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Abstract

Aim: The aim of this article was to systematically review histological and histomorphometrical data

from literature that provide information regarding the effect of alveolar ridge preservation

procedures on healing after tooth extraction in humans.

Materials and methods: The MEDLINE-PubMed and the Cochrane CENTRAL databases were

searched up to September 2012; 38 papers were selected from 646 founded. A meta-analysis was

performed regarding the variations in the mean percentage of Bone, Connective Tissue and

Residual Graft Material between three different types of Procedures.

Results: The highest value regarding bone percentages is produced at 3 months by Procedures

with Allografts (54.4%), while the lowest is obtained, at 5 months, by those using Xenografts

(23.6%). Referring to connective tissue, the highest and lowest values are shown at 7 months,

with Allografts (67%) and Alloplasts (27.1%), respectively. Regarding residual graft material, the

lowest rates are displayed by Procedures with Allografts (12.4–21.11%), while those using

Xenografts and Alloplasts showed the best results at 7 months (37.14 and 37.23%). No statistical

difference was found.

Conclusions: With the limitations due to the features of the selected papers, no major histological

and histomorphometrical differences arose among different procedures or when compared to

spontaneous healing. Thus, it might be argued that in preserved sites it is unnecessary to wait over

3 to 4 months prior to implant insertion.

After tooth extractions, either single or

multiple, a consequent loss in height and

width of the alveolar process always takes

place. The amount of the horizontal bone

loss is generally the greatest and occurs

mainly on the buccal plate as opposed to

the lingual/palatal aspect of the ridge,

meanwhile a subsequent reduction of verti-

cal ridge height is slighter and more pro-

nounced on the facial side as well (Araujo

& Lindhe 2005; Van der Weijden et al.

2009; Tan et al. 2012). This double resorp-

tion process of extraction sites results in

narrower and thinner ridges with a reduced

vertical height (Pinho et al. 2006) and a lin-

gual/palatal shifting of their long axis.

Many studies have shown that resorption of

the buccal plate may have devastating func-

tional and esthetical consequences as insuf-

ficient vertical and horizontal volume of

alveolar bone might eventually be present

at the extraction sites, impairing the execu-

tion of both traditional and implant sup-

ported dentures (Bartee 2001a,b; Cardaropoli

et al. 2003; Araujo & Lindhe 2005; Pinho

et al. 2006). Thus, over the past 20 years,

various surgical procedures, with different

nomenclatures, have been introduced aim-

ing both to maintain an ideal ridge profile

in aesthetic sites, and to prevent alveolar

ridge collapse, preserving adequate dimen-

sions of bone in order to facilitate correct

implant placement (Darby et al. 2008). In

fact, in many clinical studies, several meth-

ods have already been looked into, such as

socket grafting with autogenous bone grafts

(Becker et al. 1994), demineralized freeze-

dried bone allografts (DFDBA) (Becker et al.

1994, 1996; Froum et al. 2002), deprotei-

nized bovine-bone mineral (DBBM) (Artzi

et al. 2000), other xenografts, alloplasts (Se-

rino et al. 2003), and bone morphogenic pro-
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teins (BMP) (Fiorellini et al. 2005). Further-

more, guided bone regeneration (GBR) pro-

cedures with or without bone grafts, with

reabsorbable or non-reabsorbable barriers,

have also been evaluated (Lekovic et al.

1997, 1998; Iasella et al. 2003; Barone et al.

2008; Mardas et al. 2010, 2011). Conse-

quently, among clinicians, an increasing

interest has arisen regarding the concept

called “alveolar ridge preservation” (ARP),

which was defined as “any procedure under-

taken at the time of or following an extrac-

tion that is designed to minimize external

resorption of the ridge and maximize bone

formation within the socket” (Horvath

et al. 2013). Hence, since 2009 various sys-

tematic reviews have been published on

this topic, confirming the efficacy of differ-

ent “ARPs” in preventing post-extraction

dimensional changes of alveolar ridges (Ten

Heggeler et al. 2010; Vignoletti et al. 2012;

Horvath et al. 2013; Vittorini Orgeas et al.

2013). The last consensus “Osteology

Consensus Report” (Hammerle et al. 2012)

stated the indications for “ARPs” as

follows:

• Maintenance of the existing soft and hard

tissue envelope.

• Maintenance of a stable ridge volume for

optimizing functional and esthetic out-

comes.

• Simplification of treatment procedures

subsequent to the ridge preservation.

Furthermore, the authors suggest the fol-

lowing clinical recommendations:

• Raising of a flap and placement of bioma-

terials (biomaterial for ridge contouring

and/or barrier membrane).

• Primary wound closure.

• Materials with a low resorption and

replacement rate.

• Raising of flaps and placement of a

device/devices for contouring the ridge

profile.

However, a systematic assessment of the

nature and quality of the newly formed tis-

sue, with proper evaluation of histomor-

phometric data, has not been carried out.

The aim of this paper was to systemati-

cally review the literature, including RCTs,

CTs, and Case Series, searching for histologi-

cal data that provide informations on the

effect of different ARPs in patients requiring

tooth extractions in terms of residual graft,

bone, and connective tissues percentages as

compared with physiological healing pro-

cesses in untreated sites.

Materials and methods

Focused question

Considering patients treated by means of

ARPs after tooth extraction and prior to

implant insertion, are there differences in the

mean histomorphometrical values of bone,

connective tissue and graft material, if used,

among the different techniques and in com-

parison with spontaneous healing, over a

3–7 months period?

Search strategy

Up to September 2012, The National Library

of Medicine, Washington, DC (MEDLINE-

PubMed) and the Cochrane Central Register of

Controlled Trials (CENTRAL) databases were

searched, using the following free-text terms:

(fresh extraction socket OR alveolar socket)

AND (socket preservation OR alveolar ridge

preservation OR biomaterial OR graft OR

membrane OR barrier OR flap OR flap-less

OR immediate implant placement OR imme-

diate implant). Then, the terms: NOT (trauma

OR tumour OR injuries OR cancer OR cleft

lip and palate) were added to exclude any off

topic studies. This research was supplemented

by cross-checking the reference list of selected

studies and review articles, looking for addi-

tional papers that could meet the eligibility

criteria fixed for the study. Also, the so-called

“grey literature” was investigated by means of

direct contacts with authors and companies.

The inclusion criteria were as follows:

• human studies

• publications in English

• Randomized Controlled Clinical Trials,

Controlled Clinical Trials, prospective/

retrospective clinical trials or case series

with a minimum of four biopsy cores

analyzed per group

• studies describing the use of biomaterials

and/or barriers

• histomorphometrical evaluation of hard

tissues over a period of 3–7 months.

The exclusion criteria were as follows:

• animal studies

• publications reporting the same data of

later publications by the same authors

• studies describing immediate implant

placement in fresh extraction sockets

• letters, narrative or historical review.

Screening process

First, two reviewers (V.D.R., M.C.) screened

the titles and abstracts independently and

did the primary search. Subsequently, the

studies appearing to meet the inclusion cri-

teria, or those with insufficient data in the

title and abstract to make a clear decision,

were selected for evaluation of the full man-

uscript, which was carried out indepen-

dently by the same two reviewers who

determined their eligibility. Any disagree-

ment was resolved by discussion with a

third reviewer (G.V.O.). To prevent selection

bias, the reviewers were blind to the name

of the authors, institutions and journal

titles. All studies that met the inclusion cri-

teria underwent a validity assessment.The

reasons for rejecting studies at this or at

subsequent stages were recorded.Special

attention was paid to duplicate publications

to avoid the likely stronger impact of the

same data on the overall result. All refer-

ence lists of selected studies, relevant

reviews, and studies from the “grey litera-

ture” were screened for additional papers

that might have met the eligibility criteria

of this systematic review (Fig. 1).

Assessment of heterogeneity

In order to evaluate the heterogeneity of the

primary outcomes between the selected stud-

ies, the following factors were recorded

(Table 1):

• study design and setting

• duration of follow-up

• mean age (range), number and gender of

subjects

• smoking status

• surgical procedures and pharmacological

treatments

• histomorphometrical outcomes.

Quality assessment

Assessment of methodological study quality

was performed, as proposed by Van der We-

ijden et al. (Van der Weijden et al. 2009),

combining the criteria of the PRISMA-Pre-

ferred Items for Reporting of Systematic

Reviews and Meta-analysis (Liberati et al.

2009), of the CONSORT statement, of Mo-

her et al. (Moher et al. 1999, 2001), of the

MOOSE statement (Stroup et al. 2000), of

the STROBE statement (von Elm et al.

2007), of Esposito et al. (Esposito et al.

2001) and Needlemann (Needleman 1999).

This combination resulted in the quality

criteria mentioned in Table 2. A given

study was classified as low risk of bias

when the following criteria were met: (i)

random allocation, (ii) defined inclusion/

exclusion criteria, (iii) blinding to patient
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and examiner, (iv) balanced experimental

groups, (v) an identical treatment between

groups except for intervention, and (vi)

report of follow-up. When one of these six

criteria was missing the study was classi-

fied as having a moderate potential risk of

bias. When two or more of these criteria

were missing, this resulted in a high poten-

tial risk of bias. In addition, the Centre for

Evidence Based Medicine (CEBM) document

for “Levels of Evidence” was used to assess

the methodological quality of all included

studies. The Jadad score (Jadad et al. 1996)

was used to assess the quality of Random-

ized Controlled Clinical Trials.

Data extraction and analysis

Two authors (V.D.R. and A.M.) performed

the statistical analysis according to the rec-

ommendations of the Preferred Reporting

Items for Systematic Reviews and Meta-

analyses statement (Liberati et al. 2009) and

the Cochrane Handbook for Systematic

Reviews (Higginset al. 2008).

Data were extracted by two independent

examiners (V.D.R and M.C.); any disagree-

ment on the data were resolved by a third

examiner (G.V.O.). Data extracted from the

selected studies were processed for the

analysis. As outcome variables were

selected the percentage of Bone (% B), Con-

nective Tissue (% CT) and Residual Graft

Material (% RGM), if used. Mean values

and standard deviations were calculated

from the statistical examiner if only raw

data were reported.

Concerning CT and RCT, proportion meta-

analysis of both B, CT and RGM were

performed: pooled weighted means with

respective confidence interval at 95%

(CI95%) were reported.

Moreover, for each time interval, forest

plots were computed.

The Cochran v² (Cochran Q) test was used

to evaluate the between-study heterogeneity

in the different groups. If v²<0.05, heterogene-

ity was not found and fixed-effect model is

shown. On the contrary, the random-effect

model is reported. The level of significance

was set at P < 0.05.

In addition, for each outcome variable, a

description of percentage variations during

time was represented by a linear diagram and

Spearman’s Coefficient was reported to esti-

mate direct or indirect correlation.

The meta-analysis was conducted using

StatsDirect statistical software version 2.7.8

(Stats Direct Ltd, Cheshire, UK).

Results

Search results

The databases search resulted in 624 papers.

After title screening, 446 publications were

excluded for incorrect topic or language. Sub-

sequently, abstract screening resulted in 178

papers to analyze. After abstract analysis 104

articles were excluded on the basis of the

inclusion criteria; most of them were con-

cerned with socket preservation conducted

with immediate implant placement or did

not demonstrate histological measurements

as outcomes. From the reference lists and

“grey literature”, other 22 papers were

selected for abstract screening. A total of 96

full-text papers were analyzed and 38 papers

fulfilling the inclusion criteria were pro-

cessed for data extraction (Fig. 1) (Artzi et al.

2000; Froum et al. 2002, 2004; Carmagnola

et al. 2003; Fugazzotto 2003a,b; Iasella et al.

2003; Norton et al. 2003; Serino et al. 2003,

2008; Guarnieri et al. 2004; Vance et al.

2004; Luczyszyn et al. 2005; Barone et al.

2008; Cardaropoli & Cardaropoli 2008; Molly

et al. 2008; Neiva et al. 2008; Wang & Tsao

2008; Aimetti et al. 2009; Crespi et al. 2009,

2011a,b; Fotek et al. 2009; Lee et al. 2009;

Beck & Mealey 2010; Kesmas et al. 2010;

Park et al. 2010; Pelegrine et al. 2010; Chec-

chi et al. 2011; Heberer et al. 2011; Nam

et al. 2011; Nevins et al. 2011; Ruga et al.

2011; Brkovic et al. 2012; Cardaropoli et al.

2012; Clozza et al. 2012a,b; Hoang & Mealey

2012; Perelman-Karmon et al. 2012; Wood &

Mealey 2012).

Assessment of heterogeneity

The selected studies showed a considerable

heterogeneity and these characteristics are

presented in Table 1.

Study design and follow-up

Of the selected studies, 17 were Randomized

Clinical Trials (# 2–5, 7–9, 12, 13, 17, 19, 24,

26, 29, 30, 35, 37), 18 are Clinical Trials (# 1,

6, 10, 11, 14–16, 18, 20–23, 27, 28, 32–34, 36).

Moreover study # 25, 31 and 38 are Case Ser-

ies or Individual Cohort Clinical Trial. Two

studies have a Parallel design (# 33, 36) and

six have a Split-Mouth design (# 6, 8, 11, 22,

28, 34). Follow-up periods ranged between 3

Fig. 1. The PRISMA flow-chart of search results.
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Table 2. Quality assessment of selecteded studies

Validity

Study # quality

criteria

# 1 Clozza et al.

(2012a,b)

# 2 Perelman-

Karmon et al.

(2012)

# 3 Cardaropoli

et al. (2012)

# 4 Wood &

Mealey (2012)2)

# 5 Hoang &

Mealey (2012)

# 6 Crespi et al.

(2011a)

# 7 Nevins

et al.

(2011)

# 8 Crespi

et al.

(2011b)

# 9 Heberer

et al. (2011)

External Representative

population group

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Eligibility criteria

defined

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Internal Random allocation No Yes Yes Yes Yes No Yes Yes Yes

Allocation

concealment

No Yes Yes Yes Yes No No No Yes

Blinded to the

patient

No ? No No ? No No ? ?

Blinded to the

examiner

No ? Yes ? Yes ? ? ? ?

Blinding during

statistical analysis

No ? ? ? Yes ? ? ? ?

Reported loss to

follow-up

? Yes No Yes Yes Yes Yes Yes ?

# (%) of drop-outs 0? 0 0? 8 10 0 0 0 0?

Treatment identical,

except for

intervention

Na Yes Yes Yes Yes Yes Yes Yes Yes

Statistical Sample size

calculation and

power

No? No Yes Yes Yes No No Yes No

Point estimates

presented for

primary outcome

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Measures of

variability for the

primary outcome

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Intention to treat

analysis

No No No No No No No No No

Clinical

aspects

Study design CT RCT RCT RCT RCT CT – Split mouth RCT RCT – Split mouth RCT

Validated

measurement

? ? Yes ? ? ? ? ? ?

Calibration

examiner

Yes Yes Yes ? ? ? ? ? ?

Reproducibility data

shown

No No No Yes No No No No Yes

Reason for

extraction

? ? Root fracture,

periodontal

involvement,

endodontic

treatment failure

and advanced

caries

? Non-restorability,

fracture,

periodontal

disease, failed

endodontic

procedure

? ? ? ?

Local inclusion/

exclusion criteria

4 wall

architecture,

socket depth

>5 mm, no

peri-apical

lesions

At least 2 wall

maintained

No acute

periodontitis or

peri-apical lesions

Socket depth

≥10 mm, no

acute

periodontitis or

peri-apical

lesions

No buccal bone

dehiscence

extending

>50% of the

socket

No acute peri-

apical infection

? Presence of 3 bone

walls and loss of

buccal plate

No severe

periodontitis,

acute perio

lesions,

peri-apical

lesions and

severe resorbed

pockets

Estimated potential

risk of bias

High Moderate Low Moderate Low High Moderate Moderate Moderate

CEBM Level of

evidence

3 (2c) 2 (1b) 2 (1b) 2 (1b) 2 (1b) 3 (2c) 2 (1b) 2 (1b) 2 (1b)

Jadad score NA 2 2 3 3 NA 2 2 2

Validity

Study #quality

criteria

# 20 Fotek et al.

(2009)

# 21 Crespi et al.

(2009)

# 22 Molly

et al. (2008)

# 23 Wang

& Tsao (2008)

# 24 Neiva

et al. (2008)

# 25 Cardaropoli

& Cardaropoli

(2008)

# 26 Barone

et al. (2008)

# 27 Serino

et al. (2008)

# 28 Luczyszyn

et al. (2005)

External Representative

population group

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Eligibility criteria

defined

Yes Yes Yes No Yes Yes Yes Yes No

Internal Random allocation No No No No Yes ? Yes Yes ?

Allocation

concealment

No ? No No Yes ? ? ? ?

Blinded to the

patient

No ? ? No Yes ? ? ? No

Blinded to the

examiner

Yes Yes ? No Yes ? ? ? ?

Blinding during

statistical analysis

No ? ? No Yes ? ? ? ?

Reported loss to

follow-up

Yes Yes Yes Yes No No Yes Yes Yes

# (%) of drop-outs 2 (10%) 0 0 0 ? ? 0 4 (20%) 0

Treatment identical,

except for

intervention

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Statistical Sample size

calculation and

power

No ? No No Yes ? ? ? ?

Point estimates

presented for

primary outcome

No Yes Yes Yes Yes ? Yes Yes ?

Measures of

variability for the

primary outcome

No Yes Yes Yes Yes Yes Yes ? ?

Intention to treat

analysis

No ? No No No Yes ? ? ?
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# 10 Ruga

et al. (2011)

# 11 Nam et al.

(2011)

# 12 Brkovic et al.

(2012)

# 13 Checchi

et al. (2011)

# 14 Park et al.

(2010)

# 15 Beck & Mealey

(2010)

# 16 Kesmas et al.

(2010)

# 17 Pelegrine et al.

(2010)

# 18 Lee et al.

(2009)

# 19 Aimetti et al.

(2009)

? Yes Yes Yes No Yes Yes Yes Yes Yes

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No ? Yes Yes No Yes No Yes No Yes

No No ? ? No No No ? No ?

No ? ? ? No ? No ? No Yes

No ? ? Yes No ? No ? No Yes

No ? Yes ? No ? ? ? No ?

Yes Yes Yes No Yes Yes Yes No Yes ?

10 2 0 ? 0 7 2 ? 1 ?

Yes Yes Yes Yes No Yes Yes Yes Yes Yes

No No No No No Yes No No No Yes

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No No No No No No No No No No

CT CT RCT RCT CT CT CT RCT CT RCT

No ? ? ? No ? Yes ? ? Yes

No ? ? ? No ? ? ? Yes Yes

No No No Yes No No No No No No

? Advanced

periodontal

and/or

endodontic

lesion

Fracture,

endodontic

failure and

periodontal

disease.

? Severe chronic

periodontitis,

apical lesions

? Periodontal disease,

endodontic

failure, advanced

restorable caries

or tooth fracture

? Periodontally

hopeless

prognosis

Root or crown

fractures, non-

restorable caries,

residual roots

At least 3 wall

maintained

? 4 walls architecture,

socket depth

>6 mm, no active

peri-apical lesions,

No acute peri-

apical

infection

? At least 10 mm of

bony support, no

acute infection or

peri-apical lesions

Presence of defect

of the labial bone

of >1/3 of mid

width

No sockets with

severe bone loss

No peri--apical

lesions, acute

abscesses and

severe horizontal

bone resorption

4 walls architecture,

no peri-apical or

periodontal

abscesses

High Moderate Moderate Low High Moderate High Moderate High Low

3 (2c) 3 (2c) 2 (1b) 2 (1b) 2 (1b) 3 (2c) 3 (2c) 2 (1b) 3 (2c) 2 (1b)

NA NA 2 1 NA NA NA 1 NA 2

# 29 Froum

et al. (2004)

# 30 Vance

et al. (2004)

# 31 Guarnieri

et al. (2004)

# 32 Norton

et al. (2003)

# 33 Fugazzotto

(2003a,b)

# 34 Serino

et al. (2003)

# 35 Iasella

et al. (2003)

# 36 Carmagnola

et al. (2003)

# 37 Froum

et al. (2002)

# 38 Artzi

et al. (2000)

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Yes Yes Yes Yes Yes Yes Yes No Yes Yes

Yes Yes NA NA No Yes Yes ? Yes No

Yes No NA NA No ? ? ? ? No

? No ? No No ? ? ? ? No

? Yes ? No No ? Yes ? ? No

? No ? No ? ? ? ? ? No

Yes ? Yes Yes No Yes Yes No Yes ?

0 ? 0 0 ? 9 (20%) 0 ? 0 ?

Yes Yes NA NA Yes Yes Yes Yes Yes No

No No ? No No ? Yes ? ? No

Yes Yes Yes Yes Yes Yes Yes ? Yes Yes

Yes Yes Yes Yes Yes Yes Yes ? Yes Yes

No No ? No No ? ? ? ? No
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and 180 months, but only 3- to 7-month

results have been recorded for this SR and

meta-analysis.

Population epidemiology, tooth types, and
reason for extraction

The selected studies included a number of

subjects ranging between 4 and 90. Ten stud-

ies do not report the mean age of patients (# 2,

7, 11, 14, 26–28, 31, 33 and 38), while only

three do not report the age range of subjects (#

14, 23 and 30). Five studies do not report infor-

mation about gender (# 6–8, 14, 28). Reasons

for extraction are reported in 18 studies (# 3, 5,

11, 12, 14, 16, 18–20, 22, 23, 25, 27, 29, 32, 34,

36, and 37), while local criteria for inclusion/

exclusion are clearly reported in 22 papers (#

1–6, 8–10, 12, 13, 15–21, 24, 27, 31, and 38).

Most studies evaluated effects of ARPs on

anterior or single-rooted teeth. Seven studies

included molars (# 3, 6, 8, 10, 12, 21, 25), study

# 5 included only molars, eleven included all

kinds of teeth (# 9, 11, 13, 18, 22, 23, 29, 32,

34, 36 and 37). Three studies do not report any

information regarding tooth type (# 7, 14, and

33). Twenty-one studies did not include smok-

ers: twelve because of a clear exclusion criteria

(# 3, 8, 9, 16–18, 20–22, 24, 28, 33). Further-

more, studies # 26 and 32 included smokers, 5

and 3, respectively, whereas fifteen studies did

not report the smoking status of the partici-

pants (# 5, 7, 10, 11, 14, 15, 23, 25, 27, 30, 31,

34–36, 38).

Intervention and pharmacological treatment

All the extracted data belonged to test

groups of studies evaluating the effect of

different ARPs without immediate implant

placement. Among these groups most evalu-

ated the use of a combination of GRAFT

and BARRIER, whereas thirteen evaluated

the use of a GRAFT alone (studies # 1, 2,

7, 9, 10, 12, 17, 19, 27, 31, 34, 37, 38) and

only six evaluated the use of a BARRIER

alone (studies # 6, 8, 21, 24, 28, and 36).

Four studies did not provide any informa-

tion about post-operatively drug administra-

tion (# 8, 17, 24, and 36), while in study #

9 no drugs were prescribed. Twenty-seven

studies provided antibiotic administration

for the immediate post-extraction healing

period, in addiction of chlorexidine mouth-

rinses as antiseptic. Only fourteen studies

(# 2, 3, 6, 10, 12, 16, 18, 19, 23, 26, 30, 33,

35, and 38) provided NSAID administration.

All studies described the extraction proce-

dure as less traumatically possible. A flap

was raised for extraction in 21 studies (# 2,

7, 10, 11, 12, 14, 17, 22, 26–38). Among

these, in only thirteen releasing incisions

were performed (# 2, 7, 11, 12, 14, 17, 26–

29, 32, 33, and 37). In the remaining stud-

ies, extractions were conducted without

flaps. After extraction, primary soft tis-

sue closure was achieved in fourteen stud-

ies (# 2, 10–12, 14, 17, 22, 26, 30–33, 37,

and 38).

Evaluation parameters and methods

Only data regarding histomorphometry were

extracted from selected studies. Most of stud-

ies evaluated all the outcomes described as

primary in this review, while other five eval-

uated the % B only (# 2, 7, 17, 19, and 31),

two evaluated % B and % RGM (# 22, 34),

whereas study # 25 and 28 evaluated % RGM

and % B -% CT, respectively.

Assessment of quality

Assessment of quality is presented in Table 2.

The estimated risk of bias is defined as LOW in

ten studies (# 3, 5, 13, 19, 20, 22, 24, 29, 30, and

35), as MODERATE in fourteen (# 2, 4, 7, 8, 9,

11, 12, 15, 17, 21, 26, 27, 37, and 38) and as

HIGH in the remaining fourteen. Eight studies

presented a combination of a low potential risk

and a 2(1b) level of evidence (OCEBM 2011).

Nine studies scored 2(1b) and presented a mod-

erate potential risk (# 2, 4, 7, 8, 9, 12, 17, 26,

and 27). Studies # 25 and 31 presented a combi-

nation of high potential risk and a level of evi-

dence score of 4(4). Study # 38 is classified as

moderate with a score of 3(2b). Remaining

studies scored 3(2c): twelve were classified as

having high potential risk of bias, four as mod-

erate and two as low (# 20 and 22). About JA-

DAD evaluation two studies out of seventeen

RCTs (# 30, 35) scored 4, five studies (# 4, 5, 24,

29, 37) scored 3, eight (# 2, 3, 7, 8, 9, 12, 19, 26)

scored 2 and only two studies (# 13 and 17)

scored 1.

Loss to follow-up

Twelve studies did not report any information

regarding loss to follow-up (# 1, 3, 9, 13, 17, 19,

24, 25, 30, 35, 36, 38). So lost to follow-up are

reported in 26 studies. Of them, sixteen had no

drop-outs (# 2, 6, 7, 8, 12, 14, 21–23, 26, 28, 29,

31, 32, 35, and 37).

Table 2. Continued

Validity

Study #quality

criteria

# 20 Fotek et al.

(2009)

# 21 Crespi et al.

(2009)

# 22 Molly

et al. (2008)

# 23 Wang

& Tsao

(2008)

# 24 Neiva

et al. (2008)

# 25

Cardaropoli &

Cardaropoli

(2008)

# 26 Barone

et al. (2008)

# 27 Serino

et al. (2008)

# 28 Luczyszyn

et al. (2005)

Clinical

aspects

Study design CT CT – Split-mouth CT – Split-mouth CT RCT CS RCT CT CT – Split-

mouth

Validated

measurement

? ? ? ? Yes ? ? No ?

Calibration

examiner

? ? ? ? Yes ? ? No ?

Reproducibility data

shown

No No No No Yes No No ? No

Reason for

extraction

Endodontic

failure, tooth

fracture

? Advanced

periodontitis

Fractures,

endodontic

complications

and

periodontal

disease

? Root fractures,

periodontal,

endodontic

failures,

advanced

caries lesions

? Periodontal

disease

?

Local inclusion/

exclusion criteria

No peri-apical

lesions or

inadequate

bone height for

future implant

3 walls

maintained, no

buccal plate

presence, no

acute

periodontal

infection

? ? Residual pockets

with <80%

bone loss in all

dimensions, no

acute infections

? ? At least 8 mm of

residual

alveolar bone,

no acute

abscesses

?

Estimated potential

risk of bias CEBM

Level of evidence

Low Moderate Low High Low High Moderate Moderate High

Jadad score 3 (2c) 3 (2c) 3 (2c) 3 (2c) 2 (1b) 4 (4) 2 (1b) 3 (2c) 3 (2c)
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Study outcomes

The study outcomes are presented in

Tables 3. All the rough data are referred to

site treated. For every primary outcome four

proportion meta-analysis were performed at

different healing stages (3–7 months): test

groups were assimilated in order to nature of

the graft used into three different ARPs, Allo-

grafts, Xenografts, or Alloplasts. Untreated

sites were used as control. If samples were

constituted by one test/control group data

reported on papers were used for compari-

son. Results are shown in Figs 2–4. All the

Pooled Proportions were calculated using

Fixed Effect estimate. For each kind of graft

used the Spearman’s correlations coefficient

(r) over time was calculated. Analyzing % B

(Fig. 2) best mean value is shown at

3 months using Alloplasts (54.4–95%

CI = 26.75–57.18%), while the worst one is

obtained by those ARPs adopting Xenografts

at 5 months (23.6–95% CI = 2.13–66.71%).

Considering % CT (Fig. 3) the highest and

lowest mean values are shown at 7 months

by groups testing Allografts (67–95%

CI = 32.09–91.80%) and Alloplasts (27.1–

95% CI = 10.78–47.69%). During time no

statistical relevant differences arise among

the performances of different kind of graft

material and Control sites, both for % B

and % CT. With regard to % CT in every

group, even including controls, there is a

trend toward a slight decrease. Referring to

% RGM the lowest percentages are pro-

duced by Allografts (12.4–21.11%), whereas

the highest percentages are obtained at

7 months by Xenografts and Alloplasts,

with 37.14% (95% CI = 21.27–54.59%) and

37.23% (95% CI = 5.42–77.57%), respec-

tively. Also regarding % RGM no statistical

differences are shown (Fig. 4).

Discussion

The aim of this article was to carry out a

systematic review regarding histological

data derived from human studies reporting

the effect of ARPs on healing patterns fol-

lowing tooth extraction. Different study on

humans (Amler et al. 1960; Evian et al.

1982; Devlin & Sloan 2002; Trombelli et al.

2008) have identified the key processes of

tissue modeling and remodeling after tooth

extraction that eventually lead to a reduc-

tion on the overall ridge dimensions with

significant bone height changes in both the

buccal and lingual sides. They reported that

whereas tissue modeling appeared to be a

comparatively fast process, remodeling of

the newly formed hard tissue was seem-

ingly slow and unpredictable. In the study

by Trombelli et al. (2008), conducted on 27

biopsies, representative of the early (2–

4 weeks), intermediate (6–8 weeks,) and late

phases (12–24 weeks) of healing, the mature

bone organization and architecture was not

completed even at 24 weeks after tooth

extraction. Furthermore, a significant heter-

ogeneity was observed in the composition

of the specimens within each observational

interval. They concluded that a great vari-

ability exists in man with respect to hard

tissue maturation within extraction sockets.

In our systematic review, nine meta-

analyses were performed referring to the

three selected primary outcomes: residual

graft, bone, and connective tissues percent-

ages. Also, a comparison was conducted

with histomorphometry regarding results of

physiological healing processes in untreated

sites.

Drawing conclusions across the studies is

difficult, since test groups differed in many

aspects, including considerable differences in

surgical techniques (bone substitute into the

socket alone or covered at the top by a bar-

rier), in biomaterials used, in flap manage-

ment (flapless, no primary closure/

mucoperiosteal flap, primary closure), in fol-

low-up duration and, above all, in type of

biopsy retrieval. Nevertheless, some impor-

tant speculations may rise.

Successful and long-lasting outcomes of

different GBR procedures are well docu-

mented in literature (Dragoo & Sullivan

1973; Evian et al. 1982; Simion et al. 1994;

Zitzmann et al. 2001) and led to the

assumption that enhancing ARPs with mul-

tiple biomaterials, such as distinct kind of

bone grafts and barriers (absorbable and non

absorbable) might cause a more rapid bone

formation inside extraction sockets by

means of a double mechanism. First, in a

mechanical fashion, stabilizing the blood

clot, acting as a scaffold with a space-main-

taining effect and avoiding epithelial

# 29 Froum

et al. (2004)

# 30 Vance

et al. (2004)

# 31 Guarnieri

et al. (2004)

# 32 Norton

et al. (2003)

# 33 Fugazzotto

(2003a,b)

# 34 Serino

et al. (2003)

# 35 Iasella

et al. (2003)

# 36 Carmagnola

et al. (2003)

# 37 Froum

et al. (2002)

# 38 Artzi

et al. (2000)

RCT RCT CS CT CT – Parallel CT – Split-mouth RCT CT – Parallel RCT Individual

cohort

? Yes ? ? Yes ? ? ? ? Yes

? Yes ? ? Yes ? ? ? ? No

Yes Yes No No Yes No No No No Yes

Periodontal and

prosthetic

reasons

? ? Periodontal

disease,

endodontic

failure and

trauma

? Periodontally

compromised

teeth

? Periodontal and/or

endodontic

lesions or root

fracture

Periodontal and

prosthetic reasons

?

? ? No severe bone

loss (>50%)

? ? ? ? ? ? 3-4 walls

architecture, no

peri-apical lesions,

abscesses and

severe ridge

resorption

(>50%)

Low Low High High High High Low High Moderate Moderate

2 (1b) 2 (1b) 4 (4) 3 (2c) 3 (2c) 3 (2c) 2 (1b) 3 (2c) 2 (1b) 3 (2b)
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ingrowth; secondly, biologically, providing

an extra source of collagen, minerals, and

growth factors.

All the recent systematic reviews (Ten

Heggeler et al. 2010; Vignoletti et al. 2012;

Horvath et al. 2013; Vittorini Orgeas et al.

2013) and an international consensus (Ham-

merle et al. 2012) on this topic seem to

agree on confirming somewhat beneficial

clinical outcome when adopting ARPs.

Accordingly, our research corroborates this

positive trend, even from a histological

stand point. In fact, during healing time, no

statistical relevant differences have been

shown among the performances of each

kind of graft material and control sites,

both for % B and % CT. On the other

hand, when adopting ARPs, the possibility

to maintain the dimension of alveolar crest

or, at least, to reduce its resorption has

been described.

Our results seem to be consistent with

those suggested by Horvath et al. (2013),

although our approach has been specifically

focused on comparing histomorphometric

data, thus including more papers as well. It

is noteworthy that, to the best of our

knowledge, this research is the first system-

atic review performing several meta-analy-

ses on histological data referring to ARPs

performance.

Accordingly to current literature, a sug-

gestive result regards the variations in

RGM %: in fact xenografts and alloplasts

showed the highest amount of residual par-

ticles, still over 35% at 7 months post-op,

while allografts presented the lowest rate,

thus suggesting an hypothetical clinical

preference in case of graft selection. Fur-

thermore, considering B %, the best mean

value is produced at 3 months by allografts

unlike xenografts showed the worst % still

after 5 months; it is interesting to notice

how these results suggest a likely, peculiar

inflammatory foreign body reaction induced

by graft particles as previously proposed by

Araujo et al. (2008).

In respect to clinical implications related

to dental implant insertion, the most rele-

vant evidence is represented by the absence

of statistical significant differences between

various ARPs and control sites in terms of

B and CT percentages, even considering the

different follow-up times. This finding

should be considered when an implant

placement is scheduled after an ARP ther-

apy (Hammerle et al. 2004). In fact, such

procedures seem to be as unable to acceler-

ate as to delay the physiological healing

process in extraction sockets, just because

they do not improve the histological modi-

fications in treated sites. Consequently, it

might be argued that providing for a longer

healing period, prior to implant insertion, is

not mandatory, even with the aim of

achieving a complete maturation and miner-

alization of bone tissue. In particular place-

ment could be performed after just 3 or

4 months.

However, several critical issues arise from

a thorough interpretation of our results.

First of all, in most of the selected studies,

a small sample size limits the possibility

of drawing any strong conclusions. A com-

plete lack of standardization in follow-up

timing among the examined papers, impairs

a comprehensive overview of the entire

healing process and a consequent solid

understanding of its progression month by

month. In addition, all the analyzed

researches show different biopsy retrieval

techniques, thus, considering as a staple a

trephine core sampling, it appears clear that

multiple locations of bone core retrievals,

for instance, may not coincide exactly

with the precise position of the original

dental alveola, impairing a correct data

evaluation.

Fig. 3. Percentage CT over healing time (yellow, healed bone; green, allografts; blue, xenografts; red, alloplasts).

R = simple linear Spearman’s correlations coefficient.

Fig. 2. Percentage bone over healing time (yellow, healed bone; green, allografts; blue, xenografts; red, alloplasts).

R = simple linear Spearman’s correlations coefficient.

De Risi et al � Systematic review and meta-analysis on histomorphometry

16 | Clin. Oral Impl. Res. 0, 2013 / 1–19 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Conclusion

With the limitations of this study, due to

the considerable differences among studies

analyzed, it can be concluded that an

absence of significant statistical differences

between various ARPs and spontaneous

healing are present in terms of percentage

of bone and connective tissue. So in pre-

served sites, it seems to be no longer neces-

sary to wait a different time of healing

from untreated sites prior to implant inser-

tion. Furthermore, such procedures seem to

be ineffective in improving tissue quality

for following implant placement, so their

clinical effect in limiting dimensional alter-

ations of ridge, and evaluation of the cost/

benefit ratio should be taken into greater

account. However, other researches are

needed to clearly define the effects of such

procedures.
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