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Aim Although partial extraction technique (PET) is an
exciting emerging technique, there is still minimal evidence
regarding its effectiveness in preserving the buccal cortical
bone simultaneously with immediate implant insertion. The
present study aimed to systematically evaluate the available
clinical data concerning PET before immediate implantation.
Material and methods A comprehensive systematic search
was conducted which included a simple search strategy, using
different electronic databases. Fourteen selected clinical
human studies (7 clinical trials and 7 case series) out of 139
were included. The data retrieved from the selected studies
included: study design, sample size, age, gender, study
setting, site andside of technique application, author’s names,
journal title, year of publication, statistical tests used, and
follow up prognostic results. Accuracy was confirmed by three
researchers whom assessed all collected data.

Results There were 619 implants inserted using the PET in
the included studies ,96.6 % of them were performed on the
maxillary anterior and premolars region. The patients' age
ranged from 24 to 83 years. Follow up ranged from 12 to 60
months. Implant failure was reported in 1.6% of the cases,
infection in 1% and 3.1% had shield exposure and resorption
problems. Clinical esthetic parameters and other radiographic
evaluations revealed comparable results in favor of PET over
conventional post extraction implant placement techniques.
Conclusion Based on the results of this review, the PET provided
clinically acceptable results regarding ridge preservation in the
estheticzone of the maxillary anterior teeth. Future randomized
controlled studies are needed to confirm the efficacy of this
technique in different places of the jaw.

Socket shield; Immediate implant; Ridge
preservation; Partial extraction.

Clinicians have been challenged to preserve or improve
hard and soft tissues during and after treatment. Soft
tissue recession after extraction plays a major role in
this challenge. Immediate implant placement has been
associated with a higher resorption rate of surrounding
tissuaes (1). Many techniques have been used to
preserve extraction sockets to improve the success rate
of the loaded implants and for maintenance of optimum
aesthetics. Guided bone regeneration, using membranes,
papilla preservation techniques, in addition to immediate
implant placement were some of the applied techniques
in this regard (2,3).

Hurzeler et al. (4) were the first investigators to present
the partial extraction technique (PET) in 2010. They
reported that PET protocol, decreased the resorption
process after tooth extraction. They claimed that it would
help in preserving the buccal bone after extraction.
The histologic study by Hurzeler et al. was an animal
model that demonstrated the formation of cementum
on implant surfaces placed in contact with intentionally
retained roots.

The technique principle was to section the remaining
root (anterior and posterior) while preserving the buccal
portion of the tooth and keeping it attached to its buccal
bone. The lingual portion of the root was removed; an
immediately implant was placed (5,6). The idea for buccal
bone preservation with this shielding technique depended
on undisturbed vital periodontal attachment apparatus
of the remaining buccal part of the root that prevent the
expected post-extraction bundle bone remodeling. There
was minimal evidence in the published literature in the
last decade regarding the usability of PET technique in the



JO

Efficacy of partial extraction technique

Records identified through
database searching

(n=139) (n=0)

Records After duplicates removed
(n=62)

Records screened
(n=51)

Full-lenght scrrened and assessed for
eligibility
(n=14)

No, studies included in the systematic
review Descriptive analysis
(n=14)

Records identified through
other searching

Flow charts of the included
studies in the present review.

Duplicates and
irrelevant articles
(n=77)

o Articles abstract not in
English which couldn't
be translated (n=4)

® [E-Poster abdtract with
deficient data (n=7)

No Artcles excluded After
full text analysis

1. Animal based studies
(n=5)

2. Review articles and
deficient case reports
data (n=32)

preservation of the buccal cortical bone simultaneously
with immediate implant insertion at different remaining
root-implant sites (7-13).

The aim of the present study was to systematically
evaluate the clinical evidence regarding the efficacy
of PET technique in preserving hard and soft tissues,
through exploring the following question: does this
technique have sufficient biologic plausibility to improve
the outcome of implant therapy from an esthetical,
clinical and functional point of view?

A comprehensive systematic search was conducted
which included simple search strategy, using the
following electronic databases: PubMed, Science Direct,
Wiley, Springer, and trial registries through the Saudi
digital library internet access from 2010 to January
2020. The keywords used for the search (dental partial
extraction therapy OR socket shield technique OR root
shield technique) were used in all fields; the search was
revised and the study filter was used to choose studies

written in English and performed on humans only. Then
the selected citations and documents were tracked and
retrieved through Scopus access via the Saudi digital
Library and then imported to Mendeley search group. The
search started in November 2019 and ended collecting
optimal search at January 2020.

A total of 139 studies were collected and then
comprehensive revision from all investigators was
conducted. All collected studies were thoroughly revised.
In addition, studies performed on humans were only
included so all animal studies were excluded. Studies
that did not apply the PET and prescribe other similar
methods were also excluded. Studies performed on
sample size more than five were included. Any case
reports conducted on less than five patients or abstracts
were also excluded. Studies published in English only
were included. There was no restriction on age or gender
of the study sample (Fig. 1).

Study involved sample population using the PET technique
at different jaw sites and compared to traditional dental
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No Study Age Sample size Gender Site Side Study design Study parameters prognosis Follow up
period
1 Sun, 2019 (6) 30 (15in each 23 men Anterior Not Randomized Esthetic scores,  Functional and 24
group) and seven  teeth mentioned clinical study bleeding, probing lesthetic outcomes  months
>25 years women depth, implant  might be enhanced
stability, buccal  after using PET; by
plate widthand  preserving alveolar
height. bone volume and
peri-implant tissues.
2 Habashneh, 2019 aged between Five patients  Five male  the esthetic Not Case report series (Cone beam CT  Soft and hard tissue 1 year
(m) 20-and patients ~ zone mentioned scan taken for  contours can be
54-year-old some cases preserved by the
illustrating the ' minimally invasive
dimensions of the PET.
bone present prior
to extraction.
3 |Hassan, 2018 (21) Not 6 Not Area Area Case series CBCT was used for Changes in the soft |1 year
mentioned mentioned between the between the evaluation of bone and hard tissues can
maxillary  maxillary first remodeling and  |be avoided by using
first premolars. clinical evaluation PET.
premolars. of soft tissue
changes around
implant.
4 Konstantions, 28-70 46 20 men Anterior R&L anterior Retrospective  |They measured the All the implants have 24-60
2014 (22) Mean age 53 26 women maxilla maxilla case series crestal bone loss.  [100% survival rate, |months
and good crestal
bone. Single apical
root resorption was
observed without
effect on the
osseointegration of
the implant.
5 Narayan, 2017 Not 20 Not Aesthetic  Aesthetic  Case series Minimal bone Implants were 4 years
(14) mentioned mentioned |zone zone loss. (0.36 mm in integrated smoothly.
average) PET shows good
stability of soft and
hard tissues.
6 Tiwari, 2019 (15) 18-30 16 Not Upper Retl Randomized Labial bone Apical resorption of |1 year
mentioned |anterior controlled clinical |thickness 1 shield.
teeth trial
7 Kher,2018 (16)  \Mean age 17 8 females  Esthetic Esthetic zone |Clinical trial Success rate No implant failures |19.71
54.78 years zone (100% survival) months
8 |Han,2018(17)  Mean age 30 patients |15 Males, 15 Non- Non- Clinical trial Stability of the  Survival rate of 1 year
482+ 150 |and 40 Females restorable |restorable implant, and 100%
years implants single teeth single teeth postoperative
complications.
9 Bramanti, 2018  Not 40 patients  Not aesthetic  Not Randomized They measured Al implants survived 3 years
(18) mentioned  randomized to mentioned |zone mentioned  controlled trial  |the pink esthetic in both groups.
two groups score. Marginal bone level
and pink esthetic
score showed
improved values
after using PET
10 Barakat, 2017 (23) 20-25 years |20 patients ~ both sexes maxillary  Not Randomized They measured  |SST significantly give 18
meanage  and 10 (8 males and single rooted mentioned  |Controlled the horizontal and better bone level ' months
of 35 implants 12 females  teeth Clinical Trial study vertical bone loss. |results
11 Gluckman, 2016 Not (10 (14 PET  leither Esthetic Either sides  |Retrospective Complication Surgical closure was 18
(25) mentioned  sites gender zone case series rate and need for required for exposed 'months
xenograft. shields.

TABLE 1 Descriptive summary of the included study variables.
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12 |Gluckman, 2018  24-71 (mean 128 F(70 Maxillary
(27) 39 years). implants), incisors
M (58 (64%),
implants).  premolars
(229),
canines
(149%):
maxilla
(89.99%),
mandible
(10.19%).
13 llgor, 2017 (33)  Not 21 Not Anterior
mentioned mentioned  maxilla
14 |Siormpasetal, 18-83years 182 patients, |82 males  Anterior

250 immediate and 100
implants females

2018 (34)

(central
and lateral
incisors,

cuspids, first

premolars)

Descriptive summary of the included study variables.

implantation techniques. The primary outcome variable
used in the present study was the clinical aesthetic
parameters which included pink esthetic score, gingival
index, bleeding index, probing depth, buccal mucosal
curvatures in addition to other radiographic evaluations
of crestal bone loss and buccal bone preservation.
The secondary outcome parameters included implant
survival and rate of complications.

The final selected compatible studies were 14 human
clinical studies (7 clinical trials and 7 case series) which
included 619 implants inserted using the PET. Two
researchers retrieved studies information which included
study design, sample size, age, gender, the setting of
the study, site of technique application, side, author's
names, journal title, year of publication, statistical
tests used, and follow up prognostic results. All these
data were tabulated in an excel sheet and revised by
another investigator. Accuracy was confirmed by three
researchers through the assessment of all collected data.

The risk of bias was decreased by internal and external
assessment of the included studies that were ethically
approved and peer-reviewed. To decrease selection

Not Cases series
mentioned

Anterior
maxilla

Anterior
maxilla and/ maxilla and/ |clinical study
or mandible jor mandible

Implant survival 5 failed

and complication implants during

rate. osseointegration.
Exposure of
16 shields was
encountered.
Infection was
noticed in 3 sites.
Migration of 1 shield
was noticed.

4 years
(retrospective)

Clinical trial Soft tissue and  Screw loosening

bone preservation was occurred with 4
patients.
Complications arisen
after 1 year were all
resolved in 1 visit.
Preservation of
buccal bone and
gingival tissue
was achieved
by immediate
implantation with
satisfactory esthetic

results.
-5 failed implants. ~ 149.9
months

4 years

Retrospective |Implant success

and survival rates. - Implant survival
rate of 96.5% in
10 years. 3 Root
fragment infection.

and information bias, we strictly adhered to the
determined inclusion criteria and included only studies
that coincided with them. The risk of analysis bias was
decreased by treating the predefined study variables and
never switched and repeating the revision of the detailed
procedure from two different outcome assessors.

The present study included 14 studies, all studies were
clinical trials and retrospective case series that examined
benefits, adverse effects and success rate of PET in the
preservation of alveolar bone after simultaneous implant
insertion. A risk of bias assessment using Cochrane's
tool for risk was performed for the four controlled
randomized clinical trial included (Table 2). Case series
and non-randomized clinical studies were not eligible for
quality assessment test.

There were 619 implants inserted via the PET technique in
the included studies. Almost all studies were performed
on the maxillary anterior and premolar teeth and 3.4%
were performed on mandibular single rooted teeth, from
which 1.6% failed, 1% had infection and 3.1% had shield
exposure and resorption problems. There was a very wide
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1 |Sunetal. Low risk Low risk High risk High risk Low risk  Low risk | Unclear risk
2019 (6)

2 Tiwarietal. |Unclear risk |Unclear risk  High risk High risk Unclear Low risk  Unclear risk
2019 (15) risk

3 |Bramantiet Low risk Low risk Low risk Low risk Low risk | Low risk  Unclear risk
al. 2018 (18)

4 | Barakatet  Unclear risk Unclear risk  High risk High risk Low risk | Low risk  Unclear risk
al. 2017 (23)

Risk of bias assessment of the included controlled clinical trials.

range of age in the clinical cases, from 24 to 83 years).
Clinical esthetic parameters including pink esthetic score,
gingival index, bleeding index, probing depth, buccal
mucosal curvatures in addition to other radiographic
evaluations of crestal bone loss and buccal bone
preservation revealed superior results in favor of the PET
technique over the conventional post extraction implant
placement techniques. The immediate implant survival
rate using the PET in this analysis was 98.4%.

The selected 14 clinical human studies involved in this
systematic review proved the efficacy of PET on bone
preservation and implant success, these good results
were proved both clinically and radiographically
depending on proper selection criteria during their long
term follow up periods which ranged from 12-60 months
(Table 1). One of the main selection criteria for success
of this technique is the condition of the remaining roots
that act as a shield to prevent bone resorption, it must be
free from any active inflammation as these forms could
cause technique failure. Preservation of vascularity
of the tooth fragment is guaranteed through flapless
surgery (14-21).

Esthetic outcomes were promising in most studies
including gingival index, emerging profile, and esthetic
index together with improvement in bone crest level,
buccal shield preservation without serious complication
mentioned (22). Kan and Kitichai (10) in 2013 used the
technique to save upper central incisor in 45 years women
and was able to preserve the inter-implant papilla.
Durable minimum thickness of remaining part of the
root by only 1.0 to 1.5 mm with the length of about
4-6 mm proved its validity as the shield in PET with
most of the clinical studies involved taking into account
that the increased thickness of remaining part may be
one of the factors causing the failure, as the fate of
root pieces that are left after extraction could result

in postoperative complications such as infection, cyst
formation, sinus tracks, and inflammation (1). Removal
of the apex for the remaining root shield is a non-
negotiating recommendation of the successful PET.
Gandhi in 2019 (12) proved that leaving apical root parts
without sectioning will increase the risks of compromised
outcome or cofactor in implant failure or infection.
Retaining 1 mm of tooth structure occlusal to the ridge
crest level was claiming that its potential for buccal bone
preservation, and for the preservation of dentogingival
fibers, too (23,24). But a new recommendation for better
bone preservation, a decrease of root exposure and
internal resorption that is supported by most of clinical
studies (15), is the chamfer created in the remaining root
shield 2 mm below the bone crest which facilitated the
crown contouring with minimum complications.

Palatal placement of implants with lack of root-implant
palpation with 2 mm "“gap" is recommended in many
clinical cases of our analysis without graft material, as
this gap can be filled with a sufficient amount of bone
without the use of any graft material as supported by
Hazel's histologic examination that revealed bone,
cementum, and periodontal tissue had been formed in
the gap; moreover, absence of graft is radiographically
accepted by the stability of marginal bone levels
around implants. This was also supported by the results
of Kher, 2018 (16), who applied the PET without any
augmentation in 17 patients and obtained excellent
results without any complication in the postoperative
period that ranged from 12 to 42 months and an average
of 19 months (16).

Implant showed high success rate with proper
osseointegration that reached to almost 98.4 percent
in our systematic review and goes in accordance with
other analysis proved by different clinical studies as done
by Gluckman and Maurice in 2017, who recorded a high
success rate of PET with a survival rate of 96.1% during
a follow up period of 1-4 years. Notably, better clinical
results of the PET in bone preservation and absence
of root exposure were obtained when a chamfer was
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created 2 mm above the shield (24-27).

The main role of the PET that is presented by most of
the clinical studies was in the preservation of marginal
bone around implants which is documented by plain
radiograph or cone-beam computed tomography (CBCT).
A one-year follow-up of 43 implants and another 4-year
follow-up period of 128 implants out of 132 showed the
same marginal bone seal around implants with healthy
soft and hard surrounding supporting structure (20,27).
Gluckman (24,25) described in detail the steps of
the technique and its prosthetic demands in order to
spread the technique application. Nevertheless, most
studies conducted in the last ten years on humans were
performed on the anterior maxillary aesthetic region,
though Schwimer et al. in 2019 (7) described in steps
the technique application as a report in posterior molar
region and showed satisfactory result outcomes.

Amit and Neel (28) published their systematic review
of the PET in 2017 and concluded that it was difficult
to predict long term success of this technique. They
included, unlike our study, all poster abstract studies, case
reports and animal studies which gave heterogeneous
variables outcomes; in our study we concentrated on
patient-important clinical studies outcomes; all case
report studies (29,30) conducted on less than 5 patients,
all posters abstracts with insufficient data on the
study outcomes were excluded. We noticed that fewer
academic departments published studies on this subject
and data enrolled from different private settings were
published. This may cause insufficient documentation of
the technique except thesis documentation attributed to
Howard Gluckman.

Description of the sites for implant installation with PET
(Table 1) from different clinical studies showed that the
majority of cases were in the anterior esthetic region and
premolar region (21,27) of the maxilla with only one case
at lower mandibular premolar region with the success of
implantation in all teeth (31,32). This technique could be
the key to rehabilitation of remaining roots especially
in the aesthetic regions with successful implantation
without major complications of infection or implant loss
or need for extra graft (33). However, well-designed, long
term randomized trials are needed aiming at comparing
the procedures with the conventional technique. Also
a more widespread application of PET in the posterior
region is needed to prove its efficacy in the preservation
of bone and implant success in both cortical rather than
cancellous bone type.

We faced some limitations in our study such as the
gender effect on the success of this technique. This
was due to the lack of information in the reviewed
published studies. Another limitation was the role of age
on success or failure of the technique as there was a
very wide range of age in the clinical cases that ranged
from 24 to 83 years). Also some articles did not describe
the included subjects or areas in detail, thus complete
information could not be reached regarding effect of

age and gender. Moreover, publications reviewed used
various terms such as root membrane, socket shield
technique, PET, or partial extraction therapy. Another
important issue is that this technique has promising but
still insufficient results, not only in terms of number of
cases, but also long term follow-up, histological analysis,
and different clinical situations (34).

In addition, metanalysis testing could not be implemented
because there are not many papers comparing the PET
techniques with the gold standard techniques for alveolar
ridge preservation, so it is also a limitation. Most of the
published studies were heterogeneous, insufficient long
term controlled clinical trial studies were conducted and
published regarding this technique and most of them were
case series or clinical single group interventional trials
which did not include a control group for comparison of
the studied intervention (35,36). In addition, different
outcome variables were measured such as crestal bone
loss, ridge width and survival rate of the immediate
implant in a subjective rather than objective manner. The
complication reported after insertion, included: buccal
bone dehiscence, shield fracture, looseness, or exposure
which required surgical closure.

Based on the results of this systematic review, the PET
provided clinically acceptable results regarding ridge
preservation in the esthetic zone of the maxillary
anterior teeth.

Future controlled randomized studies with standardized
parameters potentially affecting the outcomes should
be thoroughly investigated, in particular factors such
as the operator skills, clinical procedures, patient
characteristics, setting, and site to confirm technique
generalizability.
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