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a  b  s  t  r  a  c  t

Background  and Purpose:  Alveolar  bone  resorption  after  dental  extraction  frequently  leads  to  situations
in  which  long-term  function  and  esthetic  success  of rehabilitations  with  dental  implants  is  a  challenge.
Socket  shield  has  been  described  as an  alternative  technique  to maintain  the  alveolar  ridge  when  placing
immediate  implants.  The  aim  of this  review  is  to evaluate  the  medium-  and  long-term  clinical  outcomes
of the  socket  shield  technique  in  human  studies.
Material  and Methods:  This  review  was  conducted  according  to PRISMA  guidelines.  An  electronic  search
was  conducted  in  four  databases:  (1) The  National  Library  of Medicine  (MEDLINE/PubMed)  via Ovid;  (2)
Web  of  Science  (WOS);  (3)  SCOPUS;  and  (4)  Cochrane  Central  Register  of Controlled  Trials  (CENTRAL).
The  Cochrane  Collaboration  tool,  the Newcastle-Ottawa  Quality  Assessment  Scale  and  The  Joanna  Briggs
Institute  Critical  Appraisal  tool  were  used  to  assess  the quality  of  evidence  in  the  studies  reviewed.
Results:  Six  articles  were  included  in this  review.  The  studies  analysed  showed  lower  rates  of  horizontal
and  vertical  alveolar  bone  resorption,  better  maintenance  of  the  buccal  plate,  less  marginal  bone  loss  and
better esthetic  results  than  simple  placement  of  immediate  implants.  However,  a  lack of  homogeneity  was

found  in evaluation  methods  of  the  different  outcomes,  surgical  procedures  and  prosthetic  management.
Conclusions:  Based  on  the  results  of  this  review,  it is possible  to  suggest  that  socket  shield  technique
could  be  a good  alternative  in  terms  of  alveolar  bone  maintenance,  marginal  bone  stability  and  aesthetic
outcomes  in immediate  implant  treatment.  However,  it is  not  possible  to recommend  this  technique  as
an alternative  treatment  with  the  same  long-terms  predictability  as  conventional  immediate  implants.

©  2021  The  Authors.  Published  by Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC
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1. Introduction

Alveolar bone, tooth, cement and periodontal ligament con-
stitute a functional unit. In this way, when a tooth is lost, this
functional unit is disrupted, leading to an unavoidable resorption
of the alveolar ridge (Araújo et al., 2015).

Several studies have demonstrated that a 50% of the alveolar
width is reabsorbed in the first 12 months after the extraction of a
tooth, corresponding to an average of 5−7 mm.  Elsewhere, it is esti-
mated that two-thirds of this resorption occurs in the first 3 months,
mainly in the buccal plate, due to its lower thickness (Schropp et al.,
2003; Araújo and Lindhe, 2005). Thus, the morphology of the alve-
olar ridge after tooth extraction can present a discrepancy in bone
height between the lingual and buccal plate (Araújo et al., 2015;
Lang et al., 2012).

Nowadays, there is an increase in patients who require imme-
diate dental implants in the aesthetic zone. According to Chappuis
et al. (2015), a fully intact buccal bone wall with a thickness greater
than 1 millimeter (mm)  and a thick gingival biotype are the main
requirements to place an immediate implant. When both condi-
tions are present, there is a low recession risk of the buccal gingiva
and width reduction of the soft tissue profile at the neck of the
implant prosthesis (Buser et al., 2017). However, it should be noted
that these conditions are not present in many cases (Januário et al.,
2011).

Furthermore, the periodontal ligament plays a major role in
the alveolar bone remodelling process. It is able to induce bone
resorption and bone formation by the stimulation of osteoblasts
and osteoclasts (Liu et al., 2020). The periodontal ligament has an
essential nutritional function, which provides irrigation not only to
the radicular cement, but also to the inner wall of alveolar bone
or lamina dura, originating the complex “lamina dura-periodontal
ligament” or “bundle bone” (Cardaropoli et al., 2014). Thus, when
tooth loss occurs, the destruction of this complex inevitably results,
leading to alveolar bone resorption. Since more “bundle bone” in

the buccal wall is present, buccal bone loss is usually greater after
tooth extraction (Cardaropoli et al., 2014, 2003).

Over the past two decades, numerous studies have been con-
ducted on different techniques to prevent bone loss after dental
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xtraction, such as the immediate implant insertion (Araújo and
indhe, 2005; Botticelli et al., 2006), soft tissue augmentation
rocedures (Puzio et al., 2020; Thoma et al., 2018), palatal ori-
ntation of the implant in the socket (Tarnow et al., 2014), the
se of platform switching (Linkevicius et al., 2015), and several
ocket preservation techniques such as “Immediate Dentoalveo-
ar Restoration” (Da Rosa et al., 2019) or “Ice Cream” technique
Tan-Chu et al., 2014), among others (Heinemann et al., 2012).
lthough all these techniques have certain positive effects on
one preservation, modifications on the peri-implant tissues can-
ot be completely prevented over time (Esposito et al., 2006;
ignoletti et al., 2012; Esposito et al., 2012; Chen and Buser,
014; Lin et al., 2014; Avila-Ortiz et al., 2014; Heinemann et al.,
015)

The preservation of dental root to avoid alveolar resorption have
een described by different authors, reporting the achievement of
esthetic results after preserving soft tissues (Björn, 1963; Reames
t al., 1975; O’Neal et al., 1978; Salama et al., 2007). Based on this
oncept, a technique called “Socket Shield” (SS) has been described
y Hürzeler et al. (2010). The aim of this technique is to maintain
he bundle bone on the buccal side, through a partial root extrac-
ion, in order to preserve the crestal bone at the original level.
ecently, the concept of “Partial Extraction Therapies” (PET) has
een described, following the same biological basis. In addition,
Socket-shield” is the most commonly used PET (Gluckman et al.,
016).

Recently, two  systematics reviews evaluating current evi-
ence on the SS technique have been published (Gharpure and
hatavadekar, 2017; Mourya et al., 2019), providing informa-
ion about results and complications related to this technique.
owever, both reviews include not only human but also animal

tudies, without restriction of follow-up time of the different out-
omes. Limitations of these reviews are the lack of long-term
ollow-up data, and the inadequate definition of the outcome ana-
ysed, leading to non-homogeneous included studies. Therefore,

he aim of the current systematic review is to analyse the medium-
nd long-term clinical outcomes of the socket shield technique
ssociated with immediate implant placement in human stud-
es.
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2. Material and methods

This systematic review was carried out according to Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Proto-
cols (PRISMA-P) recommendations (Moher et al., 2010).

2.1. Focused question

The following focused PICO (population, intervention, compar-
ison, and outcome) was constructed:

In situations in which tooth extractions may  be performed to be
replaced by immediate implants, what is the effectiveness of socket
shield technique with or without gap filling compared, if possible,
to the usual technique (immediate implant) with or without gap
filling to avoid the resorption of the alveolar ridge?

2.2. Eligibility criteria

2.2.1. Inclusion criteria
The inclusion criteria were: (1) Prospective and retrospective

observational studies, cross-sectional studies, case-control studies,
case series and case reports published in scientific journals; (2) per-
formed in humans older than 18 years; (3) patients in good general
health; (4) patients who received socket shield therapy along with
the placement of at least one immediate implant in sites present-
ing ridge deficiencies (maxillary or mandibular incisors, canines
and premolars) (5) follow-up of at least one year after treatment;
(6) outcome variables evaluating the changes (baseline and at least
12 months follow-up) in the dimension of the alveolar socket; (7)
without date restriction; and (8) written in English.

Studies which included interventions aimed for alveolar ridge
preservation with the socket shield technique (filling the gap or
not) were selected. The selected studies could compare the socket
shield technique with other ridge preservation techniques involv-
ing immediate implant placement in the aesthetic area.

The primary outcomes were to assess changes between baseline
and one year after treatment in the dimension of the alveolar bone
using changes in preoperative and postoperative radiographies
(cone beam computer tomography (CBCT) or periapical X-ray).

The following secondary outcomes were evaluated: (1) Soft
tissue changes through superimposition of preoperative and post-
operative plastercasts; (2) aesthetic outcomes evaluating soft tissue
recession and pink aesthetic score; (3) implant survival rate, at
least 1 year after implant placement; and (4) surgical and prosthetic
complications.

2.2.2. Exclusion criteria
The exclusion criteria were: (1) in vitro and animal studies,

bibliographic and systematic reviews and letters to the editor;
(2) studies performing partial extraction therapies different from
socket shield technique such as root submergence, pontic shield,
proximal socket shield or root membrane technique; (3) studies
not available in full text; (4) studies written in a language other
than English.

2.3. Search strategy

A bibliographic search of the literature was conducted, with-
out restriction of date until December 21, 2020 in the following
databases: PubMed/MEDLINE, The Cochrane Library, Scopus and
Web  of Science. Two independent researchers (LMSA, FFGT) real-
ized the search. The search strategy was the following adapted

to each database: (((s̈ocket[̈All Fields] AND s̈hield[̈All Fields])
OR (s̈ocket[̈All Fields] AND s̈hield[̈All Fields] AND ẗechnique[̈All
Fields])) OR (p̈artial[̈All Fields] AND ëxtraction[̈All Fields]))
AND (d̈ental implants[̈MeSH Terms] OR (d̈ental[̈All Fields] AND

3
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3
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mplants[̈All Fields]) OR d̈ental implants[̈All Fields]). In addition,
e  performed a review of the references included in the selected

rticles, to ensure the inclusion of all available studies.

.4. Data extraction

Two  independent researchers (LMSA, FGFT) compared search
esults, to ensure completeness and avoid duplications. They
ndividually screened all full titles and abstracts. All potentially
tudies were obtained and checked for eligibility using the fol-
owing abstraction form: first author, journal, centre and country

here the study was conducted, title of the paper, type of study,
ecruitment of patients, inclusion and exclusion criteria, sam-
le characteristics (population, age and gender), characteristics of
urgical procedures (number of implants placed, implant brand,
urgical technique used in each case), characteristics of the pros-
hetic restoration (type of provisional and definitive restoration),
ollow-up time, evaluation of the outcomes, results and complica-
ions. In those studies where socket shield technique was compared
ith another technique, statistical significance was  extracted, if

vailable. Any differences in the selection of eligible studies were
esolved by discussion with a third reviewer (JCBB).

Moreover, the inter-reviewer reliability (percentage of agree-
ent and kappa correlation coefficient) in full-text analysis was

alculated.

.5. Risk of bias in individual studies

Two  independent reviewers (OIV, FPG) evaluated the method-
logical quality of the eligible studies independently. Any
isagreement was solved by a third reviewer (LSM).

Cochrane Collaboration tool for assessing risk of bias (Higgins
t al., 2011) was  used to assess the quality of Randomized Con-
rolled Clinical Trial (RCT). The studies were classified as low risk
f bias (low risk of bias for all key domains), unclear risk of bias
unclear risk of bias for 1 or more key domains), and high risk of
ias (high risk of bias for 1 or more key domains).

The observational studies were evaluated following the
ewcastle-Ottawa Quality Assessment Scale tool (Wells et al.,
000). This tool included a questionnaire divided into 3 categories:
election (which include 4 questions), Comparability (1 question)
nd Exposure (3 questions). Each study could obtain a maximum
f nine stars. The studies were classified in good, fair or poor-
uality (GQ, FQ or PQ) following the score algorithm proposed by
he Agency for Healthcare Research and Quality (McPheeters et al.,
012). Finally, The Joanna Briggs Institute Critical Appraisal tool for
ase reports (Moola et al., 2015) was used to assess risk of bias for
ase reports, which included eight questions. A low risk of bias was
onsidered when ≥50% of the answers were “yes”, high risk when
50% were “no” and uncertain risk of bias if ≥50% of the answers
ere “unclear”.

. Results

.1. Inter-reviewer agreement

The inter-reviewer Cohen’s Kappa statistic between the two
ndependent reviewers (L.M.S.A. and F.G.F.T.) was  0.981 (CI 95%:
.983/0.978). The intervention of a third reviewer for consensus
valuation was not needed.
.2. Study selection

823 articles were found after the initial search, resulting on 538
apers without duplicates. After screening all titles and abstracts,
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Fig. 1. PRISMA flow diagram of

465 articles were excluded: 439 studies for not being related to
socket-shield technique, 8 for not being available in full text, and
26 because they were not written in English language. After read-
ing the full text of the 73 selected articles, 67 were discarded
due to the following reasons: the studies did not offer the out-
comes to be evaluated (n = 33), studies with a follow up <1 year
(n = 17), animal studies (n = 6), studies performing partial extraction

therapies different from socket shield technique (n = 7), systematic
reviews (n = 2), finite element study (n = 1) and letter to the editor
(n = 1). Finally, 6 articles were included in this systematic review
(Fig. 1).
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reening and selection process.

.3. Study characteristics

The selected studies were: randomized controlled clinical trials
n = 2), retrospective studies (n = 1) and case reports (n = 3). All of
hem were published between 2017 and 2020. The studies were
arried out in different countries: United States, China, Germany,
taly, Turkey and India. They were published in Dentistry journals

elated to implant dentistry, aesthetics, periodontics, and oral and
axillofacial surgery. All the studies included 69 patients, treated
ith 69 implants. The characteristics of the studies and the patients

ncluded as well as implant placed are shown in Table 1.
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Table  1
Study characteristics.

Author, year, center and country Type of study Number of patients,
sex and age

Number of IOI IOI position IOI brand

Tiwari et al. (2020)
Dpt of OMFS, Saraswati Dental College and Hospital
Uttar Pradesh, India

RCT 16 16 Mx anterior region NA

Aslan (2018)
Private Practice, Izmir, Turkey

Case report n = 1
Female
32 years

1 Mx central incisor V3, Mis  Implant
Technology

Guo et al. (2018)
School and Hospital of Stomatology
Jilin, China

Case report n = 1
1 male
28 years

1 Mx central incisor Straumann Bone
Level SLA Active

Bramanti et al. (2018)
University of Messina,
Italy

RCT n = 40
Sex and age NA

40 From Mx/Mn canine to
Mx/Mn  canine

NA

Bäumer et al. (2017)
Department of Periodontology, Johann-Wolfgang
Goetche University. Frankfturt, Germany

Retrospective
study

n = 10
5 males
5 females
Age NA

10 From 1st Mx premolar
to 1st Mx premolar

SPI Element
Thommen Medical

Roe et al. (2017)
Private clinic
Washington, USA.

Case report n = 1
1 male
56 years

1 Mx central incisor Nobel Active
(Nobel Biocare)

ar.

c
t
c
p
n
I
m
u
p
F
i
T

3

e
2
o
p
n
p
e
r
a
c
c
(

3

2
c
w
p
r
0
P

RCT = Randomized Clinical Trial; NA = Not available; Mx  = Maxillary; Mn  = Mandibul

All the implants were placed from 1st maxillary/mandibular
premolar to 1st maxillary/mandibular premolar. Regarding the sur-
gical procedure, 41 implants were placed using the socket-shield
technique and 28 using a conventional immediate implant tech-
nique. Several implant brands were used among all the studies (see
Table 1). The longest follow-up period was found in the article pub-
lished by Bäumer et al. (2017), with an average follow-up of 58
months, while the minimum follow-up period was observed in the
study performed by Aslan (2018) with a follow-up of one year.

Regarding the evaluation methods of the clinical outcomes,
dimensional bone changes assessed through CBCT were reported
in three studies (Aslan, 2018; Tiwari et al., 2020; Guo et al., 2018).
Marginal bone loss (MBL) by superimposition of preoperative and
postoperative digital intraoral radiographs was evaluated in three
studies (Bäumer et al., 2017; Roe et al., 2017; Bramanti et al., 2018).

With respect to other secondary outcomes assessed, two  studies
analysed soft tissue volume alterations through digital superimpo-
sition of preoperative and postoperative plaster casts (Bäumer et al.,
2017; Aslan, 2018).

Furthermore, two articles reported aesthetic outcomes of the
prosthetic restoration throughout Pink Esthetic Furhauser Scale
(PEFS) (Bäumer et al., 2017; Bramanti et al., 2018).

The type of prosthetic rehabilitation (provisional or definitive)
was detailed in five of the six included studies (Bäumer et al., 2017;
Aslan, 2018; Guo et al., 2018; Roe et al., 2017; Bramanti et al., 2018).

Survival rate was detailed only in one of the included studies
(Bramanti et al., 2018). Finally, clinical complications during the
follow-up period were registered in five of the articles included
(Bäumer et al., 2017; Aslan, 2018; Guo et al., 2018; Roe et al.,
2017; Bramanti et al., 2018). The previous outcomes are detailed
in Table 2.

3.4. Results of individual studies

3.4.1. Surgical procedures
Among all studies, 28 conventional immediate implants and 41

implants using SS technique were placed. In 20 of the 28 conven-

tional immediate implants, a xenograft was placed into the gap
between the implant and the buccal bone plate (Bramanti et al.,
2018). In 8 cases, there was not detailed if grafting was  performed
(Tiwari et al., 2020).
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Regarding to the 41 implants placed with the SS technique, in 20
ases implants were placed without using any biomaterial between
he implant and the dental fragment (Bramanti et al., 2018). In 13
ases, several techniques were used to fill the gap. In 10 cases,
roteins derived from the enamel matrix were placed in the inter-
al part of the vestibular dental fragment (Bäumer et al., 2017).

n one case report, a xenograft was placed between the root frag-
ent and the implant (Aslan, 2018). In one case, an allograft was

sed to fill the gap (Roe et al., 2017) and, in other case report,
latelet-rich fibrin (PRF) was placed into the gap (Guo  et al., 2018).
inally, in eight cases, there was  no data available about graft-
ng between the shield and the implant (Tiwari et al., 2020) (See
able 2).

.4.2. Changes in bone dimensions
Dimensional changes of alveolar bone after SS technique were

valuated through CBCT in three of the included studies (Aslan,
018; Tiwari et al., 2020; Guo et al., 2018). Tiwari et al. (2020)
bserved a mean reduction in the thickness of labial bone at crestal
osition of 0,03 mm at 12 months post-op with socket shield tech-
ique and a mean reduction of 0,187 mm in the immediate implant
lacement group, without finding statistically significant differ-
nces between groups. Guo et al. (2018) reported a mean horizontal
esorption of 0.4 mm and vertical resorption of 0.4 mm,  18 months
fter implant placement with SS technique. Furthermore, in the
ase report published by Aslan (2018) presence of a 0.39 mm  buc-
al plate width was  found one year after socket-shield technique
See Table 2).

.4.3. Marginal bone loss (MBL)
Three of the six included studies (Bäumer et al., 2017; Roe et al.,

017; Bramanti et al., 2018). evaluated MBL  with digital periapi-
al radiographs. However, not all of them analyze it in the same
ay. Bäumer et al. (2017) evaluated this outcome by superim-
osing of digital periapical radiographs at the interproximal level,
esulting in 0.33 ± 0.43 mm of bone loss at the mesial level and
.17 ± 0.36 mm at the distal level, after 58 months of follow-up.
erforming the same method, Bramanti et al. (2018) evaluated

arginal bone resorption between socket-shield technique and

mmediate implants. After three months, 0.315 ± 0.047 mm of bone
oss was observed in the socket-shield group and 0.79 ± 0.084 mm
n the control group, while after three years a marginal reabsorp-
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Table  2
Results of individual studies.

Author, year, center and
country

Surgical procedure Prosthetic
rehabilitation

Follow-up Results Complications

Tiwari et al. (2020)
Dpt of OMFS, Saraswati
Dental College and Hospital
Uttar Pradesh, India

1st group (8 SS)
2nd group (8 CG):
Extrac-
tion + immediate
implant

NA 12 months CBCT showed more bone loss in CG but
differences between both groups were not
statistically significant.

NA

Aslan (2018)
Private Practice, Izmir,
Turkey

SS and gap filled
with xenograft
(Bio-Oss, Geistlich).

1st screw retained
acrylic crown.
2nd lithium disilicate
crown cemented on
lithium disilicate
abutment cemented on
Ti-base (8 months after
provisional
restoration).

12 months 1. Volumetric alteration (digital overlap of pre
and post digital impressions):
- Palatal side showed more volumetric changes
compared to the buccal side in all the
measures performed.
2. CBCT showed presence of a 0,39 mm buccal
bone plate at 1 year.

No complications

Guo et al. (2018)
School and Hospital of
Stomatology
Jilin, China

SS + PRF in the gap. 2nd stage 24 weeks
after IOI insertion.
No provisional
restoration.
Final restoration:
porcelain-fused to
metal crown.

18 months CBCT showed 0.4 mm horizontal bone loss and
0.4 mm vertical bone loss 18 m after implant
placement.

No complications

Bramanti et al. (2018)
University of Messina,
Italy

1st group (20 SS)
2nd group (20 CG):
Extrac-
tion + immediate
implant + allograft
(CopiOs, Zimmer)
in the gap.

1st immediate acrylic
resin provisional above
an acetate abutment.
2nd Screw-retained
zirconia crown.

35 months 1. Marginal bone loss (superimposition of pre
and post intraoral radiographs) after 3 years:
- SS: 0.605 ± 0.06 mm
- CG: 1.115 ± 0.131 mm
-  p = 0.00014
2. Aesthetic outcomes (PEFS) after 3 years:
-  SS: 12.15 ± 0.87
- CG: 10.3 ± 1.59
-  p value = 0,00008
3. Survival rate (Buser criteria): 100% of cases.

No complications

Bäumer et al. (2017)
Department of
Periodontology,
Johann-Wolfgang Goetche
University. Frankfturt,
Germany

SS + Emdogain
(Straumann) inside
the root fragment.

1st immediate acrylic
provisional (4 cases) or
healing abutment (6
cases).
2nd Custom Zirconia
abutment and
lithium disilicate
crowns. (6 cases
screw-retained and 4
cases cemented).

51−63 months 1. Marginal Bone loss (superimposition of pre
and post digital intraoral radiographs):
-  Mesial: -0.33 ± 0.43 mm
-  Distal: -0.17 ± 0.36 mm
2. Soft tissue volume alterations (digital
superimposition of pre and post plaster cast):
-  Oro-facial: 0.37 ± 0.23 mm
- Mid-facial recession: 0.33 ± 0.23 mm
-  Recession at neighboring teeth:
0.38 ± 0.27 mm
3. Aesthetic outcomes (PEFS):
- Mean score: 12

No complications

Roe et al. (2017)
Private clinic
Washington, USA.

Modified SS: facial
window approach
and gap filled with
allograft (Puros,
Zimmer Dental)
and collagen
membrane
(Bio-Guide,
Geistlich Pharma).

1st immediate acrylic
resin provisional crown
above a titanium
temporary abutment.
2nd metal ceramic
crown cemented on
custom abutment (6
months later).

24 months 1. Marginal Bone loss evaluation through
periapical X-ray and CBCT showed clinical and
radiological stability between baseline and 6
months, 12 months and 24 months. (Measures
NA)

No complications
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CBCT = Cone Beam Computer Tomography; CG = Control group; IOI = Implant; ISQ = I
Index;  NA = Not available; PEFS = Pink Esthetic Furhauser Scale; PPD = Pocket Probin

tion of 0.605 ± 0.06 mm  was recorded for the socket-shield group
and 1.115 ± 0.131 mm  in the control group. Therefore, statistically
significant differences between comparison groups were found at
six months and also at three years. Finally, in the study performed
by Roe et al. (2017), radiological stability of marginal bone level
was found between baseline and 24 months after implant place-
ment, although authors do not provide data about this outcome
(See Table 2).

3.4.4. Soft tissue changes
Changes in soft tissues evaluated through digital superimposi-
tion of preoperative and postoperative plaster casts were evaluated
in two studies (Bäumer et al., 2017; Aslan, 2018). However, the
volume changes were evaluated with different techniques. Aslan
(2018) measurements were performed in the bucco-palatal direc-
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t Stability Quotient; MPI  = Modified Plaque Index; MSBI = Modified Sulcus Bleeding
ths; PRF = Platelet-rich fibrin; SS = Socket shield.

ion parallel to the implant axis in three slices: 1, 4, and 7 mm below
he gingival margin, finding more volumetric changes in the palatal
ide compared to the buccal side in each slice at different levels.
aumet et al. (2017) assessed these differences focusing only on
he buccal aspect. A vestibular loss of 0.37 ± 0.23 mm was observed,
nd also an apical migration of the gingival margin at the implant
evel of 0.33 ± 0.23 mm and a recession of 0.38 ± 0.27 mm  respect
o the adjacent teeth. (See Table 2)

.4.5. Aesthetic outcomes
Two studies reported aesthetic outcomes of the prosthetic
estoration throughout PEFS (Bäumer et al., 2017; Bramanti et al.,
018), finding in all cases treated with socket-shield technique
igher aesthetic results. Bramanti et al. (2018) found better results

n the SS group compared to the control group while Bäumer et al.
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(2017) observed a mean score of 12 in all cases included, which
means high aesthetic result (See Table 2).

3.4.6. Survival rate
Survival rate was only recorded by Bramanti et al. (2018), finding

a survival rate of 100% after 35 months of implant placement in the
SS group.

3.4.7. Prosthetic restoration
In three of the included studies, provisional resin acrylic screw-

retained restorations were placed the same day of the implant
placement (Bäumer et al., 2017; Aslan, 2018; Roe et al., 2017;
Bramanti et al., 2018). In one study, no provisional restoration was
placed (Guo et al., 2018) and one study (Tiwari et al., 2020) did
not provide information about provisional prosthetic restoration.
A great heterogeneity not only in materials used for the final reha-
bilitations but also in techniques and final loading time was  found
in the included studies (See Table 2).

3.4.8. Complications
Five of the included studies reported the possible complications

(Bäumer et al., 2017; Aslan, 2018; Guo et al., 2018; Roe et al., 2017;
Bramanti et al., 2018), but no complications were registered during
the follow-up period in any of the cases included. (see Table 2)

3.5. Risk of bias of the studies individually

As shown in Table 3 both RCTs included in this review (Tiwari
et al., 2020; Bramanti et al., 2018). showed unclear risk of bias
according to Cochrane Collaboration (Higgins et al., 2011), while
all the observational studies and case reports bias assessed through
Newcastle-Ottawa (Wells et al., 2000) (Table 4) and JBI (Moola et al.,
2015) (Table 5) quality assessment showed a low risk of bias.

4. Discussion

4.1. Summary of evidence

The objective of this systematic review was to analyze the
medium- and long-term clinical outcomes of human studies of the
socket shield technique associated with immediate implant place-
ment. To our knowledge, no previous systematic reviews including
only human clinical studies have been carried out. Analysing the
results of the six included studies, it is not possible to confirm that
this socket shield technique is a predictable alternative approach
to the simple placement of immediate implants. In spite of that it
has been observed that it is able to enhance the maintenance of
the dimensions of the alveolar bone, reduces the risk of marginal
bone loss, and improves the aesthetic, there is not consistent
data yet to recommend this technique as alternative treatment
with the same long-terms predictability as conventional immediate
implants.

The primary objective of this study was to assess changes in
the dimension of the alveolar bone after socket shield technique.
This outcome has been evaluated through different methods in the
included studies. Studies evaluating changes in bone dimensions
through CBCT showed lower rates of horizontal and vertical alveo-
lar bone resorption than simple placement of immediate implants
(Guo et al., 2018). It was also observed that maintenance of the
buccal plate after at least one year with the socket shield technique
was better than with placement of only immediate implants (Aslan,

2018; Tiwari et al., 2020).

None of the two previous mentioned systematic reviews about
socket shield evaluated this outcome (Gharpure and Bhatavadekar,
2017; Mourya et al., 2019), so it is not possible to compare our
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esults with previous data about this technique. However, accord-
ng to systematic reviews evaluating changes in the dimension of
he alveolar bone after conventional immediate implants the values
btained varied between 0.5−1 mm horizontal and vertical resorp-
ion after one year (Lee et al., 2014) and similar values of width
nd height on buccal bone plate (Clementini et al., 2015). As bun-
le bone is preserved with socket shield technique, it is expected to
chieve better results when compared to conventional immediate
mplants.

.2. Marginal bone loss

Studies which evaluated MBL  through intraoral radiographs
btained values between 0.17−0.33 mm of bone resorption after 58
onths of performing socket shield technique (Bäumer et al., 2017),
hile studies analysing differences in marginal bone loss between

ocket shield and immediate implants showed statistically sig-
ificant differences between groups, finding better results in the
ocket shield group after two- and three-years follow-up (Bramanti
t al., 2018). Comparing these findings with conventional immedi-
te implants, two systematic reviews showed marginal bone loss
alues of 0,05−1,37 mm at one year follow up (Sommer et al., 2020)
nd 0,4−2,06 mm after 12–60 months (Cosyn et al., 2019). There-
ore, in terms of MBL, as well as changes in bone dimensions, the
ocket shield technique seems to prevent bone resorption in the
edium-long term follow-up with similar efficacy to conventional

mmediate implants.

.3. Soft tissue volume and aesthetic outcomes

Soft tissue volume showed good results after socket shield
echnique (Bäumer et al., 2017; Aslan, 2018), even finding better
esults in the socket shield group when compared to conventional
mmediate implants (Bramanti et al., 2018). These findings led to
egister high aesthetic results in all the studies which evaluated
esthetic outcomes (Bäumer et al., 2017; Bramanti et al., 2018).
hese data are in accordance not only with previous systematic
eviews about the socket shield technique (Mourya et al., 2019),
ut also with systematic reviews evaluating these clinical outcomes

n conventional immediate implants (Clementini et al., 2015). As
eriodontal ligament as well as buccal plate is maintained with the
ocket shield technique, soft tissue volume seems to be also pre-
erved as the inserting dentogingival fibers are not detached and
herefore, good aesthetic results can be achieved with this tech-
ique.

.4. Surgical procedures

Regarding the surgical technique, a lack of homogeneity among
he included studies was observed. In this sense, further investi-
ations on many aspects of the socket shield technique should be
arried out to provide a validated protocol, such as length and width
f the root fragment, and need for grafting to fill the gap. The orig-
nal technique described by Hürzeler et al. (2010) recommended
o keep the root fragment 1 mm above the buccal plate to pre-
erve periodontal fibres. It has been observed that this could led
o direct contact between the crown or abutment and the coro-
al portion of the root fragment, then stimulating peri-implant
ucosa inflammation and triggering complications such as inter-

al or external exposure of the shield (Gluckman et al., 2018). In
rder to avoid these complications, Gluckman et al. (2018) rec-
mmended reduce the fragment to the bone level and create an

nternal beveled chamfer in the crestal aspect to provide more
pace for soft tissue infill in the prosthetic emerging transgingi-
al portion. Neither proper length nor width of the root fragment
ave been established yet. Calvo-Guirado et al. (2019) conducted an
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Table  3
Quality assessment of RCTs using the Cochrane Collaboration recommendations.

Selection bias Reporting bias Performance bias Detection bias Attrition bias Other bias

Study Random sequence
generation

Allocation
concealment

Selective
Reporting

Blinding of
participants and
personnel

Blinding of
outcomes
assessment

Incomplete
outcome data

Other sources
of  bias

Tiwari et al. (2020)

Bramanti et al. (2018)

+ = Low risk of bias; − = High risk of bias;? = Unclear.

Table 4
Quality assessment of observational studies using the Newcastle-Ottawa scale.

Bäumer et al.
(2017)

SELECTION
• Representativeness of the exposed cohort
•  Selection of the non-exposed cohort
• Ascertainment of exposure
• Demonstration that outcome of interest was not present

at  start of study

*
*
*
*

COMPARABILITY
•  Study controls for socket shield group
•  Study control for any additional factor (duration of

exposure)

OUTCOME
•  Assessment of outcome
•  Was  follow-up long enough for outcomes to occur?
• Adequacy of follow up of cohorts

*
*
*
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NEWCASTLE-OTTAWA SCORE 7

animal study evaluating the influence of the length of the root frag-
ment, finding a lack of bone formation and migration of connective
tissue in root fragments longer than 2 mm.  Moreover, they found
new bone formation when enough space was created between the
dental fragment and the implant (Calvo-Guirado et al., 2016). Sim-
ilar results were found by Bäumer et al. (2017), who  found not
only bone formation but also a healthy periodontal ligament on
the buccal side. In this sense, there is no consensus on grafting the
gap between the implant and the root fragment or, on the con-
trary, placing the implant in direct contact with the socket shield.
It seems that creating space between the root and the implant could
provide not only better results due to the new bone formation, but
also preventing complications, such as placing the implant in direct
contact with the root could increase tooth fracture risk promoting
implant failure. Therefore, it appears to be more recommended to
maintain a gap between the socket shield and the implant. Nev-
ertheless, there is no agreement in terms of filling the gap or not.
The results of this systematic review showed a great heterogeneity
about this topic, finding 20 cases without grafting the gap (Bramanti
et al., 2018) and 13 cases in which different biomaterials were used
(Bäumer et al., 2017; Aslan, 2018; Guo et al., 2018; Roe et al., 2017).
As for conventional immediate implants, the tendency in socket
shield is grafting the gap when it is >1 mm (Botticelli et al., 2006).
However, it has not been determined which is the best material
to use. Based on the current histological evidence, the application
on enamel matrix protein in the internal aspect of the root frag-
ment seems to improve treatment prognosis as new cementum

is formed on the inside of the root, which could prevent resorp-
tion and future complications (Hürzeler et al., 2010; Bäumer et al.,
2017). These results are in accordance with the findings obtained
in the systematic review published by Mourya et al. (2019).

(
c
o
c
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.5. Complications

None of the included studies reported complications in a follow-
p period of 12–58 months, disagreeing with the current evidence.
ourya et al. (2019) observed a 6.96% implant failure rate in human

linical studies with a 426 implants sample with a follow-up period
ange of 5–58 months, while a previous systematic review per-
ormed by Gharpure and Bhatasvadekar (2017) found a 24.26%
ailure rate (33 implants of a total sample of 136 implants placed
ith the socket shield technique with a follow up period of 4–58
onths). Crestal bone loss around the implants (78.78%) and shield

xposure (15.15%) were the main complications found by Gharpure
nd Bhatavadekar (2017). Furthermore, Gluckman et al. (2018)
eported the greatest rate of complications associated with the
ocket Shield Technique, such as implant failure, finding 19.5% fail-
re rate in a total of 128 cases with a follow-up of at least four years.
esides, in this study, there were 16 shield exposures, five implant
sseointegration failures, three failures due to infection and one
mplant migration. Due to this huge complication rate, most of
he studies agree that this technique should be performed by an
dvanced experienced clinician (Mourya et al., 2019; Gluckman
t al., 2018, 2019).

Studies performing conventional immediate implants showed
 lower complication rate when compared with the socket shield
echnique (Del Fabbro et al., 2019; Pigozzo et al., 2018). This is a
ey aspect to consider when thinking about this technique as an
lternative option in implant treatment. Therefore, more long-term
linical studies about socket-shield are needed to support advan-
ages of this technique.

Furthermore, long-term prognosis of the remaining tooth frag-
ent is uncertain because periodontal ligament response and

uccal bone stability have not been widely studied yet. This point is
rucial because it may  directly affect the survival and the prognosis
f the implant and the restoration. For this reason, future stud-
es on the socket shield technique should focus on the long-term
rognosis of the root fragment and its effect on the technique.

.6. Prosthetic management

A great variability of materials and techniques for prosthetic
ehabilitation was found among the included studies. Therefore,
t is not possible to establish conclusions and prosthetic proto-
ols after socket shield technique with the results obtained in this
ystematic review. The tendency observed in the included studies
as to provisionalize when it is possible, in order to maintain gin-

ival architecture as recommended after conventional immediate
mplant placement (Morton et al., 2018). As previously mentioned,
he most common complication reported was internal exposure

Gluckman et al., 2018), which means a direct contact between the
rown or abutment and the coronal portion of the root fragment. In
rder to avoid this complication, the prosthetic step-by-step proto-
ol published by Gluckman et al. (2019) recommended to perform a
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Table  5
Quality assessment of case reports using the Joanna Briggs Institute Critical Appraisal tools.

Study Aslan (2018) Guo et al. (2018) Roe et al. (2017)

Were patient’s demographic characteristics clearly described? + + +
Was  the patient’s history clearly described and presented as a timeline? + + –
Was  the current clinical condition of the patient on presentation clearly described? + + +
Were  diagnostic tests or assessment methods and the results clearly described? + + +
Was  the intervention or treatment procedure clearly described? + + +
Was  the post-intervention clinical condition clearly described? + − +

A

A

A

A

B

B

B

B

C

C

C

C

C

C

C

C

d

D

Were  adverse events (harms) or unanticipated events identified and described? 

Does  the case report provide takeaway lessons? 

+ = Yes; − = No;? = Unclear.

narrow-designed abutment with an expanding S-Shape curve that
ensure ample space for soft tissue as well as avoid contact with the
root fragment.

4.7. Limitations

Despite the promising results observed in this review, some
limitations must be taken into account to reach firm conclusions.
Search strategy registered only studies published in English, so
some information might not be included. There are also few long-
term RCT comparing socket shield with conventional immediate
implants. Hence, to recommend this technique as an alternative
treatment to conventional immediate implants is not possible.
Moreover, a lack of homogeneity was found not only in evaluation
methods but also in surgical technique and prosthetic management
of the studies analysed. Therefore, a consistent approach based on
standardized clinical research is required.

Finally, all the included studies in this systematic review were
uneventful. However, previous clinical studies in the literature
show that failure and complication rates are high (Gluckman et al.,
2018).

5. Conclusions

According to the results observed in this systematic review,
socket shield technique seems to be a good technique in terms
of alveolar bone maintenance, marginal bone stability and aes-
thetic outcomes in immediate implant treatment. However, a lack
of consensus not only in surgical technique but also in pros-
thetic management was observed. Therefore, based on current
evidence, it is not possible to recommend this technique as an
alternative treatment with the same long-term predictability as
conventional immediate implants. Further studies clarifying the
long-term results and prevention of complications when perform-
ing socket shield technique are needed.
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