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Introduction

Dental Implants are now an integral part of periodontal and re-
storative dentistry. They present a reliable way to restore function 
and esthetics in fully or partially edentulous patients. The process 
of osteointegration is the basis for dental implant success i.e. the 
direct anchorage of implant to bone without intervening fibrous 
connective tissue. Periodontal bone loss, gingival recession, tooth 
loss, and long-term use of removable appliances etc. results in al-
veolar defects that prevent the placement of implants in an optimal 
prosthetic position. It also leads to soft-tissue deficiencies that are 
unacceptable.

Guided bone regeneration procedure allows successful implant placement by regenerating lost bone at desired site. The versatile 
procedure not only stabilize the blood clot and bone graft in defect but also prevents the migration of epithelial and connective tissue 
cells into the region thus allows migration and proliferation of osteogenic cells to form new bone. Although, GBR procedure is tech-
nique sensitive, predictable outcomes could be obtained by understanding and utilization of proper surgical technique and postop-
erative patient compliance. Studies have indicated more complications while achieving vertical ridge augmentation than horizontal 
ridge augmentation. Complications can be either surgical or postoperative. The aim of this article is to provide an insight into the 
procedure and complications associated with GBR and guidelines for preventing and managing these clinical situations.

Abbreviations

DFDBA: Demineralised Freeze Dried Bone Allograft; FDBA: 
Freeze Dried Bone Allograft; GBR: Guided Bone Regeneration; GTR: 
Guided Tissue Regeneration; PRP: Platelet Rich Plasma

Patients often present for implant planning after tooth loss and 
alveolar ridge resorption. Anatomical structures such as nasal cav-
ity, maxillary sinus, inferior alveolar nerve etc. may limit the avail-
able bone volume for implant placement [1]. In these situations, 
the clinician is obligated to perform augmentation procedures to 
reconstruct lost bone and place implants in a prosthetically driven 
position. So considerable research has been conducted to promote 
bone growth and regeneration and many predictable therapies are 

recently introduced in implant dentistry for bone growth, includ-
ing distraction osteogenesis, on lay bone grafting, and guided bone 
regeneration (GBR). Studies during the last decades have led to the 
new treatment approach referred to as guided tissue regeneration 
(GTR) [2].

Principle

GTR is based on the principle that specific cells contribute to 
the formation of specific tissues. Exclusion of the faster-growing 
epithelium and connective tissue from a periodontal defect for a 
minimum of 6 to 8 weeks allows the slower-growing tissues to oc-
cupy the space adjacent to the tooth. Osteoblasts, cementoblasts, 
and periodontal ligament cells are able to regenerate a new peri-
odontium (new connective tissue fibers inserted into newly formed 
cementum and bone) on the diseased root surface. The concept 
behind this method is that periodontal ligament and perivascular 
cells have the potential for regeneration of periodontium. Guided 
bone regeneration is based on the biologic principles of guided tis-
sue regeneration. In GBR technique undesirable non-osteogenic 
cells are prevented from entering the wound by means of a barrier 
membrane, thus allowing new bone formation [2].

Adequate bone volume at the site of implant placement is nec-
essary for dental implant success [1]. Lack of bone volume may be 
due to congenital defects or periodontal diseases. Post-traumatic, 
postsurgical defects etc. may also result in loss of bone. Guided 
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Barrier membranes are required in GBR technique to separate 
slowly growing bone tissue from rapidly proliferating and regener-
ating epithelial tissues. Mainly two types of barrier membranes for 
bone regeneration (GTR) have been developed.

Supracrestal or vertical bone augmentation presents one of the 
greatest challenges of bone regeneration in implant dentistry, due 
to the difficulty of the surgical procedure and its potential compli-
cations. Vertical augmentation aims to achieve bone regeneration 
in a direction without bony walls to support the stability of the 
bone graft. Bone regeneration and angiogenesis has to reach a dis-
tance from the existing bone, so that this is a biologically demand-
ing procedure. The soft tissue has to be advanced to provide a 
closed healing environment. The application of GBR technique for 
supracrestal regeneration was introduced and described by Tinti 
and Parma-Benfenati in 1998 [16]. Complications such as mem-
brane exposure and/or subsequent infection, with rates ranging 
between 12.5% and 17% have been reported [17].

Materials

The process of osteogenesis, osteoinduction, and osteoconduc-
tion are the mechanisms for bone regeneration. Osteogenesis is the 
process of formation of new bone. Osteoinduction is the process of 
transformation of mesenchymal stem cells into osteoblasts which 
deposit bone. The process of osteoconduction provides a scaffold, 
or matrix, for the deposition of new bone. Bone graft materials are 
of four different types namely autograft, allograft, xenograft and al-
loplast. They have any one or more of these mechanisms of action, 
depending on their origin and composition. Autogenous bone har-
vested from the patient is the gold standard, forms new bone by 
osteogenesis, osteoinduction, and osteoconduction. Allografts har-
vested from other individuals of same species are not osteogenic 
but having osteoconductive (FDBA) and possibly osteoinductive 
(DFDBA) properties. Xenografts (from other species)/alloplasts 
(synthetic materials) are only osteoconductive [10].

The use of these grafts should be based on the healing capac-
ity, recipient site, and the time available for graft maturation. Xeno-
grafts and alloplasts can be used along with allografts for small de-
fects in systemically healthy patients. Autografts could be used for 
larger defects [11]. For better clinical outcome barrier membrane 
should be used [12].

Bone regeneration after GBR follows a specific sequence of 
events. Within the first 24 hours the space is filled with the blood 
clot and releases growth factors and cytokines. The clot is re-
placed with granulation tissue. Nutrients and cells are transported 
through the newly formed blood vessels. These cells form osteoid.

Horizontal Augmentation with GBR

Guided bone regeneration has become a major treatment op-
tion to provide optimal bone support for implants. Knife-edge 
ridges, or Cawood and Howell Class IV edentulous jaw [18] with 
adequate height on the lingual/palatal side, and with insufficient 
width, present a unique problem for horizontal augmentation. 
Implant placement often impossible in these conditions. Howev-
er, prognosis of GBR procedure is good for this condition as the 
residual ridge stabilizes the bone graft. Both non-resorbable and 
resorbable membranes can be used and bone grafts are placed un-
der the barrier membrane to prevent collapse [19]. Autogenous 
bone blocks can often screwed onto the ridge for stability. Bone 
blocks (onlay bone graft) fixation may eliminate the use of a non-
resorbable titanium reinforced membranes [20].

bone regeneration (GBR) is the best documented for the treatment 
of localized bone deficiencies and has allowed the use of endosse-
ous implants in areas of the jaw with insufficient bone volume. With 
GBR procedures the predictability and success rate at sites with 
bone defects can be as similar as without defects [3].

Historical perspective

Barrier membranes was first evaluated in 1950s and 1960s by 
Bassett., et al. [4], and Boyne.,  et al. [5], for osseous facial recon-
struction. Nyman., et al. [6] Demonstrated that membranes act as 
a physical barrier to ingrowth of non-osteogenic cells. Lazzara. et 
al. [7], first applied GBR techniques with immediate implants. Dah-
lin.,  et al. [8], used GBR techniques for bone augmentation on the 
exposed threads of implants placed in inadequate ridges. Becker.,  
et al. [9], successfully used ePTFE membrane with immediate im-
plants placed in extraction sockets.

Historical perspective

Barrier Membranes

i.	 Non-resorbable membranes, like polytetrafluoroethylene or 
titanium. They need a second surgery for removal.

ii.	 Resorbable membranes can be natural or synthetic poly-
mers. Natural collagen-based membranes are biocompatible 
but having an unpredictable degree of resorption.

iii.	  Third generation of barrier membranes having an inherent 
delivery system of agents, such as, antibiotics, growth fac-
tors, adhesion factors etc. for accelerated wound healing. 

iv.	 Recently membranes that support bone formation and 
stabilize the implanted bone graft have been fabricated. 
Newly proposed biologically-active nanofibrous material, 
mimicking the native extracellular matrix might be a path 
to achieve the goal of “ideal” membrane. 

v.	 Barrier membranes should have properties such as bio-
compatibility, tissue integration, cell-occlusivity, clinical 
manageability and space-maintenance [13,14].

Cellular and molecular mechanisms of GBR

Osteoid mineralization forms woven bone and this act as a 
template for the apposition of lamellar bone. This would result in 
formation of compact and reticular bone with mature bone mar-
row within 3 to 4 months after surgery [15].

Vertical Augmentation with GBR

The layered approach to GBR was developed by Misch in early 
1990s,

Procedure 
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Figure 1a: Preoperative photograph.

Figure 1b: Incision.

Figure 1c: After flap reflection

Figure 1d: After decortication.

Figure 1e: Bone allograft placed.

Figure 1f: Barrier membrane placed

Figure 1g: Suturing

Figure 1h: Coepack placed.

1.	 The host bone
2.	 An autograft
3.	 A combination of DFDBA 30%, FDBA 70% and PRP
4.	 Barrier membrane and screw
5.	 Primary closure without tension.

Preparation of the recipient bed

To anesthetize the area, local anesthetic- 2%lidocaine with 1: 
80,000 epinephrine should be used.

Incisions

Place horizontal incisions slightly lingual to mid crestal area and 
the interdental papilla should not be included. Keratinized tissue 
should be preserved on both sides. On the buccal surface, Verti-
cal incisions to be made from the mesial and distal extent of the 
horizontal incision up to the mucogingival junction, buccally. A full 
thickness mucoperiosteal flap reflected.
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Primary closure should be obtained using a resorbable suture 
material. Periodontal pack should be placed. 

Post-operative instructions should be given. Patients should be 
given appropriate analgesics, antibiotics, and Chlorhexidine mouth 
rinses [21].

Bone graft placement

Bone graft should be placed in the prepared recipient site after 
mixing with patients own blood or saline.

Placement of the membrane

GBR membrane should extend at least 3 mm beyond defect. The 
flap should be coronally advanced for wound closure without ten-
sion.

Suturing

Complications Following GBR Procedure

Soft tissue complications are common during guided bone re-
generation with a mean complication rate of 16.8%. Membrane ex-
posure and acute infection are the most common complications. If 
not managed properly, this can result in infection of regeneration 
site and failure of GBR procedure [22].

Prevention of Complications

For the prevention of occurrence of complications, the biology 
of wound healing and the principles of guided bone regeneration 
should be respected [22,28].

Material-related factors

1.	 Graft and membrane should be biocompatible
2.	 Immunologically inert
3.	 Physiological stable
4.	 No risk of transmission of disease
5.	 Provide osteogenicity osteoinductivity and osteoconduc		

	 tivity 
6.	 Absorbed after new bone formation

Decortication

Cortical perforations should be made at the recipient site with a 
round bur at slow speed with copious saline irrigation, to open the 
marrow cavity as source of angiogenic and osteogenic cells. Due to 
bone inducing factor release this will result in bone formation.

Major complications include:

1.	 Secondary bleeding
2.	 fenestration/dehiscence
3.	 infection
4.	 leakage of graft particles
5.	 Collapse of the grafted site
6.	 membrane exposure

The most common complication associated with GBR procedure 
is premature exposure of the barrier membrane and necrosis of the 
overlying flap. Once exposed to the oral environment, the mem-
brane becomes colonized with bacteria within 3 to 4 weeks [23]. 
Topical application of chlorhexidine to the exposed membrane has 
been advocated as a method of reducing the amount of bacteria, 
but it does not solve the problem and removal of the exposed mem-
brane is often necessary [24].

Other complications associated with GBR procedures include 
soft tissue or bone graft infection, failure to regenerate adequate 
bone volume and mucogingival problems, including loss of keratin-
ized tissue and decrease in the vestibule. Most of these complica-
tions are related to insufficient soft-tissue healing after tooth ex-
traction, inadequate flap design, movement of the membrane and/
or graft caused by transmucosal loading and improper provisional-

ization etc. Flap suturing under tension, poor surgical technique, 
contamination of the membrane or surgical site, compromise of 
the vascular supply and flap advancement for graft coverage that 
reduces the keratinized tissue and vestibular depth etc. may also 
lead to complications. More infections were found with the use of 
nonresorbable membranes [25-27].

Surgical technique and patient-related factors

1.	 careful surgical and restorative procedures.
2.	  proper incision design and flap advancement
3.	 use of releasing incisions 
4.	 bone decortication 
5.	 stabilization of the graft and membrane 
6.	 tension free primary closure of the flap
7.	 adequate provisionalization 
8.	 avoidance of any transmucosal pressure 
9.	 post-operative patient compliance
10.	 Compromising Blood Supply should be avoided

Blood supply

1.	 In order not to compromise the blood supply a vertical pal-
atal incision should be avoided whenever possible.

2.	 The defect area is debrided of granulation tissue and corti-
cal perforations are made to create a bleeding bed at the 
augmentation site to promote blood supply and egress of 
progenitor cells from the bone marrow.

3.	 Particulate graft material is placed, and a collagen mem-
brane is trimmed and fitted 2 - 3 mm beyond the augmenta-
tion area.

4.	 Sutures are interspersed along the incision line so that the 
blood supply is not compromised.

Stabilization

1.	 If the membrane is stable with the above described sutur	
	 ing technique, then no attempt to affix a tack is needed. 		
	 However, if the membrane is not stable then stabilization 	
	 maybe achieved by using bone tacks.

2.	 Secondary bleeding is minimized upon stabilization of 		
	 the graft site by tension free primary closure.
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Undisturbed Healing 

To protect the augmented site during healing and to provide 
esthetics and function, a provisional prosthesis can be used. At all 
times pressure on the area must be avoided and for that purpose 
fixed provisionalization is preferred by means of a resin bonded 
bridge, conventional resin bridge, or an Essix dental bridge.

Membrane exposure without flap necrosis

The surgical area should be irrigated with saline solution fol-
lowed by irrigation with a diluted (1:1 with water) hydrogen per-
oxide solution to remove food debris and plaque. Patients should 
be instructed to use cotton tips impregnated with chlorhexidine 
solution to lightly swab the exposed membrane several times a 
day. If there are signs of infection (i.e. acute pain, swelling or fever), 
antibiotics should be prescribed. If the infection is not resolved or 
the membrane becomes fully exposed, removal of the membrane 
should be performed, the area irrigated, and loose graft particles re-
moved. The flap should then be advanced and closed and if closure 
is not possible, a connective tissue graft may be used, placed over 
the exposed bone and sutured.

Management [24,29]

Dehiscence 

The area should be irrigated with a saline solution followed by 
irrigation with a diluted (1:1 with water) hydrogen peroxide solu-
tion to remove food debris and plaque. If the flap readapts passively, 
it should be sutured to obtain primary closure. The wound borders 
should be de-epithelialized, removing internal epithelium from the 
flap to optimize the closure and to prevent trapping of epithelium 
under the flap. If tension free primary closure cannot be achieved, 
releasing incisions should be made before suturing. Suturing should 
be performed with 5 - 0 chromic gut sutures using a P-3 needle.

Early infection (0 - 4 weeks postoperatively)

The area should be irrigated several times with a saline solu-
tion followed by irrigation with a diluted (1:1 with water) hydrogen 
peroxide solution to remove food debris and plaque. The etiology 
should be determined and corrected. If the infection does not re-
solve, removal of the graft and membrane should be performed, the 
area debrided and irrigated, and the flap resutured.

Infection

 Late infection (more than 4 weeks postoperatively) 

 The etiology (i.e. lack of patient compliance, mobility due to 
the pressure of the provisional prosthesis, or disturbance of the 
surgical site by food or trauma) should be determined and cor-
rected. If the infection is localized, incision and drainage should be 
performed. Antibiotics should be prescribed for 7 - 10 days and if 
the infection does not resolve, surgery should be performed as for 
“Early infection”.

Graft particle leakage 

The area should be irrigated with a saline solution followed by 
irrigation with a diluted (1:1 with water) hydrogen peroxide solu-
tion to remove food debris and plaque. Remove excess material if 
the dehiscence is large, de-epithelialize the internal aspect of the 
soft tissue and resuture the flap. Prescribe chlorhexidine rinses 2 
times a day for 2 - 3 weeks. Schedule weekly visits for the patient 
until flap closure is achieved.

GBR procedure allow regeneration of deficient alveolar ridges 
and implant placement in a prosthetically driven position with 
natural appearance and function. Though it is a predictable proce-
dure for implant placement, complications may arise. Membrane 
exposure is the most common complication followed by infection 
of the grafted site. All of these complications are multifactorial in 
origin and they can lead to a reduced regenerative outcome. In 
order to prevent this careful surgical and restorative procedures 
need to be performed, so that we could reduce the prevalence of 
GBR complications and improve its clinical outcome. The predict-
able outcome depends on factors such as appropriate diagnosis 
and treatment planning, careful surgical procedures, postopera-
tive instructions and follow-up, appropriate implant loading etc. 
All of these factors are important in achieving success of dental 
implants. Future developments in this field should be based on 
more effective techniques that predictably promote the body’s 
natural ability to regenerate lost tissue.

Conclusion
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