicates that these grafts heal almost exclusively with connective tissue 

encapsulation and cannot achieve true periodontal regeneration(Carranza et al. 1987, 

Stahl et al. 1990). In contrast to DFDBA and anorganic bovine bone, synthetic grafts 

have not been shown to consistently improve clinical outcome measurements (Bokan et 

al. 2006, Jepsen et al. 2008, Sculean et al. 2005a). 

Bioactive glass has been shown to improve clinical parameters in the management 

of intfrabony defects(Reynolds et al. 2003).  Kuru et al. reported obtaining significant 

improvement in all clinical parameters associated with combination therapy.  The 

benefits of bioactive glass may be related to enhancement of blood clot stabilization(Kuru 

et al. 2006).  In addition, bioactive glass has the property of promoting adsorption and 
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concentration of proteins, which may contribute to extracellular matrix mineralization 

and osteogenesis(Kuru et al. 2006).  
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Conclusion 

 

The potential for EMD to support hard tissue formation, as reflected in 

periodontal defect fill, can be enhanced by the addition of a bone replacement graft.  

Although the meta-analysis cannot provide a meaningful estimate of the mean difference 

in defect fill, which can be extrapolated to the clinical situation, the observed differences 

were nonetheless modest in magnitude.  A subgroup analysis, comparing bone-derived 

and synthetic grafts, suggest that bone replacement grafts may differ in their inherent 

potential to enhance regenerative outcome as part of combination therapy.  Despite the 

overall mean differences in defect fill (≈ 1 mm), no evidence was found for a 

corresponding difference in mean gains in clinical attachment level or probing depth.  

Thus, the results of the study underscore the limitations of CAL as a measure of 

periodontal regeneration. 

Therefore, the clinical application of EMD in combination with bone replacement 

grafts also raises questions related to the cost-benefit ratio.  In this study, no differences 

were found in gains in clinical attachment level following treatment with EMD and 

combination therapy.  The potential benefit of greater defect fill on the therapeutic 

prognosis of the tooth must be considered in evaluating this cost-benefit ratio. 
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