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Objective: The purpose of this study was assessment of the changes in soft and hard tissues in the 
esthetic zone of maxilla following immediate implant placement (IIP) with and without the socket 
shield technique (SST) and placement of implants 4 months following socket preservation (DIP) in 
terms of alterations in crestal bone thickness (CBT) and soft tissue changes evaluated by means of 
pink esthetic scores (PES) following placement of implants in the esthetic zone of maxilla.
Materials and Methods: In the maxillary esthetic region, 75 dental implants were placed 
totally, with 25 implants each in the SST, IIP, and DIP groups. All participants were 
subjected to undergo CBCT for assessing the variations in thickness of crestal aspect of 
facial/buccal/labial alveolar bone (CBT). PES and PROMS (patient-related outcome mea-
sures) were assessed using VAS for pain threshold and esthetic satisfaction following implant 
placement and after 6th post-operative month.
Results: The mean reduction in CBT showed a statistically significant difference between 
and within the groups, in comparison to IIP and DIP groups, which demonstrated an average 
reduction in CBT 0.4 ± 0.1 and 0.2 ± 0.1 at 6 months following implant placement, 
respectively. The SST group showed a significantly lesser reduction in CBT of 0.05 ± 
0.02. However, the mean difference in PES within and among the groups showed no 
significant difference statistically at P < 0.05. On comparison of individual scores of PES 
between the groups, the results showed significant difference statistically at P < 0.001.
Conclusion: The SST group demonstrated minimal reduction in CBT and a superior PES at 
the end of 6 months compared with the IIP and DIP groups.
Keywords: socket shield technique, immediate implant placement, socket preservation, 
randomized controlled trial, pink esthetic score

Introduction
Recently, there has been a growing demand for implants placed immediately 
following extraction (IIP) in the maxillary esthetic region since, apart from esthetic 
reasons, patients experience a sense of social well-being when the extracted tooth is 
immediately replaced.

Although the ideal protocol would be to wait for complete bone healing to occur 
to reduce the risk of failures following implant placement. Resorption following 
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extraction has been shown to be inevitable, with an aver-
age bone loss of 50% occurring within 1 year of extraction 
in the maxillary anterior region with a 3.5 mm reduction 
facio-lingually and 1.24 mm apico-coronally.1 The 
changes in dimensions also affect esthetics. Hence, there 
is a need to maintain a three-dimensional socket volume 
immediately following extraction.2 Currently, techniques 
based on the use of biomaterials have been widely used, 
such as socket grafting following implant placement 
(delayed implant placement protocol – DIP) and IIP with 
socket grafting. Socket grafting followed by implant pla-
cement (DIP) has been advocated to reduce the magnitude 
of bone contraction. However, it takes a minimum of 3–6 
months for complete bone maturation before implant pla-
cement following socket preservation.3

The various forms of biomaterials used for socket grafting 
include allografts, xenografts, alloplasts, and platelet concen-
trates for socket preservation. There is currently no documen-
ted evidence on the ideal material to be used for alveolar ridge 
preservation.4 Recent literature has shown enhanced regenera-
tion while combining matrix scaffold material (DBBM) and 
biologic modifiers (platelet concentrates).5–7

The newer biologic modifiers, in the form of platelet 
concentrates—advanced platelet-rich fibrin (A-PRF)—pre-
pared using slow speed and timing, help in promoting 
regeneration through sustained growth factor release, 
apart from providing a rich source of leukocytes, which 
help in recruitment of undifferentiated mesenchymal cells 
during socket healing process, which would be detrimental 
in bone regeneration.8

Moreover, in the esthetic region, particularly in max-
illary anterior teeth and premolars, a delayed protocol and 
socket preservation are not acceptable to the patient, since 
they involve a minimum duration of 3–6 months.4

The second materialistic approach is IIP with a socket- 
grafting technique. This, however, has been associated 
with severe soft tissue loss and compromised esthetics. 
Immediate implant placement (IIP) is indicated ideally 
only when the facial bone wall is intact and >1 mm 
thick, although, clinically, the facial bone wall thickness 
has been <0.5 mm and <1 mm in 50% and 90% of cases, 
respectively, in the anterior maxilla.9 The evidence regard-
ing the amount of alveolar bone remodeling following 
immediate implant placement is limited.10

However, both of these approaches demonstrate consid-
erable soft-tissue changes. In this scenario, the biologic 
approach based on retaining the labial part of the root was 
introduced by Hurzeler.11 This helps in preventing the 

resorption of bundle bone by maintaining the marginal 
periodontium in the facial aspect of the implant. Since 
such loss can result in bone resorption leading to loss of 
soft tissue in the peri implant region, thereby resulting in 
compromised esthetics.12 They can provide better outcome 
with good function and improved esthetics in particular 
situations but not on a regular basis. Moreover, they demon-
strated a better vascularity as the flapless approach helps in 
maintaining the blood supply via the periosteal vasculature 
integrated within the buccal plate of the ridge.11 It would be 
informative to know if optimal results could be achieved by 
placement of implants immediately following extraction 
with or without a socket shield similar to delayed implant 
placement following bone healing, which could reduce the 
treatment time by several months. Based on a systematic 
review13 and randomized controlled trials,2,11 there are no 
prospective RCTs comparing these three protocols in terms 
of hard and soft tissue alterations. Hence, the current study 
was carried out for comparative analysis of hard and soft 
tissue changes following these three protocols (SST, IIP, 
and DIP).

Materials and Methods
Study Design
This study was designed as a prospective, randomized 
clinical trial and conducted following the CONSORT 
guidelines (http://www.consortstatement.org/). All materi-
als and procedures were approved by the institutional 
ethics committee and review board, Sri Ramachandra 
Institute of Higher Education and Research (REF: IEC/ 
19/APR/150/20), and followed Good Clinical Practices. 
Registration of the trial was done at CTRI, http://www. 
clinicaltrials.gov/ (REF: CTRI/2019/06/019723).

Sample Size
The sample size was calculated using the G-power soft-
ware, V.3.1, based on the summary statistics for facial 
bone thickness derived from a previous article, which 
resulted in 19 individuals for each group with a power of 
95% and significance level of alpha set at 5%.14 The effect 
size was 1.1, and this value was used for sample size 
determination based on a two-independent-sample Mann– 
Whitney test (two-tailed).

Population
Individuals were selected for the trial from patients report-
ing to the Outpatient Department of Faculty of Dental 
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Sciences, Sri Ramachandra Institute of Higher Education 
and Research, Chennai. A written informed consent was 
obtained from all the patients who participated in the study 
according to the Helsinki declaration for experimentation 
on human subjects, as revised in 2008.

Inclusion Criteria
Patients aged between 18 and 50 years were included if 
they had single missing anterior maxillary teeth and pre-
molars with healthy teeth on either side. Patients with 
Type I extraction sockets (intact facial bone), facial bone 
thickness of ≤2 mm and without any soft tissue defects.

Exclusion Criteria
Individuals with systemic diseases, patients on medica-
tions affecting periodontal healing or anticoagulant ther-
apy were excluded. Patients demonstrating pathological 
lesions and loss of facial bone plate were excluded from 
the study. Patients who underwent radiation therapy within 
2 years preceding the study or patients currently under-
going radiation therapy were excluded. Patients with a 
history of drug allergy or allergy to anesthetic agents, 
psychiatric illness, un-co-operative patients, were also 
excluded from the study.

Pre-Operative Evaluation
Pre-operative evaluation of oral hygiene was evaluated by 
means of the Oral Hygiene Index–Simplified,15 evaluation 
of tissue biotype - thick or thin,16 probing pocket depth 
and pink esthetic score (PES)17 for evaluation of soft 
tissue esthetics.

CBCT Standardization
Labial cortical thickness was evaluated by means of the 
Ray Scan Alpha Plus (LED Medical Diagnostics Inc.) 
cone beam 3D imaging system, with tube voltage of 90 
KVp, 10 Ma, standard exposure time of 14 sec, high 
resolution of 70 µm voxels, and FOV (Field of View) 
collimated to 5 cm by 5 cm to limit exposure to radiation. 
Data acquisition was done as volume in multiple planes.

Pre-operative and post-operative measurements were 
done using a standard reference point (r) acquired by a 
line drawn parallel to the inner aspect of the facial alveolar 
plate (r2) to intersect the floor of the maxillary sinus/nasal 
floor (r1).18

The sagittal views were plotted to measure the changes 
in dimensions of bone as follows:

The thickness of the facial cortical plate was measured 
1 mm from the coronal most aspect of the facial bone 
crest, evaluated in cross-sections using 1 mm sections with 
the distance measurement tool in the pre-operative labio- 
palatal direction (m1) (Figure 1A and B).

Esthetic Evaluation
The secondary outcome variables included PES evalua-
tion, following placement of crown and 6 months follow-
ing occlusal loading. Soft tissue evaluation was conducted 
independently by two evaluators with the PES scoring 
system.14 The PES system is based on seven variables: 
mesial papilla, distal papilla, soft-tissue level, soft-tissue 
contour, alveolar process deficiency, soft-tissue color, and 
texture. The same weightage was given to each of the 
seven variables by the evaluators with a maximum possi-
ble score of 14. (Score 2 indicating the best status and 0 
indicating the worst state).

Patient-Related Outcome Measures 
(PROMS)
Esthetics
Each patient was asked to rate his/her overall satisfaction 
on a scale of 0–10 on a visual analogue scale (VAS) (least 
satisfied to highly satisfied).19

Pain
The patients filled out a questionnaire form 1–6 h post-
operatively and by the end of every day after surgery for 7 
days and at the end of 6 months. This questionnaire used a 
VAS, labeled from 1 to 10 (absence of pain to severe pain). 
The patients handed in the questionnaire at the time of the 
first postoperative control, 7–10 days after surgery, and 6 
months after occlusal loading of the implants.20

Randomization Process and Allocation 
Concealment
A computer-generated list was used for randomization by 
a person who was not a part of the study following extrac-
tion of tooth and assessment of facial bone plate. The 
allocation concealment was done with the help of continu-
ously numbered sealed envelopes (Figure 2). Immediately 
following tooth extraction, the surgeon disclosed the treat-
ment assignment. Clinical and radiographic measurements 
were recorded by different persons not involved in the 
other aspects of the study.
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Treatment Procedures
Immediate Implant with Socket Shield Group (SST)
Partial extraction was done by maintaining the labial seg-
ment of the root intact (socket shield). The shield was 
prepared according to Hurzeler’s criteria, and implants 
were placed immediately.12

Immediate Implant Placement Group (IIP)
Immediate implant placement included a mixture of xeno-
graft (DBBM; Bio-Oss, Geistlich) and autologous bone 
particles (obtained during osteotomy) at a 1:1 ratio.

Delayed Implant Placement Group (DIP)
The socket was grafted with a mixture of xenograft 
(DBBM; Bio-Oss, Geistlich) and advanced platelet-rich 
fibrin (A-PRF) in a 1:1 ratio up to the facial bone crest, 
covered using a partially epithelialized connective tissue 

graft obtained from the hard palate. Implants were placed 
after 4 months of socket preservation.

Surgical Procedures
All patients were subjected to CBCT (Planmeca Promax 
3D, Planmeca, Finland) analysis for assessment of facial 
bone thickness and bone height were analyzed for select-
ing appropriate size of implants. The DIO implant system 
(Busan, Korea) with diameters of 3.3 and 3.8 mm and 
lengths of 13 and 15 mm was used in the study. All 
patients were instructed to strictly adhere to optimum 
plaque control measures 1 week before surgery. 
Following extra-oral disinfection, the patients were 
instructed to rinse their mouths using Chlorhexidine HCL 
1.25% mouthwash. Local infiltration anesthesia [xylocaine 
2%, 1:100,000 epinephrine] was used for all procedures. 
Among the SST group cases, tooth de-coronation was 

Figure 1 Original. Demonstration of a treated case, Radiographic measurements. (A) Pre-operative CBCT - sagittal view. (B) Thickness of labial plate assessed in section of 1 mm.
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done 1 mm above the gingival level, by means of a 
diamond bur and a high-speed handpiece under copious 
irrigation. A long shank bur was then used for sectioning 
the root longitudinally and mesiodistally, midway through 
the root with the canal as the reference, resulting in 
separation of the facial and oral halves from each other, 
from the coronal to the apical aspect (Figure 3A–C). A 
fine periotome was used to sever the periodontal ligament 
between the oral alveolar plate and root section after 
which the separated oral section was carefully extracted 
without affecting the patient’s facial segment. The facial 
segment was reduced coronally to the level of the alveolar 
crest, by a series of long shanked burs (Socket Shield kit, 
Darco Fonseca, Portugal) used to reduce the facial 

segment coronally to the level of alveolar crest after 
which careful thinning was done mesio-distally and 
apico-coronally resulting in a concave contour of the 
shield.

The remaining tissue debris was removed by carefully 
curetting the socket after which a gentle probing was done 
to rule out the mobility of the shield. Osteotomy drills 
were used at 800–1000 RPM and 40 N cm to create an 
osteotomy oral to the shield with a gap of roughly 2 mm 
(Figure 3C–E). The provisional crown was fabricated 
chairside in such a way that emergence profile supported 
the soft tissues (Figure 3F and G).

In the IIP group, extraction was done atraumatically by 
using periotomes so as to preserve the facial alveolar bone, 

Figure 2 Original. CONSORT flow chart (n) representing the implant sites.
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after which debridement of the socket was done by using 
curettes and irrigating with normal saline solution 
(Figure 4A–D). Osteotomy was prepared to leave a space 
of 2 mm between the implant and facial bone plate 
(Figure 4E). The implant was placed subcrestally by 
2–3mm (Figure 4E–G). The gap between the shield and 
the implant and the alveolar socket wall and the implant 
was grafted with a mixture of Xenograft (DBBM; Bio- 
Oss, Geistlich) and autogenous bone particles (obtained 

during osteotomy) at a 1:1 ratio to allow for soft tissue fill 
in the groups.

The torque registered on the drilling console was used 
for assessing the initial implant stability in both groups, 
with a 2-mm gap between the surgical site and a provi-
sional restoration, maintained for soft tissue to fill in the 
groups. In both groups, all provisional crowns were kept 
out of occlusion with 1 mm clearance and patients were 
instructed to avoid occlusal overloads. An oral antibiotic 

Figure 3 Original. Socket shield technique and implant placement in relation to tooth no 14. (A) Pre-operative site in relation to tooth no 14. (B) Root stumps present in 
relation to tooth no 14. (C) The buccal root fragment prepared according to the SST protocol and the implant in position with the “jumping distance” grafted. (D) Post- 
operative IOPA (intra-oral periapical radiograph) showing implant in position. (E) Post-operative view of implant in relation to tooth no 14. (F) S-shaped emergence profile 
of the provisional restoration. (G) The provisional restoration placed post-operatively.

Figure 4 Original. Immediate implant placement in relation to tooth no 15. (A) Pre-operative site in relation to tooth no 15. (B) Gross destruction present in relation to 
tooth no 15. (C) Atraumatic extraction of tooth no 15. (D) Socket post-extraction in relation to tooth no 15. (E) Implant placed in relation to tooth no 15. (F) Post- 
operative IOPA (intra-oral periapical radiograph) showing implant in position. (G) Sutures placed in relation to tooth no 15. (H) Ceramo -metal crown placed in relation to 
tooth no 15.
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(Amoxicillin 500 mg), three times a day for 5 days and 
analgesic (Ibuprofen 400 mg) thrice daily for 5 days were 
given as post-operative medications. The patients strictly 
adhered to optimal oral hygiene practices with regular use 
of Chlorhexidine mouthwash 0.2% for 2 weeks. Patients 
were reviewed on a day-to-day basis during the first post- 
operative week, followed up at 10-day intervals for the 
first month and 6 months postoperatively.

In the immediate group, the stability of implants was 
assessed 3 months following implant placement. Implant- 
level impressions were taken using transfer coping and 
individualized trays. PFM crown (Porcelain fused metal) 
was fabricated and cemented onto customized abutments 
within 14 days after impressions were taken (Figure 4H).

In the DIP group, atraumatic extraction was performed 
with the help of periotomes to preserve the facial alveolar 
bone, after which debridement of the socket was done 
gently by using curettes and irrigating with normal saline 
(Figure 5A and B). Indexed stents were used to record the 
morphology of the extracted sockets by direct 

measurements with UNC periodontal probe (Figure 5C 
and D). A trained phlebotomist collected 10 mL of venous 
blood in a sterile glass tube from the antecubital vein in 
the forearm of the participants and centrifuged it at 1300 
rpm (200 × g) for 14 min to procure advanced platelet-rich 
fibrin (APRF).21

DBBM was mixed with APRF clot, which was cut into 
small pieces in a 1:1 ratio and filled into the socket with 
gentle compression up to the level of the bony crest. The 
socket was closed with a partially epithelialized connec-
tive tissue graft procured from the hard palate with a help 
of a guiding suture. The patients were followed up at 
regular intervals, and they were instructed to adhere to 
strict oral hygiene measures throughout the study period 
(Figure 5E–K). At 4 months following the procedure, 
implants were placed (Figure 5L).

Implants were placed in the DIP group similar to the 
procedures displayed previously for the IIP group. Local 
anesthesia was administered following which flap eleva-
tion was done and the implants sites were prepared 

Figure 5 Original. Socket preservation and delayed implant placement in relation to tooth no 22. (A) Atraumatic extraction in relation to tooth no 22. (B) Socket post- 
extraction in relation to tooth no 22. (C and D) Clinical measurements of socket by means of a stent. (E) Preparation of A-PRF membrane. (F) DBBM and A- PRF mixed at a 
ratio of 1:1. (G) Outline for procurement of connective tissue graft. (H) Connective tissue graft procured from hard palate. (I) Donor site stabilized by Ab gel with a 
transverse mattress suture. (J) Extraction socket filled with DBBM +A-PRF. (K) Socket sealed with connective tissue graft and flaps sutured. (L) Incision outline for 
placement of implant in relation to tooth no 22. (M) Placement of implant in relation to tooth no 22. (N) Cover screw placed in relation to tooth no 22. (O) Post-operative 
IOPA (intra-oral periapical radiograph) showing implant in position. (P) Sutures placed in relation to tooth no 22.
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without debriding the preserved sockets, following which 
implant placement was done and immediately loaded as 
previously described (Figure 5L–P). Provisionalisation 
was done within 24 h with acrylic crowns, which were 
kept out of contact with opposing teeth. Patients in the DIP 
group were assessed for stability of implants 3 months 
following implant placement. Following which permanent 
restorations were placed similar to other groups.

Post-Operative Analysis by CBCT
All patients were subjected to CBCT scans, 6 months 
following placement of implants for assessment of hori-
zontal bone loss (reduction in crestal bone thickness), 
which was the primary outcome of this clinical trial. 
Thickness of the facial cortical plate was studied using 
sections of 1 mm in cross-sectional view with thickness 
measured postoperatively (m2) in the labio-palatal 

direction with the help of a distance measurement tool 
(Figure 6). The difference between baseline and 6 months 
following implant placement was calibrated as reduction 
in facial plate thickness (m1-m2).

Esthetic Evaluation
The secondary outcome variables included PES evaluation 
recorded immediately, postoperatively, and 6 months fol-
lowing restoration of implant according to PES.19

Patient-Related Outcome Measures 
(PROMS)
Pain
Patients were asked to complete a visual analogue scale 
(VAS), with markings ranging from 1 to 10 as described 
before, 1–6 h postoperatively and every day following 
surgery for 7 days. All patients handed in the questionnaire 

Figure 6 Original. Post-operative CBCT of a treated case. (A) Sagittal view. (B) Labial cortical thickness assessed in sections of 1-mm thickness.
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at the time of the first postoperative control, 7–10 days 
after surgery, and 6 months following occlusal loading.20

Esthetics
Additionally, each patient was asked to rate his/her 
esthetic satisfaction following implant restoration based 
on a VAS labelled from 0 to 10, as described earlier.19

Statistical Analysis
A SPSS software package (version 20.0; SPSS Inc.) was 
used for statistical analysis. Kolmogorov–Smirnov test and 
the Shapiro–Wilk test was used to check the normality of 
the numerical data. Changes in CBT showed a parametric 
distribution and PES showed a non-parametric distribu-
tion, respectively.

Mean ± SD was used to express parametric data, and 
median (IQR) was used to express non-parametric data, 
respectively. One-way ANOVA was used for the analysis 
of parametric data for comparison within and between the 
groups. Within group differences were analyzed using 
repeated-measures ANOVA.

The non-parametric data for comparison between and 
within groups were done by Mann–Whitney “U” test and 
the Wilcoxon signed-rank test, respectively. The inter-rater 
variability was assessed using the intraclass correlation 
coefficient test. For analysis of the visual analogue scale 
for esthetics and pain, Fischer’s exact test was used.

Results
General Information
The clinical trial was conducted between May 2019 and 
July 2019 in which 75 subjects participated, 25 of whom 
were allocated to each of the three groups, the SST, IIP, 

and DIP groups. No significant difference was found sta-
tistically at baseline for the parameters age, gender, and 
CBT, within and among the groups. However, for PES, 
there was a statistically significant difference present 
between and within the groups (Table 1).

A single implant was placed in every patient in esthetic 
zone contributing to one site for the SST, IIP and DIP 
groups. No complications were recorded during the course 
of the study.

Clinical Outcomes
Radiographic Outcomes
Radiographic analysis was performed 1 mm apically on 
the coronal most bone crest to evaluate alterations in the 
buccal cortical thickness.

The alterations in the CBT were assessed from baseline 
and at 6 months after placement. Nevertheless, patients in 
the SST group demonstrated significantly greater values of 
CBT at 6 months in comparison with those in the IIP and 
DIP groups (P<0.001) (Table 2, Figure 7).

The PES assessment showed no significant differences 
statistically within and between the groups at 6 months 
from baseline following placement of implants. The 
patients in the SST, IIP and DIP groups showed preopera-
tive PES values of 12.1±1.6, 12.2±1.9, and 10.9±1.5, 
respectively, which were not statistically significant 
(P=0.07). The SST group demonstrated slightly greater 
PES scores compared to IIP and DIP groups at 6 months, 
with no significant difference statistically (11.7±1.8 vs 
11.2 ± 2.1 in the IIP group and 10.2±1.4 in the DIP 
group). However, when the patients were grouped into 
three categories based on individual values of PES 

Table 1 Baseline Characteristics of the Study Participants (n = 75)

Variables$ SST Group ^ (n = 25) IIP Group ^^ (n = 25) DIP Group ^^^ (n = 25) P value*

Age (yr) 30.0 (6.0) 30.0 (6.0) 31.0 (3.0) 0.77

Age (yr) 30.6±6.3 29.8±9.7 30.8±6.5

Gender – Male, n (%) 11.0 (44.0) 12.0 (48.0) 11.0 (44.0) 0.94

CBT$ 1.3±0.1 1.3±0.1 1.3±0.1 0.14

PES score observer I 13.0 (2.0) 13.0 (2.0) 11.0 (1.0) 0.001*

PES score observer II 12.0 (2.0) 13.0 (2.0) 11.0 (2.0) 0.003*

PES score& 12.5 (2.5) 13.0 (2.0) 11.0 (1.5) 0.001*

Notes: ^SST Group - Socket shield technique. ^^IIP Group - Immediate implant placement. ^^^DIP Group - Delayed implant placement. *P value < 0.05 considered as 
significant based on the Kruskal–Wallis test for continuous and chi-square test for categorical variables. $Parametric data are expressed as mean ± SD and was tested by one- 
way ANOVA. &Average of Observer I and Observer II. $Non-parametric data are expressed as median (IQR).
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(score<10, score>11<12, and scores>13 and <14) and 
were analyzed for changes within and between the groups, 
there was a significant difference statistically between and 
within the groups, with a greater number of patients with 
PES values of (scores >13 and <14) in the SST group, 
which was highly significant statistically at P<0.001. The 
patients in the IIP and DIP groups demonstrated lower 
PES values (scores >13 and <14) when compared to SST 
group, 6 months post-operatively, which showed a statis-
tical significance (P<0.001), denoting a better outcome 
esthetically in the SST group (Table 3, Figure 8).

Inter-evaluator consistency was tested by means of the 
intraclass correlation coefficient test, which showed excel-
lent agreement between the evaluators (Table 4).

Patient-Centered Outcome
VAS scores for esthetics and pain between and within the 
groups showed no statistically significant difference. 
However, patients in the SST group showed better trend 
with regard to esthetic satisfaction (84% of scores 9 and 

10) when compared to IIP group (64%) and the DIP group 
(52%), respectively (Tables 5 and 6).

Discussion
The timing of implant placement in the maxillary esthetic 
zone poses a great challenge for clinicians, since, apart from 
functional rehabilitation, esthetics is an integral component 
in determining the success of the procedure. The IIP protocol 
has been widely followed due to its ability to limit bone 
resorption and reduce treatment time. However, it is usually 
associated with compromised esthetic outcomes caused by 
buccal soft tissue recession.22 Thus, it would be ideal to wait 
for bone to heal completely before implant placement, which 
could take 6 months or more (DIP). ARP techniques have 
been shown to modify bone modelling events and partially 
prevent bone resorption. However, this procedure also takes 
a minimum of 3 to 6 months for bone to mature completely 
before placement of an implant following socket preserva-
tion, apart from requiring a second surgical intervention, 
which is not attractive to patients.3

Table 2 Comparison of Labial Bone Thicknesses in the Studied Groups at Different Time Intervals (n = 75)

Variables$$ SST Group ^ (n = 25) IIP Group ^^ (n = 25) DIP Group ^^^ (n = 25) P value*

Baseline End of 6 
Months

Difference^ Baseline End of 6 
Months

Difference ^ Baseline End of 6 
Months

Difference ^

CBT$ 1.3±0.1 1.2±0.1 0.05±0.02 1.3±0.1 0.9±0.1 0.4±0.1* 1.3±0.1 1.1±0.1 0.2±0.02* 0.001*

Notes: ^SST Group - Socket shield technique. ^^IIP Group - Immediate implant placement. ^^^DIP Group - Delayed implant placement. *P value < 0.05 considered as 
significant by one-way ANOVA for between-group and by repeated-measures ANOVA for within-group comparisons.

Figure 7 Original. Difference in CBT of Group I, Group II, and Group III of the study participants (n = 75). *A P value<0.05 considered as significant by the one-way ANOVA 
test for between-group and within-group differences was tested by repeated measures ANOVA.
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Immediate placement reduces treatment time and limits 
bone resorption compared with conventional implant pla-
cement, but frequently results in compromised esthetic 
outcomes,23–25 which could be attributed to remodeling 
of the alveolar ridge after extraction of the tooth,26 since 
this is increased in this region as the bone crest is primar-
ily composed of vulnerable bundle bone. IIP following 
tooth extraction has been associated with significant hard 
tissue changes which is related to labial cortical plate 
thickness, which is about 0.8 mm in this region, thereby 
leading to soft tissue changes and resorption.27–30

The socket shield technique (SST) where the buccal 
root fragment is intentionally retained at the time of 
extraction prevents the buccal wall resorption by 

preserving the vascularity and PDL resulting in fewer 
changes in the soft tissues and alveolar bone structure 
thereby facilitating immediate placement of implants.12

Currently, only very few randomized clinical trials2,11 

have compared these implant placement protocols; more-
over, to the best of our knowledge, no studies have been 
done prospectively to compare immediate implant place-
ment (with and without a socket shield) and delayed 
implant placement following socket preservation for asses-
sing hard and soft tissue changes.

Hence, the present study was conducted to compare these 
three protocols to evaluate the changes in bone (CBT) and soft 
tissues evaluated using PES in the maxillary esthetic zone 
involving single dental implants. The study included sites 

Table 3 Changes in PES Scores of the Study Participants (n = 75)

Variables SST Group ^ (n = 25) IIP Group ^^ (n = 25) DIP Group ^^^ (n = 25) P value

Baseline End of 6 
Months

Difference Baseline End of 6 
Months

Difference Baseline End of 6 
Months

Difference

PES& 12.1±1.6 11.7±1.8 0.5±0.9 12.2±1.9 11.2±2.1 1.0±1.0 10.9±1.5 10.2±1.4 0.7±1.0 0.22*

Median 

(IQR)

12.5 (2.5) 12.0 (2.0) 0.5 (1.0) # 13.0 (2.0) 12.0 (4.0) 1.0 (1.0) # 11.0 (1.5) 10.5 (1.5) 1.0 (1.0) #

Score ≤10.0 n (%) 2.0 (8.0) 4.0 (16.0) 2.0 3.0 (12.0) 8.0 (32.0) 5.0 6.0 (24.0) 11.0 (44.0) 5.0 0.005$

Scores ≥11 and 

≤12 n (%)

9.0 (36.0) 9.0 (36.0) – 6.0 (24.0) 7.0 (28.0) 1.0 16.0 

(64.0)

13.0 (52.0) −3.0

Scores ≥13 and 

≤14 n (%)

14.0 

(56.0)

12.0 (48.0) −2.0 16.0 

(64.0)

10.0 (40.0) −6.0 3.0 (12.0) 1.0 (4.0) −2.0

Notes: ^SST Group - Socket shield technique. ^^IIP Group - Immediate implant placement. ^^^DIP Group - Delayed implant placement. #P value < 0.05 considered as 
significant by the Wilcoxon Signed–Rank test. *P value < 0.05 was tested by the Mann–Whitney U-test. $P value < 0.05 considered as significant by Fisher’s exact test.

Figure 8 Original. Changes in PES& scores of Group I, Group II, and Group III of the study participants (n = 75). The P value was tested by Friedman test for within-group 
differences. The P value was tested by the Kruskal–Wallis test for between-group differences.
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involving maxillary anterior teeth and premolars, since most 
patients exhibit premolars during their “dynamic smile”,31 and 
would demonstrate no significant difference in the resorption 
of buccal bone plate and bone healing in anterior teeth com-
pared with premolars, since the average width of the buccal 
bony wall was 1 mm for anterior teeth and 1.1 mm in the 
premolars.32 The anterior maxilla is made up of predominantly 
D2 and D3 bones. Hence, there would be no difference in bone 
healing between different sites in the anterior maxilla.33 

Moreover, flapless tooth extraction involving single extraction 
sites, with healthy neighboring teeth demonstrated changes, 
which occur mainly in the facial aspect compared to the 
proximal aspects as the vascularity is maintained intact in the 
proximal areas due to retention of healthy periodontal liga-
ment in the adjacent teeth.34

The alterations in Crestal Bone Thickness (CBT) were 
considered as the primary outcome variable as it is detrimen-
tal in maintaining the integrity of soft and hard tissues around 
the implant. The evaluation of CBT was done at 6 months 

following implant placement, as most of the changes occur 
during this time point following extraction of the tooth.34 

There was a highly significant difference statistically in 
changes in CBT among and within the groups, with the 
SST group demonstrating minimal changes (0.05±0.02) 
compared with the IIP group (0.2± 0.02) and the DIP group 
(0.4± 0.1). The minimal changes in the SST group could be 
attributed to the presence of a criss-cross arrangement of the 
periodontal ligament, resulting in better root socket preserva-
tion, thereby preventing buccal wall collapse by preserving 
the vascularity and periodontal ligament.

Although a direct comparison with other studies com-
paring these three protocols was not possible, the results of 
the present study can be compared with studies comparing 
SST and IIP groups and IIP and DIP groups.

The results of our study for the SST group concurred with 
those of other studies that demonstrated changes in CBT of 
0.09 mm,35 0.17 mm,14 0.22 mm,36 and 0.26 mm,37 

respectively.

Table 4 Test and Re-Test Reliability Scores of PES of the Study Participants (n = 75)

Variables Changes in PES Scores, 
Observer I, Mean ± SD

Changes in PES Scores, Observer 
II, Mean ± SD

P value*

PES SST Group ^ −0.4±1.0 −0.5±1.0 0.67

PES IIP Group ^^ −1.0±1.0 −0.8±1.2 0.83

PES DIP Group ^^^ −0.6±1.0 −0.8±1.0 0.88

Notes: ^SST Group - Socket shield technique. ^^IIP Group - Immediate implant placement. ^^^DIP Group - Delayed implant placement. *P value < 0.05 considered as 
significant according to the intraclass correlation coefficient test. < 0.40 = poor agreement. 0.40–0.59 = fair agreement. 0.60–0.74 = good agreement. 0.75–1 = excellent 
agreement.

Table 5 VAS Scores for Esthetics Among Group I, Group II, and Group III of the Study Participants (n = 75)

Variables SST Group ^(n = 25) IIP Group ^^ (n = 25) DIP Group ^^^ (n = 25) P value*

0.08Scores ≥7.0 and ≤8.0 n (%) 4.0 (16.0) 9.0 (36.0) 12.0 (48.0)
Score 9.0 n (%) 15.0 (60.0) 13.0 (52.0) 12.0 (48.0)

Score 10.0 n (%) 6.0 (24.0) 3.0 (12.0) 1.0 (4.0)

Notes: ^SST Group - Socket shield technique. ^^IIP Group - Immediate implant placement. ^^^DIP Group - Delayed implant placement. *P value < 0.05 considered as 
significant.

Table 6 VAS Scores for Pain Among Group I, Group II, and Group III of the Study Participants (n = 75)

Variables SST Group ^(n = 25) IIP Group ^^ (n = 25) DIP Group ^^^ (n = 25) P value*

VAS Score

Score 0 n (%) 7.0 (28.0) 5.0 (20.0) 5.0 (20.0) 0.55

Score 1 n (%) 14.0 (56.0) 17.0 (68.0) 19.0 (76.0)
Score 2 n (%) 2.0 (8.0) 3.0 (12.0) 1.0 (4.0)

Score 3 n (%) 2.0 (8.0) – –

Notes: ^SST Group - Socket shield technique. ^^IIP Group - Immediate implant placement. ^^^DIP Group - Delayed implant placement. *P value was tested by Fisher’s exact 
test.
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The results of our study differed from those of studies 
that demonstrated changes of 0.06 mm,11 0.6 mm,2 

0.8 mm,38 and 1 mm39 in the CBT, which could be attrib-
uted to different surgical protocols, the inclusion of man-
dibular teeth, and the use of digital intraoral periapical 
radiographs in those studies.

The IIP group showed minimal changes in CBT (0.2 ± 
0.02) compared with the DIP group (0.4± 0.1). This dif-
ference could be due to the fact that a composite graft 
(combination of autogenous bone and DBBM) was used 
for grafting the “jumping” distance in the test group, 
which could have reduced the number of remodeling 
changes in the IIP group and the delay of 4 months in 
the DIP group following socket preservation that could 
have attributed to greater changes in CBT in the DIP 
group.

The results of the present study for the IIP group 
concurred with those of a study40 that showed a difference 
of 0.99±0.21 mm in buccal bone changes following IIP 
when compared with the DIP procedure, and with those of 
other studies that demonstrated reductions of 0.1 mm,11 

1.1 mm,41 and 1.1 mm2 in CBT, respectively.
The results of the present study for the DIP group 

concurred with those of other studies that reported differ-
ences in CBT of 0.24 mm,42 0.27 mm,43 0.46 mm,44 and 
0.66 mm,45 respectively.

Alterations in soft tissue assessed by PES17 between 
the groups were considered as a secondary outcome vari-
able in the present study, since esthetic assessment is 
integral in evaluating the successful implant therapy in 
the maxillary esthetic zone. However, there was a signifi-
cant difference when the patients were grouped into three 
categories based on individual values of PES (score<10, 
score>11<12, and scores>13 and <14) which could be 
attributed to the re-modelling changes that could have 
occurred by 4 months following socket preservation prior 
to implant placement in the DIP group.42 However, 6 
months post-operatively there was no statistically signifi-
cant difference among the groups with regard to average 
PES but there was a significant difference when the num-
bers of patients with individual PES values were grouped 
into three categories (score<10, score>11<12, and 
scores>13 and <14).

The SST group demonstrated a highly significant dif-
ference (P<0.01) with greater PES values (scores>13 and 
14) compared to IIP and DIP groups. The trend showed 
that 48% of patients in the SST group demonstrated PES 
(>13<14) whereas the IIP group and DIP group 

demonstrated 40% and 4%, respectively. The results 
could be attributed to greater reductions in crestal bone 
thickness in the IIP group and DIP groups compared with 
that in the SST group, resulting in reduced labial contour 
and soft-tissue changes in those groups, and IIP demon-
strated better PES than the DIP groups. The reason for the 
better PES in the IIP and SST groups compared with the 
DIP groups could be due to the provisionalisation that was 
done within 24 h in the IIP and SST groups, since it 
provided a barrier for grafting material as well as facilitat-
ing the formation of junctional epithelium46,47 and helped 
in the maintenance of proximal contacts, which preserved 
the papillary height and positions.48

Further, the results of PES for the SST group with a 
median IQR value of 12 (2.0) concurred with the PES 
scores from other RCTs,2,37 where the authors reported 
an average value of 12 (11–14) and 12.15 ± 0.76, after 6 
months, respectively, and with that of another observa-
tional study,38 which reported a mean PES of 12. The 
results of this study differed from those of another study36 

that reported a PES score of 13.5, which could be due to 
the smaller sample size in that study.

The IIP group demonstrated better PES values com-
pared with the DIP group. Based on individual PES values 
between the groups, a highly significant difference statis-
tically was observed in the IIP group, with a higher num-
ber of patients (40%) demonstrating PES values 
(scores>13 and 14) in comparison with the DIP group, 
which demonstrated significantly lower values (4%) of 
PES scores (scores>13 and <14) in the IIP group when 
compared to DIP group that could be due to gingival 
recession, which occurs in the delayed group following 
socket preservation facially44 and is attributed to remodel-
ing changes that occur after 3–6 months following extrac-
tion in the DIP group before implant placement.3

The IIP group demonstrated PES value of 11.2±2.1, 6 
months following occlusal loading, which was comparable 
with the results of other studies that showed PES scores of 
10.3 mm,2 12.42 mm,42 and 12.38 mm,43 respectively.

In results of our study, there was a better PES in the IIP 
than in the DIP group, in contrast to another study49 where 
the authors used mPES for esthetic evaluation with excel-
lent and acceptable results in the DIP group with regard to 
mPES, compared with the early implant placement proto-
col. However, they demonstrated fewer acceptable cases of 
delayed implant placement compared to immediate 
implant placement, due to facio-lingual and apico-coronal 
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bone loss that occurred during the healing process in the 
delayed protocol.

At present, Patient-Reported Outcomes (PROs) are 
considered a basic measure for evaluation of therapeutic 
success and are widely used in clinical trials as a primary 
outcome measure.50 The current literature, however, 
demonstrates only a limited number of studies evaluating 
PROMS in the maxillary esthetic zone apart from objec-
tive evaluations of implant restoration. Hence, VAS was 
used for evaluation of pain and esthetic satisfaction of the 
patients.

Although there was no statistically significant differ-
ence for pain and esthetic satisfaction within and between 
the groups, the trend showed clearly a better esthetic 
satisfaction in the SST group (84%) of the patients having 
scores of 9 and 10 compared to IIP group and DIP groups, 
which showed 64% and 52%, respectively, which could be 
due to lesser reductions in soft-tissue recession and buccal 
plate loss facilitated by the maintenance of periodontal 
ligament, resulting in the maintenance of keratinized tissue 
width facilitated by preservation of inserting dentogingival 
fibers.34,37

Conclusions
The SST group demonstrated minimal reduction in CBT and 
a superior PES at the end of 6 months compared to IIP and 
DIP groups. However, the present study had the following 
limitations: a reduced follow-up period of 6 months and the 
use of CBCT for evaluation of thin bone plates (<1 mm). 
However, to arrive at a definitive indication for the timing of 
implant placement in the esthetic maxillary region, future 
multi-centric studies with an extended follow-up period and 
evaluation of PROMS with more complete and validated 
questionnaires such as the OHIP–14 should be conducted.

Clinical Significance
The results of the present study clearly demonstrated the 
superiority of the socket shield technique compared to IIP 
and DIP as evidenced by reduced dimensional alterations 
in the hard and soft tissues in the SST group. This is 
clinically relevant information that could be employed in 
clinical scenarios where implants are to be placed in the 
esthetic maxillary zone.
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