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Essentials in Periodontal Regeneration 

 

INTRODUCTION: 

Progressive periodontitis can lead to tooth loss through the 

destruction of its attachment apparatus. When continued 

function necessitates additional periodontal support, optimal 

treatment should include not only periodontal infection control 

but also regeneration of the lost periodontium. Despite 

conclusive evidence that some regeneration may occur 

following regenerative procedures[1-2] , complete regeneration 

is an unrealistic goal. Osseous grafting and guided tissue 

regeneration (GTR) are considered as two of the most successful 

methods for reestablishment of periodontal tissues[2-3] . 

However, other treatment modalities have also shown promise 

in terms of improving clinical conditions and demonstrating 

significant bone fill. Periodontal regeneration is defined as 

reestablishment of the lost supporting tissues including 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 
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surface that has been deprived of its PDL[4] . 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[4]. 

 

 

Regenerative Surgical Techniques (Flap procedures)                           

Regenerative periodontics can be divided into two major 

categories: non-graft-associated new attachment and graft-

associated new attachment. A number of techniques have 

combined both procedures. These methods can be performed 

with and without flaps, but in most cases exposure of the area is 

preferable[5]  .  

In non-graft associated regenerative procedures, reconstruction 

of periodontal tissues without using grafts is possible only in 

meticulously treated three wall defects (intrabony defects) and 

in periodontal and endodontal  [5]urgical 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[6-7] . "Modified flap operation" is basically an 
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access flap for proper root debridement. Bone regeneration in 

intrabony defects is considered as one of the major advantages 

of this technique [8]. "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[9]  .  

Previous studies have shown vertical and horizontal bone fill in 

class II mandibular furcation defects[9]   

In Graft associated regenerative procedures, graft materials are 

used in conjunction with flap procedures to stimulate 

periodontal regeneration. These materials can be classified into 

four types: autogenous, allogenic, xenogenic and alloplastic[10] 

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[11-12] . Iliac grafts can be used 

as either fresh or frozen. Root resorption has been reported as a 

complication of fresh grafting techniques[13-14] , which has led 

to the limited use of these materials in clinical practice 
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Autogenous bone grafts, intra oral: 

Intraoral cancellous bone and marrow grafts are usually 

obtained from the maxillary tuberosity or a healing extraction 

site and are used 

as cortical bone chips[15] , osseous coagulum or bone blend 

type grafts[16] . Some authors have reported the presence of a 

long junctional epithelium between the regenerated alveolar 

bone and root surface[17-18] . Thus, the presence 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 [19]. Intraosseous defects in juvenile periodontitis 

have been successfully treated with a combination of freeze-

dried bone allografts and tetracycline[20-21] . According to 

Mellonig et al[22] , bone  demineralization in 0.6N HCl 

followed by freeze drying can  significantly increase the 
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osteogenic potential of allografts, assumably through bone 

morphogenic proteins (BMPs)[22-23]. 

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[24] 

 

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 

revascularization, osteoblast migration, and woven bone 

formation can take place [25]. Human histologic studies have 

reported signs of periodontal regeneration in teeth treated with 

bovine-derived xenografts[26-27] . Xenografts have shown 

superior results when used in combination with guided bone 

regeneration (GBR) methods around implants and in sinus lift 

and ridge augmentation procedures[28-29] 

 

A recent study found that porcine bonederived biomaterials can 

be successfully used in humans for maxillary sinus 

augmentation prior to implant placement[30] 
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Alloplasts: 

Alloplasts are synthetic, inorganic, biocompatible bone 

substitutes which promote bone healing. There are presently six 

types of alloplasitc materials used in clinical practice which are 

as follows: nonporous hydroxyapatite (nonresorbable), porous 

hydroxyapatite or 

replamineform (nonresorbable), hydroxyapatite cement, beta  

tricalcium phosphate (resorbable), HTR (a calcium layered 

polymer of 

polymethylmethacrylate and hydroxyethylmethacrylate, 

nonresobable) and bioactive glass. 

Several studies have demonstrated superior results in defects 

grafted with nonporous[31] and porous hydroxyapatitie[32] , 

HTR[33] and beta tricalcium phosphate [34] as compared to 

those treated without the use of grafts. 

While clinical findings appear promising, histologically the 

grafts tend to be encapsulated by connective tissue with minimal 

or no bone formation [35]. Microscopic studies have found 

limited new bone in proximity to the implanted materials[36] . 
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There is histologic evidence suggesting that a limited amount of 

regeneration may occur ,following HTR grafts[37]  Poehling et 

al[38] , 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 

hydroxyl carbonate-apatite layer onto which osteoblasts can 

proliferate and produce bone[39]  .  

 

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[40]  .  

Mengel et al[41]  studied the long term effectiveness of a 

bioabsorbable membrane and a bioactive glass in the treatment 

of intrabony defects in patients with generalized aggressive 

periodontitis. The results indicated significant improvements in 
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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) 

The term “Guided Tissue Regeneration (GTR)” was given by 

Gottlow in 1986. The 1996 World Workshop in Periodontics 

defined GTR as “procedures attempting 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 regeneration”. The rationale behind using GTR 

membranes is to exclude epithelium and gingival connective 

tissue, maintain space between the defect and tooth, and 

stabilize the clot. According to Melcher hypothesis [39] certain 

cell populations residing in the periodontium have the potential 

to create new cementum, alveolar bone and periodontal 

ligament, when they have provided the opportunity to populate 

the periodontal wound. Melcher hypothesis was experimentally 

established and histologically verified by Karring et al. [40]. 
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They have shown that such conditions arise when gingival 

epithelial cells or fibroblasts are excluded from the wound space 

and periodontal ligament cells are allowed to migrate and 

populate the wound space. The necessity for exclusion of 

epithelium and connective tissue cells of the gingiva from 

wound led to development of periodontal devices know as 

barriers or membranes for guided tissue regeneration. The first 

GTR membrane used in the periodontal surgery was cellulose 

acetate laboratory filter paper by Nyman et al. [41] in 1982. This 

barrier lacked several characteristics necessary for guided tissue 

regeneration 

 

 

 

 

 

 

 

 

Characteristics of GTR membranes: 



 
11 

Characteristics or design criteria for GTR membranes have been 

proposed by Scantlebury [42] in 1993 are biocompatibility, cell 

exclusion, space maintenance, tissue integration and ease of use. 

An additional characteristic, biological activity should be 

considered for future regeneration devices. Black [43] defined 

biomaterial as a nonviable material used in medical device, 

intended to interact with biological systems. Any device 

introduced into the body to address a particular need has to 

fulfill two major requirements, safety and efficacy. Safety is 

addressed through a wide selection of in vitro and in vivo 

assays, designed to address specific aspects of biocompatibility. 

Biocompatibility is defined by Williams [44] as the ability of a 

material to perform with an appropriate host response in a 

specific situation, which means that neither the material 

adversely and significantly affects the body nor the 

physiological tissue environment adversely and significantly 

affects the material. Ten assays used to evaluate 

biocompatibility are cell culture cytotoxicity, skin irritation, 

subcutaneous implantation, blood compatibility, hemolysis, 

carcinogenesis, mutagenicity, pyrogenicity, sensitization, and 

short-and long –term histological tissue reaction. Cell exclusion 

requires the membrane to separate gingival flap from the 

maturing fibrin clot in the wound space. No experiments 

specifically addressing this aspect of GTR membrane. Space 

maintenance for regeneration requires mechanical properties 
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and/or structural features allow membrane to withstand the force 

of flap (tissue tension) or occlusion and prevent collapse of soft 

tissue and elimination or reduction of wound space. Tissue 

integration dictates the incorporation of structural elements in 

the membrane to promote tissue ingrowth which concurrently 

achieve cell exclusion. Easy to use means membrane should be 

clinically manageable i.e. competent clinician can use 

membrane without undue difficulty 

 

Membrane can be non-absorbable or absorbable:  

 

Non absorbable barriers: 

Non-absorbable membranes maintain their structural integrity 

for as long as they are left in the tissues. The function of 

membrane is temporary and once function is completed, there is 

no longer any need for it to remain in place. Although tissue 

integrity of membrane can be achieved, membrane is susceptible 

to risk of latent or post-surgery bacterial contamination which 

indicates removal of membrane to be in the best interest of the 

patient. POLYTETRAFLUOROETHYLENE (PTFE) is a non-

absorbable membrane having formula (-CF2-CF2-)n hence, it is 

a fluorocarbon polymer. Solid/dense PTFE (dPTFE : TefGen-

FD) [45] is non-porous, does not allow tissue ingrowth and does 
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not elicit foreign –body reaction. Expanded PTFE (ePTFE : 

Gore-Tex) is porous microstructure of solid nodes and fibrils, 

allows tissue ingrowth, exhibits minimal inflammatory tissue 

reaction, formed when dPTFE subjected a tensile stress and used 

as a vascular graft material. ePTFE membrane has been 

modified by incorporation of titanium reinforcements, set 

between two layers of ePTFE, resulting in identical surface 

properties and better mechanical strength. Gore-Tex periodontal 

membrane has two structural designs, a coronal open 

microstructure collar, and a cell- occlusive apical portion. Collar 

promotes tissue ingrowth, support wound stability and inhibit 

epithelial migration is 1 mm thick, low density (0.2 g/ml)  

and 90 % porous (100-300 μm between nodes). Apical portion, 

serving as a space provider for regeneration as well as a barrier 

towards the gingival flap is 0.15 mm thick, higher density (1.5 

g/ml) and 30 % porous (<8 μm between nodes). Gottlow et al. 

[46] in 1986 showed new attachment formation in human 

periodontium by ePTFE membrane in 3 months. Cortellini et al. 

[47] in 1993 showed periodontal regeneration of human 

intrabony defects by ePTFE membrane in 6 months. Murphy 

[48] in 1995 showed minor post-operative healing complications 

of ePTFE membrane as pain, purulence, swelling and tissue 

sloughing with an incidence slightly higher than conventional 

periodontal surgery. Other non-absorbable membranes are 

RUBBER DAM, RESIN/GLASS-ionomer barrier and 
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COMPOSITE barrier. Rubber dam and resin/glass-ionomer 

barriers do not fulfill design criteria for GTR membrane. A 

composite membrane (BioBrane) [49] is made from knitted 

nylon fabric mechanically bonded onto a semipermeable 

silicone membrane and coated with collagen peptides have been 

evaluated in animals but gives mixed results in terms of 

regenerative potential. 

 

Absorbable barriers: 

Absorbable barriers are biodegradable, hence do not require 

their removal which reduce patient discomfort and eliminate 

surgery related complications. Absorbable membrane’s 

disintegration process starts immediately after placement in the 

surgical site and their rate of disintegration vary from individual 

to individual, hence there is no control over length of 

application. Minabe [50] in 1991 reported that absorbable 

barriers should maintain their in vivo structure at least 4 weeks 

for biological rationale of GTR. Due to their biodegradable 

nature absorbable barriers elicit tissue reactions which influence 

wound healing and regeneration. Absorbable barriers can be 

natural or synthetic. 
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          Bone grafting  

included autogenous grafts  The types of grafts that were utilized

individual), allogenic grafts (derived  (derived from the same

 ember of the same species), xenograftsm from a different

ic materials different species) and alloplast (derived from

 products). The clinical performance of bone grafting (synthetic

defects  ocedures in the regeneration of intrabony andfurcationpr

a recent systematic  has been comprehensively assessed in

.5          review 

 

 

me of regenerative Factors affecting the clinical outco

                                                                 procedures    

The clinical outcomes using regenerative therapy vary 

extensively between different studies, with some reports 

5.3mm,57while describing average attachment gains as high as 

others reporting far inferior outcomes of as little as 0.6 mm.58 

Therefore, it is important to consider the factors that influence 

the clinical outcomes in regenerative procedures. These factors 

with the patient,  can broadly  be divided into factors associated

tooth, defect and surgical technique.                                     
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      Patient factors 

Patient related factors which influence the success of 

regenerative therapy include oral hygiene and smoking. It is 

patient’s periodontitis is successfully treated important that the 

prior to the commencement of  periodontal regeneration. As part 

of this treatment, it is essential that the patient achieves a high 

performed oral hygiene as superior results have  -level of self

in patients with optimal compared to less ideal  been obtained

oral hygiene.59,60 Furthermore, cigarette smoking has  also 

been shown to negatively affect the clinical outcomes following 

regenerative therapy.59Other   patient related factors such as 

us systemic conditions and stress have been genetics, age, vario

proposed to adversely affect the outcome of regenerative 

procedures, but since there is no evidence to support these 

assumptions, they should not influence the decision to proceed 

there is a contraindication for  with regenerative therapy unless

elective surgery (e.g., uncontrolled diabetes).                               

                               

Tooth factors                                                                         

Tooth related factors that may affect the treatment response to 

periodontal regenerative therapy include  the endodontic status 

of the tooth and hypermobility. It has been reported that 

endodontically compromised  or inadequately treated teeth 

favourably to periodontal treatment.61,62  respond less
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However, it has also been shown that adequately performed root 

canal therapy does not affect the success of regenerative             

therapy.63 Tooth mobility has reported to be negatively and 

ociated with inferior outcomes following dose dependently ass

periodontal regeneration.64 although it has been shown that 

teeth with baseline horizontal mobility of less than 1 mm can be 

successfully treated. 65                                                                  

 

                                                                        Defect factors 

The nature of the periodontal defect can have a significant 

impact on the success of periodontal regeneration. Generally, it 

ical techniques are is recognized that currently available clin

limited to the treatment of intrabony and Class II furcation 

defects, and  there is no evidence that suprabony (horizontal), 

interdental craters, supracrestal components of intrabony defects 

generated. The or Class III furcations can be predictably re

anatomy of the periodontal defect can influence the outcome of 

the regenerative procedure, with superior regeneration 

associated with deep, narrow defects, and increased number of 

 -onresidual bony walls.60,66This is particularly the case with n

supported defects, and it has been shown that the  adjunctive use 

-of a bone replacement graft for its  ‘‘supportive’’ and ‘‘space

making’’ properties can over come the detrimental effects of 

adverse intrabony defect morphology.67                        
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                                                                    Surgical factors   

The realization that membrane exposure adversely affects the 

outcome of regenerative techniques, especially when associated 

evelopment of resorbable materials, led to the d-with non

modified surgical techniques specifically designed to preservt 

interdental tissues.68,69.                                                                

               

Indeed, these clinical procedures, which utilize papilla 

designs and suturing techniques that  provide  preservation flap

tissue stability and allow primary closure of interdental tissues, 

have been shown to be associated  with superior regenerative 

     outcomes.70,71.                                                                   

CONCLUSIONS                                                                      

Over the past 25 years, periodontal regeneration has been the 

focus of considerable laboratory and clinical  research. Indeed, 

rials have been numerous randomized controlled  clinical t

carried out in order to assess  the clinical effectiveness of 

several surgical techniques aimed at achieving periodontal 

regeneration. From the evidence available in the literature, the 

           following conclusions can be reached:                  
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documented clinical -(1) Currently, there are two well

techniques, GTR and EMD, which can be utilized for the 

regeneration of intrabony and Class II mandibular furcation 

             periodontal defects.                                                       

 

making -(2) In cases where additional support and space

requirements are necessary, both of these procedures can be 

combined with a bone replacement graft.                                      

              

 

combined use of GTR and (3) There is no evidence that the 

EMD results in superior clinical results compared to the use of 

each material in isolation.                         

 

(4) Great variability in clinical outcomes has been reported in 

procedures relation to the use of both EMD and GTR, and these 

can be generally considered to be unpredictable. Careful case 

selection and treatment planning, including consideration of 

patient, tooth, site and surgical factors, is required in order to 

optimize the outcomes of treatment.                
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There is limited data available for the clinical effectiveness  (5)

TCP and -of the commercially manufactured products PDGF ⁄ b

15 ⁄ABM, and further studies are required to test the clinical -P

performance of these two products.                                   

 

(6) The use of PRP for periodontal regeneration has yielded 

contradictory results and further studies are required to 

determine the optimal conditions and  methods of preparation.    

    

Regulatory Mechanisms of Periodontal Regeneration 

 periodontal ligament is located between the ce-mentum and the 

alveolar bone. The width of the peri-odontal ligament ranges 

from 0.15 to 0.38 mm, 

whichnarrows  with  age,  and  has  a  close  relationship  withfu

nctional  states  of  the  tooth [72] . 

 

Peri-odontal ligament fibroblasts are a heterogeneous pop-

ulation of cells that are involved in the normal main-tenance, 

repair, and regeneration of both the ligamentand adjacent hard 

tissues  [73] . 
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The major functions of the periodontal ligament in-

clude   tooth   support,   proprioception,   nutrition,   ho-

meostasis,  and  repair.  Among  these,  the  homeostaticand 

repair functions are the most significant with re-

spect  to  periodontal  therapy,  transplantation  and/orreplantatio

n of teeth, and orthodontic tooth movement.These functions 

involve control over cellular activitiessuch as proliferation, 

synthesis and resorption, colla-

gen  turnover,  resorption  and  repair  of  the  root  ce-mentum, 

and remodeling of the alveolar bone proper [74].  

 

It has been confirmed that the periodontal 

ligamentis  essential  for  osteogenesis  and  cementogenesis  inp

eriodontal tissues and that proliferative cells, such 

asundifferentiated mesenchymal cells, which are inducedby 

injury stimulation (including tooth extraction), candifferentiate 

into osteoblasts or cementoblasts. On theother hand, it has been 

reported that there is a mech-

anism  suppressing  the  synthesizing  function  of  boneand  ce

mentum  that  maintains  a  fixed  space  in  theperiodontal 

ligament [75] .  

 

This  implies  a  complicated  mechanism,consisting of systems 

both promoting and suppressingthe bone or cementum 
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formation in order to accomplishhomeostasis and repair in the 

periodontal ligament.Analogous results on periodontal 

regeneration havebeen reported by a large number of researchers 

[76]. 

It has recently been noted that growth and differen-

tiation  factors  regulate  cellular  function  in  the  peri-

odontal  ligament  during  regeneration  and  homeosta-sis. 

Growth factors are proteins that may act locally orsystemically 

to affect the growth and function of cells 

invarious  manners.  They  may  act  in  an  autocrine  or  aparac

rine fashion and control the growth of cells avail-able to produce 

a specific tissue. Growth factors, includ-ing   the   platelet-

derived   growth   factor,   insulin-likegrowth factor, 

transforming growth factor, basic fibro-blast growth factor, and 

bone morphogenetic protein,may regulate the metabolism of a 

particular cell 

typeincluding  the  production  of  an  extracellular  matrixcomp

onentifferentiation factors regulate the pheno- typic state of cells 

, causing undifferentiated mesenchy-mal cells ( precursor cells ) 

to differentiate into osteo- blasts ( fully functional mature cells ) 

[77]. 

 

Cell-surface proteoglycans are 

nownto  participate  in  several  biological  functions  such  ascel
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l-cell and cell-matrix interactions, in cell 

dhesion,in  binding  to  various  growth  factors  as  co-

receptors,and  in  repair  [78].  

The  importance  of  enamel  matrix  proteins  in  thedevelopme

nt of cementum and periodontal tissues hasbeen demonstrated. 

A number of studies now 

indicatethat  cells  of  Hertwig’s  epithelial  root  sheath  have  as

ecretory activity of enamel protein similar to that ofameloblasts. 

Experiments in monkeys have shown 

thatit  is  possible  to  induce  the  formation  of  acellular  ce-

mentum by applying porcine enamel matrix on a de-

nuded  root  surface,  thereby  promoting 

periodontalregeneration [79]. 

Numerous clinical studies have proven that alveolarbone is 

synthesized after autogenous tooth transplan-

tation  and  replantation [80]. 

In contrast, only 

afew  investigations  on  the  precise  mechanisms  havebeen 

reported with regard to the relationship betweentooth 

implantation or replantation and regeneration 

ofthe  periodontal  ligament [81]. 
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Furthermore, it is well known that the homeostaticfunction of 

the periodontal ligament maintains afixedwidth following 

orthodontic tooth movement. However,a detailed explanation 

remains to be given why boneresorption occurs at the pressure 

side while bone pro-duction occurs at the tension side during 

orthodontictooth movement 

 

The epithelial rests of Malassez represent the devel-opmental 

residues of Hertwig’s epithelial root 

sheathand  are  localized  in  the  periodontal  ligament  tissuene

ar  the  root  cementum [82] . 

 

Al-though the exact function(s) of the epithelial cell rest 

ofMalassez  is  still  obscure,  there  is  general  consensusthat  it

  is  capable  of  reactive  proliferation  and  mayparticipate in 

maintaining thefixed width of the peri-odontal ligament during 

its regeneration [83] . 

 

 

This review describes the mechanism of tissue regen-eration and 

the homeostatic function of the periodontalligament. In 

particular, the regenerative capability 

ofthe  ligament  tissue  and  the  function  of  a  variety  ofgrowt
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h  factors  and  extracellular  matrices  that  haverecently been 

characterized are discussed in relation toperiodontal 

regeneration. The biological mechanism in-volved in the 

maintenance of the periodontal 

ligamentat  afixed  width  is  considered  from  the  viewpoint  o

fperiodontal treatment, including tooth 

transplantationor  replantation  and  orthodontic  tooth  moveme

nt.  Ahypothetical mechanism for the regulation of regener-ation 

and homeostasis in the periodontal ligament ispresented. 

 

Application of periodontal ligament cell sheet for 

periodontal regeneration  

Objective: The ultimate goal of periodontal treatment is to 

regenerate the damaged periodontal support. Although 

periodontal ligament (PDL) cells are essential for periodontal 

regeneration, few studies have reported the transplantation of 

periodontal ligament cells to periodontal defects. We developed 

a new method to apply periodontal ligament cells as a sheet to 

the defect. The aim of this study was to investigate the 

periodontal healing after application of the periodontal ligament 

cell sheet in beagle dogs [84] . 
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Methods: Autologous periodontal ligament cells were obtained 

from extracted premolars of each beagle dog. Periodontal 

ligament cell sheets were fabricated using a temperature-

responsive cell culture dish. Dehiscence defects were surgically 

created on the buccal surface of the mesial roots of bilateral 

mandibular first molars of each dog. In the experimental group 

(five defects), periodontal ligament cell sheet with reinforced 

hyaluronic acid carrier was applied to the defect. Only the 

hyaluronic acid carrier was applied to the contralateral side as a 

control (five defects). Eight weeks after surgery, the animals 

were sacrificed and decalcified specimens were prepared. 

Healing of the periodontal defects was evaluated histologically 

and histometrically 

Results: No clinical signs of inflammation or recession of 

gingiva were observed in both experimental and control groups. 

In the experimental group, periodontal tissue healing with bone, 

periodontal ligament and cementum formation was observed in 

three out of five defects. In the control group, such periodontal 

tissue formation was not observed except in one defect. 

Histometric analysis revealed that the formation of new 

cementum in the experimental group was significantly higher 

than that in the control group. 
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Conclusion: The periodontal ligament cell sheet has a potential 

to regenerate periodontal tissue and may become a novel 

regenerative therapy. 

Biological Mediator-associated new    

Attachment and regeneration  

Substances used to modify root surface:  

1. Citric acid  

2. Tetracycline  

1-Citric acid  

1. Produces 4 mm deep demineralized zone exposed collagen 

fibers  

2. Eliminate endotoxins and bacteria  

3. Early fibrin linkage prevents epithelium migration  

The outcomes of controlled clinical trials have failed to show 

any   

Improvements in clinical conditions compared to non–acid‐

treated controls. 

 

Biomodificationof rootsurface  

2-Tetracycline  
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- stimulates fibroblast attachment  

- Suppresses epithelial cell attachment   

And migration  

- Remove amorphous surface layer  

- Exposes dentinal tubules 

 

-enamel matrix derivate (EMD)  

-  

- Obtained from developing porcine teeth  

- Induces acellular cementum formation  

- The major (>95%) component of EMD is AMELOGENINS   

- Extracellular Matrix Proteins purified acid extract of   

Proteins from pig enamel matrix  

- EMD alone or in combination with grafts has 

demonstrated   

Its potential to effectively treat intraosseous defects and the   

Clinical results appear to be stable long term . 

Growth Factors for use in periodontal    

Regeneration:-  
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-Bone morphogenetic proteins   

(BMPs)  

- Commercially available as recombinant human BMP‐2  

(rhBMP‐2)  

- Induced the differentiation of mesenchymal stem cells to   

Become osteoblasts(bone forming cells) 

 

PRP (Pletelet rich plasma) is a concentrated source of   

Autologous platelets.  

PRP is used to deliver growth factors in high concentrations to   

The site of the bone defect or a region requiring augmentation.  

Growth factors:-  

Platelet derived growth factor (PDGF)  

Transforming growth factor (TGF )  

Platelet derived growth endothelial growth factor (PDEGF) 

 

Platelet Rich Fibrin(PRF)  

PRF was first developed in France by Choukron et al.  

The advantages of PRF over PRP are its simplified  



 
30 

Preparation and lack of biochemical handling of the blood. 

 

Assessment of periodontal wound healing: 

Histological Methods 

It is only through histological analysis can one define the nature 

of the reparative tissue . In periodontal reconstructive surgery, 

the goal is to achieve periodontal regeneration. Classically, 

experimental animal model systems are used whereby reference 

notches are placed at the base of bony defects or at the apical 

extent of calculus deposits. Periodontal regeneration is 

considered to have occurred when the newly formed 

functionally aligned periodontium is coronal to the apical extent 

of the notches. Reparative tissue response dominated may 

include long junctional epithelium, connective tissue adhesion, 

and root resorption associated with ankylosis. It should be noted 

that the healing may be predominated by periodontal 

regeneration; there may be localized areas of 

repair. Unfortunately, this approach cannot be used in human 

studies as it would be unethical to extract the treated tooth, 

especially when it responded positively to therapy. On rare 

circumstances, human histology is available if the tooth is to be 

extracted in conjunction with orthodontic or restorative therapy  

Clinical Methods 
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Clinical methods to evaluate periodontal reconstruction consist 

of comparisons between pretreatment and posttreatment pocket 

probings and determinations of clinical gingival findings. The 

probe can be used to determine pocket depth, attachment level, 

and bone level . Clinical determinations of attachment level are 

more useful than probing pocket depths because the latter may 

change as a result of displacement of the gingival margin 

Several studies have determined that the depth of penetration of 

a probe in a periodontal pocket varies according to the degree of 

inflammatory involvement of the tissues immediately beneath 

the bottom of the pocket . Therefore, even though the forces 

used may be standardized with pressure-sensitive probes, there 

is an inherent margin of error in this method that is difficult to 

overcome. Fowler et al71 have calculated this error to be 

1.2 mm, but it is even greater when furcations are probed 

 Bone probing performed with the patient under anesthesia is not 

subject to this error and has been found to be as accurate as bone 

height measurements made on surgical reentry. 

 

Measurements of the defect should be made before and after 

treatment from the same point within the defect and with the 

same angulation of the probe. This reproducibility of probe 

placement is difficult and may be facilitated in part by using a 

grooved stent to guide the introduction of the probe . 
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Preoperative and postoperative comparability of probing 

measurements that do not use this standardized method may be 

open to question. 

Radiographic Methods 

Radiographic evaluation of periodontal regeneration allows 

assessment of the bone tissue adjacent to the tooth. This 

technique also requires carefully standardized techniques for 

reproducible positioning of the film and the tube. Even with 

standardized techniques (see Chapter 31), the radiograph does 

not show the entire topography of the area before or after 

treatment. Furthermore, thin bone trabeculae may exist before 

treatment and go undetected radiographically because a certain 

minimal amount of mineralized tissue must be present to 

register on the radiograph. Several studies have demonstrated 

that radiographs, even those taken with standardized methods, 

are less reliable than clinical probing techniques. A comparative 

study of pretreatment bone levels and posttherapy bone fill with 

12-month reentry bone measurements showed that linear 

radiographic analysis significantly underestimates pretreatment 

bone loss and posttreatment bone fill. 

 

Studies with subtraction radiography have enhanced the 

usefulness of radiographic evaluation.A comparative study of 

linear measurement, computer-assisted densitometric image 
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analysis (CADIA), and a method combining the two reported 

that the linear-CADIA method offers the highest level of 

accuracy. 

Surgical Reentry 

The surgical reentry of a treated defect after a period of healing 

can provide a good view of the state of the bone crest that can be 

compared with the view taken during the initial surgical 

intervention and can also be subject to measurements . Models 

from impressions of the bone taken at the initial surgery and 

later at reentry can be used to assess the results of therapy 

This method is very useful but has two shortcomings: It requires 

a frequently unnecessary second procedure, and it does not show 

the type of attachment that exists (i.e., new attachment or long 

junctional epithelium35). 

 

Nanomaterials for Periodontal Tissue Regeneration: Progress, 

Challenges and Future Perspectives 

The oral cavity plays a crucial role in essential body functions 

such as mastication, speech or deglutition, and its influence on 

facial aesthetics, especially of teeth, is undeniable. Periodontal 

tissue, including the alveolar bone, periodontal ligament (PDL), 

cementum and gingiva, is essential to maintain the integrity and 

stability of the teeth, absorb the chewing forces, and protect 



 
34 

against bacterial invasion and infection. There are a variety of 

factors causing periodontal tissue defects and threatening the 

patients’ quality of life, such as caries, periodontitis, tumors, 

cysts and trauma [91]. Due to the complex functions of the oral 

tissue and the unique characteristics of the oral environment, it 

has always been a great challenge to reconstruct the periodontal 

tissue and restore its physical function. 

For periodontal tissue reconstruction, traditional techniques 

based on allogenic grafts replacing the missing or damaged 

tissue from living donors or even cadavers are still used in 

dental and other medical fields [92]. For example, autologous 

and allogenic alveolar bone grafts are currently considered a 

gold standard to overcome bone atrophy, although in clinical 

settings the best results seem to be obtained with autologous 

bone [93]. However, these methods encounter limitations such 

as limited supply of graft tissue, donor site morbidity, graft 

failure, immunological rejection and lengthy hospitalization 

periods [94]. In addition, these techniques exhibit great 

difficulty in regenerating the cementum–ligament–bone 

complex. Furthermore, traditional dental materials such as 

composites and cement in macro and micro sizes are also widely 

applied in clinics. Despite their low cost, easy application and 

good biocompatibility, these materials also present several 

complications, such as degradation [95], cure shrinkage [96], 

stress fatigue [97], marginal microleakage [98] and high 
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susceptibility to microbial adhesion. Thus, there is a critical 

need for alternative techniques and materials. 

In this respect, nanotechnology can provide an innovative 

alternative. Nanomaterials, in the range of 1–100 nanometers, 

have gained significant attention in regeneration medicine due to 

their unique optical, mechanical, magnetic, electronic and 

catalytic properties [99], which explain their high 

biocompatibility, permeability, tunability and immune evasion 

capability. Hence, they exhibit tremendous potential in tissue 

engineering [100], as anti-bacterial agents [101], for drug 

delivery [102], tissue repair [103] and functional imaging (such 

as MRI and CT) [104]. Recently, various types of 

nanomaterials, such as nanoparticles, nanocapsules, 

nanocomposites, nanofibers, nanotubes and nanosheets, have 

achieved satisfying outcomes and could therefore be used to 

reconstruct structures and restore the functions of oral tissues 

[105]. 

However, nanotechnology and nanomaterials also face great 

challenges that prevent them from advancing from the bench to 

the clinic. Firstly, there is a shortage of established protocols 

that allow their construction with the desired composition, 

structure parameters and physiochemical properties. It is 

difficult to modify or improve the behavior or performance of 

nanosystems in vivo because of the limited development of their 
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surface chemistry [106]. Second, the biosafety issues and 

adverse events of nanomaterials remain concerning. For 

instance, in vivo application of nanomaterials could induce 

immunologic reactions [107]. Moreover, nanomaterials have 

shown high permeability [108], and therefore their cytotoxicity 

can significantly increase as they can penetrate through 

physiological barriers and may accumulate in nontarget tissues 

[109]. Third, it is very difficult to control their biodegradation. 

Their biodistribution and pharmacokinetics largely depend on 

the size, shape and surface chemistry and homogeneous 

production of nanomaterials is still a challenge [110]. 

 

Moreover, when nanomaterials are applied for the local delivery 

of drugs, it is essential to control their biodegradation rate [111]. 

Although many papers emphasize their promising perspective in 

tissue regeneration, these challenges are rarely discussed. 

This review focuses on the most recent publications regarding 

periodontal tissue regeneration with nanotechnology and 

nanomaterials . First, the current designs, structures and 

functions of nanomaterials are introduced and discussed. 

Secondly, the related factors that may interact with the 

behaviors and bioactivities of nanomaterials are summarized 

and elucidated. Lastly, the potential complications of 

nanomaterials are presented and some remarks for future 
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research are proposed in order to overcome the current 

limitations. 

 

 

Discussion:  

 

Alveolar Bone Regeneration 

The alveolar bone is a specific type of bone tissue that forms the 

sockets where the teeth are supported and anchored to the jaws. 

The alveolar bone is constantly remodeling itself in response to 

various factors, such as chewing forces and hormonal changes. 

Under physiological conditions, this process involves the 

breakdown and replacement of old bone tissue by new bone 

tissue, which helps to maintain the integrity and strength of the 

bone. However, under pathological conditions, the breakdown 

of alveolar bone is spontaneously irreversible and can lead to 

tooth mobility and loss [112]. Most of the studies involving 

periodontal tissue regeneration focus on alveolar bone 

regeneration. Various techniques have been proposed to guide 

or control bone regeneration, such as bone grafting [113], 

guided tissue regeneration (GTR) [114] and platelet-rich plasma 

(PRP) therapy [115]. Although effective to a certain level, these 

techniques lack in repeatability and do not completely 

reconstruct the original periodontium [116,117]. Recently, the 

application of nanomaterials smaller than 100 nm on the above 
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techniques has shown promising results, since they have 

multiple advantages over traditional materials, such as 

versatility, biocompatibility, enhanced cellular interactions, 

improved tissue integration, controlled drug release and 

mechanical strength [118,119,120]. 

Among the included studies, the nanomaterials applied in 

alveolar bone regeneration are listed in Table 1. Nano-

hydroxyapatite (nHA) [121,122,123,124,125,126,127,128,129] 

and collagen [130,131,132,133,134,135] are the most commonly 

investigated biomaterials for alveolar bone regeneration. 

Hydroxyapatite is a naturally occurring mineral that is the main 

component of bone tissue, and nHA has a higher surface area-

to-volume ratio compared to conventional hydroxyapatite, 

making it more suitable as a substitute for bone graft [136]. 

Collagen is a crucial component of the extracellular matrix in 

many tissues, including alveolar bone. It provides structural 

support, enables cell–biomaterial interaction and increases cell 

adhesion, which helps regulate cell behavior, making it an 

attractive biomaterial for alveolar bone regeneration [137]. Both 

nHA and collagen have excellent osteoconductive properties, 

which can support the formation of new bone tissue by serving 

as a scaffold for bone growth, with good biocompatibility and 

mechanical properties. 

Poly(lactic-co-glycolic acid) (PLGA) 

[133,134,138,139,140,141] and polycaprolactone (PCL) [ 
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128,142,143,144,145] are biodegradable polymers that have 

been widely studied as materials for nanoparticles but also in 

other applications in tissue engineering and regenerative 

medicine. Both PLGA and PCL degrade over time into natural 

compounds that can be metabolized and eliminated through 

normal metabolic pathways. This facilitates their application in 

bone grafting, guided tissue regeneration and especially drug 

delivery. When engineered to release therapeutic agents, such as 

growth factors or antibiotics, they can provide sustained long-

term therapeutic effects that can promote bone regeneration and 

prevent inflammation [146]. However, PLGA and PCL also 

present shortcomings. 

 

For example, the mechanical strength of PLGA alone is 

inadequate for bone tissue regeneration, so PLGA often needs to 

be incorporated with other ceramic nanoparticles such as nHA, 

PCL and flourhydroxyapatite [147]. Moreover, although PCL 

displays adequate cell adhesion and good mechanical strength, 

its slow biodegradation, which takes more than 2 years, greatly 

exceeds the time required for new tissue formation [148], which 

can negatively impact the bone tissue regeneration process 

[149]. 

Gold nanoparticles (AuNPs) have attracted much attention as 

multifunctional contrast agents for computerized tomography 

(CT) due to their chemical inertness, versatile surface 
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functionalization and biocompatibility, high radiopacity and low 

cytotoxicity [150,151]. In addition, in vivo cell labeling and 

tracking using AuNPs with CT have become a cost-effective 

and time-efficient approach [152].  

 

 

 

 

 

RATIONALE FOR REGENERATIVE PERIODONTAL 

THERAPY: 

 

 

The main goal of periodontal therapy is to treat the infection 

caused by periodontal pathogenic biofilm and to arrest or slow 

down further attachment and bone loss, ultimately preventing 

tooth loss. Successful treatment is defined clinically by 

reduction of probing pocket depths (PPD), resolution in 

inflammation (i.e., resolution of suppuration and reduction of 

bleeding scores) along with the re-formation of a dento-gingival 

environment that allows effective oral hygiene measures. 

Ideally, these clinical improvements should be also 

accompanied by gain of clinical attachment level (CAL) and 

radiographic bone gain. There is ample evidence that in the 

great majority of cases, these goals can be achieved with the 
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first and second step of periodontal treatment consisting of 

patient motivation and instruction for successful removal of 

supragingival dental biofilm and control of risk factors known to 

be associated with the deterioration of periodontal status such as 

smoking, and diabetes (step one) followed by nonsurgical 

subgingival instrumentation (step two).1 

However, in particular areas/defects, the endpoints of therapy 

defined as no periodontal pockets ≥4–5 mm with bleeding or 

residual probing depths ≥6 mm, are not always achieved 

following steps one and two. For such deep sites which persist 

after completion of steps 1 and 2, further treatment (i.e., the so-

called step three) is needed, in order to reach the treatment 

endpoints, and thus enable the patients to be enrolled in a 

periodontal maintenance program (i.e., step 4) to prevent 

recurrence of the disease. Based on the individual case and 

defect, step 3 may consist of a surgical access (i.e., either 

conventional, resective, or regenerative) aiming to facilitate 

subgingival instrumentation, and to either resect or regenerate 

the residual soft and hard tissues to re-establish an environment 

favorable for proper supragingival biofilm control. 

In the presence of deep intrabony (angular) defects and class II 

molar furcation involvements, resective surgery may lead to 

relevant clinical improvements by decreasing deep pockets to a 

more maintainable range, but the healing is accompanied by 

substantial loss of attachment and increase in soft tissue 
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recessions. Therefore, it is generally recommended that residual 

deep pockets associated with angular bony defects with an 

intrabony component ≥3 mm or deeper and class II mandibular 

and buccal maxillary furcations are rather treated by means of 

regenerative periodontal surgery than via a resective approach. 
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