
2007; Vol. 4, No. 2 78 

 

Essentials in Periodontal Regeneration 
 

F. Haghighati 1,2, G. Saaveh 3  

1Associate Professor, Department of Periodontics, Faculty of Dentistry, Medical Sciences/Tehran University, Tehran, Iran 
2Associate Professor, Dental Research Center, Medical Sciences/Tehran University, Tehran, Iran 
3Assistant Professor, Department of Periodontics, School of Dentistry, Ahvaz University of Medical Sciences, Ahvaz, Iran 

 

Abstract:  
Various materials and techniques have been used in the treatment of periodontal disease 
to achieve regeneration of lost periodontal tissues including cementum, periodontal 
ligament (PDL) and alveolar bone. The composition, regenerative potential, application 
and therapeutic characteristics of several regenerative materials have been evaluated in 
the present study. 
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INTRODUCTION 
Progressive periodontitis can lead to tooth loss 
through the destruction of its attachment appa-
ratus. When continued function necessitates 
additional periodontal support, optimal treat-
ment should include not only periodontal 
infection control but also regeneration of the 
lost periodontium. Despite conclusive eviden-
ce that some regeneration may occur following 
regenerative procedures [1-2], complete rege-
neration is an unrealistic goal. Osseous graf-
ting and guided tissue regeneration (GTR) are 
considered as two of the most successful 
methods for reestablishment of periodontal 
tissues [2-5]. However, other treatment moda-
lities have also shown promise in terms of 
improving clinical conditions and demonstra-
ting significant bone fill. 
Periodontal regeneration is defined as reestab-
lishment of the lost supporting tissues inclu-
ding alveolar bone, cementum, and PDL.  
New connective tissue attachment is described 
as formation of new cementum with inserting 
collagen fibers in association with a root 
surface that has been deprived of its PDL [6].  

Bone fill is the clinical restoration of bone 
tissue in a previously treated periodontal 
defect.  
Guided cell repopulation or guided tissue 
regeneration (GTR) are procedures designed to 
manipulate the cells that are involved in 
wound healing which finally lead to 
regeneration [6]. 
 
Regenerative Surgical Techniques (Flap 
Procedures) 
Regenerative periodontics can be divided into 
two major categories: non-graft-associated 
new attachment and graft-associated new atta-
chment. A number of techniques have combin-
ed both procedures. These methods can be 
performed with and without flaps, but in most 
cases exposure of the area is preferable [7]. 
In non-graft associated regenerative proce-
dures, reconstruction of periodontal tissues 
without using grafts is possible only in meticu-
lously treated three wall defects (intrabony 
defects) and in periodontal and endodontal 
abscesses [7]. 
Bone formation has been reported in angular 
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defects treated by surgical access procedures. 
Remodeling of two and three wall angular 
bone defects following a modified Wildman 
flap requires careful curettage of the bone 
defect and proper root debridement [8-9]. 
"Modified flap operation" is basically an 
access flap for proper root debridement. Bone 
regeneration in intrabony defects is considered 
as one of the major advantages of this tech-
nique [10]. 
"Coronally positioned flaps" have been used in 
the treatment of mandibular class II furcation 
defects. In this technique the flap margin is 
positioned away from the furcation and 
remains in that location during the early stages 
of healing [11]. 
Previous studies have shown vertical and hori-
zontal bone fill in class II mandibular furcation 
defects [11].  
In Graft associated regenerative procedures, 
graft materials are used in conjunction with 
flap procedures to stimulate periodontal rege-
neration. These materials can be classified into 
four types: autogenous, allogenic, xenogenic 
and alloplastic [12]. 
 
Autogenous bone grafts, Extra oral  
Autogenous iliac cancellous bone and marrow 
have been shown to possess a high degree of 
osteogenic potential. Numerous case reports 
have demonstrated successful bone fill after 
application of these materials in furcations, 
dehiscences, and intraosseous defects of 
various morphologies [13-15]. Iliac grafts can 
be used as either fresh or frozen. Root resorp-
tion has been reported as a complication of 
fresh grafting techniques [15-16], which has 
led to the limited use of these materials in 
clinical practice. 
 
Autogenous bone grafts, intra oral  
Intraoral cancellous bone and marrow grafts 
are usually obtained from the maxillary tube-
rosity or a healing extraction site and are used 
as cortical bone chips [12], osseous coagulum 

or bone blend type grafts [18]. Some authors 
have reported the presence of a long junctional 
epithelium between the regenerated alveolar 
bone and root surface [19,20]. Thus, the pre-
sence of clinical bone fill does not necessarily 
indicate periodontal regeneration. 
 
Allogenic bone grafts  
Several types of bone allografts exist such as 
iliac cancellous bone and marrow, freeze-dried 
bone allografts, and decalcified freeze-dried 
bone allografts. Frozen and radiation-sterilized 
iliac crest allografts have both been used in 
different studies. Freeze-drying has been 
shown to markedly reduce the antigenicity of 
allografts [21]. 
Intraosseous defects in juvenile periodontitis 
have been successfully treated with a combina-
tion of freeze-dried bone allografts and tetra-
cycline [22,23]. According to Mellonig et al 
[24], bone demineralization in 0.6N HCl 
followed by freeze drying can significantly 
increase the osteogenic potential of allografts, 
assumably through bone morphogenic proteins 
(BMPs) [24,25]. 
A recent study has indicated that mineralized 
human cancellous allograft with or without 
collagen membrane, significantly improved 
bone fill in mandibular class II furcation 
defects [26]. 
 
Xenografts 
Xenogenic materials have also been used for 
grafting around periodontal defects. These 
grafting materials are also referred to as 
anorganic bone, probably because all cells and 
proteinaceous material are removed during 
processing. Consequently an inert absorbable 
bone scaffold is left behind upon which revas-
cularization, osteoblast migration, and woven 
bone formation can take place [27]. 
Human histologic studies have reported signs 
of periodontal regeneration in teeth treated 
with bovine-derived xenografts [28,29]. 
Xenografts have shown superior results when 
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used in combination with guided bone regene-
ration (GBR) methods around implants and in 
sinus lift and ridge augmentation procedures 
[30-32].  
A recent study found that porcine bone-
derived biomaterials can be successfully used 
in humans for maxillary sinus augmentation 
prior to implant placement [33]. 
 
Alloplasts  
Alloplasts are synthetic, inorganic, biocom-
patible bone substitutes which promote bone 
healing. There are presently six types of allo-
plasitc materials used in clinical practice 
which are as follows: nonporous hydroxyapa-
tite (nonresorbable), porous hydroxyapatite or 
replamineform (nonresorbable), hydroxyapa-
tite cement, beta tricalcium phosphate (resorb-
able), HTR (a calcium layered polymer of 
polymethylmethacrylate and hydroxyethyl-
methacrylate, nonresobable) and bioactive 
glass. 
Several studies have demonstrated superior 
results in defects grafted with nonporous [34] 
and porous hydroxyapatitie [35], HTR [36] 
and beta tricalcium phosphate [37] as com-
pared to those treated without the use of grafts. 
While clinical findings appear promising, 
histologically the grafts tend to be encapsu-
lated by connective tissue with minimal or no 
bone formation [32-38]. Microscopic studies 
have found limited new bone in proximity to 
the implanted materials [39].  
There is histologic evidence suggesting that a 
limited amount of regeneration may occur 
following HTR grafts [40]. 
Poehling et al [41], indicated that MD05, 
consisting of β-TCP coated with recombinant 
human growth/differentiation factor-5 (rh 
GDF-5), achieved superior bone regeneration 
compared to conventional materials. It was 
concluded that MD05 may be a suitable new 
bone substitute for application in dental and 
maxillofacial surgeries.  
Bioactive glass (BG) is made from calcium 

salts, phosphate, sodium salts, and silicon 
glass particles. This silicon layer stimulates the 
formation of a hydroxycarbonate-apatite layer 
onto which osteoblasts can proliferate and 
produce bone [42]. 
A recent animal study investigated the effects 
of bioactive glass within a titanium cap. New 
bone was found to be generated at an early 
stage following utilization of BG for bone 
augmentation [43]. 
Mengel et al [44] studied the long term 
effectiveness of a bioabsorbable membrane 
and a bioactive glass in the treatment of intra-
bony defects in patients with generalized 
aggressive periodontitis. The results indicated 
significant improvements in probing depth 
(PD) and clinical attachment level (CAL) after 
5 years with both regenerative materials. 
Radiographically, the bioactive glass group 
revealed superior bone fill. 
  
Guided Tissue Regeneration (GTR) 
According to the 1996 World Workshop in 
Periodontics, “GTR techniques attempt to 
regenerate lost periodontal structures through 
differential tissue responses. Barriers are 
employed in the hope of excluding epithelium 
and gingival corium from the root surface in 
the belief that they interfere with regenera-
tion”. Cells that repopulate the root surface 
after periodontal surgery will determine the 
type of attachment that forms on the root 
surface during healing [45,46].  
Barriers have the advantage of maintaining 
space between the defect and the epithelium 
and gingival connective tissue cells. This 
allows the regenerative cells to enter from the 
periodontal ligament and alveolar bone. 
Barriers can also help to stabilize the clot, 
leading to enhanced regeneration [46]. 
A recent study evaluated the stability of 
horizontal clinical attachment gain in class II 
furcations and showed it to be equal between 
non-resorbable (ePTFE) and resorbable (poly-
glactin 910) barriers after GTR therapy [47]. 
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GTR techniques have recently been employed 
for the treatment of marginal tissue recession 
defects with promising clinical and histolo-
gical results [48]. 
A clinical study also compared subepithelial 
connective tissur grafts (SCTG) and GTR 
using bioabsorbable membranes together with 
bone derived xenografts and failed to show a 
significant difference between the two 
methods [49]. 
Several factors should be considered in the 
development and selection of membrane mate-
rials such as, biocompatibility, patient handl-
ing, tissue integration, space production and 
the cell’s capability to cause occlusion [50]. 
Membrane barrier materials could be catego-
rized as nonresorbable membranes and resorb-
able materials and devices. 
 
Nonresorbable Membranes: Early investi-
gators used nonresorbable materials, like 
cellulose filters (Millipore filter) and expanded 
polytetrafluoroethylene (ePTFE, Gore-Tex 
Regenerative Material). These materials were 
selected because they allowed the passage of 
liquid and nutritional products through the 
barrier. However the small dimensions of the 
pores prevented cell passage [51]. 
Cellulose filters: Nyman et al [52], applied 
cellulose filters in animals to prevent the 
gingival epithelium and connective tissue from 
contacting the curetted root surface. Histologic 
examination revealed regeneration of the 
alveolar bone and inserting periodontal liga-
ment fibers between the new cementum and 
bone [52]. Several disadvantages have also 
been reported following the use of cellulose 
fibers, including exfoliation, premature remov-
al, and the need for a second surgical 
procedure for their removal [46]. 
Expanded polytetrafluoroethylene membra-
nes: The permeable structure of this mem-
brane allows the ingrowth and attachment of 
the connective tissue leading to stabilization of 
the healing wound and inhibition of epithelial 

migration [53]. 
Considering the increased tent-like effect of 
titanium-reinforced ePTFE membranes, their 
application is especially suggested in space-
deficient defects. The success rate of furcation 
defects treated with a combination of barriers 
and bone replacement grafts is superior to 
those treated with GTR alone [54]. 
It has been shown that the amount of bone 
regeneration is significantly greater following 
application of ePTFE membranes compared to 
resorbable membranes [55].  
The main disadvantage of ePTFE membranes 
is that they require a second surgery for their 
removal. The main advantage is the retention 
of its functional characteristics throughout the 
healing process [56]. 
 
Resorbable Materials and Devices: Avoiding 
a second surgery is the main advantage of 
resorbable membranes. However, exposure of 
these materials or flap dehiscence leading to 
postoperative tissue management problems is 
considered as disadvantages of bioresorbable 
membranes [57]. 
Collagen membranes: Collagens are a group 
of extracellular matrix proteins with different 
characteristics and functions. They are natural 
components of the periodontal connective 
tissues with weak immunogenicity and possess 
hemostatic properties facilitating early wound 
stabilization and maturation. In addition colla-
gens are adaptable and semipermeable and are 
absorbed naturally. They also act as chemo-
attractants for fibroblasts, and support cell 
proliferation and migration [58]. 
Polylactic acid: Polylactic acid membranes 
promote the formation of new attachment and 
bone in the treatment of intrabony- and class II 
furaction defects, gingival recessions and 
interproximal defects in humans [59]. 
Polyglycolic acid and polylacitc acid: Barriers 
made of polyglycolic acid and polylactic acid 
(Resolut, Gore Co., USA) consist of an occlu-
sive film with a bonded, randomly oriented 
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fiber matrix located on each surface. The film 
bonds the fibers and separates the soft tissue 
from the defect. Connective tissue can grow 
inward through the porous fiber matrix. The 
arrangement of the fibers also inhibits apical 
migration of the epithelium.  
The fiber matrix is considered as the primary 
component which provides adequate strength 
for space-making during the initial phases of 
healing (2 to 4 weeks) [60]. 
Synthetic liquid polymer: The rigidity of these 
materials is adequate for handling and place-
ment, yet their flexibility is enough to allow 
proper adaptation to the defect and therefore 
avoid suturing [61]. 
Polyglactin: Polyglactin membrane barriers 
are made of Vicryl (polyglactin 910) and 
demonstrate a resorption rate of 30 to 90 days. 
Various studies have reported the mesh to 
provide an insufficient barrier due to the frag-
mentation of the material used in its construc-
tion [62]. 
 
Root Surface Biomodification 
Demineralization of the root surface is often 
used in regenerative procedures. This tech-
nique has the ability to modify the root surface 
by "detoxifying the surface" [63] and exposing 
collagen fibrils in the cementum or dentin 
matrix [64]. Histologic evidence supports the 
fact that root surface demineralization can 
cause new connective tissue attachment and 
limited regeneration. However, significant 
clinical improvements have not been reported 
in this healing pattern [65]. 
 
Enamel Matrix Derivative (EMD)  
EMDs are a group of enamel matrix proteins 
isolated from developing porcine teeth. Emdo-
gain, a commercial enamel matrix derivative, 
is a purified acidic extract of developing 
embryonal enamel obtained from six-month-
old piglets [66,67]. According to Venezia et al 
[68], propylene glycol alginate (PGA) was the 
most effective vehicle regarding precipitation 

of EMD on treated root surfaces. EMD has 
been shown to increase proliferation rate, 
metabolism and protein synthesis, cellular 
attachment rate, and mineral nodule formation 
of PDL cells. It also similarly influences 
cementoblasts and mature osteoblasts. In 
addition, EMD enhances PDL cell attachment 
[68]. EMD is considered as a safe product in 
the treatment of periodontal defects [68]. 
Heijl [70] demonstrated enhanced regeneration 
when EMD was used in conjunction with 
periodontal surgery. Recent studies suggest 
that root conditioning with EDTA gel does not 
affect the clinical or radiographic outcomes of 
intrabony defects treated with EMD [71]. 
Sculean et al [72] treated intrabony defects 
with open flap debridement (OFD) followed 
by root surface conditioning with EDTA and 
application of EMD (OFD+EDTA+EMD) in 
one group and OFD and application of EMD 
in the other group (OFD+EMD). Pocket depth 
reduction and CAL gain of the defects did not 
reveal a significant difference between the 
OFD+EDTA+EMD and OFD+EMD proce-
dures [72]. 
Haghighati et al [73] compared the clinical 
efficacy of SCTGs and coronally advanced 
flaps (CAFs) along with EMD application in 
the treatment of gingival recession. Both pro-
cedures demonstrated improvement in the 
studied clinical parameters, however a signifi-
cant difference was not observed between the 
two groups. Therefore CAF+EMD may also 
be successfully used in the treatment of 
gingival recession. 
Recent studies have indicated that topical 
application of EMD can be beneficial in 
increasing the effects of CAF in terms of root 
coverage; gain in clinical attachment and also 
in increasing the apico-coronal dimension of 
the keratinized tissue [74]. Hence, EMD may 
be considered as a valuable, long-term effect-
tive treatment alternative to achieve root 
coverage [75].  
In the treatment of intrabony periodontal 
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defects, the use of bovine porous bone mineral 
(BPBM) has been suggested to augment the 
effect of EMD when compared with applica-
tion of only EMD or OFD [76]. Moreover, 
addition of a membrane to EMD+BPBM may 
enhance these results [77]. 
EMD and platelet derived growth factor-BB 
(PDGF-BB) have both been applied alone and 
in combination for the treatment of periodontal 
defects. Their combination has been shown to 
produce greater proliferative and wound-
healing effects on PDL cells than when each of 
them are used individually [78].  
Demineralized freeze-dried bone allograft 
(DFDBA) together with EMD was found to 
demonstrate osteoinductive activity [79]. The 
combination of EMD with natural bone 
mineral and with β -TCP resulted in signi-
ficant PD reduction and CAL gain, 1 year after 
surgery in both combinations; but a significant 
difference was not observed between the two 
groups [80].  
A recent study evaluated the effect of 
Autogenous Cortical Bone Particulate (ACBP) 
in conjunction with EMD in the treatment of 
periodontal intraosseous defects. The results 
indicated that both EMD and EMD+ACBP 
treatments significantly improved the clinical 
and radiographic parameters [81]. 
 
Acellular Dermal Matrix Allograft (ADMA) 
Acellular human cadaver skin is a relatively 
new type of bioresorbable grafting material 
that has been obtained from tissue inks (Allo-
derm). One of the major advantages of ADMA 
is that it’s basically an immunologically inert 
avascular connective tissue. This is due to the 
fact that most of the targets of rejection 
response have been eliminated during the 
initial deepithelialization and decellularization 
processes [46]. 
In periodontal surgery, the use of ADMA has 
been recommended in the management of 
ridge deformities [82] and also in increasing 
keratinized tissue around teeth and dental 

implants [83]. 
A recent study compared the clinical efficacy 
of ADMA and SCTG in the treatment of 
recession defects. Based on this investigation 
the mean changes of all clinical parameters 
were not significantly different between the 
two study groups. Accordingly, ADMA may 
also be utilized in the treatment of shallow to 
moderate gingival recessions depending on the 
patients’ ability to afford this procedure [84]. 
Shin et al [85] compared root coverage using 
ADMA with and without EMD in the treat-
ment of localized recessions. Based on their 
findings the use of EMD in conjunction with 
ADM significantly affected the increase of 
keratinized tissue, but not the probing attach-
ment level or percentage of surface coverage 
[85].   
 
CONCLUSION 
A variety of materials and techniques are used 
for periodontal regeneration. Autogenous and 
allogenic bone grafts have resulted in substan-
tial bone fill. There is sufficient clinical and 
histologic evidence of bone fill and periodon-
tal regeneration to recommend their applica-
tion in daily practice. Guided tissue regene-
ration can be advantageous as a regenerative 
procedure particularly in gingival recessions, 
3-wall intrabony and class II mandibular 
furcation defects. Regenerative wound healing 
is regarded as an ideal outcome in treatment of 
periodontal defects. Therefore a considerable 
number of products have been developed for 
GTR and new materials are being manufac-
tured by investigators throughout the world.  
Flap management techniques have enhanced 
wound stability during early healing and have 
produced substantial bone fill in mandibular 
class II furcations. However they were less 
effective in the treatment of mandibular class 
III furcation defects.  
Alloplastic materials function primarily as 
biocompatible space fillers and can be used for 
regenerative therapy similar to osseous grafts 
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and GTR procedures.  
Root surface biomodification to promote new 
attachment has shown favorable results that 
are not reliably reproducible in humans. Hence 
the value of this procedure in clinical practice 
remains limited.  
Emdogain seems to be a safe and promising 
product for the treatment of intrabony perio-
dontal defects. The use of EMD in periodontal 
regenerative treatment has been evaluated in 
several clinical trials revealing an advantage to 
the use of this material in the treatment of 
periodontal intrabony defects.  
Several factors can determine the outcome of 
periodontal treatment; these include the 
anatomic and biological characteristics of the 
defect, the clinician's experience and surgical 
skills, environmental factors such as smoking, 
and the patient's behavior like complying with 
postoperative instructions for oral hygiene. 
 
REFERENCES 
1- Cole RT, Crigger M, Bogle G, Egelberg J, 
Selvig KA. Connective tissue regeneration to 
periodontally diseased teeth. A histological study. J 
Periodontal Res 1980 Jan;15(1):1-9. 
2- Bowers, GM, Chadroff B, Camevale R. 
Histological evaluation of new attachment 
apparatus formation in humans. Part I. J 
Periodontol 1989;60: 664-74. 
3- Bowers GM, Schallhorn RG, Mellonig JT. 
Histologic evaluation of new attachment in human 
intrabony defects. A literature review. J Perio-
dontol 1982 Aug;53(8):509-14. 
4- Nyman S, Lindhe J, Karring T, Rylander H. 
New attachment following surgical treatment of 
human periodontal disease. J Clin Periodontol 
1982 Jul;9(4):290-6. 
5- Gottlow J, Nyman S, Lindhe J, Karring T, 
Wennström J. New attachment formation in the 
human periodontium by guided tissue regeneration. 
Case reports. J Clin Periodontol 1986 Jul;13(6): 
604-16. 
6- American Academy of periodontology. Glossary 
of periodontic terms. 3rd edition .1992. 

7- Fermin A. Carranza , Henry H. Takei, David L. 
Cochran. Reconstructive periodontal surgery. In: 
Fermin A. Carranza, Klokkevold, Henry . H.Takei. 
Clinical Periodontology. Philadelphia: W.B. 
Saunders; 2006; p. 968. 
8- Rosling B, Nyman S, Lindhe J. The effect of 
systematic plaque control on bone regeneration in 
infrabony pockets. J Clin Periodontol 1976 
Feb;3(1):38-53. 
9- Polson AM, Heijl LC. Osseous repair in 
infrabony periodontal defects. J Clin Periodontol 
1978 Feb;5(1):13-23. 
10- Kirkland O. The suppurative periodontal pus 
pocket; its treatment by the modified flap 
operation. J Am Dent Ass 1931: 18: 1462–1470. 
11- Gantes B, Martin M, Garrett S, Egelberg J. 
Treatment of periodontal furcation defects. (II). 
Bone regeneration in mandibular class II defects. J 
Clin Periodontol 1988 Apr;15(4):232-9. 
12- Jan Lindhe, Thorklid karring, Pierpaolo 
cortellini. Regenerative periodontal therapy. In: 
Jan Lindhe, Tharklid karring, Niklaus P. Lang. 
Clinical periodontology and Implant Dentistry. 
New Jersey: Blackwell; 2002. p. 650. 
13- Schallhorn RG, Hiatt WH, Boyce W. Iliac 
transplants in periodontal therapy. J Periodontol 
1970 Oct;41(10):566-80. 
14- Schallhorn RG. Eradication of bifurcation 
defects utilizing frozen autogenous hip marrow 
implants. Periodontal Abstr 1967 Sep;15(3):101-5. 
15- Dragoo MR, Sullivan HC. A clinical and 
histological evaluation of autogenous iliac bone 
grafts in humans. I. Wound healing 2 to 8 months. 
J Periodontol 1973 Oct;44(10):599-613. 
16- Schallhorn RG. Postoperative problems 
associated with iliac transplants. J Periodontol 
1972 Jan;43(1):3-9. 
17- Nabers Cl, O'leary Tj. Autogenous Bone 
Transplants In The Treatment Of Osseous Defects. 
J Periodontol 1965 Jan-Feb;36:5-14. 
18- Froum SJ, Thaler R, Scopp IW, Stahl SS. 
Osseous autografts. I. Clinical responses to bone 
blend or hip marrow grafts. J Periodontol 1975 
Sep;46(9):515-21 
19- Moskow BS, Karsh F, Stein SD. Histological 



Haghighati & Saaveh                                                                                Coronally Advanced Flaps with Emdogain 

2007; Vol. 4, No. 2 85

assessment of autogenous bone graft. A case report 
and critical evaluation. J Periodontol 1979 Jun; 
50(6):291-300. 
20- Listgarten MA, Rosenberg MM. Histological 
study of repair following new attachment proce-
dures in human periodontal lesions. J Periodontol 
1979 Jul;50(7):333-44. 
21- Quattlebaum JB, Mellonig JT, Hensel NF. 
Antigenicity of freeze-dried cortical bone allograft 
in human periodontal osseous defects. J Perio-
dontol 1988 Jun;59(6):394-7. 
22- Mabry TW, Yukna RA, Sepe WW. Freeze-
dried bone allografts combined with tetracycline in 
the treatment of juvenile periodontitis. J Perio-
dontol 1985 Feb;56(2):74-81. 
23- Evans GH, Yukna RA, Sepe WW, Mabry TW, 
Mayer ET. Effect of various graft materials with 
tetracycline in localized juvenile periodontitis. J 
Periodontol 1989 Sep;60(9):491-7. 
24- Mellonig JT, Bowers GM, Bailey RC. 
Comparison of bone graft materials. Part I. New 
bone formation with autografts and allografts 
determined by Strontium-85. J Periodontol 1981 
Jun;52(6):291-6. 
25- Urist MR, Strates BS. Bone morphogenetic 
protein. J Dent Res 1971;50(6):1392-406. 
26- Tsao YP, Neiva R, Al-Shammari K, Oh TJ, 
Wang HL. Effects of a mineralized human can-
cellous bone allograft in regeneration of mandibu-
lar Class II furcation defects. J Periodontol 2006 
Mar;77(3):416-25. 
27- Spector M. Anorganic bovine bone and 
ceramic analogs of bone mineral as implants to 
facilitate bone regeneration. Clin Plast Surg 1994 
Jul;21(3):437-44. 
28- Mellonig JT. Human histologic evaluation of a 
bovine-derived bone xenograft in the treatment of 
periodontal osseous defects. Int J Periodontics 
Restorative Dent 2000 Feb;20(1):19-29. 
29- Nevins ML, Camelo M, Lynch SE, Schenk 
RK, Nevins M. Evaluation of periodontal regene-
ration following grafting intrabony defects with 
bio-oss collagen: a human histologic report. Int J 
Periodontics Restorative Dent 2003;23(1):9-17. 
30- Maiorana C, Santoro F, Rabagliati M, Salina S. 

Evaluation of the use of iliac cancellous bone and 
anorganic bovine bone in the reconstruction of the 
atrophic maxilla with titanium mesh: a clinical and 
histologic investigation. Int J Oral Maxillofac 
Implants 2001 May-Jun;16(3):427-32. 
31- Yildirim M, Spiekermann H, Handt S, 
Edelhoff D. Maxillary sinus augmentation with the 
xenograft Bio-Oss and autogenous intraoral bone 
for qualitative improvement of the implant site: a 
histologic and histomorphometric clinical study in 
humans. Int J Oral Maxillofac Implants 2001 Jan-
Feb;16(1):23-33. 
32- Valentini P, Abensur D, Wenz B, Peetz M, 
Schenk R. Sinus grafting with porous bone mineral 
(Bio-Oss) for implant placement: a 5-year study on 
15 patients. Int J Periodontics Restorative Dent 
2000 Jun;20(3):245-53. 
33- Orsini G, Scarano A, Piattelli M, Piccirilli M, 
Caputi S, Piattelli A. Histologic and ultrastructural 
analysis of regenerated bone in maxillary sinus 
augmentation using a porcine bone-derived bio-
material. J Periodontol 2006 Dec;77(12):1984-90. 
34- Yukna RA, Mayer ET, Amos SM. 5-year eva-
luation of durapatite ceramic alloplastic implants in 
periodontal osseous defects. J Periodontol 1989 
Oct;60(10):544-51. 
35- Lekovic V, Kenney EB, Carranza FA Jr, 
Danilovic V. Treatment of class II furcation 
defects using porous hydroxylapatite in conjunc-
tion with a polytetrafluoroethylene membrane. J 
Periodontol 1990 Sep;61(9):575-8. 
36- Yukna RA. HTR polymer grafts in human 
periodontal osseous defects. I. 6-month clinical 
results. J Periodontol 1990 Oct;61(10):633-42. 
37- Baldock WT, Hutchens LH Jr, McFall WT Jr, 
Simpson DM. An evaluation of tricalcium phos-
phate implants in human periodontal osseous 
defects of two patients. J Periodontol 1985 Jan;56 
(1):1-7. 
38- Stahl SS, Froum S. Histological evaluation of 
human intraosseous healing responses to the place-
ment of tricalcium phosphate ceramic implants. I. 
Three to eight months. J Periodontol 1986 
Apr;57(4):211-7. 
39- Kenney EB, Lekovic V, Sa Ferreira JC, Han T, 



Journal of Dentistry, Tehran University of Medical Sciences                                                   Haghighati & Saaveh 

                                                                                                                                                            2007; Vol. 4, No. 2 86 

Dimitrijevic B, Carranza FA Jr. Bone formation 
within porous hydroxylapatite implants in human 
periodontal defects. J Periodontol 1986 Feb;57 
(2):76-83. 
40- Stahl SS, Froum SJ, Tarnow D. Human 
clinical and histologic responses to the placement 
of HTR polymer particles in 11 intrabony lesions. J 
Periodontol 1990 May;61(5):269-74. 
41- Poehling S, Pippig SD, Hellerbrand K, Siedler 
M, Schütz A, Dony C. Superior effect of MD05, 
beta-tricalcium phosphate coated with recombinant 
human growth/differentiation factor-5, compared 
to conventional bone substitutes in the rat calvarial 
defect model. J Periodontol 2006;77(9):1582-90. 
42- Froum SJ, Weinberg MA, Tarnow D. Compa-
rison of bioactive glass synthetic bone graft 
particles and open debridement in the treatment of 
human periodontal defects. A clinical study. J 
Periodontol 1998 Jun;69(6):698-709. 
43- Nishida T, Yamada Y, Murai M, Shimizu Y, 
Oshikawa M, Ito K. Effects of bioactive glass on 
bone augmentation within a titanium cap in rabbit 
parietal bone. J Periodontol 2006 Jun;77(6):983-9. 
44- Mengel R, Schreiber D, Flores-de-Jacoby L. 
Bioabsorbable membrane and bioactive glass in the 
treatment of intrabony defects in patients with 
generalized aggressive periodontitis: results of a 5-
year clinical and radiological study. J Periodontol 
2006 Oct;77(10):1781-7. 
45- Consensus report. Periodontal regeneration 
around natural teeth. Ann Periodontol 1, 667 
(1996d). 
46- Alla Dekterov. Membrane Barriers for Guided 
Tissue Regeneration. [Online] 2004. available 
from: http://www.comptonimplants.com/links.html 
47- Eickholz P, Pretzl B, Holle R, Kim TS. Long-
term results of guided tissue regeneration therapy 
with non-resorbable and bioabsorbable barriers. 
III. Class II furcations after 10 years. J Periodontol 
2006 Jan;77(1):88-94. 
48- Lee EJ, Meraw SJ, Oh TJ, Giannobile WV, 
Wang HL. Comparative histologic analysis of 
coronally advanced flap with and without collagen 
membrane for root coverage. J Periodontol 2002 
Jul;73(7):779-88. 

49- Haghighati F, Akbari S.Clinical comparison of 
guided tissue regeneration, with collagen mem-
brane and bone graft, versus connective tissue graft 
in the treatment of gingival recessions. J of Dental 
Medicine 2006;19 (1):26-36. 
50- Scantlebury TV. 1982-1992: a decade of 
technology development for guided tissue regene-
ration. J Periodontol 1993;64(11 Suppl):1129-37. 
51- Gottlow J. Guided tissue regeneration using 
bioresorbable and non-resorbable devices: initial 
healing and long-term results. J Periodontol 1993 
Nov;64(11 Suppl):1157-65. 
52- Nyman S, Lindhe J, Karring T, Rylander H. 
New attachment following surgical treatment of 
human periodontal disease. J Clin Periodontol 
1982 Jul;9(4):290-6. 
53- Gray JL, Hancock EB. Guided tissue 
regeneration. Nonabsorbable barriers. Dent Clin 
North Am 1998 Jul;42(3):523-41. 
54- Evans GH, Yukna RA, Gardiner DL, Cambre 
KM. Frequency of furcation closure with regene-
rative periodontal therapy. J West Soc Periodontol 
Periodontal Abstr 1996;44(4):101-9. 
55- Simion M, Scarano A, Gionso L, Piattelli A. 
Guided bone regeneration using resorbable and 
nonresorbable membranes: a comparative histolo-
gic study in humans. Int J Oral Maxillofac 
Implants 1996 Nov-Dec;11(6):735-42. 
56- Becker W, Becker BE, Mellonig J, Caffesse 
RG, Warrer K, Caton JG, Reid T. A prospective 
multi-center study evaluating periodontal regenera-
tion for Class II furcation invasions and intrabony 
defects after treatment with a bioabsorbable barrier 
membrane: 1-year results. J Periodontol 1996 
Jul;67(7):641-9. 
57- Anson D. Calcium sulfate: a 4-year observa-
tion of its use as a resorbable barrier in guided 
tissue regeneration of periodontal defects. 
Compend Contin Educ Dent 1996;17(9):895-9. 
58- Wang HL, MacNeil RL. Guided tissue regene-
ration. Absorbable barriers. Dent Clin North Am 
1998 Jul;42(3):505-22. 
59- Laurell L, Falk H, Fornell J, Johard G, Gottlow 
J. Clinical use of a bioresorbable matrix barrier in 
guided tissue regeneration therapy. Case series. J 



Haghighati & Saaveh                                                                                Coronally Advanced Flaps with Emdogain 

2007; Vol. 4, No. 2 87

Periodontol 1994 Oct;65(10):967-75. 
60- Hardwick R, Hayes BK, Flynn C. Devices for 
dentoalveolar regeneration: an up-to-date literature 
review. J Periodontol 1995 Jun;66(6):495-505. 
61- Polson AM, Southard GL, Dunn RL, Polson 
AP, Billen JR, Laster LL. Initial study of guided 
tissue regeneration in Class II furcation defects 
after use of a biodegradable barrier. Int J 
Periodontics Restorative Dent 1995;15(1):42-55. 
62- Lundgren D, Laurell L, Gottlow J, Rylander H, 
Mathisen T, Nyman S, Rask M. The influence of 
the design of two different bioresorbable barriers 
on the results of guided tissue regeneration 
therapy. An intra-individual comparative study in 
the monkey. J Periodontol 1995 Jul;66(7):605-12. 
63- Daly CG. Anti-bacterial effect of citric acid 
treatment of periodontally diseased root surfaces in 
vitro. J Clin Periodontol 1982 Sep;9(5):386-92. 
64- Garrett JS, Crigger M, Egelberg J. Effects of 
citric acid on diseased root surfaces. J Periodontal 
Res 1978 Mar;13(2):155-63. 
65- Lowenguth RA, Blieden TM. Periodontal 
Regeneration: Root surface demineralization. 
J.Periodontol 2000.1993 Feb;1:54-86. 
66- Hammarström L, Heijl L, Gestrelius S. 
Periodontal regeneration in a buccal dehiscence 
model in monkeys after application of enamel 
matrix proteins. J Clin Periodontol 1997 Sep;24(9 
Pt 2):669-77. 
67- Hammarström L. Enamel matrix, cementum 
development and regeneration. J Clin Periodontol 
1997 Sep;24(9 Pt 2):658-68.  
68- Venezia E, Goldstein M, Boyan BD, Schwartz 
Z. The use of enamel matrix derivative in the 
treatment of periodontal defects: a literature review 
and meta-analysis. Crit Rev Oral Biol Med 2004 
Nov 1;15(6):382-402 
69- Heard RH, Mellonig JT, Brunsvold MA, Lasho 
DJ, Meffert RM, Cochran DL. Clinical evaluation 
of wound healing following multiple exposures to 
enamel matrix protein derivative in the treatment 
of intrabony periodontal defects. J Periodontol 
2000 Nov;71(11):1715-21.  
70- Heijl L. Periodontal regeneration with enamel 
matrix derivative in one human experimental 

defect. A case report. J Clin Periodontol 1997 
Sep;24(9 Pt 2):693-6. 
71- Parashis AO, Tsiklakis K, Tatakis DN. EDTA 
gel root conditioning: lack of effect on clinical and 
radiographic outcomes of intrabony defect treat-
ment with enamel matrix derivative. J Periodontol 
2006 Jan;77(1):103-10. 
72- Sculean A, Berakdar M, Willershausen B, 
Arweiler NB, Becker J, Schwarz F. Effect of 
EDTA root conditioning on the healing of 
intrabony defects treated with an enamel matrix 
protein derivative. J Periodontol 2006 Jul;77(7): 
1167-72. 
73- Haghighati F, khoshkhoonejad AA, Ziaee AE. 
Clinical comparison of sub epithelial connective 
tissue grafts and coronally advanced Flaps with 
Emdogain in the treatment of Gingival Recessions. 
J of Dentistry 2007; 4(1):1-8. 
74- Pilloni A, Paolantonio M, Camargo PM. Root 
coverage with a coronally positioned flap used in 
combination with enamel matrix derivative: 18-
month clinical evaluation. J Periodontol 2006 Dec; 
77(12):2031-9. 
75- Moses O, Artzi Z, Sculean A, Tal H, 
Kozlovsky A, Romanos GE, Nemcovsky CE. 
Comparative study of two root coverage proce-
dures: a 24-month follow-up multicenter study. J 
Periodontol 2006 Feb;77(2):195-202. 
76- Lekovic V, Camargo PM, Weinlaender M, 
Nedic M, Aleksic Z, Kenney EB. A comparison 
between enamel matrix proteins used alone or in 
combination with bovine porous bone mineral in 
the treatment of intrabony periodontal defects in 
humans. J Periodontol 2000 Jul;71(7):1110-6. 
77- Lekovic V, Camargo PM, Weinlaender M, 
Kenney EB, Vasilic N. Combination use of bovine 
porous bone mineral, enamel matrix proteins, and a 
bioabsorbable membrane in intrabony periodontal 
defects in humans. J Periodontol 2001 May;72 
(5):583-9. 
78- Chong CH, Carnes DL, Moritz AJ, Oates T, 
Ryu OH, Simmer J, Cochran DL. Human perio-
dontal fibroblast response to enamel matrix deriva-
tive, amelogenin, and platelet-derived growth 
factor-BB. J Periodontol 2006 Jul;77(7):1242-52. 



Journal of Dentistry, Tehran University of Medical Sciences                                                   Haghighati & Saaveh 

                                                                                                                                                            2007; Vol. 4, No. 2 88 

79- Boyan BD, Weesner TC, Lohmann CH, 
Andreacchio D, Carnes DL, Dean DD, Cochran 
DL, Schwartz Z. Porcine fetal enamel matrix 
derivative enhances bone formation induced by 
demineralized freeze dried bone allograft in vivo. J 
Periodontol 2000 Aug;71(8):1278-86. 
80- Döri F, Arweiler N, Gera I, Sculean A. 
Clinical evaluation of an enamel matrix protein 
derivative combined with either a natural bone 
mineral or beta-tricalcium phosphate. J Periodontol 
2005 Dec;76(12):2236-43. 
81- Guida L, Annunziata M, Belardo S, Farina R, 
Scabbia A, Trombelli L. Effect of autogenous 
cortical bone particulate in conjunction with 
enamel matrix derivative in the treatment of 
periodontal intraosseous defects. J Periodontol 
2007 Feb;78(2):231-8. 
82- Batista EL Jr, Batista FC, Novaes AB Jr. 

Management of soft tissue ridge deformities with 
acellular dermal matrix. Clinical approach and 
outcome after 6 months of treatment. J Periodontol 
2001 Feb;72(2):265-73. 
83- Callan DP, Silverstein LH. Use of acellular 
dermal matrix for increasing keratinized tissue 
around teeth and implants. Pract Periodontics 
Aesthet Dent 1998 Aug;10(6):731-4. 
84- Haghighati F, Mousavi M, Moslemi N. 
Comparative clinical evaluation of SCTG and CAF 
with ADMA in the treatment of gingival recession 
[MSC thesis] Faculty of dentistry Tehran 
University of Medical Sciences. 2006. 
85- Shin SH, Cueva MA, Kerns DG, Hallmon 
WW, Rivera-Hidalgo F, Nunn ME. A comparative 
study of root coverage using acellular dermal 
matrix with and without enamel matrix derivative. 
J Periodontol 2007 Mar;78(3):411-21. 

 


