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Efficacy of Alveolar Vertical Distraction Osteogenesis and 
Autogenous Bone Grafting for Dental Implants:  
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Purpose: The aim of this study was to assess the efficacy of alveolar vertical distraction osteogenesis and 
autogenous bone grafting in terms of bone gain, bone resorption, and implant survival and success rates and 
investigate the relationship between bone gain and resorption after alveolar vertical distraction osteogenesis. 
Materials and Methods: A systematic search was done using MEDLINE, EMBASE, the Cochrane Library, 
and KoreaMed from inception to April 30, 2014. Supplementary manual searches of published full-text 
articles were also performed. Results: Searches of four electronic databases and manual searches resulted 
in 1,538 articles. After selection, four studies were included in the systematic review and meta-analysis. 
The difference in bone gain at the end of distraction or bone grafting was statistically significant (weighted 
mean difference [WMD] 1.86, 95% CI 0.03 to 3.69, P = .05; heterogeneity: I2 = 78%, P = .01). However, 
there was not a statistically significant difference between alveolar distraction osteogenesis and onlay bone 
grafting (WMD 0.30, 95% CI –0.99 to 1.59, P = .065). Bone resorption between the end of treatment and 
the time of implant placement was not statistically significant (WMD –0.12, 95% CI –1.10 to 0.85, P = .80; 
heterogeneity: I2 = 78%, P = .01). A simple equation related to bone gain and resorption after alveolar 
vertical distraction was induced from these results. Conclusion: There was not a statistically significant 
difference between alveolar distraction osteogenesis and onlay bone grafting in terms of bone gain and bone 
resorption. Int J Oral MaxIllOfac IMplants 2016;31:26–36. doi: 10.11607/jomi.4479
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Implant-supported restorations are one of the 
most effective treatment methods for oral reha-

bilitation.1–3 However, clinicians are still confronted 

with various anatomical problems. One of the most 
common problems is lower amounts of bone due 
to excessive alveolar bone loss. Many techniques 
have been developed to overcome these problems. 
Among them, bone grafting and distraction osteo-
genesis have been widely used. Both procedures 
have advantages and disadvantages.

Autogenous bone grafting has been considered 
the treatment of choice to augment bone volume of 
deficient sites because only autogenous bone has 
osteoconductive, osteoinductive, and osteogenic 
properties. Several studies reported acceptable bone 
gain and success and survival rates of dental im-
plants after bone grafts.4–7 However, some authors 
reported significant bone resorption from bone graft 
to implant placement.8–10 Wound dehiscence and 
infection are considered as causes of graft resorp-
tion.11 In fact, it is not easy to achieve tension-free 
soft tissue closure after bone grafting irrespective 
of graft materials.

Alveolar distraction osteogenesis has been used to 
correct vertical deficits of alveolar ridges before im-
plant placement since the 1990s.12–14 The most favor-
able advantages of alveolar distraction osteogenesis 
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are the simultaneous increase of soft tissue and, as 
a result, greater amounts of vertical augmentation 
than bone grafting.15,16 However, many complica-
tions have been reported, although distractor devices 
and techniques have been developed continuously.

However, to the authors’ knowledge, there are not 
any systematic reviews or meta-analyses comparing 
alveolar vertical distraction osteogenesis with bone 
grafting in terms of bone gain, bone resorption, and 
implant survival and success rates in the atrophic 
alveolar ridge. Thus, the objective of this structured 
review and meta-analysis was to evaluate the efficacy 
of alveolar vertical distraction osteogenesis and au-
togenous bone grafting in the atrophic ridges in terms 
of bone gain, bone resorption, and implant survival 
and success rates and investigate the relationship 
between bone gain and resorption after alveolar 
vertical distraction osteogenesis.

MATERIALS AND METHODS

The authors used multiple comprehensive databases 
to find literature comparing alveolar vertical distrac-
tion osteogenesis with bone grafting. This study is 
based on the Cochrane Review Methods.17

Data Source and Literature Source
A systematic literature search was conducted using 
MEDLINE, EMBASE, the Cochrane Library, and KoreaMed 
from inception to April 30, 2014. Search strategies were 
developed for each database (the search strategies are 
presented in Table 1) using the following keywords: al-
veolar bone, distraction osteogenesis, bone transplan-
tation. Mesh terms used in this study were “alveolar 
bone loss”; “jaw, edentulous”; “osteogenesis, distrac-
tion”; “alveolar ridge augmentation”; “bone lengthen-
ing”; “bone transplantation”; and “bone regeneration.” 
After the initial electronic search, the authors manually 
searched further potentially relevant published studies 
and the bibliographies from identified studies.

Study Selection
The selection of all studies was independently judged 
by two reviewers (KIY and BMC) according to the pre-
defined selection criteria. After duplicate articles were 
extracted, the title and abstract of included articles 
were reviewed, and the full text was reviewed where 
necessary.

Studies were included in this systematic review if 
they met the following inclusion criteria: (1) randomized 
and nonrandomized clinical trials, cohort studies, case 
control studies; (2) alveolar vertical distraction osteo-
genesis using intraoral distractor; (3) relevant data only 
on vertical bone augmentation; (4) implant placement 

after surgical intervention; and (5) English language re-
striction. Studies were included in the meta-analysis if 
they had comparative human studies between alveolar 
vertical distraction osteogenesis and bone graft in the 
cases of severe atrophic alveolar ridge. Patients affected 
by bone defects following ablation for cancer, as well as 
bone defects related to congenital malformations (such 
as cleft lip and palate or major craniofacial malforma-
tions) were excluded from this analysis. The cases with 
other surgical intervention related to width augmen-
tation were also excluded because it might affect the 
implant survival and success rates. It is difficult to evalu-
ate the real effect of alveolar vertical distraction osteo-
genesis on implant survival and success rates. Review 
articles and case reports were also excluded (Table 2).

Data Extraction
The following variables were extracted from studies: (1) 
year of publication, study year, and study design; (2) de-
mographic, clinical, and treatment characteristics (eg, 
number of patients and ages in the alveolar vertical dis-
traction osteogenesis and bone graft groups and follow-
up); (3) surgical protocol of bone graft; (4) latency and 
consolidation periods in the alveolar distraction osteo-
genesis; (5) the amounts of bone gain from preoperative 
state to the end of the treatment; (6) the amounts of bone 
resorption before implant placement; (7) success and sur-
vival rates of implants; and (8) method of assessment. 
Extracted data were reported by mean and standard de-
viation (SD). The two reviewers independently carried out 
data extraction from each study using a predefined data 
extraction form and cross checked the extracted data.

Assessment of Methodologic Quality
Two reviewers (KIY and BMC) independently assessed 
the methodologic qualities for each study using the 
Newcastle-Ottawa quality assessment scale. The qual-
ity of randomized controlled studies was evaluated with 
the Cochrane Collaboration’s tools for assessing risk of 
bias. All of the studies were assessed as low, high, or un-
clear. The quality of the retrospective cohort study was 
evaluated with the Newcastle-Ottawa quality assessment 
scale. It was awarded a minimum one star for each item. 
Any unresolved disagreements between reviewers were 
resolved through discussion or the review from the third 
author.

Statistical Analysis
The primary outcomes of this review were bone gain from 
the preoperative state to the end of distraction and bone 
grafting, bone resorption at the end of consolidation be-
fore implant placement, and implant survival and success 
rates. For continuous outcome, the results were expressed 
as the weighted mean differences (WMD) with 95% confi-
dence intervals (CI) using a random-effects model.
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Table 2 Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

Randomized and nonrandomized clinical trials, cohort 
studies, case control studies
Alveolar vertical distraction osteogenesis using intraoral 
distractor
Relevant data only on vertical bone augmentation
Implant placement after surgical intervention
Comparative human studies between alveolar vertical 
distraction osteogenesis and bone graft in the cases of 
severe atrophic alveolar ridge

Bone defects following ablation for cancer
Bone defects related to congenital malformations (such as 
cleft lip and palate or major craniofacial malformations)
Other surgical intervention related to width augmentation
Review articles
Case reports

Table 1 Search Strategies

Data base
Search strategy and key words  
(No. of articles) Data base

Search strategy and key words  
(No. of articles)

MEDLINE (“Alveolar Bone Loss”[Mesh]) OR “Jaw, 
Edentulous”[Mesh] (13,333)
Alveolar[tiab] OR Edentulous[tiab] (80,432)
1 OR 2 (88,017)
(“Bone Lengthening”[Mesh:NoExp]) OR 
“Osteogenesis, Distraction”[Mesh] (5,124)
“Bone Lengthening”[tiab] OR Distraction[tiab] 
(11,130)
4 OR 5 (12,699)
((“Bone Transplantation”[Mesh:NoExp]) OR 
“Alveolar Ridge Augmentation”[Mesh]) OR “Bone 
Regeneration”[Mesh:NoExp] (34,874)
“bone graft”[tiab] OR “Bone Grafting”[tiab] OR 
“Alveolar Ridge Augmentation”[tiab] OR “Alveolar 
Ridge Augmentations”[tiab] OR “Mandibular 
Ridge Augmentation”[tiab] OR “Mandibular 
Ridge Augmentations”[tiab] OR “Maxillary Ridge 
Augmentation”[tiab] OR “Bone Regeneration”[tiab] 
OR “Bone Transplantation”[tiab] OR “Bone 
Regenerations”[tiab] (21,221)
7 OR 8 (44,785)
6 OR 9 (55,798)
10 AND 3 (5,432)
3 AND 6 (538)

Cochrane MeSH descriptor: [Alveolar Bone Loss] explode all 
trees (854)
MeSH descriptor: [Jaw, Edentulous] explode all 
trees (379)
Alveolar or Edentulous:ti,ab,kw (Word variations 
have been searched) (3,835)
#1 or #2 (1,108)
#3 or #4 (3,835)
MeSH descriptor: [Bone Lengthening] this term only 
(12)
MeSH descriptor: [Osteogenesis, Distraction] 
explode all trees (61)
#6 or #7 (72)
“Bone Lengthening” or Distraction:ti,ab,kw (Word 
variations have been searched) (731)
#8 or #9 (731)
#5 and #10 (23)
MeSH descriptor: [Bone Transplantation] this term 
only (687)
MeSH descriptor: [Alveolar Ridge Augmentation] 
explode all trees (199)
MeSH descriptor: [Bone Regeneration] this term 
only (427)
#12 or #13 or #14 (1,018)
“bone graft” or “Bone Grafting” or “Alveolar Ridge 
Augmentation” or “Alveolar Ridge Augmentations” 
or “Mandibular Ridge Augmentation” or “Mandibular 
Ridge Augmentations” or “Maxillary Ridge 
Augmentation” or “Bone Regeneration” or “Bone 
Transplantation” or “Bone Regenerations”:ti,ab,kw 
(Word variations have been searched) (1,573)
#15 or #16 (1,573)
#10 or #17 (2,288)
#5 and #18 (640)
#11/Trials (19)
#19/Trials (591)

Embase ‘alveolar bone loss’/exp OR ‘edentulousness’/exp 
OR ‘alveolar bone’/exp OR ‘mandible’/exp (45,307)
Alveolar:ab,ti OR Edentulous:ab,ti (90,658)
1 OR 2 (127,270)
‘distraction osteogenesis’/exp (3,579)
‘Bone Lengthening’:ab,ti OR Distraction:ab,ti 
(12,729)
4 OR 5 (13,188)
3 AND 6 (1,414)
‘bone transplantation’/exp OR ‘bone regeneration’/
exp OR ‘bone remodeling’/exp (68,032)
‘bone graft’:ab,ti OR ‘Bone Grafting’:ab,ti OR 
‘Alveolar Ridge Augmentation’:ab,ti OR ‘Alveolar 
Ridge Augmentations’:ab,ti OR ‘Mandibular 
Ridge Augmentation’:ab,ti OR ‘Mandibular 
Ridge Augmentations’:ab,ti OR ‘Maxillary Ridge 
Augmentation’:ab,ti OR ‘Bone Regeneration’:ab,ti 
OR ‘Bone Transplantation’:ab,ti OR ‘Bone 
Regenerations’:ab,ti (23,212)
8 OR 9 (73,571)
10 OR 6 (84,882)
11 AND 3 (8,854)

KoreaMED Alveolar[ALL] (1,536)
“Edentulous”[ALL] OR “Alveolar Bone Loss”[MH] OR 
“Jaw, Edentulous”[MH] (282)
1 OR 2 (1,700)
“Bone Lengthening”[ALL] OR “Osteogenesis, 
Distraction”[ALL] OR Distraction[ALL] (342)
3 AND 4 (86)
“bone graft”[ALL] OR “Bone Transplantation”[ALL] 
OR “Alveolar Ridge Augmentation”[ALL] OR”Bone 
Regeneration”[ALL] OR “Bone Grafting”[ALL] 
OR “Mandibular Ridge Augmentation”[ALL] OR 
“Maxillary Ridge Augmentation”[ALL] (1,388)
4 OR 6 (1,677)
3 AND 7 (194)
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Heterogeneity was assessed between studies by quan-
tifying the influence of heterogeneity using the I2 statis-
tic and scrutinizing the forest plots. If heterogeneity was 
detected, the authors planned to examine the possible 
causes of statistical or clinical heterogeneity using sub-
group analysis. Preplanned subgroup analyses were the 
type of bone graft, such as inlay, onlay graft, and guided 
bone regeneration.

Publication bias was not assessed in this meta-analysis 
because of the low statistical power. Tests for publication 
bias are generally only performed when at least 10 stud-
ies are included in the meta-analysis, and this analysis 
only included four studies.

The data were analyzed using Review Manager soft-
ware (RevMan version 5.3, The Nordic Cochrane Center, 
The Cochrane Collaboration).

RESULTS

Identification of Studies
Searches of the databases resulted in 1,538 articles (Fig 
1). Of these, 1,460 publications were excluded, as it was 
clear from the title and abstract that they did not fulfill 
the selection criteria. For the remaining 60 articles, full 
manuscripts were obtained, and following scrutiny of 

these, four potentially relevant studies were identified. 
Fifty-six publications were excluded for the following rea-
sons: case reports, ablative tumor surgery, without any 
information about implants, without implant treatment, 
impossible to extract nontumor cases, using distraction 
implants because of no consolidation periods, using orth-
odontic screws because of alveolar orthodontic reposi-
tioning during distraction, or without comparing with 
bone graft.

Therefore, four studies were included in the present 
study (Table 3).18–21

Chiapasco et al subdivided the guided bone regen-
eration (GBR) group into subgroup 1A (vertical GBR with 
immediate placement of implants) and subgroup 1B 
(vertical GBR with delayed placement of implants).18 In 
subgroup 1B, implants were inserted 6 to 7 months after 
surgery. The other comparative studies divided patients 
into a bone graft group and an alveolar vertical distrac-
tion osteogenesis group. After the waiting periods rang-
ing from 3 to 8 months, implants were placed into desired 
position in the other comparative studies. So, the data of 
subgroup 1B were again used for meta-analysis (Table 3).

Quality of the Included Studies
The quality of randomized controlled studies had low 
risk of bias in random sequence generation, allocation 

Fig 1  PRISMA flow diagram of the study selection process.
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concealment, blinding of outcome assessment, incom-
plete outcome data, and selective reporting (Fig 2). The 
retrospective cohort study did not reach the maximum 
score of the Newcastle-Ottawa quality assessment scale 
(selection: representativeness of the exposed cohort, 
selection of the nonexposed cohort, ascertainment of 
exposure, demonstration that outcome of interest was 
not present at the start of the study; comparability: com-
parability of cohorts on the basis of design; outcome: 
assessment of outcome, was follow-up long enough 
for outcomes to occur, and adequacy of follow-up of 
cohorts).

Study Characteristics and Patient 
Populations
Four papers reported on comparison studies between 
alveolar vertical distraction osteogenesis and bone graft 
or guided bone regeneration followed by implant place-
ment and prosthetic loading.18–21 Alveolar vertical dis-
traction osteogenesis was compared with inlay bone 
graft harvested from the medial surface of the anterior 
ilium in one paper20; vertical onlay bone graft was har-
vested from the mandibular ramus in two papers (one 
used corticocancellous bone,19 and the other used cor-
tical block bone21); and vertical GBR with particulated 

corticocancellous autogenous bone was harvested from 
the mandibular ramus and symphysis in one paper.18 All 
of the studies used intraoral extraosseous distractors.

Three were randomized controlled studies,18–20 and 
one was a retrospective cohort study.21 All the patients 
were randomly assigned to two different groups in all the 
prospective comparative studies.

Thirty-eight patients received alveolar vertical distrac-
tion osteogenesis, and 47 patients received bone graft 
(Table 2). The exclusion criteria of the four comparative 
studies were similar: (1) vertical defects of the edentulous 
ridge associated with a severe knife-edge ridge; (2) bone 
defect following tumor resection; (3) tobacco abuse; (4) 
history of radiotherapy in the head and neck region; (5) 
chemotherapy for treatment of malignant tumors at the 
time of the surgical procedure; (6) noncompensated di-
abetes, severe renal and liver disease, and alcoholism; 
(7) poor oral hygiene; (8) mucosal disease such as lichen 
planus; (9) active periodontal disease; and (10) noncom-
pliance.18-21 Tobacco abuse was determined to be 15 ciga-
rettes per day in three papers18–20 and 10 cigarettes per 
day in a retrospective study.21

The latency period after placement of the intraoral 
distractor was 5 to 7 days. Distraction of 0.5 to 1.0 mm/
day (subdivided into two activations of 0.5 mm every 12 

Table 3 Comparative Studies Between Alveolar Vertical Distraction Osteogenesis and Bone Graft in  
this Review and Meta-Analysis

Study 
Study 
years

Study  
type Distractor

Type of bone 
graft 

No. of patients Bone gain (mm) Bone resorption (mm) Follow-up periods from the start of prosthetic loading

Alveolar vertical 
distraction Bone graft

At the 
end of 

distraction
At the end 

of graft

Between 
the end of 

consolidation 
and the time 

of implant 
placement

Between the 
end of 

graft and the 
time of implant 

placement 
Alveolar vertical  

distraction Bone graft

Male Female Total Male Female Total 
(Mean ± 

SD)
(Mean ± 

SD) (Mean ± SD) (Mean ± SD) Range Mean ± SD Range  Mean ± SD

Chiapasco et al 
(2004)18: delayed 
group only 

1998– 
2000

Prospective Intraoral 
extraosseous 
(Gerüber Martin)

Vertical GBR with 
ramus, ramus + 
chin bone

– – 10 – – 5 6.5 ± 1.4 4.9 ± 0.9 0.37 ± 0.4 1.35 ± 0.9 18–54 mo 29 mo 18–48 mo 29 mo

Chiapasco et al 
(2007)19

2001– 
2002

Prospective Intraoral 
extraosseous 
(Gerüber Martin)

Onlay bone 
graft with ramus 
(corticocancellous 
bone)

6 3 9 2 6 8 5.3 ± 1.6 5.0 ± 1.1 0.3 ± 0.3 0.6 ± 0.7 36–48 mo 41.3 mo 24–48 mo 38 mo

Bianchi et al 
(2008)20

2000– 
2003

Prospective 3 cases: intraoral 
extraosseous (Track 
1.5; Gerüber Martin) 
1 case: Al-Mar 
(Cizeta)
1 case : LactoSorb 
(Walter Lorenz 
Surgical)

Inlay bone graft 
with iliac bone

3 2 5 2 4 6 10.4 ± 2.6 6.1 ± 0.6 2.0 ± 1.2 0.9 ± 0.2 18–38 mo 28.8 ± 6.6 mo 18–48 mo 26.7 ± 10.3 mo

Kim et al (2013)21 1995– 
2005

Retrospective Intraoral 
extraosseous (Track 
1.5; Gerüber Martin)

Onlay bone 
graft with ramus 
(cortical bone 
block)

9 5 14 21 7 28 8.4 ± 2.6 6.5 ± 2.3 0.8 ± 0.3 0.4 ± 0.4 5.2–10.4 y 7.1 ± 1.7 y 5.6–12.2 y 8.2 ± 2.0 y

Chiapasco et 
al (2004)18: 
immediate group 
only

1998– 
2000

Prospective Intraoral 
extraosseous 
(Gerüber Martin)

Vertical GBR with 
ramus, ramus + 
chin bone

– – – – – 6 – 4.5 ± 1.3 – – – 30–48 mo 41 mo
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hours) was performed until the desired amounts of dis-
traction were obtained in most studies.18–21 The distractor 
was maintained in position for 2 to 4 months to obtain 
maturation of the new callus in most cases.18–20 The dis-
traction device was kept in the position for an average of 
3.7 months (range, 3.1 to 8.4 months) in a retrospective 
study.21

Implant Survival and Success Rates
In total, 38 patients received 112 implants after alveolar 
vertical distraction osteogenesis, and 47 patients received 
126 implants after autogenous bone grafting. Follow-up 
periods from the start of prosthetic loading were not dif-
ferent for each group (Table 4).

Mean implant survival rates to 1 year were 100% in 
the alveolar vertical distraction osteogenesis group and 
98.9% in the bone graft group. Mean survival rates were 
decreased by time. Mean implant survival rates to 2 and 
3 years were 99.4% and 98.4% in the alveolar vertical dis-
traction osteogenesis group and 97.6% and 96.7% in the 
bone graft group (Table 4). Mean implant success rates 
were lower than survival rates. Implant success rates to 
1, 2, and 3 years were 100%, 96.1%, and 94.4% in the al-
veolar vertical distraction osteogenesis group and 86.4%, 
89.3%, and 82.3% in the bone graft group (Table 3).

Bone Gain
The average amount of bone gain from the preoperative 
state to the end of distraction was 7.65 mm. The average 
amount of bone gain from the preoperative state to the 
end of grafting was 5.83 mm. In the randomized con-
trolled studies, the average amount of bone gain in the 

Table 3 Comparative Studies Between Alveolar Vertical Distraction Osteogenesis and Bone Graft in  
this Review and Meta-Analysis

Study 
Study 
years

Study  
type Distractor

Type of bone 
graft 

No. of patients Bone gain (mm) Bone resorption (mm) Follow-up periods from the start of prosthetic loading

Alveolar vertical 
distraction Bone graft

At the 
end of 

distraction
At the end 

of graft

Between 
the end of 

consolidation 
and the time 

of implant 
placement

Between the 
end of 

graft and the 
time of implant 

placement 
Alveolar vertical  

distraction Bone graft

Male Female Total Male Female Total 
(Mean ± 

SD)
(Mean ± 

SD) (Mean ± SD) (Mean ± SD) Range Mean ± SD Range  Mean ± SD

Chiapasco et al 
(2004)18: delayed 
group only 

1998– 
2000

Prospective Intraoral 
extraosseous 
(Gerüber Martin)

Vertical GBR with 
ramus, ramus + 
chin bone

– – 10 – – 5 6.5 ± 1.4 4.9 ± 0.9 0.37 ± 0.4 1.35 ± 0.9 18–54 mo 29 mo 18–48 mo 29 mo

Chiapasco et al 
(2007)19

2001– 
2002

Prospective Intraoral 
extraosseous 
(Gerüber Martin)

Onlay bone 
graft with ramus 
(corticocancellous 
bone)

6 3 9 2 6 8 5.3 ± 1.6 5.0 ± 1.1 0.3 ± 0.3 0.6 ± 0.7 36–48 mo 41.3 mo 24–48 mo 38 mo

Bianchi et al 
(2008)20

2000– 
2003

Prospective 3 cases: intraoral 
extraosseous (Track 
1.5; Gerüber Martin) 
1 case: Al-Mar 
(Cizeta)
1 case : LactoSorb 
(Walter Lorenz 
Surgical)

Inlay bone graft 
with iliac bone

3 2 5 2 4 6 10.4 ± 2.6 6.1 ± 0.6 2.0 ± 1.2 0.9 ± 0.2 18–38 mo 28.8 ± 6.6 mo 18–48 mo 26.7 ± 10.3 mo

Kim et al (2013)21 1995– 
2005

Retrospective Intraoral 
extraosseous (Track 
1.5; Gerüber Martin)

Onlay bone 
graft with ramus 
(cortical bone 
block)

9 5 14 21 7 28 8.4 ± 2.6 6.5 ± 2.3 0.8 ± 0.3 0.4 ± 0.4 5.2–10.4 y 7.1 ± 1.7 y 5.6–12.2 y 8.2 ± 2.0 y

Chiapasco et 
al (2004)18: 
immediate group 
only

1998– 
2000

Prospective Intraoral 
extraosseous 
(Gerüber Martin)

Vertical GBR with 
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chin bone
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Fig 2  The Cochrane Collaboration’s tools for assessing risk of 
bias for prospective studies.

R
an

do
m

 s
eq

ue
nc

e 
ge

ne
ra

ti
on

 (s
el

ec
ti
on

 b
ia

s)

Al
lo

ca
ti
on

 c
on

ce
al

m
en

t 
(s

el
ec

ti
on

 b
ia

s)

B
lin

di
ng

 o
f 
pa

rt
ic

ip
an

ts
 a

nd
 

pe
rs

on
ne

l (
pe

rf
or

m
an

ce
 b

ia
s)

B
lin

di
ng

 o
f 
ou

tc
om

e 
as

se
ss

m
en

t 
(d

et
ec

ti
on

 b
ia

s)

In
co

m
pl

et
e 

ou
tc

om
e 

da
ta

 
(a

tt
ri
ti
on

 b
ia

s)

S
el

ec
ti
ve

 r
ep

or
tin

g 
 

(r
ep

or
ti
ng

 b
ia

s)

Bianchi A 2008 + + – + + +

Chiapasco M 2004 + + – + + +

Chiapasco M 2007 + + – + + +

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



32 Volume 31, Number 1, 2016

Yun et al

distraction groups was 7.4 mm; the average amount of 
bone gain in the bone graft groups was 5.5 mm (Table 3).

When comparing bone gain at the end of distraction or 
bone grafting in the randomized controlled studies, there 
was a statistically significant difference (WMD 1.86, 95% CI 
0.03 to 3.69, P = .05; heterogeneity: I2 = 78%, P = .01) (Table 
5). However, there was not a statistically significant differ-
ence between alveolar distraction osteogenesis and onlay 

bone grafting (WMD 0.30, 95% CI –0.99 to 1.59, P = .065). 
The retrospective cohort study also showed a statistical-
ly significant difference (WMD 1.90, 95% CI 0.29 to 3.51, 
P = .02) (Table 5).

Bone Resorption
The average amount of bone resorption between the 
end of consolidation and the time of implant placement 

Table 5 Bone Gain from Preoperative State to the End of Distraction or Bone Graft

Alveolar vertical 
distraction Bone graft

Weight

Mean difference
IV, Random, 95% 

CI
Mean difference IV,  

Random, 95% CIMean SD Total Mean SD Total

A. RCT

2.1.1 inlaya

Bianchi et al 
(2008)20

10.4 2.6 5 6.1 0.6 6 25.8% 4.30 [1.97, 6.63]

Subtotal (95% CI) 5 6 25.8% 4.30 [1.97, 6.63]

2.1.2 onlayb

Chiapasco et al 
(2007)19

5.3 1.6 9 5 1.1 8 36.3% 0.30 [–0.99, 1.59]

Subtotal (95% CI) 9 8 36.3% 0.30 [–0.99, 1.59]

2.1.3 GBRc

Chiapasco et al 
(2004)18

6.6 1.3 10 4.9 0.9 5 37.9% 1.70 [0.57, 2.83]

Subtotal (95% CI) 10 5 37.9% 1.70 [0.57, 2.83]

Total (95% CI)d 24 19 1.86 [0.03, 3.69]

B. Cohorte

Kim et al (2013)21 8.4 2.6 14 6.5 2.3 28 100% 1.90 [0.29, 3.51]

Total (95% CI) 14 28 100% 1.90 [0.29, 3.51]

aHeterogeneity: Not applicable.
Test for overall effect: Z = 3.62 (P = .0003).
bHeterogeneity: Not applicable.
Test for overall effect: Z = 0.45 (P = .65).
cHeterogeneity: Not applicable.
Test for overall effect: Z = 2.95 (P = .003).
dHeterogeneity: Tau2 = 1.96; Chi2 = 8.97; df = 2 (P = .01); I2 = 78%.
Test for overall effect: Z = 2.00 (P = .05).
Test for subgroup differences: Chi2 = 8.97; df = 2 (P = .01); I2 = 77.7%.
eHeterogeneity: Not applicable.
Test for overall effect: Z = 2.32 (P = .02).

 -10  -5 0  5 10

Favors  
(bone graft)

Favors  
(alveolar vertical 

distraction)

Table 4 Implant Survival and Success Rates

Study

Implant survival rates  
(%) to 1 y

Implant survival rates  
(%) to 2 y

Implant survival rates  
(%) to 3 y

Implant success rates  
(%) to 1 y

Implant success rates  
(%) to 2 y

Implant success rates  
(%) to 3y

Alveolar 
vertical 

distraction
Bone 
graft

Alveolar 
vertical 

distraction
Bone 
graft

Alveolar 
vertical 

distraction
Bone 
graft

Alveolar 
vertical 

distraction
Bone  
graft

Alveolar 
vertical 

distraction
Bone  
graft

Alveolar 
vertical 

distraction
Bone  
graft

Chiapasco et al 
(2004)18  
delayed group only 

100 100 100 100 100 100 100 83.3 100 83.3 94.1 75

Chiapasco  
et al (2007)19

100 100 100 100 100  100 100 89.5 94.7 89.5 94.7  89.5

Bianchi et al (2008)20 – – 100 100 – – – – 93.7 ± 8.6 95.2 ± 6.2 – –

Kim et al (2013)21 100 96.7º 97.6 90.2 95.1 90.2 – – – – – –

Chiapasco  
et al (2004)18 
immediate group only

– 100 – 100 – 100 – 84.6 – 76.9 – 61.5
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was 0.9 mm. The average bone resorption between the 
end of grafting and the time of implant placement was 
0.81 mm. In the randomized controlled studies, the av-
erage amount of bone resorption between the end of 
consolidation and the time of implant placement was 
0.9 mm; the average bone resorption between the end of 
grafting and the time of implant placement was 0.95 mm 
(Table 3).

There was no statistically significant difference 
between alveolar distraction osteogenesis and bone 
grafting in terms of bone resorption between the end 
of treatment and the time of implant placement (WMD 
–0.12, 95% CI –1.10 to 0.85, P = .80; heterogeneity: 
I2 = 78%, P = .01) (Table 6). However, there was a statisti-
cally significant difference between alveolar distraction 
osteogenesis and inlay bone grafting (WMD –0.98, 95% 

Table 4 Implant Survival and Success Rates

Study

Implant survival rates  
(%) to 1 y

Implant survival rates  
(%) to 2 y

Implant survival rates  
(%) to 3 y

Implant success rates  
(%) to 1 y

Implant success rates  
(%) to 2 y

Implant success rates  
(%) to 3y

Alveolar 
vertical 

distraction
Bone 
graft

Alveolar 
vertical 

distraction
Bone 
graft

Alveolar 
vertical 

distraction
Bone 
graft

Alveolar 
vertical 

distraction
Bone  
graft

Alveolar 
vertical 

distraction
Bone  
graft

Alveolar 
vertical 

distraction
Bone  
graft

Chiapasco et al 
(2004)18  
delayed group only 

100 100 100 100 100 100 100 83.3 100 83.3 94.1 75

Chiapasco  
et al (2007)19

100 100 100 100 100  100 100 89.5 94.7 89.5 94.7  89.5

Bianchi et al (2008)20 – – 100 100 – – – – 93.7 ± 8.6 95.2 ± 6.2 – –

Kim et al (2013)21 100 96.7º 97.6 90.2 95.1 90.2 – – – – – –

Chiapasco  
et al (2004)18 
immediate group only

– 100 – 100 – 100 – 84.6 – 76.9 – 61.5

Table 6 Bone Resorption at the End of Consolidation or Graft Before Implant Placement

Alveolar vertical 
distraction Bone graft Mean difference

IV, Random, 95% CI
Mean difference IV,  

Random, 95% CIMean SD Total Mean SD Total Weight

A. RCT

2.1.1 inlaya

Bianchi et al 
(2008)20

2 1.2 5 0.9 0.2 6 28.5% 1.10 [0.04, 2.16]

Subtotal (95% CI) 5 6 28.5% 1.10 [0.04, 2.16]

2.2.2 onlayb

Chiapasco et al 
(2007)19

.03 0.3 9 0.6 0.7 8 38.5% –0.30 [–0.82, 0.22]

Subtotal (95% CI) 9 8 38.5% –0.30 [–0.82, 0.22]

2.2.3 GBRc

Chiapasco et al 
(2004)18

0.37 0.4 10 1.35 0.9 5 33.0% –0.98 [–1.81, –0.15]

Subtotal (95% CI) 10 5 33.0% –0.98 [–1.81, –0.15]

Total (95% CI)d 24 19 100.0% –0.12 [–1.0, 0.85]

B. Cohorte

Kim et al (2013)21 0.8 0.3 14 0.4 0.4 28 100.0% 0.40 [0.18, 0.62]

Total (95% CI) 14 28 100.0% 0.40 [0.18, 0.62]
aHeterogeneity: Not applicable.
Test for overall effect: Z = 2.03 (P = .04).
bHeterogeneity: Not applicable.
Test for overall effect: Z = 1.12 (P = .26).
cHeterogeneity: Not applicable.
Test for overall effect: Z = 2.32 (P = .02).
dHeterogeneity: Tau2 = 0.57; Chi2 = 9.21; df = 2 (P = .010); I2 = 78%.
Test for overall effect: Z = 0.25 (P = .80).
Test for subgroup differences: Chi2 = 9.21; df = 2 (P = .010); I2 = 78.3%.
eHeterogeneity: Not applicable.
Test for overall effect: Z = 3.63 (P = .0003).

 -4  -2 0  2 4
Favors  

(bone graft)
Favors  

(alveolar vertical 
distraction)
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CI –1.81 to –0.15, P = .02) and GBR (WMD –0.98, 95% 
CI –1.81 to –0.15, P = .002) (Table 6). The retrospective 
cohort study also showed a statistically significant differ-
ence (WMD 0.40, 95% CI 0.18 to 0.62, P = .0003) (Table 6).

Relationship Between Bone Gain and Bone 
Resorption After Alveolar Vertical Distraction
When comparing bone gain at the end of distraction, 
the mean amounts of bone gain after 8.4 mm distrac-
tion were 1.27 times more than those after 6.5 mm 
distraction. However, when comparing bone resorp-
tion between the end of treatment and the time of 
implant placement, the amounts of bone resorption 
after 8.4 mm distraction were 2.16 times more than 
those after 6.6 mm distraction. When the amount of 
distraction was 10.4 mm, the amounts of bone gain 
increased 1.24 times, and the amounts of bone resorp-
tion increased 2.5 times more than those after 8.4 mm 
distraction (Table 7). The rates of bone resorption also 
increased according to the amounts of distraction. 
When the bone was distracted to 6.5 mm, 8.4 mm, and 
10.4 mm, the rates of bone resorption were 5.7%, 9.5%, 
and 19.2% (Table 7). A simple graph and equation 
could be induced based on these results (Fig 3).

DISCUSSION

Dental rehabilitation with oral implants has become a 
routine treatment for decades with reliable long-term 
results.22,23 However, in the case of insufficient vol-
ume of the alveolar ridge due to atrophy and trauma, 
additional surgery can be required to augment this 
condition. Various bone augmentation techniques 
have been developed to overcome these anatomical 
problems: (1) osteoinduction with growth factors, (2) 

guided bone regeneration, (3) distraction osteogenesis, 
(4) reconstruction with allografts, (5) reconstruction 
with autogenous bone grafts, and (6) reconstruction 
with revascularized free flaps.22,23

Among them, bone graft and distraction osteogenesis 
have been widely used. Graft types are classified into 
autogenous graft, allograft, xenograft, and synthetic 
graft. Autogenous bone has been considered as a gold 
standard in grafting materials because it is the only 
source of viable osteoprogenitor cells.24 However, autog-
enous graft has some disadvantages, such as additional 
surgical sites required for harvesting the graft, donor 
site morbidity, and unpredictable resorption rate.24

New bone after alveolar distraction osteogenesis is 
also induced by viable host cells such as autogenous 
bone graft. The advantage of alveolar distraction osteo-
genesis is the simultaneous increase of soft tissue.15,16 
However, this technique also has many complications 
related to the distraction device and insufficient bone 
formation.25

However, there were a small number of comparative 
studies of both techniques, although there were a lot 
of controversies. This is because the publications had 
insufficient methodologic quality, such as inadequate 
sample size, absence of randomization, and lack of 
well-defined exclusion and inclusion criteria.22 The 
articles included in the present study were also small, 
but three articles were prospective studies with good 
randomization and well-defined exclusion and inclu-
sion criteria. A retrospective cohort study included in 
this study also had well-defined exclusion and inclu-
sion criteria, although it had an inherent flaw such as 
outcome misclassification.

This systematic review showed that the amounts of 
bone resorption were related to the amount of distrac-
tion. The more bone was distracted, the more bone was 

Table 7 Mean Amounts of Bone Gain and Bone 
Resorption After Alveolar Vertical 
Distraction Osteogenesis

Study

Mean bone 
gain after 
distraction 

(mm)

Mean bone 
resorption after 

distraction 
(mm)

Resorption 
rate (%)

Chiapasco  
et al (2007)19

5.3 0.3 5.7

Chiapasco  
et al (2004)18 
delayed group only

6.5 0.37 5.7

Kim et al (2013)21 8.4 0.8 9.5

Bianchi  
et al (2008)20

10.4 2.0 19.2
Fig 3  Relationship between mean amounts of bone gain and 
bone resorption after alveolar vertical distraction osteogenesis.
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resorbed during consolidation periods (Table 7). The 
authors’ equation showed that the relationship between 
the amounts of bone gain and resorption is not linear. 
This result gives the evidence to previous suggestion 
related to overcorrection, although the small numbers 
of studies used in this study had implications on the 
results. Many clinicians recommended 20% to 25% 
overcorrection in vertical alveolar distraction.26–28 This 
equation also implies that if the bone is distracted more 
than 12 mm, severe amounts of bone may be resorbed.

Considering onlay bone graft, the results of bone gain 
and resorption were different between the randomized 
controlled study and retrospective cohort study. It may 
be related to grafting technique. Chiapasco et al19 used 
corticocancellous bone harvested from the mandibular 
ramus, and Kim et al21 used cortical bone block from 
the ramus. This result showed that the efficacy of bone 
gain of corticocancellous bone graft was better than 
those of block bone graft.

This study showed that there were statistically signifi-
cant differences when comparing bone gain and bone 
resorption between alveolar distraction osteogenesis 
and inlay bone graft (Tables 5 and 6). This seems to be 
related to relatively far more amounts of bone gain and 
bone resorption after alveolar distraction (Tables 5 and 
6). The absolute amounts of bone gain after inlay graft 
were not much more than those of onlay graft cases 
(Tables 5 and 6).

The amounts of bone resorption after GBR were 
much more than those of the other graft cases (Tables 
3, 4, and 6). Bone resorption was much more than those 
after distraction when bone was distracted less than 
10 mm (Tables 3, 4, and 5). Mean vertical augmenta-
tion after GBR with autogenous bone covered with 
barrier membrane was reported to be approximately 
5 mm.29–31 Mean combined crestal remodeling after 
GBR was reported to be approximately 1 mm at 12 
months.31 These results imply that distraction osteo-
genesis is more beneficial than GBR with autogenous 
bone and barrier membrane in terms of the efficiency 
of bone augmentation.

Mean implant survival rates from 1 to 3 years were 
maintained above 95% irrespective of augmentation 
techniques (Table 4). However, mean implant success 
rates were different among them. Mean success rates 
for 3 years after distraction were higher than those 
after bone graft (96.8% vs 86% excluding GBR for the 
group with immediate placement of implants; 96.8% 
vs 82.4% including GBR for the group with immediate 
placement of implants). Implant success rates of GBR 
groups were lower than the other groups (Table 4). The 
GBR group with immediate implantation especially 
showed much lower implant success rates. A delayed 
implant placement may be helpful to get higher bone-
implant contact and better stability of implants.11

CONCLUSIONS

This study showed that distraction osteogenesis and 
onlay bone graft are more beneficial than GBR with 
autogenous bone and barrier membrane in terms of 
bone gain, bone resorption, and implant success rates. 
However, it is difficult to generalize because of a very 
limited number of studies. It also showed that there 
was not a statistically significant difference between 
alveolar distraction osteogenesis and onlay bone graft 
concerning bone gain and bone resorption after treat-
ment. Therefore, economic and biologic costs and 
benefits must be carefully considered when anatomi-
cal obstacles are encountered.
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