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Peri-implant soft tissue conditioning oty

of immediate posterior implants by CAD-CAM
socket sealing abutments: a randomized clinical
trial
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Abstract

Background Anatomically formed healing abutments were suggested in literature to address many of the issues
associated with immediate posterior implant insertion such as large extraction sockets that are extremely hard to seal
without reflecting the mucoperiosteal flap, extraction sockets anatomy that are not suitable for reqular healing abut-
ment placement, and potentially high occlusal stresses when planning a temporary implant supported prothesis

to improve the conditioning of supra implant tissue architecture and the emergence profile of the implant supported
restorations.

Purpose To clinically evaluate the peri-implant soft tissue profile of single posterior implant retained restorations
and to assess patient related outcomes of the implant restorations that were conditioned immediately by CAD-CAM
socket sealing abutments (SSA) versus those conditioned by Titanium (Ti) standard healing abutments (SHA).

Methods Twenty participants received twenty-two single maxillary immediate implants after flapless minimally
invasive tooth extraction and 3D guided implant placement in the posterior area (premolar and molar) and allo-
cated randomly into two groups (n=11), the intervention group: patients received PEEK SSA and the control group:
the patients received Ti SHA. Modified Pink Esthetic Score (PES) was evaluated at 3 observation periods: Baseline TO
(immediate after implant supported crown insertion), 6 months T1 and 1 year of clinical performance T2. Patient satis-
faction was assessed one week and one year after crown insertion using visual analogue scale (VAS).

Results At base line, after six as well as 12 months, SSA group showed statistically significant higher total modified
PES scores than SHA group (P-value < 0.001). At the 2 clinical observation periods (baseline and after one year), SSA
group showed statistically significantly higher overall satisfaction score than SHA group (P-value < 0.001).
Conclusion After one year of clinical observation period, CAD-CAM PEEK socket sealing abutments together

with flapless minimally invasive tooth extraction and 3D guided implant placement provided superior outcomes
compared to Ti SHA in terms of peri-implant soft tissue profile.

Trial registration This study was registered on clinicaltrials.gov with ID no. NCT05276765 on 03/03/2022.
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Introduction

One of the frequently used treatment approaches in
implant dentistry is immediately replacing a severely
damaged posterior tooth with a dental implant [1]. This
method offers substantial therapeutic advantages for
both the patient and the dentist, such as decreased treat-
ment duration and a decrease in frequency and inva-
siveness of surgical procedures. This technique of tooth
replacement has shown favorable results and a high per-
centage of long-term success [2, 3].

An important obstacle that a clinician might experi-
ence while doing immediate insertion in the posterior
teeth area, is the difficulty of achieving a completely tight
primary closure of the soft tissue. The use of this tech-
nical approach is often accompanied by several invasive
surgical procedures and substantial postoperative healing
such as displacement of the muco-gingival line, periosteal
releasing incision flaps, sutures, and membrane stabiliza-
tion [4].

In order to minimize the invasiveness and sensitivity
of the procedure, clinicians used provisional restoration
technique to shape the soft tissues into a transmucosal
contour that closely resembles natural teeth [5, 6]. How-
ever, this approach negatively impacts the primary stabil-
ity of the implant by exposing it to the potential danger of
being loaded prematurely [7].

Conventionally, standard healing abutments were used
to condition the peri-implant soft tissues in the second
surgical phase after passing the healing period. However,
this approach is accompanied by surgical invasiveness
such as the need for mucoperiosteal incisions and/ or flap
elevation, suturing, displacement of the mucogingival
line, and probability of decrease or loss of the keratinized
tissues [8].

Recently, the utilization of anatomical healing abut-
ments was suggested to offer benefits in terms of con-
serving the current soft tissue structure, maintaining the
height of the marginal bone, and minimizing the likeli-
hood of early loading of the immediate implant through-
out the healing process [9, 10]. The customized healing
abutment approach involves the external application of
composite resin on a temporary abutment to provide
support to the soft tissue and replicate the shape of the
final restoration. The drawback of this procedure is the
increased amount of time required to create the custom-
ized anatomical healing abutment and the risk of con-
tamination of the socket with excess resin composite
material throughout the customization process [11].

In modern dentistry, the use of digital technology has
led to the proposal of a technique involving the crea-
tion of a CAD-CAM healing abutment either before or

Page 2 of 14

immediately after the dental implant surgery. This abut-
ment is designed to facilitate the healing process by fol-
lowing the shape of the extraction socket, providing
support to the soft tissues to prevent their collapse dur-
ing healing, stabilizing the blood clot, creating space for
bone regeneration, and developing a prosthetic emer-
gence profile that mimics the natural tooth’s anatomy
[10-12].

However, the literature lacks sufficient data assessing
the clinical advantages of using CAD-CAM socket seal-
ing abutments in preserving the peri-implant soft tissue
profile and studying the direct impact of using them on
the patient related outcomes and their overall satisfac-
tion. Therefore, the aim of this study is to assess and com-
pare the soft tissue profile and patient related outcomes
of immediate implant restorations placed in the maxillary
posterior area that were customized using CAD-CAM
socket sealing abutments versus those customized using
Ti standard healing abutments.

The study null hypothesis was that there would be no
clinical differences in the peri-implant soft tissue profile
and patient related outcomes of implant supported res-
torations conditioned by means of CAD-CAM socket
sealing abutments and those conditioned by Ti standard
healing abutments.

Material and methods

Study design

The current study was a monocentric randomized con-
trolled clinical trial (RCT) with parallel group, in which
twenty recruited participants were received twenty-two
single maxillary immediate implants in the posterior
area (premolar and molar) and allocated randomly into
two groups according to the type of healing abutment:
the intervention group: patients received CAD-CAM
PEEK socket sealing abutments (SSA) and the control
group: the patients received Ti standard healing abut-
ments (SHA), taken into consideration that there were 2
patients received 2 implants with the same type of heal-
ing abutment in each group. The patients were recruited
at the Prosthodontics department, Faculty of Dentistry,
Cairo University. The treatment plan was explained to
each patient. Then, they agreed to sign the informed
consent before proceeding to the clinical work. All the
clinical procedures were carried out by one experienced
clinician.

The participants were allocated into two groups with
1:1 allocation ratio by using computerized sequence
generation (www.randomizer.org) according to type of
healing abutment. After the implant was placed and the
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grafting biomaterial was packed, the opaque well sealed
envelope related to the patient’s inclusion was opened.
The clinician then received information on whether the
patients should be assigned to the intervention or the
control group.

By adopting an alpha level of (0.05), a beta of (0.2) i.e.
power =80% and a minimal clinically important dif-
ference=1. The minimum estimated sample size was
9 subjects (implants) per group calculated based on
the results of Perez et al.,, Sample size was increased
by (20%) to compensate for possible dropouts to be
(11) subjects per group [13]. Sample size calculation
was approved by the Medical Biostatistics unit at Fac-
ulty of Dentistry, Cairo university with approval date.:
11/12/2021. This study and the informed consent
template were approved by the Ethics Committee of
Scientific Research — Faculty of dentistry- Cairo Uni-
versity- in 25- 1- 2022 with approval no.: 11/1/22. This
study was double blinded (assessor, statistician).

Patients selected were characterized as follows:

Inclusion criteria:

1. The patient’s age: 18—50 years old.

2. Non-restorable maxillary posterior teeth with
intact adjacent teeth.

3. Sufficient bone to insert a dental implant with a
minimum length of 8 mm and average diameters
in premolar and molar areas (3.5- 4 mm) and
(5—-6 mm), respectively.

4. Sufficient apical bone (3-5mm) to anchor the
implant with minimum primary stability of 30N/
cm.

5. Socket types 1 and 2 according to Steigmann
et al., (Intact buccal bone or minimal buccal bone
fenestration apically) with minimum 1 mm buc-
cal bone thickness [14].

6. Minimum 3 mm of attached keratinized buccal
mucosa.

7. Sufficient prosthetic space (mesio-distal, bucco-
lingual, and 8-12 mm inter-occlusal space) for
placement of the definite restoration.

Exclusion criteria:

Patients who are alcoholic or drug abusers.
Smokers.

Patients with acute periapical infections.

Patients had or undergoing radiotherapy to the
head and neck region due to malignancy.

5. Bruxer patients or having TMJ dysfunction.

W
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6. Intake of drugs affecting bone metabolism.
7. Uncontrolled diabetic patients.
8. Pregnant women.

Surgical protocol

Virtual 3D implant planning and construction of 3D

printed surgical template

After clinical and radiographic examination, the Stand-
ard Tessellation Language (STL) data obtained from
the extraoral scanning of the primary casts by desk-
top scanner (DOF Swing HD, Nevada) and the Digital
Imaging and Communication in Medicine (DICOM)
files obtained from the CBCT imaging acquisition unit
(Promax 3D, Planmeca, Finland) were imported to the
computer-guided planning software (Blue Sky Bio, US)
and merged. The optimal site of the implant was virtu-
ally planned for immediate insertion according to the
bony architecture and the final proposed screw retained
crown. A fully guided tooth-supported surgical template
was designed based on prosthetically driven implant
placement approach and subjected for 3D printing using
a stereolithography rapid prototyping machine (Accu-
Fab-D1s, Shining 3D Dental, China) in clear transparent
resin Fig. 1.

Designing and milling of the customized CAD-CAM PEEK
socket sealing abutment

This study applied an indirect digital workflow in con-
struction of the PEEK SSA which was prepared for use
on the day of surgery. Following the virtual removal of
the non-restorable maxillary posterior tooth, the com-
bined STL and DICOM data were imported into CAD
software (Blender for Dental (B4D), Australia) then, a full
anatomical contoured screw retained implant-supported
crown was designed and modified by cutting into the
cervical contour to shape the customized socket sealing
abutment. The SSA was designed based on the esthetic
biological contour (EBC) concept to mimic the contour
of the original tooth at the emergence profile level result-
ing in a socket sealing abutment with a flat, concave, con-
vex contour of 4 mm height corresponds to the soft tissue
thickness at the transition zone [15, 16] Fig. 2.

Once the digital design was completed, the socket
sealing abutment’s core was generated using mill-
ing machining (Roland DWX-52D, Korea) of poly-
ether-ether-ketone (PEEK) material. PEEK may be
used to manufacture implant healing abutments due to
its acceptable biocompatibility with human fibroblast
cells. Moreover, the adherence of oral microbial flora
to PEEK abutments is similar to that observed with
titanium, zirconia, and PMMA abutments showing
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Fig. 1 Virtual implant positioning and 3D printed surgical template: a Cross-sectional view of a virtual implant at maxillary right first molar area
(implant diameter 5.5mm and length 12mm) according to bony architecture and final proposed screw retained crown, b design of the surgical

template and ¢ 3D printed resin surgical template

_~ 1 E zone ( Esthetic zone) Convex —> Critical contour

7 ] B zone ( Bounded zone) Concave
]—» Subcritical

/ :| C zone ( Crestal zone) Flat

Fig. 2 Design of CAD-CAM socket sealing abutment based on EBC concept

optimum peri-implant soft tissue healing after suf-
ficient healing periods. The similarity in modulus of
elasticity between the bone and surface of PEEK mini-
mizes the negative effects of the stresses and promotes
remodeling of bone [17]. Therefore, many authors
found PEEK as a feasible substitute for titanium in the
fabrication of implant healing abutments [9, 18].

The inner surface of the PEEK SSA was sandblasted
with 110 pm aluminum oxide at a distance of 10 mm

contour

for 10 s and at 2.5 bar pressure using air abrasion
machine [19].

Adhesive primer (Visio.link, Bredent, UK) was applied
to the inner surface of PEEK after sandblasting and light
cured for 90 s [19]. It was then securely bonded to the
non-engaging sandblasted prefabricated Ti base abut-
ment (PCOR Ti base. TRATE AG, Switzerland) using
dual cured self-adhesive resin cement (PENTRON
BREEZE, USA) after sealing the screw access channel
with PTFE tape and flowable light cured resin composite.
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Surgical procedures

Patients were administered 4% Articaine local anesthesia
(ARTINISBA 4%, Spain) and the tooth extraction proce-
dure was carried out using a flapless and minimally inva-
sive approach by sectioning the existing roots and cutting
the supracrestal gingival fibers with periotomes. Subse-
quently, curettage was performed to remove any infected
tissue using a curette, followed by irrigation with physi-
ologic saline and 0.2% chlorohexidine.

After osteotomy preparation in the intersep-
tal bone through the surgical template, platform
switched ROOTT implants with morse taper con-
nection were inserted where the distance between the
implant platform and the cementoenamel junction of
the neighboring teeth was 3mm ensuring the thresh-
old of initial stability was 35N/cm. A cover screw was
inserted, and the space between the implant surface
and the socket walls was filled with a bone xenograft
(Bioteck Bio-Gen Granules, Belgium) to promote heal-
ing. Either PEEK SSA or Ti SHA were screwed to the
implants according to the allocated group after removal
of the cover screw immediately after implant insertion.
In SHA group, collagen sponge was packed into the
sutured socket and stabilized by the standard healing
abutment Fig. 3.

Patients were asked to adhere to a medical regi-
men for a duration of 3-5 days involving 300mg
clindamycin every 12 h, and anti-edematous drug
every 12 h.
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Prosthetic protocol

After passing 6 months of healing, the PEEK SSA was
removed to check for the maturation of the peri-implant
soft tissue Fig. 4.

The customized open tray impression coping was
screwed to the implant after customization by indirect
soft tissue impression technique. Then, a single step dou-
ble consistency (putty and light) addition silicon (poly-
vinyl siloxane) impression (Zhermack Elite HD + Putty
Soft Normal Set, Italy) was employed in both groups.
Exocad software program was used to design the screw
retained crowns according to EBC concept which were
milled in katana super translucent multilayered zirconia
(KATANA"™ Zirconia STML, Japan). The crown frame-
work was divided into two distinct areas: (1) the subgin-
gival peri-implant soft tissue side area, which was made
of ultra polished zirconia to avoid any irritation to the
surrounding tissues, and (2) the glazed ceramic area,
which begin above the gum line at the point where the
restoration emerges from the peri-implant tissues. The
fitting surface of the zirconia crown was sandblasted (alu-
minum oxide Al,Os, particle size 50 pm, at pressure 2 bar
at a 5mm step over distance for 15 s), then cemented to
the prefabricated sandblasted engaging Ti base abutment
(PCOL1 Ti base abutment, TRATE AG, Switzerland) using
dual cured self-adhesive resin cement and light cured
for 60 s. The screw retained crowns were screwed to the
implants at torque of 35 N/cm according to the manufac-
turer instructions. The screw access channels were filled
by sterile PTFE tape and light cured resin composite.

e -~ “' /

Fig. 3 Surgical procedures: a Non-restorable maxillary right first molar, b clear irrigated socket walls after flapless minimally invasive tooth
extraction, ¢ guided drilling through surgical template, d prepared osteotomy in the interseptal bone, e implant insertion through the guide,
fimplant placed in situ, g filling the jumping gap with xenograft bone substitute and h PEEK SSA acting as a barrier for the xenograft bone material

at immediate implants site
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Fig. 4 EBC zones represented in the customized peri-implant soft tissue by the CAD-CAM SSA

Baseline digital photographs and periapical radiographs
with parallel technique were taken for all patients in both
groups Fig. 5.

Study outcomes

Postoperative digital photographs were taken after place-
ment of the screw retained implant supported crowns of
both groups (baseline T0) and during follow-up sessions
(T1 6th months follow up and T2 one year follow up).

Assessment of peri-implant soft tissue profile

The peri-implant soft tissue profile of twenty-two
screw retained implant supported monolithic zirco-
nia crowns in twenty patients was evaluated using the
modified Pink Esthetic Score (PES). The obtained data
were recorded as a numbering score (0, or 1 or 2) with
the total score out of 10.

Patient related outcomes

The assessment of patient satisfaction was carried out
through the use of a questionnaire that was conducted
using the visual analogue scale (VAS) 2 times during the
research period: baseline TO (one week after crown inser-
tion) and T1 after one year of clinical observation period.
The questionnaire was thoroughly presented to each
patient including a detailed discussion of the scoring
methodology where zero represented completely dissat-
isfied and 10 represented completely satisfied. The satis-
faction scale assessed the functional parameters such as
chewing and cleansing efficiency and esthetic parameters
such as shape, color and gum appearance of the implant
supported restorations.

Statistical analysis
Scores data are non-parametric data. Data were pre-
sented as median, range, mean and standard deviation

Fig. 5 Postoperative baseline photographs showing screw retained zirconia implant crown restoring non-restorable maxillary right first molars:
a Occlusal view for SSA group, b buccal view in black background for SSA group, ¢ postoperative periapical radiograph for SSA group, d occlusal
view for SHA group, e buccal view in black background for SHA group and f postoperative periapical radiograph for SHA group
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(SD) values. Mann—Whitney U test was used to com-
pare between the two groups. Friedman’s test was used
to study the changes within each group. Dunn’s test was
used for pair-wise comparisons when Friedman’s test
is significant. Wilcoxon signed-rank test was used to
study the changes in satisfaction scores after 12 months.
Qualitative data were presented as frequencies and per-
centages. The significance level was set at P <0.05. Statis-
tical analysis was performed with IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp.

Results

The patient distribution through each stage of the rand-
omized clinical trial according to the CONSORT state-
ment flow chart is reported in Fig. 6 where n represents
number of patients.

Patients’ demographic data
The patients’ base line characteristics are represented in
Table 1.

Peri-implant soft tissue profile

Mesial and distal papillae

At base line, after six as well as 12 months, SSA group
showed statistically significant higher mesial papilla
scores than SHA group (P-value=0.001, Effect
size=1.653), (P-value<0.001, Effect size=1.922) and
(P-value <0.001, Effect size=1.922) for each observation
period, respectively and higher distal papilla scores than
SHA group (P-value=0.001, Effect size=1.564) for all
the observation periods.

In both groups, there was no statistically signifi-
cant change in mesial papilla scores through different
time periods (P-value=0.368, Effect size=0.091) and
(P-value=0.135, Effect size =0.182), respectively. For dis-
tal papilla, in SSA group, scores were constant through all
time periods, so no statistical comparison was performed
while in SHA group, there was no statistically significant
change in distal papilla scores through different time
periods (P-value =0.135, Effect size=0.182) (Table 2).

Level and curvature of facial mucosa

At base line, after six as well as 12 months, there was
no statistically significant difference in level and cur-
vature of facial mucosa between the two groups
(P-value=0.061, Effect size=0.647) and (P-value=0.147,
Effect size=0.312) for each observation period, respec-
tively. In both groups, scores were constant through all
time periods, so no statistical comparison was performed
(Table 3).
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Root convexity/soft tissue color and texture

At base line, after six as well as 12 months, SSA group
showed statistically significant higher root convexity/
soft tissue color and texture scores than SHA group
(P-value=0.012, Effect size =1.042) for each observation
period. In both groups, scores were constant through all
time periods, so no statistical comparison was performed
(Table 3).

Total modified PES score

At base line, after six as well as 12 months, SSA group
showed statistically significant higher total modified
PES scores than SHA group (P-value<0.001, Effect
size=2.782), (P-value<0.001, Effect size=2.855) and
(P-value <0.001, Effect size=2.855), respectively. In both
groups, there was no statistically significant change in
total modified PES scores through different time periods
(P-value=0.368, Effect size=0.091) and (P-value=0.052,
Effect size=0.27), respectively (Table 3).

Patient related outcomes

The shape and the color of the implant tooth

At base line (1 week after crown delivery) as well as after
12 months, there was no statistically significant differ-
ence between the two groups regarding the shape of the
implant tooth (P-value=1, Effect size=0) and color of
the implant tooth (P-value=0.317, Effect size=0.154) for
each observation period where the median (range) and
mean (SD) of the scores of the shape of the implant tooth
were 10 (9, 10) and 9.91 (0.3) for both groups. While the
median (range) and mean (SD) of the scores of the color
of the implant tooth were 10 (10, 10) and 10 (0) for SSA
group and 10 (9, 10) and 9.91 (0.3) for SHA group.

Gum appearance around the implant tooth

At base line (1 week after crown delivery) as well as
after 12 months, SSA group showed statistically signifi-
cantly higher gum appearance score than SHA group
(P-value <0.001, Effect size=2.855) and (P-value<0.001,
Effect size=3.011), respectively. In both groups, there
was no statistically significant change in gum appear-
ance scores after 12 months (P-value=0.157, Effect
size=0.943) and (P-value=0.564, Effect size=0.353),
respectively.

Chewing ability on the implant tooth

At base line (1 week after crown delivery) as well as after
12 months, there was no statistically significant differ-
ence between the two groups (P-value=0.403, Effect
size=0.312) for each observation period, respectively.
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Assessed for eligibility

Excluded (n=28)

Vv

Not meeting inclusion criteria (n =22)

Refused to participate (n =6)

Randomized (n = 22)

T~

Allocated to intervention (n=11)
Received allocated intervention (n=10)

Did not receive SSA due to insufficient
primary stability (<30N/CM) (n =1)

Allocated to control (n=11)
Received allocated control (n =10)

Did not receive SHA due to insufficient
primary stability (<30N/CM) (n=1)

|

!

Lost to follow up (n = 0)

Discontinued intervention (n = 0)

Lost to follow up (n = 0)

Discontinued intervention (n = 0)

l

l

Analyzed (n=10)

Excluded from analysis (n= 0)

Analyzed (n=10)

Excluded from analysis (n = 0)

Fig. 6 CONSORT flow chart

Food impaction and cleansing efficiency

around the implant tooth

At base line (1 week after crown delivery) as well as after
12 months, SSA group showed statistically significantly
higher satisfaction with cleansing efficiency score than
SHA group (P-value=0.006, Effect size=1.257) for each
observation period, respectively.

Overall satisfaction scores
At baseline (1 week after crown delivery) as well as
after 12 months, SSA group showed statistically signifi-
cantly higher overall satisfaction score than SHA group
(P-value <0.001, Effect size=2.361) for each observa-
tion period, respectively.
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Table 1 Frequencies (n), percentages (%), mean and standard
deviation (SD) values for patients'demographics in the two
groups

Base line characteristics SSA SHA
Gender [n, (%)]
Male 2 (20%) 2 (20%)
Female 8 (80%) 8 (80%)
Age in years [Mean, SD] 296 (8.2) 273(6.7)
Insertion torque in N/cm [Mean, SD] 485 (5.3) 443 (7.3)
Site [n, (%)]
Premolar 5 (45.5%) 5 (45.5%)
Molar 6 (54.5%) 6 (54.5%)
Socket type [n, (%)]
ST1 7 (63.6%) 7 (63.6%)
ST2 4 (36.4%) 4 (36.4%)

Results of patient related outcomes are presented in
Table 4.

Discussion

Based on the previous findings, the null hypothesis is
totally rejected as there were statistically significant dif-
ferences between both tested groups regarding the
peri-implant soft tissue profile and the patient related
outcomes.

The customized socket sealing abutments were sug-
gested to overcome limitations of the premanufactured
standard healing abutments by transferring the natural
tooth emergence profile to the final implant restorations
[9, 10]. After one year of clinical evaluation period, no
failures were discovered, and all patients attended all the
clinical recall visits at different evaluation periods.
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Peri-implant soft tissue profile

The difference in the dimensions and the emergence
profile design between SSA and SHA could mainly be
the main reason behind the results of the present study
which favored the SSA group in the peri-implant soft tis-
sue profile. Ti SHA resulted in circular soft tissue contour
throughout the healing process on the contrary to the
SSA which posed larger gradually developing transmu-
cosal area. This aimed to protect the bone grafting mate-
rial from fast resorption rates until their full development
and maturation, achieving highly aesthetic and biologi-
cally contoured implant restorations mimicking natu-
ral healthy teeth. Both the bone graft and the prosthetic
socket seal together can augment the soft and hard tissue
volume [17, 18].

The findings of modified PES score in the present trial
are similar to other previous studies which followed
comparable protocol to our study (SSA and bone graft
socket filling) and showed significantly high PES scores
compared to the standard healing abutments scores
supporting the impact of the socket sealing abutment
in preserving the peri-implant soft tissue enhancing the
bio-esthetic outcomes [18, 20, 21]. While Perez et al,,
reported slight increase in the PES score of the custom-
ized healing abutment in comparison to that of the stand-
ard healing abutments after one year of the clinical follow
up but with no statistically significant difference [13].

Throughout the different testing periods of the study,
the distal and mesial papillae showed statistically signifi-
cant higher scores in SSA group than SHA group. These
findings may be attributed to the accurate soft tissue cus-
tomization by the CAD-CAM PEEK SSA and the slightly
concave subcritical contour of the SSA that offered
more volume for the supra-crestal connective tissue and
avoided the pressure on the interproximal soft tissues

Table 2 Descriptive statistics and results of Mann-Whitney U test for comparison between mesial and distal papillae scores in the two

groups and Friedman'’s test for the changes within each group

Variable Time SSA (n=11) SHA (n=11) P-value Effect size (d)
Median (Range) Mean (SD) Median (Range) Mean (SD)

Mesial papilla Base line 2(1,2) 191(0.3) 1(0,2) 0.91(0.7) 0.001* 1.653
6 months 2(2,2) 2(0) 10,2 1.09 (0.54) <0.001* 1.922
12 months 2(2,2) 2(0) 1(0,2) 1.09 (0.54) <0.001* 1.922
P-value 0.368 0.135
Effect size (w) 0.091 0.182

Distal papilla Base line 2(2,2) 2(0) 1(0,2) 1(0.77) 0.001* 1.564
6 months 2(2,2) 2(0) 1(0,2) 1.18 (0.6) 0.001* 1.564
12 months 2(2,2) 2(0) 1(0,2) 1.18(0.6) 0.001* 1.564
P-value Not computed because the variable 0.135
Effect size (w) is constant 0.182

" Significant at P<0.05
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Table 3 Descriptive statistics and results of Mann-Whitney U test for comparison between level and curvature of the facial mucosa
and root convexity/soft tissue color and texture scores in the two groups and Friedman’s test for the changes within each group

Variable Time SSA(n=11) SHA (n=11) P-value Effect size (d)
Median Mean (SD) Median (Range) Mean (SD)
(Range)
Level of facial Base line 2(1,2) 1.91(0.3) 2(1,2) 1.55(0.52) 0.061 0.647
mucosa 6 months 2(1,2) 1.91(0.3) 2(1,2) 1.55(0.52) 0.061 0.647
12 months 2(1,2) 1.91(0.3) 2(1,2) 1.55(0.52) 0.061 0.647
P-value Not computed because the vari- Not computed because the variable is constant

Effect size (w) able is constant

Curvature of  Base line 2(2,2) 2(0) 2(1,2) 1.82(0.4) 0.147 0312

facial mucosa ¢ i onths 202,2) 2(0) 2(1,2) 1.82(04) 0.147 0312
12 months 2(2,2) 2(0) 2(1,2) 1.82(0.4) 0.147 0312
P-value Not computed because the vari- Not computed because the variable is constant

Effect size (w) able is constant

Root convex- Base line 2(1,2) 1.73(0.47) 1(1,2) 1.18(04) 0.012* 1.042
ity/ 6 months 2(1,2) 1.73(0.47) 1(1,2) 1.18(04) 0.012* 1.042
soft tissue .

color and 12 months 2(1,2) 173 (047) 1(1,2) 1.18 (04) 0012 1.042
texture P-value Not computed because the vari- Not computed because the variable is constant

Effect size (w) able is constant

Total modi-  Base line 10(9,10) 9.55 (052) 74,9 645 (129) <0001% 2782
fied PES score ¢ 1o 10(9,10) 9,64 (0.5) 76,9 682 (0.87) <0001* 2855
12 months 10(9,10) 9,64 (0.5) 76,9 682 (0.87) <0.001* 2855
P-value 0.368 0.052
Effect size (w) 0.091 0.27

" Significant at P<0.05

Table 4 Descriptive statistics and results of Mann-Whitney U test for comparison between gum appearance, chewing and cleansing
efficiencies, and overall satisfaction scores in the two groups and Wilcoxon signed-rank test for the changes within each group

Variable Time SSA(n=11) SHA (n=11) P-value Effect
Median (Range) Mean (SD) Median (Range) Mean (SD) size (d)

Gum appearance Base line 10(9,10) 9.64 (0.5) 7(6,9) 7(1) <0.001* 2.855
12 months 10(9,10) 9.82(04) 7(6,9) 7.09 (1.14) <0.001* 3.011
P-value 0.157 0.564
Effect size (w) 0.943 0.353

Chewing ability Base line 9(9,10) 9.36 (0.5) 10(9,10) 9.55(0.52) 0403 0.312
12 months 9(9,10) 9.36 (0.5) 10 (9, 10) 9.55(0.52) 0.403 0312
P-value Not computed because the vari- Not computed because the variable is constant

Effect size (w) able is constant

Food impaction and Base line 10(9,10) 9.82 (0.4) 9(7,10) 8.64(1.12) 0.006* 1.257
cleansing efficiency 15 onths  10(9,10) 9.82(04) 9(7,10) 864(1.12)  0.006* 1257
P-value Not computed because the vari- Not computed because the variable is constant
Effect size (w) able is constant
Overall satisfaction Base line 9.8(94,10) 9.75(0.18) 9.2 (9,9.6) 9.25(0.22) <0.001* 2361
12 months 9.8(9.2,10) 9.8 (0.22) 9.2 (9,9.6) 9.27 (0.24) <0.001* 2.361
P-value 0.257 0.564
Effect size (w) 0.728 0.353

" :Significant at P<0.05
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resulting in complete development and maturation of the
interproximal papillae [15, 16].

It is essential to preserve the integrity of the interproxi-
mal papilla and minimize its loss throughout implant
therapy. Maintaining the entire presence of the papilla
helps prevent cosmetic issues (such as black triangles),
problems with phonetics caused by air flow, and inter-
proximal food accumulation [22]. However, in the poste-
rior zone, it has only received intermittent attention. The
presence of black triangles in the posterior region may
not be worrying aesthetically, but it might contribute to
food impaction, hence elevating the risk of peri-implan-
titis [23].

The findings of the papillae in our study came in agree-
ment with a study that found out significantly increased
papilla height in the customized healing abutment group
than in the prefabricated group after one year of follow
up [13].

Wang et al.,, proposed the use of anatomical healing
abutments as an attractive option in implant prosthodon-
tics. They found that these abutments efficiently raised
the height of the papilla and reduced the occurrence of
black triangles and peri-implantitis when employed in
implant sites in the posterior region [24].

While Fernandes et al., reported no statistically signifi-
cant difference in the papillae variation when the authors
compared the customized healing abutment with colla-
gen matrix sutured in situ after one year of clinical treat-
ment [25].

In SHA group, there was slight increase in the mesial
and distal papillae scores from baseline to 6 months fol-
low up with no statistically significant difference. This
improvement in papilla volume and height over long
follow up periods has been investigated in some stud-
ies explaining the increase in the vertical height of the
papilla over time in our study [26, 27].

Regarding the level and curvature of the facial mucosa,
SSA group showed slightly higher scores than the SHA
group with no statistically significant difference between
both groups. The insertion of the collagen sponge plug
to the post extraction sockets in cases of SHA group can
be considered the reason behind the minimum changes
in the vertical height of the gingival margin and the
contour of the buccal mucosa in these cases [28]. Other
influencing factors are the flapless minimally invasive
tooth extraction, filling the gap between the implant and
the bony socket walls with xenograft bone substitute,
and>3 mm preoperative attached keratinized buccal
mucosa [29].

The median (range) for the scores of the level of the
facial mucosa was 2 (1, 2), so that the minimum score for
both groups was 1 which means that the discrepancy in
the gingival height was <1 mm that was considered as a
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minimal and insignificant change in the posterior unes-
thetic areas of the jaw as demonstrated in numerous
studies [10, 30, 31].

The results of the level of the facial mucosa are consist-
ent with Hu et al,, that revealed no statistically significant
difference with less midfacial mucosal recession in the
customized group when they compared the customized
healing collars with the traditional one in the premolar/
molar post extraction sites [32]. While Fernandes et al,,
reported less alteration of the midfacial mucosal level
and contour after one month then no statistically sig-
nificant change after one year of clinical treatment when
they evaluated the socket sealing abutments versus colla-
gen plugs as a socket sealing technique for the maxillary
immediate implants. Their study supports the compa-
rable scores in the level and architecture of the buccal
mucosa between our study’s experimental groups that
showed the effect of using the collagen sponge plug with
the Ti SHA in promoting the healing and re-epitheliza-
tion of the surrounding implant tissues thus, raising their
scores in the peri-implant mucosa [25].

SSA group showed statistically significantly higher root
convexity/soft tissue color and texture scores than SHA
group. These outcomes ensure the role of the customized
anatomical socket sealing abutments in preserving the
pre-extraction alveolar width with minimum discrepan-
cies. Packing a bone xenograft into the space between the
implant and the socket walls to bridge the gap, minimal
traumatic tooth extraction and > 1 mm preoperative buc-
cal bone thickness might also play a role in these findings
[29].

The results of root convexity/soft tissue color and tex-
ture came in agreement with Fabris et al., who showed
substantial high alveolar ridge width in the cases of PEEK
customized socket sealing abutment group after imme-
diate implants in the maxillary premolar sites. Although
the authors compared the customized anatomical abut-
ments to submerged implants with cover screw and the
jumping gap left empty without any bone grafting mate-
rial [9].

Also, our results are aligned with a systematic review
conducted by Lenz et al., that demonstrated considerable
decrease in the alveolar process loss in cases of the ana-
tomical healing abutments group relative to the prefabri-
cated healing group [33].

However, our findings were opposed to those of other
trial that did not detect any statistically significant change
in the buccal alveolar bone thickness at the implant
crestal level when the authors compared the convention-
ally constructed resin composite socket sealing abutment
to the Ti prefabricated healing abutments [32]. This vari-
ation can be justified by including smokers and periodon-
tal diseases in their study, the difference in the material
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of the socket sealing abutment which was conventionally
fabricated resin composite that might cause irritation to
the peri-implant tissues affecting the proper healing of
the surrounding hard tissues. This in turn might hinder
bone formation unlike the highly polished milled PEEK
material applied in the current research [17, 34].

Patient satisfaction

Many of the clinical studies assessing the impact of
the immediate customized peri-implant profile on the
esthetic and functional outcomes of the final delivered
implant restorations had limited data concerning the
patient related outcomes [30, 35]. Therefore, the present
study aimed to examine the long-term effectiveness of
the implant restorations regrading several patient related
outcomes such as functional concerns (chewing and
cleansing efficiency) and esthetic concerns (shape, color
and gum appearance of the final restorations).

Concerning the gum appearance scores, patients
showed statistically significantly higher satisfaction score
in the SSA group than the SHA group after one year of
the clinical follow up. These subjective outcomes came
in support with the objective evaluation of higher modi-
fied PES scores for SSA group assuring the role of the
customized healing abutments in promoting the peri-
implant soft tissue esthetics.

While for the functional outcomes, the chewing effi-
ciency scores showed no statistically significant differ-
ence between both groups unlike the cleansing efficiency
which showed higher statistically significant satisfaction
scores in the SSA group than in SHA group. Patients in
the control group suffered from food impaction and dif-
ficulty in cleansing and removing the impacted food, this
confirms that the customized profile of the SSA group
resulted in a proper aligned contour of the final implant
restorations with the bucco-palatal width of the alveo-
lar ridge successively alleviated the symptoms of food
impaction in the SSA group [21, 33].

The results of higher overall patient satisfaction scores
in the SSA group than SHA group are comparable with
those reported by Wang et al., who showed superior out-
comes regarding patient satisfaction for the customized
group compared to the conventional group but with no
statistically significant change between the two groups
[36].

Limitations of the study

Short clinical observation period and the relatively
small sample size may be considered a limitation as
gathering data from larger group of patients over a
longer clinical follow up period will enhance the reli-
ability and validity of our results. Also, testing only one
type of material in construction of the socket sealing
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abutment which was PEEK. More randomized con-
trolled clinical trials with larger sample size and longer
follow up period are recommended. Further studies are
needed to evaluate the performance of different CAD-
CAM materials of SSA against each other. Other trials
can be conducted to compare the direct digital work-
flow in construction of the CAD-CAM SSA versus the
indirect digital workflow which was followed in this
trial.

Conclusions
Within the limitations of the present study, the use
of CAD-CAM PEEK SSA could drive the following
conclusions:

1 Superior outcomes in terms of peri-implant soft tis-
sue profile.
2 Enhanced patient satisfaction.

Therefore, CAD-CAM PEEK socket sealing abut-
ments together with flapless minimally invasive tooth
extraction and 3D guided implant placement can
serve as a better alternative for Ti standard healing
abutments.

Clinical significance

PEEK SSA considered a viable option in reducing the
implant prosthetic steps and procedures as it maintained
the original emergence profile, eliminating the need
for additional tissue conditioning. Dental practitioners
should consider other factors in this treatment protocol
rather than the contour of the SSA including the SSA
material of construction, depth and 3D position of the
implant, the vertical height of the mucosa, specific areas
of implant insertion, implant diameter, implant abutment
connection and patient compliance to the postoperative
protocol.

Acknowledgements
The authors would like to thank Dr. Hisham Salama for his support and guid-
ance throughout the surgical procedures.

Authors’ contributions

Mai Mohamed Elgendi: concept and design of the study, all the clinical steps
of the study, writing manuscripts, data analysis, data interpretation and
reporting the final article. Iman Salah Eldin Hamdy: randomization, allocation
concealment, auditing, and critical revision of the article. Hanaa Ibraheem
Sallam: data collection, critical revision of the article and approval of the
submitted article.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). Na.



Elgendi et al. BMC Oral Health (2025) 25:83

Data availability
The data that support the findings of this study are available on request from
the corresponding author.

Declarations

Ethics approval and consent to participate

An informed patient consent translated in Arabic language was obtained
from all patients who participated in the study in accordance with the ethical
principles outlined in the Helsinki Declaration of 1975 and its subsequent revi-
sions. The study protocol and the informed consent template were approved
by the Ethics Committee of Scientific Research — Faculty of Dentistry- Cairo
University- on 25- 1- 2022 with approval no.: 11/1/22.

Consent for publication
Na.

Competing interests
The authors declare no competing interests.

Author details

'Department of Fixed Prosthodontics, Faculty of Dentistry, Cairo University,
Cairo, Egypt. *Division of Fixed Prosthodontics, Department of Prosthetic Den-
tistry, Faculty of Dentistry, King Salman International University, Al Tur, Egypt.

Received: 7 October 2024 Accepted: 31 December 2024
Published online: 17 January 2025

References

1. Ragucci GM, Elnayef B, Criado-Cémara E, Del Amo FSL, Herndndez-Alfaro
F. Immediate implant placement in molar extraction sockets: a systematic
review and meta-analysis. Int J Implant Dent. 2020;6(1). https://doi.org/
10.1186/540729-020-00235-5.

2. Mahesh L, Castro AB, Bhasin MT. The Survival Rate of Posterior Immediate
Implants in the Maxilla and Mandible: An Observational Retrospective
Study of 158 Dental Implants. Cureus. 2023;15(9): e45579. https://doi.org/
10.7759/cureus.45579.

3. HuC GongT,Lin W, Yuan Q ManY.Immediate implant placement into
posterior sockets with or without buccal bone dehiscence defects: A
retrospective cohort study. J Dent. 2017,65:95-100. https://doi.org/10.
1016/jjdent.2017.07.010.

4. Ravinder R, Dubey P, Raj S, Mishra P, Rajput A. Immediate implant place-
ment in posterior maxilla: a prospective clinical study. J Osseointegr.
2021;13(4):185-90.

5. Mugri M, Sayed M, Bhandi S, Alagi H, Alsubeaie N, Alsubaie S, Vara-
darajan S, Raj A, Yadalam P, Khurshid Z, Balaji T, Patil S. Success Rate of
Immediately Loaded Implants in the Posterior Zone. Niger J Clin Pract.
2023,26(9):1215-25.

6. Laguna-Martos M, Cascos R, Agustin-Panadero R, G_omez-Polo M,
Revilla-Le_on M. A biologically oriented preparation technique (BOPT) for
immediate posterior implant placement, immediate provisionalization,
and definitive implant crown fabrication: A complete digital workflow.

J Esthet Restor Dent. 2024;36(2):270-277. https://doi.org/10.1111/jerd.
13126.

7. De Bruyn H, Raes F, Cooper LF, Reside G, Garriga JS, Tarrida LG, Wiltfang J,
Kern M. Three-years clinical outcome of immediate provisionalization of
single Osseospeed™ implants in extraction sockets and healed ridges.
Clin Oral Implants Res. 2012,24(2):217-223. https://doi.org/10.1111/j.
1600-0501.2012.02449.x.

8. Mihali S. Maintaining Tissue Architecture in Immediate Implant Place-
ment Following Extraction of Natural Teeth Using Custom Healing Screw.
BJSTR.2018;7(5). https://doi.org/10.26717/bjstr.2018.07.001554.

9.  Fabris GBM, Crespi R, Toti P, Crespi G, Rubino L, Covani U. A 3-year retro-
spective study of fresh socket implants: CAD/CAM customized healing
abutment vs cover screws. Int J Comput Dent. 2020;23(2):109-17.

10. Finelle G, Popelut A, Knafo B, Martin . Sealing Socket Abutments (SSAs)
in Molar Immediate Implants with a Digitalized CAD/CAM Protocol: Soft
Tissue Contour Changes and Radiographic Outcomes After 2 Years. Int

20.

21.

22.

23.

24.

25.

26.

Page 13 of 14

J Periodontics Restorative Dent. 2021;41(2):235-244. https://doi.org/10.
11607/prd.4579.

. Akin R. A new concept in maintaining the emergence profile in immedi-

ate posterior implant placement: the anatomic harmony abutment. J Oral
Maxillofac Surg. 2016;74(12):2385-2392. https://doi.org/10.1016/jjoms.
2016.06.184.

. Finelle G, Lee S. Guided Immediate Implant Placement with Wound

Closure by Computer-Aided Design/Computer-Assisted Manufacture
Sealing Socket Abutment: Case Report. Int J Oral Maxillofac Implants.
2017;32(2): e63-e67. https://doi.org/10.11607/jomi.4770.

. Perez A, Caiazzo A, Valente NA, Toti P, Alfonsi F, Barone A. Standard vs

customized healing abutments with simultaneous bone grafting for
tissue changes around immediate implants. 1-year outcomes from a
randomized clinical trial. Clin Implant Dent Relat Res. 2020;22(1):42-53.
https://doi.org/10.1111/cid.12871.

. Steigmann L, Di Gianfilippo R, Steigmann M, Wang HL. Classification

based on extraction socket buccal bone morphology and related treat-
ment decision tree. Materials (Basel). 2022;15(3):733. https://doi.org/10.
3390/ma15030733.

. Gonzélez-Martin O, Lee E, Weisgold A, Veltri M, Su H. Contour manage-

ment of implant restorations for optimal emergence profiles: Guidelines
for immediate and delayed provisional restorations. Int J Periodontics
Restorative Dent. 2020;40(1):61-70. https://doi.org/10.11607/prd.4422.

. Gomez-Meda R, Esquivel J, Blatz MB. The esthetic biological contour

concept for implant restoration emergence profile design. J Esthet Restor
Dent. 2021;33(1):173-184. https://doi.org/10.1111/jerd.12714.

. Chokaree P, Poovarodom P, Chaijareenont P, Yavirach A, Rungsiyakull P.

Biomaterials and Clinical Applications of Customized Healing Abut-
ment—A Narrative Review. J Funct Biomater. 2022;13(4):291. https://doi.
0rg/10.3390/jfb13040291.

. Lilet R, Desiron M, Finelle G, Lecloux G, Seidel L, Lambert F. Immedi-

ate implant placement combining socket seal abutment and peri-
implant socket filling: A prospective case series. Clin Oral Implants Res.
2022;33(1):33-44. https://doi.org/10.1111/clr.13852.

. Uhrenbacher J, Schmidlin PR, Keul C, Eichberger M, Roos M, Gernet

W Stawarczyk B . The effect of surface modification on the retention
strength of polyetheretherketone crowns adhesively bonded to dentin
abutments. J Prosthet Dent. 2014;112(6):1489-1497. https://doi.org/10.
1016/j.prosdent.2014.05.010.

El-Danasory MB, Khamis MM, Hakim AAA, Fahmy RA. Outcomes of bio-
esthetic single implant-supported restorations after peri-implant soft
tissue conditioning with two prosthetic techniques: A 1-year randomized
clinical trial. J Prosthet Dent.2023. https://doi.org/10.1016/j.prosdent.
2023.02.012.

Chokaree P, Poovarodom P, Chaijareenont P, Rungsiyakull P. Effect of cus-
tomized and prefabricated healing abutments on Peri-Implant soft tissue
and bone in immediate implant sites: a randomized controlled trial. J Clin
Med.2024;13(3):886. https://doi.org/10.3390/jcm13030886.

Lops D, Parpaiola A, Paniz G, Sbricoli L, Magaz VR, Venezze AC, Bressan

E, Stellini E. Interproximal papilla stability around CAD/CAM and stock
abutments in anterior regions: A 2-Year Prospective Multicenter cohort
study. Int J Periodontics Restorative Dent.2017,37(5):657-665. https://doi.
org/10.11607/prd.3184.

Chopra A, Sivaraman K, Narayan Al, Balakrishnan D. Etiology and clas-
sification of food impaction around implants and implant-retained
prosthesis. Clin Implant Dent Relat Res. 2019;21(2):391-397. https://doi.
org/10.1111/cid.12716.

Wang C, Bhaskar V, Dickerman B, Kaigler D. Computer-Guided immediate
implant placement and predigitally designed immediate provisionaliza-
tion. Clinic Adv Periodontics. 2018;8(1):39-44. https://doi.org/10.1902/
cap.2017.170034.

Fernandes D, Nunes S, Lépez-Castro G, Marques T, Montero J, Borges

T. Effect of customized healing abutments on the peri-implant linear
and volumetric tissue changes at maxillary immediate implant sites: A
1-year prospective randomized clinical trial. Clin Implant Dent Relat Res.
2021;23(5):745-757. https://doi.org/10.1111/cid.13044.

Kan JY, Rungcharassaeng K, Lozada JL, Zimmerman G. Facial gingival
tissue stability following immediate placement and provisionalization

of maxillary anterior single implants: a 2- to 8-year follow-up. Int J Oral
Maxillofac Implants. 2011;26(1):179-87.


https://doi.org/10.1186/s40729-020-00235-5
https://doi.org/10.1186/s40729-020-00235-5
https://doi.org/10.7759/cureus.45579
https://doi.org/10.7759/cureus.45579
https://doi.org/10.1016/j.jdent.2017.07.010
https://doi.org/10.1016/j.jdent.2017.07.010
https://doi.org/10.1111/jerd.13126
https://doi.org/10.1111/jerd.13126
https://doi.org/10.1111/j.1600-0501.2012.02449.x
https://doi.org/10.1111/j.1600-0501.2012.02449.x
https://doi.org/10.26717/bjstr.2018.07.001554
https://doi.org/10.11607/prd.4579
https://doi.org/10.11607/prd.4579
https://doi.org/10.1016/j.joms.2016.06.184
https://doi.org/10.1016/j.joms.2016.06.184
https://doi.org/10.11607/jomi.4770
https://doi.org/10.1111/cid.12871
https://doi.org/10.3390/ma15030733
https://doi.org/10.3390/ma15030733
https://doi.org/10.11607/prd.4422
https://doi.org/10.1111/jerd.12714
https://doi.org/10.3390/jfb13040291
https://doi.org/10.3390/jfb13040291
https://doi.org/10.1111/clr.13852
https://doi.org/10.1016/j.prosdent.2014.05.010
https://doi.org/10.1016/j.prosdent.2014.05.010
https://doi.org/10.1016/j.prosdent.2023.02.012
https://doi.org/10.1016/j.prosdent.2023.02.012
https://doi.org/10.3390/jcm13030886
https://doi.org/10.11607/prd.3184
https://doi.org/10.11607/prd.3184
https://doi.org/10.1111/cid.12716
https://doi.org/10.1111/cid.12716
https://doi.org/10.1902/cap.2017.170034
https://doi.org/10.1902/cap.2017.170034
https://doi.org/10.1111/cid.13044

Elgendi et al. BMC Oral Health (2025) 25:83 Page 14 of 14

27. Cosyn J, Eghbali A, Hermans A, Vervaeke S, De Bruyn H, Cleymaet R. A
5-year prospective study on single immediate implants in the aesthetic
zone. J Clin Periodontol. 2016;43(8):702-709. https://doi.org/10.1111/
jcpe.12571.

28. Deng C, Xiong C, Huo J, LiuY, Man Y, Qu Y. Posterior open wound healing
in immediate implant placement using reactive soft tissue versus absorb-
able collagen sponge: a retrospective cohort study. Int J Oral Maxillofac
Surg. 2024;53(5):436-443. https://doi.org/10.1016/}.ijom.2023.11.009.

29. Singh N, Agrawal KK, Chand P, et al. Clinical outcomes of flap versus flap-
less immediately loaded single dental implants in the mandibular poste-
rior region: One-year follow-up results from a randomized controlled trial.
J Prosthet Dent. 2022;128(2):167-173. https://doi.org/10.1016/j.prosdent.
2020.08.035.

30. Choorak N, Amornsettachai P, Chuenjitkuntaworn B, Suphangul S. Dimen-
sional Change of Peri-implant Soft Tissue Following Immediate Implant
Placement and Customized Healing Abutment in Posterior Teeth. JIDMR.
2021;14(1):273-9.

31. Lertwongpaisan T, Amornsettachai P, Panyayong W, Suphangul S. Soft
tissue dimensional change using customized titanium healing abutment
in immediate implant placement in posterior teeth. BMC Oral Health.
2023;23(1). https://doi.org/10.1186/512903-023-03060-5.

32. HuC, LinW,GongT, ZuoY,Qu Y, Man Y. Early healing of immediate
implants connected with two types of healing abutments. Implant
Dent.2018;27(6):646-652. https://doi.org/10.1097/id.0000000000000809.

33. Lenz U, Bona A, Tretto P, Bacchi A. Peri-implant Outcomes from Custom-
ized Healing Abutments Using Immediate Implants: A Systematic Review.
Int J Oral Maxillofac Implants. 2023;38(5):985-995. https://doi.org/10.
11607/jomi.10311.

34. lonescu RN, Totan AR, Imre MM, Tancu AMC, Pantea M, Butucescu
M, Farcasiu AT. Prosthetic materials used for Implant-Supported restora-
tions and their biochemical oral interactions: A narrative review. Materials
(Basel). 2022;15(3):1016. https://doi.org/10.3390/ma15031016.

35, Fabris GBM, Cosola S, Toti P, Hwang MH, Crespi R, Covani U. Immediate
implant and customized healing abutment for a periodontally compro-
mised socket: 1-Year Follow-Up Retrospective Evaluation. J Clin Med.
2023;12(8):2783. https://doi.org/10.3390/jcm12082783.

36. Wang L, WangT, LuY, Fan Z. comparing the clinical outcome of peri-
implant hard and soft tissue treated with immediate individualized cad/
cam healing abutments and conventional healing abutments for single-
tooth implants in esthetic areas over 12 months: a randomized clinical
trial. Int J Oral Maxillofac Implants. 2021;36(5):977-984. https://doi.org/10.
11607/jomi.8823.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1111/jcpe.12571
https://doi.org/10.1111/jcpe.12571
https://doi.org/10.1016/j.ijom.2023.11.009
https://doi.org/10.1016/j.prosdent.2020.08.035
https://doi.org/10.1016/j.prosdent.2020.08.035
https://doi.org/10.1186/s12903-023-03060-5
https://doi.org/10.1097/id.0000000000000809
https://doi.org/10.11607/jomi.10311
https://doi.org/10.11607/jomi.10311
https://doi.org/10.3390/ma15031016
https://doi.org/10.3390/jcm12082783
https://doi.org/10.11607/jomi.8823
https://doi.org/10.11607/jomi.8823

	Peri-implant soft tissue conditioning of immediate posterior implants by CAD-CAM socket sealing abutments: a randomized clinical trial
	Abstract 
	Background 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Material and methods
	Study design

	Surgical protocol
	Virtual 3D implant planning and construction of 3D printed surgical template
	Designing and milling of the customized CAD-CAM PEEK socket sealing abutment
	Surgical procedures

	Prosthetic protocol
	Study outcomes
	Assessment of peri-implant soft tissue profile
	Patient related outcomes
	Statistical analysis

	Results
	Patients’ demographic data
	Peri-implant soft tissue profile
	Mesial and distal papillae
	Level and curvature of facial mucosa
	Root convexitysoft tissue color and texture
	Total modified PES score

	Patient related outcomes
	The shape and the color of the implant tooth
	Gum appearance around the implant tooth
	Chewing ability on the implant tooth
	Food impaction and cleansing efficiency around the implant tooth
	Overall satisfaction scores

	Discussion
	Peri-implant soft tissue profile
	Patient satisfaction
	Limitations of the study
	Conclusions
	Clinical significance
	Acknowledgements
	References


