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		  Vertical bone resorption is a frequent consequence of tooth loss. Hence, implant-supported restorations imply, 
first of all, bone reconstruction. We aimed to review the current status of guided bone regeneration and autol-
ogous bone block augmentation for vertical dental restoration of dental implants. This review identified that 
between 2009 and 2022 there were few clinical studies that included more than 10 patients and a follow-up 
period of more than 5 years after bone restoration. The highest vertical bone gain was reported in the autol-
ogous bone grafting technique (4-7.6 mm), whereas the minimum augmentation was reported for one of the 
guided bone regeneration techniques. When comparing intraoral to extraoral bone blocks, the highest values 
for the mean vertical bone gains were obtained in the cases in which intraoral bone blocks were used as graft 
material. The highest rate of bone resorption was observed in the extraoral bone block group. Implant surviv-
al rate was not significantly influenced by surgical technique. Complications had a higher incidence in autolo-
gous bone block augmentation studies. Soft tissue recession showed similar results for guided bone regener-
ation as for autologous bone block augmentation. Vertical ridge augmentation is a predictable option for the 
reconstruction of alveolar ridges with severe atrophy, but complications can appear.

	 Keywords:	 Alveolar Ridge Augmentation • Dental Implants • Osseointegration

	 Full-text PDF:	 https://www.medscimonit.com/abstract/index/idArt/937433

Authors’ Contribution: 
Study Design  A

 Data Collection  B
 Statistical Analysis  C
Data Interpretation  D

 Manuscript Preparation  E
 Literature Search  F
Funds Collection  G

1 Department of Maxillofacial Radiology, ‘Dimitrie Cantemir’ University, 
Targu Mures, Romania

2 Department of Biomedical Sciences, Faculty of Medicine and Biological Sciences, 
“Ştefan cel Mare” University, Suceava, Romania

e-ISSN 1643-3750
© Med Sci Monit, 2022; 28: e937433

DOI: 10.12659/MSM.937433

e937433-1
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Many surgical techniques are used for treating vertical bone 
deficiencies using autologous bone or different biomaterials, 
vertical-guided bone regeneration (GBR) procedures, alveolar 
distraction osteogenesis, titanium mesh, and onlay bone grafts. 
While the success of vertical augmentation techniques have 
been demonstrated with different techniques, the number of 
complications and failures of the augmentation procedure is 
still significant and includes postoperative morbidity, postoper-
ative pain, swelling, and graft resorption [1]. It has been dem-
onstrated that the autologous onlay bone graft is a predictable 
procedure, although the long-term dimensional stability of the 
grafted bone is not yet known [2]. Autogenous bone, with its 
osteogenic, osteoinductive, and osteoconductive characteristics, 
is considered the criterion standard in bone regeneration pro-
cedures. It contains osteoblasts, osteoclast precursor cells, un-
differentiated mesenchymal cells, and monocytes, which pro-
mote bone remodeling and the formation of new bone. However, 
donor-site morbidity, limited available quantities, unpredict-
able graft resorption, and the need to include additional surgi-
cal sites are unavoidable disadvantages [3]. Autogenous bone 
grafts can be harvested from the patient’s iliac crest, mandib-
ular ramus, or other intraoral sites. The donor site is chosen 
based on the volume of graft material required [4].

Osteogenesis is a process that takes place when osteoprogen-
itor cells in the graft material can survive bone transplanta-
tion and differentiate into young cells (osteoblasts), and lat-
er into adult cells (osteocytes). Osteoinduction occurs when 
undifferentiated mesenchymal cells from native bone are in-
duced into osteoblasts or chondroblasts to develop new bone 
in the area of interest.

This is often dependent on bone morphogenic proteins. 
Osteoconductive material is defined as a material that en-
courages bone formation from already existing bone or dif-
ferentiated mesenchymal cells via scaffolding [4].

The protocol for guided bone implies the prevention of unde-
sirable, non-osteogenic cells from growing into the bony de-
fect by providing a mechanical barrier. There is evidence for 
the high success rate of GBR in promoting vertical bone aug-
mentation [2].

Vertical bone augmentation techniques are demanding because 
angiogenesis must be done at a significant distance from ex-
isting bone for new bone to be formed. Also, a correct flap de-
sign and tension-free closure must be ensured [5].

There are no published studies to compare GBR and autolo-
gous bone block augmentation (ABB), in terms of long-term 
outcome and predictability of vertical ridge augmentation.

In this article, we aimed to review the current status of GBR 
and ABB for vertical dental restoration of dental implants.

Augmentation Methods

This review identified that between 2009 and 2022 there were 
few clinical studies that included more than 10 patients and a 
follow-up period of more than 5 years after bone restoration.

The characteristics of augmentation methods, such as type of 
graft, position of the site, surgical technique, number of im-
plants, and follow-up period, are summarized in Table 1. The 
surgical site varied among studies; however, in most of the 
studies, there was a preference for the maxilla. The follow-up 
period ranged from 5 to 21 years.

Among the most relevant clinical studies, 75% of them uti-
lized ABB, with extraoral and intraoral locations distributed al-
most evenly among them. Only 25% of the studies used GBR.

While the preferred technique in ABB studies was the onlay tech-
nique, in the GBR studies, the space was filled with graft materi-
al and covered by a resorbable or non-resorbable membrane [6].

The most used surgical technique for intraoral ABB was the 
split bone block technique using bone blocks from the linia 
obliqua externa (mandibular ramus; Table 2).

For extraoral ABB, the preferred surgical technique was onlay bone 
grafting using bone harvested from the iliac crest. The average time 
required to harvest a bone block was 6.5±2.5 min. The mean vol-
ume of the harvested bone graft was 1.9±0.9 cm3. The surgical 
scars in the mandibular donor site disappeared radiographically 
within 6 to 12 months, but the lamina dura of the external oblique 
ridge had not regenerated; exceptions were patients in whom 
reimplantation of half the bone block was performed (Table 3).

The GBR techniques are represented by autologous particulate 
bone from areas adjacent to the implant site, bone collected 
during the implant preparation site, or anorganic bovine bone 
that is covered with resorbable collagen membranes support-
ed by osteosynthesis plates or with non-resorbable titanium, 
reinforced e-PTFE barriers.

Influence of Augmentation Method on 
Clinical Parameters

Bone Gain

Key clinical studies showed that GBR resulted in a mean bone 
gain of 5.16±1.8 mm [5], and resorbable membrane, 2.14 mm, 
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Search term
Search 
results

Relevant 
hits

Vertical ridge augmentation 386 6

(vertical bone grafting) AND autologous bone block 19 1*

(vertical bone grafting) AND guided bone regeneration 86 0

(vertical bone reconstruction) AND autologous bone block 20 1

onlay bone grafting and vertical bone grafting 110 5*

Vertical bone reconstruction and GBR 29 1*

Autologous bone block and ridge augmentation 43 0

Vertical bone augmentation and follow-up 210 4

Autologous bone block versus guided bone regeneration 2 0

(vertical bone augmentation) AND implant success 76 1

Autologous bone block AND implant success 13 0

Guided bone regeneration and implant success 92 0

(((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) AND 
((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND (((success) OR survival) 
OR failure)

110 3 (1*)

(((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) AND 
((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND bone gain

53 1

Search (((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) AND 
((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND bone resorption

8 0

(((((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) 
AND ((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND bone block)) 
OR ((((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) AND 
((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND bone blocks)

71 2 (1*)

(((((((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) 
AND ((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND bone block)) 
OR ((((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) AND 
((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND bone blocks))) AND 
(((success) OR survival) OR failure)

36 0

(((((((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) 
AND ((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND bone block)) 
OR ((((((((((((((vertical ridge) OR vertical ridges)))) AND reconstruct*)) OR ((((((vertical ridge) OR 
vertical ridges)))) AND augment*)) OR ((((((vertical ridge) OR vertical ridges)))) AND graft*))) AND 
((implant OR implants))) NOT ((gbr) OR guided bone regeneration))) AND bone blocks))) AND 
bone gain

18 0

Table 1. Characteristics of augmentation methods.

* Indicates studies already included.
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and non-resorbable, 2.48 mm [7]. In some clinical studies, the 
implants were inserted in a second-stage surgery [5], while 
in the study by Merli et al, the implants were inserted in the 
same stage [7].

Considering the type of autologous bone used, the mean ver-
tical bone gain ranged from 4 to 7.6 mm for intraoral ABB. 
The low value was obtained when the healing time was 6 
months, while the high value was obtained after a healing 
time of 3 months.

Source Graft type
Augmentation 

method
Position of 

site

Patients 
(male/female/ 

mean age)
Implants

Follow-up 
period

Khoury et al [6] Retromolar area ABB Maxilla 142 
(90/52 36.6/58.4)

356 10 y

Khoury et al [7] Retromolar area ABB Mandible/
maxilla

3328 
(1321/2007/57.8)

– 10 y

Roccuzzo et al [8] Mandibular ramus or 
the mental symphysis

ABB Maxilla/
mandible

41 
(13/28 48.5±10.6)

82 10 y

Yu et al [9] Mandibular ramus + 
anorganic bovine bone 
+ collagen membrane

ABB Maxilla 21 
(11/10/28.14)

21 6.09±1.18 y

Kim et al [10] Mandibular ramus ABB Mandible/
maxilla

28 
(21/7/55.2)

61 8.2±2.0 y

Zhao et al [11] Mandibular ramus and 
chin/ilium

ABB Mandible/
maxilla

17 
(11/6/28.63±12.77 
and 34.56±12.84

37 in group 
1; 22 in 
group 2

47.9±13.3 m

De Santis et al [12] Iliac crest and barrier 
membranes

GBR Maxilla 20 (5/15 female/ 
58.9 years)

154 66.4±18.4 m

Rachmiel et al [13] Anterior iliac crest ABB Mandible/
maxilla

13 52 4.85 y

Torres et al [14] Cranial calvarium or 
iliac crest

ABB Anterior 
maxilla

19 
(9/10/37.2)

49 5-15 y

Sbordone at al [15] Autogenous iliac crest ABB Mandible/
maxilla

16 
(5/11/55.4)

67 6 y

Dasmah et al [16] Iliac crest ABB Maxilla 15 
(2/13/58)

120 5 y

De Moraes et al [17] Anterior iliac ABB Maxilla 42 
(17/25/59.8

306 87.3-79.6 m

Novel et al [18] Allograft GBR Mandible/
maxilla

20 
(7/13/38.5)

64 5 y

Urban et al [5] A mixture of 
autologous aand 
anorganic bovine bone 
(1: 1)

GBR Maxilla 16 
(mean age: 
64.6614.6)

122 76.5 m

Simion et al [19] Autogenous 
bone chips and 
deproteinezed bovine 
bone mineral

GBR Mandible/
maxilla

76 
(10/23/62)

197 13-21 y

Merli et al [20] Autologous 
particulated bone

GBR Mandible/
maxilla

22 ((3/8/44.6 and 
(1/10/49.9)

97 6 y

Table 2. General information on autologous bone block augmentation.
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For extraoral ABB, the mean vertical bone gain ranged from 
5.3 to 7 mm. The low value was assessed after a mean fol-
low-up of 4.85 years, while the high values were after a fol-
low-up of 5 to 15 years.

Effect of Membrane

Several clinical studies have shown that, for ABB, the verti-
cal mean bone gain is higher (5.12 mm) when using a resorb-
able collagen membrane than when using a non-resorbable 

membrane (4 mm) [8-11]. In the GBR studies, resorbable and 
non-resorbable membranes were used. The study by Merli et 
al is the only one that made a comparison between the 2 types 
of membranes, with results showing that there was no differ-
ence in the mean vertical bone gain when comparing resorb-
able (2.16 mm) to non-resorbable membranes (2.48 mm) [7]. 
The results of the study by Urban et al differed, with a mean 
vertical bone gain of 5.16±1.8 mm; however, the authors did 
not specify the type of membrane used [5].

Graft type Application
Patients 

(male/female/mean age)
Implants

Follow-up 
period

Retromolar area Split bone block technique 
and maxillary sinus floor 
augmentation

142 
(90/52 36.6%/58.4)

356 10 y

Retromolar area Split bone block technique 3328 
(1321/2007/57.8)

– 10 y

Mandibular ramus or the 
mental symphysis

ABB with a titanium mesh or a 
titanium plate

41 
(13/28 48.5±10.6)

82 10 y

Autologous bone block from 
the mandibular ramus + 
anorganic bovine bone + 
collagen membrane

Split bone block technique and 
particulate autogenous bone 
and anorganic bone graft and 
collagen membrane

21 
(11/10/28.14)

21 6.09±1.18 y

Mandibular ramus Alveolar distraction osteogenesis 
and autogenous onlay bone 
grafting

28 
(21/7/55.2)

61 8.2±2.0 y

 Mandibular ramus and chin 
for small defects or ilium for 
extensive alveolar defects

Autogenous onlay bone grafting 17 
(11/6/34.56±12.84

22 47.9±13.3 m

Iliac crest and barrier 
membranes

Le Fort I osteotomy associated 
with autologous interpositional 
bone grafts, barrier membranes

20 
(5/15/58.9)

154 66.4±18.4 m

Anterior iliac crest Autogenous onlay bone grafting 
followed by Alveolar distraction 
osteogenesis

13 52 4.85 y

Cranial calvarium or iliac crest Autogenous onlay bone grafting 19 
(9/10/37.2)

49 5-15 y

Autogenous iliac crest Autogenous onlay bone grafting 
+ autogenous bone chips

16 
(5/11/55.4)

67 6 y

Iliac crest Particulate bone graft with 
added platelet-rich plasma 
(test). At the contralateral side 
(control), 1-2 blocks of bone

15 
(2/13/58)

120 5 y

Anterior iliac Group 1 bone block group 2 no 
bone graft

42 
(17/25/59.8)

306 87.3 m in the 
bone graft group 

and 
79.6 m in the 

non-bone graft 
group

Table 3. General information on vertical-guided bone regeneration.

e937433-5
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Drăgan E. and Nemţoi A.: 
Review of vertical dental restorations
© Med Sci Monit, 2022; 28: e937433

REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Effect of Graft Material

Based on the type of intervention, the largest vertical bone 
gain was noted in the ABB technique (4-7.6 mm), whereas the 
smallest augmentation was reported for one of the GBR tech-
niques: autologous particulate bone from areas adjacent to 
the implant site or collected during the implant preparation 
site and covered with resorbable collagen membranes sup-
ported by osteosynthesis plates or non-resorbable titanium, 
reinforced e-PTFE barriers (2.16 mm) [7].

When comparing intraoral with extraoral techniques, the high-
est values for the mean vertical bone gain were obtained in the 
cases in which intraoral bone blocks were used as graft material.

Effect of Location

Implants inserted in the grafted maxillae with autologous 
bone grafts in cases of severe maxillary atrophy were found 
to be just as efficient as implants installed in maxillae with-
out bone graft [12]. In some clinical GBR studies, there are no 
results regarding the influence of the surgical site (maxilla/
mandible) on the outcome.

Bone Resorption

The amount of bone resorption from implant placement was 
calculated from the top of the shoulder of the implant fixture 
to the most coronal level of direct bone-to-implant contact. 
To minimize the distortion factor on panoramic radiographs, a 
calibration procedure was performed according to the actual 
dimension of the implants. The real bone resorption amount 
was calculated using the following formula: real bone resorp-
tion amount=actual implant length radiologic bone resorption 
amount/radiologic implant length.

Recent key clinical studies assessed GBR techniques and found 
bone resorption ranged from 0.49 to 3.16 mm. Some of the 
clinical studies evaluated intraoral ABB, and results of bone re-
sorption ranged from 0.58±0.57 mm up to 2.3±1.5. For extra-
oral ABB, some of the clinical studies declared bone resorption 
ranging from 1.24±0.87 mm up to 3.1±2.21 mm. One clinical 
study reported complete resorption of the graft (105.5%) [13].

There have been clinical studies with the iliac crest [14,15] and 
with GBR [16] that showed that most of the marginal bone re-
sorption occurs during the first year of loading, whereas the ra-
diological measurements after 5 years of loading revealed only 
limited additional resorption. Zhao et al noticed a meaningful 
relationship between oral hygiene and bone resorption [17].

Patients with a history of periodontitis showed statistically 
significantly greater bone loss [9]. There were active smokers 
with complete graft resorption. No graft resorption was asso-
ciated with graft infection or graft exposure [18]. Bone gain 
and bone resorption were evaluated using cone beam com-
puted tomography only in some clinical studies [12,14,19]. In 
summary, the highest rate of bone resorption was observed 
in the extraoral bone block groups.

Graft Failure Rates

Osseointegration of the graft implies no pain or discomfort, 
graft stability at the time of implant placement, absence of in-
fection during the healing period, and absence of radiograph-
ic signs of bone graft resorption [10]. Graft failure is defined 
as the inability to insert the implant [13].

Sbordone et al assessed the differences in volumetric mea-
surements and the percentages of remaining bone in the ex-
traoral ABB and noticed a progressive resorption rate of al-
most the entire osseous graft in the maxilla and mandible, 
with resorption rates of 105.5% for the maxilla and 87% for 
the mandible [13].

Torres et al analyzed the amount of bone resorption in the 
extraoral ABB and noticed a gradual increase in marginal 
bone level over time, peaking at 11 years after surgery before 
reaching a stable value [14]. No graft resorption was associ-
ated with graft infection or graft exposure. When graft failure 
was reported, the origin was the iliac crest and the calvari-
al bone. In some studies, patients with congenital hypodon-
tia (38%) presented a small percentage of graft failure, and 
this result reflects the osteogenic potential of autologous on-
lay bone graft in such defects.

Graft failure was mentioned only in the clinical studies in which 
the bone was harvested from the iliac crest. The implant sur-
vival rate was more than 90%. Most of the studies did not 
evaluate graft failure rates, but implant failures that ranged 
from 0 to 30 implants.

Perspectives

There is a wide range of surgical techniques and graft mate-
rials described in the literature that obtain vertical bone gain. 
Therefore, our aim in this study was to analyze the literature 
from 2009 to 2022 to identify the best technique offering re-
sults for successful implant placement and long-term func-
tion. This review showed that both GBR and ABB significantly 
augment the vertical crest dimension, but the result was in-
fluenced by the type of surgery.
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The highest values for the mean vertical bone gain, 4 to 7.6 
mm, were obtained in cases in which intraoral bone blocks 
were used as graft material with the split bone block tech-
nique. The second best was 5.3 to 7 mm for autologous onlay 
bone block graft with extraoral bone block, and the third was 
2.16 to 5.16±1.8 mm for GBR.

These results generally agree with the current comparative lit-
erature on bone graft materials. One reason for this could be 
the use of the soft tissue approach tunneling technique and 
also the fact that the author did not use any artificial mem-
branes [8]. The clinical use of ABB seems to be indispensable 
for a predictable vertical reconstruction.

If we plan a standard-length implant, for a ridge less than 8 
mm, intraoral bone blocks and the split bone block technique 
is the most reliable approach to achieve vertical bone gain.

The regenerative and remodeling outcomes of block grafting 
might be influenced by the region of placement. Host vascu-
lar supply, which is the most important biological activity re-
quired for bone formation and graft integration, has been 
reported to be more extensive in the maxilla than in the man-
dible, which might be the reason for good integration during 
implant placement in the maxilla [20]. This means that bone 
augmentation is more predictable in the maxilla.

Supplementary precautions should be taken in the mandible 
to improve the vascular supply with an appropriate flap de-
sign and suture technique to avoid wound dehiscence and the 
use of autologous bone as graft material.

The highest rate of bone resorption was observed in the ex-
traoral bone block group (105.5% and 87% for the upper and 
lower arches, respectively). In the GBR and intraoral ABB tech-
niques, the results were similar, with a low rate for resorption: 
0.49 to 3.16 mm in the GBR group, and 0.58 to 2.3 mm in the 
intraoral ABB group.

The outcome of this review could be influenced by the fact 
that the included studies mixed different clinical conditions [5]. 
Most of the included studies also failed to report the initial 
bone height before implant placement. This means that the 
rate of resorption before implant placement was not consid-
ered, and this could influence our results, because bone re-
sorption was most pronounced during healing before implant 
placement [19]. These results generally agree with the current 
comparative literature. The factors that influence bone resorp-
tion can be related to the donor site, handling, size of the de-
fect, size of the graft, surgical technique, time of implant place-
ment, healing protocol, prosthetic factors, or patient-related 
factors [15]. This is an important aspect, because we have to 
choose the advocated technique with minimum resorption 

and complications. Extraoral ABB should be limited to cases 
in which extensive bone augmentation is needed.

The healing period, type of bone block (monocortical, bicorti-
cal, or tricortical) and type of bone graft (particulated or bone 
block) are important factors that could influence bone resorp-
tion. For autologous bone blocks, a healing period of 3 months 
could prevent bone resorption. Also, grafted tricortical blocks 
harvested from donor sites instead of bicortical, monocortical 
cancellous, or particulated iliac blocks and grafting with bone 
blocks containing greater volumes of cortical bone might pre-
vent severe resorption [20]. These results generally agree with 
the current comparative literature.

The risk of resorption is reduced in cases of cortical bone 
blocks, but the osseointegration can be influenced owing to 
the limited revascularization and poor regeneration potential 
of the block [20].

Surgeons should consider graft resorption when planning sur-
gery. Graft failure was mentioned only in 2 studies, in which 
the bone was harvested from the iliac crest. In both studies, 
the implant survival rate was more than 90%. This agrees with 
other studies. Resorption in the iliac bone grafting group was 
significantly higher than that in the GBR group [20]. Johansson 
et al reported a mean resorption rate of 50% at onlay autoge-
nous iliac bone-grafted maxillary sites after 6 months of heal-
ing [21]. In another study, Sbordone et al reported an average 
resorption rate of 42% in iliac block grafts placed in the ante-
rior maxilla after 1 year of follow-up [22]. When comparing il-
iac to calvarium, Mertens et al showed that calvarial bone has 
significantly higher stability than iliac crest bone grafts [23].

The same factors that were attributed to bone resorption and 
mentioned above can be implicated in graft failure. Although 
there was a complete remodeling of the bone graft, the sur-
vival rate of the dental implants was at a maximum, suggest-
ing that bone graft resorption did not imply a loss of implant 
stability; this was most likely due to the preservation of os-
seointegration, at least in its apical portion, where, probably, 
only native bone was present [13].

This means that the decision to use extraoral ABB as a treat-
ment choice should be based on patient-specific considerations: 
if the cone beam computed tomography shows that sufficient 
intraoral autogenous bone can be harvested, it should be the 
preferred technique, and not extraoral ABB.

In a recent clinical study, the use of root structures derived from 
autogenous extracted teeth and ABB grafts appear to be asso-
ciated with comparable efficacy and safety outcomes for com-
bined vertical and horizontal alveolar ridge augmentation [24].
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In another study, based on microcomputed tomography analy-
sis, 2 different surgical approaches, like guided bone regener-
ation with titanium-reinforced polytetrafluoroethylene mem-
brane and guided bone regeneration with titanium mesh and 
collagen membrane, facilitated the obtention of approximate-
ly 30% of newly formed bone with the same microarchitec-
ture [25]. In this study, native bone influenced the quality and 
microarchitecture of the obtained bone, irrespective of the 
technique used [25]. This represents a very important factor 
that needs to be considered in future analysis.

Regarding the use of a membrane in the GBR technique, re-
sorbable or non-resorbable, the results are contradictory. Urban 
et al reported that resorbable membranes were more likely to 
develop complications than non-resorbable membranes [5]. 
Urban used resorbable and non-resorbable membranes that 
have been proven to exclude fibroblast-like cell ingrowth into 
the grafted defect. The reinforcement of the membrane with 
titanium strips makes it more moldable and stable for vertical 
bone augmentation, especially in large-sized defects. Moreover, 
in the authors’ experience, wound dehiscence and membrane 
exposure typically occur in the proximity of the dental struc-
tures [5]. In contrast, the results of Merli et al showed that 
there was no difference in complications when comparing re-
sorbable to non-resorbable membranes [7].

In the ABB technique, it is less common to use a membrane. 
Yu et al reported that the lower resorption rate might be ex-
plained by the use of Bio-Oss and collagen membranes to 

cover the reconstruction site [10]. De Santis et al used a bar-
rier membrane in Le Fort I osteotomy and increased the pre-
dictability of the procedure. Their results show that implant 
failure might be avoided by placing a membrane [11]. On the 
contrary, Khoury et al used autogenous bone in the form of a 
thin block in combination with autogenous chips without any 
biomaterial or membrane and found clinical volume stability 
as well as a success rate above 95% [26].

Another systematic review with a follow-up period of at least 
4 to 5 years concluded there was a trend that the onlay tech-
nique, alveolar distraction, and GBR were stable for at least 
4 to 5 years [27].

There are many factors for success in GBR, including patient 
and defect analysis, blood supply, flap passivation, mem-
brane fixation, and primary closure [27]. The timing of heal-
ing should always be greater than 6 months, and soft-tissue 
management seems to be another important factor for long-
term success [28].

Conclusions

Vertical bone augmentation is a predictable option for the re-
construction of alveolar ridges with bone deficiency. Considering 
the results from the studies included in this systematic review, 
no clear conclusions can be made regarding the superiority of 
any technique, whether GBR or ABB.
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