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Identification and Efficacy Ranking of  
Allograft and Xenograft for Extraction and  
Ridge Preservation Procedures

The objective of this network meta-analysis was to identify and rank different 
ridge preservation procedures using allograft, xenograft, or extraction only by 
dimensional changes in ridge width and height after tooth extraction. Electronic 
and hand searches of several databases were performed in September 2016 to 
identify randomized controlled trials on extraction and ridge preservation with 
3 to 7 months of follow-up. Eight studies were included in the network meta-
analysis. The total number of teeth included in these trials was 466, which were 
randomly assigned to treatment groups. The effect sizes of ridge width ranged 
from −2.01 (credibility interval [CrI]: −2.92 to −1.04) for the least efficacious 
treatment (extraction only) to −0.21 (CrI: −2.09 to 1.67) for the most efficacious 
treatment (xenograft with barrier). For height, they ranged from −0.35 (CrI: −3.82 
to 3.17) for the most efficacious treatment (freeze-dried bone allograft with 
barrier) to −1.11 (CrI: −6.21 to 3.88) for the least efficacious treatment (extraction). 
No significant difference was detected between treatments nor inconsistency 
between the direct and indirect estimates. None of the selected interventions 
were statistically significant compared with any other treatment. All treatment 
options resulted in minimal bone loss in alveolar ridge width and height. Int J 
Periodontics Restorative Dent 2017;37:e253–e260. doi: 10.11607/prd.3323

Tooth extraction—with subsequent 
bone resorption and healing—
results in alveolar bone atrophy 
and dimensional changes among 
treated patients.1 Schropp et al2 
demonstrated that an extraction 
site in a human will lose about 50% 
of its width, which is equal to 4.5 
to 6.1 mm, during the 12-month 
postextraction period.2,3 Another 
study by Nevins et al4 revealed an 
average of 5.2 mm bone loss in buc-
cal ridge height when the extracted 
tooth had prominent roots and a 
thin buccal plate. According to the 
experimental studies that showed 
the changes in the alveolar ridge 
after extraction, resorption of bone 
walls may occur in two parts. The 
first part is a vertical reduction of the 
alveolar ridge due to bundle bone 
resorption and formation of woven 
bone.1–3 The second part involves 
resorption in the outer surface of 
the buccal bone walls, resulting in 
horizontal reduction of the alveolar 
ridge.1–3 The changes in the alveolar 
ridge dimensions following tooth 
extraction may significantly affect 
the ability to place implants in their 
ideal position.1–6 

Different treatment options have 
been used to prevent alveolar ridge 
collapse or to reconstruct deficient 
residual edentulous ridges.7 Among 
those is the ridge preservation pro-
cedure to maintain the dimensions 
of the alveolar ridge. Several studies 
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showed that grafted sockets had a 
smaller dimension loss compared to 
nongrafted sockets.2–4,6 Nongrafted 
sites lost 2 to 6 mm in alveolar ridge 
width, mainly in the buccal wall, and 
1 mm of ridge height. On the other 
hand, grafted sites showed a width 
loss of < 2 mm and a height loss of 
< 0.5 mm.4

Several biocompatible materials 
were tested for the ridge preserva-
tion procedures with membrane 
alone or membrane plus graft.1 
These materials are best used im-
mediately after extraction to pre-
serve the alveolar bone and to 
ensure formation of alveolar bone 
in the extraction sites. Although 
autogenous bone has been used in 
the extraction socket to enable ideal 
implant placement,1 donor site mor-
bidity and the amount of available 
bone are limitations of this graft 
type.3 Several alternative bone sub-
stitutes, such as allograft and xeno-
graft, were developed to overcome 
the disadvantages associated with 
the autogenous bone grafts. The 
objective of this systematic review 
and network meta-analysis was to 
compare the use of allograft and xe-
nograft for ridge preservation pro-
cedures, examining their effects on 
dimensional changes in width and 
height after tooth extraction.  

Materials and Methods

Criteria for Study Inclusion

This study followed the PRISMA 
statement.8 Only randomized con-
trolled trials (RCTs) that included re-
ports of 3 to 7 months of follow-up 

were considered for inclusion. Arti-
cles meeting this criterion were then 
organized by the PICO method9 in 
the following manner:

• (P) Participants: Patients with a 
nonrestorable tooth who were 
surgically treated by extraction 
alone or in combination with 
ridge preservation procedure. 

• (I) Interventions: The follow-
ing surgical procedures were 
considered: xenograft with 
barrier, demineralized freeze-
dried bone allograft (DFDBA) 
with barrier, freeze-dried bone 
allograft (FDBA) with bar-
rier, and xenograft only. RCTs 
comparing ridge preservation 
materials (ie, alloplast, autog-
enous bone, or other materi-
als such as gentamicin added 
to the xenograft/allograft) or 
RCTs explaining the compari-
son between the same bone 
grafts with different membranes 
or variations of materials not 
reported in mm were not in-
cluded in this article due to the 
impossibility of direct compari-
son with other treatments or dif-
ferent measurement methods.

• (C) Comparison: All possible 
comparisons in the included 
surgical procedures with 
extraction only as a control 
were investigated.

• (O) Outcome measures: 
Alveolar width, the change 
at the most coronal width 
measurement (expressed in 
mm), and alveolar height, the 
change at the middle height 
measurement (expressed in 
mm), were considered. 

Search Methods 

The following four electronic da-
tabases were searched for articles 
published from their inception to 
September 2016: (1) the National 
Library of Medicine (MEDLINE via 
PubMed), (2) Web of Science Con-
ference Proceedings, (3) Cochrane 
Central Register of Controlled Trials, 
and (4) Science Direct. 

The following MeSH search 
terms were used: “tooth extraction” 
OR “tooth removal” OR “socket” 
AND (“preserv$” OR “reconstruct$” 
OR “augment$” OR “fill$” OR 
“graft$” AND (“humans” AND (Clin-
ical Trial[ptyp] OR Randomized Con-
trolled Trial[ptyp])).

All references in the included 
studies were checked for cross-
references. The following journals 
were hand-searched: Journal of Clini-
cal Periodontology, Journal of Peri-
odontology, Journal of Periodontal 
Research, Clinical Oral Implants Re-
search, International Journal of Oral 
& Maxillofacial Implants, International 
Journal of Periodontics & Restorative 
Dentistry, and Clinical Implant Den-
tistry and Related Research.

The search was limited to stud-
ies dealing with human subjects 
and written in the English language. 
Two reviewers (Z.N. and W.Y.) in-
dependently searched for articles. 
Inter-reviewer reliability was 0.87. 
Discrepancies were resolved by dis-
cussion between the reviewers. 

Quality Assessment

The quality assessment of the in-
cluded studies was performed by 
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two independent reviewers (Z.N. 
and W.Y.) (Table 1). Each article has 
been assigned a risk of bias (high, 
moderate, or low) based on the 
revised recommendations of the 
CONSORT statement.10

Bayesian Network Meta-analysis 

A network meta-analysis is a statis-
tical method that uses all available 
evidence for multiple comparisons 
within a framework and maintains 
the randomization within each tri-
al.11–14 It is able to integrate any ex-
isting direct evidence with indirect 
evidence using a common refer-
ence.15 This method can provide an 
efficacy ranking among tested treat-
ments with similar clinical status.16 It 
is rarely used in the dental field, spe-
cifically in periodontology.17 There-
fore, it is considered a predictable 

and economic method for analyzing 
the performance of different alveo-
lar ridge treatment options. 

Statistical Analysis

The differences between the con-
trol and interventions were quanti-
fied using a network meta-analysis; 
all treatment options using allograft, 
xenograft, or extraction alone for 
width or height were analyzed12 (Fig 
1). A multivariable Bayesian hierarchi-
cal random effects model for mixed 
multiple-treatment comparisons was 
used with noninformative prior dis-
tributions.13 Consistency between 
the direct and indirect estimates 
was assessed by using the node-
splitting method.11 Results are pre-
sented as median effect size along 
with 95% central credibility intervals 
(CrIs). Several sensitivity analyses 

were performed to explore poten-
tial factors influencing the main ef-
fect. All analyses were performed 
using the Markov chain Monte Carlo 
simulation implemented through 
OpenBUGS software, version 3.2.2 
(OpenBUGS Foundation). A previ-
ously published OpenBUGS code 
was adapted for this analysis.13

Results

Of the 821 articles identified, 675 
were excluded based on the title or 
abstract during the first screening 
phase as they were not related to 
dentistry. An additional 117 articles 
were excluded on closer review. In 
the second phase, 8 full manuscripts 
of 29 were included for network 
meta-analysis. Figure 2 shows the 
network of studies that were cho-
sen. Most of the studies contained 

Table 1 CONSORT-Based Quality Analysis of the Included Studies

Study

Sample size 
calculation 

(0–2)

Randomization 
and allocation 
concealment 

(0–2)

Clear definition 
of inclusion/

exclusion criteria 
(0–1)

Completeness 
of follow-up 

(0–1)

Experimental and 
control groups 

comparable  
(0–2)

Presence 
of masking 

(0–2)

Appropriate 
statistical 
analysis  

(0–2)
Estimated 
risk of bias

Barone  
et al1

0 2 1 1 2 1 2 High

Cardaropoli 
et al18

2 2 1 1 2 2 2 Low

Iasella  
et al19 

2 2 1 1 2 1 2 Moderate

Jung  
et al20

2 2 1 1 2 0 2 High

Kotsakis  
et al21

2 1 1 1 1 1 2 Moderate

Sedeghi  
et al22

0 1 1 1 1 1 2 High 

Thalmair  
et al23

2 2 1 1 1 1 2 Moderate

Wood  
et al24

2 2 1 1 1 0 2 High
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two experimental groups. How-
ever, three trials had three or more 
groups. The total number of teeth 
included in these trials was 466, and 

these were randomly assigned to a 
treatment group. Eight trials (267 
teeth) contributed to the analyses 
of width-related outcomes, while 

six trials (199 teeth) were included 
in the analyses of height outcomes. 
The average age range of the par-
ticipants was 20 to 78 years, and the 
percentage of women was 29.2 % of 
the 68 total participants. The sample 
size ranged from 6 to 24 teeth (Table 
2). 

Quality of Evidence

The quality of included trials is 
summarized in Table 1. One study 
showed only a low risk of bias.18 The 
rest were high or moderate.1,19–24 
The most frequently unsatisfied cri-
teria were sample size calculation 
and masking.

Width

None of the selected interven-
tions were found to be statistically 
significantly better than any other 
treatments (Table 3). All treatment 
options will result in loss in alveolar 
ridge width, with effect sizes ranging 
from −2.01 (CrI: −2.92, −1.04) for the 
least efficacious treatment option 
(extraction only) to −0.21 (CrI: −2.09, 
1.67) for the most efficacious (xe-
nograft with barrier). No significant 
inconsistency between direct and 
indirect estimates was detected.

Height

Although all treatment options 
were proven to reduce alveolar 
ridge height, FDBA with barrier 
was superior to all other treatments 
(Table 4), with effect sizes ranging 

Fig 2 Network of treatment comparisons for (a) width, and (b) height. Circle size reflects 
the number of participants, and line width reflects the number of direct comparisons.  
Solid lines refer to direct comparisons, while dotted lines represent indirect comparisons.
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Fig 1 PRISMA flowchart of the search strategy.
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from −0.35 (CrI: −3.82, 3.17) for the 
most efficacious treatment option 
(FDBA with barrier) to −1.11 (CrI: 
−6.21, 3.88) for the least efficacious 
(extraction only). No significant dif-

ference was detected between 
treatments, nor was any inconsis-
tency seen between the direct and 
indirect estimates.

Sensitivity Analysis

The sensitivity analysis regarding 
measurement methods did not 
show any significant change.  

Table 2 Study and Population Characteristics

Study

Treatment

Age (y)a
Female 

(%)
Duration 

(mo) Outcome Methods1 (n) 2 (n) 3 (n) 4 (n)

Barone  
et al1

Extraction 
only  
(20)

Xenograft 
+ barrier 
(20)

– – 26–69 60 7–9 Width and 
height

Reentry, 
horizontal and 
vertical mea-
surements + 
histomorpho-
metric analysis

Cardaropoli 
et al18

Extraction 
only  
(24)

Xenograft 
+ barrier 
(24)

– – 47.2 ± 12.9 
(24–71)

41.5 4 Width and 
height

Casts and 
histology

Iasella  
et al19

Extraction 
only  
(12)

Allograft 
(FDBA)  
+ barrier 
(12)

– – 51.5 ± 13.6 
(28–76)

58.3 4–6 Width Reentry at 
implant place-
ment with 
digital caliper 
and stent +  
histology

Jung  
et al20

Extraction 
only  
(10)

Xenograft 
+ barrier 
(11)

Xenograft 
+ barrier 
(10)

Alloplast  
(10)

55.3 ± 8.2 56.1 6 Width and 
height

CBCT

Kotsakis  
et al21

Extraction 
only  
(6)

Xenograft 
+ barrier 
(12)

Alloplast 
+ barrier 
(12)

42.3 ± 2.2 
(21–68)

29.2 5 Width and 
height

Clinical and 
radiographic 
measurements

Thalmair  
et al23

Extraction 
only  
(7)

Barrier 
only (8)

Xenograft 
(7)

Xenograft 
+ barrier 
(8)

46.2 
(24–72)

43.3 4 Width Impressions 
and digital 
measurements 
and superim-
position 

Sedeghi  
et al22

Xenograft 
+ barrier 
(10)

DFDBA  
+ barrier 
(10)

– – 35.35 
(21–62)

68 4–6 Width and 
height

Horizontal and 
vertical mea-
surements + 
histomorpho-
metric analysis

Wood  
et al24

Allograft 
(FDBA) 
+ barrier  
(16)

Allograft 
(DFDBA) 
+ barrier 
(16)

– – 56.7 
(20–78)

62.5 5 Width and 
height

Horizontal and 
vertical mea-
surements + 
histomorpho-
metric analysis 

n = total number of extracted teeth; FDBA = freeze-dried bone allograft; DFDBA = demineralized freeze-dried bone allograft;  
CBCT = cone-beam computed tomography. 
aAge is presented as mean ± SD, range, or both.
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Discussion

The present network meta-analysis 
compared the relative efficacy of 
several treatment options used for 
alveolar ridge preservation. In terms 
of width and height outcomes, all 
interventions were found to be simi-
lar (not statistically significant). This 
could be due to the limited number 
of trials investigating the possible 
options. However, all options were 
better than the control, treatment of 
extraction wound. 

This study examines treatment 
options that have never been di-
rectly tested in RCTs. Direct com-
parisons were made in 6 out of 9 
included studies for alveolar width 
and 3 out of 6 potential pairwise 
comparisons for height. This is im-

portant in clinical practice because 
indirect comparison of xenograft 
only with DFDBA and a barrier 
membrane showed that the first op-
tion was less effective in terms of 
width. This comparison has not yet 
been investigated in any RCTs.

Another important advantage 
of this analysis is the possibility of 
evaluating and ranking treatments. 
The probability that allograft was 
the best treatment was 40% in 
terms of height and 15% in terms of 
width (Figs 3 and 4). Extraction only 
(control) was considered the least 
effective treatment option in terms 
of alveolar ridge width and height. 
This could be because allografts 
and xenografts have been shown to 
stimulate bone growth through os-
teoconductive properties. Howev-

er, some allografts may have bone 
growth factors and bone morpho-
genic proteins, which are consid-
ered osteoinductive materials.5 In 
addition, barrier membranes are fre-
quently used in ridge preservation 
procedures to guide bone healing 
by excluding the soft tissues from 
the extraction socket and maintain-
ing space for bone regeneration.3 
These graft materials should allow 
bone cells to grow around and in-
side the socket through porosity, 
which allows cell invasion and dif-
ferentiation into active osteoblasts. 
The formed bone will be gradually 
replaced by native bone.3 

In addition to the ranking and 
probabilities, the size of the relative 
effects should be carefully inter-
preted in clinical practice. For exam-

Table 3 Effect Sizes (95% CrI) by Treatment for Bone Width at 3 to 7 Months*

DFDBA + barrier FDBA + barrier Xenograft Extraction

Xenograft with barrier −0.21 (−2.09, 1.67) −0.35 (−2.37, 1.72) −0.88 (−2.87, 1.17) −2.01 (−2.92, −1.04)

DFDBA with barrier – −0.14 (−2.14, 1.83) −0.68 (−3.42, 2.07) −1.80 (−3.78, 0.25)

FDBA with barrier – – −0.53 (−3.33, 2.24) −1.66 (−3.68, 0.38)

Xenograft only – – – −1.14 (−3.13, 0.97)

Extraction only – – – –
*Mean differences adjusted for small samples (Hedges g). 
DFDBA = demineralized freeze-dried bone allograft; FDBA = freeze-dried bone allograft; CrI = credibility interval.

Table 4 Effect Sizes (95% CrI) by Treatment for Bone Height at 3 to 7 Months

DFDBA + barrier Xenograft + barrier Extraction

FDBA with barrier −0.35 (−3.82, 3.17) −0.16 (−4.85, 4.63) −1.11 (−6.21, 3.88)

DFDBA with barrier – 0.19 (−3.13, 3.66) −0.80 (−4.36, 2.93)

Xenograft with barrier – – −0.97 (−2.45, 0.54)

Extraction – – –
Mean differences adjusted for small samples (Hedges g). 
*P = .05. 
DFDBA = demineralized freeze-dried bone allograft; FDBA = freeze-dried bone allograft; CrI = credibility interval.
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ple, xenograft with barrier—which 
ranked first for width—had a differ-
ence of only 0.21 mm, with no clini-
cal value, compared to DFDBA with 
a barrier membrane. However, both 
treatment options showed slight 
loss in bone width when the base-
line measurements were compared 
with the last follow-up. 

Most of the RCTs included in 
this review were classified as hav-
ing a moderate to high bias (7 of 8) 
(Table 1). While this will most likely 

raise concerns about the validity of 
the study results, the limited incon-
sistency for width and height indi-
cate good overall reliability of the 
results. Other considerations that 
may have had effects that should be 
considered in future analysis were 
type of extraction socket, single 
versus multicenters for presence of 
dehiscence or fenestration, clinical 
experience and who performed the 
surgical procedures, and variation in 
the included studies’ protocols.

Conclusions

Xenograft with a barrier membrane 
was potentially the most effective 
procedure for ridge width preser-
vation, while FDBA with a barrier 
membrane was the most effective 
for ridge height preservation. How-
ever, none of the selected interven-
tions were statistically significantly 
different. All treatment options re-
sulted in some degree of bone loss.

Fig 4 Rank probability curves for width.

Fig 3 Rank probability curves for height.
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