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“For almost 10 years I thought of Amelogenin. 
I think about it when I am awake… 
I dream about it when I’m asleep… 

And like most things in life, the more you learn something about this enamel 
matrix protein, 

The more you realised you don’t know much about it…” 
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ABSTRACT  
  
The search for an all-rounder “magic potion” to assist our body in healing and 

regeneration has driven alchemists and scientists for centuries. Our body has an 

amazing ability to heal, but in cases of critical size defects or wounds it will always 

need an exogenous source of help in the form of anti-microbials, enzymes or 

proteins that are either human, animals or even plant derived. By way of 

understanding how human and animal teeth develop, particularly in relation to the 

development of the tooth’s attachment apparatus, the group of 

Lindskog, Slavkin and Hammarstrom in the 1980s and 1990s were inspired by the 

role of enamel matrix proteins (EMPs) and amelogenin (AMEL) in 

particular, in cementogenesis and the formation of the periodontal attachment 

apparatus (Lindksog S 1981, Hammarstrom et al 1991, 1992, 1995). EMPs are 

proteins secreted by Hertwig’s epithelial root sheath (HERS) capable of promoting 

complete or partial periodontal regeneration (Gestrelius et al 1997, Heijl et al 1997). 

The commercial formulation of these enamel proteins, Emdogain® (EMD), is derived 

from the enamel layer of developing porcine teeth, with Propylene Glycol Alginate 

(PGA) as the carrier. The product is packaged in a syringe container to be injected 

directly into the defect or site where it is needed. Since the development of this 

product in the mid 1990s, hundreds of animal and human studies and clinical trials 

have been performed with varying results. The majority of the results are 

positive, showing that EMD that can assist in periodontal regeneration, recession 

coverage and possibly general wound healing and new bone formation.  

  

Among the hundreds of available studies already, why did I then choose to 

investigate this protein as the subject of my research? I believe that there is still a 
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big gap in the knowledge of how EMD works and that we are only scratching the 

surface of the potential of this enamel-derived protein, which when added to an 

environment with inflammatory cells is capable of inciting numerous pro-

inflammatory reactions that can lead to repair, healing or even regeneration. Chapter 

one of this thesis is a review of the relevant literature in the field, leading 

to the identification of the limitations of the existing published clinical researches on 

EMD, which are:  

  

1.  Most clinical trials available on recession coverage have a small sample size 

and of short duration (2 years or less).  

2. There are very few clinical studies on recession coverage that include patient-

centred outcomes such as their perception of pain and the patient’s opinion on the 

success of the procedure.  

3. There is no randomized clinical trial available on recession coverage with or 

without EMD on Class III-Class IV Miller recession, particularly on the lower anterior 

teeth.  

4. Only a handful of clinical trials are available that look at the regenerative role 

of EMD on peri-implantitis management.  

5. There is a gap in the knowledge about the osteogenic potential of EMD in 

healing extraction sockets and its possible ability in helping to reduce ridge 

dimensional shrinkage.  

  

Chapter two of this thesis examines the degree of recession coverage of multiple 

adjacent non-molar recessions using sub-epithelial connective tissue graft (SCTG) 

with or without the adjunctive use of EMD. The patients were reviewed every 6 
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months for 3 years and the clinical data at 12th, 24th and 36th months are reported. 

The clinical parameters (probing depth (PD), keratinised tissue (KT) and recession 

measurement showed no statistically significant difference between the two 

groups at the 24th month of the clinical trial. However, following 36th months, the 

EMD group showed less residual gingival recession, more percentage of teeth with 

complete root coverage and more keratinised tissue. This difference on the test and 

control groups observed only after 3 years provides important data about the 

potential long-term benefits of using EMD, especially since most clinical trials on 

EMD are of short duration (less than 2 years) and report no statistical significance 

between the two groups. It is possible that the adjunctive benefit of EMD, either by 

inducing periodontal regeneration or inducing more keratinised tissue, may only be 

relevant after years of function of the treated teeth. Chapter two of this thesis also 

showed that less pain was experienced by the patients in the EMD group on the 

2nd day, 7th day and 14th day after the recession coverage surgery.  

  

Chapter three of this thesis investigated the benefits of using EMD in more advanced 

recession defects (Miller Class III-IV recession). To the best of my knowledge, it is 

the only randomised clinical trial available on Miller Class III-IV recession of the 

lower anterior teeth. The 3-year data showed more recession stability, less residual 

recession and more keratinised tissue on the EMD-Sub-epithelial Connective Tissue 

Graft (SCTG) treated group versus the SCTG alone. The EMD-SCTG group also 

experienced less pain on the first and 2nd week after the recession coverage 

procedures. Whether or not the improvement in clinical parameters of these severely 

affected lower anterior teeth can prolong their life-span needs to be monitored long-

term.  
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Chapter four of the thesis investigated the use of EMD for regenerative therapy in 

a cohort of peri-implantitis affected patients. After non-surgical treatment, 

implants affected by peri-implantitis was debrided using a highly irrigated ultrasonic 

machine, decontaminated with PrefgelÒ (24% ethylenediamine tetra-acetic acid, 

EDTA) and the crater-like defect filled with deproteinised bovine bone mineral with 

10% collagen (DBBMC, Bio-Oss CollagenÒ) mixed with EMD. Primary closure 

was achieved and the implants monitored for 3 years. Although no 100% bone fill 

was observed, significant bone fill (on average 50-60%) was noted on all the 

implants and this was maintained in most cases for the 3-year duration of the study. 

Another notable finding in this study was the need for more regular supportive 

periodontal therapy (SPT) (every 3-4) months) to achieve stability as evaluated by 

lack of pocketing and the absence of bleeding on probing.  

The final experimental chapter (five) investigated the potential benefit of EMD as an 

adjunct to DBBMC in anterior ridge preservation or management and evaluated the 

potential osteogenic potential of EMD in the extraction socket. Two groups, one 

using DBBMC only (control) and a test group with DBBMC-EMD, were closed by free 

gingival graft harvested from the palate. Radiographs were taken before extraction 

and 4 months after the ridge management surgical procedures. A core trephine 

biopsy was also taken in the center of the ridge prior to implant placement. The 

results showed that the addition of EMD did not contribute to reduction of the ridge 

dimension, although all the ridge reduction measurement parameters compared 

favourably to published studies where no ridge management was performed, 

suggesting that anterior ridge management (ARM) worked in minimizing ridge 
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resorption after extraction, regardless of the use of EMD. However, 

the histomorphometric analysis of the trephined cores showed superior 

new bone formation in the DBBMC-EMD group, which may create more favourable 

conditions for osseointegration of implants inserted in these sites. Another interesting 

finding of this study was that when the data were re-analyzed according to buccal 

wall thickness of the extraction socket (BT), instead of the treatment performed 

(DBBMC with or without EMD), the following results were observed:  

 

1. Teeth with buccal wall thickness (BT) thickness ³1mm showed less 

statistically significant ridge reduction, suggesting the importance of thick BT in ridge 

stability.  

2. Teeth with BT <1mm still showed some degree of ridge reduction (10-14%) 

which is still significantly less than if a thin-buccal walled socket is allowed to heal 

spontaneously (50-60% reduction).  

  

Although there is already a plethora of research work done on EMD, the novel 

aspects of the research reported in this thesis are:  

 

1. The first RCT on Class III-IV Miller Recession on lower anterior teeth.  

2. The largest 3-year data set on Class I-II Miller multiple adjacent recession.  

3. One of the few clinical recession studies that considered patient-

centred outcomes data   

4. One of the few studies that assess the possible osteogenic potential of EMD 

using peri-implantitis and anterior ridge management models.  
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5. The only available human histology of bone core of DBBMC with EMD 

trephined from an extraction socket, showing the significant osteogenic potential of 

EMD.  

6. One of the few papers that highlights the important role of buccal wall 

thickness on the degree of ridge reduction after extraction.   
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CHAPTER ONE  
  
LITERATURE REVIEW  
  
 

1.1 Overview.  

This research was undertaken to investigate the different clinical applications of a very 

important enamel protein - amelogenin (AML), which constitutes 90% of the enamel 

proteins in the developing tooth bud. Amelogenin continues to be secreted when the outer 

enamel epithelium and inner enamel epithelium meet and form the Herthwig’s Epithelial 

Root Sheath (HERS). This stage in tooth development is the key step in the formation of a 

complete attachment apparatus (periodontal ligament, cementum, and bone) that 

will anchor the developing teeth to the alveolar bone.  

  

This unique role of amelogenin in the formation of tooth supporting structures has 

captured the imagination of scientists and clinicians around the world for more than 

20 years now. The extraction of enamel matrix proteins (EMD) allows numerous in-

vitro and in-vivo experiments to assess the capability of EMD in promoting 

periodontal regeneration, bone regeneration and wound healing.  

  

1.2 The Attachment Apparatus – the teeth’s “hammock” to the alveolar bone 

(Figure 1a).  

 

In its natural and healthy state, the attachment apparatus, periodontal ligament 

(PDL), cementum, and bundle bone attaches the tooth to the alveolar bone. This, 

together with nerves and blood vessels allows the tooth to survive, mature and 

also adapt to masticatory forces. The attachment apparatus is derived from the 
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dental follicles (DF) in the developing jaw. The DF transform into progenitor 

cells that eventually become the three major components of the attachment 

apparatus: PDL, cementum and bundle bone. This process happens during the tooth 

germ root forming stage of tooth development and continues until the tooth is fully 

erupted (Cho and Garant 2000, Gestrelius et al 1997).  

  

The differentiation of the dental papilla into odontoblasts as initiated by root sheath 

formation allows the formation of root dentin and subsequent secretion of fine matrix 

proteins (Hyaline layer of Hopewell Smith) (Slavkin et al 1989, Lindskog, 1982). The 

root sheath undergoes fragmentation, producing an opening in the maturing tooth 

bud to its surrounding structures. HERS stimulates the mesenchymal cells of the 

dental papilla to form the pre-dentin blanket before it disintegrates and leaves the 

root surface (Hammarstrom,1997). These mesenchymal cells of the dental follicle 

are assumed to induce cementogenesis (Armitage 1986, Cho and Garant 1988, 

Bosshardt and Schroeder 1991). It has been shown that the fragmentation of HERS 

permits mesenchymal cell attachment to the protein matrix and their subsequent 

differentiation into cementoblasts (Hammarstrom et al 1996, MacNeil and Thomas 

1993). Sharpey’s fibres, the PDL fibroblasts derived from the dental follicle, become 

embedded into the newly formed cementum, acting as a “hammock”, 

attaching the tooth to the newly formed bundle bone. Bundle bone is the newly 

formed bone that lines the alveolar bone socket and is embryologically related to the 

developing tooth germ (Yamamoto et al 1994, Yamamoto and Hinrichsen, 1993). 

The cementum maturation, Sharpey’s fibres buttressing to the bone and the 

transformation of the reduced enamel epithelium to sulcular and junctional epithelium 
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give rise to the complete attachment apparatus, ultimately resulting in complete tooth 

eruption (Ten Cate 1996).   

 

 

 1.3 Amelogenin – The evolutionary persistent protein.  

During evolution, tooth developmental processes in mammals share many 

similarities, particularly the interaction between the dental epithelium and dental 

mesenchyme (Hu et al 2014). In animal studies, it was demonstrated that 

odontogenic potential initially resides in the dental epithelium and shifts to the dental 

mesenchyme after the early bud stage (Mina and Kollar 1987, Lumsden, 1988). It is 

noteworthy that human embryonic dental tissues achieve their odontogenic potential 

at a relatively later developmental stage compared with that of mice (Hu et al 2014). 

Embryonic human tooth development achieves its odontogenic potential at the cap 

stage and shifts to dental mesenchyme at the bell stage. It is interesting to note that 

probably because human embryonic dental mesenchyme occurs at the late bell 

stage, when it is able to induce attachment apparatus and tooth formation, epithelial 
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derived proteins such as amelogeni (AMEL) can potentially exert their developmental 

or regenerative effect even when the tooth is fully developed, even responding 

to exogenous application when applied surgically as ‘Emdogain®” (EMD).  

  

The evolutionary development of bone, dentin and enamel were crucial events in the 

diversification and survival of our ancestral genes. These tissues emerged early in 

taxa without jaws some 500 million years ago (Donoghue et al 2002). In mammals, 

the enamel which is deposited by epithelial cells (i.e. ameloblasts) is a unique tissue 

that is composed of three insoluble enamel matrix proteins (EMPs): amelogenin 

(AMEL), which accounts for 90% of the forming enamel matrix, ameloblastin 

(AMBN);and enamelin (ENAM) (Hu et al 2006). AMEL, the major protein found in the 

forming enamel matrix (up to 90%), plays an important role in enamel structure and 

stability as exemplified by defects caused by the severe structural defects on enamel 

of patients with X-linked disorder amelogenesis imperfecta. 

 

Amelogenin was created long before tetrapod differentiation. Early vertebrates 

without jaws had a dermal skeleton that is considered to be the precursor of the 

current tooth tissues, dentin and enamel (Huysseune et al 1998, Sire et al 2003). It is 

reasonable to assume that these EMPs are an important part of the evolutionary 

process, not just confined to the oral cavity but to different parts of the anatomy, 

particularly the exo-dermal component (Kawasaki et al 2004). The role of AMEL in 

the evolutionary development of different species, particularly but not limited 

to the dentition, can partly explain the potential role and benefit of exogenous EMD 

in periodontal regeneration, keratinised tissue improvement, wound healing 

and bone formation. Evolution has a way of maintaining proteins that helps the 
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species survive so perhaps amelogenins has a greater role than currently 

recognised. It is recognized that amelogenins have remained remarkably well 

conserved throughout evolution, indicating that they may have a great functional 

importance (Brookes et al 1995).  

  

 1.4 Amelogenin - its role in human tooth development   

The important role of HERS in the formation of acellular cementum and 

consequently the formation of the complete attachment apparatus was proposed in 

1970s by Slavkin and Boyde (Slavkin and Boyde 1975, Slavkin 1976). This concept 

that enamel related proteins participate in the formation of acellular cementum was 

further supported by later studies which noted that HERS cells of developing rat 

molars exhibited organelles suggestive of secretory activity that can aid in root and 

attachment apparatus development. It was also proposed by the same group 

that acellular cementum contains proteins that are immunologically linked to proteins 

present in the enamel matrix (Slavkin et al 1989).  

  

While amelogenins constitute about 90% of the matrix, it also includes proline-rich 

non-amelogenins, such as tuftelin, tuft protein and serum proteins (Brookes et al 

1995). Hammarstrom (1997) conducted a study that supported the original idea 

proposed by Slavkin and Boyde (1975) that enamel matrix proteins are involved in 

the formation of cementum. In that study it was also demonstrated that in forming 

human teeth, AMEL was found to be present in the region where cementogenesis is 

triggered and a cementum-like tissue was formed when cells of the dental follicle 

were exposed to enamel matrix. A similar immunohistochemical study on crowns of 

rats showed that there was high immunoreactivity in the enamel matrix and signals 
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for amelogenin were obtained in the newly formed non-mineralized peripheral dentin 

(Inai et al 1991, Nanci et al 1992). Bone related proteins such as osteopontin and 

bone sialoprotein have also been identified in the dentin region at the time of 

mineralization (McKeeetal1996). Whether these bone-related proteins are 

chemotactically attracted by AMEL to the site or by a different developmental 

process can only be speculated 

  

The two hardest structures of the body, bone and enamel, both enamel and bone are 

composed of structured carbonated apatite crystals. Enamel is unusual in that it 

does not contain collagen or remodel (Du et al 2005). During dental enamel 

biomineralization, AMEL forms by self-assembly of elongated growth of carbonated 

apatite crystals (Du et al 2005, Figure 1). It has also demonstrated in vitro with and 

without stimulus from different solvents, cells and proteins, 

that amelogenin molecules have a strong tendency to organize into micro-ribbons 

that undergo alignment, such as linear nanospheres. This insoluble “self-assembly” 

characteristic of AMEL can explain the persistence of the product in the surgical site 

when EMD is injected in the surgical site.   
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Figure 1b: Amelogenin subunits. 

Imaging of subunits and linear chains of nanospheres formed during 
amelogenin supra-molecular assembly (Du et al 2005). 

 

This ability of amelogenin to self-assemble into linear arrays and other crystal 

orientations can have significant relevance to future development of models and 

products that take advantage of the biomimetic ability of AMEL. Indeed, it was found 

in the 1997 Hammarstrom study that a makeshift porcine enamel matrix could initiate 

the formation of a tissue in monkeys that was histologically identical to acellular 

extrinsic fibre cementum and that exogenous enamel matrix had induced the same 

kind of tissue reaction as endogenous enamel matrix on rat molars (Hammarstrom L, 

1997).  

  

1.5 Enamel Matrix Derivative.  

Enamel matrix derivative describes the purified extracts of enamel matrix proteins 

(EMPs) from developing teeth of pig. These EMPs are hydrophobic and insoluble in 
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nature maintaining its crystal form in-vivo and in-vitro. The commercially available 

product Emdogain® (EMD) contains purified powderised EMPs extracted from 

porcine tooth buds dissolved in a vehicle propylene glycol alginate (PGA) packaged 

in a syringe (Figure 2). EMD consists primarily of AMEL (90%) and a group of non-

amelogenins, including amelblastin, enamelin, tuftelin and proteolytic enzymes 

(Bartlett et al 2006). The product EMD also comes with Prefgel®, a 24% 

ethylenediaminetetraacetic acid (EDTA) solution which is used to “condition” the root 

surface by removing the smear layer prior to application of EMD.  

  
 

 
 

Figure 2: Emdogain® and Prefgel®. 

Enamel matrix proteins mainly amelogenin commercially available as 
Emdogain®, sold with surface conditioner Prefgel® which is 24% EDTA. 

 
 
1.6 Host immunological and Inflammatory response to EMD.   

As previously mentioned in this thesis, amelogenins are highly conserved proteins 

that have evolved over thousands of years (Brookes et al 1995), thus allergic 

or other immunogenic reactions have not been described in any clinical research 

involving EMD (Froum et al 2004, Nikopoulus et al 2002, Petinaki et al 

1998, Zetterrstrom et al 1997). In a Swedish study where 247 patients were treated 
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surgically with EMD in connection with periodontal surgery, serum samples were 

taken for total and specific antibody levels. None of the patients, even those allergy-

prone, showed any immunologic reaction to EMD, confirming the safety of this 

product (Zetterstrom et al 1997).  

   

1.7 Periodontal Recession Classification and Different Surgical Grafting Procedures 

and Materials. 

Several periodontal classifications have been proposed in the literature to facilitate 

diagnosis and understand treatment limitations and outcomes of periodontal 

recession (Kumar et al 2013, Miller 1985, Cairo et al 2011). Miller’s 

Classification has been the most widely used of all the classifications. It is 

acknowledged that a new classification has recently been ratified by the 2017 World 

Workshop on the Classification of Periodontal and Peri-Implant Diseases and 

Conditions (Jepsen et al 2018), but this was not in place when the research 

presented in this thesis was commenced. Therefore, the Miller classification is 

utilized in this thesis:  

  

Class I: Marginal tissue recession which does not extend to the mucogingival 

junction. There is no periodontal loss (bone and soft tissue) in the interdental 

area, and 100% root coverage can be anticipated.   

Class II: Marginal tissue recession which extends to or beyond the mucogingival 

¡unction. There is no periodontal loss (bone or soft tissue) in the interdental area, 

and 100% root coverage can be anticipated.   

Class lIl: Marginal tissue recession which extends to or beyond the mucogingival 

junction. Bone or soft tissue loss in the interdental area is present or there 
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Miller Classification of PeriodontalRecession

Class I

Class III

Class II

Class IV

tm

tm tm

tm

is malpositioning of the teeth which prevents the attempting of 100% root coverage. 

Partial root coverage con be anticipated.   

Class IV: Marginal tissue recession which extends to or beyond the 

mucogingival junction. There bone or soft tissue loss in the interdental area 

and / or malpositioning of teeth is so severe thot root coverage cannot be 

anticipated.   

 

Figure 3: Miller Recession Class I-IV (Clinical examples by F.M.) 

 
The existing literature suggests that the bilaminar technique (connective tissue graft 

covered with coronally advanced flap (CTG-CAF) is the “gold standard” and the most 

predictable surgical procedure for root coverage in managing gingival recession 

(Cairo et al 2008, Chambrone et al 2012, Chambrone et al 2009, Wennstrom et al 

1994, Roccuzzo et al 2002). The biological rationale on why this surgical technique 

works is that the coronally advanced flap provides blood supply to the CTG which is 

stabilized on the avascular root surface and the complete coverage of the CTG hides 

the scar appearance of the healing surgical site, resulting in a good esthetic outcome 
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(Zuchelli et al 2015). One of the disadvantages of harvesting autogenous CTG is the 

post-operative pain and morbidity of the second surgical palatal site (Del Pizzo et al 

2002, Griffin et al 2006, Wessel et al 2008). Two major techniques have been 

suggested in CTG harvesting (free gingival graft de-epithelialized vs.  trap-door 

technique), and a study demonstrated that the height (apico-coronal dimension) and 

the depth (closer to periosteum) dictates the severity of pain and not the type of CTG 

harvesting technique that dictates the severity of pain (Zuchelli et al 2010).  

 

The need for a second surgical donor site is a disadvantage of CTG, not only 

because of the morbidity associated with it but also the limited availability of the 

tissue on the donor sites. Thus materials such as allograft or acellular dermal matrix 

graft (Alloderm™), non-cross-linked porcine collagen matrix (NCCM, Mucograft™) and 

volume-stable cross-linked porcine collagen (VCCM, Fibro-Gide™) have been 

developed as alternative tissues to CTG (Chambrone et al 2008, Joly et al 2007, 

Paoloantonio et al 2002, Woodyard et al 2004, Cairo et al 2008, Chambrone et al 

2009, Hirsch et al 2005, Tonetti et al 2018, Stefanini et al 2016, Thoma et al 2015, 

Thoma et al 2016, Agis et al 2016). 

 
Acellular dermal matrix graft (ADMG) is a dermal allograft manufactured to remove 

the epithelium and other cellular components producing a mainly collagenous 

component. The remaining collagenuous product was washed in detergent to 

inactivate or kill any micro-organisms and it is then cryoprotected and freeze dried to 

make it structurally stable (Chambrone et al 2008). Several studies that compared 

CAF plus ADMG versus CAF plus CTG have shown similar clinical results in terms 

of root coverage outcomes (Joly et al 2007, Paoloantonio et al 2002, Woodyard et al 

2004, Cairo et al 2008, Chambrone et al 2009). In a 2-year clinical study that 
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compared ADMG versus CTG in root coverage (101 patients in ADMG versus 65 

patients in CTG), it was concluded that ADMG and CTG are both predictable 

surgical procedures but the CTG group resulted in a significant increase in KT, 

attachment gain and less residual probing depth (Hirsch et al 2005). The available 

systematic reviews on ADMG vs CTG did not show an advantage with the use 

ADMG in terms of complete root coverage (CRC), recession reduction and 

keratinized tissue gain (Cairo et al 2008, Chambrone et al 2009, Cortes et al 2004, 

Woodyard et al 2004). It was also mentioned in a literature review that the data on 

the use of ADMG for management of gingival recession is not conclusive and there 

are ethical and disease transmission issues associated with the use of this product 

(Zuchelli et al 2015).  

 
A non-cross-linked collagen matrix (NCCM) of porcine origin has been developed, 

initially designed to replace CTG (Sanz et al 2009). It was designed as a three-

dimensional scaffold to allow ingrowth of hosts’ inflammatory cells and tissues and 

eventually be transformed into mature keratinized tissues (Sanz et al 2009). A 

single-masked randomized study performed to compare CAF-NCM versus CAF-CTG 

reported a mean root coverage (MRC) of 89% for CAF-NCCM which is significantly 

lower than the 99% mean root coverage for CAF-CTG 12 months after the surgical 

procedures (McGuire et al 2010). A similar randomized controlled trial that compared 

CAF-NCCM versus CAF-CTG showed a statistically significant better root coverage 

in the CAF-CTG group (97%) against the CAF-NCCM group (94%) 12 months after 

periodontal plastic surgical procedures (Cardaropoli et al 2012). In a randomized trial 

that assessed the non-inferiority of NCCM in root coverage versus CTG, it was 

concluded that the adjunct effect of NCCM with CAF results in shorter surgical time 

and recovery for the patient but also resulted in inferior root coverage ability 6 
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months after the surgical procedures (Tonetti et al 2017). It was suggested in this 

study and another multi-centre study that the indications for the use of NCCM are 

primarily for patients with contra-indications for CTG harvesting: clinical cases where 

the patients and clinicians are seeking to have reduced surgical morbidity but are 

willing to accept a higher chance of less than optimal outcome (Tonetti et al 2018, 

Stefanini et al 2016).  

 

Another xenogeneic material was developed, a volume stable cross-linked collagen 

matrix (VCCM) to replace CTG in management of gingival recession and increased 

tissue volume (Stefanini et al 2020). VCCM is made of cross-linked collagen which 

provides stability and elasticity at the same time (Thoma et al 2015, Thoma et al 

2016, Agis et al 2016). To encourage faster ingrowth of host inflammatory cells, 

fibroblasts and promote faster matrix maturation this xenogeneic collagen product 

has only one porous layer (Thoma et al 2016, Thoma et al 2012, Thoma et al 2017). 

The VCCM is being advocated as a better substitute for CTG than NCCM as VCCM 

must be covered completely by gingival flap in contrast to NCCM which can be left 

exposed in an open environment (Thoma et al 2016, Thoma et al 2017). As the 

product is relatively new in the market, only a few pre-clinical and clinical studies 

investigating the use of VCCM in terms of volume gain and root coverage are 

available and the results are promising (Stefanini et al 2020, Thoma et al 2017, 

Zeltner et al 2017, Ferrantino et al 2016).  In an exploratory study evaluating safety 

and performance of VCCM with CAF, it was concluded that VCCM is a safe and 

well-tolerated material for treatment of single gingival recessions and resulted in 

good clinical performance measured by MRC, CRC and KT (Stefanini et al 2020). 

Furthermore, it was suggested in this study that VCCM performed better than NCCM 
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(Mucograft™) when compared with the result of another similar study (Jepsen et al 

2013) that used NCCM in terms of MRC and CRC in the management of gingival 

recession (VCCM = MRC 96.7, CRC 90% at 6 months, NCCM =  MRC 72.6%, CRC 

36% at 6 months (Stefanini et al 2020, Jepsen et al 2013). It was also suggested in 

this exploratory study that a minimum of 1 mm of residual KT must be present in the 

recession defect prior to the usage of VCCM to allow stability of flap closure when 

the flap is coronally advanced (Stefanini et al 2020). The technique sensitivity 

needed to handle VCCM was mentioned in a clinical study that demonstrated a 

higher degree of gingival flap release is needed to maintain flap coverage of VCCM 

in the first few weeks of healing because of its high elasticity and imbibition quality 

(Thoma et al 2016). Larger comparative studies are needed to assess the 

comparative abilities of CTG versus VCCM particularly in root coverage, with or 

without the use of biologically active materials such as EMD.  

 
 
1.8 EMD in Periodontal Class I-II Miller Recession Defects  
 
The results of numerous clinical trials are available for the management of buccal 

Miller class I-II periodontal recession. The majority of these clinical trials used 

manual probe measurements to assess the difference between test and control 

groups which could be a disadvantage in terms of accuracy of results. However 

clinical calibrations and population samples calculations would have helped reduce 

these clinical research limitations (Sculean et al 2016, Cairo et al 2014, Pilloni et al 

2006, Castellanos et al 2006, Spahr et al 2005, Cueva et al 2004, Hagewald et al 

2002). The consensus of these studies is that the adjunctive use of EMD led to 

increased keratinized tissue (KT) formation, as well as improved and more stable 

root coverage (Sculean et al 2016, Cairo et al 2014, Pilloni et al 2006, Castellanos et 
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al 2006, Spahr et al 2005, Cueva et al 2004, Hagewald et al 2002). Roman et 

al, used sub-epithelial connective tissue graft (SCTG) and coronally advanced 

flaps (CAF) with or without the adjunctive effect of EMD and evaluated the 

results after 1 year (Roman et al 2013). Both treatment modalities showed 

comparable percentage root coverage (82%-89%) which was not statistically 

significant. Another short-term split-mouth study by Cairo et al 2012, where they 

monitored the patients at 6 and 24 months, reported no significant difference in 

clinical parameters when CAF alone or CAF with EMD were compared in managing 

multiple adjacent class I-II Miller recessions.  

  

Although the consensus of the available evidence suggests that EMD is beneficial as 

an adjunct in managing periodontal recessions, the majority of the studies are of 

short duration (at most 2 years) with a small sample size. Therefore there is a need 

for long-term (3 years) clinical studies comparing SCTG-EMD versus SCTG alone on 

class I-II Miller recessions.  

  

1.9 EMD in Class III-IV Periodontal Recession Defects.  

Numerous studies performed on Class I-II Miller recession have demonstrated 

predictability of root coverage and recession stability (Chambrone et al 2012, 

Sculean et al 2016, Cairo et al 2014, Pilloni et al 2006, Castellanos et al 2006, Spahr 

et al 2005, Cueva et al 2004, Hagewald et al 2002, Roman et al 2013). On the other 

hand, there are no randomized clinical trials and limited systematic reviews available 

on the stability of periodontal plastic surgeries for managing Class III-IV periodontal 

recessions (Cairo et al 2008, Chambrone and Tatakis 2015). The lack of evidence- 
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based data for the management of more severe gingival recession makes it difficult 

to critically evaluate interventions in this type of defect.  

  

Gingival recession and root caries will become more prevalent as patients retain 

their teeth longer. The prevalence of root caries increases with age, ranging from 

26%-65% amongst patients greater than 50 years (Hayes et al 2016, Fure 

and Zickert 1990). It was mentioned that predictable root coverage is hard to achieve 

in Class III-IV recessions because of loss of interdental bone and soft tissues, 

increased avascular surfaces and root prominence and a reduced periosteal bed 

(Aroca et al 2010, Miller 1986).  

  

Nart et al treated fourteen Miller Class II and III recessions in 10 patients using an 

CTG with a CAF. Complete root coverage was achieved at five (71.42%) Miller Class 

II sites compared with three (42.85%) Class III defects (Nart et al 2012). These 

results suggest that the combination of an CTG and CAF is an effective technique to 

obtain root coverage in mandibular incisors with Class II and III recession defects 

even without the adjunctive benefit of EMD (Nart et al 2012). Regarding the 

adjunctive benefit of EMD, Henriquez et al , using a split-mouth Class III REC study, 

demonstrated in 12 patients that the CTG-EMD group had better MRC (70%) versus 

CTG alone (54.8%) after 12 months (Henriquez et al 2012). On the other hand, 

Aroca et al, failed to demonstrate the adjunctive effect of EMD in 20 patients treated 

with a modified tunnel/CTG procedure with or without EMD in sites with multiple 

Class III recession (Aroca et al 2010). In this study, it was mentioned that despite the 

significant REC improvement for both groups, the use of EMD did not lead 

to significant improvements between groups (MRC 82% in EMD group, 83% for the 
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control group) (Aroca et al 2010). It was, however, mentioned in this 12-month study 

that a longer period of assessment may be necessary to assess whether the initial 

results would change with time (Aroca et al 2010).  

  

With respect to Class IV recession studies, most of the evidence is based on case 

reports and case series (Chambrone et al 2015). Vergara and Caffese 2004, using 

an “envelope” graft technique on 12 Class IV defects in a group of patients > 40 

years old, demonstrated an MRC of 62.7% and CRC of 16% after 6 months (Vergara 

and Caffese 2004). The available published case studies report partial RC and CAL 

gain similar to these findings (Del Castro et al 2010, Chambrone et al 2006, Vergara 

et al 2004).  

 

Although there is some evidence that EMD may be beneficial in the treatment of 

Class III-IV recession defects, it is clear that more clinical studies with sufficient 

numbers and longer duration are required.  

  

1.10 Histological assessment of human biopsies after periodontal recession 

management with EMD (Figure 4).   

Human histological evidence after treatment of recession defects with and 

without EMD have been performed, reporting some degree of success of full or 

partial periodontal regeneration (McGuire et al 2016, Heijl 1997, McGuire and 

Cochran 2003, Rasperini et al 2011, Roman et al 2013 and Henriques et al 2011). 

McGuire et al 2016, studied 9 teeth indicated for extraction for orthodontic reasons. 

Seven of the nine teeth treated with EMD-CAF demonstrated periodontal 

regeneration with cementum, new bone and periodontal attachment. The consensus, 
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of albeit a small amount of studies, is that EMD is capable of promoting some degree 

of regeneration when combined with SCTG and may provide further support and 

stability of the recession (Henriques et al 2010, Rasperini et al 2011). Figure 4 below 

summarises the available regenerative histological evidence after management of 

recession with EMD.   

  
 

Figure 4: Published human histological results following EMD use in 
periodontal recession management.  

 
 
1.11 EMD and Soft and Hard Tissue Wound Healing – Molecular to Clinical  
  
Wound healing is a complicated process involving numerous symphonic and 

organized processes including cellular attachments to extracellular matrices, 

migration of appropriate cells at the right time and promotion of mature tissue to 

proliferate to ensure final wound closure (Filippin et al 2011, Paulsen et al 1998).   

Studies have shown that EMD, aside from promoting the regeneration of the 
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attachment apparatus of teeth (Al-Hezaimi et al 2011, McGuire et al 2016) can also 

play an important role in the wound healing process (Brookes et al 1995). The 

underlying mechanisms on the role of EMD in the wound healing process have now 

been found to be as complex and multifactorial (Miron et al 2015). 

 

The role of EMD in the increased expression of an important wound healing 

molecule, Transforming Growth Factor-ß (TGF-ß) has also been demonstrated by 

increased production of this molecule when EMD was exposed to host cells, 

particularly gingival fibroblasts and periodontal ligament cells (Okubo et al 2003, 

Nokbehsaim et al 2011, Bosshardt 2008).  

 

 The role of EMD on angiogenesis has been studied which showed that EMD can 

assist wound healing through increased capillary formation in regenerating tissues 

(Kasaj et al 2012). This study demonstrated EMD ability to induce angiogenesis via 

two pathways a) via an extracellular regulated kinase (ERK) ½ pathway and b) via 

induction of capillary-like sprout formation from Human Umbilical Vein Endothelial 

Cells (HUVEC) spheroids in a dose dependant manner (Kasaj et al 2012). The 

increase in expression of a known angiogenic growth factor, Vascular Endothelial 

Growth Factor (VEGF) in the presence of EMD may also contribute to tissue healing 

by faster renewal of blood supply within the wound (Johnson et al 2009, Schlueter et 

al 2007). In a study that analyses the effect of EMD on the production of blood 

vessels in the chorioallantoic membrane (CAM) of the developing chicken egg 

(Kauvar et al 2010), it suggested that EMD stimulates angiogenesis, particularly the 

28.9-kDa protein component of amelogenin which is the predominant protein of the 
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EMD mixture. This study also suggests that EMD may increase angiogenesis directly 

and/or indirectly at the wound-healing site (Kauvar et al 2010). 

 

The ability of EMD to reduce the production of pro-inflammatory cytokines such as 

Tumor Necrosis Factor (TNF) and interleukins may also explain the wound healing 

capacity of EMD (Sato et al 2008, Myhre et al 2006). It was reported that human 

monocytes exposed to lipopolysaccharide (LPS) in the presence of EMD 

demonstrated decreased TNF-a production compared to controls not exposed with 

EMD (Sato et al 2008). To support this conclusion, it was also demonstrated that 

EMD decreased TNF-a production found in whole blood when exposed to EMD 

(Myhre et al 2006). It was also demonstrated that EMD may reduce periodontal 

breakdown induced by bacterial pathogens indirectly by its ability to stimulate tissue 

inhibitor of matrix metalloproteinase-3 (TIMPS-3) in human gingival fibroblasts via 

extracellular signal-regulated kinase curbing matrix metalloproteinase (MMP) 

expression and stimulating TIMP-3 production (Zeldich et al 2010).  

 

It was also demonstrated that EMD stimulates primary human gingival fibroblasts cell 

proliferation through the extra-cellular signal-regulated kinase (ERK) cascade by 

inducing completion of the fibroblast cell pathway (Zeldich et al 2008). It was also 

demonstrated that EMD can increased fibroblast activity by abolishing the PGE2-

induced inhibition of gingival fibroblasts proliferation (Weinberg et al 2010).  

 

The effect of EMD on osteoprotegerin (OPG) and receptor activator of nuclear factor 

kappa-B ligand (RANKL) was also investigated (Takayanagi et al 2006, Lossdorfer et 

al 2007, Wada et al 2009). EMD was demonstrated to neutralize the effect of LPS on 
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OPG by enhancing the OPG gene expression and protein synthesis and also 

inhibiting RANKL gene expression (Wada et al 2009). When human osteoblasts 

were exposed to EMD it was demonstrated that OPG levels increased by 50% and 

RANKL expression decreased by 50% suggesting another pathway of increasing 

osteoblasts differentiation and hard tissue healing (Lossdorfer et al 2007). In an 

osteoblast cell line (MG-63) study, it was demonstrated that EMD resulted in the 

activation of Phosphoinositide 3-Kinase (PI 3-kinase) pathway that could play a role 

in EMD protein-stimulated osteoblasts migration and wound healing by activating 

these transduction molecules (Goda et al 2009). 

 

From the molecular level to animal and human clinical trials, the soft and hard tissue 

wound healing abilities of EMD have also been demonstrated (Maymon-Gil et al 

2016, Amin et al 2014, Wennstrom and Lindhe 2002, Stahli et al 2019, Al-Hezaimi et 

al 2012, Thoma et al 2011). A rat model study showed that EMD improves oral 

mucosa wound healing by promoting blood vessel formation and collagen fibres in 

the connective tissue (Maymon-Gil et al 2016). This ability of EMD to induce faster 

wound healing is thought to be due to the ability of EMD to enhance the expression 

of transforming growth factor (TGF) b1, vascular endothelial growth factor (VEGF), 

matrix metalloproteinase-1 and fibronectin (Maymon-Gil et al 2016). In another 

study, human PDL cells were used to investigate the effects of EMD components 

on vasculogenesis (Amin et al 2014). It was demonstrated in this study that a 

low molecular weight ‘Fraction C’ of enamel matrix protein can significantly 

upregulate the expression of endothelial markers promoting vasculogenesis. It was 

also stated in this study that this novel modified peptide from EMDs may present a 

new class of regenerative drug that has the ability to elicit new blood vessel 
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formation and promote wound healing in vivo (Amin et al 2014). In a double-masked 

split-mouth randomized study on soft-tissue healing of 28 patients assessing 

treatment  with EMD with PGA as a carrier (test) versus PGA carrier alone (control) 

(Wennstrom and Lindhe 2002) as an adjunct to periodontal debridement, after a 

period of 3 weeks EMD was found to have a positive effect on soft tissue wound 

healing as determined by a Visual Analogue Score (VAS) (Wennstrom and 

Lindhe2002). On the other hand, a randomised clinical study performed on 40 

healthy patients who underwent modified coronally advanced tunnel technique 

(MCAT) with SCTG, with or without adjunctive EMD, showed that EMD failed to 

show any immunological and clinical benefits 6 months after the procedure (Stahli et 

al 2019). Furthermore, the systemic anti-inflammatory effect as shown by lower 

blood C-reactive protein (CRP) level 24 hours after local delivery of EMD thorough 

minimally invasive periodontal surgery was demonstrated (Graziani et al 2020). In 

this study of 38 patients, the surgical test group (with EMD group) showed lower 

systemic values of CRP (CRP; p. <.01) suggesting that less systemic inflammation 

occurred in this group when compared to the surgical control group (No EMD). 

Further investigation of the effect of EMD on wound healing and its influence on 

patient reported treatment outcomes is warranted.  

  

1.12 Peri-Implantitis.   

There are two kinds of inflammatory peri-implant diseases that are caused by 

bacterial plaque-biofilm:  

 

1. Peri-implant mucositis – defined as inflammation of the peri-implant mucosa 

around an osseointegrated implant without loss of supporting bone. The clinical 
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signs are bleeding on probing (BoP), with/without suppuration and with or without 

probing depth increases, on an osseointegrated implant (Heitz-Mayfield and Salvi 

2018).  

2. Peri-implantitis – defined as a pathological condition characterised by 

inflammation of the peri-implant tissues resulting in destruction of connective tissue 

and progressive loss of supporting bone on an osseointegrated implant. Clinical 

signs include bleeding on probing/suppuration, increased probing depth (≥6 mm) and 

progressive radiographic signs of bone loss. If previous radiographs are not available 

it was suggested that bone loss > 3mm with BoP/suppuration and probing depth >6 

mm is sufficient for a diagnosis of peri-implantitis (Schwarz et al 2018, Renvert et al 

2018).  

  

The primary goal for management of peri-implant diseases is the removal of infection 

via appropriate plaque control and professional debridement of the causative plaque 

biofilm. A systematic treatment protocol called “Cumulative Interceptive Supportive 

Therapy” (CIST) was recommended by Lang et al in the 1990s and this protocol still 

remains the basic guideline in peri-implant disease management. For peri-implant 

mucositis, supportive therapy including improved home care, oral hygiene measures 

and regular professional debridement is suggested (Renvert and Polyzois 2018, 

Heitz-Mayfield et al 2011).  

  

Although non-surgical therapies such as mechanical debridement, photodynamic 

therapy, systemic and local antibiotics may sometimes lead to resolution of the 

inflammation, due to the more extensive and rapidly progressing nature of peri-

implantitis lesions (compared to periodontitis), the majority require surgical 



 24 

intervention and occasionally regenerative therapy (Renvert and Polyzois 2018, 

Bassetti et al 2014, Sahm et al 2011, Froum et al 2015, Isehed et al 2018). Different 

bacterial decontamination strategies have been used for the affected 

implant surface after flap elevation and removal of infected granulation tissues. 

These include the use of saline, laser, hydrogen peroxide, citric acid, EDTA, 

tetracycline and chlorhexidine, with no conclusive evidence that any single method is 

more effective (Carcuacet al 2016, Claffey et al 2008, Schou et al 2003, Roccuzzo et 

al 2016). 

  

A few studies had evaluated the possible role of tetracycline and doxycycline as 

topical antibiotic solutions in the decontamination of contaminated titanium surfaces 

(Patianna et al 2018, Lubin et al 2014, Ferreira et al 2015, Ding et al 2019). An in-

vitro evaluation of controlled-release 14% doxycycline gel for decontamination of 

machine and sandblasted acid-etched implants was performed to demonstrate the 

possible antimicrobial effect of topical application of doxycycline (Patianna et al 

2018). It was demonstrated by application of 14% doxycycline gel circumferentially 

around 21 smooth and 21 rough implants contaminated with Streptococcus 

sanguinis, that the group with 14% doxycycline gel showed statistically significant 

less bacterial colony forming units (CFU) 24 hours after anti-microbial 

decontamination (Patianna et al 2018). An in-vitro study evaluated the chemical 

agent tetracycline HCL 0.05% solution and tetracycline paste in reducing Escherichia 

coli and Porphyromonas gingivalis on surfaces of sand-blasted acid-etched implants 

(Ferreira et al 2015). It was demonstrated that the CFU of the antimicrobial groups 

(tetracycline) were significantly low when compared to the control (saline) group, 

suggesting the potential benefit of this anti-microbial in implant decontamination. In a 
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study that demonstrated the effectiveness of tetracycline as disinfection therapy and 

promotion of osteoblast growth on osseotite and nanotite implant surfaces, it was 

demonstrated that tetracycline is superior to citric acid and EDTA in reducing 

microbial growth on Porphrymonas gingivalis contaminated titanium disks (Lubin et 

al 2014). In an animal ligature-induced peri-implantitis study, it was demonstrated 

that HA coated peri-implantitis implants decontaminated with 5 mg/ml doxycycline 

higher histologic bone levels on doxycycline coated implants versus control, 

suggesting not only the antimicrobial property of doxycycline but also its osteogenic 

potential (Ding et al 2019). 

 

The concept of implantoplasty, which is to polish the rough surface of the exposed 

implant with the aim of decontaminating it but also to reduce future bacterial 

colonization is another treatment protocol that needs a lot of investigation. In a 

recent systematic review that evaluated 7 studies on implantoplasty, it was 

concluded that the addition of implantoplasty on peri-implantitis management 

showed some advantage in terms of bleeding on probing reduction and plaque score 

reduction versus traditional resective surgery alone (Couto et al 2019). In a 3-year 

clinical trial of 17 peri-implantitis patients (Test group - resective with implantoplasty 

10 patients, Control group – resective therapy alone), it was demonstrated that the 

test group had less probing depth, and bleeding index 36 months after peri-

implantitis therapy suggesting that resective therapy with implantoplasty seems to 

influence the survival of implants by reducing the inflammatory process (Romeo et al 

2005). In a follow-up study of peri-implantitis therapy where resective therapy alone 

(control) was compared with resective therapy with implantoplasty (test) it was 

concluded that after 6 years, implants in the test group had higher radiographic 
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marginal bone level than the control group suggesting that implantoplasty was an 

effective treatment of peri-implant infection and seems to avoid peri-implantitis 

progression (Romeo et al 2007). In a recent systematic review and meta-analysis of 

surgical therapies for peri-implantitis, it was concluded that surgical approach alone 

may result in improved clinical outcomes, with no evidence to show the additional 

clinical benefits from the use of surface decontaminants and additional systemic 

antibiotics, with limited evidence to show benefits of implantoplasty and bone 

augmentation in long-term management of peri-implantitis (Al-Kadhim et al 2018).  It 

was also concluded in this systematic review that there the high heterogeneity and 

small number of controlled studies made it difficult to conclude which surgical 

protocol is superior to the other (Al-Kadhim et al 2018).  

 

After debridement and decontamination of the affected implant, numerous bone 

grafts and substitutes have been used to regenerate the peri-implant defect with 

varying success: autologous bone, deproteinized freeze dried bovine bone 

mineral with and without collagen (DBBM/DBBMC), titanium granules, algae-derived 

minerals and hydroxyapatite crystals to name a few (Renvert et al 2018, Aghazadeh 

et al 2012, Leonhardt et al 2003, Roos-Jansaker at al 2007, Schwarz et al 2006, 

Wohlfahrt et al 2012, Rocuzzo et al 2016). There is currently no ‘gold standard’ for 

the regenerative treatment of peri-implantitis and this area requires further 

investigation.  
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Figure 5: Peri-implant Mucositis vs. Peri-Implantitis (Schwarz et al 2018) 
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1.13 Peri-implantitis and EMD.  
	 
 

In a randomized controlled trial, 26 implants were debrided, decontaminated with 

gauze and saline, and then divided into an EMD or no EMD group (Isehed et al 

2016). In this study the EMD group showed more prevalence of Gram-positive 

aerobic bacteria and increased marginal bone level 12 months after treatment 

(Isehed et al 2016). A clinical study performed to manage peri-implantitis using a 

cocktail of regenerative materials, including anorganic bovine bone mixed with EMD 

or PDGF, showed encouraging results in terms of resolution of inflammation and 

bone gain and stability, in some cases for up to 10 years (Froum et al 2015). The 

role of EMD in the management of peri-implantitis needs to be studied extensively, 

particularly after the promising results of these first two published clinical studies 

(Isehed et al 2016, Froum et al 2015).  

  

1.14 Anterior Ridge Management and EMD.  

 

The healing of extraction process had been studied in different animal models (Sato 

and Takeda 2007, Cardaropoli et al 2003, Cardaropoli et al 2005) and human 

models (Evian et al 1982). Based on these studies, the extraction healing socket can 

be divided into three sequential phases inflammatory phase, proliferative phase and 

bone remodeling phase (Sato and Takeda 2007, Cardaropoli et al 2003, Cardaropoli 

et al 2005, Araujo et al 2015, Jiang et al 2019, Trombelli et al 2008). Immediately 

after tooth extraction, hemorrhage happens and the socket is immediately filled with 

blood and within 2-3 days a large number of inflammatory migratory cells populates 

the extraction wound (Cardaropoli et al 2003, Araujo et al 2015). The transformation 
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of these migrated inflammatory cells into granulation tissue is characterized by the 

presence of numerous vascular architectures infiltrated by inflammatory cells such 

macrophages, lymphocytes infiltrated around mesenchymal connective tissues 

(Trombelli et al 2008). These inflammatory cells scattered in between mesenchymal 

cells were observed in the biopsies 2-4 weeks after extractions (Trombelli et al 2008, 

Amler et al 1969). The second intermediate healing phase called proliferative is 

noticed around 6-8 weeks after tooth extraction (Trombelli et al 2008). This phase is 

characterized by deposition of more mature collagen matrix penetrated by blood 

vessels, followed by deposition of bone precursor cells which slowly forms into 

woven bone which is called primary osteon (Araujo et al 2015). Woven bone can be 

identified in the healing socket as early as 2-3 weeks after extraction which can 

remain immature for several weeks or months (Araujo et al 2015). Because of the 

rampant presence of vasculature and immature woven bone, this kind of bone has 

no load-bearing capacity until it is replaced by more mature bones which occurs from 

12- 16 weeks after tooth extraction (Jiang et al 2019, Araujo et al 2015, Trombelli et 

al 2008). In human specimens obtained 6 and 8 weeks after extraction, it was 

demonstrated that 35% of the tissue sample is composed of woven bone which 

increased to 41% 12-24 weeks after extraction (Trombelli et al 2008). Woven bone is 

eventually replaced by more mature lamellar bone or bone marrow in the bone 

remodeling phase with the appearance of osteoclast form bone resorption (Trombelli 

et al 2008). This maturation of woven bone to lamellar bone and the appearance of 

osteoclast formation leads to bone remodeling and resorption of some areas of the 

extraction socket being more pronounced in the buccal area of the extraction socket 

(Araujo et al 2015, Araujo et al 2016). In a biopsy study, it was reported that 60-65% 

of the tissue volume was made up of lamellar bone and bone marrow >16 weeks 
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after extraction (Lindhe et al 2012). The resorption of the socket walls (more on 

buccal than lingual, as lingual walls are usually wider), is due to the formation of 

osteoclast around the crest of both buccal and lingual walls and on the outer and 

inner (bundle bone) part of the extraction socket (Araujo et al 2015). It was 

demonstrated that around 70% of the bone modelling process occurs in the first 12 

weeks of extraction healing (Schropp et al 2003). Clinically, this transformation of 

immature woven bone into mature lamellar bone via increased osteoclastic activity is 

translated as a decrease in the width and height of the alveolar ridge 2-3 months 

after extractions which can have complications in terms of implant rehabilitations if 

this phenomenon of extraction wound healing is not considered (Araujo et al 2015). 

 

After tooth extraction, the alveolar socket where the tooth was undergoes a 

significant reduction in the vertical and horizontal directions, resulting in significant 

shrinkage of the ridge volume which can make implant rehabilitation challenging 

(Shcropp et al 2003, Atwood 1963, Johnson 1969, Araujo et al 2015). In a 

systematic review evaluating the dimensional changes after extraction, it 

was found that the vertical dimensional reduction on the buccal side amounted 

to 11–22% (-1.24-0.11 mm) after 6 months, whereas the horizontal dimensional 

reduction was greater, reaching 29–63% (-3.79 -0.23 mm) after 6–7 months (Tan et 

al 2012). Alveolar ridge management procedures have been developed to improve 

the quantity and quality of both hard and soft alveolar ridge tissues after 

extraction. A variety of materials have been used to preserve the soft-tissue 

profile, such as subepithelial connective tissue graft, free gingival graft or a soft 

tissue substitute or resorbable membranes that enhance closure of the soft-tissue 

wound (Jung et al 2004, Barone et al 2015, Sisti et al 2012). The majority 
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of these procedures are performed as a flapless approach, particularly if the buccal 

bone had been preserved after tooth extraction. A major purpose for these 

soft tissue augmentation procedures, apart from achieving complete closure of the 

socket, is also to gain keratinized tissue. When it comes to the hard-tissue fill of the 

extraction socket, materials such as autogenous bone, allografts, xenografts 

and alloplasts have been used with varying degrees of success (Sun et al 2018, 

Avila-Ortiz et al 2019, Jung et al 2013, Vignoletti et al 2012). The consensus of the 

above studies is that alveolar ridge management can reduce the dimensional 

changes of the extraction socket when compared to an “unpreserved” extraction 

socket. In an attempt to further reduce dimensional changes of the alveolar ridge 

after tooth extraction, biologically active materials such as bone morphogenic 

proteins, PDGFs, and EMD have been combined / mixed with the bone substitutes 

prior to placing the bone graft in the socket (Lee et al 2019, Leepong et al 2013, 

Laney 2017). In a randomized clinical trial comparing DBBMC with and without 

EMD, 30 extraction sockets were randomly assigned to two groups (Lee et al 2019). 

It was reported in this study that there were no significant differences in the 

radiographic and clinical measurements between the two groups, suggesting that the 

use of EMD did not contribute to preservation of the alveolar ridge (Lee et al 

2019). However, this study did report that EMD helped reduce the postoperative pain 

and swelling following extraction of maxillary anterior teeth in the EMD treated 

patients. Therefore, the role of EMD in anterior ridge preservation (ARP) procedures 

needs to be further evaluated, especially in terms of the influence on bone quality in 

the preserved ridges (Figure 6). 
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1.15  Clinical Applications of EMD- Hypothesis and aims   

 

The effectiveness of EMD in periodontal regeneration of intrabony defects (Heijl et al 

1997, Jentsch and Purschwitz 2008, Cortellini and Tonetti 2007, Miron et al 2016) is 

well established. There are also a few short-term (2 years or less) clinical studies on 

early gingival recession that showed the beneficial adjunctive effect of EMD in terms 

of increased formation of recession coverage stability and increased keratinized 

tissue (Cairo et al 2014, Pilloni et al 2006, Spahr et al 2005, Cueva et al 2004). This 

thesis provides one of the clinical studies involving long-term (3-years) evaluation of 

stability of connective tissue graft with or without EMD on early periodontal recession 

(Class I-II Miller). One of the main contributions of this thesis also provides the only 

published randomized clinical trial on advanced periodontal recession (Class III-IV 

Miller). This thesis also contributes significantly on the role of EMD in peri-implantitis 

at the time of writing there are only a couple of clinical studies that evaluated the 

potential beneficial role of EMD in peri-implantitis management (Froum et al 2015, 

Isehed et al 2016). Currently, there is only one clinical study that evaluated the 

potential radiographic adjunctive effect of EMD in ridge preservation (Jae Hong et al 

2019). This thesis not only analysed the possible radiographic adjunctive effect of 

EMD when combined with xenograft, but it also evaluated the osteogenic potential of 

EMD when combined with xenografts. It is clear that there are a variety of oral 

regeneration procedures that may benefit from the adjunctive use of EMD. The 

hypothesis explored in this thesis is that EMD can exert a positive long-

term influence on root coverage procedures in a variety of clinical scenarios (Miller 

Class I-IV), as well as promote bone regeneration in peri-implantitis treatment and 

ridge preservation.  
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The aims of this research were to evaluate the role of EMD in the following clinical 

scenarios: 

1)  As an adjunct to connective tissue grafts in the management of both 

Class I-II and Class III-IV defects, in terms of long term clinical (root 

coverage, recession, keratinized tissue) and patient centred 

outcomes after 3 years (Chapters 2 and 3).  

2) The regenerative treatment of peri-implantitis bone defects with a 3 

year follow up (Chapter 4).  

3) As an adjunct to collagen stabilized xenograft in the management of 

alveolar ridge preservation, evaluating clinical and 

histological outcomes (Chapter 5).  
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 Figure 6. A) Teeth 11 and 21 sustained sporting injury. B) Both teeth were 
avulsed out of the socket and extracted atraumatically. C) The extraction 
sockets were cleaned and curettage. D) DBBMC with EMD for tooth 11. E) 
DBBMC only for tooth 21. F) Both sockets filled with regenerative materials. G) 
Free gingival graft (FGG) harvested from the roof of the mouth. H) Two FGG 
sealed extraction sockets. I) Temporary denture. J) 2-weeks healing period. K) 
4-months healing period. L) Trephine used to harvest bone core biopsy. M) 2 
implants placed 4 months after extraction. N) The implants restored 8 weeks 
after extraction. O) The implants after final restoration. P) Final patient profile 

(This clinical example was excluded in Anterior Ridge Preservation study because it 

did not fulfil the inclusion criteria in terms of number of teeth that needed extraction, 

but it is a good example to compare both control and test groups in terms of 

illustrating the Methodology. The patient signed a consent form regarding the 

experimental nature of the surgical procedure particularly for tooth 11.) 
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Chapter 2.0 A 3-year prospective clinical and patient-centered trial on sub-

epithelial connective tissue graft with or without enamel matrix derivative in 

Class I-II Miller recessions 

 

2.1 Abstract 

Background and Objective: The study compared clinical and patient-centered 

outcomes of sub-epithelial connective tissue graft (CTG) with and without enamel 

matrix derivative (EMD) in the treatment of Class I-II Miller periodontal recession 

defects. 

Material and Methods: This prospective clinical study evaluated 80 patients over a 3-

years follow up in a private periodontal practice. 144 maxillary and mandibular 

anterior teeth were divided into two groups: Group 1 (CTG with EMD – 80 teeth) and 

Group 2 (CTG only - 64 teeth). Recession (REC), Keratinized Tissue (KT) width, % 

root overage, patient centered outcomes and pain visual analogue scale (P-VAS) 

were compared between the two groups. 

Results: At 3 years follow up at a patient level, statistically significant changes in 

REC were achieved in both Group 1 (4.65±1.84 to 0.39±0.19 mm) and Group 2 

(4.43±1.11 to 0.92±0.43 mm).  Complete root coverage (CRC) was achieved in 

66.4% of group 1 and 50.1% of group 2. At both patient and tooth level, the 3-year 

outcomes were superior for Group 1 compared to Group 2 in terms of % root 

coverage, REC and KT width. Clinical attachment loss (CAL) was reduced in Group 

1 compared to Group 2 at the tooth level analysis only (<0.01). Significantly less pain 

was reported using the Pain-Visual Analogue Scale (p<0.001) at the two weeks 

follow-up post-surgery in Group 1.  
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Conclusions: Addition of EMD results in improved root coverage outcomes and 

higher amounts of keratinized tissue width 36 months after treatment of multiple 

adjacent recessions on maxillary and mandibular anterior teeth. The adjunctive use 

of EMD also resulted in significantly reduced pain 14 days after the surgery. 

 

2.2 Introduction 

Gingival recession, defined as the apical displacement of the gingival margin beyond 

the cementoenamel junction (CEJ) is highly prevalent worldwide (Lindhe et al 1996). 

The prevalence of periodontal recession ranges from 30% to 100% worldwide 

(Lindhe et al 1996, Susin et al 2004)1. The primary etiologies of gingival recession 

are plaque-induced inflammation (Sarfati et al 2010) and mechanical abrasion and 

trauma (Holmstrup P 1999, Rawal et al 2004). The most common patient concerns 

about gingival recession are compromised aesthetics, especially for those with 

pronounced gingival display, as well as root sensitivity (Merjohn JK 2006). 

Additionally, of great concern is the increased susceptibility to root caries of the 

aging population with untreated recession, especially when combined with a 

decrease in dexterity and hence reduced oral hygiene efficacy (Griffin et al 2004). 

The large prevalence of gingival recession makes its prevention and management 

an essential part of daily clinical practice.  

 

The sub-epithelial connective tissue graft (CTG) is considered the “gold standard” in 

the management of periodontal recession because of its high predictability, good 

aesthetic outcomes and ability to achieve increased keratinized tissue (KT) width 

(Carvalho et al 2006). However, healing occurs via long junctional epithelium, which 

has prompted the use of adjunct biologically active materials such as enamel matrix 
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derivative (EMD) (Nemcovsky et al 2004, Rasperini et al 2000, Cairo et al 2014) in 

an attempt to facilitate new periodontal attachment formation on the tooth root 

surface. Indeed, histological examination of human recession defects showed that 

the application of EMD, in combination with a coronally repositioned flap (CAF), 

resulted in the regeneration of the entire periodontal attachment apparatus with the 

formation of new cementum, periodontal ligament and alveolar bone (Heijl L 1997, 

McGuire et al 2016), while treatment with CAF alone or with CTG was characterized 

by tissue repair via a long junctional epithelium (McGuire et al 2003). 

 

The use of EMD with a CAF and CTG for the treatment of gingival recession has 

been investigated in several clinical trials. The consensus is that the supplementary 

use of EMD in root coverage procedures led to improved keratinized tissue and 

stability of the increased gingival margin level (Hagewald et al 2002, Cueva et al 

2004, Spahr et al 2005). However, the majority of these clinical studies are of short 

duration (6 to 18 months), with sample sizes limited to no more than 60 teeth 

(Hagewald et al 2002, Cueva et al 2004, Rasperini et al 2011, Roman et al 2013). 

Additionally, the few available longer-term studies have shown inconsistent results.  

Spahr et al (2005) showed that in 30 subjects with Class I-II Miller recession, 

complete root coverage of affected teeth was achieved in 53% of cases in the EMD 

group versus 23% in the control group after a follow-up of 24 months. On the other 

hand, in another study utilizing a split-mouth design, CAF with or without EMD for 

coverage of multiple gingival recession in 10 patients showed no statistically 

significant difference after 2 years (McGuire et al 2012). This is in agreement with a 

10-year recession study where 9 patients who had EMD-CAF was compared with 
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CTG-CAF surgeries and showed no significant differences between the two groups 

for all clinical parameters (Nokhbehsaim et al 2012). 

EMD is shown to enhance early wound healing via reduction of pro-inflammatory 

interleukins (Yuan et al 2003), increased expression of the angiogenic growth factor 

VEGF that is responsible for blood vessel proliferation (Zeldich et al 2007), 

enhanced fibroblast proliferation and the prevention of cell apoptosis (Aroca et al 

2010). The combination of these effects during early wound healing at the surgical 

site may help reduce inflammation and pain symptoms and help improve patients’ 

acceptance of CTG when combined with EMD. 

The aims of this prospective clinical study were 1) to compare the long-term (3 

years) efficacy of CTG with and without EMD in healthy non-smoker patients with 

Class I-II Miller recession defects, and 2) to assess if the addition of EMD with CTG 

reduced pain and morbidity associated with surgical healing as measured by a Pain 

Visual Analogue Scale (PVAS) and post-surgical questionnaires.  

2.3 Materials and Methods 

2.3.1 Study population. 

The Griffith University Human Research Ethics Committee provided ethical approval 

for this project (GU Ref. 924). The study was also registered in the Australia and 

New Zealand Clinical Trial Registry (ACTRN1269000062123). The study was 

conducted in accordance with the Helsinki Declaration of 1975, as revised in 2013. 

The study was performed during the period of January 2011 to Jan 2018.  
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Patients who were referred for management of periodontal recession on maxillary 

and mandibular anterior teeth at a private periodontal practice in Western Sydney, 

New South Wales, Australia were enrolled for this study (Figure 7). The two main 

reasons for recession referrals were cosmetic concerns and root hypersensitivity. 

Patients were allocated to Group 1 and Group 2 based on their willingness to have 

the EMD (Emdogain, Straumann, Switzerland) as an adjunct to a CTG for the 

treatment of their condition. The main determining factors in the patients’ choice for 

using EMD were financial and cultural. Those who chose to use EMD were allocated 

to Group 1 (CTG-EMD) of the study. Those who chose not to use EMD and only had 

CTG were allocated to Group 2. The surgical protocol was discussed with the 

patients including all of the risks and benefits of the procedure. All patients received 

a detailed explanation of the surgical procedures and objectives of the study and 

signed an informed consent form prior to being included in the study. 
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  Screening 
(Inclusion/Exclusion/ 

Medical) 
n=100 

FBS/FPS 
Less than 20% 

Class I-II 
Miller (n=80) 

 Second 
Clinician 

Calibration 

Baseline REC, KT 
PD, CAL 

(n=80) 

Patient Allocation 
Group 1 (CTG-EMD) 
Group 2 (CTG only) 

Group 1  
CTG-EMD 

(n=42) 

Group 2 
CTG only 

(n=38) 

One week review 
 Pain-VAS form  

(collected by 2nd calibrated blinded clinician not involved 
in the surgeries) 

2nd calibrated blinded clinician  
measured REC, KT, PD, CAL 

At 3rd month and 6 monthly for 36 months 

36 month (PD, KT, REC, CAL) 
Patient subjective review form 36 months after surgeries 

Figure 7: Flow chart of study group selection. 
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2.3.2 Sample size calculation. 

Using mean root coverage (MRC) as the primary outcome variable and assuming a 

standard deviation (SD) based on the existing literature of 30% (Julious et al 1998), 

the sample size required to detect a true difference between the groups of 20% (80% 

power, type I error of 5%) was 36 patients per group. To allow for possible dropouts, 

42 patients were recruited in group 1 and 38 patients were recruited in group 2.  

The sample included 80 consecutive patients (42 in group 1 and 38 in group 2), 

systemically healthy, non-smokers, between 18-60 years old and no existing 

periodontal disease. The patients were classified as having a thin-gingival biotype 

(Claffey et al 1986, Miller PD 1985) and had at least one Miller Class I-II recession in 

the maxillary and mandibular anterior teeth. There were 144 periodontal recessions 

treated, 80 teeth in Group 1 and 64 teeth in Group 2 (Table 1). In the group 1, 88.9% 

of the patients had 2 treated teeth and 11.1% had only one treated tooth. In group 2, 

62.5% had 2 two treated teeth and 37.5% had one tooth treated for recession. In the 

total population, 76.5% had 2 teeth treated and 23.5% had one tooth treated for 

recession (Table 1). 
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 Group 1 
(CTG-EMD) 

Group 2 
(CTG only) 

Total/Mean 
for both 
groups 

Patient numbers 42 38 80 

Mean Age 35.4 ± 9 33.5 ± 8 35 ± 9 

Female 58.3% 56.2% 57.3% 

Male 41.6% 43.8% 42.7% 

Number of teeth per group 80 64 144 

Mean number of teeth per patient 1.8 1.6 1.7 

% of patients with 2 treated teeth 88.9 62.5 76.5 

% of patients with 1 treated tooth 11.1 37.5 23.5 

% of mandibular anterior teeth  60% 56% 58% 

% of mandibular central incisors 27.5% 28% 27.7% 

% of mandibular lateral incisors 27.5% 25% 26.4% 

% of mandibular canine 5% 3% 4.2% 

% of maxillary anterior teeth 40% 44% 42% 

% of maxillary central incisors 18.7% 20.5% 19.5 

% of maxillary lateral incisors 17.5% 18.7% 18% 

% of maxillary canine 3.7% 4.7% 4.1% 

 

Table 1: Patient and Teeth Distribution for Group 1 and Group 2. 

 

2.3.3 Clinical Measurements. 

The following clinical parameters were measured with a periodontal probe (Hu-

Friedy®, Hu-Friedy Mfg. Co, LLC, USA) at baseline, 3 months and every 6 months 

for 3 years:  

• Periodontal recession (REC): distance between the CEJ and gingival margin 

(GM) at the mid-buccal aspect of the tooth.  
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• Probing depth (PD): distance between the GM and the base of the pocket 

measured at the mid-buccal aspect of the tooth. 

• Keratinized tissue (KT): distance between the GM and the mucogingival 

junction at the mid-buccal aspect of the tooth. 

 

Clinical Parameters measured at baseline, 12 months, 24 months and 36 months 

were analysed in the study. A second blinded clinician who was not involved in the 

surgical procedure recorded all clinical parameters using 3.5x magnification. A 

calibrating exercise was performed to achieve intra-examiner reproducibility:  full 

mouth charting of the same five patients was carried out at a weekly interval for 3 

consecutive weeks. Calibration was confirmed when the measurements were 

consistently accurate to 0.5 mm. 

 

2.3.4 Surgical Procedures. 

All surgical procedures were performed by the same experienced periodontist (F.M.). 

The same surgical technique was performed in each case in both groups, except 

that Group 1 received CTG with EMD (Figure 8) and Group 2 was treated with CTG 

alone (Figure 9). 

 

After local anaesthesia (Lidocaine HCL with 1:100,000 epinephrine), the exposed 

root surface was debrided with hand curettes and ultrasonic. An intrasulcular incision 

using a 15C blade (Swann-Morton, Sheffield England) was made on the affected 

teeth, extending to the line angles of the adjacent non-involved teeth. Horizontal 

incisions were made from the mesial and distal angles of the base of the papillae of 

the involved teeth. Two vertical-oblique releasing incisions extending beyond the 
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mucogingival junction were made from the mesial and distal border of the affected 

teeth. This incision was connected to the intra-sulcular incisions of the involved teeth 

creating a trapezoidal flap. A full-thickness trapezoidal flap was raised with a 

periosteal elevator extending up to the mucogingival junction, changing to a partial-

thickness dissection to the bone crest margin. The papillae of the involved teeth, 

which were left intact, were de-epithelialized. A CTG was obtained from the palatal 

area of the premolars and canine using a double-bladed (15C, Swann-Morton, 

Sheffield England) scalpel handle with 1.5 mm thickness (Hu Friedy Mfg. Co. LLC). 

The double-blade harvesting technique was used to ensure uniform 1.5 mm 

thickness of CTG for both Groups 1 and 2. 

 

Group 1 - CTG plus EMD (Figure 8) 

Before flap elevation, the cleaned root surface was prepared with 24% EDTA gel 

(PrefGel, Straumann, Switzerland) for 2 minutes to remove the smear layer and then 

rinsed with saline solution. All patients received 0.7 ml of commercially available 

EMD. Half of the EMD (0.35 ml) was applied on the surface of the involved teeth 

before the CTG was placed over the root surface.  The CTG was trimmed to the 

height of the CEJ, adapted to extend across the bone crest surrounding the root, and 

fixed with a sling suture using resorbable sutures around the crown of the tooth (5-O, 

Vicryl-R, Johnson and Johnson, Diegem Belgium). Before closure of the vertical flap, 

the remaining 0.35 ml of EMD was applied to the entire root surface, underneath the 

stabilized CTG.  This ‘staged’ method of EMD application was performed to 

minimized spillage of the EMD while the CTG was being stabilized. Using the same 

sutures, the trapezoidal flap was coronally repositioned and sutured to the de-
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epithelialized papilla. Additional stabilizing vertical sling sutures from the body of the 

new papillae to the incisal contact points of the involved teeth were applied. 

 

 

Figure 8: Test Group CTG-EMD Class I-II Miller Recession. 

 A) Baseline, B) EMD applied on the root surface, C) SCTG stabilised. D) CAF 
covering SCTG, E) 12 months. E) 24 months. F) 36 months. 
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Group 2 – CTG only (Figure 9). 

The CTG was fixed on the root surface with a sling suture (5-O, Vicryl-R, Johnson 

and Johnson, Diegem Belgium) around the neck of the recipient tooth. The flap was 

coronally repositioned to fully cover the CTG and stabilized to the de-epithelialized 

papilla using the same suture material. Additional vertical sling sutures from the body 

of the new papillae to the incisal contacts of the involved teeth were added to 

stabilize the repositioned flap in the coronal position, in order to achieve maximum 

coverage of the CTG. At the harvest site, haemostasis was achieved by application 

of Surgicel (Ethicon, Neuchatel, Switzerland). 

Figure 9: Control Group CTG. 

A) Baseline. B) Trapezoidal flap with papillae intact. C) SCTG stabilised. D) CAF 
covered SCTG. E) 12 months. F) 36 months.
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2.3.5 Postoperative Care. 

Patients were instructed not to brush the surgical sites for 2 weeks. All patients were 

advised to take an analgesic (combined Paracetamol 500 mg and Ibuprofen 150 

mg), as needed. All patients were also given a postoperative kit containing 0.12% 

chlorhexidine digluconate mouthwash, surgical brush and 0.12% chlorhexidine gel. 

The mouthwash was used twice a day for the first week, and the surgical brush and 

chlorhexidine gel were applied to the treated area during the second and third weeks 

post-operatively.  The patients were recalled after 1 week, 3 weeks, 3 months and 

then every 6 months thereafter.  

 

2.3.6 Pain-Visual Analogue Scale (P-VAS). 

Patients were instructed to grade their degree of pain perception using the 10cm line 

P-VAS, marked number 0 (Nil pain) to 9 (worst pain). Using the 10cm line, patients 

were advised to mark a vertical line corresponding to their pain perception on the 

2nd, 7th and 14th day after the surgery. Patients were also asked to write down the 

number of analgesics they had taken at day 2 and day 7 post-surgery. These 

answers were verified with the number of remaining analgesics that the patient 

returned one week after surgery. 

 

2.3.7 Patient Morbidity and Satisfaction. 

At the 36th month review, questionnaires were given to the patients for subjective 

assessment of the treatment results. The questionnaires collected data on the 

perceived severity of pain symptoms, expectations and treatment satisfaction. The 

patient’s answers were dichotomized as Yes =1 or No= 0.  
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2.3.8 Statistical analyses.  

Statistical analysis was performed using commercially available statistical software 

(GraphPad Prism, Ver 8.2, San Diego, CA, USA). Mean values, standard deviations 

(mean ± SD) and percentages were calculated for each treatment at both Patient 

and Tooth level at each time point. The significance of the difference within each 

group and between groups before and after treatment was analysed using the 

student t-test at the patient level and a repeated measure two-way ANOVA with 

correction for multiple comparisons (Sidak) at the tooth-level. The primary outcome 

variable was mean percentage Root Coverage (MRC). Secondary variables include 

improvements in REC, KT, CAL and PPD, as well as Pain-VAS and patient centered 

outcomes. Data considering the VAS scores and patient-centered outcomes scores 

were analysed using the Mann-Whitney test. A p value of <0.01 was considered 

statistically significant. 

 

2.4  Results 

 
2.4.1 Baseline Parameters. 

All patients had uneventful healing and GI and PI were maintained below 20%. All 

the patient enrolled in the study completed the 36 months review protocol. A 

summary of the clinical data on a patient level is given in Table 2. No significant 

difference in baseline clinical parameters was found for both groups at either the 

patient or tooth level. At the patient level, the mean baseline recession values (REC) 

for group 1 and group 2 were 4.65 ± 1.84 mm and 4.43 ± 1.11 mm respectively, and 

the mean initial KT was 1.38 ± 0.24 mm for group 1 and 1.31 ± 0.2 mm for group 2. 

Similarly, at tooth level, the mean baseline recession values (REC) for group 1 and 
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group 2 were 4.57 ± 1.55 mm and 4.26 ± 1.33 mm respectively, and the mean initial 

KT for was 1.30 ± 0.46 mm group 1 and 1.2 ± 0.24 mm group 2 (Tables 2 & 3). 

 

2.4.2 Patient level analyses (Table 2). 

Recession levels:  

For group 1, the mean recession depth decreased significantly from 4.65 ± 1.84 mm 

at baseline to 0.24 ± 0.19 mm after 12 months (p<0.0001). The mean recession 

depth remained stable at 0.35 ± 0.17 mm after 24 months and 36 months (0.39 ± 

0.19 mm). There was a statistically significant reduction in REC from baseline to 36 

months (4.65 ± 1.84 vs. 0.39 ± 0.19 mm, p<0.0001).  

 

In group 2, recession depth also decreased significantly from 4.43 ± 1.11 to 0.32 ± 

0.32 mm between baseline and 12 months (p<0.0001) and remained stable at 0.39 ± 

0.43 mm after 24 months. However, between 24 and 36 months the recession was 

not stable increasing significantly from 0.39 ± 0.43 to 0.92 ± 0.43 mm (p<0.0013). 

The overall improvement in REC from baseline to 36 months in group 2 was 

statistically significant (4.43 ± 1.11 to 0.92 ± 0.43 mm, p<0.0001). Comparing the 

groups at 36 months, group 1 had significantly less residual REC when compared to 

group 2 (0.39 ± 0.19 cf. 0.92 ± 0.43 mm) (p<0.0001).  

 

Root Coverage: 

When the results were expressed as percentage mean root coverage (MRC), at 12 

months group 1 achieved 95.8 ± 4.6% and group 2 achieved 94.8 ± 4.4% MRC 

respectively. This was not statistically significant. Complete root coverage (CRC) 

was achieved in 70.4% of cases in group 1 and 70.1% in group 2. At 24 months, 
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MRC remained stable in both groups (91.7 ± 11.0 for group 1 and 91.3 ± 7.6 for 

group 2), with no statistically significant difference between the two groups. At 24 

months, 65.6% of cases achieved CRC in group 1 and 66.3% in group 2. At 36 

months, group 1 achieved significantly more MRC when compared to group 2 (90.7 

± 10.1 vs 79.3 ± 19.6) (p<0.0001). After 36 months, 66.4% of cases achieved CRC 

in group 1 compared to 50.1% in group 2. 

 

Keratinized Tissue: 

At patient level, in group 1, KT width increased from 1.38 ± 0.24 mm at baseline to 

2.04 ± 0.4 mm at 12 months. In group 2, KT width increased from 1.31 ± 0.2 to 1.86 

± 0.12 mm at 12 months.  The improvement in KT from baseline to 12 months was 

statistically significant in both groups (p<0.01), was not statistically significant 

between the groups. At 24 months, the KT width in group 1 (2.40 ± 0.23 mm) 

showed statistically significant improvement when compared to group 2 (2.00 ± 0.15 

mm, p<0.0001). The difference in KT was also statistically significant between 

groups 1 and 2 at the 36 months’ follow-up, with group 1 having a higher KT width 

after 36 months (2.44 ± 0.21 vs. 1.86 ± 0.09 mm, p<0.0001, Table 2). 

 

Clinical Attachment Loss (CAL) and Pocket Probing Depth (PD): 

In group 1, CAL decreased from 6.0 ± 1.71 mm to 1.62 ± 0.3 mm at 12 months and 

1.67 ± 0.35 mm at 24 months (Table 2). The CAL remained stable at 1.83 ± 0.46 mm 

after 36 months. In group 2, CAL decreased from 5.66±1.35 mm at baseline to 1.51 

± 0.38 mm at 12 months and 1.51 ± 0.4 after 24 months. This increased slightly to 

1.79 ± 0.39 after 36 months. At a patient level, there were no statistically significant 

differences in CAL over time either within the groups or between the two groups. 
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At patient level, PD remained shallow over the period of the study. In group 1, PPD 

changed from 1.36 ± 0.21 to 1.35 ± 0.26 after 36 months. In group 2, PD at baseline 

was 1.28 ± 0.2 mm, which changed to 1.29 ± 0.08 mm after 36 months. At a patient 

level, there were no statistically significant differences in PD over time in either group 

and between the two groups. 
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Patient level 

Clinical Parameters Group 1 (CTG-EMD)  
n= 42  

Group 2 (CTG only)  
n= 38 P value 

% Root Coverage (Mean ± s.e.m) 

12 months 95.84 ± 04.61 94.79 ± 4.39 0.07 

24 months 91.72 ± 10.99 91.33 ± 7.59 0.12 

36 months 90.69 ± 10.10 79.25 ± 19.55 <0.0001 

% Complete root coverage 

12 months 70.42 70.05  

24 months 65.61 66.26  

36 months 66.40 50.05  

Recession Depth (REC) (Mean ± s.e.m) mm 

Baseline 4.65 ± 1.84 4.43 ± 1.11 0.21 

12 months 0.24 ± 0.19 0.32 ± 0.32 0.24 

24 months 0.35 ± 0.17 0.39 ± 0.43  0.13 

36 months 0.39 ± 0.19 0.92 ± 0.43 <0.0001 

Keratinized Tissue (KT width) (Mean ± s.e.m) mm 

Baseline 1.38 ± 0.24 1.31 ± 0.20 0.39 

12 months 2.04 ± 0.40 1.86 ± 0.12 0.06 

24 months 2.40 ± 0.23 2.00 ± 0.15 <0.0001 

36 months 2.44 ± 0.21  1.86 ± 0.09 <0.0001 

Clinical attachment loss (CAL) (Mean ± s.e.m) mm 

Baseline 6.0 ±1.71 5.66 ± 1.35  0.11 

12 months 1.62 ± 0.3 1.51 ± 0.38 0.19 

24 months 1.67 ±0.35 1.51 ± 0.40 0.12 

36 months 1.83 ± 0.46 1.79 ± 0.39 0.39 

Pocket Probing Depth (PPD) (Mean ± s.e.m) mm 

Baseline 1.36 ± 0.21 1.28 ± 0.20 0.21 

12 months  1.39 ± 0.21 1.28 ± 0.16 0.11 

24 months 1.33 ± 0.20 1.14 ± 0.11 0.18 

36 months 1.35 ± 0.26 1.29 ± 0.08  0.20 
 

Table 2: Patient Level % RC, CRC, REC, KT, PD, CAL at Baseline, 12, 24 and 36 
months. 
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2.4.5 Tooth level analyses (Table 3). 

Recession Levels: 

At month 12, REC decreased in group 1 from 4.57 ± 1.55 to 0.24 ± 0.42 mm, and in 

group 2, from 4.26 ± 1.33 to 0.18 ± 0.23 mm. The improvement was statistically 

significant in each group (p<0.01) but was not statistically significant between the 

two groups. 

 

At the 24 months follow up, REC changed in group 1 to 0.41 ± 0.52 mm, a slight 

increase of 0.20 ± 0.27 mm from REC levels at the 12th month (0.24 ± 0.42 mm). In 

the group 2, the recession was also slightly greater at 24 months (0.29 ± 0.46 mm) 

from that at 12 months (0.18 ± 0.23 mm), with an increase of 0.13 ± 0.28 mm. 

Although a slight increase in recession was noted in both groups from the 12th to 

24th month, this change was not statistically significant. At the 36th month, the mean 

REC remained stable in the group 1 (0.50 ± 0.56 mm), while the mean REC in the 

control group increased to 0.92 ± 0.54 mm. The difference between the two groups 

was statistically significant (p<0.01). 

 

Root Coverage: 

At tooth level, the mean percentage root coverage (MRC) at 12 months was 95.7 ± 

4.1% for group 1 and 95.4 ± 4.2% for group 2. This was not statistically significant. At 

month 12, 69.9% of group 1 achieved complete root coverage (CRC) compared to 

69.4% in group 2. The MRC after 24 months was 91 ± 9.25% for group 1 and 93 ± 

6.8% for group 2, which was not statistically significant. At the 24th month review, in 
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group 1, 65.4% achieved complete root coverage and in group 2, 66.1% achieved 

complete root coverage (Table 3). 

 

At the 36th month, mean root coverage was 89.4 ± 9.2% in group 1 and 79 ± 18.9% 

in group 2. This was statistically significant (p<0.01). In group 1, 66.2% of cases had 

CRC compared to 52.9% in group 2 (Table 3). 

 

Keratinized Tissue (KT):  

At tooth level, in group 1, KT increased from 1.30 ± 0.46 mm to 2.25 ± 0.72 mm at 12 

months and 2.5 ± 0.55 mm at 24 months (Table 2). The KT remained stable at 

2.38±0.58 mm after 36 months. In group 2, KT increased from 1.2±0.34 mm at 

baseline to 1.86 ± 0.32 mm at 12 months and 1.92 ± 0.15 mm after 24 months 

(Table 2). This reduced slightly to 1.72±0.36 mm after 36 months. The increase in 

KT from baseline to 36th months was statistically significant in both groups (p<0.01, 

Table 2). The difference in KT was also statistically significant between groups 1 and 

2 at the 24- and 36-months’ follow-up, with the test group having a higher KT width 

after 24 months (2.5 ± 0.55 vs. 1.92 ± 0.15 mm, p<0.0001) and after 36 months 

(2.47 ± 0.58 vs. 1.72 ± .36, p <0.0001, Table 3). 

 

Clinical Attachment Loss (CAL) and Pocket Probing Depth (PD): 

In group 1, CAL decreased from 6.05 ± 0.69 mm to 1.56 ± 0.44 mm at 12 months 

and 1.79 ± 0.49 mm at 24 months (Table 2). The CAL remained stable at 1.35 ± 0.52 

mm after 12 months. The CAL in group 2 slightly increased to 1.65 ± 0.47 at 24 

months. This changed was not statistically significant. At the 36th month, in group 2 

the CAL increased significantly from 1.65 ± 0.47 to 2.69 ± 0.73 (p<0.01). PD 
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remained shallow over the period of the study for both groups. In group 1, PD 

changed from 1.38 ± 0.69 to 1.22 ± 0.47 from baseline to the 12th month, and from 

1.4 ± 0.44 to 1.31 ± 0.49 mm after 36 months. This minor change in the PD in group 

after 36 months was not statistically significant. In group 2, PD at baseline was 1.28 

± 0.53 mm and decreased slightly to 1.07 ± 0.26 mm after 12 months. The probing 

depth increased slightly to 1.39 ± 0.57 at 24 months and remained stable at 1.28 ± 

0.48 at 36 months. There was no statistically significant difference in the changes in 

PD in group 2 at any point during the study (Table 3). 
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Tooth level 
Clinical 
Parameters 

Group 1 (CTG-EMD) 
n = 80 

Control (CTG only) 
n = 64 P value 

% Root Coverage (Mean ± s.e.m) 

12 months 95.7 ± 4.10 95.4 (± 4.2) 0.64 

24 months 91 ± 9.25 93 (± 6.8) 0.69 

36 months 89.4 ± 9.2 79 (± 18.9) <0.01 

% Complete root coverage 

12 months 69.9 69.4  

24 months 65.4 66.1  

36 months 66.2 52.9  

Recession Depth (REC) (Mean ± s.e.m) mm 

Baseline 4.57 ± 1.55 4.26 ± 1.33 0.24 

12 months .24 ± 0.42 0.18 ± 0.23 0.06 

24 months 0.41 ± 0.52 0.29 ± 0.46 0.14 

36 months 0.50 ± 0.56 0.92 ± 0.54 <0.01 

Keratinized Tissue (KT width) (Mean ± s.e.m) mm 

Baseline 1.30 ± 0.46 1.20 ± 0.24 0.30 

12 months 2.25 ± 0.72 1.86 ± 0.32 <0.01 

24 months 2.50 ± 0.55 1.92 ± 0.15 <0.0001 

36 months 2.47 ± 0.58 1.72 ± 0.36 <0.0001 

Clinical attachment loss (CAL) (Mean ± s.e.m) mm 

Baseline 6.05 ± 0.69 5.85 ± 0.59 0.39 

12 months 1.56 ± 0.44 1.35 ± 0.52 0.40 

24 months 1.79 ± 0.49 1.65 ± 0.47 0.10 

36 months 1.75 ± 0.52 2.69 ± 0.73 <0.01 

Pocket Probing Depth (PPD) (Mean ± s.e.m) mm 

Baseline 1.38 ± 0.69 1.28 ± 0.53 0.62 

12 months 1.22 ± 0.47 1.07 ± 0.26 0.29 

24 months 1.40 ± 0.44 1.39 ± 0.57 0.16 

36 months 1.31 ± 0.49 1.28 ± 0.48 0.09 
 

Table 3: Tooth Level (% RC, CRC, REC, KT, PD, CAL) at Baseline, 12 months, 
24 months and 36 months. 
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2.4.6 Pain-Visual Analogue Scale (P-VAS) and patient evaluation of satisfaction and 

morbidity. 

A statistically significant reduction in pain severity was reported in group 1 vs. group 

2 at the 2nd (4.0 ± 1.11 vs. 5.32 ± 0.9, p<0.005) and 7th day (1.56 ± 1.42 vs. 2.64 ± 

0.99) after the surgical procedures (p<0.0001). On the 14th day, although the mean 

degree of pain reported in both groups was very low (0.42 ± 0.65 in the test group 

and 0.72 ± 0.73 in the control group), this difference remained statistically significant 

(p<0.0002) (Table 3). There was no statistically significant difference in the number 

of analgesics taken between test and control groups at the 2nd and 7th days post-

surgery (Table 4). 

 

There was no statistically significant difference between the test and control groups 

in relation to the degree of satisfaction and morbidity questionnaires completed 3 

years after the treatment. The majority of patients in both groups answered that the 

degree of pain was as expected, the symptoms were reasonable and expectations 

had been fulfilled 36 months after treatment. More patients in the test group (85.7%) 

were prepared to have the treatment again if necessary cf. to the control group 

(73.6%), but this difference was not statistically significant (Table 4). 
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Number of days post-surgery Group 1 Group 2 P value 
2nd day pain scale 4.0 ± 1.11 5.32 ± 0.90 0.003* 

2nd day analgesics taken (tabs. taken) 4.8 ± 2.20 5.6 ±1.80 0.17 

7th day pain scale 1.56 ± 1.42 2.64 ± 0.99 <0.00001* 

7th day analgesics (tabs taken) 7.5 ± 3.30 7.9 ± 2.80 0.65 

14th day pain scale 0.42 ± 0.65 0.72 ± 0.73 <0.0002* 

 
 
Patient Evaluation of 
Satisfaction 

Group 1 
  

Group 2 P value 

 N= Yes % N=Yes %  

Was the degree of pain 
unexpected? 

2/42 4.7 4/38 10.5 0.48 

Were the symptoms 
reasonable? 

42/42 100 34/38 89.48 0.35 

Have your expectations 
been fulfilled 

42/42 100 37/38 97.36 0.34 

Will you have the treatment 
performed again? 

36/42 85.7 28/38 73.6 0.82 

 

Table 4: Patient evaluation & satisfaction. 

Pain Visual Analogue Scale (Grade 0-9), number of analgesics taken and patient 
evaluation of satisfaction. *statistically significant. 
 

 

2.5 Discussion 

The objective of this clinical study was to evaluate the effectiveness of CTG with and 

without EMD in the treatment of Class I-II Miller recession defects around maxillary 

and mandibular anterior teeth. To the best of our knowledge, the present study is the 

largest prospective 3–year root coverage surgery study (144 teeth) that examined 

the possible adjunctive benefit of EMD to CTG in the management of Class I-II Miller 

gingival recession around maxillary and mandibular anterior teeth.  
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The important role of enamel matrix proteins in the establishment of periodontal 

attachment, particularly the differentiation of progenitor cells during cementogenesis, 

has been recognized for over 20 years (Hammarstrom et al 1997, Heijl et al 1997). 

Based on the principle of ‘biomimetics’, the use of a commercially available material 

derived from the enamel layer of developing porcine teeth and named ‘enamel matrix 

derivative’ (EMD), has been advocated for the regeneration of periodontal defects, 

and its effectiveness has been clinically validated in multiple studies (Heijl 1997, 

McGuire et al 2003, McGuire et al 2016, Heijl et al 1997, Suarez-Lopez et al 2015, 

Gestrelius et al 1997). 

 

With the high homology between porcine and human enamel proteins, EMD is 

believed to mimic the role of enamel matrix proteins in cementogenesis following its 

application on a treated tooth root surface (Gestrelius et al 1997).  The rationale for 

the use of biologic agents such as EMD is that they provide bioactive stimuli to the 

local microenvironment and promote new attachment formation and periodontal 

regeneration (Heijl et al 1997, Gestrelius et al 1997). Therefore, EMD has been 

advocated as an adjunct to CTG in root coverage procedures in order to facilitate 

new periodontal attachment. 

 

All of the patients recruited in this study had a thin gingival biotype (Claffey et al 

1986, Miller PD  1985) thus CTG was considered the treatment of choice (Cairo et al 

2008). In the present study, the results (both at patient and tooth level) showed that 

both CTG-EMD and CTG alone were highly effective in obtaining root coverage, 

which remained stable for 24 months. However, after 36 months there was a 

significantly better outcome in group 1 compared to the group 2 in terms of both 
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percentage mean root coverage (90.69±10.10% vs. 79.25± 19.55%) and residual 

recession levels (0.39±0.19 vs. 0.92±.43 mm), suggesting more stable root coverage 

in the group 1. These findings imply that there may be long-term benefits of using 

EMD as adjunct to CTG in the management of Class I-II Miller periodontal recession. 

This finding was in agreement with Spahr et al 2005, where the EMD group showed 

less recession rebound and better recession coverage after 2 years (Spahr et al 

2005). 

 

Based on the result of this study, the use of EMD as an adjunct to CTG may be 

advocated for achieving improved long-term root coverage stability compared to the 

use of CTG alone. The biological basis for the more stable gingival margin with the 

use of EMD may be explained by a recent histological assessment of EMD treated 

recession defects in humans. McGuire et al (2016) showed new bone, cementum 

and inserting fibres histologically after extraction of 7 premolars treated with 

EMD+CAF for recession management (McGuire et al 2016). Furthermore, a number 

of other human histological studies have confirmed the periodontal regenerative 

potential of EMD (Rasperini et al 2000, Roman et al 2013, Sculean et al 2000, 

Cochran et al 2003). Since both groups achieved similar root coverage improvement 

up to the 2nd year of the treatment, it may be hypothesized that the clinical benefit of 

having a periodontal attachment apparatus under the newly grafted area compared 

to a long junctional epithelium may only be evident 3 years after surgical treatment. 

 

A notable finding of the present study was the significant gain in KT in the test 

compared to the control group. This result is in agreement with other root coverage 

studies where the additional use of EMD led to formation of more keratinized tissue 



 62 

when compared to, or combined with, CAF or CTG (Sculean et al 2016, Moses et al 

2006. Although the importance of KT in the maintenance of periodontal health has 

been questioned (Mehta etb al 2010, Wennstrom et al 1987), an analysis of the 

available literature suggests that a minimum of 2mm KT is needed to prevent 

recession if plaque control is suboptimal (Scheyer et al 2015). The increasing life 

span of our aging population means that there are a significant number of patients 

with decreased dexterity and poor oral health, especially among nursing home 

residents (Griffin et al 2004, Arpin et al 2009). Therefore, it is important to provide 

patients with periodontal conditions that are maintainable. This implies that ideally a 

treatment goal of root coverage therapy should be to attain a minimum of 2 mm of 

KT at every opportunity to prepare for life events such as aging and physical 

impairment (Scheyer et al 2015).  

 

The results also showed statistically significant less pain experienced in the test 

group during the first 2 weeks of healing, according to the P-VAS. This suggests a 

potential role for EMD in the reduction of inflammation, and hence symptoms 

associated with inflammation such as pain. This result is consistent with a study 

performed by Cortellini et al (2007), where the use of EMD for periodontal 

regeneration resulted in good clinical outcomes 12 months post-regenerative therapy, 

while reducing patient morbidity at the first 2 weeks post-surgical procedure 

(Cortellini et al 2007). The application of EMD on the grafted sites may have helped 

reduce inflammation and associated symptoms such as pain. EMD has been shown 

to play a significant role in wound healing favouring soft tissue regeneration and 

angiogenic activity (Miron et al 2014). Indeed, EMD sold under the trademark 

Xelma® showed the potential therapeutic uses of this protein for the treatment of 
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‘hard to heal’ ulcers such as diabetic foot ulcers and rheumatoid disease (Romanelli 

et al 2008, Chadwick et al 2009, Miron et al 2016). With regards to patient 

satisfaction with the provided treatment, although the results did not reach statistical 

significance, there was a trend towards more patients in group 1 answering “Yes” to 

the question “Will you have the treatment again?” (85.7 % in test group) when 

compared to group 2 (73.6%). 

 

A possible limitation of this study was the lack of randomization in terms of allocation 

to the two treatment groups. This reflects the fact that this study was carried out in 

private practice and that there were no subsidies available in terms of the costs of 

the consumable biomaterial (EMD). Hence, the allocation to the two groups was 

based on whether the patient was interested in, and willing to pay for, the inclusion of 

EMD in their treatment. However, we do not consider this to have had a major 

impact on the observed outcomes since there were no differences in any 

parameters, especially the baseline clinical measurements (REC, CAL, KT, PD), 

between the two groups. It is also acknowledged that, without a control group 

consisting of no treatment, it was not possible to determine the influence of having a 

surgical procedure on the patients’ quality of life.  

 

The results of the present study support the use of EMD as an adjunct to CTG in the 

management of gingival recession, as it was able to achieve a more stable gingival 

margin, increase the amount of keratinized tissue and reduce post-operative pain. 

Further long-term studies are required to determine if the putative biological benefits 

of using EMD are reflected in enhanced clinical outcomes in terms of recurrence of 

recession. 
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Chapter 3.0 Sub-epithelial Connective Tissue Graft with or without enamel 

matrix derivative for the treatment of multiple Class III-IV recessions in lower 

anterior teeth: a 3-year randomized clinical trial. 

 

3.1 Abstract 

Background: This study compared clinical and patient-centered outcomes of 

subepithelial connective tissue graft (CTG) with and without enamel matrix derivative 

(EMD) in the treatment of multiple Class III-IV Miller periodontal recession (REC) 

defects on mandibular anterior teeth. 

Methods: This randomized clinical study evaluated 41 patients at 3 years followup. 

One hundred and fifty-six teeth were divided into two groups: test (CTG-EMD, 79 

teeth) and control (CTG only, 77 teeth). Clinical REC, keratinized tissue (KT) width, 

percentage of root coverage, patient-centered outcomes were compared between 

the two groups. 

Results: At 36 months follow-up, patient level analysis showed that REC in the test 

group reduced significantly (5.71 °æ 0.58 mm to 1.57 °æ 0.85 mm) compared with 

the control group (5.94 °æ 0.46 mm to 2.51 °æ 0.62 mm) (P < 0.001), while KT width 

increased in the test group (1.51 °æ 0.26 mm to 4.18 °æ 0.34 mm) and was 

significantly greater than the control group (1.65 °æ 0.21 mm to 2.90 °æ 0.20 mm) 

(P < 0.001). At 36 months, tooth level analysis (Class III and Class IV groups) found 

less residual REC and increased KT in the test group compared with the control 

group (P < 0.01). Significantly less pain was reported at 2, 7, and 14 days follow-up 

post-surgery in the test group (P < 0.001). 

Conclusions: The addition of EMD to CTG results in improved root coverage 

outcomes and higher amounts of KT width 36 months after treatment of Class III-IV 
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REC on mandibular anterior teeth. The adjunctive use of EMD also resulted in 

significantly reduced pain 14 days post-surgery. 

 

3.2  Introduction 

The prevalence of advanced recession (Miller’s Class III and Class IV) (Miller PD 

1985) is high in adult patients (10%-39%) (Marini et al 2004). It has been reported 

that mandibular incisors are the teeth most frequently affected by gingival recessions 

(56%), along with maxillary first premolars and molars (Joshipura et al 1994, Serino 

et al 1994). The high prevalence of more severe types of recession (Class III-IV) in 

the lower anterior teeth in the adult population requires a predictable surgical 

protocol to manage these defects in order to improve the periodontal stability and 

longevity of the lower anterior teeth.  

 

Surgical management of multiple Class III and V recession defects is recognized to 

be more difficult compared to Class I-II Miller recessions, mainly due to major or 

complete loss of papilla and interdental bone, resulting in a compromised recipient 

bed and blood supply for the grafted tissue (Miller PD 1985, Wennstrom et al 1996). 

However, studies that incorporated a biological agent such as enamel matrix 

derivative (EMD) with coronally advanced flaps (CAF) and connective tissue grafts 

(CTG) in Class III recessions have demonstrated improved mean root coverage 

(MRC), and in some cases even complete root coverage (CRC) (Henriquez et al 

2010, Cueva et al 2004). The literature is still lacking in long-term studies on the 

stability of CTG in the treatment of Class III-IV recessions with or without EMD. 

The morbidity of pain associated with the CTG surgeries has been an issue in terms 

of patient’s acceptance of this surgical procedure. Periodontal plastic surgeries that 
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incorporate biologically active materials capable of enhancing the wound healing 

process while also reducing inflammation and pain symptoms, such as EMD, have 

been studied for the treatment of recession with promising results (Tonetti et al 2004, 

McGuire et al 2012, Cortellini et al 2007). However, the effectiveness of EMD in 

conjunction with the “gold standard” root coverage technique (CTG) has not been 

investigated in Class III-IV defects. 

 

The aims of this prospective randomized clinical study were: 1) to compare the long-

term (3 years) efficacy of CTG with and without EMD in healthy non-smoker patients 

with multiple Class III-IV Miller recession defects around the lower anterior teeth and 

2) to assess if the addition of EMD with CTG reduced pain and morbidity associated 

with surgical healing as measured by a Pain Visual Scale (PVAS) and Post-Surgical 

Questionnaires. 

 

3.3 Materials and Methods 

 

3.3.1 Study population 

The Griffith University Human Research Ethics Committee provided ethical approval 

for this project (GU Ref. 924). The study was also registered in the Australia and 

New Zealand Clinical Trial Registry (ACTRN1269000062123). The study was 

conducted in accordance with the Helsinki Declaration of 1975, as revised in 2013. 

The study was performed during the period of January 2013 to June 2018. 

3.3.2 Sample size calculation 

Using improvements in REC and KT as the primary outcome variable and assuming 

that the standard deviation (SD) of the differences in the measurements would not 
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exceed 30%, the sample size for comparing differences in the two groups was 

calculated to be 19 patients per treatment group. This would provide 80% power to 

detect a true difference of 20% between test and control groups. To allow for 

possible dropouts, 21 patients were recruited in each of the two groups. 

 

3.3.3 Patient enrolment and study inclusion criteria 

Patients who were referred for management of periodontal recession at a private 

periodontal practice in Western Sydney, Australia were enrolled and recruited for this 

study by FM. The surgical details were discussed with the patient discussing all the 

risks and benefits of the procedure. The surgical consent forms were given to the 

patient, which they took home to read and returned them signed on the day of the 

surgery. The two main reasons for recession referrals were root hypersensitivity and 

progressive periodontal recession around the lower anterior teeth. At the start of the 

study, 42 opaque envelopes were sealed with a piece of paper with “Test” and 

“Control” written on it. Following administration of local anaesthesia, randomization 

was accomplished by FM asking the patients to select of one of the envelopes kept 

inside an opaque box. The patients were not informed whether they chose “test” or 

“control”. All the patients had a face surgical drape during the surgical procedures 

with only the mouth and nose exposed. Although it was not possible to blind the 

surgical operator (FM) on the treatment method performed, blinding was possible for 

the collection and analyses of the data by blinding the patients and the second 

clinician not involved in the surgical process who collected the data (AA). 
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Figure 10. Class III-IV REC Study Flowchart. 
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Medical) 
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At 3rd month and 6 monthly for 36 months 
(one Test patient lost at the 3rd month review) 

36 month (PD, KT, REC, CAL) 
Patient subjective review form 36 months after surgeries 

Test Group (20 patients) 
Control Group (21 patients) 
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The sample included 42 consecutive patients (21 in test group and 21 in control 

group, Table 5), systemically healthy, nonsmokers aged between 18 to 70 years 

(one test patient was lost after surgical treatment due to interstate relocation). Any 

periodontitis was treated and had to be stable (no probing depth [PD] > 4 mm and 

full-mouth plaque score and full mouth bleeding score < 20% for the period of the 

study). Patients with uncontrolled diabetes mellitus, those taking bisphosphonates, 

antidepressants, and antipsychotic medications, and pregnant or lactating females 

were excluded from the study. The mean age of the patients treated was43 (±7.5) 

years and 70% of them were female. Further, 39% of the treated patients had a 

history of periodontal treatment and 19.5% had previous orthodontic treatment. The 

patients were classified as having a thin-gingival biotype (Agudio et al 2009, Claffey 

et al 1986) and had at least one Class III-IV Miller recession in the lower anterior 

teeth. There were 156 teeth treated, 79 in the test group and 77 in the control group. 

 

In the Test group, 80% of the treated lower anterior teeth had Class III Miller and 

20% had Class IV Miller recession, in the Control group 82% of the treated lower 

anterior teeth had Class III Miller and 18% had Class IV Miller recession. In the total 

population, 81% of the treated lower anterior teeth had Class III Miller recession and 

19% had Class IV Miller recession (Table 5). 
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 Test Group  

(CTG-EMD) 
Control Group  
(CTG only) 

Total Mean for 
both groups 

Patient Distribution ú  

Patient Numbers 20 21 41 

Mean Age 41.8 ± 6.4 44.3 ± 8.2 43 ± 7.5 

Female 65% 76% 70% 

History of Periodontal Rx 40% 38% 39% 

History of Orthodontic Rx 15% 23% 19.%% 

History of Perio and Ortho Rx 10% 9.5% 9.7% 

Teeth Distribution 

Number of teeth/groups 79 77 156 

Mean number of teeth/patient 3.7 ± 0.73 3.9 ± 1.15 3.7 ± 0.95 

Class III Miller 80% 82% 81% 

Class IV Miller 20% 18% 19% 

Teeth with Grade I Mobility 25% 32% 29% 

 

Table 5: Class III-IV patients and teeth distribution. 

 
3.3.4 Surgical Procedures 

All surgical procedures were performed by the same experienced periodontist (F.M.). 

The same surgical technique was performed on patients both groups, except that the 

Test group received CTG with EMD and the Control group was treated with CTG 

alone.  

Test Group – CTG-EMD  

The lower anterior teeth were splinted at the lingual surface using composite bonding 

material§ before the surgical procedures. After local anaesthesia|| the exposed root 

surface was debrided with Gracey curettes¶. An intra-sulcular incision using a 15C 

blade# was made on the affected teeth, extending to the line angles of the adjacent 

non-involved teeth. Horizontal incisions were made from the mesial and distal angles 

of the base of the papillae of the involved teeth. Two vertical-oblique releasing 
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incisions extending beyond the mucogingival junction were made from the mesial 

and distal border of the adjacent teeth. This incision was connected to the intra-

sulcular incisions of the involved teeth creating a trapezoidal flap. A full-thickness 

“pouch-like” flap was raised immediately apical to the affected gingival margin, 

changing to a partial-thickness dissection to the bone crest margin of the mucosa. 

The papillae of the involved teeth, which were left intact, were de-epithelialized. The 

roots of the involved teeth were prepared with 24% EDTA** gel for 2 minutes to 

remove the smear layer and then rinsed abundantly with saline solution prior to 

application of enamel matrix derivative (EMD). All test patients received 0.7 ml of 

commercially available EMD††. Half of the EMD (0.35 ml) was applied on the surface 

of the involved teeth before the CTG was placed over the root surface. The suturing 

technique was adapted and modified from previous publications where it was 

described in detail (Azzi et al 1998, Aroca et al 2010, Sculean et al 2016). Briefly, the 

CTG was fixed on the root surface with a sling suture# around the neck of the 

recipient tooth. The flap was closed by suturing the base of elevated papilla coronally 

to the de-epithelialized papilla by individual interrupted sutures until all the involved 

papillae were stabilized back onto the involved teeth. The gingival margin of each 

involved tooth was coronally repositioned by a sling suture# performed by suturing 

from the lingual surface with the suture entering above the contact point of the 

involved teeth. This suturing process was repeated on all the involved teeth. In order 

to reposition the stabilized flap in a more coronal position, additional vertical sling 

sutures# were performed by piercing the base of the “new” papillae from the buccal 

surface to the lingual surface and each papilla was sutured coronally onto the 

contact points or to the lingual splint§ of the involved teeth (Figure 11). 
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Figure 11: Test Group: CTG-EMD. 

A1) Baseline recession with persistent gingival inflammation because of 
absence of keratinised tissue in the area. A2) Trapezoidal flap with papillae of 
the involved teeth de-epithelialized. A3) 24% EDTA applied for 2 minutes. A4) 
EMD applied on the cleaned root surface before CTG stabilisation. A5) CTG 
stabilised with a sling suture. A6) CAF to cover the CTG with additional 
coronal sling sutures. A7) 12th month review. A8) 24th month review. A9) 36th 
month review. 
 

Control Group - CTG only  

The same surgical procedures and suturing techniques were performed in the 

Control group as described above. The only difference is that the Control group did 

not have the 24% EDTA** root conditioner and adjunct EMD†† prior to stabilization of 

CTG on the root surface (Figure 12). 
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Figure 12: Comparison of Baseline vs. 36th month. 

CONTROL Group (B1-B6) and TEST Group (B7-B12). CONTROL Group: B1) 
Case 1 Control Baseline, B2) Case 1 Control 36th month, B3) Case 2 Control 
Baseline, B4) Case 2 Control 36th month, B5) Case 3 Control Baseline, B6) 
Case 3 Control 36th month, TEST Group B7) Case 1 Test Baseline, B8) Case 1 
Test 36th month, B9) Case 2 Test Baseline, B10) Case 2 Test 36th month, B11) 
Case 3 Test Baseline, B12) Case 3 Test 36th month. 
 

Palatal Donor Site 

At the harvest site, an incision parallel to the palatal surface distal to tooth 13 and 

mesial to tooth 16 was made using a 15C blade¶. A 1-1.5 mm thick connective tissue 

graft was dissected from this single incision. On the Test group, the remaining 0.35 

ml of EMD‡‡ was applied on the palatal harvest site prior to closure of the wound 

using resorbable sutures§§ using 3-4 interrupted sutures.  
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3.3.5 Clinical Measurements 

The following clinical parameters were measured with a periodontal probe|||| at 

baseline, 3 months and every 6 months for 3 years:  

• Periodontal recession (REC): distance between the CEJ and gingival margin 

(GM) at the mid-buccal aspect of the tooth.  

• Probing depth (PD): distance between the GM and the base of the pocket 

measured at the mid-buccal aspect of the tooth. 

• Keratinized tissue (KT): distance between the GM and the mucogingival 

junction at the mid-buccal aspect of the tooth. 

The values measured at baseline, 12 months, 24 months and 36 months were 

analysed in the study. A second blinded clinician (AA) who was not involved in the 

surgical procedure recorded all clinical parameters using 3.5x magnification. A 

calibrating exercise was performed to achieve intra-examiner reproducibility:  full 

mouth charting of the same five patients was carried out at weekly intervals for 3 

consecutive weeks. Calibration was confirmed when the measurements were 

consistently accurate to 0.5 mm. 

 

3.3.6 Postoperative Care 

Patients were instructed not to brush the surgical sites for 2 weeks. All patients were 

issued 20 tablets of analgesics (combined Paracetamol 500 mg and Ibuprofen 150 

mg) and were advised to take them as needed. The patients were advised to return 

any remaining analgesics on the 7th day after surgery. All patients were given 0.12% 

chlorhexidine digluconate mouthwash used twice a day for 2 weeks. 
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3.3.7 Pain-Visual Analogue Scale (P-VAS) 

Patients were instructed to grade their degree of pain perception using the 10 cm 

line P-VAS marked number 0 (Nil pain) to 9 (worst pain). Using the 10 cm line, 

patients were advised to mark a vertical line corresponding to their pain perception 

on the 2nd, 7th and 14th day after the surgery. The patients were also asked to write 

down the number of analgesics they had taken at day 2 and day 7 post-surgery. 

These answers were verified with the number of remaining analgesics that the 

patient returned one week after surgery. 

 

3.3.8 Patient Morbidity and Satisfaction 

At the 36th month review, questionnaires were given to the patients for subjective 

assessment of the treatment results. The questionnaires collected data on the 

perceived severity of pain symptoms, expectations and treatment satisfaction. The 

patients’ answers were dichotomized as Yes=1 or No=0. 

 

3.3.9 Statistical analyses  

Statistical analysis was performed using commercially available software.¶¶ Mean 

values, standard deviations (mean ± SD) and percentages were calculated for each 

treatment at Patient and Tooth Level at the different time points. The significance of 

the difference within each group and between groups before and after treatment was 

analysed using the student t-test. The primary outcome variables were 

improvements in REC and KT. Secondary variables include improvements in CAL, 

PPD, Pain-VAS and patient centred-outcomes, percentage Mean Root Coverage 

(MRC) and number of teeth that achieved Complete Root Coverage (CRC). Data 

from the VAS scores and patient-centred outcomes scores were analysed using 
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Mann-Whitney tests. A p value of < .01 was considered statistically significant. 

 

3.4 Results 

 

3.4.1 Patient-Level Measurements  

Recession levels (Figure 13 & Table 6): 

All patients had uneventful healing and GI and PI were maintained below 20%. At 

the 12th month timepoint, REC decreased in both test and control groups (test 5.71 

± 0.58 mm to 1.59 ± 0.58 mm, control 5.94 ± 0.46 mm to 1.42 ± 0.46 mm). The 

improvement was statistically significant in each group (P < 0.01) but was not 

statistically significant between the two groups. The MRC coverage after 12 months 

was 72.09% (±13.34%) for the test group and 77.50% (±10.91%) for the control 

group (P > 0.01). At the 24th-month follow-up, REC increased in both the test (1.59 ± 

0.58 to 1.82 ± 0.50 mm) and control (1.42 ± 0.46 to 1.87 ± 0.42 mm) groups, with no 

statistically significant differences between the groups. For both groups, the REC 

values were not statistically significantly (P > 0.40) different between 12 and 24 

months but remained statistically significant from baseline (P < 0.01). The MRC after 

24 months was 68.29% (±11.77%) for the test and 70.23% (±10.66%) for the control 

group (P > 0.29). For both groups, significant changes remained between baseline 

and 36 months for REC (P < 0.0001). However, at 36 months, the mean REC 

remained stable in the test group (1.57 ± 0.85 mm), while the mean REC in the 

control group increased to 2.51 (±0.62 mm), which was statistically significant 

between the two groups (P < 0.01). At the 36th month, the control group had an 

average of 1.0 mm greater residual REC when compared to the test group. At the 
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36th month, the MRC was greater in the test group (68.36% ±13.11%) than in the 

control group (57.2% ± 13.68%) (P < 0.003). 

 

Keratinized tissue (Figure 13 & Table 6): 

In the test group, KT increased from 1.51 ± 0.26 mm at baseline to 3.28 ± 0.44 mm 

at 12 months, 3.86 ± 0.41 mm at 24 months, and 4.18 ± 0.34 mm after 36months. 

The increase in KT in the test group from baseline to 12 months was statistically 

significant (P < 0.00001). There were no statistically significant changes in the KT 

measurements in the test group at 24 and 36 months compared with 12 months. In 

the control group, KT significantly increased from 1.65 ± 0.21 mm at baseline to 3.36 

± 0.30 mm at 12 months (P < 0.00001), further increased significantly to 3.61 ± 0.33 

mm after 24 months (P < 0.01) but significantly reduced to 2.90 ± 0.2 after 36 

months (P < 0.00004). There were no statistically significant differences in the KT 

between test and control groups from baseline, 12 months, and 24 months. At 36 

months, the difference in the KT between the two groups was statistically significant 

(4.18 ± 0.34mmfor the test versus 2.90 ± 0.20mm for the control) (P < 0.00001). At 

the 36th month, the test group presented with 1mm greater KT than the control 

group. 
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Figure 13: Patient Level, Test cf. Control recession and keratinized tissue. 

 
 
 
Probing depth: 

PD remained shallow over the period of the study (test PD baseline 1.36 ± 0.09 mm 

to 1.74 ± 1.02 mm after 36 months; control PD baseline = 1.26 ± 0.03 mm, PD 36th 

month = 1.32 ± 0.07 mm). There were no statistically significant differences in PD 

over time in either of the groups, or between the two groups. 
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Patient Level (Class III-IV Miller REC) 
Clinical 
Parameters 

Test  
(CTG-EMD)  
n= 20 

Control  
(CTG only)  
n= 21 

p value 

Recession Depth (REC) (mean ± s.e.m) mm 
Baseline 5.71 ± 0.58 5.94 ± 0.46 0.15 
12 months 1.59 ± 0.58 1.42 ± 0.46 0.22 
24 months 1.82 ± 0.51 1.87 ± 0.42 0.40 
36 months 1.57 ± 0.85 2.51 ± 0.62 0.01* 
Pocket Probing Depth (PPD) (mean ± s.e.m) mm 
Baseline 1.36 ± 0.09 1.26 ± 0.03 0.32 
12 months  1.52 ± 0.11 1.35 ± 0.03 0.25 
24 months 1.57 ± 0.14 1.21 ± 0.05 0.43 
36 months 1.74 ± 1.02 1.32 ± 0.07 0.15 
Clinical attachment loss (CAL) (mean ± s.e.m) mm 
Baseline 6.63 ± 3.49 7.04 ± 0.47 0.18 
12 months 3.29 ± 1.29 2.61 ± 0.49 0.13 
24 months 3.32 ± 0.65 3.16 ± 0.60 0.25 
36 months 3.34 ± 0.73 3.72 ± 0.85 0.08 
Keratinized Tissue (KT width) (mean ± s.e.m) mm 
Baseline 1.51 ± 0.26 1.65 ± 0.21 0.17 
12 month 3.28 ± 0.44 3.36 ± 0.30 0.32 
24 months 3.86 ± 0.41 3.61 ± 0.33 0.09 
36 months 4.18 ± 0.34 2.90 ± 0.20 0.00001* 
% Mean Root Coverage (mean ± s.e.m) 
12 months 72.09 ± 13.34 77.50 ± 10.91 0.08 
24 months 68.29 ± 11.77 70.23 ± 10.66 0.29 
36 months 68.36 ± 13.11 57.20 ± 13.68 0.003* 
% Complete root coverage 
12 months 10% 5.0%  
24 months 10% 0%  
36 months 10% 0%  

 

Table 6: Patient Level Class III-IV Miller Recession Clinical Parameters. 
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3.4.2 Tooth Level Measurements 

Recession Levels: 

Class III Miller recession group (Figure 14 & Table 7) 

At the 12th-month timepoint, REC decreased in both test and control groups (test 

5.47 0.74 mm to 1.45 ± 0.92 mm, control 5.75 ± 0.71 mm to 1.32 ± 0.66). The 

improvement was statistically significant in each group (P < 0.00001) but was not 

statistically between the two groups (P > 0.20). The MRC after 12 months was 

72.92% (±18.40%) for the test group and 77.57% (±13.43%) for the control group (P 

> 0.05). At the 24th month follow-up, REC statistically increased in the control group 

(1.32 ± 0.66mm to 1.75 ± 0.75 mm, P < 0.002), but remained stable in the test group 

(1.45 ± 0.92 mm to 1.65 ± 0.94 mm, P > 0.12). For both groups, the REC values 

were not statistically (P > 0.27) different between 12 and 24 months but remained 

statistically significant from baseline (P < 0.00001). The MRC after 24 months was 

69.37% (±18.09%) for the test group and 70.37% (±16.15%) for the control group (P 

> 0.16). For both groups, significant changes remained between baseline and 36 

months for REC (P < 0.00001) (Table 3). However, at the 36th month, the mean 

REC remained stable in the test group (test 24th month 1.65 ± 0.94 mm versus test 

36th month 1.64 ± 0.91 versus P > 0.45), while the mean REC in the control group 

statistically increased (control 24th month 1.75 ± 0.75 mm versus control 36th month 

2.37 ± 1.3 mm, P < 0.0003), which was statistically significant between the two 

groups (P < 0.000074). At the 36th month measurement, the control group had 0.75 

mm greater residual REC when compared to the test group. At the 36th month, the 

MRC was greater in the test group (69.85% ± 17.27%) than in the control group 

(59.29% ±19.26%) (P < 0.0007). 
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Keratinized tissue Class III only: 

In the test group, KT significantly increased from 1.52 ± 0.38 mm at baseline to 3.32 

± 0.68 mm at 12 months (P < 0.00001). The KT further increased significantly to 3.83 

± 0.53 at 24 months (P < 0.0002) and remained stable at 4.07 ± 0.56 mm after 36 

months (P > 0.03). In the control group, KT significantly increased from 1.69 ± 0.44 

at baseline to 3.32 ± 0.57 mm at 12 months (P < 0.00001), remained stable at 3.53 ± 

0.44 mm after 24 months (P > 0.04) and significantly reduced to 2.88 ± 0.39 mm 

after 36 months (P < 0.00001). The difference in the KT between test and control 

groups were not significant from baseline to 12 months (P > 0.06). At 24 months 

(test 3.83 ± 0.53 mm, control 3.53 ± 0.44 mm, P < 0.001) and 36 months (test 4.07 ± 

0.56 mm, control 2.88 ± 0.39 mm, P < 0.00001), the test group had significantly 

higher KT than the control group. At the 36th month review, the test group developed 

1.2 mm greater KT than the control group.  
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Figure 14: Tooth Level Class III only. Recession and keratinized tissue. 
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Tooth level - Class III Miller REC only 

 Test (CTG-EMD)  
63 teeth (80%) 

Control (CTG)  
64 teeth (86%)  

p value 

Recession Depth mm (REC) (Mean ± SD)  
Baseline 5.47 ± 0.74 5.75 ± 0.71 0.034 
12 months 1.45 ± 0.92 1.32 ± 0.66  0.20 
24 months 1.65 ± 0.94 1.75 ± 0.75 0.27 
36 months 1.64 ± 0.91 2.37 ± 1.3 0.000074* 
Pocket Probing Depth mm (PPD) (Mean ± SD)  
Baseline 1.16 ± 0.12 1.08 ± 0.07 0.08 
12 months 1.37 ± 0.23 1.22 ± 0.12 0.03 
24 months 1.39 ± 0.26 1.27 ± 0.17 0.08 
36 months 1.34 ± 0.24 1.30 ± 0.19 0.32 
Clinical attachment loss mm (CAL) (Mean ± SD)  
Baseline 6.63 ± 0.88 6.83 ± 0.78 0.10 
12 months 2.79 ± 1.24 2.58 ± 0.79 0.12 
24 months 3.02 ± 1.27 3.02 ± 1.07 0.48 
36 months 2.99 ± 1.11 3.62 ± 1.67 0.001* 
Keratinized Tissue (KT width) mm (Mean ± SD) 
Baseline 1.52 ± 0.38 1.69 ± 0.44 0.06 
12 months 3.32 ± 0.68 3.32 ± 0.57 0.50 
24 months 3.83 ± 0.53 3.53 ± 0.44 0.001* 
36 months 4.07 ± 0.56 2.88 ± 0.39 0.00001* 
% Mean Root Coverage (Mean ± SD) 
12 months 72.92 ± 18.40 77.57 ± 13.43 0.05 
24 months 69.37 ± 18.09 70.37 ± 16.15 0.16 
36 months 69.85 ± 17.27 59.29 ± 19.26 0.00075* 
% Complete root coverage 
12 months 22.22% 18.46%  
24 months 17.45% 12.30%  
36 months 17.45% 10.76%  
 

Table 7: Tooth Level Class III REC Clinical Parameters. 
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Class IV Miller recession group (Figure 15 & Table 8) 

At the 12-month timepoint, REC decreased in both test and control groups (test 6.59 

± 0.51 mm to 2.26 ± 0.97 mm, control 6.67 ± 0.61 mm to 1.75 ± 0.57 mm). The 

improvement was statistically significant in each group (P < 0.00001) but was not 

statistically significant between the two groups (P > 0.07). The MRC after 12 months 

was 64.76% ± 15.70% for the test group and 64.96% ± 18.27% for the control group 

(P > 0.48). At the 24th month follow-up, REC in the test (2.65 ± 0.24 mm) and control 

(2.25 ± 0.39 mm) remained stable when compared with 12 months. For both groups, 

the REC values were not statistically different (P > 0.04) between 12 and 24 months 

but remained statistically significant from baseline (P < 0.00001). The MRC after 24 

months was 60.58% (± 7.72%) for the test group and 65.86% (±10.40%) for the 

control group (P < 0.03) (Table 3). At the 36th month, the mean REC remained 

stable in the test group (test 24th month 2.65 ± 0.24 mm versus test 36th month 2.53 

± 0.39 mm, P > 0.27), while the mean REC in the control group significantly 

increased (control 24th month 2.25 ± 0.39 mm versus control 36th month 3.17 ± 0.52 

mm, P < 0.001). This was statistically significant between the two groups (P < 

0.00001). After 36 months, the control group had 0.65 mm higher residual REC 

when compared with the test group. At the 36th month, the MRC was greater in the 

test group (61.40% ± 9.43%) than in the control group (52.08% ± 11.96%) (P < 

0.01). 

 

Keratinized tissue Class IV only: 

In the test group, KT significantly increased from 1.29 ± 0.60 mm at baseline to 2.88 

± 0.17 mm at 12 months (P < 0.00001). The KT in this group increased significantly 

further at 3.56 ± 0.37 at 24 months (P < 0.0003) but reduced to 3.47 ± 0.22 mm at 36 
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months (P < 0.001). In the control group, KT significantly increased from 1.12 ± 0.46 

mm at baseline to 3.08 ± 0.27 mm at 12 months (P < 0.00001), remained stable at 

3.33 ± 0.24 mm at 24 months (P > 0.11) but decreased significantly at 36 months 

(2.83 ± 0.15 mm, P < 0.005) when compared with 24 months. The amount of KT 

between test and control groups was not significant at the 12th and 24th month but 

at the 36th month, the test group had significantly higher KT than the control group 

(test 4.18 ± 0.22 mm, control 2.83 ± 0.15 mm, P < 0.00001). At the 36th-month 

review, the test group exhibited 1.4 mm greater KT than the control group. 

 

Figure 15: Tooth Level Class IV only. Recession and keratinized tissue. 
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Tooth Level – Class IV Miller REC only 

 Test (CTG-EMD)  
(22%, 17 teeth) 

Control (CTG) 
(16%, 12 teeth) 

p value 

Recession Depth mm (REC) (Mean ± SD) 
Baseline 6.59 ± 0.51 6.67 ± 0.61 0.39 
12 months 2.26 ± 0.97 1.75 ± 0.57 0.07 
24 months 2.65 ± 0.24 2.25 ± 0.39  0.03 
36 months 2.53 ± 0.39 3.17 ± 0.52 0.008* 
Pocket Probing Depth mm (PPD) (Mean ± SD)  
Baseline 1.26 ± 0.16 1.08 ± 0.08 0.09 
12 months 1.41 ± 0.19 1.12 ± 0.05 0.02 
24 months 1.41 ± 0.26 1.25 ± 0.02  0.19 
36 months 1.38 ± 0.20 1.25 ± 0.20  0.22 
Clinical attachment loss mm (CAL) (Mean ± SD) 
Baseline 7.85 ± 0.59 7.83 ± 0.53 0.47 
12 months 3.68 ± 1.37 2.96 ± 0.70 0.04 
24 months 4.06 ± 0.31 3.62 ± 0.78 0.06 
36 months 3.91 ± 0.54 4.54 ± 0.79  0.02 
Keratinized Tissue (KT width) mm (Mean ± SD) 
Baseline 1.29 ± 0.60 1.12 ± 0.46 0.27 
12 months 2.88 ± 0.17 3.08 ± 0.27  0.12 
24 months 3.56 ± 0.37 3.33 ± 0.24 0.14 
36 months 4.18 ± 0.22 2.83 ± 0.15 0.00001* 
% Mean Root Coverage (Mean ± SD) 
12 months 64.76 ± 15.7 64.96 ± 18.27 0.48 

24 months 60.58 ± 7.82 65.86 ± 10.40 0.03 

36 months 61.40 ± 9.43 52.08 ± 11.96 0.01* 

% Complete root coverage 
12 months 0% 0%  
24 months 0% 0%  
36 months 0% 0%  
 

Table 8: Tooth Level Class IV REC Clinical Parameters. 
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3.4.3 Pain visual analog scale and patient evaluation of satisfaction and morbidity (Table 

9) 

There was statistically significantly less pain severity reported in the test group 

versus the control group on the second day (5.08 ± 0.93 versus 6.29 ± 1.31) (P < 

0.0004) and seventh day (2.25 ± 0.59 versus 3.24 ± 0.79) after the surgical 

procedures (P < 0.0003). On the 14th day, the P-VAS scores were low in both 

groups, but a statistically significant difference was still observed between the two 

groups (0.80 ± 0.38 versus 1.52 ± 0.46) (P < 0.0005). There was no statistically 

significant difference in the number of analgesics taken between the test and control 

groups at 2- and 7-days post-surgery. There was no statistically significant difference 

between test and control groups in terms of the degree of satisfaction and morbidity 

questionnaires filled 3 years after the treatment. A majority of patients in both groups 

answered that the degree of pain was expected, the symptoms were reasonable, 

and expectations had been fulfilled 36 months after treatment. 
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Number of days post-surgery Test Control p value 

2nd day pain scale 5.08 ± 0.93 6.29 ± 1.31 0.0003 

2nd day analgesics (# of tabs) 8.70 ± 5.17 9.38 ± 8.05 0.20 

7th day pain scale 2.25 ± 0.59 3.24 ± 0.79 0.0002 

7th day analgesics (# of tabs) 12.85 ± 7.92 12.38 ± 9.45 0.30 

14th day pain scale 0.80 ± 0.38 1.52 ± 0.46 0.0005 
Patient Evaluation of 
Satisfaction Test  Control  p value 

 N=Yes % N= Yes %  
Was the degree of pain 
unexpected?   2/20 10   3/21 14 0.34 

Were the symptoms reasonable 19/20 95 18/21 85 0.16 
Have your expectations been 
fulfilled 19/20 95 19/21 90 0.29 

Will you have treatment again? 15/20 75 15/21 71 0.40 
 

Table 9: Pain VAS, # of analgesics taken and patient evaluation of patient 
satisfaction.
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3.5 DISCUSSION 

To the best of our knowledge, there are no randomized clinical trial available on the 

outcomes of periodontal plastic procedures on Class III-IV periodontal recession with 

or without EMD defects in adult populations (Pagliato et al 2003, Cairo et al 2008, 

Chambrone et al 2015). The lack of an evidence base for the management of more 

severe gingival recession in the adult population makes it difficult to critically 

evaluate the effectiveness of these interventions.  

A key finding in the present study was that the REC improvement achieved in the 

control group at 24th month deteriorated by the 36th month, which suggest that the 

outcomes obtained with the “gold standard” CTG procedure may deteriorate over 

time and that there is a beneficial adjunctive effect of EMD on REC stability and 

maintenance of KT in the long-term. These findings are consistent with the result of 

several clinical trials where the use of EMD with a CAF and CTG for the treatment of 

gingival recession led to improved gingival tissue quality via increased keratinized 

tissue and improved stability of the increased gingival margin level (Spahr et al 2005, 

McGuire et al 2016). Because of the stability achieved by the test group in the 

present study, after 3 years, we expect for this group will retain the recession 

coverage and amount of keratinized tissue stability in the long term. The biological 

basis for the more stable gingival margin levels with the use of EMD may be 

explained by histological assessment of EMD treated recession defects in humans 

that showed new bone, cementum and inserting fibres on the tooth surface 

histologically (Roman et al 2013, Sculean et al 2000, Scheyer et al 2015). 
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A notable finding of the study was the significant gain in KT in the test compared to 

the control group. It was suggested that a minimum of 2mm KT is needed to prevent 

recession if plaque control is suboptimal (Griffin et al 2005). The increasing life span 

of our aging population means that there are a significant number of patients with 

decreased dexterity and poor oral health, especially among nursing home residents 

(Forsell et al 2009, Miron et al 2014). This implies that ideally a treatment goal of root 

coverage therapy should be to attain the maximum amount of KT at every 

opportunity in order to prepare for life events such as aging and physical impairment.  

 

The present study also showed that significantly less pain was experienced in the 

test group during the first 2 weeks of healing. The application of EMD on the grafted 

sites and palatal donor sites may have helped reduce inflammation and associated 

symptoms such as pain. EMD has been shown to play a significant role in wound 

healing favouring soft tissue regeneration and angiogenic activity (Romanelli et al 

2008). Indeed, EMD sold under the trademark Xelma® showed the potential 

therapeutic uses of this protein for the treatment of ‘hard to heal’ ulcers such as 

diabetic foot ulcers and rheumatoid disease (Chadwick et al 2009).The result of the 

present study is also consistent with a study performed by Cortellini et al (2007), 

whereby the use of EMD for periodontal regeneration resulted in good clinical 

outcomes while reducing patient morbidity in the first 2 weeks post-regenerative 

therapy (Cortellini et al 2007). 

 

The results of the present study support the use of EMD as an adjunct to CTG in the 

management of more severe gingival recession (Millers Type III-IV) on lower anterior 

teeth, as it was able to achieve a more stable gingival margin and increase the 
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amount of keratinized tissue in the long-term, and reduce patient reported post-

operative pain in the short term. Further long-term studies are required to determine 

if the biological benefits of using EMD are reflected in enhanced clinical outcomes in 

terms of recurrence of recession and increased tooth retention.  
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Chapter 4. Regenerative surgical therapy for peri-implantitis using 

deproteinized bovine bone mineral with 10% collagen, enamel matrix 

derivative and Doxycycline — A prospective 3-year cohort study 

 

4.1 Abstract 

Background: There is limited evidence regarding the long-term efficacy of 

regenerative treatment for peri-implantitis. The aim of this study was to evaluate a 

combination therapy of Deproteinized Bovine Bone with 10% collagen stabilized 

anorganic bovine bone mineral (DBBMC), enamel matrix derivative (EMD) and 

doxycycline in the regeneration of bone defects associated with peri-implantitis.  

Methods: 30 patients diagnosed with peri-implantitis (BoP/suppuration, probing 

depth greater than 4mm, minimum radiographic bone loss of 20%, at least 2 years in 

function) were enrolled in the study. Clinical measurements included probing depths, 

recession, radiographic bone fill, gingival inflammation and bleeding on 

probing/suppuration. Following surgical access and debridement, the implant 

surfaces were decontaminated with 24% EDTA for 2 minutes and the bone defects 

were filled with a combined mixture of DBBMC, EMD and doxycycline powder. The 

defects were covered with connective tissue grafts where necessary. Clinical 

measurements were recorded after 12, 24 and 36 months.  

Results: The mean probing depth and bone loss at the initial visit was 8.9 mm (± 1.9) 

and 57% (± 16.5) respectively. Both mean probing depth and bone loss reduced 

significantly from baseline to *3.55 mm (± .50) and 15.5% (±9.2) at 12 months, 3.50 

(± .50) and 14.8%(±8.2) at 24 months and  3.50 mm (± 0.50) and 14.5% (± 7.3)  at 

36 months. 56.6% of the implants were considered successfully treated (according to 

Successful Treatment Outcome Criterion: implants with PD < 5mm, no further bone 
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loss >10%, no BoP/suppuration, no recession > .5 mm for anterior implants and > 

1.5 mm for posterior implants) after 36 months.  

Conclusion: Regenerative treatment of peri-implantitis using a combined mixture of 

DBBMC, EMD and doxycycline achieved promising results. The benefits of this 

protocol incorporating EMD should be tested in randomized clinical trials.  

 
4.2 Introduction 

Peri-implantitis is defined as an inflammatory process affecting the surrounding peri-

implant tissues, resulting in loss of supporting bone (Zitzmann and Berglundh 2008). 

The reported prevalence of peri-implantitis varies depending on the defining criteria 

used, ranging from 6.6% over a 9-10 year observation period (Mombelli et al 2012, 

Roos-Jansåker et al 2006) to 36.6% after an average of 8 years of implant loading 

(Koldsland et al 2010, Atieh et al 2013). Given the increasing numbers of implants 

being placed, a predictable and effective treatment for peri-implantitis is urgently 

required.  

 

Laboratory and clinical studies point to a similar pathogenesis between periodontitis 

and peri-implantitis, and hence similar approaches to management have been 

advocated (Heitz-Mayfield and Lang 2010, Heitz-Mayfield LJ. 2008, Heitz-Mayfield 

and Lang 2000, Meffert RM. 1998). However, human biopsy results show that the 

apical extension of the inflammatory infiltrate relative to the alveolar bone crest is 

more pronounced in peri-implantitis than in periodontitis, suggesting that peri-

implantitis may progress faster than periodontitis and/or the lesion may be less 

contained (Carcuac and Berglundh 2014, Berglundh et al 2011; Heitz-Mayfield and 

Lang 2010). Indeed, the potentially accelerated nature of the disease progression 

around implants suggests the need for a more ‘aggressive’ treatment approach to 
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peri-implantitis than periodontitis. Indeed, it was concluded at the Sixth European 

Workshop on Periodontology that non-surgical therapy alone seems to be insufficient 

in the treatment of most cases of peri-implantitis and surgical therapy is often 

required (Lindhe and Meyle 2008).  

 

The available literature on the management of peri-implantitis focuses on anti-

infective treatments which involves non-surgical or surgical debridement and 

decontamination followed by ongoing supportive therapy (Heitz-Mayfield and 

Mombelli 2014, Heitz-Mayfield et al 2016, Heitz-Mayfield et al 2012) or regeneration 

of peri-implant bone defect (Heitz-Mayfield and Mombelli 2014, Esposito et al 2012). 

However, the details of the protocol in relation to the implant surface 

decontamination approach and the regenerative materials used, are still open to 

debate. Numerous implant regenerative surgical therapy studies, including the use of 

bone grafts/bone substitutes with and without membranes, have reported clinical and 

radiographic improvements for at least 3 years (Scwharz et al 2017, Froum et al 

2015, Schwarz et al 2013, Roos-Jansåker et al 2011, Scwhwarz et al 2009, Behneke 

et al 2000). These clinical studies used different grafting materials, thus it was 

difficult to draw conclusions in regards to which method is superior (Esposito et al 

2012), but no currently available methods are able to achieve predictably successful 

outcomes and hence further research is required in relation to the regenerative 

treatment of peri-implantitis (Esposito et al 2012).  

 

There are limited studies that report on the use of biologically active materials such 

as enamel matrix derivative (EMD) to improve the performance of osteoconductive 

bone grafts (Froum et al 2015, Isehed et al 2016).  The purpose of the present 
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clinical case series was to evaluate the 3-year clinical and radiographic results of 

combined osteoconductive collagen anorganic bovine bone mineral (DBBMC), 

osteoinductive EMD and topical antibiotic doxycycline for surgical regenerative 

therapy of peri-implantitis. 

 
4.3 Materials and methods 

 

4.3.1 Patient Selection 

30 consecutive patients (age range 20-70) referred for peri-implantitis were recruited 

to participate in the study. The inclusion criteria were: 

1) Systemically healthy, non-smokers.  

2) Adequate oral home care.  

3) Patients who completed the pre-surgical phase of periodontal treatment which 

involved full-mouth ultrasonic debridement and manual curettage which resulted in 

FMBS below 20%.  

4) Only one implant affected with peri-implantitis, exhibiting a “crater-like” or 

circumferential defect, a bleeding/suppurating pocket of > 4 mm, minimum 20% 

alveolar bone loss and in function for at least 2 years.  

 

Exclusion criteria were: 

1) Patients with uncontrolled diabetes.  

2) Taking bisphosphonate medications.  

3) Pregnant or lactating females.  
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4.3.2 Ethics Approval 

All patients received a detailed explanation of the surgical procedures and objectives 

of the study and signed an informed consent form prior to being included in the 

study. The Griffith University Human Research Ethics Committee provided ethical 

approval for this project (GU Ref No: 924). The project complies with the provisions 

contained in the National Statement on Ethical Conduct in Research Involving 

Humans and complies with the regulations governing experimentation on humans. 

The reporting of the results of the study complies with the EQUATOR 

(http://www.equator-network.org) guidelines for cohort studies (STROBE). 

 

4.3.3 Pre-surgical phase 

All patients received full mouth ultrasonic debridement and manual curettage as 

needed (with or without local anaesthesia) 4-6 weeks before the surgical protocol 

was performed. All patients reached full mouth plaque score (FMPS) and full mouth 

bleeding scores (FMBS) below 20% before proceeding with the surgical treatment. 

 

4.3.4 Preparation of Combined Grafting Material 

In a sterile dish, deproteinised bovine bone (Figure 16 A) with 10% collagen 

stabilized (DBBMC) (Bio-oss Collagen, Geistlich, Switzerland) was mixed with 0.35 

ml of enamel matrix derivative (EMD) (EMDOGAIN, Straumann, Basel, Switzerland) 

for 15 minutes (Figure 16 B). DBBMC was previously used in a clinical study of 

implants with “crater-like” defects affected by peri-implantitis and demonstrated 

promising results (Roccuzzo et al 2016). EMD was added with DBBMC because it 

was demonstrated in an in-vitro study that coating titanium with EMD enhances 

proliferation and differentiation of osteoblasts, suggesting the potential use of EMD 
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on implants affected by peri-implantitis (Miron et al 2010). Furthermore, a recent 

randomized clinical trial suggested the potential use of EMD in peri-implantitis 

management because of the increased marginal bone level after EMD used and its 

ability to promote a micro-biome compatible with health (Gram +/- aerobic bacteria) 

(Isehed at al 2016). 

 

One capsule of Doxycycline 100 mg was then added and the cocktail of materials 

were mixed until a homogenous material was formed (Figure 16 C & D). This mixture 

was applied around the defect, making sure to cover all of the exposed threads. 

Doxycycline was used because of its known antibiotic and anti-collagenase effect 

(Golub et al 2016). It was also demonstrated that the use of this family of antibiotic in 

peri-implantitis management resulted in disease resolution (Salvi et al 2007). 

 

 
Figure 16: DBBMC with EMD and Doxycycline preparation. 

 

4.3.5 Surgical Procedures 

All surgical procedures (Figure 17) were performed under local anaesthesia 

(Lidocaine HCL 2% with 1:100,000 epinephrine) and oral sedation (Diazepam 5-10 
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mg, one hour prior to procedure) by the same experienced periodontist (F.M.). An 

intra-sulcular incision at the affected implant was made using a 15C blade (Swann-

Morton, Sheffield England) and the flap was extended distal to the infected implant 

with a vertical releasing incision made one to two teeth away from the affected 

implant. After flap elevation and removal of granulation tissue, the exposed implant 

threads were debrided using a fine tip low power ultrasonic scaler (Cavitron SPS, 

Dentsply, York, PA, USA). The implant surface was dried with gauze and 24% 

ethylenediaminetetraacetic acid (EDTA) (Prefgel, Switzerland) was applied to all 

exposed threads for 2 minutes. The surfaces were then washed with saline solution. 

The prepared cocktail of material was applied to all the exposed threads. Primary 

closure was performed by using coronally advanced flap (CAF) technique and 

adding a connective tissue graft if necessary, such as when there was less than 1 

mm of keratinized gingiva surrounding the fixture or if the defect was in the aesthetic 

zone (anterior maxilla). Six maxillary anterior implants and two mandibular posterior 

implants had connective tissue graft as part of the regenerative therapy. All sutures 

used were resorbable (3-0, VicrylR, Johnson and Johnson, Diegem Belgium). The 

implants were reviewed and supportive periodontal therapy (SPT) was provided at 3, 

6, and 12 months, and then every 4 months thereafter. The SPT protocol included 

full mouth ultrasonic debridement (Cavitron SPS, Dentsply, York, PA, USA) and 

prophylactic clean and polish with rubber cap and pumice (Nupro®, Denstply, 

Victoria, Australia). Additional manual curettage (with or without local anesthesia) 

using Gracey curettes (Hu-FriedyR, Chicago, USA) was performed on affected 

implant if there was BoP/suppuration. After regenerative therapy, clinical parameters 

were measured from the first 3 months and at every review visit.  
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Figure 17: Surgical Procedures. 

A) Baseline, presence of gingival inflammation with suppuration. B) After flap 
elevation, the defect was full of granulation tissue. C) Defect after debridement 
with mild-powered ultrasonic machine. D) Decontamination with 24% EDTA for 
2 minutes. E) Defect after decontamination. F) Cocktail of CABBM, EMD and 
doxycycline covering the defect. G) Complete coverage of the defect with CAF 
and CTG. H) 2 weeks post-operative review. I) 12th month review. J) 36th month 
review. 
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4.3.6 Clinical Measurements 

The following clinical parameters were measured with a periodontal probe (Hu-

FriedyR, Hu-Friedy Mfg. Co, LLC, USA) at baseline, 12, 24 and 36 months:  

• Periodontal recession (REC): distance between the implant-abutment and 

gingival margin (GM) at the mid-buccal aspect of the implant. 

• Probing depth (PD): distance between the GM and the base of the deepest 

pocket of the implant. 

• Buccal Keratinized Tissue (KT): distance between GM and mucogingival 

junction at the mid-buccal aspect of the implant. 

 

A second clinician who was not involved in the surgical procedure recorded all 

clinical parameters using 3.5x magnification. A calibrating exercise was performed to 

achieve intra-examiner reproducibility. Full mouth charting of the same five patients 

was carried out at a weekly interval for 3 consecutive weeks. Calibration was 

confirmed when the measurements were consistently accurate to 0.5 mm. 

 

4.3.7 Radiographic measurement 

Radiographs using a standardized long cone paralleling technique x-ray holder 

(XCP-DS® x-ray holder, Chicago, USA) were taken preoperatively, 12, 24 and 36 

months after treatment (Figure 18 A-D). The same x-ray machine (Kodak 2200 intra-

oral X-ray unit, Trophy, Cedex 2 France, operated at 70 kVp, 15 mA, .14 sec.) was 

used as the source of radiation for all images. The change in percentage bone loss 

as a result of the treatment was measured by comparing the distance between the 

abutment-implant junction and the bone level at the mesial and distal surfaces pre-

operatively with that at 12, 24 and 36 months post-regenerative therapy. The 
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radiographic measurements were also carried out by the clinician who was not 

involved in the surgical procedure.  

 
Figure 18: Periapical radiograph A) Baseline, B) 12 months, C) 24 months D) 36 
months. 

 

4.3.8 Postoperative Care 

Patients were instructed not to brush the surgical sites for 2 weeks. All patients were 

advised to take an analgesic (combined Paracetamol 500 mg and Ibuprofen 150 

mg), as needed. All patients were given a postoperative kit containing .12% 

chlorhexidine digluconate mouthwash, surgical brush and .12% chlorhexidine gel. 

The mouthwash was used twice a day for the first week, and the surgical brush and 

chlorhexidine gel were applied to the treated area during the second and third weeks 

post-operatively.  The patients were recalled after 1 week, 3 weeks, the 3rd month, 

6th month and every 4 months thereafter.  
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4.3.9 Successful Treatment Outcome Criterion (STOC)  

 A composite criterion to determine whether an implant was successfully treated and 

did not need further surgical intervention, was followed (Heitz-Mayfield et al 2014). 

Specifically, the proposed success criterion at the 36th month were: 

 1) Implant with deepest PD of <5 mm. 

 2) No further bone loss >10% 

 3) No BoP or suppuration  

 4) Recession of < .5 mm for anterior implants (aesthetic criterion) and <1.5 mm for 

posterior implants (cleansability criterion). 

 

4.3.10 Statistical Analyses 

One-way analysis of variance (ANOVA) with post hoc testing (Tukey) was used to 

assess the differences in the clinical parameters as a result of the regenerative 

treatment. A p-value less than 0.01 was considered to be significant. 

 

4.4 RESULTS 

 

4.4.1 Patient and Implant Attributes  

Thirty consecutive healthy patients (30 implants) were treated and enrolled in the 

study (Table 10). All patients enrolled in the study maintained a low FMPS and 

FMBS of less than 20%. The female to male ratio in the study was 2:1 and the mean 

age of patients treated was 44.9 (± 11). The majority of the treated implants were 

located posteriorly with almost half located on the mandibular arch (40%). Most of 

the treated implants were micro-rough surface implants (Table 10).  
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Mean age of the 
patients 

Male Female Mean age of implants treated 

44.9 ± 11 36 64 9 (± 3.8) 
 
Location of Implants Percentage 
Mandibular posterior 40 
Mandibular anterior 10 
Maxillary posterior 16.6 
Maxillary anterior  33.3 
 
Types of Implants treated Percentage 
Branemark TiUnite 46.66 
Astra Tech 26.66 
Straumann  10 
Others 16.66 
 

Table 10: Patient and Implant Distributions. 

4.4.2 Implant Survival 

All 30 implants that were treated in this study survived and were functioning at the 36 

months post-surgical review. There were statistically and clinically significant 

improvements in bone level, probing depth and percentage BoP from baseline, 

which were maintained at 12, 24 and 36 months after surgical treatment.  

 

4.4.3 Clinical Parameters 

Bone Level Changes 

The peri-implantitis treated in this study can be considered moderate to advanced 

with the mean bone loss at the start of the treatment at 57% (± 16.5).  This was 

reduced significantly to 15.5 % (± 9.2) at 12 months and maintained at 24 months 

(14.8% ± 8.2). The bone level reduced slightly to 14.5% (± 7.3) by 36 months, this 

slight reduction was not statistically significant. The difference in the percentage 

bone loss from pre-treatment to 12, 24 and 36 months is statistically significant 

(p<0.01).  
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Probing Depth 

The mean depth of the deepest peri-implant pocket of each implant (PD) at the initial 

visit was 8.9 mm (± 1.9). This mean PD reduced significantly to 3.55mm (± 0.49) by 

12 months post-treatment and was maintained at 3.50 mm ((± .50) at 24 months and 

36 months after the regenerative therapy. The difference in the probing depth from 

pre-treatment to 12th, 24th and 36th  months post-treatment was statistically 

significant  (p<0.01).  

Recession 

The mean recession at the initial visit was 0.16 mm (± 0.14). This recession 

remained stable at 0.15 mm (± 0.12) at 12 months and 24 months. After 36 months 

the mean recession levels slightly increased to 0.22 mm (± 0.19). The difference in 

the recession level from baseline to 12, 24 and 36 months was not statistically 

significant.  

 

Parameters (N= 30) Baseline 12 months 24 months 36 months 
% Bone loss 57 ± 16.5 *15.5 ± 9.2 *14.8 ± 8.2 *14.5 ± 7.3 

Probing Depth (mm) 8.90 ± 1.9 *3.55 ± 0.50 *3.50 ± 0.50 *3.5 ± 0.50 

mid-buccal recession (mm) 0.16 ± 0.14 0.15 ± 0.12 0.15 ± 0.12 0.22 ± 0.19 

Keratinized Tissue (mm) 1.79 ± 0.79 1.88 ± 0.43 1.90 ± 0.56 1.93 ± 0.54 

Table 11: Clinical parameters. 

(*p<0.01 statistically significant changes from baseline) 
 
 
 
 
 
Bleeding on probing and suppuration 
 
All the patients achieved a FMBS and FMPS of less than 20% at every review visit. 

In terms of bleeding / suppuration percentage at the treated implants, 100% of the 
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implants treated had BoP at baseline (Figure 19). This dropped to 20% at the 3rd 

month review and reduced further to 10% at the 6th month maintenance. The 

maintenance period was increased to 6 months because of the stability achieved 

after the first 6 months of healing. The percentage of implants with BOP/suppuration 

increased to 50% after an additional 6 months (12-month follow-up) without peri-

implant maintenance. Four monthly SPIT was performed from the 12th to 36th month 

after surgical treatment. This led to the reductions of implants presenting with BoP 

and suppuration, which was observed to be 20% at both 24th and 36th month 

reviews (Figure 19). 

 

 

Figure 19: BoP during supportive peri-implant therapy. 
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4.4.4 Success Criterion (Table 12) 

At 36 months after regenerative therapies, 56.6% of the implants treated were 

considered successful. On the other hand, 43.3% of the treated implants failed to 

achieve the success criterion. The most common cause of failure 36 months after 

treatment was persistence of BoP (20%) and radiographic evidence of interproximal 

bone loss (13%). Also contributing to the treatment failure rate were the anterior 

implants with gingival recession > 0.5 mm (6.66%) and posterior implants with > 1.5 

mm gingival recession (3.33%). 
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Figure 20: Peri-implantitis Sample Cases. 

A. Baseline Cases B) Surgical intervention with Prefgel, DBBMC-EMD with or without 
additional SCTG. C) 1st year monitoring period. D) 2nd year monitoring period. E)  3rd 
year monitoring period. 

A 

B 

C
A 

D 

E 
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Success Criterion  Success rate after 3 years 

PD> 5mm 0/30 

Further bone loss >10% when 
compared to baseline bone level. 4/30 

+BoP/Suppuration 6/30 

Recession  

Anterior ≥ 0.5 mm 2/30 

Posterior ≥ 1.5 mm 1/30 

Percentage of treatment failure 43.3 (13/30) 

Percentage of treatment success 56.6 (17/30) 

 
Table 12: Success criterion (n = 30 patients). 

 

4.5 DISCUSSION 

This study reports on a cohort of 30 consecutive patients suffering from peri-

implantitis who were treated using a regenerative surgical protocol utilizing 

commercially available products. The result of this study showed that the approach 

of using the combination of DBBMC-EMD-Doxcycline is effective in the regenerative 

treatment of moderate to advance peri-implantitis, with maintenance of the positive 

outcomes for a 3-year period.  

 

The present case series found statistically significant improvement in PD, BL and 

BoP % after 12, 24 and 36 months. The PD reduction in the present study is similar 

to Froum et al (2012), who combined an osteoconductive bone graft with biologically 

active material (EMD/PDGF) and reported a PD reduction of 5.10 mm (±2.20). It is 

feasible to assume that in the present study, DBBMC acted as a delivery vehicle for 
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longer or sustained release of EMD in the peri-impantitis defect, potentially 

enhancing its biological effectiveness in promoting healing within the peri-implant 

defect.  

 

Published case series and RCTs that used bone graft alone without biologically 

active materials, such as xenograft (Schwarz et al 2017, Roccuzzo et al 2017, 

Rocuzzo et al 2016, Rocuzzo et al 2011, Schwarz et al 2009), phycogenic bone graft 

(Algipore, Friadent, Malmo, Sweden) (Roos-Jansåker et al 2014) and alloplast 

(Nanocrystalline hydroxyapatite (NHA), Ostim, Heraeus, Hanau Germany) (Schwarz 

et al 2009, Schwarz et al 2006) showed a PD reduction range of 1.5-3.2 mm. 

Rocuzzo et al used DBBMC without a membrane in 13 circumferential peri-

implantitis defects and showed a PD reduction of 3.10 mm (± 2.69) after 12 months. 

These mean values are lower than the 5.4 mm (± 1.2) mean PD improvement in the 

present study. Further follow-up of the same patients 7 years after surgical treatment 

with adequate SPT demonstrated sufficient peri-implant condition in many cases was 

achieved, although some patients required further treatment and some lost implants 

(Roccuzzo et al 2017).  

 

A randomized clinical trial investigating the use of EMD for the management of peri-

implantitis showed that the use of EMD did not result in improved PDs and BoP after 

12 months (Isehed at el, 2016). This study however suggested a potential use of 

EMD in peri-implantitis management by reporting that the adjunctive use of EMD 

was associated with increased marginal bone level and increased prevalence of 

Gram +/- aerobic bacteria after 12 months of healing.  
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4.5.1 Osteogenic Properties of Enamel Matrix Derivative  

The effectiveness of enamel matrix derivative (EMD) in the treatment of gingival 

recession and periodontal defects is widely reported (Parashis et al 2004).  However, 

the effectiveness of EMD in treating peri-implantitis, and in particular its role in peri-

implant bone regeneration, is still unclear. It was demonstrated in in vitro that EMD 

significantly increased alkaline phosphatase activity and osteocalcin production in 

MG-63 cells grown on titanium discs, suggesting that EMD may have a positive 

effect on implant integration (Qu et al 2011). In another in vitro study, the capacity of 

ceramic coated with EMD to assist in the formation of hard tissue by mesenchymal 

and periodontal ligament fibroblasts was assessed (Mrozik et al 2012). The study 

showed up-regulation of several important bone-related genes suggesting that EMD 

may have a potent positive effect on the differentiation of mesenchymal cells to 

mature bone cells in vitro (Mrozik et al 2012). In a study evaluating the effect of EMD 

on the attachment, proliferation and differentiation of osteoblasts on titanium in vitro, 

it was concluded that coating titanium with EMD enhances proliferation and 

differentiation of osteoblasts, suggesting the potential use of this product in bone 

regeneration, particularly on implants affected by peri-implantitis (Miron et al 2010). 

On the other hand, the use of EMD and deproteinized bovine bone mineral (DBBM) 

with GBR in comparison with GBR alone did not enhance the amounts of bone 

formation in mandibular jaw defect in rats (Donos et al 2005), and did not contribute 

to bone formation around titanium implants in rabbit models (Franke et al 2003). 

 

In a histomorphometric study in dogs, it was shown that EMD, when combined with a 

membrane, positively influenced bone healing in dehiscence-type defects around 



 113 

implants when compared to EMD alone (Casati et al 2002). Another study used bone 

ceramic particles to “deliver” EMD within the defect, aiming to achieve a sustained 

delivery of EMD for mesenchymal cells to reach cellular maturity and stimulate 

osteoblastic cell proliferation (Mrozik et al 2012). 

 

4.5.2 Implant Surface Debridement and Decontamination 

The debridement and decontamination protocol used in the present study involved 

the use of low-power ultrasonic instrumentation, EDTA surface treatment and the 

local administration of the antibiotic Doxycycline. Based on the favorable clinical 

outcomes reported, it appears that this protocol is effective in decontaminating the 

implant surface and the associated defect, facilitating the resolution of the peri-

implant inflammation. Numerous implant surface decontamination techniques and 

materials have been suggested, with no clear superior protocol being supported by 

the available evidence. (Persson et al 2004, Schou et al 2003).  

 

Ultrasonic instrumentation was used in this study based on its widespread clinical 

availability, established effectiveness in biofilm removal around teeth, time-

effectiveness and ability to access the diseased surfaces. It has been demonstrated 

that there were no significant differences in the clinical parameters measured 

following peri-implantitis treatment when titanium hand-instruments were compared 

with ultrasonic instrumentation (Renvert et al 2009). 

 

In terms of decontamination of the contaminated implant surfaces, different 

approaches have been suggested. Laser therapy with hydrogen peroxide (Persson 

et al 2004), gauze soaked in in chlorhexidine followed by saline, air-powder abrasion 
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and citric acid (Schou et al 2003), as well as abrasive pumice with rotating brush 

(Persson et al 1999) have all been reported. However, there is no consensus in the 

literature for the use of any one particular decontamination protocol. The use of 

EDTA in our study is supported by the findings of Rocuzzo et al 2011 and Rocuzzo 

et al 2016 who showed a beneficial effect of the use of 24% EDTA as an implant 

surface decontaminant.  

 

The local application of doxycycline, using the xenograft as the delivery method, may 

have helped improve surgical outcomes via its antimicrobial and anti-collagenase 

activity. The use of local antibiotic therapy has been advocated for the management 

of peri-implantitis, and it has been reported that non-surgical management of peri-

implantitis with local delivery of micro-encapsulated minocycline resulted in improved 

clinical outcomes after 12 months (Salvi et al 2007). 

 

4.5.3 Supportive Periodontal Therapy (SPT) 

 It has been demonstrated that when surgical and regenerative management of peri-

implantitiis followed by regular SPT, a majority of the implants affected can be 

maintained over the long term (Heitz-Mayfield et al 2016).  It was also demonstrated 

that the complete health and absence of bleeding at all sites of the implant treated is 

harder to achieve in the long term (Heitz-Mayfield et al 2016). In the present study 

there was a tendency towards recurrence of bleeding on probing (50% of treated 

implants) when the SPT interval was set at 6 months, as was the case between the 

6th and 12th month follow-up. The percentage of implants with bleeding on probing 

reduced to 20% when the SPT was subsequently reduced to a 4-monthly period. 

This suggests that the dental implants treated in the study are at a high risk of 
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recurrence of inflammation if the supportive therapy is extended longer than 4 

months. Furthermore, the same 20-30% of patients demonstrated persistent 

bleeding on probing throughout the 36 months period of the study suggesting a 

possible phenotype of patients or type of implants that are susceptible to 

inflammation recurrence after surgical therapy for peri-implantitis. 

 

The probing depth reduction and bone fill was considerable with the ‘cocktail’ 

protocol used in the present study, showing the effectiveness of this approach for the 

regenerative therapy of peri-implantitis. Whether the radiographic bone fill reflects 

the establishment of new bone-implant contact cannot be ascertained from the 

present study. The potential of peri-implantitis affected implants to achieve re-

osseointegration can only be inferred from available animal studies that showed the 

possibility of “re-integration” after peri-implantitis therapies (Persson et al 2001, 

Persson et al 2004, Schou et al 2003). More recently, histological assessment of a 

single case has provided proof-of-concept evidence that re-osseointegration is 

possible in humans (Fletcher et al 2017). 

 

This cohort study shows that the described protocol is effective in the regenerative 

therapy of peri-implantitis.  However, it only reports on the single treatment protocol 

without any comparison/control groups, and hence it is not possible to determine the 

relative contributions of the various ‘cocktail’ components on the treatment 

outcomes. This is a drawback of the study, and the relative contributions of the 

various components of the ‘cocktail’ need to be explored in controlled long-term 

randomized clinical trials 
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Chapter 5. Enamel matrix derivative promotes new bone formation in xenograft 

assisted maxillary anterior ridge preservation – a randomized controlled 

clinical trial. 

 
5.1 Abstract  

 
Objectives: To compare the effectiveness of deproteinized bovine bone mineral with 

10% collagen-alone (DBBMC-control) or with enamel matrix derivative (DBBMC-

EMD-test) in ridge preservation. 

Methods: 42 maxillary anterior teeth were extracted and received either a control or 

test treatment protocol. CBCT taken before and 4 months after the extraction 

procedure was used to measure changes in alveolar ridge width (RW), buccal bone 

height (BH) and palatal bone height. Bone cores were harvested during the implant 

osteotomy preparations. The samples were processed for histomorphometry to 

assess the fraction of new bone (%NB), residual graft (%RG), and soft tissue matrix 

(%STM).  

Results: Both test and control groups showed no statistically significant reduction in 

the alveolar ridge measurements 4 months after extraction. When CBCT 

measurements were re-analysed according to the initial thickness of the buccal wall 

(BT) (< 1mm BT vs. ≥ 1 mm BT), statistically significant reductions in ridge were 

noted in the < 1mm BT group. Histomorphometrically, the test group showed 

increased osteogenic potential versus the control group (%NB control 16.5 ± 6.9%; 

test 45.1 ± 8.8% p<0.00001, % RG control 36.8 ± 8.8%; test 20.3 ± 7.2 %, p 

<0.00001).  

Conclusions: DBBMC alone and DBBMC-EMD exhibited similar CBCT ridge 

measurements 4 months after extraction of maxillary anterior teeth. Maxillary anterior 
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teeth with thick initial buccal wall (≥ 1 mm) exhibited less alveolar ridge reduction 4 

months after treatment. The addition of EMD increased the osteogenic potential of 

the DBBMC in the test group.  

 

5.2 Introduction 
 

Extraction and replacement of maxillary anterior teeth is one of the most challenging 

tasks in oral rehabilitation. Healing of extraction sockets involves physiological 

resorption and remodelling resulting in three-dimensional changes affecting alveolar 

ridge height and width (Van der Weijden et al 2009, Araujo et al 2005, Cardaropoli et 

al 2003). The disruption of blood supply forms the periodontal ligament after tooth 

extraction and increase in local osteoclastic activity in the area initiates the bone 

resorptive process (Araujo and Lindhe 2005, Cardaropli et al 2003) resulting in an 

average of 1.5-3 mm vertical and 3-4.5 mm horizontal alveolar bone loss (Araujo et 

al 2005, Iasella et al 2003, Lekovic et al 1998). Most of these dimensional changes 

in the alveolar bone morphology take place in the first 3 months following tooth 

extraction (Araujo and Lindhe 2005, Schropp et al 2003). In the anterior maxilla, 

these three-dimensional changes represent the key causative factor for aesthetic 

implant complications and failures (Belser et al 2009, Chen and Buser 2009). 

 

For a more predictable aesthetic outcome of implant therapy, numerous ridge 

preservation studies using different osteoconductive particulate grafting materials to 

reduce post-extraction dimensional changes have been performed with various 

outcomes, including beta-tricalcium phosphate and biphasic ceramic graft (Brkovic et 

al 2012, Santos et al 2018), hydroxyapatite/collagen composite material (Ohba et al 

2018), allograft with and without cross-linked collagen membrane (Hong et al 2018), 
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deproteinized bovine bone mineral (DBBM) with and without collagen matrix (Iorio-

Siciliano et al 2017, Manfro et al 2014, Maiorana et al 2017) and DBBM with 10% 

collagen (DBBMC) (Nart et al 2017, Jung et al 2013). In a randomized clinical trial 

comparing β-tricalcium phosphate particles with polylactid coating (β-TCP), DBBMC 

covered with a collagen matrix (DBBMC/CM), DBBMC covered with autogenous 

soft-tissue graft (DBBMC/PG) and spontaneous healing (control), the application of 

DBBMC covered with CM or PG resulted in less vertical and horizontal changes of 

the alveolar ridge 6 months after extraction, suggesting the potential of this 

technique in maxillary anterior ridge preservation (Jung et al 2013). This study on the 

other hand did not consider the thickness of the buccal of each patients that could 

have influenced the end dimensional result of the healed alveolar ridges. 

 

Studies that have utilized known osteoinductive or biologically active materials to 

improve the performance of osteoconductive materials have also been published 

with mixed results: Calcium Sulfate and platelet-rich plasma (Strauss et al 2018, 

Cheah et al 2014), platelet-rich fibrin (Marenzi et al 2015), demineralized freeze 

dried bone allograft with plasma rich-growth factor (Jenabian et al 2014) and porcine 

bone substitute material with recombinant bone morphogenic protein-2 (Lim et al 

2018). 

 

Enamel matrix derivative (EMD) is an insoluble matrix derived from the extract of 

naturally occurring enamel matrix proteins (EMPS), which are formed during 

amelogenesis by ameloblasts in Hertwig’s epithelial root sheath (HERS) during tooth 

formation. HERS regulates the formation of the periodontal attachment apparatus, 

particularly the maturation of acellular extrinsic fibre cementum producing 
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cementoblasts from progenitor cells (Gestrelius et al 1997, Heijl L. 1997, 

Hammastrom L. 1997). Emdogain®, a regenerative product introduced in the 1990s, 

is a gel product extracted from porcine tooth buds which contains mainly 

amelogenins and propylene glycol alginate (PGA) as carriers. The use of EMD for 

the treatment of gingival recession has been investigated in several clinical trials 

(Chambrone et al 2015). The consensus is that the supplementary use of EMD in 

root coverage procedures leads to improved keratinized tissue, stability of the 

increased gingival margin level and regeneration of the complete attachment 

apparatus (Hagewald et al 2002, Cueva et al 2004, McGuire et al 2016, Heijl et al 

1997). 

 

As new applications of EMD are being explored, this study was designed to assess 

its osteogenic potential particularly its ability to induced new bone formation in fresh 

extraction sockets. The aims of this prospective randomized controlled clinical study 

were 1) To assess dimensional changes of grafted extraction sockets using either 

deproteinized bovine bone mineral with 10% collagen (DBMMC alone) or DBBMC 

with enamel matrix derivative (DBBMC-EMD) in preservation of the maxillary anterior 

ridge. 2) To assess the osteogenic potential of EMD by assessing 

histomorphometrically a tissue biopsy harvested from the treated alveolar ridge. 

 

5.3 Materials and Methods 

 
5.3.1 Ethics and consent 

 

The Griffith University Human Research Ethics Committee provided ethical approval 

for this project (GU Ref No: 924). The study was also registered in the Australia and 
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New Zealand Clinical Trial Registry (ACTRN1269000062123). The study was 

conducted in accordance with the Helsinki Declaration of 1975, as revised in 2013. 

 

The surgical protocol was discussed with the patients including all of the risks and 

benefits of the procedure.  All patients received a detailed explanation of the surgical 

procedures and objectives of the study and signed an informed consent form prior to 

being included in the study.  

 

To be considered eligible for the study, the following inclusion criteria were applied: 

• Non-smoker, over 25 years of age at the time of the surgery and needing 

extraction of 1-2 maxillary anterior teeth (teeth, 13, 12, 11, 21, 22 and 23). 

• Systemically healthy and able to undergo oral surgical procedures under local 

anaesthesia and oral sedation. 

• Any previous periodontitis must be stabilized (no probing depth >4 mm) and 

enrolled in a supportive periodontal program, with FMPS and FMBS less 

then 20% at the time of surgery. 

• Adequate mesio-distal restorative space (minimum 7 mm) for dental implant. 

• Tooth root in ideal position for future implant placement so as to ensure the 

trephined tissue could be taken mainly from the grafted site. 

• Absence of significant peri-apical pathology (peri-apical pathology < 2 mm). 

• Absence of acute infection/suppuration at the time of extraction. 

• Buccal dehiscence £ 1mm present at the time of extraction, no palatal defect. 

 

Exclusion criteria: Patients were considered ineligible for the study if any of the 

following conditions were present: 
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• All inclusion criteria were not met. 

• Pregnant or lactating patients. 

• Systemic condition that would prevent successful healing after extractions and 

implant placement (immunosuppressive medications, anti-resorptive 

medications, uncontrolled diabetes mellitus, auto-immune diseases). 

• Mucosal diseases such as erosive Lichen Planus. 

• Severe bruxism and parafunctional habits. 

• Previous guided bone regeneration (GBR) or dental implant rehabilitation in 

the anterior part of the maxilla. 

• Benign or malignant neoplasms at the anterior part of the maxilla 

 

5.3.2 Subject Enrolment Protocol 

Forty-two consecutive patients referred to a private periodontal practice (Western 

Sydney, NSW, Australia) specifically for extraction of failed maxillary anterior teeth 

and replacement with dental implants (from Jan 2014 to June 2018) were recruited 

for the study. It was calculated that a sample size of 16 patients per group was 

required to detect a 10% difference in the means of the primary parameter (%NB), 

based on 95% confidence level, 80% power and a predicted variance of 100 (10% 

deviation from the mean) (Alayan et al 2016). Accounting for a potential dropout rate 

of 20%, a total of 42 patients were enrolled (21 in each test and control groups). All 

the recruited patients completed the study from initial examination, extraction and 

dental implant rehabilitation. 
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5.3.3 Randomization and allocation  

At the start of the study, 42 opaque envelopes were sealed with a piece of paper 

indicating one of the two groups (Test or Control). Following extraction and curettage 

of the socket and before the bone grafting procedure, randomization was 

accomplished by selection of one of these envelopes. Thus, patients were randomly 

assigned to one of the following groups: 

• Test - for central incisors and canine teeth: 250 mg block of DBBMC (Bio-Oss 

Collagen®, Geistlich Switzerland) mixed with .70ml of EMD (Emdogain®, 

Straumann, Basel, Switzerland), for lateral incisors: 100 mg block of DBBMC 

(Bio-Oss Collagen®, Geistlich Switzerland) mixed with .35ml of EMD 

(Emdogain®, Straumann, Basel, Switzerland). 

• Control – for central incisors and canine teeth: 250 mg block of DBBMC only 

(Bio-Oss Collagen®, Geistlich Switzerland), for lateral incisors: 100 mg block 

of DBBMC only (Bio-Oss Collagen®, Geistlich Switzerland). 

 

5.3.4 Presurgical procedures 

All the patients received full mouth debridement and oral hygiene instructions 4-6 

weeks before the surgical procedures. A 3-dimensional CBCT scan of the affected 

tooth was carried out on all patients for diagnostic purposes (presence of root 

fracture, presence of peri-apical and bone pathologies, configuration of tooth root 

and bony defects) after the full-mouth debridement was performed. A 0.2% 

chlorhexidine mouthwash was utilized for 60 seconds before the patient received 

local anaesthesia in preparation for the extraction procedures. 
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5.3.5 Surgical Procedures: extraction and socket management 

All surgical procedures (Figure 21) were performed by the same experienced 

periodontist (F.M.). While blinding of the clinician for the materials used was not 

possible, blinding was possible during the data collection, CBCT and histology 

analyses. One hour prior to the surgical appointment, the patient took 5-10 mg of 

Diazepam orally. After local anesthesia (Lidocaine HCL 2% with 1:100,000 

epinephrine, Septodont, Australia), a minimally traumatic extraction of the tooth was 

achieved, using a 15C blade (Swann-Morton, Sheffield England), by performing an 

intra-sulcular incision around the affected tooth extending 2-3 mm below the gingival 

margin. Once a clear circumferential incision was made, proximal force was 

introduced on the tooth involved to gain some mobility using a periotome (Nobel 

Biocare, Kloten, Switzerland). Once significant mobility was achieved, a universal 

maxillary anterior forceps (Aesculap Anatomica, Center Valley, PA, USA) was used 

to deliver the tooth, applying a slight rotary motion avoiding any buccal movement, in 

order to preserve buccal bone. The extraction socket was curetted and irrigated with 

sterile saline for 10 minutes. The extraction socket was examined for any dehiscence 

or defect (no palatal defect, no buccal defect greater than 1 mm of the entire buccal 

wall). Once the socket was fully examined and all the inclusion criteria were met, the 

patient was randomized into the Test group (DBBMC-EMD) or Control group 

(DBBMC only). 
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Following extraction and randomization, socket management was performed using 

either DBBMC-EMD (Test) or DBBMC only (Control). For the test group, EMD (0.7 

ml for central incisors and canine and 0.35 ml for lateral incisors) was added to 

DBBMC xenograft (250 mg for central incisors and canine, 100 mg for lateral 

incisors) in a sterile dish for 15 minutes. The materials were then crushed together to 

create a uniform putty consistency and were placed and plugged in the extraction 

socket using Stricker-DX55R applicator (Aesculap, Center Valley, PA, USA) to 

ensure uniformity and even placement throughout the socket. No grafting material 

was placed outside the socket. For control group, DBBMC (250 mg for central 

incisors and canine and 100 mg for lateral incisors) was wet with sterile water to 

achieve a putty consistency and was placed in the extraction socket using the same 

carrier. All the sockets were filled up to the bony rim. Using the foil of the suture 

material packaging (4-0, Vicryl-Rapide, Johnson and Johnson, Diegem, Belgium), 

the size of the extraction socket circumference was copied and used as a pattern for 

free gingival graft harvesting. The anterior area of the hard palate (palatal area 2 mm 

below the gingival margin of teeth 15-13) of the same laterality of the extracted tooth 

was anesthetized (Lidocaine HCL 2% with 1:100,000 epinephrine, Septodont, 

Australia), and using a 15-C surgical blade (Swann-Morton, Sheffield England) a free 

gingival graft with the size and shape of the foil pattern was harvested. The donor 

site was closed using 2-3 single interrupted sutures (4-O, VicrylR, Johnson and 

Johnson, Diegem, Belgium). The free gingival graft was sutured and stabilized 

around the extraction socket with 4-5 single interrupted sutures using the same 

suture material (4-O, VicrylR, Johnson and Johnson, Diegem, Belgium). 
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5.3.6 Postoperative Care 

Patients were instructed not to brush the surgical sites for 2 weeks. All the patients 

were issued 20 tablets of analgesic (combined Paracetamol 500 mg and Ibuprofen 

150 mg) and were advised to take it as needed. All the patients were given a post-

operative kit containing .12% chlorhexidine digluconate mouthwash, surgical brush 

and .12% chlorhexidine gel. The mouthwash was used twice a day for the first week, 

and the surgical brush and chlorhexidine gel were applied to the treated area during 

the second and third weeks post-operatively.  The patients were recalled after 1 

week, 3 weeks, and 5 weeks and then at the 4th month after extractions.  

 

5.3.7 Surgical procedure: Trephine biopsy and dental implant placement 

A pre-implant surgery CBCT scan was taken 4 months after the extraction and ridge 

management procedure. This CT scan was used for examination of the healed ridge 

and for implant size determination. One hour prior to the surgical appointment, the 

patient took 5-10 mg of Diazepam orally. A 0.2% chlorhexidine mouthwash was 

utilized for 60 seconds before the patient received local anaesthesia. The maxillary 

anterior area was anesthetized (Lidocaine HCL 2% with 1:100,000 epinephrine, 

Septodont Australia). Using a 15-C blade (Swann-Morton, Sheffield England), a 

partial thickness mucoperiosteal flap was outlined and elevated using a 

mucoperiosteal elevator to expose enough of the healed alveolar crest and implant 

bed. A single core biopsy was harvested from each participant during the initial 

osteotomy preparation using a standard trephine bur (internal/external diameter 

2.0/3.0, length 11 mm). The osteotomy preparation was completed following the 

manufacturer’s standard protocol using a surgical guide and the implant was 

inserted. Three different kinds of implants were placed depending on the preference 
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of the referring dentists (40% Straumann, 30% Nobel Biocare, 30% Astra 

DentSupply) The mucoperiosteal flap was then closed using resorbable sutures (4-

O, VicrylR, Johnson and Johnson, Diegem, Belgium). The bone core biopsies were 

immediately stored in paraformaldehyde until further histological processing.  

 

All patients received the planned dental implants at least 4 months after the 

extraction and ridge management according to the patient’s convenience and time 

schedule. All the post-extraction CBCTs were taken within a week of the fourth 

month anniversary of the tooth extraction. The dimension of the implants used was 

based on site-specific measurements according to the dimensions obtained using a 

Nobel Clinician computer software (NobelBiocare, Gotheberg, Sweden).  

 

All patients were issued 20 tablets of analgesic (combined Paracetamol 500 mg and 

Ibuprofen 150 mg) and were advised to take it as needed. All patients were given a 

post-operative kit containing .12% chlorhexidine digluconate mouthwash, surgical 

brush and .12% chlorhexidine gel. The mouthwash was used twice a day for the first 

week, and the surgical brush and chlorhexidine gel were applied to the treated area 

during the second and third weeks post-operatively.  The patients were recalled after 

1 week, 3 weeks, 5 weeks, 3rd month and 4th month after implant placement. 
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Figure 21.  Anterior Ridge Management Case A) Fractured tooth 21 indicated 
for extraction. B) Tooth 21 extracted atraumatically with buccal and palatal 
bone intact. C) Sterile paper used to tailor-made the size of the socket for free-
gingival graft harvesting. D) DBMC with EMD. E) Socket filled by test material 
DBBMC-EMD. F) Harvest site with bleeding controlled by Surgicel. G) Free-
gingival graft sutured around the treated socket. H) Temporary denture 
installed after extraction and ridge management. I) 4th Month of healing. J) 2 x 
11mm trephine used to harvest the bone core prior to implant placement. K) 
Regular platform implant placed, surgical  guide used. L) 8th post-implant 
placement week. M) Final restoration on tooth 21 with restoration on adjacent 
incisors also changed. 
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5.3.7 Histological Processing 

Blinding during histological preparation of bone core biopsies was achieved by 

numerical coding each sample (number 1-42) and using different operators for the 

surgery (FM) and histomorphometry (CV). The technique that was used to prepare 

bone core biopsies into undecalcified tissue resin sections has been previously 

described (Alayan et al. 2016, Schmitt et al 2015). Briefly, each bone core biopsy 

was fixed in 4% paraformaldehyde phosphate-buffered formalin immediately after 

harvesting from the patient. The samples were cut and dehydrated in a graded 

series of ethanol and resin infiltrate (Methyl Methacrylate/Glycol Methacrylate, 

Tecknovit 7200, Heraeus Kulzer, Hanau Germany). The cured resin blocks were 

ground using an EXAKT400 CS micro-grinding system to expose the samples. The 

samples were glued onto a glass slide and sectioned to 150μm using the EXAKT300 

cutting system (Exact Apparatebau GmbH, Norderstedt, Germany). The sample 

slides were polished down to 20μm thickness using the EXAKT 400 CS micro-

grinding system and were then stained with 0.1% toluidine blue (Sigma-Aldrich, St 

Louis, MO, USA) for light microscopy analysis.  

 

5.3.8 Histomorphometric Measurements 

The histological slides were scanned and digitized using a digital slide scanner 

(Aperio Technologies Inc, Nussloch, Germany). Histomorphometric analysis was 

carried out using the scanner’s software program (Aperio Imagescope version 12.1 

Aperio Technologies Inc, Nussloch, Germany). During the examination of each 

sample, the examiner (FM) was blinded with regard to the treatment group. Three 

area fractions (percentage components) were identified in each sample core using 

magnification up to 40x to achieve accurate delineation of each of the components: 
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1) % New Bone (NB) 

2) % Residual Graft (RG) 

3) % Soft tissue and marrow spaces (STM) 

 

New bone (NB) was identified primarily as mineralized tissue with osteocytes in 

lacunae, while residual graft (RG) material (DBBMC) was mineralized tissue with 

empty lacunae. The remaining area fraction not marked as RG and NB was 

designated as % STM. 

 

5.3.9 CBCT Measurements (Figure 22) 

Each patient had a CT scan taken before extraction. The dimensions of the alveolar 

ridge were measured using a computerized implant treatment planning software 

(NobelClincian, NobelBiocare, Gotheberg, Sweden). Blinding during CT scan 

analysis was achieved by numerical coding of each sample (number 1-42). The CT 

scan was analyzed (FM) and a second blinded clinician who was not involved in the 

surgical procedure also analyzed the CT scan data separately. A calibrating exercise 

was performed to achieve intra and inter-examiner reproducibility: CT scans of the 

same five patients were measured out at weekly intervals for 3 consecutive weeks. 

Calibration was confirmed when the measurements were consistently accurate to 0.5 

mm. There was a 98% agreement on the CT scan values measured by the two-

blinded examiners (F.M. and A.A.). 
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Figure 22. Schematic CBCT Measurement Buccal Height (BH) = distance (a to 

b) + (b to d), Palatal Height = distance (e to f) + (f to h), Ridge Width (RW) = 

distance (b to f), Buccal Wall Thickness (BT) = distance (b to c), Palatal Wall 

Thickness (PT) = distance (f to g) 
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All CBCT were measured with the nasal floor oriented perpendicular to a vertical 

straight line. The mid-buccal crest measurement to be used was the middle section 

as numbered by the CBCT data for each patient. Such as if tooth 11 was divided into 

image numbers 1-10, image number 5 will be used as the mid-buccal crest image 

that will be measured. The thickness of the buccal wall (Figure 22) was measured at 

a distance that was 2 mm apical (point b) from the most coronal part of the buccal 

wall (point a) to absorb for bundle bone resorption activity and also that the tip of the 

alveolar bone is not always very visible at CBCT. The perpendicular distance from 

point b to the buccal root surface of the concerned tooth (point c) was designated as 

the thickness of the buccal wall (BT = b to c). The height of the buccal wall was 

measured from point a to the floor of the nasal cavity/spine, point d (Buccal Bone 

Height, BH = point a to point d). The thickness of the palatal wall was also measured 

at a level (point f) that was 2mm apical from the highest point of the palatal crest 

(point e). The perpendicular distance from point f to the palatal root surface of the 

involved tooth (point g) was designated as the thickness of the palatal wall (PT = f to 

g). The height of the palatal wall (PH) was measured from point e to the nasal floor, 

point h (PH = e to h).  The thickness/width of the alveolar ridge is the measurement 

from point b to point f (Ridge Width, RW = b to f). These measurement protocols 

were repeated in the pre-implant CT scan taken 4 months after tooth extraction and 

ridge management. The differences in the measurements of RW, BH and PH before 

and after extractions/ridge managements were analysed.  
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Figure 23. Representative CBCT Case, before and after extractions. A) BT = 1 
mm. B) Pre-extraction ridge dimensions, BH (15.1 + 2) = 17.1 mm, PH (16.2 + 2) 
= 18.2 mm, RW = 8.8 mm, C) Post-extraction Ridge Dimensions, BH (13.5 + 2) = 
15.5 mm, PH (15 + 2)= 17 mm, RW = 6 mm. D Implant treatment planning on 
post-extraction ridge management .  
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5.3.10 Statistical analyses  

Statistical analysis was performed using commercially available software (SPSS 

Statistics for Windows version 21.0, IBM Corporation 2012, Armonk, NY, USA). 

Mean values and standard deviations (mean ± SD) from CT scan measurements 

were calculated for each treatment at two different time points (baseline and 4 

months). The significance of the difference within each group and between groups 

before and after treatment was analysed using a two-sample, two-tailed student t-

test after assessing the normality of the data. Data from histomorphometry scores 

(%RG, %NB and %STM) were analysed using Mann-Whitney U-tests. The null 

hypothesis was that there was no statistically significant difference between control 

and test groups for all CT scan and histomorphometric parameters. The primary 

outcome variable was % NB. Secondary variable outcomes were differences in RW 

and BH, %RG, differences in PH and %STM. A p value of ≤ .05 was considered to 

represent statistically significant differences between test and control groups. 

 

5.4 Results 

A total of forty patients (42 teeth) participated in the study and underwent maxillary 

anterior tooth extraction and ridge management procedures (Table 13). The mean 

age in the control group was 51.4 ± 11.3 years with 71% of the patient’s female. The 

mean age in the test group was 53.6 ± 10.7 years with 66% of the patient’s female. 

There was no statistically significant difference in the age range between the two 

groups (p value is 0.26, total population mean age is 52.5 ± 10.8 years, 69% 

female). There were no significant intra or post-operative complications and all the 

patients completed their implant rehabilitation, including implant restoration four to 

six months after extraction and ridge management.  
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In the control group 57.1% of the extracted teeth were maxillary central incisors, 

33.3% lateral incisors and 9.5% canines. In the test group 52.3% of the extracted 

teeth were central incisors, 38.1% were lateral incisors and 9.5% were canines. In 

the total population 54.8% of the extracted teeth were central incisors, 35.7% were 

lateral incisors and 9.5% were canines (Table 13).  

 

 Control Group 
(DBBMC-only) 

Test Group (DBBMC with 
EMD) 

Total/Mean for both 
groups 

Patient Distribution ú  

Patient Numbers 21 21 42 
Mean Age 51.4 ± 11.3 53.6 ± 10.7 52.5 ± 10.8 

Female 71% 66% 69% 

Teeth Distribution 

Number of 
teeth/groups 

21 21 42 

Central Incisor 12 (57.14%) 11 (52.38%) 23 (54.76%) 

Lateral Incisor 7 (33.33%) 8 (38.09%) 15 (35.71%) 

Canine 2 (9.52%) 2 (9.52%) 4 (9.52%) 

Table 13. Patient and teeth Distribution 
 
 

5.4.1 CBCT analyses (Table 14) 

There were no statistically significant differences in the CBCT values between the 

two treatments at baseline (Figure 23 & Table 14). The baseline ridge 

measurements for the control group were:  RW = 7.7 ± 0.96 mm, BH = 17.6 ± 3.3 

mm and PH = 21 ± 4.0 mm respectively. For the test group, the baseline ridge 

dimensions were: RW = 7.2 ± 1.0 mm, BH = 17.4 ± 1.9 mm and PH = 22.4 ± 2.0 mm. 

There was no statistically significant difference in the baseline measurements 

between test and control groups. Four months after extraction and ridge 

management there was a statistically significant reduction in RW from baseline to 4th 
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month in the control (baseline RW = 7.7 ± 0.96 mm to 4th month RW 6.8 ± 1.3 mm, p 

<0.005, baseline BH ) and test group (baseline RW 7.2 ± 1.0 mm to 4th month RW = 

6.6 ± 1.1 mm, p <0.04). On the other hand, there was no statistically significant 

difference in the 4th month measurement when comparing the RW, BH and PH 

between test and control groups (control 4th month RW = 6.8 ± 1.3 mm, BH = 16.5 ± 

3.7 mm, PH = 20.3 ± 3.7mm; test group 4th month RW = 6.6 ± 1.1mm, BH = 16.7 ± 

2.2 mm, PH = 21.4 ± 2.7 mm, (Table 14). 

 

  Control  
(mm, mean/SD),  
BT (1.06 ± 0.49 mm) 

Test  
(mm, mean/SD),  
BT (1.03 ± 0.47 mm) 

p value 

Ridge Width 
(RW) 

Baseline 7.7 ± 0.96 7.2 ± 1.0 0.07 
4th month 6.8 ± 1.3 6.6 ± 1.1 0.34 
p value *0.005 0.04  

Buccal Wall 
Height (BH) 
 

Baseline 17.6 ± 3.3 17.4 ±1.9 0.06 
4th month 16.5 ± 3.7 16.7 ± 2.2 0.30 
p value 0.17 0.18  

Palatal Wall 
Height (PH) 

Baseline 21 ± 4.0 22.4 ± 2.0 0.06 
4th month 20.3 ± 3.7 21.4 ± 2.7 0.13 
p value 0.24 0.10  

Table 14: Baseline and 4th month CT scan measurements 

 

When percentage dimensional changes were compared in test and control groups, 

no significant differences in RW, BH and PH were encountered at 4 months (Table 

15). There were no statistically significant differences in the percentage change in 

ridge dimensions between test and control groups 4 months after ridge management 

procedures (control group: % change in RW = -7.7 ± 12.8, % change in BH = -6.4 ± 

7.7, % change in PH = -3.9 ± 4.7; test group: % change in RW = -5.3 ± 9, % change 

in BH= -3.2 ± 4.8, % change in PH= -3.4 ± 5.6) (Table 15). 
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Group Change in RW Change in BH Change in PH 
 Mm % Mm % Mm % 
Control 
(BT=1.06±0.49mm) -0.37 ± 1.1 -7.7 ± 12.8 -1 ± 1.2 -6.4 ± 7.7 -0.8 ± 1 -3.9 ± 4.7 

Test 
(BT=1.03±0.47mm) -0.40 ± 0.5 -5.3 ± 9 -0.62 ± 

0.9 -3.2 ± 4.8 -1 ± 1.2 -3.4 ± 5.6 

p value  0.37 0.25 0.11 0.06 0.35 0.47 

Table 15: Changes in ridge dimensions (Ridge Width RW, Buccal Bone Height 
BH, Palatal Bone Height PH) 

 
 
Further analyses of the patients’ data were done by stratifying the patients according 

to their baseline buccal wall thickness (BT = < 1 mm versus ≥ 1mm), instead of the 

ridge management treatment performed (Figure 25 & Table 16). There was a 

statistically significant reduction in the ridge dimensions: RW, BH and PH in the < 

1mm BT group when compared to the ≥ 1mm BT group (% change in RW: <1 mm 

group = 14 ± 10 vs. ≥ 1mm group = 5.4 ± 12.4, p<0.01; % change in BH: <1mm 

group = -6.9 ± 6.7 vs. ≥ 1 mm group = -2.1 ± 5.4, p <0.009; % change in PH: < 1mm 

group = -5.8 ± 5.4 vs. ≥ 1 mm group = -2.5 ± 5.3, p <0.02). (Table 16) 

 

 
Buccal Wall 
Thickness (BT) 

Change in RW Change in BH Change in PH 
Mm % mm % Mm % 

<1mm  
BT = 0.63 ± 0.1 mm -1 ± 0.8 -14 ± 10 -1.2 ± 1.0 -6.9 ± 6.7 -1.2 ± 1 -5.8 ± 5.4 

≥ 1 mm 
BT= 1.5 ± 0.3 mm -0.17 ± 1.1 -5.4 ± 12.4 -0.4 ± 0.9 -2.1 ± 5.4 0.4 ± 1.5 -2.5 ± 5.3 

P value 0.003 0.01 0.003 0.009 0.03 0.02 

Table 16: Changes in ridge dimensions according to BH. 

 

5.4.2 Gross histological features (Figure 24) 

The three types of tissues filling the socket (NB, RG and STM) were readily 

identifiable in each ground section from the 10x to 40x magnification of the image 

slides (Figure 26). The biomaterial (DBBMC) was readily identifiable as structures 
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with empty Haversian canal system and with a much more intense blue staining than 

the surrounding bone and soft tissue matrix. New bone (NB) with varying degrees of 

maturity (woven and lamellar bone) was identified as mineralized tissue with 

osteocytes in lacunae and slightly paler blue/pinkish staining compared to the 

DBBMC counterpart. 
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Figure 24: Histological Analysis of Test and Control Groups. 

A) Histological image of whole trephine samples of Control and Test groups. Both groups 
showed readily identifiable residual graft particles characterised by darker blue staining 
being more pronounced in the control group, with the presence of new bone that forms 
around residual graft. B) 20x magnification histological image showing New Bone (NB), 
residual graft (RG) and Soft Tissue / Marrow space (STM) within a biopsy core. C) 
Representative histological images showing varying degrees of bone maturity in both 
Test (a & b) and Control (c) groups. Residual Graft (RG), Lamellar Bone (LB), Woven Bone 
(WB).  
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5.4.3 Histomorphometric analysis (Figure 24B and C) 
 
 
In the test group, 16.5 ± 6.9% NB filled the socket, which was significantly lower than 

the 45.1 ± 8.8 % NB found in the test group (p<0.00001) (Table 17). At higher 

magnification the NB was observed to be composed of woven bone and mature 

lamellar bone with concentric lamellae. In the control group, the socket was occupied 

by 36.8 ± 8.8% RG, which was significantly higher than the 20.3 ± 7.2 % found in the 

test group (p<0.00001). There was also significantly higher %STM in the control 

group versus the test group (46.5 ± 10.4 vs. 34.6 ± 13.8, p<0.003) (Table17).  

 

Groups % NB % RG % STM 
Control 16.5 ± 6.9 36.8 ± 8.8 46.5 ± 10.4 
Test 45.1± 8.8 20.3 ± 7.2 34.6 ± 13.8 
p value <0.00001 <0.00001 <0.003 
 

Table 17: Proportion (%) of three different tissues in test and control groups. 
(mean ± s.d.) % New bone (NB), % Residual graft (RG) and % Soft tissue and 
marrow spaces (STM). 
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Figure 25: Box & whisker plot of histomorphometric outcomes. A) Percent New 
Bone formation. B) Percent Residual Graft particles (%RG)C) Percent Soft 
Tissue and Marrow spaces (%STM). 
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5.5 DISCUSSION 
 

This study demonstrated that the application of DBBMC and DBBMC-EMD into 

extraction sockets covered with a free gingival graft (FGG) resulted in similar ridge 

dimensional reduction 4 months after extraction of maxillary anterior teeth. Except for 

ridge width (RW), there were no significant dimensional changes in the buccal bone 

height (BH) and palatal bone height (PH) of both test and control groups 4 months 

after tooth extraction, confirming the relative effectiveness of this technique in 

minimizing ridge reduction post-tooth extraction. These results are consistent with an 

RCT where the application of DBBMC covered with free gingival graft resulted in less 

vertical changes of the alveolar ridge compared with sockets that had spontaneous 

healing and sockets filled with β-TCP (Jung et al 2013). The -0.3 mm to -1.4 mm 

reduction in the BH and PH in the DBBMC- gingival graft group in the Jung et al 

(2013) study is also within the range of -0.8 mm to -1.2 mm reduction in the BH and 

PH of the similar material in the control group of the present study. These results are 

also comparable to a study where the socket was filled with DBBMC or DBBM then 

sealed with collagen membrane (Nart et al 2017), which showed that DBBM and 

DBBMC demonstrated similar behaviour histologically and in terms of minimizing 

ridge resorption after tooth extraction. The -0.98±1.28 mm BH change and -

0.82±0.61 mm PH change in the Nart et al (2017) study is also comparable to the 

corresponding findings in the present study. Taken together, these findings 

demonstrate the reproducibility of minimizing the post-extraction buccal and palatal 

wall resorption to a range of 1-1.5 mm when utilizing DBBMC. Indeed, the 1.0-1.5 

mm (-10% to -18%) reduction in the ridge dimensions of the 4-walled socket in the 

present study when DBBMC was used was superior to the 6.0 mm (-77%) ridge 

reduction reported with the use of β-TCP (Jung et al 2013). A limitation of the 
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present study was the lack of a negative control. However, comparisons can be 

made to clinical trials on unassisted extraction socket healing studies (Jung et al 

2013, Barone et al 2008) and systematic review on alveolar bone dimensional 

changes of post-extraction sockets (der Weijden et al 2009) which reported an 

average clinical loss in ridge dimension of 1.7- 4.0 mm. which is significantly greater 

compared to the results of the present study.  

 

The use of EMD as an adjunct to DBBMC in this study did not minimize volumetric 

ridge reduction after tooth extraction. Although the percentage reduction in BH and 

PH is smaller in the test group where EMD was added with DBBMC, this did not 

reach statistical significance. This is consistent with a recently published study which 

also compared ridge preservation using DBBMC with and without EMD and similarly 

did not report a difference in ridge dimensional outcomes (Lee et al 2020). 

 

When the patients’ data were re-analysed according to the initial buccal wall 

thickness (< 1mm vs. ≥ 1mm buccal wall thickness BT) instead of the allocated 

treatment protocols, significant differences in the ridge dimensions were noted after 

the 4 months healing period. Patients with < 1mm BT sustained ridge reduction of 

1.0 to -1.5 mm (or -5.8% to -14%) ridge reduction (RW, BH, PH) compared to the 

minimal ridge reduction of 0.17 to -0.4 mm (or -2% to -5.4%) when the initial buccal 

wall thickness was ≥ 1mm. It has been reported that the thickness of the buccal bone 

crest significantly influences the amount of vertical crestal resorption after tooth 

extraction (Ferrus et al 2010, Braut et al 2011, Nevins et al 2006). In a study where 

93 subjects had extractions and implants immediately placed in the maxillary anterior 

area, it was demonstrated that patients with thin buccal wall (≤ 1mm, 43% ridge 
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reduction) sustained greater percentage ridge reduction than patients with thick 

buccal wall (> 1 mm, 21% ridge reduction) 16 weeks after implant placement (Ferrus 

et al 2010). Therefore, although our study shows that the ridge preservation 

outcomes were improved in the presence of thicker buccal walls, when taken in the 

context of the increased resorption associated with thin buccal walls in the absence 

of ridge preservation (Ferrus et al 2010), the results show that patients with a thin 

buccal wall (<1 mm) may benefit as much, if not more, from the socket management 

technique.  

 

It has been reported that thin buccal walls (< 1 mm) have a prevalence of 50-80% in 

the anterior maxilla, which is more common than thick buccal walls (> 1 mm) that 

have a prevalence of 10-12% (Braut et al 2011, Januario et al 2011). Considering 

the large prevalence of patients susceptible to significant ridge resorption after 

extraction of maxillary anterior teeth, pre-extraction radiographic analysis of the 

buccal bone wall using CBCT may be recommended prior to deciding on the ridge 

management approach.  

 

The histomorphometric analysis showed readily identifiable components of NB, RG 

and STM. The observation that most of the xenograft particles were surrounded by 

bone of varying maturity with no associated inflammatory reaction corroborates the 

excellent biocompatibility of DBBMC (Bio-Oss collagen®, Geistlich Pharma AG, 

Switzerland) that has been reported in the literature (Alayan et al 2016). In terms of 

histologic appearance, DBBMC was much more intensely stained with toluidine blue 

than the surrounding tissues (Alayan et al 2016), which may indicate the presence of 

organic material such as endogenous protein surrounding the xenograft, which can 
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enhance this material’s biocompatibility (Bosshardt DD 2014). The intensely blue 

staining of DBBMC in the present study can also be attributed to the exogenous 

coating of EMD onto DBBMC in the test group of the present study. This ability of 

DBBM to be pre-coated with exogenous proteins has been demonstrated in vitro 

whereby DBBM has been shown to retain EMD (Emdogain®, Straumann AG, 

Switzerland) (Miron et al 2012). When it comes to the osteogenic potential of EMD, a 

number of in-vitro and in-vivo studies have demonstrated the osteopromotive 

potential of EMD. EMD has been reported to upregulate osteogenic gene expression 

of progenitor cells (Miron et al 2016b, Grandin et al 2012, Galli et al 2006, Fawzy El-

Sayed et al 2014).  It has also been reported that EMD inhibits bone resorption by 

affecting osteoclast activities through increased osteoprotegerin (OPG) release and 

decreased release of receptor activator of nuclear factor kappa B ligand (RANKL) by 

50% (Galli et al 2006). Furthermore, it was reported that EMD affects proliferation of 

progenitor and osteogenic cells, an effect that decreases with cell maturation and 

differentiation (Miron et al 2016b, Grandin et al 2012). 

The histomorphometric analysis showed statistically significant differences in terms 

of percentage of new bone, residual graft and soft tissue and marrow spaces 

between the test and control groups. The test group had significantly increased % 

NB (45.1±8.8%), less %RG (20.3±7.2%) and less %STM (34.6± 13.8) when 

compared to the control group (%NB 6.5±6.9, %RG 36.8±8.8, %STM 46.5±1-.4). 

The composition of the three components in increasing order was RG: STM: NB in 

the test group, and NB: RG: STM in the control group. This composition of the 

control group was consistent with similar studies where the extraction socket was 

filled with DBBM and closed with porcine-derived non-cross-linked collagen matrix, 
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where the socket was mostly filled with residual graft and soft tissue instead of new 

bone 6 months post-extraction (Maiorana et al 2017). The increased amount of NB in 

the test group shows that the addition of EMD with DBBMC had increased the 

osteogenic potential of this biomaterial. Evidence to support the increased 

osteogenic potential of EMD has been reported in in vivo studies showing that 

ameloblastin degradation products stimulated cementum formation, bone growth and 

craniofacial bone formation (Grandin et al 2012, Tamburstuen et al 2010).  

 

Furthermore, combining EMD with absorbable collagen sponge (ACS) influenced the 

activity of induced pluripotent stem cells (iPSCs) by upregulating the expression of 

bone sialoprotein and osteopontin and increasing the levels of osteoblastic 

differentiation and mineralization, when compared to ACS alone (Hisanaga et al 

2018).  

 

Another possible effect of EMD in the present study is that it may promote resorption 

of the residual graft particles. This hypothesis is supported by studies that showed 

the ability of EMD to induce osteoclast formation in mouse bone marrow cells via the 

RANK-OPG-RANKL pathway in vitro (Gruber et al 2014), and in vitro evidence that a 

purified EMD fraction enhanced osteoclast activity and bone resorption in the 

monocytic cell line RAW 264.7 (Itoh et al 2006). Whether EMD increased the 

formation of new bone or whether it increased the rate of resorption of the xenograft 

cannot be elucidated from the present study. 

 

The positive effect of EMD on wound healing is well established, via its effect on 

macrophages, neutrophils and lymphocytes and by its reduction in MMP-1 and 
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MMP-8 (Okuda et al 2001) and increased TGF-β1 (Agrali et al 2016). Because of the 

broad effects of EMD on various host cells and proteins, and not just exclusively on 

osteoblast and osteogenic activity, EMD has been described as osteopromotive 

rather than osteoinductive (Miron et al 2016b, Grandin et al 2012, Bosshardt et al 

2008).  Indeed, the general pro-wound healing effects of EMD are reflected in its 

established clinical effectiveness in periodontal regeneration (Esposito et al 2009), 

root overage procedures (Mercado et al 2020a, Mercado et al 2020b) and the 

management of peri-implantitis (Mercado et al 2018, Isehed et al 2018).  

To the best of our knowledge, this is the first clinical study that demonstrated 

osteogenic potential of EMD in fresh extraction sockets. The finding of the present 

study, where increased osteogenic potential was achieved shown by the increased 

% NB noted 4 months after extraction in the test group, may translate to earlier 

implant placement, enhanced implant osseointegration due to the presence of more 

bone, better primary implant stability and possibly improved long-term implant 

outcomes. The use of biologically active materials as an adjunct to osteoconductive 

materials in preserving jawbone for future implant rehabilitation should be examined 

in larger multi-center clinical trials, whereby the long-term outcome of implant 

placement in these sites is also evaluated. 
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Chapter 6.0 General Discussion and Future Directions  

  
There are few commercially available ‘biologically’ active products that have lasted in 

the market for more than 20 years. The longevity of this enamel protein derived 

product in a competitive market reflects its effectiveness in periodontal 

regeneration, and its potential to enhance clinical outcomes in a variety of clinical 

applications. Nevertheless, this potential has not been fully explored, and hence the 

objective of this study was to evaluate the effectiveness of EMD in promoting soft 

and hard tissue regeneration in a variety of oral regeneration procedures.  

  

The current consensus on the use of EMD as an adjunct to CTG in recession 

management is that EMD leads to the formation of more KT and more stable tissue 

levels when added with CTG (Cairo et al 2008, Pilloni et al 2006, Castellanos et al 

2006, Spahr et al 2005, Cueva et al 2004, Hagewald et al 2002). This increase in KT 

and recession stability when EMD is added to CTG in recession management is also 

supported by this thesis. The majority of the differences in the clinical parameters 

were only observed with statistical significance three years after the recession 

management surgical procedures. Therefore, any recession studies involving EMD 

should be long-term (at least 3 years) and the available short-term studies (less than 

2 years) should be interpreted with caution.   

 

There are only a limited number of studies that looked at the Cost-Benefit Ratio 

(CBR) of treating a tooth or implant versus extraction of tooth or explantation of 

dental implants (Cortellini et al 2017, Cortellini et al 2011) and the impact of 

periodontal disease versus periodontal health on nutrition and wellbeing of mankind 

(Tonetti et al 2017). It was concluded after a 20-year follow up of a randomized 



149 

clinical trial that patients with regenerative procedures had no tooth loss and less 

periodontitis progression than patients with flap approach alone, concluding that 

regenerative surgical intervention resulted in better tooth-survival and long-term 

clinical stability, reducing costs for re-intervention or tooth replacement. It is clear 

from this study that a long-term evaluation of clinical patients is needed to fully 

assess and appreciate the real cost-benefit ratio of the treatment provided (Cortellini 

et al 2017).  

The assessment of the cost-benefit ratio in the four studies performed in this thesis 

can be difficult as most of the clinical studies performed  are only 3-years and the 

indications for performance of some of the periodontal plastic surgical procedures 

are not necessarily performed to prolong tooth survival but because of aesthetics 

issues and dentinal sensitivity which is difficult to quantify as the value of aesthetics 

is very subjective and also dependant on the financial status of the patient. This is 

particularly true for the first study, A 3-year prospective clinical and patient-centered 

trial on sub-epithelial connective tissue graft with or without enamel matrix derivative 

in Class I-II Miller recessions (Mercado et al 2020a). The major indications for the 

performance of periodontal plastic surgical procedures in this case are aesthetic and 

dentinal sensitivity, not tooth survival. A majority of the patients treated with CTG 

with or without EMD are well-satisfied with the cosmetic outcome of their treatments 

3 years after the surgical procedures in both groups (Mercado et al 2020a). It is 

difficult to quantify if the addition of EMD (roughly $290 AUD per syringe) in their 

treatment which resulted in less pain on the first 2 weeks after the surgical 

procedures is justified or financially worth it. This would depend on a lot of issues 

mainly the financial status of the patient and the degree of dentinal hypersensitivity 
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that was alleviated after the CTG surgical procedures. With regards to the cost-

benefit ratio in the study - Sub-epithelial connective tissue graft with or without 

enamel matrix derivative for the treatment of multiple Class III-IV recessions in lower 

anterior teeth: A 3-year randomized clinical trial (Mercado et al 2020b), aside from 

the minimal pain on the first 2 weeks after the CTG-EMD procedure in the test group, 

it will take a longer observation period to determine if the increased KT formed in the 

test group (CTG-EMD), will result in gingival stability that will translate into longer 

tooth survival needs, at least an observation of 5-10 years, which the author is 

planning to do. In the study, Regenerative surgical therapy for peri-implantitis using 

deproteinized bovine bone mineral with 10% collagen, enamel matrix derivative and 

Doxycycline—A prospective 3-year cohort study (Mercado et al 2018), the cost-

benefit ratio in stabilizing and maintaining the infected implants is high on the benefit 

side. The costs of complex surgical explantation which will involve regenerative 

procedures plus the cost in new temporization and new prosthodontic crown are 

avoided if the regenerative treatment in peri-implantitis in the affected implants is not 

performed. In the fourth study, Enamel matrix derivative promotes new bone 

formation in xenograft assisted maxillary anterior ridge preservation – a randomized 

controlled clinical trial, the cost-benefit ratio of doing socket preservation procedures 

can be appreciated in most of the patients who had the ridge preservation 

procedures and manage to have their implant rehabilitation procedure predictably 

without any need for further regenerative management four months after tooth 

extraction. The benefits may be more appreciated by patients with thin buccal wall 

bio-type where the anterior ridge preservation procedure may have avoided the need 

for complex bone-block surgical procedure than if the extraction was allowed to heal 

without ridge preservation procedures. 
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With regards to the strengths and weaknesses of this thesis, one of the main 

limitations in the thesis is that the study that used EMD in the management of peri-

implantitis only used a single-cohort of patients with no control comparison group 

(Mercado et al 2018). Being a single cohort study, it was impossible to assess 

the positive influence that EMD provided with DBBMC in the stability of the lesion 

after 3 years. However, it can be inferred from existing published studies 

that the use of EMD (Isehed et al 2016) or DBBMC alone (Roccuzzo et al 2017) in 

the management of peri-implantitis achieved a more modest improvement in clinical 

parameters, such as probing depth reduction and bone fill, compared to studies that 

combined a carrier DBBMC and a biologically active EMD (Mercado et al 

2018, Froum et al 2015). The evidence shows that predictable management of peri-

implantitis, whereby 100% bone fill is predictably achieved with no recurrence of 

inflammation, is still a long way in the future. According to the available evidence this 

treatment will need a bone carrier of biologically active products that has osteo-

inductive and anti-microbial properties, which is either applied or printed into the 

defect. The results presented in Chapter 5, which showed the possible osteogenic 

potential of EMD in extraction sockets is novel and can explain why EMD was 

successful as a regenerative adjunct in the management of periodontal defects 

(Heijl et al 1997, Tonetti et al 2002). This result also raises the possibility 

that EMD could be beneficial in promoting osteogenesis in the treatment of complex 

horizontal and vertical ridge augmentations and sinus bone augmentations. Chapter 

5 also shows that the technique of anterior ridge management, where extraction 

sockets filled with DBBMC with or without EMD covered with free gingival graft, can 

significantly reduce the amount of alveolar ridge shrinkage, particularly in sockets 

with thick buccal wall but also more importantly, performed on cases with thin buccal 
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wall.  The most unique component of this thesis is that it provided the only 

randomized clinical trial published that looked at the adjunctive benefit of EMD with 

CTG on more severe Class III-IV recessions. This clinical trial needs to continue to 

assess if the additional KT added by EMD in the test group of this study will result in 

longer tooth survival. 

 

The plan for further research studies in relation to the existing clinical studies 

performed in this thesis are as follows: 

 

1) To continue monitoring the Class I-II Miller recession patients and 

report if there are any further differences in the gingival margin stability 

of the test (CTG-EMD) versus the control group (CTG only) and report 

/publish a 5-year clinical data result. 

2) To continue monitoring the Class III-IV Miller recession patients and 

monitor the stability of REC and amount of KT and report a 5 and 10- 

year data to monitor if the periodontal plastic surgery performed will 

result in longer tooth survival. 

3) To design a clinical peri-implantitis study with different groups 

(DBBMC-EMD-Doxycycline, DBBMC-EMD-Azithromycin, DBBMC only) 

and monitor these patients for 5 years. 

4) To assess the soft and hard tissue components of ridge dimension 

stability of the implants placed in the ridge preservation studies and 

assess if the addition of EMD can result in better long-term clinical 

stability. 
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The indications for EMD as we better understand this protein is increasing rapidly.  

XelmaÒ, a commercially available formulation of EMD has been investigated for its 

ability to enhance synovial cell colonization and protein synthesis around a scaffold 

used in torn anterior cruciate ligaments in-vitro. In this study, synovial cells were 

enzymatically extracted from bovine synovium and dynamically seeded onto 

polyethylene terephthalate (PET) scaffolds. Electron microscopy supported 

the findings that scaffolds treated with multiple administrations of EMD were heavily 

coated with cells and extracellular matrix (ECM) that enveloped the fibres. Multiple 

administrations of EMD to synovial cell-seeded scaffolds enhanced the formation of 

tissue in vitro. Additionally, it was demonstrated that EMD enhanced TGFβ1 

synthesis of synovial cells, suggesting a potential mechanism for EMD’s capacity to 

stimulate tissue regeneration (Messenger et al 2010). In a large clinical study 123 

patients with non-healing venous leg ulcers were treated with XelmaÒ (Vowden et al 

2006). In this study, 62 patients were included in the amelogenin group, and 61 in 

the control group, respectively. Subgroup analyses was performed for ulcers 

with a size >10 cm2 at baseline and for ulcers of >12 months duration. The 

wound size reduction was greatest in the group treated with amelogenin, with this 

difference being greatest for larger ulcers and those of long duration. The conclusion 

in this study was that XelmaÒ, a form of EMD, may be clinically useful in the 

treatment of non-healing venous leg ulcers. A study that examined whether enamel 

matrix derivative (EMD) can inhibit the adhesion of cancer cells to bone was 

performed (Takayama et al 2005). A typical breast cancer cell line, MCF-7, was used 

in this in-vitro study. Conditioned human osteosarcoma cell (Saos-2) medium was 

used as extracellular bone matrix (ECBM) to measure cell attachment. MCF-7 cells 

were incubated on ECBM- coated culture plates with or without soluble EMD, Arg-
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Gly-Asp (RGD) sequence blocking peptides, recombinant bone sialoprotein (rBSP), 

or specific integrin antibodies, and the attached cells were quantified using toluidine 

blue staining. The cells were incubated with various concentrations of EMD, and 

then plated on ECBM-coated (50 Ag/ml) wells. The result showed that EMD pre-

treatment markedly reduced cell attachment to the ECBM-coated wells in a dose-

dependent manner. It was concluded in this study that EMD inhibits cancer cell 

attachment to bone and that it might be useful as an anti-adhesive agent for breast 

cancer cells to bone (Takayama et al 2005).  

 

These studies that show that there are different non-oral applications of EMD imply 

that we are only scratching the surface of the potential therapeutic application of this 

protein, either orally or systemically. Whether there is a multiple mechanism of action 

or one unifying physiological mechanism that allows EMD to assist in recession 

coverage, wound healing, regeneration or bone formation is not yet known. Further 

research and large long-term multi-centre studies are needed to answer the 

increasing number of questions that arise as we examine this remarkable enamel 

matrix protein called amelogenin.   
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