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INTRODUCTION

Most patients present after tooth loss with a wide range of  
bone loss, which may not accommodate a dental implant 
prosthesis. Bone grafting is beneficial in enhancing bones 
that are lost due to trauma or natural or pathologic process. 
Autogenous bone, allogenic bone, xenogeneic bone, bone 

substitutes, and alloplasts are commonly used for this 
purpose.[1]

The long‑term success of  dental implants is highly 
dependent upon the degree of  osseointegration in sufficient 
and healthy bone.[2] Implants have a predictable outcome and 
are the advanced treatment option for edentulous patients.[3] 
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Bone augmentation helps in providing sufficient quality and 
quantity of  the bone in the atrophic ridges for the placement 
of  dental implants.[4] Grafts and guided bone regeneration 
techniques are used to improve primary stability during 
implant placement in atrophic ridges.[5] Hence, a systematic 
analysis was performed to check the efficacy of  bone 
enhancement methods used for success in dental implants.

MATERIALS AND METHODS

The following analysis was performed according to the 
guidelines and the principles of  the PRISMA statement 
for a systematic review.

Focused question patient intervention comparison and 
outcome
The review is focused on: “What is the efficacy of  various 
types of  bone enhancing grafts that leads to dental implants 
success?”

Search strategy
The MEDLINE–PubMed database was searched from 
September 2016 to 10 years previously.

The following search terms were used as shown in Figure 1.

Study inclusion criteria
The studies were analyzed according to the following 
inclusion criteria:[6‑8]

1. All studies treated with bone grafts and implants with 
a follow‑up of  at least 1 year

2. Patients with reduced quantity of  edentulous ridges 
resulted due to ridge resorption, periodontal diseases, 
and trauma were included

3. The following grafts were considered:[9‑11]

 a. Autologous bone graft
 b. Allograft
 c. Composite bone grafts
 d. Xenograft.

4. Articles related to dental implants were considered for 
inclusion

5. All dental implant systems were included
6. Only studies in the English language were included
7. Only human studies were included.

Study exclusion criteria
The studies with following criteria were not included in 
the review:[12‑14]

1. Studies involving only implants, without any bone graft
2. Case reports regarding patients with any syndrome or 

major systemic disease
3. Studies not related to implants and bone grafts
4. Studies not related to dentistry
5. Studies with insufficient information
6. Animal studies.

Data extraction
All studies which met the inclusion and exclusion criteria 
for review were obtained and screened independently. 
Relevant studies without abstract were included for full‑text 
screening. The following data were extracted from the 
studies included for review:[15‑20] publication, study design, 
number of  patients, type of  graft, and number of  dental 
implants, timing of  implants, follow‑up time, implant 
survival, and implant success rate. Quality of  various 
studies regarding bone graft, implant success, and survival 
were considered for quality assessment of  bone graft and 
implant [Figures 1 and 2].

Failure of bone grafts
The most frequent complication of  graft failure may be due 
to exposure of  bone graft, not proper stabilization of  the 
graft, and infection.[21‑26] Of  the complications, only graft 
exposure was moderately associated with bone graft failure.[27]

The factors that can increase the risk of  a bone graft 
failure are:[28,29]

• Periodontal disease
• Smoking
• Osteoporosis
• Surgical errors
• Systemic conditions such as uncontrolled diabetes
• Immune system deficiencies.

The implants placed in the autologous bone grafts had a 
higher survival rate when compared to those placed in other 
graft materials. Alloplastic material had a lower resorption 
rate when compared to autologous material.[30] The addition 
of  bone substitute to autogenous grafts has been found 
to accelerate bone formation,[27 31] but interestingly, in 
this review, majority of  studies found a higher rate of  Figure 1: Keywords for article search
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graft failure in patients who received composite bone 
grafts [Tables 1 and 2].

DISCUSSION

In the review of  the past studies, evidence is available about 
the efficacy of  different types of  bone grafts. This review tried 
to systematically evaluate the current evidence and to compare 
the different grafts in bone enhancement as well as the success 
of  implants placed along with the graft in long‑term follow‑up. 
In total, 31 articles could be included, from which the data were 
obtained. To assess the success of  implant placed in different 
bone grafts, all the 31 articles were reviewed for the following 
characteristics: design of  the study, number of  patients per 
study, graft type, surgical procedure and donor site, number of  
dental implants, timing of  implants, follow‑up time, implant 
survival, and implant success rate.

Block graft
Out of  31 included articles, 14 studies were using block 
graft.[32‑45] Of  which, 11 studies were case reports while 
three were prospective. A total of  86 patients with reduced 
alveolar ridges were treated with block grafts. In total, 
223 dental implants were placed after 3–6 months of  

grafting. The follow‑up ranged from 1 to 5 years. The 
survival rates for the dental implants in grafted bone ranged 
from 97.3% to 100% and the mean was 98.5%.

Particulate graft
Out of  31 articles included, three studies were using 
particulate graft.[46‑48] Of  these, all three were case reports. 
A total of  three patients with reduced alveolar ridges were 
treated with particulate graft. In total, nine dental implants 
were placed after 4 months of  healing. The follow‑up 
ranged from 1 to 3 years and the mean was 1.7 years.

Blood derivatives
Out of  31 articles included, three studies have used blood 
derivatives as grafting material.[49‑51] A total of  15 dental 
implants were placed for 3 patients, of  which 6 implants 
were placed immediately along with the graft material and 
9 dental implants were placed after 2–3 months of  healing. 
After the start of  loading, the follow‑up ranged from 1 to 
4 years. Survival rate for the dental implants was 94.7%. 
The implant success rate was 93.2%.

Composite bone graft
Out of  31 articles included, seven studies have used 
composite bone as grafting material.[52‑55] Three studies 
were case report while four were case series. A total of  five 
patients were treated with three different donor materials 
and 21 dental implants were placed after 4–12 months of  
graft healing. After the start of  loading, the follow‑up ranged 
from 1.0 to 5 years. The survival rate for the dental implants 
in grafts was 99.3%. The implant success rate was 90.7%.

Xenograft
Out of  31 articles included, only one study used xenograft 
as grafting material.[30] One patient with reduced alveolar 
ridge was treated with bovine bone, mixed with fibrin 
adhesive. In total, three dental implants were placed after 
6–12 months after healing of  the graft material. After the 
start of  loading, the follow‑up ranged from 1 to 3 years. 
The survival rate for the dental implants was 85.4%. The 
implant success rate was 73.2%.
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Chart 1: Success and survival rate of implants placed in various graft 
materials.

PubMed search
12,194 articles
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Other search
8 articles

15,361 titles excluded
(level 1)

19,225 articles
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182 articles excluded
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Figure 2: Search strategy
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Table 1: Characteristics of 31 studies included
Reference Study 

design
Number of 
patients

Graft materials Number of 
implants

Timing of implant 
placement

Follow‑up implant 
survival (%)

Implant 
success (%)

José‑Luis 
Cebrian‑Carretero

Case series 4 Fibula, iliac crest, 
and scapula‑free 
flaps

19 6‑12 months after 
reconstruction

100 100

Balaji SM Case report 1 BMP‑rhBMP‑2 6 No data 100 100
Emir Yüzbaşıoğlu Case report 1 Iliac bone graft 3 4 years 6 months after 

reconstruction
No data No data

Kristian Rude Case report 1 Free vascularized 
fibula flap

5 Oral rehabilitation was 
carried out 12 months 
postoperatively

100 100

Hisahiro Kamoi Case report 1 Rib bone 5 Dented implants 
inserted simultaneously 
during surgery

100 100

Po‑Sung Fu Case report 1 Autogenous bone 
harvested from the 
chin

1 4 months after socket 
augmentation

100 100

Pedro Infante Cossío Case report 1 Composite bone 
graft of autogenous 
bone, xenograft, and 
autologous PRP

2 24 months after 
augmentation

100 100

Hideshi Sekine Case report 1 Iliac bone block and 
PCBM

5 On the right side, two 
implants were placed 
4 months after bone 
grafting. On the left side, 
three implants were 
placed simultaneously 
after bone grafting

100 100

Masako Sawaki, et al. Case report 1 A PCBM graft and 
RBOG

2 5 months after bone 
grafting

100 100

Juliano de Alenear 
Vasconcelos, et al.

Case report 1 Bone tissue 
collected during the 
osteotomies and 
drilling processes

2 Bone graft placed at the 
same time of implant 
placement

100 100

Dr. Eugenio Miguel 
Pereira

Case series 1 Fresh‑frozen bone 
allograft from the 
iliac crest

8 5 months after grafting 100 100

Francesco Grecchi Case report 1 Femur homografts 12 8 weeks after grafting 100 100
Gui‑Youn Cho‑Lee Case report 1 Free vascularized 

fibular flap
3 Implants placed after 3 

months
100 100

Pedro Infante‑Cossío Case report 1 Iliac crest graft 3 6 months and 2 weeks 
after grafting

100 100

Po‑Sung Fu Case report 1 Chin graft 1 Implant placed after 4 
months of grafting

Dr. Gregory taylor Case report 1 Ramus graft 1 Implant placed after 6 
months of grafting

Mario Santagata1 Case series 11 Particulate bone 
graft

Jee‑Won Moon Case report 1 Bovine bone, mixed 
with fibrin adhesive

3 Placed immediately

Mi‑Ra Ahn Case series 11 Irradiated cancellous 
bone and marrow

27 Placed after 5 months 99 97.5

Devorah 
Schwartz‑Arad

Retrospective 
study

214 Autologous 
intraoral block OBG 
augmentations, 
combined with 
Bio‑Oss ‑ mixed with 
PRP, and covered by 
PPP ‑ as scaffold

633 4‑6 months 93.4 83

Thomas J. Balshi Case report 1 Iliac crest bone graft 2 Implants placed 
subsequently

50 0

Matteo Chiapasco Case series 3 Iliac crest 22 5‑6 months 100 100
Eduardo Anitua RCT 23 PDGF and TGF‑β Placed immediately 100 100

Contd...
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Table 1: Contd...
Reference Study 

design
Number of 
patients

Graft materials Number of 
implants

Timing of implant 
placement

Follow‑up implant 
survival (%)

Implant 
success (%)

Michael Peleg RCT 63 Autogenous 
composite bone 
graft consisting of a 
combination of 50% 
membranous bone 
harvested from the 
symphysis and 50% 
DFDBA

160 Placed immediately 100 100

Ji‑Min Kim Case series 63 Fibrin‑rich block 
with concentrated 
growth factors

74 After 5 months 100 98.6

Gerry M. Raghoebar Case series 14 Zygomatic rim 14 No data 100 100
Stefan Lundgren Case series 11 Bone flap 21 Placed immediately 98.7 100
Mats Sjöström Case series 29 Free iliac crest 

grafts
192 6‑8 months after 

grafting
90 61.8

Federico 
Hernández‑Alfaro

Case series 14 Mandibular bone 
block graft and 
biomaterials

108 14‑16 weeks after 
grafting

88.4 77.99

Dong‑Seok Sohn Case series 53 Fibrin‑rich blocks 
with CGF

113 Placed simultaneously 99 98.2

Jee‑Won Moon Case series 14 Peripheral venous 
blood

31 Placed simultaneously 95.1 93.5

CGF: Concentrated growth factor, DFDBA: Demineralized freeze‑dried bone allograft, PDGF: Platelet‑derived growth factor, TGF‑β: Transforming growth 
factor‑β, rhBMP2: Recombinant human bone morphogenetic protein‑2, PCBM: Particulate cancellous bone and marrow, RBOG: Ramus bone onlay grafting, 
OBG: Onlay bone graft, PPP: Platelet‑poor plasma, RCT: Randomized controlled trials, PRP: Platelet‑rich plasma, BMP: Bone morphogenetic protein

Table 2: Characteristics of the different bone grafts
Grafts Patient Implant Survival rate (%) Success rate (%)

Block graft
Femur graft 1 12 97.3 95.5
Chin graft 1 ‑ 100 100
Iliac graft 81 208 100 100
Rib graft 1 ‑ 98.3 100
Ramus graft 1 ‑ 98.8 98.8
Fibula graft 1 3 100 100
Fibula, iliac crest, and scapula‑free flaps 4 19 100 0

Particulate graft
PCBM 1 5 100 100
Bone collected during osteotomy process 1 2 100 0
PCBM and RBOG 1 2 100 100

Blood derivatives
PRP 1 5 97.3 96.05
BMP (rhBMP‑2) 1 6 100 100
CGF 1 4 98.9 97.2
Peripheral venous blood 14 31 95.1 93.5

Composite bone graft
Composite bone graft of autogenous bone, xenograft, and autologous PRP 1 2 100 100
Fibrin‑rich blocks with CGF 53 113 99 98.2

Allografts
Irradiated cancellous bone and marrow 11 27 99 97.5
Mandibular bone block graft and biomaterials 14 108 88.4 77.99

Xenograft
Bovine bone, mixed with fibrin adhesive 1 3 85.4 73.2

PCBM: Particulate cancellous bone and marrow, RBOG: Ramus bone onlay grafting, PRP: Platelet‑rich plasma, BMP: Bone morphogenetic protein, 
CGF: Concentrated growth factor, rhBMP2: Recombinant human bone morphogenetic protein‑2

RESULTS

The results of  the study are depicted in Chart 1.

The mean value of  the survival and success rate of  the 
implants on various types of  grafts is charted on a graph. 

The blue bar signifies the survival rate and yellow bar 
signifies the success rate.

From the chart, we can observe that:
• Block grafts have 98.9% survival rate and 99.05% 

success rate
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• Particulate grafts have 100% survival rate and 66.6% 
success rate

• Blood derivatives have 97.8% survival rate and 96.6% 
success rate

• Composite bone grafts have 99.6% survival rate and 
66.06% success rate

• Allografts have 90.9% survival rate and 82.8% success 
rate.

CONCLUSION

Based on the available data in the existing studies with a 
follow‑up period of  at least 3–5 years, it can be summarized 
that the autologous bone grafts can be preferred over 
allografts and xenografts for grafting implant sites since 
they are stable for at least 3–5 years.

Among the various autologous grafts reviewed, block 
grafts and blood derivatives had a higher percentage of  
success rate. Hence, by following proper diagnostic and 
clinic protocol for implant placement, block grafts and 
blood derivatives can be used for better clinical outcome 
and success of  the implant over a long period of  time.
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