7
%)
[« &)
L
on
—
(=]
()
©
—
(=)
wfd
©
—
S
«})
wlnd
—
=
({o/
P

Surgical techniques for alveolar socket
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Summary

After tooth extractions alveolar process resorption takes place with consequences for prosthetic
therapy. The aim of this paper was to systematically review the literature for hystological data
that provide information regarding the effect of alveolar ridge preservation procedures and
biomaterials on healing after extraction in humans in terms of bone, connective tissues and
residual graft percentages.

Search was conducted, till September 2012, consulting MEDLINE-PubMed and the Cochrane
CENTRAL. Of 646, 38 papers were selected. As outcome variables were selected the mean
percentage of Bone (%B), Connective Tissue (%CT) and Residual Graft Material (%RGM).
Considering %B, best value is at 3 months with Allografts (54,4%) while the worst is with
Xenografts at 5 months (23,6%). Considering %CT the highest and lowest values are shown at
7 months with Allografts (67%) and Alloplasts (27,1%). Considering %RGM lowest percentages
are shown by Allografts (12,4% to 21,11%) while the highest are with Xenografts and Alloplasts
at 7 months, 37,14% and 37,23%. In any case there aren't statistical differences.

The most impactful evidence is represented by the absence of statistical significant differences
between various ARPs and control. So it is no necessary to wait further than 3-4 months, prior
to implant insertion in preserved sites.

Conflict of Interest and Sources of Funding Statement: The authors declare that they have no
conflict of interests. The study was self-funded.

Keywords: Alveolar ridge preservation, socket preservation, histolomorphometry, bone graft,
membrane.

Riassunto

In seguito alle estrazioni dentarie avviene un processo di riassorbimento del processo alveolare
con importanti conseguenze sulla terapia protesica. Lo scopo di questo studio é di revisionare
Sistematicamente | dati istologici presenti in letteratura che possano dare informazioni riguardo
gli effetti delle procedure di preservazione dell’'osso alveolare e dell’utilizzo di biomateriali sulla



guarigione postestrattiva nell’uomo in termini istomorfometrici.

La ricerca é stata effettuata, fino a settembre 2012, consultando i motori di ricerca MEDLINE-
PubMed e Cochrane CENTRAL. Di 646 titoli, 38 studi sono stati selezionati. Sono state
selezionate come variabili primarie la percentuale media di Osso (%B), di Tessuto Connettivo
(%CT) e di Biomateriale Residuo (%RGM). Considerando la %8B, i valori migliori si ottengono
a 3 mesi con l'utilizzo di innesti omologhi (54,4%) mentre | peggiori si hanno a 5 mesi con
I'utilizzo di innesti eterologhi (23,6%). In termini di %CT i valori limite sono espressi a 7 mesi
con l'utilizzo di innesti omologhi (67%) e innesti alloplastici (27,1%). In termini di %RGM la
percentuale pitl bassa si ha con I'utilizzo di innesti omologhi (da 12,4 a 21,11%) mentre quelle
piu alte si hanno a 7 mesi con I'utilizzo di innesti eterologhi e alloplastici, 37,14% e 37,23%.
In ogni caso le differenze non sono statisticamente significative.

L’evidenza pitu importante risultante da questa metanalisi € rappresentata dall’assenza di
differenze statisticamente significative nella composizione tissutale derivante dalle varie
procedure di Preservazione dell’Osso Alveolare e dalla guarigione spontanea, che indicherebbe la
necessita di non aspettare pit di 3-4 mesi prima dell’inserimento di impianti nei siti preservati.

Introduction

After tooth extractions a consequent loss in height and width of the alveolar process always takes
place (Araujo and Lindhe, 2005). Usually the amount of the horizontal bone loss is the greatest
and occurs mainly on the buccal than on the lingual/palatal aspect of the ridge, meanwhile a
subsequent reduction of vertical ridge height is slighter and more pronounced on the facial side
as well(Van der Weijden et al., 2009). This process results in narrower and thinner ridges with
a reduced vertical height (Pinho et al., 2006)and a lingual/palatal shifting of their long axis.
Many studies have shown that resorption of the buccal plate may have functional and esthetical
consequences impairing the execution of both traditional and implant supported dentures (Pinho
et al., 2006, Araujo and Lindhe, 2005, Cardaropoli et al., 2003, Bartee, 2001a, Bartee, 2001b).
Thus various surgical procedures have been introduced aiming both to maintain an ideal ridge
profile in aesthetic sites, and to prevent alveolar ridge collapse, preserving adequate dimensions
of bone in order to facilitate correct implant placement (Ten Heggeler et al., 2011, Vignoletti et
al., 2012, Vittorini et al. 2013). In fact, in many clinical studies several methods 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, Becker et al., 1996,
Froum et al., 2002), xenografts, deproteinized bovine-bone mineral (DBBM) (Artzi et al., 2000),
alloplasts (Serino et al., 2003) and bone morphogenic proteins (BMP) (Fiorellini et al., 2005).
Furthermore guided bone regeneration (GBR) procedures with or without bone grafts, has also
been evaluated (Mardas et al., 2010, Mardas et al., 2011, Barone et al., 2008, lasella et al.,
2003, Lekovic et al., 1998, Lekovic et al., 1997). Consequently an increasing interest has arisen
regarding the concept called “alveolar ridge preservation” (ARP), which was defined as “any
procedure undertaken at the time of or following an extraction that is designed to minimize
external resorption of the ridge and maximize bone formation within the socket” (Darby et al.,
2008). Hence, since 2009 various systematic reviews have been published confirming the efficacy
of different “ARPs” in preventing post-extraction dimensional changes of alveolar ridges.
However, a systematic assessment of the nature and quality of the newly formed tissue, with
proper evaluation of histomorphometric data, has not been carried out.

The aim of this paper was to systematically review the literature for histological data that provide
information with respect to the effect of socket preservation procedures and materials on healing
patterns following tooth extraction in humans in terms of residual graft, bone and connective
tissues percentages as compared with physiological processes in untreated sites.
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Materials and Methods

Focused question

Which socket preservation technique in humans provides the best histological bone healing
pattern prior to implant insertion?

Search strategy
Papers search was conducted, up to September 2012, consulting The National Library of

Medicine, Washington, DC (MEDLINE-PubMed) and the Cochrane Central Register of Controlled

Trials (CENTRAL), using the following search 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 immediate implant)

NOT (trauma OR tumour OR injuries OR cancer OR “Cleft lip and palate”). This research was

supplemented by cross-checking the reference lists of selected studies and review articles. “Grey

literature” was investigated as well.

The inclusion criteria were:

* human studies;

* english pubblications;

* randomized Clinical Trials, Controlled Clinical Trials, prospective/retrospective CT or case
series with a minimum of 4 biopsy cores per group;

* histomorphometrical evaluation of hard tissue healing over a period of 3 — 7 months after
ARPs.

The exclusion criteria were:

e animal studies;

* following publications of the same study data;

* studies describing immediate implant placement in fresh extraction sockets;

* |etters, narrative or historical review.

Screening process

A three stage screening process was performed independently by two reviewers (V.D.R., G.V.0.).

Initially, all the titles were screened to eliminate irrelevant publications and reviews. During the

second stage, all the selected publications were analysed as abstracts and consequently the

full texts of articles fulfilling the inclusion criteria were obtained. In the 3 stage, through the

analysis of all of the selected full texts, the included articles were chosen. After this search, all

reference lists of selected studies, relevant reviews and studies from the “grey literature” were

screened for additional papers that might have met the eligibility criteria of this systematic

review (Fig. 1). Any disagreements between the two reviewers was resolved after additional

discussion with a third reviewers (M.C.).

Assessment of heterogeneity

To evaluate the heterogeneity of the primary outcomes between the selected studies, the following

factors were recorded(Table 1):

e study design and setting;

e 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 Weijden et

al.(Van der Weijden et al., 2009). This combination resulted in the quality criteria mentioned in

Table 2. A given study was classified as low risk of bias when: a) random allocation, b) defined




inclusion/exclusion criteria, ¢) blinding to patient and examiner, d) balanced experimental
groups, e) an identical treatment between groups except for intervention, and f) report of follow-
up were specified. When one of these six criteria were missing the study was classified as having
a moderate potential risk of bias; when two or more of those were missing, it resulted in a high
potential risk. Moreover CEBM document for “Levels of Evidence” and Jadad score (Jadad et al.,
1996), for RCTs, were used to assess the methodological quality of included studies.

Data extraction and analysis

Data extracted from the selected studies was processed for the analysis. As outcome variables
were selected the percentage of Bone (%B), Connective Tissue (%CT) and Residual Graft Material
(%RGM), if used. Mean values and standard deviations were calculated from the statistical
examiner (A.M.) if only raw data were reported. For all studies the pooled weighted means
were reported and a respective approximation of confidence interval at 95% was computed.
Proportion meta-analysis of both B, CT and RGM mean percentages were performed using
software StatsDirect. A statistical homogeneity test was applied and the fixed effect or random
effect estimate of the pooled mean was used to evaluate the heterogeneity between studies. The
level of significance was set at p<0,05.

Results

Search Results

The search resulted in 624 papers. After title screening, 446 publications were excluded.
Of 178 abstracts analyzed 104 were excluded on the basis of the inclusion criteria; most of
them were concerned with immediate implant placement or did not demonstrate histological
measurements as outcomes. From reference lists and “grey literature” other 22 papers were
selected for screening. A total of 96 full-text papers were analyzed. Of them, 38 papers fulfill the
inclusion criteria and were processed for data extraction (figure 1) (Clozza et al., 2012a, Clozza
et al.,, 2012b, Perelman-Karmon et al., 2012, Cardaropoli et al., 2012, Wood and Mealey,
2012, Hoang and Mealey, 2012, Crespi et al., 2011a, Nevins et al., 2011, Crespi et al., 2011b,
Heberer et al., 2011, Ruga et al., 2011, Nam et al., 2011, Brkovic et al., 2012, Checchi et al.,
2011, Park et al., 2010, Beck and Mealey, 2010, Kesmas et al., 2010, Pelegrine et al., 2010,
Lee et al., 2009, Aimetti et al., 2009, Fotek et al., 2009, Crespi et al., 2009, Molly et al.,
2008, Wang and Tsao, 2008, Neiva et al., 2008, Cardaropoli and Cardaropoli, 2008, Barone et
al., 2008, Serino et al., 2008, Luczyszyn et al., 2005, Froum et al., 2004, Vance et al., 2004,
Guarnieri et al., 2004, Norton et al., 2003, Fugazzotto, 2003a, Fugazzotto, 2003b, Serino et
al., 2003, lasella et al., 2003, Carmagnola et al., 2003, Froum et al., 2002, Artzi et al., 2000).
The selected studies showed a considerable heterogeneity and these characteristics are presented
in Table 1.
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Tab. 1

Flap
Desian/ Follow- | Mean age = SD, Smokers Pharmacoloaycal raised/
ID# | Author settiﬁ up time | number of subjects | (control/ | Groups treatment (Dg: ) releasing
g (months) | and gender test) y incisions/
closure
55+10y . ?
¥ Clozza et al. CT./ . 6 (range 41-76) 0(0/0) | Test: Alloplast Anh-mﬂammatory (AN) .
2012 University 13 3m/100) Chlorexidine (14) No
#1) Perelmanet | RCT/ 9 zr:n?g26-68) 0(0/0) A Henograt Anti-inflammatory (14) 2:
al. 2012 University 23 (%m/le) B: Xenograft + Chlorexidine (14) Yes
membrane
Antiobiotics (6)
Cardaronoll RCT/ 472129y Test: Xenograft Anti-inflammatory (3) | No
#1 ot al 20[12 Private 4 (range 24-71) 0(0/0) | + membrane Chlorexidine (7) No
' Practice 41 (24m/171) Control: any treatment Hyaluronic acid and No
amino acids gel (3)
Wood et 56.7+7y _ I No
o (BT s mmaan | oo | K ee e,y
2012 y 33 (13m/20f) £ Alog ?
Hoang et 56.1 + 7 years ) Antiobiotics (7) No
#V Mealey lRJ(n:I/érsit 5 (range 29 -76) ? g_i\\llll(;grrz];i mzmgﬂz Anti-inflammatory (AN) | No
2012 y 30 (15m/15f) £ Allog Chlorexidine (7) No
Crespi et al. | CT/ 53,717y A: Alloplast + membrane | Antiobiotics (7) No
#VI 2011p ' Universit 4 (range 32-70) 0 (0/0) | B: Xenograft + membrane | Anti-inflammatory (7) | No
y 15 (?m/) C: membrane Chlorexidine (7) No
. ? + 7 years A; Alloplast A Yes
£Vl Nevins et al. RCT/ . 5 &r;n;ge 18-70) , B: Alloplast An'[lObe.)'[I.CS (5) Yes
2011 University 15 (2m/) C: Alloplast Chlorexidine (14) ?
o D: Alloplast '
. 53.7 = 7 years ) ?
£V Crespi et al. RCT/ . 1 (range 32-70) 0(0/0) A: Xenograft + membrane ? 2
2011 University 15 (2m/2) B: membrane ?
4997y No
o e 3|0 e | oon Bt o :
’ 25 (15m/10f) = No
Antiobiotics (5)
478 x7y S Yes
py | Rueaetal \CT/ 3| (range 18 -69) 7| Test: Alloplast Anti-inflammatory (3) |y
2011 University 35 (9m/261) Corticosteroids (3) Yes
Chlorexidine (10)
Nam et al CCT/ =7y A: Xenograft + membrane | Antiobiotics (7) Yes
#XI ’ S 6 (range 36-65) ? o g . Yes
2011 University 42 (20m/226) B: Xenograft +membrane | Chlorexidine (7) Yes
Brkovicet | RCT/ 49/46 = 15/13y A: Alloplast Antiobiotics (7) Yes
#XII S 9 (range 20-55) 0 (0/0) . Yes
al. 2011 University 20 (8m/120) B: Alloplast + membrane | Anti-inflammatory (7) Yes
X1 Checchiet | RCT/ 6 ?ri:SXBJG) 0(0/0) A: Alloplast + membrane | Chlorexidine (10) :
al. 2011 University 10 (gm/IOf) B: Alloplast + membrane | Anti-inflammatory (AN) No
Parketal. | CT/ 21y Test: Xenograft Antiobiotics (14 Yes
EXIV ark et al. I 6 (range 7-7) ? Test: Xenograft + ntiobio |_cs( ) Yes
2010 University 4 0mif) membrane Chlorexidine (28) Yes
Beck and 5747y ] Antiobiotics (4) No
B0 | Mealey |1 |36 | (ange 3976 P | ROEEE MEMENE | oeyigine 21) | No
2010 y 33 (13m/20f) £ Allog Anti-inflammatory (AN) | No
46.5+10.2y . Antiobiotics (7) No
#XVI Efsz"(‘)al%"'t ﬁ% it 4| (range 25-57) 0(0/0) %?ﬂ:’ﬂm + Chiorexidine (14) No
' d 8 (3m/5) Anti-inflammatory (7) | No




Flap

Desian/ Follow- | Mean age = SD, Smokers Pharmacoloovcal raised/
ID# | Author settiﬁ up time | number of subjects | (control/ | Groups treatment ([%Z ) releasing
g (months) | and gender test) y incisions/
closure
, 47.5+103y _ Yes
# XV zflg%rllr(])e : Egln/ersit 6 (range 28-70) 0(0/0) %rﬁﬁtgﬁratf:eatment ! Yes
: y 13 (7m/6f) SO any Yes
54.8 + 6.8 years A: Xenograft + membrane PRSI, No
ivm ;%%gt al. ﬁls/ ol 16 | (range 39-68) 0(0/0) | B: Allograft + membrane ﬁg::”f’{:ﬁgﬁsﬂfa{o o |
P 20 (16m/4f) C: Allograft + membrane E o
— 51.27 +8.40 _ Antiobiotics (5) No
B XIX ’a‘:'";ggget EEL{; o 3 |y Gange36-68) | 0(0/0) ﬁrﬁ:!"a"r"aieatmem Chlorexidine (14) No
: y 40 (18m/22f) L any Anti-inflammatory (5) | No
?
Foteketal. | CT/ 595 £ Ty A: Allograft + membrane | Antiobiotics (7) No
# XX 2009 University 4 (range 23-77) 0(0/0) B: Allograft + membrane | Anti-inflammatory (AN) No
20 (7m/13f) = No
Crespi et al 513+7y A: Alloplast + membrane No
#XXI 2009p " | CT /Hospital 3 (range 28-72) 0(0/0) | B:Alloplast + membrane | Antiobiotics (7) No
15 (8m/7f) C: membrane No
A: Alloplast + membrane
Mollyetal. | CT/ =Ty B: Xenograft + membrane | Antiobiotics (7) Yes
#XXII : N 6 (range 37-63) 0(0/0) |~ o ?
2008 University C: Alloplast + membrane | Anti-inflammatory (AN)
8 (1m/7f) Yes
Control: any treatment
567y No
# Wang & CT/ Test: Allograft + ..
. 5 (range 7-7) ? Anti-inflammatory (3) | No
XXl | Tsao 2008 | University 5 (3m/2f) membrane No
48.00/49.92 = No
# Neivaetal. | RCT/ A 14.89/14.20y 0(0/0) A: Xenograft + membrane | , No
XXIV | 2008 University (range 25/36-69/76) B: membrane ' No
30 (13m/171)
. . 4597y ] Antiobiotics (6) No
XKV gta;‘lja;%%‘g' Cfaé Eg'g’ate 4| (range 27-63) ? % l))(fa"n‘)egraﬂ * Chlorexidine until | No
' p 10 (6m/4f) sutures removal No
Test: Xenograft + Antiobiotics (4) Yes
iXVI Slarggg;t EEST /ital 7 Zol?l(g?nr}%ifz)&zg) 5(3/2) | membrane Control: any | Chlorexidine (21) Yes
’ p treatment Anti-inflammatory (3) | Yes
747
# | Serinoetal. | RCT/ ] ir:n;qgw-s " , | Test: Alloplast Chlorexidine (14) izz
XXVII | 2008 University 20 (8m/120) Control: any treatment Analgesics (AN) No
7+7y . Antiobiotics (10) Yes
#o | Luesanet | GV 6 | (range 35-60) 0(0/g) | AxAloplast +-membarme | oy idine until soft | Yes
XXVIII | al. 2005 University B: membrane .
11 (?m/?f) tissue closure No
A: Alloplast + membrane
7 ALY
# Froum et al. | RCT/ 6-8 ?2’; jéﬁy-ﬂ) 0(0/0) B: Alloplast + membrane | Antiobiotics (14) z::
XXIX | 2004 Hospital g C: Xenograft + membrane | Chlorexidine (28)
15 (9m/6f) No
D: Xenograft + membrane
56.0+11y . Antiobiotics (?) Yes
O gy sy | 4| et 7| BYenagrt » memivane |CHlEne |7
y 24 (9m/15f) E:AeNn0g Anti-inflammatory (?) | Yes
747
# | Guamieriet | CS/Muti- || O T , | Test: Alloplast Antiobiotics (7) L‘;S
XXXI' | al. 2004 centre 10 3m/79) Control: any treatment Chlorexidine (14) Yes
# Norton et al. | CT/ 5366+ 118y Test: Xenograft + Antiobiotics (5) Yes
XXXII | 2003 University 6 (range 26-69) 3 membrane Chlorexidine (7) Yes
15 (7m/8f) Yes
. 7+7y ' Antiobiotics (10) Yes
o | poartto | CT/PATe |3 13| (range 29-62) 00 | ABCDNNBEE yeiging o1) | ves
p 90 (43m/471) Anti-inflammatory (5) | Yes
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Flap
Desian/ Follow- | Mean age + SD, Smokers Pharmacolosvcal raised/
ID# | Author settiﬁ up time | number of subjects | (control/ | Groups treatment (Dg: ) releasing
g (months) | and gender test) y incisions/
closure
?
# | Serinoetal. | CT/ A B .| Test: Aloplast Chioeridine (14) |
XXXIV | 2003 University 15 (1g4m/31f) ' Control: any treatment Anti-inflammatory (AN) No
' Antiobiotics (14)
# | lasellaetal SLox 136y Test: Allograft Chlorexidine until | 1€
RCT/? 4-6 (range 28-76) ? + membrane ) No
XXXV | 2003 soft tissue closure
24 (10m/14f) Control: any treatment L No
Anti-inflammatory (7)
56.5+9.7y A: Membrane Yes
iXXVI gta;ngor(])%la ﬁliCersit 4-180 | (range 39-76) ? B: Xenograft + membrane | ? ?
’ y 21 (13m/8f) Control: any treatment No
549 +11.9 A: Alloplast A Yes
oot | 2007 | unversy | &% | 1@ | 0ol | Alnga Chidine G |
y 19 (12m/7f) Control: any treatment Yes
# Artzi et al Individual 77y Antiobiotics (7) Yes
ot | 2000 " | cohort/ 3 (range 23-64) ? Test: Xenograft Chlorexidine (14) No
University 15 (6m/9f) Anti-inflammatory (AN) | Yes

Of the selected studies, seventeen were RCT, nineteen are CT. Study # XXV, XXXI and XXXVII|
are Case Series or Individual Cohort Clinical Trial. Two studies have a Parallel design (# XXXIII,
XXXVI) and six have a Split-Mouth design (# VI, VIII, XXI, XXI1, XXVIII, XXXIV). Follow-up periods
ranged between 3 and 180 months, but only 3-7 months results were recorded.

The studies included a number of subjects ranging between 4 and 90. Eleven studies did not
report the mean age of patients, while only three did not report the age range of subjects. Five
studies did not report information about gender. Reasons for extraction are reported in eighteen
studies, while local criteria for inclusion/exclusion are clearly reported in twenty-two of them.
Most studies evaluated effects of socket preservation on anterior or single-rooted teeth while
seven studies included molars. Study # V was conducted including only molar teeth. Eleven
of them included all kinds of teeth. Three studies did not report this information. Twenty-one
studies did not include smokers. In twelve of them it was a clear exclusion criteria. Studies #
XXVI and XXXII included smokers, 5 and 3 respectively, whereas fifteen studies did not report
the smoking status of the participants.

Among these groups most evaluated the use of a combination of graft and barrier, whereas
seventeen evaluated the use of a graft alone and only six evaluated the use of a barrier alone.
Four studies did not provide any information about post-operatively drug subministration while in
1 study no drugs were prescribed. Twenty-seven studies provided antibiotic administration and
the same used chlorexidine as antiseptic. Only fourteen studies provided NSAID administration.
All studies described the extraction procedure as less traumatically possible. A flap was raised
for extraction in twenty-one studies. Among these, in only thirteen releasing incisions were
performed. Inthe remaining studies, extractions were conducted without flaps. After extraction,
primary soft tissue closure was achieved in fourteen studies.

Only data regarding histomorphometry were extracted from selected studies. Most of studies
evaluated all the outcomes described as primary in this review. Of others, five evaluated only the
%B (# 11, VI, XVII, XIX and XXXI), two evaluated %B and %RGM (# XXII, XXXIV), whereas study
# XXV and XXVIII evaluated respectively %RGM and %B-%CT.

Assessment of quality

Assessment of quality is presented in Table 2. The estimated risk of bias is defined as low in ten
studies, as moderate in fourteen and as high in the remaining fourteen. Eight studies presented




a combination of a low potential risk and a 2(1b) level of evidence. Nine studies scored 2(1b)
and presented a moderate potential risk Studies # XXV and XXXI presented a combination of high
potential risk and a level of evidence score of 4(4). Study #XXXVIII is classified as moderate with
a score of 3(2b). All other studies scored 3(2c); among them twelve were classified, in order of
potential risk, as high, four as moderate and two as low. Regarding Jadad evaluation two studies
out of seventeen RCTs scored 4, five studies scored 2and only two studies scored 1.
Loss to follow-up are reported in twenty-six studies. Of them sixteen had no drop-outs.

Tab. 2
#1 #1 #10 #IV #v #VI #VIL | #VII #1X #X #XI #XII #XII
Study # Clozza | Perelman | Cardaropoli | Wood, | Hoang, | Crespi | Nevins | Crespi | Heberer | Ruga Nam | Brkovic | Checchi
quality criteria et al. etal. etal. Mealey. | Mealey. | etal. | etal. | etal. etal. et al. et al. et al. et al.
(2012) | (2012) (2012) (2012) | (2012) | (2011) | (2011) | (2011) | (2011) | (2011) | (2011) | (2011) | (2011)
Represent:trlgljppopulatlon Yes Yes Yes Yes Yes Yes Yes Yes Yes ? Yes Yes Yes
Eligibility criteria defined Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Random allocation No Yes Yes Yes Yes No Yes Yes Yes No ? Yes Yes
Allocation concealment No Yes Yes Yes Yes No No No Yes No No ? ?
Blinded to the patient No ? No No ? No No ? ? No ? ? ?
Blinded to the examiner No ? Yes ? Yes ? ? ? ? No ? ? Yes
Blinding dunnglstahstlcal No ? ? 7 Yes ? ? 2 ? No ? Yes ?
analysis
Reported loss to follow-up ? Yes No Yes Yes Yes Yes Yes ? Yes Yes Yes No
# (%) of drop-outs 0? 0 0? 8 10 0 0 0 0? 10 2 0 ?
Treatmen? |dent|ca_l, except na Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
for intervention
Sample size calculation and no? No Yes Yes Yes No No Yes No No No No No
power
Point est_|mates presented Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
for primary outcome
Measures of variability
for the primary Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
outcome
Intention tc_> treat No No No No No No No No No No No No No
analysis
Study design CT RCT RCT RCT RCT CT RCT | RCT RCT CT CT RCT RCT
Validated measurement ? ? Yes ? ? ? ? ? ? No ? ? ?
Calibration examiner Yes Yes Yes ? ? ? ? ? ? No ? ? ?
Reproducibility data No No No Yes No No No No Yes No No No Yes
shown
Estimated potential |, M L M L Hl w | m | w H M| ™ L
risk of bias
CEBM Level of 3 2 3 2 2 3 2
evidence 2¢) [ 2P [ 20D gy | 20D o | by | ab |20 2 [3@9] ap |2 0P
Jadad score NA 2 2 3 3 NA 2 2 2 NA NA 2 1
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#XIV | #XV #XVI FXVIE | #XVIE [ #XIX | #XX | #XXI | #XXI | #XXH | #XXIV XXV # XXVI
Study # Park | Beck, | Kesmas | Pelegrine | Lee | Aimetti | Fotek | Crespi | Molly Wang | Neiva .| Barone
Lo Cardaropoli
quality criteria etal. | Mealey. | etal. gtal. etal. et al. gtal. | etal. | etal. | &Tsao | etal. et al. (2008) etal.
(2010) | (2010) | (2010) | (2010) | (2009) | (2009) | (2009) | (2009) | (2008) | (2008) | (2008) ’ (2008)
Representagtrgfppopulatmn No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Eligibility criteria defined Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes
Random allocation No Yes No Yes No Yes No No No No Yes ? Yes
Allocation concealment No No No ? No ? No ? No No Yes ? ?
Blinded to the patient No ? No ? No Yes No ? ? No Yes ? ?
Blinded to the examiner No ? No ? No Yes Yes Yes ? No Yes ? ?
Blinding durmg_statlstlcal No ? 2 2 No ? No 2 2 No Yes ? ?
analysis
Reported loss to follow-up Yes Yes Yes No Yes ? Yes Yes Yes Yes No No Yes
2
9 . ? ? ? ?
# (%) of drop-outs 0 7 2 7 1 7 (10%) 0 0 0 ? 7 0
Treatment |dent|ca_l, except No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
for intervention
Sample size calculation and No Yes No No No Yes No ? No No Yes ? ?
power
Point est_lmates presented Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes ? Yes
for primary outcome
Measures of variability
for the primary Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes
outcome
Intention to treat No | No | No | No | No | No | No| 2 | No| No | No | es ?
analysis
Study design CT CT CT RCT CT RCT CT CT CT CT RCT CS RCT
Validated measurement | No ? Yes ? ? Yes ? ? ? ? Yes ? ?
Calibration examiner No ? ? ? Yes Yes ? ? ? ? Yes ? ?
Reproducibility data No No No No No No No No No No Yes No No
shown
Estimated potential H M H M H L L M L H L H M
risk of bias
CEBM Level of 2 3 3 2 3 3 2 2
evidence (1b) | 20 | 3@ 2P o0 [ b | @ | @o [3@9]3@ an | 4P | ap
Jadad score NA NA NA 1 NA 2 NA NA NA NA 3 NA 2




# # #
AXRVI 38 KKVII 3 KKK XXX KKK Kooy | oo | oo [ oo | oo
Study # Serino | Luczyszyn | Froum | Vance | Guarnieri | Norton . )
Lo Fugazzotto | Serino | lasella | Carmagnola | Froum | Artzietal.
quality criteria et al. et al. gtal. | etal et al. etal. (2003) ot al etal |etal 2003) | etal (2000)
(2008) | (2005) | (2004) | (2004) | (2004) | (2003) 2003) | 2003) (2002)
Representagt::l?ppopulatmn Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Eligibility criteria defined Yes No Yes Yes Yes Yes Yes Yes Yes No Yes Yes
Random allocation Yes ? Yes Yes NA NA No Yes Yes ? Yes No
Allocation concealment ? ? Yes No NA NA No ? ? ? ? No
Blinded to the patient ? No ? No ? No No ? ? ? ? No
Blinded to the examiner ? ? ? Yes ? No No ? Yes ? ? No
Blinding during_statistical ? ? ? No ? No ? ? ? ? 2 No
analysis
Reported loss to follow-up Yes Yes Yes ? Yes Yes No Yes Yes No Yes ?
# (%) of drop-outs 4 0 o | 2 0 0 ? Sl o ? 0 ?
(20%) ' ' (20%) ' '
Treatmen? |dent|ca_l, except Yes Yes Yes Yes NA NA Yes Yes Yes Yes Yes No
for intervention
Sample size calculation and ? ? No No ? No No ? Yes 2 2 No
power
Point est_lmates presented Yes ? Yes Yes Yes Yes Yes Yes Yes ? Yes Yes
for primary outcome
Measures of variability
for the primary ? ? Yes Yes Yes Yes Yes Yes Yes ? Yes Yes
outcome
Intention to treat ? ? No | No ? No No ? ? ? ? No
analysis
Study design cT ct | Rrer | ReT | cs cT cT ct | rRCT cT RCT '”géﬂgr‘,:a'
Validated measurement | No ? ? Yes ? ? Yes ? ? ? ? Yes
Calibration examiner No ? ? Yes ? ? Yes ? ? ? ? No
Reproducibility data ? No Yes Yes No No Yes No No No No Yes
shown
Estlmated pqtentlal M H L L H H H H L H M M
risk of bias
CEBM Level of 3 2 2 3 3 2 2
evidence 20 | 3@ L apm [ ap | *® | eo | 3% | eo |aw | 3?9 | ap | 3@D
Jadad score NA NA 3 4 NA NA NA NA 4 NA 3 NA

Study outcomes

The study outcomes are presented in Tables 3. For every primary outcome four proportion meta-
analysis were performed at each healing stage (3 to 7 months): test groups were assimilated in
order to nature of the graft used into three different ARPs, Allografts, Xenografts or Alloplasts.
No treated sites were used as control. If samples were constituted by one test/control group
data reported on papers were used for comparison. All the Pooled Proportions were calculated
using Fixed Effect estimate. For each ARP the simple linear Pearson’s correlations coefficient
(r) over time was calculated. Considering %B (Fig. 2) best mean value is shown at 3 months
with Allografts (54,4%-95%C1=26,75% to 57,18%) while the worst is shown by Xenografts
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at 5 months (23,6%-95% Cl=2,13% to 66,71%). Considering %CT (Fig. 3) the highest and
lowest mean values are shown at 7 months by Allografts (67%-95%C1=32,09% to 91,80%) and
Alloplasts (27,1%-95%CI1=10,78% to 47,69%). During time no statistical relevant differences
are shown among the performances of each kind of ARPs and Control sites, both for %B and
%CT. For %CT in every group, including controls, there is a tendency to decrease. Considering
%RGM lowest percentages are shown by Allografts (12,4% to 21,11%) whereas the highest
percentages are shown at 7 by Xenografts and Alloplasts, 37,14% (95%CI=21,27% to 54,59%)
and 37, 23% (95%Cl1=5,42% to 77,57 %) respectively. For %RGM also no statistical differences
are shown (Fig. 4).

Tab. 3
w # of teeth Follow-up
ID# Study (ma?(lllar/ # of cores per group time % .‘“a' pone % residual graft A connectlvg /fibrous
mandibular)/ (mineralized) tissue (matrix)
w (months)
()
S #l %"Sa etal. [ 32 (|1/8314) Test (active bioglass):6 6 | Test: 54.00 « 31.00 Test:810+780 | Test:37.90 + 2560
= #ll Perelman et 23 (18+5) | A(DBBM): 13 9 A:29.7 721 g g
al. 2012 I/P B (DBBM + Collagen): 10 B:40.8 + 10.61
o 1 Cardaropoli et 43 Test (DBBM Collagen + Collagen): 24 1 Group Test: 26.34 +16.91 Test: 18.46 +11.18 Test: 55.19 +11.45
U al. 2012 P/M Control: 24 Group Control: 43.82 +12.23 | Control: 0.0 + 0.0 Control: 56.17 + 12.23
§V Wood et 32 (26+6) | A (DFBDA + collagen): 16 5 A: 38421148 A: 8.88 +12.83 A:52.71 £7.96
— Mealey 2012 [/C/P B (FDBA + collagen): 16 B: 24.63 £ 13.65 B:25.42 £ 17.01 B:49.94 + 11.07
m #y Hoang et 30 (8+21) | A (DBM-SS + collagen): 16 5 A:48.8 +18.7 A:8.2+47 A:43.1+186
= Mealey 2012 M B (DBM-MS+ collagen): 14 B:52.7 +13.1 B:54+45 B:41.9+115
o Cresoi et al 15 A (MHA + collagen): 15 A:365+26 A:32.2+32 A:33.3x15
#VI 2011p ' P/M B (CPB + collagen): 15 4 B:38.0 £ 16.2 B:36.6 +4.8 B:253+9.4
u m— C (collagen): 15 C:303+48 C:0.0x00 C:583+7.1
el
m A (MCBS): 4 A:283+17.2
Nevins et al. B (MCBS + rhPDGF-BB): 4 B:39.6 £ 11.3
= VI 9011 16 fc(McBs + EMD): 4 5 |c239+93 o o
D (EMD + BCP): 4 D:21.4+42
m VI Crespi et al. 30 (15+15) | A(CPB + collagen): 15 1 A:396+9.4 A:344£5.1 A:26.0+9.9
2011 P/M B (collagen): 15 B:29.5+5.0 B:0.0+£0.0 B:57.7+6.9
= #IX Hebereretal. | 39 (24+15) | Test (DBBM Collagen): 20 3 Test: 24.4 £ 10.80 Test: 14.75 £ 6.98 Test: 60.85 + 8.78
2011 1/C/P/M | Control: 19 Control: 44.21 + 24.88 Control: 0.0 £ 0.0 Control: 55.78 + 24.88
—
Ruga et al.
#X 60P/M Test (CaS):19 3 Test:65.26 +7 Group Test: 30.00 + 7 | Test:4.74 +7
o~ 2011
S Xl Nam et al. 44 (25+19) | A (coated DBBM + Collagen): 7 6 A:104+46 A:187 7.0 A:70.8 £8.7
m 2011 I/C/P/M | B (DBBM + Collagen): 5 B:53+83 B:16.4 +12.2 B:78.3+19.5
p— #XI Brkovic et al. 20 (9+11) | A(B-TCP/Clg): 8 9 A:42.4 +14.6 A:97£73 A:47.1x?
2011 C/P/M B (B-TCP/Clg+ collagen): 7 B:45.3 £ 14.5 B:12.5+6.6 B:42.1+7?
X Checchi et al. 10 A (biomimetic MHA + collagen): 6 A:54.0 £22.0 A:8.0+7.0 A:39.0 %7
2011 1/C/P/M | B(nanocrystalline HA + collagen): 5 B:49.0 £28.0 B:14.0+7.0 B:41.0%7?
B XV ggrlkoet al. 1 Test (EBM+ collagen): 4 6 | Test:9.88+657 Test: 42,62+ 657 | Test:47.50 = 9.28
£V Beck et 38 (16+22) | A (HBMA + collagen): 16 A:3 A:458 £22.4 A: 146129 A:39.6 £13.0
Mealey 2010 1/C/P B (HBMA + collagen): 22 B:6 B:45.0 +19.8 B:13.5+12.2 B:41.3+14.6
#xv1 ggsl'gas etal. 8 Test (BCP + collagen):6 4| Test:28.00 = 36.75 Test:15.83+8.70 | Test: 65.50 + 25.85
£ XV Pelegrine et 30 Test (autologous bone marrow): 15 6 Test: 42.87 +11.33 g g
al. 2010 I1/C Control: 15 Control: 45.47 = 7.21
A (DBBM + collagen): 7 A 236 A A
sy | Leeetal 2 B (HBMA + collagen): 8 5 8172 254 B 341 B:
2009 I/C/P/M C (HBMA + collagen): 4 120 12 C. |459 C:
geny: e 115 16.3
Aimetti et al. 40 Test (MGCSH): 22 Test: 58.8 £3.5
#XIX 3 il g
2009 I1/C Control: 18 Control: 47.2 7.7




# of teeth

. Follow-up | o, o . )
ID# Study (ma)lullar/ # of cores per group time % .total t_)one % residual graft A connechv_e/ﬁbrous
mandibular)/ (mineralized) tissue (matrix)
(months)
type
i Fotek et al. 20 A (HBMA + ADM): 9 A A: 27.89 A: 13.93 A: 58.19
2009 /P B (HBMA + dPTFE): 9 B: 32.63 B: 14.73 B: 52.64
# of teeth Follow-up
ID# Study (maglllar/ # of cores per group time 7 total t_Jone % residual graft A’ connectw_e/ﬁbrous
mandibular)/ (mineralized) tissue (matrix)
(months)
type
Crespi et al 15 A (MHA + collagen): 15 A:40.0 2.7 A:20.2+3.2 A:413+13
#XXI 2009p ’ M/P B (CaS + collagen): 15 3 B:45.0+6.5 B:13.9+34 B:415+6.7
C (collagen): 15 C:32.8+58 C:00=x00 C:64.6+6.8
A (Fisiograft + e-PTFE): 8 A:27.9+20.6 A:56+89
o Molly et al. 36 B (DBBM + e-PTFE): 6 6 B:20.7 £+ 15.8 B:20.2+17.0 g
2008 I/C/P/M | C(CaCO3 + e-PTFE): 6 C:24.0+220 C:120+16.4
Control: 5 Control: 29.4 = 17.1 Control: 0.0 £ 0.0
#XXI ‘;’gg‘sg 87520 {51 /¢/p /M | Test (HBMA + Collagen): 17 5 | Test:68.45+6.12 Test : 3.81 = 3.55 Test: 27.72 + 5.60
£YKIV Neiva et al. 24 (24+0) | A (ABBM - P15 + collagen): 157 A A:29.92 +8.46 A:6.25+7 A: 65.25 + 6.41
2008 P B (collagen): 157 B:36.54 £7.73 B:0.0£0.0 B: 62.67 £7.41
Cardaropoli et ) Group Test : 24.50 +
# XXV al. 2008 10M/P Test (CPB + collagen): 10 4 1] 1165 1]
£XXVI Barone et al. 40 Test (CPB + collagen): 20 7 Test:355+10.4 Test:29.2 +10.1 Test:36.6 +12.6
2008 1/C/P Control: 20 Control: 25.7 £ 9.5 Control: 00.0 = 0.0 Control: 59.1 + 10.4
H XXV Serino et al. 16 Test ( FISIOGRAFT): 7 3 Test:59.9 224 Test: 00.0 0.0 Test: 40.07 + 22.43
2008 1/C/P Control: 9 Control: 48.8 + 14.4 Control: 00.0 = 0.0 Control: 51.16 + 14.43
# Luczyszyn et 30 A (HA + ADM): 15 6 A:10 A:42.0 A:57.0
XXVIIL | al. 2005 1/C/P B (ADM): 15 B: 46.0 B:00.0 £ 0.0 B: 54.0
A (HA + ADM): 4 A:34.5+16.76 A:61.75 + 16.82 A:10.75 + 13.69
£ YKIX Froum et al. 16 B (HA + ePTFE): 4 7 B:27.60 £ 11.12 B: 60.60 = 11.85 B: 11.87 £6.80
2004 [/C/P/M | C(ABBM + ADM): 4 C:41.65+18.28 C:45.47 £13.76 C:12.85+13.57
D (ABBM -+ ePTFE):4 D:17.87 £7.18 D: 60.70 = 14.00 D:21.42 £8.34
FXXX Vance et al. 24 A (CMC/CaS/DFDBA + CaS ): 12 A A:61+9 A3+ A:36x7?
2004 1/C/P B (DBBM + Collagen): 12 B:26 +20 B:16+7 B:59 =7
Guarnieri et 15 Test (MGCSH): 10 Test : 58.1 + 6.2 med.
IR a1 2004 1/c/p | controk: 5 3| control: < 46 g o
# XK1 g‘gggn etal. 3°P' //lv(|:/ Test (DBBM + Collagen): 30 6 | Test: 26907 Test:25.60 + 7 Test: 4740 + 7
A (DBBM + e-PTFE): 6 A4 A:19.4 A:59.1 A: 215
# Fugazzotto 59 B (DBBM + e-PTFE): 40 B: 6 B: 34.5 B: 18.7 B: 46.8
XXX | 2003 C (DBBM + e-PTFE): 6 C:8 C:69.1 C:11.3 C:19.6
D (DBBM + e-PTFE): 7 D:12 | D:68.8 D:0.13 D:31.1
# Serino et al. 39 Test (FISIOGRAFT): 10 6 Test: 66.7 = 14.31 Test:0.0+0.0 g
XXXIV | 2003 I/C/P/M | Control: 3 Control: 43.66 + 10.69 Control: 0.0 £ 0.0
TestA: 4
Test A (FDBA + collagen): 5 TestB:6 | TestA:31+9 TestA:32+19 TestA: 37 7
EXXV lasella et al. 24 Test B (FDBA + collagen): 7 Control | TestB:25+17 TestB: 41 + 18 TestB: 34 +7
2003 1/C/P Control A: 5 A4 Control A: 58 + 11 Control A: 0.0 £ 0.0 Control A: 42 7
Control B: Control | Control B: 50 + 14 Control B: 0.0 £ 0.0 Control B: 50 = 7
B:6
. . | | Aollagen) 11 Aé_“gf A530+7 A 0.0+ 0.0 A 260+ 7
- eta;TaZ%%%a \/c7p/u | B (OBBM + Collagen): 7 control, | B 3447 B: 21.1 = 20.0 B:443+7?
' Control: 10 >9 " | Control: 43.5 7 Control:0.0 = 0.0 Control: 43.0 +?
4 Froum et al 30 A (Bioactive glass): 10 A:595+143 A:55+1.2 A:353+14.1
woll | 2002 ’ 1/C/P/M B (DFDBA): 10 7 B:34.7+79 B:13.5+3.6 B:67.0+8.1
Control: 10 Control: 32.4 £ 6.0 Control: 0.0 £ 0.0 Control: 51.6 + 36.1
# Artzi et al.
o | 2000 151/C/P | Test (DBBM): 15 3 Test:46.3 +£9.81 Test:30.8 +7.82 Test:22.9+12.28

—h
(o))
=
=
~e
1
q
=
o
:l
=
=
o
9p)
=)
=
rQ
q
D
»
»n




Fig. 1

Figure 1. PRISMA 2009 Flow Diagram of the screening and
selection process.
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Fig. 4

Figure 4. RESIDUAL GRAFT MATERIAL PERCENTAGE
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Conclusions

The aim of this paper was to set a systematic review regarding histological data derived from
studies reporting the effect of ARPs on healing patterns following tooth extraction in humans. Thus
a total of 12 meta-analyses were performed, referring to the 3 selected primary outcome(residual
graft, bone and connective tissues percentages), regarding sites treated by means of allografts,
xenografts, alloplastic materials and untreated sites.

Drawing conclusions across the studies is difficult since the test groups differed in many
respects compared with each other, including considerable differences in surgical technique
(bone substitute only/GBR graft), in bio-materials used (MGCSH/porcine bone with collagen
membrane), in flap management (flapless, no primary closure /mucoperiosteal flap, primary
closure), in follow-up duration and above all in type of biopsy retrieval. Nevertheless some
important speculations may rise up.

Successful and long-lasting outcomes of different GBR procedures are well documented in
literature (Dragoo and Sullivan, 1973, Evian et al., 1982, Simion et al., 1994, Zitzmann et
al., 2001) and led to the assumption that enhancing ARPs with multiple 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. Firstly, in a
mechanical fashion, stabilizing the blood clot, acting as a scaffold with a space-maintaining
effect and avoiding epithelial ingrowth, secondly in a biological way providing an extra source of
collagen, minerals and growth factors.

All the recent SRs and consensus on this topic seem to agree on confirming somewhat of benefit
when adopting ARPs. Accordingly our research corroborate this positive trend, even from an
histological stand point.

Several critical issues arise from a thorough interpretation of our results. First of all, in the
most part of the selected studies, a small sample size limits the possibility of spreading any
conclusions. Then a complete lack in standardization of 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 clearly how multiple locations of bone core retrievals may not coincide exactly with the
precise position of the original dental alveola, impairing a correct data evaluation.

Nevertheless our results seem to be consistent with those suggested recently in a systematic
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review by Horvath et al.(Horvath et al., 2012), despite our approach has been especially focused
on comparing histomorphometric data, thus including more papers too. It is noteworthy that,
to the best of our knowledge, this research is the first SR performing several meta-analyses on
histological data referring to ARPs’ performance.

Accordingly to current literature, a suggestive result regards the variations in RGM %: in fact
Xenografts and Alloplasts showed the highest amount of residual particles, 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. Furthermore 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 Lindhe et al (Araujo et al., 2008).
In respect to clinical implications related to dental implant insertion the most impactful 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.
Consequently it might be argued that it is no more so mandatory waiting further than 3-4
months, aiming to achieve a complete maturation and mineralization of bone tissue, prior to
implant insertion. In fact ARPs seem to be unable to accelerate the physiological healing process
in extraction sockets, just because they do not improve the histological modifications in treated
sites.
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