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 Background: This study explored the clinical effects of whole-process digitalization (WD)-assisted immediate implant place-
ment (IIP) and immediate restoration (IR) in the aesthetic zone and clarified the clinical procedures.

 Material/Methods: Patients who received maxillary aesthetic region IIP and IR treatment were randomly distributed into WD-
assisted and conventional groups. Postoperative assessment included implant accuracy, marginal bone loss, 
aesthetic evaluation, and patient satisfaction evaluation. The aesthetic evaluation included visual analog score 
(VAS), pink aesthetic score (PES), and white aesthetic score (WES). Numerical data, measurement data, and 
grade data were analyzed by c2 test, t test, and Mann-Whitney U test.

 Results: The WD-assisted group exhibited decreased implant accuracy, including coronal deviation, apical deviation, an-
gular deviation, and depth deviation, compared with the conventional group (P<0.05). The marginal bone loss 
in both the mesiodistal direction and the buccolingual direction were significantly lower in the WD-assisted 
group than in the conventional group (P<0.05). The VAS, PES, and WES were all significantly higher in the WD-
assisted group than in the conventional group at 3, 6, and 12 months after surgery (P<0.05). Patients in the 
WD-assisted group also reported a higher satisfaction level than those in the conventional group (P<0.05).

 Conclusions: WD-assisted IIP and IR treatment in the aesthetic zone increased implant accuracy, decreased marginal bone 
loss, improved aesthetic effect, and increased patient satisfaction compared with conventional treatment. 
Therefore, WD-assisted IIP and IR treatment constitutes a promising approach in clinical oral implantology.
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Background

Dental implantology is gaining increased popularity owing to 
developments in biomechanics, material science, mechani-
cal design, and manufacturing technology during the past de-
cades. It has become a routine method for the restoration of 
clinical dentition defects [1]. The conventional delayed place-
ment method requires 3-6 months for healing before start-
ing the restoration process [2-4]. Recently, treatment based 
on immediate implant placement (IIP) and immediate resto-
ration (IR) has become popular in clinical dental implantation 
because it can effectively shorten the surgical procedure, re-
duce the number of visits, and achieve better outcomes [5].

At present, implant placement during IIP and IR treatment de-
pends on preoperative X-ray or cone-beam computed tomog-
raphy (CBCT) assessment, including bone height at the implant 
area and position of the lower alveolar nerve and maxillary si-
nus. Moreover, the traditional surgical method during implant 
insertion is based on a surgical guide and the doctor’s experi-
ence [6]. Due to deviation in the thickness of the surgical guide 
and variation in surgeon experience, the traditional method 
can result in an inconsistent angle or depth compared with 
the original design [7,8]. Such issues not only affect the func-
tion and stability of the implant, but also seriously affect the 
aesthetic outcome of the final restoration [7,9]. Therefore, in-
creasing the accuracy and reducing the error of the implant 
angle and depth during IIP and IR are urgent goals.

In recent years, the application of digital technology in a vari-
ety of medical disciplines and for treatment of various diseases 
has gradually increased [10]. Through computer analysis and 
digitization, 2-dimensional images or data can be converted 
into 3-dimensional (3D) stereo images, and subsequent data 
analysis can enable accurate diagnosis, simulation, and surgi-
cal guidance [11]. Digital technology has been extensively ap-
plied in the treatment of oral diseases. In 2011, the first 3D 
printing-assisted transplantation of an artificial mandible was 
conducted in the Netherlands. The postoperative reestablish-
ment of the patient’s language expression and masticatory 
function was better with the computer-assisted transplanta-
tion than the conventional method [12]. Additionally, several 
digital technologies have been used in oral implantology, such 
as 3D reconstruction, 3D printing [13], and digital impression. 
These successful examples indicate that digital technology 
can assist in oral implantology by providing 3D, intuitive, and 
accurate information of implant angle and depth. However, 
high-quality prospective clinical studies with large samples 
to compare clinical outcomes between digital medicine tech-
nology-assisted implantation and conventional implantation 
are still scarce. Previous studies related to digital technology-
assisted implantation in the aesthetic zone were restricted to 
case reports [14] or only used digital impressions in the overall 

treatment [15]. Those studies compared the digital technolo-
gy-assisted implantation with conventional implantation, but 
mainly focused on implant accuracy and aesthetic evaluation. 
They lacked evaluation of marginal loss and patient satisfac-
tion, which the present study includes. In addition, the spe-
cific operation procedures of digital technology-assisted im-
plantation are still unclear.

Briefly, in this prospective study, patients who received max-
illary aesthetic region IIP and IR treatment were randomly di-
vided into a conventional group and a whole-process digitali-
zation (WD)-assisted group. The parameters related to implant 
accuracy, marginal bone loss, aesthetic parameters, and pa-
tients’ satisfaction were also assessed. Our study aimed to 
provide experimental evidence for the clinical application of 
WD-assisted implantation and to clarify surgical procedures.

Material and Methods

Overall Study Design

Sixty outpatients with failing teeth in the maxillary anterior 
aesthetic region who received IIP and IR treatment were ran-
domly assigned to either the conventional group or the WD-
assisted group. The parameters related to implant accuracy, in-
cluding coronal deviation, apical deviation, angular deviation, 
and depth deviation (Figure 1), were evaluated. Aesthetic pa-
rameters, including visual analog score (VAS), pink aesthetic 
score (PES), and white aesthetic score (WES), were also record-
ed at 3, 6, and 12 months after surgery. In addition, margin-
al bone loss and patients’ satisfaction were also assessed.

Implant 3D deviation

Coronal deviation

Apical deviation

Angular deviation

Depth deviation

Figure 1.  The accuracy evaluation analyzed by the implant 
3-dimensional deviation between the designed and 
the actual implant position including coronal deviation, 
apical deviation, angular deviation, and depth 
deviation from the axis.
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Patient Recruitment and Allocation

The study enrolled 60 patients who received IIP and IR treat-
ment at the Department of Oral Implantology, Affiliated Hospital 
of Chifeng University, Chifeng, Inner Mongolia. Random and 
single blind design was used to divide the patients into either 
the conventional group or the WD-assisted group (n=30 for 
each group). The conventional group received conventional IIP 
and IR treatments, while the WD-assisted group received WD-
assisted IIP and IP treatment. A total of 52 and 50 implants 
were done in the conventional and WD-assisted groups, re-
spectively. The surgery and evaluation procedures were inde-
pendently conducted by different observers, who were blind-
ed to each other.

Sample Size Calculation

Sample size calculation was done with statistical software 
(PASS®, version15.0, NCSS Inc., Kaysville, UT, USA). The calcu-
lation formula was based on the means and 95% study power, 
with the significance level (a) set at 0.05. The results of a pre-
vious study comparing accuracy deviation between designed 
and actual implant position, including coronal deviation, api-
cal deviation, and angular deviation with computer-assist-
ed surgery and free-hand implantation, were utilized for the 
sample calculation [16]. Based on the outcomes of the stud-
ies for 3D deviation at coronal (1.18±0.72 mm and 2.07±0.51 
mm), apical (1.43±0.74 mm and 2.89±1.02 mm), and angu-
lar (4.21±1.91 mm and 8.84±4.64 mm) parameters and depth 
(0.54±0.29 mm and 0.78±0.33 mm), the required minimum 
sample size for the above-mentioned 4 parameters were 14, 
11, 16, and 45 implants, respectively. Since aesthetic evalua-
tion indexes (VAS, PES and WES), marginal bone loss, and pa-
tients’ satisfaction were novel parameters in our study that 
have not been studied before, the power calculation for these 
was only indirectly possible.

Inclusion criteria [17] for the current study were as follows: 
(1) implant site in the aesthetic area of the maxillary anteri-
or teeth; (2) usable bone height of more than 3 mm in the ex-
traction socket, without obvious soft or hard tissue defects; 
(3) no obvious inflammation at the periapical area of the im-
plant site; (4) bone type from I to III in the Zarb bone densi-
ty classification system; (5) stable centric occlusion, with nor-
mal overbite and overjet; and (6) good compliance by patient.

The exclusion criteria were as follows: (1) acute periodontal 
or periapical inflammation at the implant site; (2) soft tissue 
cellulitis around the diseased tooth; (3) nonideal root position 
and angle, with significant changes needed for the implant an-
gle; (4) presence of systemic disease that would interfere with 
wound healing; (5) thin gingival biological type of periodon-
tal biological tissue; (6) presence of poor oral habits such as 

smoking and grinding teeth that could not be corrected; and 
(7) implants torque below 35 N∙cm and above 45 N∙cm.

Ethics Approval

All procedures involving human participants were in accor-
dance with the ethical standards of the National Science and 
Technology Ethics Committee and with the 1964 Declaration 
of Helsinki and its later amendments. The study design was 
approved by the Clinical Scientific Research and Experimental 
Ethics Committee, Affiliated Hospital of Chifeng University (No. 
fsyy202014). All patients provided signed informed consent 
and consented to the study procedure.

WD-Assisted	IIP	and	IP	Treatment

For the WD-assisted group, patients received WD-assisted IIP 
and IP treatment, including preoperative preparation, IIP and 
IR treatment, soft tissue molding, and final restoration.

Preoperative preparation included examination and record-
ing. Before surgery, clinical photographs (Figure 2A, 2B) were 
taken by digital camera (Canon®, EOS 70D, Canon, Inc., Tokyo, 
Japan). The CBCT images were obtained with a CBCT scanner 
(MORITA®, 3D Accuitomo 170, MORITA, Inc., Tokyo, Japan), with 
the patient holding their mouth open (Figure 2C). Then, a poly-
ether impression-molded super-hard plaster model was made.

Next, the digital model and restoration design were estab-
lished. We performed extraoral scanning of the super-hard 
plaster model with a digital dental scanner (Aidite®, A-ISPro, 
Aidite Co. Ltd., Qinhuangdao, PR China). The surface morphol-
ogy of both the soft and hard tissues was then obtained for 
construction of the digital model and to confirm the occlusal 
relationship (Figure 2D). Afterward, the shape of the cervical 
margin of the restoration was designed with implant guide 
design software (3 Shape DentalSystem®, version 1.5.1.3, 
3 Shape, Inc., Copenhagen, Denmark) according to the root 
shape of the contralateral homonymous teeth or the residual 
natural teeth. This step was intended to ensure that the cer-
vical margin contour of the restoration would be consistent 
with the original natural teeth. According to the relationship 
between the normal dental arch radian and overjet, the 3D 
reconstruction of the restoration was performed according to 
the red and white aesthetics principles. Finally, we imported 
the patient’s facial photograph to confirm the effects of re-
constructed restoration.

The next step was to design the implant position and construct 
the whole-process guide plate. Implant guide design software 
(3 Shape DentalSystem®, version 1.5.1.3) was used to regis-
ter the CBCT data and model scan data. The data for the re-
constructed restoration were transferred. According to the 
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restoration-oriented implant design, the implant screw hole 
was designed to pierce through the lingual fossa of the crown. 
Then, the integrated image of the abutment crown restora-
tion with screw retention was realized (Figure 2E, 2F). In addi-
tion, the whole-process guide plate was designed according to 
the information from the implant. Afterward, the guide plate 
was fabricated and the metal guide ring was installed into it.

The temporary implant-supported prostheses were designed 
according to the implant position data from the whole-process 

guide plate. The shape of the temporary crown was designed 
according to the aesthetic effect and occlusal relationship. The 
shape of the cervical margin was consistent with that of the 
natural tooth or the contralateral homonymous tooth, ensur-
ing that the temporary restoration would seal the extraction 
socket after surgery. When 2 or more temporary crowns were 
made, the gingival embrasure was appropriately enlarged to 
provide space for postoperative soft tissue growth. The tem-
porary crown (polymethyl methacrylate) was processed by cut-
ting (Aidite®, cameoAV – D5, Aidite Co., Ltd.) and was bonded 

A

C

E

B

D

F

Figure 2.  Preoperative preparation. (A) Preoperative photograph of patient with open mouth. (B) Preoperative intraoral image of 
patient. (C) Preoperative cone-beam computed tomography. (D) Construction of the digital model and design restoration. 
(E) Design of the implant position and guide plate for 3-dimensional printing. (F) Design of the temporary restoration.
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to the temporary abutment (OSSTEM®, Temporary Abutment, 
OSSTEM, Inc., Seoul, Korea).

During the IIP and IR operation, the root was extracted mini-
mally without a flap to ensure the integrity of the alveolar bone 
wall. The implant cavity was prepared with the assistance of a 
guide plate, and the implant (OSSTEM®, Implant TSIII, OSSTEM 
Inc.) was inserted. The insertion torque was between 35 and 45 
N∙cm. The implant and the labial bone wall had a gap of more 

than 2 mm, and the implant was placed with collagen bone 
(Geistlich®, Bio-oss Collagen, Geistlich, Inc., Bern, Switzerland). 
The temporary crown-abutment was placed in position. The 
restorations were adjusted to avoid centric, protrusive, and 
lateral occlusal interference. CBCT was done to check the im-
plant position and orientation (Figure 3).

For soft tissue molding, the intactness of the temporary resto-
ration was examined 4 months after surgery. The soft tissue, 

A

C

E

B

D

F

Figure 3.  Immediate implant placement and immediate restoration. (A) Minimally invasive extraction without flaps. (B) Three-
dimensional guide-assisted preparation of holes. (C) Implantation. (D) Implantation of collagen. (E) Insertion of temporary 
restorations. (F) Immediate restoration completed.
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including the color, texture, and stability of the cervical mar-
gin position, were assessed. Moreover, whether a triangular 
gap was present between the gingival papilla was also ex-
amined. Afterward, the temporary crown was removed with-
in 1 month and the cervical margin shape of the restoration 
was adjusted with resin for soft tissue molding. The soft tis-
sue was re-examined 6 months after surgery. When the soft 
tissue shape was satisfactory and the position was stable, fi-
nal restoration was undertaken (Figure 4).

For final restoration, the 3D position of the implant and the 
soft tissue cuff shape around the implant were recorded by a 
modified digital impression technique. First, the morphology 
of both soft and hard tissues in the mouth including the tem-
porary crown was scanned (3 Shape DentalSystem®, Trios3, 3 
Shape Inc., Copenhagen, Denmark). Second, the temporary res-
toration was removed and the scanning rod was put in. Third, 
the implant position in the mouth was scanned. Afterward, 
both the supragingival and subgingival shapes of the tempo-
rary restoration were scanned extra-orally. The 3 sets of data 
were registered through the clinical crown. Finally, the soft tis-
sue cuff shape was generated based on the subgingival mor-
phology of the temporary restoration. In this way, the 3D po-
sition of the implant and the soft tissue cuff shape around the 
implant were recorded accurately (Figure 5). The integrated 
zirconia base crown and inner crown were designed on the 
digital model. After the resin model was manufactured by 3D 
printing machine (Aidite®, AC-3, Aidite Co., Ltd.) and the por-
celain veneer was completed on model, the final restoration 
was inserted into the mouth (Figure 6).

Conventional	IIP	and	IP	Treatment

For the conventional group, patients received conventional IIP 
and IP treatment.

Before surgery, intraoral and facial digital photographs and a 
CBCT (same equipment as for the WD-assisted group) image 
were obtained. The alginate impression was prepared and 
a super-hard plaster model was poured. The artificial teeth 
were arranged according to the ideal arch curve, occlusal 

relationship, and overlay coverage. For comparison with the 
WD-assisted group, a model-scanning step was added to ob-
tain data to match with the postoperative data. After the mod-
el was scanned extra-orally, the ideal positions of the implant 
and screw-retained temporary restoration were designed ac-
cording to the restoration-oriented principle.

A simple surgical guide plate was made using the following 
process. A 2-mm-thick plastic film was formed on the plaster 
model with aligned artificial teeth by using a vacuum molding 
machine (Jintai®JT-18, Jintai Co., Ltd., Shanghai, P. R. China) to 
form the guide plate. The implant site guide plate was fenes-
trated along the lingual edge ridge of the restoration to re-
serve operation space for preparing the hole.

IIP in the conventional group was performed using a simple sur-
gical guide plate. A minimally invasive tooth extraction meth-
od was employed as in the WD-assisted group. The implant 
cavity was prepared with the aid of a simple surgical guide 
plate. Implantation and bone grafting procedures were the 
same as those in the WD-assisted group. A polyether impres-
sion was made during the operation and a super-hard plaster 
model poured. Later, the model was sent to the technician’s 
room for temporary abutment selection and temporary resto-
ration fabrication. The temporary restoration was composed of 
titanium temporary abutment and a plastic temporary crown, 
which were cemented to form an integral whole before being 
sent back to the dentist. Within 24 h after surgery, the inte-
grated abutment-temporary crown restoration was put into 
the mouth with occlusion adjustment performed. Afterwards, 
the CBCT image was taken as in the WD-assisted group.

Soft tissue molding was similar to that in the WD-assisted 
group.

For final restoration, conventional impression technology was 
used to make a polyether impression and a super-hard mod-
el was poured. Then, the model was sent to the technician’s 
room for designing and making an all-ceramic restoration, 
which was put into the mouth using the same procedure as 
in the WD-assisted group.

Postoperative Assessment

Implant Accuracy

The postoperative CBCT data of the 2 study groups were im-
ported into STL file editing software (Materialise mimics®, ver-
sion 20.0, Materialise, Inc., Leuven, Belgium) for comparison 
with the preoperative data. The deviation parameters of the 
implant, including coronal deviation, apical deviation, angular 
deviation, and depth deviation, were measured.

Figure 4. Intraoral image of soft tissue molding.
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Marginal Bone Loss

The 3D model data conversion software Geomagic Wrap® (ver-
sion 2017, Geomagic, Inc., Morrisville, NC, USA) was used to 
measure the bone height (BH) in the mesiodistal and buccolin-
gual directions of each implant according to the CBCT images. 
BH values taken immediately after the operation (BH1) and 6 
months after the operation (BH2) were recorded respectively. 
The measurements were repeated 3 times. Marginal bone loss 
(X) was calculated using the following equation: X=BH1−BH2.

Aesthetic Evaluation

The aesthetic evaluation was performed at 3, 6, and 12 months 
after surgery. Aesthetic parameters included VAS, PES [18], and 
WES [19]. VAS, PES, and WES evaluation were performed by 
2 independent senior dentists and the measurement was re-
peated 3 times for each experiment.

For the VAS score, a 10-cm-long line was drawn on a paper, 
with 0 on the left end and 10 on the right end. Patients were 
asked to consider the degree of aesthetic effects and mark a 

value from 0 to 10 along the line. The marked value was re-
corded as the VAS value, which was based on 7 items, including 
tooth shape, tooth color, frontal view width ratio of the upper 
anterior teeth, central incisor width-length ratio, pronuncia-
tion test, smile curve, and overall satisfaction. The higher the 
value, the higher the degree of patient satisfaction.

The PES score was evaluated based on 5 items as follows: me-
sial gingival papilla, 0 points (missing), 1 point (incomplete), 
or 2 points (complete); distal gingival papilla, 0 points (miss-
ing), 1 point (incomplete), or 2 points (complete); the highest 
position of the gingival margin, 0 points (deviation ³1 mm), 
1 point (deviation £1 mm), or 2 points (same); gingival mar-
gin curve, 0 points (obviously inconsistent), 1 point (slightly 
inconsistent), or 2 points (coordinated); convexity/soft tissue 
color and texture, 0 points (noncoordinated in 2 or 3 aspects), 
1 point (noncoordinated in 1 aspect), or 2 points (coordinated 
in 3 aspects). The total PES score was 10, and a higher score 
indicated better pink aesthetic effects.

The WES score was evaluated using the following 5 items: shape, 
volume, color, surface characteristics, and translucency of the 

A

C

B

D

Figure 5.  Obtaining the digital impression. (A) Intraoral scanning of the soft and hard tissues and the temporary crown. (B) Intraoral 
scanning of the implant position. (C) Extraoral scanning of the supragingival and subgingival shapes of the temporary 
restoration. (D) Generation of the soft tissue cuff shape based on the subgingival morphology of the temporary restoration
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crown. The scoring method was based on a comparison with the 
healthy teeth: 0 points (significant difference), 1 point (slight dif-
ference), and 2 points (no difference). The total WES score was 
10, with a higher score indicating better white aesthetic effects.

Patient Satisfaction

Patient satisfaction was recorded at the end of follow-up 
and including 3 levels: satisfied, moderate, and unsatisfied. 

Patients were asked to freely score their degree of satisfac-
tion with the treatment.

Statistical Analysis

Statistical analysis was performed using statistics software 
(SPSS®, version 22.0, IBM, Inc., Chicago, IL, USA). Numerical 
data are presented as frequency (percentile) and were an-
alyzed by c2 test. The measurement data are presented as 

A

C

E

B

D

F

Figure 6.  Final restoration. (A) Design of the inner crowns of restoration. (B) Digital impression of the model. (C) Three-dimensional 
printing of the manufactured model. (D) Final restoration on the model. (E) Front view of the intraoral image at the occlusal 
position. (F) Front view of the intraoral image at the occlusal position with a black background.
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mean±standard deviation (SD). Independent t test was per-
formed to analyze differences between groups, while paired t 
test was used to analyze differences within groups. The grade 
data were tested by Mann-Whitney U test. Two-sided P<0.05 
was considered as statistically significant.

Results

Clinical Characteristics of the Study Sample

A total of 60 patients were enrolled in the study and randomly 
distributed to the conventional group (n=30) or the WD-assisted 
group (n=30). The clinical characteristics of the study sample 
are presented in Table 1. There were no statistical differences 
for sex (P=0.79), age (P=0.26), body mass index (P=0.18), or 
restoration type (P=0.80) between the 2 study groups.

WD Effectively Improves the Accuracy of Implantation

The deviation values of actual implant position compared with 
the preoperative design position are displayed in Table 2 and 
Figure 7. In the analyses of the implant accuracy parameters, 
the WD-assisted group exhibited significantly lower coronal 
deviation (0.74±0.21 mm vs 0.87±0.39 mm, P=0.04) and apical 
deviation (0.81±0.16 mm vs 0.93±0.25 mm, P=0.01), compared 
with those of the conventional group. The WD-assisted group 

also displayed significantly lower angular deviation (2.17±0.92 
mm vs 2.98±1.93 mm, P=0.01) and depth deviation (0.39±0.12 
mm vs 0.48±0.20 mm, P=0.01) than those of the conventional 
group. These results indicate that the WD method could sub-
stantially improve implant accuracy.

Items Conventional group (n=30) WD-assisted group (n=30) c2/t P

Gender (%)

 Male  16 (53.33)  18 (60.00)
0.07 0.79

 Female  14 (46.67)  12 (40.00)

Age (years)  32.94±6.76  31.08±5.81 1.14 0.26

BMI (Kg/m2)  23.23±3.23  22.13±3.07 1.35 0.18

Restoration type

 Union crown 17 15
0.07 0.8

 Single crown 13 15

Table 1. Clinical characteristics of the study sample.

Groups Implants
Coronal deviation 

(mm)
Apical deviation 

(mm)
Angular deviation 

(degree)
Depth deviation 

(mm)

Conventional group 52 0.87±0.39 0.93±0.25 2.98±1.93 0.48±0.20

WD-assisted group 50 0.74±0.21 0.81±0.16 2.17±0.92 0.39±0.12

t 2.08 2.87 2.79 2.75

P 0.04 0.01 0.01 0.01

Table 2. The accuracy of implant between the 2 study groups.
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Figure 7.  Accuracy evaluation between whole-process 
digitalization-assisted group and the conventional 
group.
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WD Decreased Marginal Bone Loss

The marginal bone loss values at 6 months after surgery com-
pared with the postoperative baseline levels are displayed in 
Table 3. Both the mesiodistal and the buccolingual direction 
marginal bone loss values of the WD-assisted group were sig-
nificantly lower than those of the conventional group (P<0.05).

WD Increased the Aesthetic Effects

At 3, 6, and 12 months after surgery, VAS, PES, and WES scores 
were used to evaluate the aesthetic effects between the 2 
groups. As shown in Tables 4-6, gradual increases for all 3 

scores were observed over the 1-year period for both groups. 
Notably, VAS, PES, and WES scores in the WD-assisted group 
were higher than those in the conventional group at all 3 post-
operative time points (P<0.05). These results indicate that WD-
assisted IIP and IR better promoted aesthetic effects, compared 
with the conventional IIP and IR method.

WD Increased Patient Satisfaction

Finally, a satisfaction survey was performed at 12 months af-
ter surgery to explore patients’ degree of satisfaction with con-
ventional and WD-assisted IIP and IR treatments. As shown in 
Table 7, all patients in the WD-assisted group were satisfied 

Groups Implants Mesiodistal direction (mm) Buccolingual direction (mm)

Conventional group 52  0.42±0.24  0.38±0.15

WD-assisted group 50  0.33±0.19  0.30±0.22

t 2.44 2.15

P 0.02 0.03

Table 3. Marginal bone loss between the 2 study groups.

Groups Implants 3rd month 6th month 12th month

Conventional group 52 7.99±0.50 8.24±0.56 8.53±0.50

WD-assisted group 50 8.22±0.28 8.48±0.20 8.70±0.25

t 2.85 2.86 2.16

P 0.01 0.01 0.03

Table 4. Visual analog scores between the 2 study groups.

Groups Implants 3rd month 6th month 12th month

Conventional group 52 8.16±0.42 8.46±0.30 8.57±0.31

WD-assisted group 50 8.32±0.31 8.60±0.26 8.70±0.17

t 2.18 2.51 2.61

P 0.03 0.01 0.01

Table 5. Pink aesthetic scores between the 2 study groups.

Groups Implants 3rd month 6th month 12th month

Conventional group 52 8.17±0.28 8.22±0.25 8.28±0.20

WD-assisted group 50 8.27±0.17 8.35±0.23 8.37±0.21

t 2.35 2.73 2.22

P 0.02 0.01 0.03

Table 6. White aesthetic scores between the 2 study groups.
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Groups Cases Satisfied Moderate Unsatisfied

Conventional group 30  20 (66.7%)  2 (6.7%)  8 (26.6%)

WD-assisted group 30  30 (100%)  0  0

Z 3.43

P <0.01

Table 7. Satisfaction survey at 12 months after surgery.

with the WD-assisted IIP and IR treatment. However, only 66.7% 
of the patients in the conventional group were satisfied with 
the conventional IIP and IR treatment, with 26.6% of patients 
expressing dissatisfaction with the treatment. These results 
show that patients were more satisfied with the WD-assisted 
IIP and IR treatment, which had better treatment effects and 
preferable aesthetic effect.

Discussion

Traditional implant surgery requires patients to wait for more 
than 3 months after tooth extraction [20]. In addition, af-
ter the implant is inserted, another 3 months is required to 
achieve osseointegration before the restorative step. The long 
duration of treatment always brings serious aesthetic obsta-
cles for patients, especially in the aesthetic zone [20]. The de-
velopment of IIP and IR treatment has provided a solution to 
problems caused by delayed implant treatment. However, it 
is essential to act prudently when performing the IIP and IR 
treatment. For example, the IIP and IR treatment is not ap-
propriate for patients with a thin gingiva biological type or a 
defect of the lateral labial plate. It has been reported that af-
ter IIP and IR treatment, the gingiva on the labial side may re-
cede with inaccurate implantation and even cause exposure 
of the cervical margin of the implant, which will seriously af-
fect the aesthetic effect and implant stability [21-23]. To solve 
such problems, digital-based IIP and IR treatment has attract-
ed a large amount of attention. With the development of com-
puter-aided design (CAD) and computer-aided manufacturing 
(CAM) technology, the application of digital technology in clini-
cal practice continues to expand. In the field of dental implan-
tation, CAD technology can accurately reconstruct 3D models 
of patients and enables dentists to design implants in 2 or 3 
dimensions. Recently introduced intraoral scanners could pro-
vide additional support in the near future.

Digital technology offers good clinical accuracy and excellent 
patient feedback compared with conventional methods [24]. 
Additionally, 3D scanners are easily linkable with 3D print-
ers or millers [25], thus allowing a completely digital work-
flow for various purposes. CAD/CAM prosthodontic materials 
show excellent mechanical properties [26] and good clinical 

durability [27]. With the assistance of digital technology, im-
plant surgery can avoid important anatomical structures and 
allow adjustments to meet the requirements of bone mass 
and later restoration [28].

Gherlone et al [29] compared conventional impressions and 
digital impressions in 25 patients and found that the latter 
reduced the time needed to take impressions. Furthermore, 
the digital impressions could be repeated when necessary. 
Schepke et al [30] conducted a questionnaire survey of pa-
tients who underwent digital impressions and traditional im-
pressions. Results showed that patients preferred digital im-
pressions owing to their higher convenience and comfort. 
Mangano et al [31] reported that when taking optical im-
pressions with intraoral scanning, it is difficult to detect deep 
marginal lines on prepared teeth or when bleeding occurs. 
However, these problems only exist for natural teeth and are 
not valid for dental implants, for which using scan bodies (cou-
pled with CAD-related calculations) resolves all the problems. 
Owing to manufacturing errors, irregular extraction socket 
shape, and problems arising from free-hand surgery, conven-
tional surgical procedures can lead to poor restoration shape, 
mechanical complications, poor self-cleaning ability, and oth-
er issues [32]. Vercruyssen et al [33] reported that the digital 
guide plate technology helped to determine the optimal 3D 
position of the implant in the software and helped control im-
plant position precisely. In our study, with the development of 
CAM technology, the implant can be accurately implemented 
in surgery by constructing the 3D whole-process guide plate. 
Additionally, during final restoration, by using digital impres-
sion/printing technology, the contour of the perforating gin-
giva was accurately reproduced. Finally, the WD-assisted im-
plantation exhibited significantly improved implant accuracy, 
including reduced coronal deviation, apical deviation, angu-
lar deviation, and depth deviation. WD-assisted implantation 
also significantly decreased marginal bone loss after opera-
tion. Compared with conventional implantation, WD-assisted 
implantation was not only more accurate, but also preserved 
the peri-implant bone tissue. Therefore, WD-assisted IIP and 
IR treatment is worth greater application in clinical practice. 
In short, the WD-assisted IIP and IR in the aesthetic zone are 
more efficient, accurate, and comfortable for patients, com-
pared with the conventional method.
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Marginal bone loss is an important index of implant healing. 
Marginal bone loss and soft tissue atrophy at the implant mar-
gin will cause implant failure and damage the aesthetic effect 
of the implant [34]. Immediate implants are performed imme-
diately after tooth extraction. Researchers have concluded that 
immediate implantation is the best method to prevent margin-
al bone loss after tooth extraction, compared with tradition-
al delayed implantation [35]. However, due to the difficulty of 
the operation, immediate implantation may not achieve the 
desired aesthetic effect. Our results showed that WD-assisted 
IIP and IR performed in the aesthetic zone can effectively pro-
mote aesthetic effects and decrease marginal bone loss com-
pared with conventional treatment.

In addition, with the continuous improvement of people’s liv-
ing standards, the evaluation of oral implants cannot be lim-
ited to the evaluation of implant stability and function. The 
aesthetic evaluation has increasingly become an important 
consideration. Relevant research shows that implant accura-
cy has a major impact on aesthetic effects because deviation 
in implant accuracy affects the subsequent aesthetic effects 
of restorations due to the impaired soft tissue shaping [36]. 
The current study evaluated the aesthetic effects using 3 in-
dexes: VAS, PES, and WES. Our results showed that VAS, PES, 
and WES scores in the WD-assisted group were all significant-
ly higher compared with the conventional group. With the aid 
of digitalization, an accurate 3D position of an implant can be 
achieved. Thus, not only can better aesthetics be achieved, 
but also peri-implant periodontal tissue tension can be re-
duced, which is conducive to oral cleaning to maintain excel-
lent periodontal health.

A limitation of the present study is the lack of a cost assess-
ment, which is of great significance. WD-assisted IIP and IR 
usually cost substantially more for the patient compared with 
the conventional method. The increased cost arises from the 
initial investment for technology purchase, training for the 
clinical team, and additional charges for the digital work-
flow in the clinic [37]. However, overall treatment cost could 
be reduced in cases in which WD-assisted implant placement 
prevents the need for bone augmentation surgery [9]. In the 

future, we intend to explore the cost-benefit ratio for patients 
who receive IIP and IR treatment [9]. Another limitation of the 
present work is that due to the limited number of patients, a 
multivariate analysis could not be performed to evaluate addi-
tional parameters, such as probing depth, clinical attachment 
level, and sulcus bleeding index. We intend to carry out rele-
vant research in the future.

The present study has the advantage of evaluating the effects 
of the WD-assisted IIP and IR in the aesthetic zone from var-
ious aspects, including implant accuracy, marginal bone loss, 
aesthetic effects, and patient satisfaction level. Existing re-
search only reports some of the above-mentioned parameters 
together [16,38]. The present work provides a multidimension-
al evaluation between conventional and WD-assisted IIP and 
IR treatment. Our study provides a basis for future research 
on WD-assisted IIP and IR in the aesthetic zone.

Conclusions

The findings of this prospective study revealed that the WD-
assisted IIP and IR treatment exhibited higher accuracy of im-
plants, less marginal bone loss, preferable aesthetic effects, 
and improved patient satisfaction level, compared with the 
conventional IIP and IP treatment. The present study further 
clarified the operation process of WD-assisted IIP and IR treat-
ment, which deserves further clinical application.
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