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Purpose: This randomized clinical trial aimed to assess esthetic and soft and hard tissue outcomes 6 months after
immediate implant placement using vestibular socket therapy (VST) (test) versus partial extraction therapy (comparator)
in intact thin-walled fresh extraction sockets in the esthetic zone. Materials and Methods: Twenty-four patients with
hopeless maxillary anterior teeth requiring immediate implant placement were randomly assigned to two equal groups
to receive either VST or partial extraction therapy. Definitive restorations were delivered after 3 months. Pink esthetic
scores (PESs) and vertical soft tissue alterations in millimeters were measured 6 months after restoration using intraoral
digital scans of the distal papilla, midfacial gingival margin, and mesial papilla. Facial bone thickness was measured
using CBCT scans at baseline and after 6 months. Implant survival and peri-implant pocket depth were assessed. Results:
Both groups showed 100% implant survival after 6 months. The overall PESs after 6 months were 12.67 (+ 1.3) in the VST
group, while the partial extraction therapy group score was 13.17 (£ 1.19), with no significant difference between them
(P = .02). The mean (+ SD) vertical soft tissue measurements for the VST group were 0.08 (+ 0.55), 0.01 (+ 0.73), and
-0.03 (£ 0.52) mm, and for the partial extraction therapy group, they were -0.24 (+ 0.25) mm, -0.20 (= 0.10) mm, and
-0.34 (£ 0.13) mm for the mesial papilla, midfacial gingival margin, and distal papilla, respectively. No significant
differences were observed between the groups at any of the reference points (P > .05). Both techniques demonstrated a
significant gain in millimeters of labial bone thickness after 6 months compared to baseline (P < .05). Regarding VST, the
apical, middle, and crestal mean bone gain was 1.68 (+ 2.73), 1.62 (+ 1.35), and 1.33 (£ 1.22) mm, respectively, while partial
extraction therapy showed 0.58 (+ 0.62), 1.27 (+ 1.22), and 1.53 (+ 1.24) mm, respectively, with no significant difference
detected between them (P > .05). Additionally, the mean (+ SD) peri-implant pocket depth after 6 months for VST was
2.16 (+ 0.44) and 2.08 (+ 1.02) mm for partial extraction therapy with no significant difference between them (P = .79).
Conclusion: This investigation suggests that both VST and partial extraction therapy preserved alveolar bone structure
and peri-implant tissues following immediate implants. The novel VST might be considered a predictable alternative
treatment approach forimmediate implant placement in intact thin-walled fresh extraction sockets in the esthetic zone.
Int J Oral Maxillofac Implants 2023;38:468—478. doi: 10.11607/jomi.9973

Keywords: immediate implant, partial extraction therapy, socket shield, vestibular socket therapy

'Private Practice, Faculty of Dentistry, Alexandria University,
Alexandria, Egypt.

2Dental Public Health Department, Faculty of Dentistry, Alexandria
University, Alexandria, Egypt.

30ral Medicine and Periodontology, Faculty of Dentistry, Tanta
University, Tanta, Egypt.

4Oral Medicine and Periodontology Department, Faculty of
Dentistry, Alexandria University, Alexandria, Egypt.

5Oral Medicine, Periodontology, Oral Diagnosis and Radiology
Department, Faculty of Dentistry, Alexandria University,
Alexandria, Egypt.

5Department of Oral Medicine & Periodontology, Faculty of
Dentistry, Cairo University, Cairo, Egypt.

Correspondence to: Prof Noha A. Ghallab, Faculty of Dentistry,
Cairo University, 43 Zahraa Street, Dokki, Guiza, 12311,
Egypt. Email: noha.ghallab@dentistry.cu.edu.eg

Submitted March 20, 2022; accepted June 28, 2022.
©2023 by Quintessence Publishing Co Inc.

468 Volume 38, Number 3, 2023

Currently, implant dentistry offers long-term main-
tenance of optimal esthetic outcomes.! However,
post-extraction tooth alveolar ridge remodeling repre-
sents a challenge for both vertical and horizontal com-
ponents during the first year.>~#This is referred to as the
loss of the buccal plate vascular support from the peri-
odontal fibers, which often leads to possible midfacial
recession and poor esthetic outcomes, especially in the
anterior region,>® that is unavoidable in most cases.>”8
However, immediate implant placement failed to halt
the remodeling of this thin buccal bony plate, particu-
larly in patients with a thin gingival phenotype.®" Con-
sequently, several treatment approaches have been
proposed to enhance the esthetic outcomes follow-
ing immediate implant placement in thin-phenotype
sockets, including soft tissue grafting of the socket rim,
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using platform-switched implants, grafting the dual
zone around the implant surface along with the use
of immediate screw-retained temporalization, and re-
taining the labial root surface using partial extraction
therapy.®'213 Also, long-term studies and systematic re-
views have verified stable esthetic results with immedi-
ate placement.'"13-16

Hirzeler et al'” was the first to introduce the sock-
et shield technique in an animal model, in which the
submerged tooth root was sectioned, the buccal root
fragment was attached to the periodontium, and an
immediate implant was placed. This was based on the
fact that if the buccal periodontal attachment was
preserved, it might prevent the previously mentioned
cascades.'® To date, few randomized clinical trials have
investigated partial extraction therapy techniques
and their modifications compared with conventional
immediate implants,'®23 besides retrospective case
reports.’1724-26 Recently published narrative and sys-
tematic reviews have reported the benefits of partial
extraction therapy.®'827:28 Conversely, two case reports
showed the potential occurrence of peri-implantitis
and exposures of the root through the overlying soft
tissues, resulting in undesirable esthetic outcomes."?®

Recently, Elaskary et al*® introduced vestibular sock-
et therapy (VST) as a novel minimally invasive surgical
protocol to treat fresh extraction sites: thin, defective,
compromised, and/or presenting with infective signs
with immediate implant placement. This technique
aims to overcome the remodeling sequelae of tooth ex-
traction and minimize the likelihood of midfacial peri-
implant gingival recession. The results showed highly
predictable esthetic outcomes. Another cohort study
concluded that VST reduced both midfacial recession
and dimensional changes of the buccal plate in com-
promised fresh extraction sockets with or without signs
of infection.3! Moreover, 2-year3? and 3-year3? follow-
up clinical studies provided evidence for predictable
long-term stability of both bone and soft tissue archi-
tectures using radiographic, esthetic, and periodontal
assessments. The authors advocate the benefits of VST
for immediate implant placement in compromised
fresh extraction sockets.

Recent systematic reviews have recommended
well-conducted randomized clinical trials to prove the
plausibility of partial extraction therapy esthetic and
functional outcomes. Although VST as a novel concept
has been documented in previous case series at dif-
ferent time intervals and with potential esthetic and
radiographic outcomes,3°-33 case series still only gener-
ate a hypothesis. Being placed at the highest level of
evidence, randomized controlled trials offer the most
robust evidence for effectiveness.3* Currently, there
are no available randomized clinical trials testing the
esthetic and functional advantages of VST. Hence, to

validate the efficacy and test the hypothesis of the VST
approach, a randomized controlled clinical trial was
needed. Given the existing gap of knowledge, this ran-
domized controlled clinical trial aimed to assess the es-
thetic and soft and hard tissue outcomes 6 months after
immediate implant placement using VST compared to
partial extraction therapy in an intact thin-walled fresh
extraction socket in the esthetic zone.

MATERIALS AND METHODS

Study Population

This randomized clinical trial was registered at
clinicaltrials.gov (ID: NCT05112796), approved by the
Central Research Ethics Committee of the Supreme
Council of University Hospitals, Egypt (NO-0313), con-
ducted in accordance with the Helsinki Declaration
of 1975, as revised in 2013, and reported according
to CONSORT guidelines 20123> (Fig 1). This study in-
cluded 24 patients (4 men and 20 women, aged 18 to
57 years) recruited from a private practice clinic in Al-
exandria, Egypt, between November 2019 and Septem-
ber 2020, meeting the following inclusion criteria: adult
(> 18 years) patients with a single nonadjacent hope-
less maxillary tooth in the esthetic zone, type | socket
(intact but thin labial plate of bone and intact overlying
soft tissues), adequate palatal bone, and > 3 mm of api-
cal bone to engage the immediately placed implants
(@ minimum of 30 Ncm insertion torque). Exclusion cri-
teria were: smokers, pregnant women, patients with
systemic diseases, periodontal disease, gingival reces-
sion, infected sockets, periapical pathosis, and history
of chemotherapy or radiotherapy within the past 2
years. Eligible patients agreed to sign written informed
consent to participate in this trial and were informed
about the details of the investigation.

Randomization and Blinding

Sequence generation was executed using simple ran-
domization by generating numbers from 1 to 24 using
random allocation software3® by an investigator (A.H.)
not involved in recruitment or treatment procedures.
Allocation concealment was implemented by the same
investigator using sequentially numbered, opaque,
sealed envelopes handled by the surgeon (E.A.) who
did not open them until the beginning of interventions.
After recruitment, extraction sites of the eligible par-
ticipants who agreed to be included in the study were
randomly assigned into two equal parallel groups with
a 1:1 allocation ratio to receive either an immediate
implant using VST (test group) or immediate implant
using partial extraction therapy (comparator) based
on the generated sequence. Due to differences in tech-
niques, the operating surgeon (E.A.) and participants
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Fig1 CONSORT flow diagram.
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could not be blinded to the procedure. The outcome
assessor (E.B.) and statistician (G.N.) were blinded.

Preoperative Assessment

All recruited patients underwent full-mouth suprag-
ingival and subgingival debridement and were pre-
scribed 0.12% chlorhexidine HClI mouthwash twice
daily for 2 weeks (Arab Drug Company for Pharmaceuti-
cal & Chemical Industries), including patient motivation
and oral hygiene instructions. Prior to tooth extraction,
CBCT images (Carestream Health, CS 8100 3D System)
with a high-contrast resolution detector (high bit
depth) and a field of vision of 6 x 8 were taken to in-
spect the bone topography. The imaging protocol was
standardized by radiographing the patients with a wax
interocclusal record to separate the maxillary and man-
dibular teeth at a KVp between 5 and 10. These specifi-
cations reduce the beam-hardening effect. All patients
were scanned preoperatively using an intraoral scanner
(10S) (TRIOS, 3Shape A/S).

Surgical Procedures

Vestibular socket therapy group (test group). The surgi-
cal technique in the VST group (Fig 2) was performed
using the Elaskary VST kit (Stoma, Storz am Mark;
Fig 3). Tooth extraction was carried out using perio-
tomes and luxators (Stoma, Storz am Mark) to mini-
mize the trauma induced to the socket-related soft
tissues. This was followed by a through-socket curet-
tage and lavage simultaneously with 100 mL of anti-
anaerobic infusion solution of 500 mg metronidazole
(Minapharm Pharmaceuticals) using the Elaskary
VST irrigation curette (Stoma, Storz am Mark), which
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combines both curettage and flushing, thus enabling
a more thorough debridement. A 1-cm-long vestibu-
lar access incision was made using a 15¢ blade at the
apical part of the socket sulcus to expose the socket
bone. This was followed by periosteal dissection in
the incisal direction toward the socket orifice using
the Elaskary VST vestibular elevator (Stoma, Storz
am Mark). The remaining attached tissues closer to
the socket orifice were then dissected from the in-
cisal direction and apically to release any attached
soft tissues at the socket orifice, thus creating a tun-
nel between the socket orifice and the vestibular ac-
cess incision. This was performed using the Elaskary
VST hammerhead periotome (Stoma, Storz am Mark).
A prefabricated CAD/CAM surgical guide (Surgical
Guide Resin, Form 2, Formlabs) was used to place the
implant in its planned location (Tapered Pro, BioHo-
rizons) to provide optimal primary stability and to
benefit from its switched platform to enhance the
peri-implant tissue thickness,3” engaging 3 to 4 mm
of the sound intact apical bone to stability, reach-
ing 30-Ncm torque. The vestibular tissues were then
retracted using the Elaskary VST forklift retractor
(Stoma, Storz am Mark) to allow complete access and
visibility of the labial plate of bone. A 0.6-mm-thick
flexible equine cortical membrane (OsteoBiol Lami-
na, Tecnoss), termed a bone shield, was tailored and
inserted into the labial tunnel using the Elaskary VST
bone shield holder (Stoma, Storz am Mark). The corti-
cal equine membrane shield was tacked onto the api-
cal bone using two membrane tacks (AutoTac System
Kit, BioHorizons). The vestibular incision was sutured
using 7/0 nylon sutures (Stoma, Storz am Mark).
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Fig2 The VST technique. (a) Fresh extraction site with thin-walled socket. (b) Bone shield stabilization using two membrane tacks. (c) Custom-
ized healing abutment connected. (d) Frontal view of definitive restoration after 2 months.

Partial Extraction Therapy Group (Comparison)
In the comparator group, the partial extraction tech-
nique (Fig 4) was performed using a partial extraction
therapy kit (Megagen PET kit). First, the hopeless tooth
was decoronated 1 mm coronal to the gingival margin
using a diamond bur. Then, the labial root segment was
gently separated from the root with a Lindemann bur in
sweeping strokes mesiodistally from the gingival mar-
gin to the root apex, separating the palatal and labial
root segments. A fine periotome was then wedged be-
tween the palatal root section and the palatal alveolar
plate. The separated palatal portion was carefully de-
tached without disturbing the labial segment. Coronal
reduction of the labial segment was performed near the
alveolar crest, then contoured to a concave shape by
careful thinning mesiodistally and apicocoronally with
a long-shanked round diamond bur and beveled using
a no. 6 guided chamfer drill to allow for adequate peri-
implant soft tissue seal. Then, the socket was carefully
debrided to remove any remaining debris, followed by
gentle probing to exclude shield mobility. A prefabri-
cated CAD/CAM surgical guide was prepared to deliver
the implant (Tapered Pro, BioHorizons). An immediate
implant (BioHorizons) was placed using a 3D printed
surgical guide (Surgical Guide Resin, Form 2, Form-
labs). The implant was delivered to its planned location
3 to 4 mm apically, thus achieving adequate primary
stability not less than 30-Ncm torque.

For both groups, a delayed loading protocol was
implemented. After the completion of the surgical in-
tervention for the VST and partial extraction therapy,
an anatomical customized transmucosal PEEK healing
abutment (PEEK Temporary Cylinder, BioHorizons) was
used to seal the socket orifice and maintain the origi-
nal socket architecture during the healing phase. The
socket orifice gaps were filled with flowable compos-
ite resin around the PEEK temporary abutment (Filtek
Supreme Ultra Flowable Restorative, 3M), then finished
and polished extraorally. All subjects in both groups
were scanned with an intraoral digital scanner for the
definitive crown fabrication; the abutments used for

Fig3 TheVSTkit.

both groups were customized cement-retained abut-
ments, with the anatomical finish line located 0.5 mm
below the gingival margin. The fabricated zirconia
crowns were designed with an S-shaped design3® at
the tranmucosal part to support soft tissue profile and
minimize the tendency for postrestorative recession.
All crowns were cemented using glass-ionomer luting
cement (Medicem, Promedica). To control the cement
flow into the transmucosal areas, the Wadhwani and
Pineyro technique®® was implemented for cementation.

Postoperative Phase

Sutures were removed 10 days after surgery, and the
definitive crowns (full anatomical zirconia, bruxzir,
Glidewell) were cemented 2 months after implant
placement. Antibiotics, including 500 mg metroni-
dazole and 500 mg ciprofloxacin (Minapharm Phar-
maceuticals), were prescribed to all patients every
12 hours for 24 hours preoperatively and 5 days after
extraction. On the first postoperative day, extraoral cold
packs were applied at the surgical site. A nonsteroidal
anti-inflammatory drug (Catafast sachets 50 mg, No-
vartis) was prescribed whenever needed to relieve
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Fig 4 The partial extraction technique.
(a) The buccal root fragment left in the site af-
ter tooth extraction with the remaining root
part carefully removed. (b) Implant stabilized
and placed palatally leaving a jumping gap of
approximately 2 mm. (c) Customized healing
abutment connected. (d) Frontal view of de-
finitive restoration after 3 months.
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Fig 5 Soft tissue measurements superimposing the preoperative
and postoperative intraoral scans to determine the exact difference
that occurred.

postoperative pain, and chlorhexidine mouthwash
0.12% was also prescribed for 2 weeks postoperatively.

Outcome Assessment

The pink esthetic score (PES)*° was the primary out-
come assessed in this study. After 6 months, it was as-
sessed from clinical photographs by two independent
well-trained examiners (Y.G. and M.M.) with good in-
traexaminer agreement (0.82 k value). The PES matches
the peri-implant mucosa around an implant-supported
restoration of the contralateral natural tooth. This score
comprises seven domains: mesial papilla, distal papilla,
soft tissue level, soft tissue contour, deficient alveolar
process, soft tissue color, and texture. Each domain was
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recorded from O to 2, with 2 as the best score. The to-
tal PES is the sum of the scores of the seven domains,
ranging from 0 to 14 (14 is the best score, indicating an
almost similar appearance to the contralateral natural
tooth).

The soft tissue changes were assessed by three mea-
surements, taken at the tip of the mesial papillae, tip of
the distal papillag, and midfacial gingival margin on the
day of the definitive restoration delivery and were com-
pared to measurements after 6 months. The changes in
soft tissue height in millimeters were identified in the
three reference points by superimposing the baseline
file with the postoperative file using the Standard Tri-
angle Language (STL) files of the models obtained via
10S. The 3D software (NemoSmile Design 3D, Nemotec)
roughly aligned three identical points identified on
the surface of the baseline and postoperative models.
The best-fit algorithm of the software perfected the
superimposition process (Fig 5). Measurements were
performed on the superimposed models that were im-
ported into an STL viewer (OrthoViewer, 3Shape). This
was shown to be an accurate method for hard and soft
tissue volumetric measurements.*'

To measure labial bone thickness, CBCT scans (Car-
estream 8000D, Carestream Dental) were performed
before extraction and were considered at baseline and
6 months postoperatively. Images were imported to a
special workstation (Scanora 4.2, Sorredex) from which
DICOM files were exported to other image reconstruc-
tion software (OnDemand3D version 1.0.9, Cybermed).
The two images were superimposed in three dimensions
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Fig 6 CBCT measuring labial bone thickness
in VST group at three points: implant plat-
form (crestal thickness), half of the implant
length (middle thickness), and implant apex
(apical thickness). (a) Baseline. (b) 6 months
postoperatively.

Fig 7 CBCT measuring labial bone thickness
in partial extraction therapy group at three
points: implant platform (crestal thickness),
half of implant length (middle thickness), and
implant apex (apical thickness). (a) Baseline.
(b) 6 months postoperatively.

(sagittal, coronal, and axial) using a fixed reference point
(eg, the incisal edge) by image fusion.*? To facilitate the
identification of both images during the fusion process,
the color of one of them was changed to make it more
transparent than the other. The software automatically
completed the superimposition process to ensure op-
timal accuracy. Labial bone thickness was described as
the distance between the implant surface and the outer
bony surface on the CBCT scan after 6 months and as the
distance from the root surface to the outer bony surface
on the CBCT scan at baseline. Labial bone thickness was
measured at three points: the implant platform (crestal
thickness), half of the implant length (middle thickness),
and the implant apex (apical thickness). The same points
were projected on the CBCT scans at baseline, and the
bone thickness was also measured (Figs 6 and 7).

Peri-implant probing depth was measured after
6 months at four points around the implant-supported
crown. The criteria proposed by Smith and Zarb*? was
used to evaluate implant success.

Statistical and Power Analysis

A total sample size of 20 patients was calculated
to detect a mean difference of 2 in PES with SD of
1.51 based on previous data,® with .05 level of sig-
nificance and 80% power, which was increased to
24 patients to account for those lost to follow-up
(power and sample size program: https://ps-power-
and-sample-size-calculation.software.informer.com/
download/). Normality of the data was explored using
Kolmogorov-Smirnov and Shapiro-Wilk tests, and data
were described as mean, standard deviation (SD), mean

difference, 95% confidence interval, and frequencies
and percentages. The unpaired Student t test was used
for quantitative data, and the chi-square test was used
for qualitative data. The significance level was set at
P < .05. Statistical analyses were performed using IBM
SPSS Statistics (IBM SPSS Statistics for Windows version
23.0, IBM).

RESULTS

The patient demographic and clinical data are shown in
Table 1. The VST was performed in 12 patients (9 wom-
en and 3 men), with a mean age of 37.42 (+ 15.6) years,
while the partial extraction therapy was performed in
12 patients (11 women and 1 man), with a mean age of
32.5 (£ 12.57) years; no significant difference was ob-
served regarding age between the two groups. Both
groups showed 100% implant survival after 6 months.

Table 2 shows the PES after 6 months in both groups.
The present statistical analysis showed no statistically
significant difference in PES between the two groups
(P =.33). The mean (+ SD) total PES was 12.67 (+ 1.3)
in the VST technique, while the scores in patients treat-
ed with the partial extraction therapy demonstrated
were 13.17 (= 1.19). Additionally, the mean (+ SD)
peri-implant probing depth after 6 months for the VST
technique was 2.16 (+ 0.44) and 2.08 (+ 1.02) for partial
extraction therapy, with no significant difference be-
tween them (P =.79).

The vertical changes in the soft tissue in millime-
ters after 6 months in both studied groups are shown
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Table 1 Patient Demographics and Clinical Data

VST (n=12)
Age (y) (mean % SD) 3742+ 156
Male n (%) 3(0.25)
Female n (%) 9(0.75)
Central incisor (n) 12
Lateral incisor (n) -
Canine (n) -
Implant survival n (%) 12 (100)

PET(n=12) Pvalue
32.5+12.57 40
1(0.08) .27
11 (0.92)
6 —
3
3
12 (100) 1

Table 2 Pink Esthetic Score (PES) after 6 Months in Both Studied Groups (Mean + SD)

VST (n=12) PET(n=12) Mean difference [95% Cl] P value
Mesial papilla 2+0.00 1.83+0.39 -0.33[-0.72, 0.06] .09
Distal papilla 1.92+£0.29 1.83+0.39 -0.25[-0.66, 0.16] 22
Soft tissue level 2.0+0.00 2.0+0.00 0.00 [0.00, 0.00] 1.00
Soft tissue shape 1.67 £0.49 1.83+0.39 -0.17 [-0.54, 0.21] .36
Deficient alveolar process 2.0+0.00 2.0+0.00 0.00 [0.00, 0.00] 1.00
Soft tissue color 1.67 £0.49 1.92+£0.29 -0.25[-0.59, 0.09] 14
Soft tissue texture 1.42 £0.51 1.75+£ 045 -0.33[-0.74,0.08] .10
Total PES 12.67 £ 1.3 13.17 £1.19 -0.5[-1.56, 0.56] .33

Table 3 Vertical Changes (in mm) of Soft Tissue After 6 Months in Both Studied Groups

VST (Mean = SD) PET (Mean + SD) Mean difference [95% Cl] Pvalue
Mesial papilla 0.08 +0.55 -0.24+£0.25 0.33[-0.03,0.69] .07
Midfacial gingival margin 0.01+0.73 -0.20£0.10 0.21[-0.23, 0.66] .33
Distal papilla -0.03+£0.52 -0.34+0.13 0.09 [-0.22, 0.41] .54

*Significant at P < .05.

Table 4 Thickness in Labial Bone in Both Groups Throughout the Experimental Period

VST (n=12) PET (n=12) Mean difference [95% Cl] P value

Apical bone thickness (mm)

Baseline 1.64 +1.27 1.82+0.87 -0.17 [-1.10, 0.74] .69

6 months 3.32+1.72 2.40+0.50 0.92[-0.15, 1.99] .08

Pvalue .05% .007* - -

Bone gain 1.68 +2.73 0.58 +£0.62 1.09 [-0.58, 2.77] 18
Middle bone thickness (mm)

Baseline 0.62 +0.54 0.48 +£0.54 0.13[-0.32,0.60] .54

6 months 2.24+091 1.75 £1.00 0.48[-0.32, 1.29] 22

Pvalue .001* .004* - -

Bone gain 1.62+1.35 1.27 £1.22 0.35[-0.74, 1.44] .51
Crestal bone thickness (mm)

Baseline 0.53 +0.60 0.42 £0.36 0.11 [-0.31, 0.53] .59

6 months 1.87 £0.99 1.95 +0.95 -0.07 [-0.90, 0.75] .84

Pvalue .003* .001* - -

Bone gain 1.33+1.22 1.53+1.24 -0.18 [-1.23,0.85] 71

*Significant at P < .05.

in Table 3. Regarding VST, the clinical measurements
after 6 months revealed soft tissue stability at the
mesial papilla and midfacial gingival margin of 0.08
(£ 0.55) and 0.01 (= 0.73) mm, respectively. The distal
papilla showed minimal (-0.03 [+ 0.52] mm) gingival
recession. However, the partial extraction therapy re-
sulted in gingival recession in all three measurements.
The mean (£ SD) vertical changes of soft tissue at the
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mesial papilla, midfacial gingival margin, and distal pa-
pilla were -0.24 (+ 0.25) mm, —0.20 (£ 0.10) mm, and
-0.34 (+ 0.13) mm, respectively. However, the present
statistical analysis showed no significant differences be-
tween the two protocols at the three reference points
(P> .05).

Measurements of labial bone thickness in the
two interventions at baseline and after 6 months are
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presented in Table 4. Both VST and partial extraction
therapy demonstrated a statistically significant gain in
the labial bone thickness after 6 months compared to
baseline values (P < .05). Regarding the VST technique,
the apical, middle, and crestal mean (+ SD) bone gain
was 1.68 (x 2.73), 1.62 (£ 1.35), and 1.33 (+ 1.22) mm,
respectively. Partial extraction therapy showed 0.58
(£ 0.62), 1.27 (£ 1.22), and 1.53 (x 1.24) mm bone gain
at the apical, middle, and crestal bone thickness. Nev-
ertheless, there was no significant difference in the la-
bial bone thickness between the groups at any of the
measured points throughout the experimental period
(P> .05).

DISCUSSION

Long-term maintenance of optimal peri-implant soft
tissue architecture in harmony with adjacent dentition
in the esthetic zone remains one of the biggest chal-
lenges in implant dentistry over the past decade.??2°
Novel concepts have been introduced to overcome
these challenges. Several narrative and systematic re-
views conveyed positive outcomes for partial extrac-
tion therapy; however, well-designed randomized
controlled studies are recommended.®'827.28 The VST
was introduced as a novel protocol for immediate im-
plant placement in thin and compromised fresh extrac-
tion sockets that offer superior esthetic and functional
advantages; thus, randomized clinical trials are recom-
mended to test its efficacy.3°32 The rationale of this
trial was to compare two totally different techniques
for immediate implant placement that are indicated as
a replacement for hopeless anterior teeth with intact
thin-walled fresh extraction sockets, and to compare
their esthetic and radiographic outcomes. Given that
partial extraction therapy is a technique-sensitive ap-
proach with reported clinical complications and limited
indications,"'82? it would be interesting to compare its
outcomes to the VST, which is a novel approach recent-
ly introduced in the literature.

To the best of the authors’knowledge, this is the first
randomized controlled clinical trial to assess the esthet-
ic and soft and hard tissue outcomes 6 months after
immediate implant placement using VST versus partial
extraction therapy in patients pursuing replacement for
hopeless anterior teeth with intact thin-walled fresh ex-
traction sockets. The present results suggest that both
techniques maintain alveolar bone volume and sur-
rounding peri-implant soft tissue, thus improving both
functional and esthetic outcomes. The jumping gaps in
both groups were not filled to minimize the variables
that might affect dimensional bony changes.?’ This was
based on previous studies that suggested it is not es-
sential to graft this gap in socket shield procedures.**4

In agreement with Gluckman et al,?® the labial root seg-
ment in this trial was coronally reduced to the level of
the alveolar crest, and the shield was shaped with a
concave contour to avoid exposure of the shield.?'

In this study, the degree of postrestorative marginal
changes in soft tissue and esthetic outcomes was eval-
uated using PES.*® The present findings demonstrated
that the overall PES value after 6 months was 12.67
in the VST group, while the partial extraction therapy
group showed a score of 13.17. Although there were
no significant differences in the total PES scores, the
results of both groups suggest that optimum implant
esthetics were achieved. Similarly, Elaskary et al3031:33
observed satisfying esthetic outcomes with good PES
scores (11.33, 12.63, and 12.1, respectively) after using
the VST to treat intact and compromised fresh extrac-
tion sockets with immediate implant placement. A
noteworthy outcome in the present clinical trial was the
100% soft tissue level score observed in both groups,
revealing < 1 mm midfacial recession after 6 months,
which was consistent with the previous studies.3%3133
In agreement with Elaskary et al,3° the enhanced soft
tissue results with the VST may be attributed to the
maintenance of the original socket walls by using the
labial cortical shield, which was thought to lead to the
creeping of the socket soft tissue on the cortical shield,
thus providing a more incisal location of the biologic
width. In addition, the scores observed in partial extrac-
tion therapy were in line with previous trials reporting
PES ranging from 11 to 12.20-222> |n a recent systematic
review with meta-analysis, Velasco Bohérquez et al'®
reported a mean PES of 12.27, which is consistent with
the present observations. One possible explanation for
this superior esthetic result might be the maintenance
of the vascular circulation of the buccal bone provided
by the periodontal ligament due to the retained root
portion.2°

The use of PES needs to be complemented by other
objective outcomes.3! This clinical trial measured the
changes in vertical soft tissue dimensions at the mid-
facial mucosal margin and the height of both proximal
papillae using digital images obtained from an intraoral
scanner and implementing the NemoSmile Design 3D
software. The vertical soft tissue changes in the VST
group after 6 months revealed soft tissue stability at the
mesial papilla (0.08 mm) and midfacial gingival margin
(0.01 mm), while the distal papillae showed clinically
insignificant gingival recession (-0.03 mm). Consistent
findings have been reported assessing the esthetic out-
comes after the VST approach.3?

Furthermore, no previous studies have investigated
vertical soft tissue changes along with VST when imple-
mented with immediate implant placement; hence, the
findings presented herein could not to be compared.
However, partial extraction therapy showed slight
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gingival recession at the mesial, midfacial gingival mar-
gin, and distal papilla (-0.24, -0.20, and -0.34 mm, re-
spectively). Baumer et al? reported few changes in the
gingival contour and recessions in the partial extraction
therapy, which is in line with the present observations.
Additionally, Hinze et al*® observed minor volumetric
changes (0.5 mm) in all cases after 3 months. Similar
findings were demonstrated by Sun et al,2 who ob-
served 0.3 mm recession of the midfacial tissues, the
mesial and distal papilla, 6 months after partial extrac-
tion therapy. The authors concluded that these find-
ings highlighted the benefits of using a socket shield
to preserve the buccal bone and facial tissue contours
despite the narrow window of its clinical applications,
which confirms the present observations. Meanwhile,
no significant differences in soft tissue dimensions were
observed between the two groups.

Conversely, both VST and partial extraction therapy
demonstrated a statistically significant gain in millime-
ters of labial bone thickness after 6 months compared
to baseline. The apical, middle, and crestal mean bone
gain was 1.68, 1.62, and 1.33 mm, respectively, for
VST, while the partial extraction therapy showed 0.58,
1.27, and 1.53 mm, respectively, with no statistically
significant difference detected between them. These
measurements were standardized using OnDemand
3D software that was employed to superimpose the
images captured at the different study periods and
were proven to be reliable.*? The present observations
were confirmed by Elaskary et al,*° showing an overall
1.8 mm facial plate thickness after 6 months in sockets
with intact facial bone after VST. Enhanced bone out-
comes were defined as the use of a slowly biodegrad-
able cortical membrane shield above the buccal bone
that preserved the original socket architecture during
the treatment stages, as it allowed remodeling of the
underlying buccal plate of bone until the gap was com-
pletely filled, resulting in thicker de novo facial bone.

In addition, the present findings are consistent
with those of previous randomized clinical trials eval-
uating labial bone thickness after using socket shield.
Barakat et al'® reported a 0.02 mm loss in the buccal wall
thickness after 4 months. Sun et al?? also demonstrated
reduced bone loss, suggesting that socket shield pre-
serves the buccal fragments. Recently, de Oliveira et
al?3 reported that the socket shield technique showed
less labial wall thickness than the minimally traumatic
extraction approach, yet the difference was clinically
insignificant (0.5 mm). The authors attributed this to
inflammation or surgical trauma related to the partial
tooth extraction. The present findings are also in line
with those of other studies that measured bone loss
after socket shield technique. In a histologic study,
Baumer et al?* noticed new bone formed between the
implant surface and the root shield with no osteoclastic
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remodeling of the coronal part of the buccal plate.
However, they noticed 0.88 mm mean bone loss follow-
ing immediate implant placement. In a 5-year clinical
trial, Baumer et al? reported that changes in the mar-
ginal bone loss at the mesial and distal aspects were
0.33 and 0.17 mm, respectively. In addition, Bramanti
et al?° reported 0.54 mm mean marginal bone loss af-
ter 6 months. Recently, Abd-Elrahman et al*' showed
0.12 mm mean horizontal bone loss and 0.34 mm mean
vertical bone loss with socket shield after 6 months.
These discrepancies might be due to the different tech-
niques used to assess labial bone alterations.

Changes in the soft tissue contour are directly re-
lated to the changes in buccal plate width and height
that were reflected in the soft tissue readings.?? The
present soft tissue alterations and PES values were con-
sistent with the gain in labial bone thickness observed
in both groups. Therefore, the high PES observed may
be due to the minimal soft tissue changes and the pre-
served marginal bony crest surrounding the immedi-
ate dental implants.'® The integration of these findings
might suggest that VST and partial extraction therapy
protocols improve esthetic outcomes by preserving
the alveolar buccal bone. This might be reflected in the
minimal overlying soft tissue recession values observed
in both groups. Additionally, the nature of the flapless
approach in both groups might prevent further crestal
bone and soft tissue loss.?2

The healing period was uneventful in this investiga-
tion, evident by the absence of complications in both
groups, which agrees with Baumer et al.2> Furthermore,
this randomized clinical trial observed 100% survival
for all implants. Similar results were demonstrated in
previous studies investigating VST for immediate im-
plant placement.3%3! Gluckman et al' reported 96.1%
survival rate in 128 socket shield cases in a 5-year ret-
rospective study. Siormpas et al®® treated 250 imme-
diate implants with the socket shield technique and
reported a 98% survival rate after 10 years, which may
have been caused by root infections and internal and
external shield exposures. A recent systematic review
and meta-analysis revealed 1.37% implant failure fol-
lowing the socket shield technique,'® whereas another
systematic review reported 90.5% implant survival.#’
The highlighted strengths of this trial include its design,
measuring the vertical soft tissue alterations, and the
fact that it was the first trial to compare the VST and
partial extraction therapy without using other bioma-
terials. The main limitation of this study was its short
follow-up period; thus, it is considered as a preliminary
study. Another limitation might be the discrepancy in
the gender of the study population, strongly favoring
female subjects. In Egypt, women are more concerned
than men with their esthetics and smile. Consequently,
women seek dental treatment for missing teeth in the
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esthetic zone with implant placement, unlike men,
who would prefer fixed or partial prostheses for cost-
effectiveness. A recent study on the influence of patient
gender on dental implants in Baghdad, Iraq, concluded
that women were better candidates for dental implant
treatment, showing better female attitude toward den-
tal implants. This was reflected by the percentage of
female patients (17.81%) requesting immediate dental
implants compared to male patients.*8

CONCLUSIONS

Within the limitations of this randomized clinical trial, it
might be concluded that vestibular socket therapy and
partial extraction therapy could be considered superior
treatment approaches for immediate implant place-
ment in intact thin-walled fresh extraction sockets, par-
ticularly in the esthetic zone. Both protocols preserved
the alveolar bone structure and peri-implant tissues im-
mediately after implantation. Thus, further multicenter
randomized clinical trials with long follow-up intervals
are warranted to assess the long-term stability of out-
comes. Furthermore, this investigation lacks histologic
evidence that can be used in future experimental ani-
mal studies.
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