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Preliminary study for fully digitally guided implant treatment with
narrow implants in the anterior region
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The aim of this study was to evaluate the survival rates of narrow implants placed in the maxillary or mandibular anterior region
with digitally guided flapless surgery and prosthetic system. Thirty-five narrow implants were placed in the narrow anterior region
in 20 patients using the digitally guided flapless surgery. The study subjects were divided into the immediate-loading group and the
delayed-loading group. In 3 months, when the alveolar bone was healed, an oral scanner was used to produce zirconia prosthesis, and
the final prosthesis was designed with a three-dimensional program. The degree of bone resorption around the implant was recorded
at 12 months and 24 months after surgery. The implant fixation stability was measured after placement; the stability was in the range
of Implant stability quotient (ISQ) 63–78 (average ISQ, 71.20±3.80). The radiographs obtained at 12 months and 24 months after
implantation revealed that the bone around the implant in the fresh extraction socket and around the implant placed in the healed site
showed an average bone resorption of 0.33±0.07 mm and 0.18±0.02 mm, respectively. After 2 weeks, one implant was removed because
the patient complained of pain with radiolucency in the entire fixture. The overall implant survival rate was 97.1%. Narrow implants
placed on the fresh extraction socket or healed site using the digitally guided surgery system were maintained well, with minor
marginal bone resorption. As a result, we found that this method is useful for treating anterior teeth on a narrow bone.
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Introduction

crease the survival rate [1].
In general, numerous studies have reported the use of

Restoring an area where a tooth has been lost using an

implants with a diameter of 3.0–3.5 mm, which are ‘narrow

implant is common prosthetic treatment. However, the

implants’. Narrow implants are useful for the maxillary an-

narrow bone width of the maxillary lateral incisors or

terior or mandibular anterior region with a narrow bucco-

mandibular incisors makes it difficult to replace them with

lingual bone and the mandibular anterior region with

implants of standard diameter. In such cases, the use of a

insufficient space between teeth and they have also been

mallet or accompanying bone graft is recommended to in-

successfully applied to the premolar or molar region [2].
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Implants with a diameter of less than 3.0 mm are generally

surgery but also provides the patient with psychological

manufactured as a single piece owing to problems in the

satisfaction by solving the esthetic-related problems in the

manufacturing process.

anterior region due to tooth loss.

When using them in the maxillary anterior region, abut-

In general, the little bone resorption was occurred when

ments part should be prepared. If the implant placement

open the flap to place implant. In some case, thin bone(less

direction is different from the prosthesis manufacturing di-

than 1 mm) was remained after placement of fixture in nar-

rection, it can make implant prosthesis retention problem.

row (bucco-lingual) anterior area under the flap surgery.

In addition, abutments with a small diameter make it dif-

Unless accompanied by bone graft, the implant surface may

ficult to produce an aesthetic prosthesis and the phenom-

be exposed cause of this resorption during osseointegra-

enon of the implant fixture bending under biting force has

tion, resulting in failure. You et al. [5] reported relatively

been reported by experiments [3].

low bone resorption when the implant was placed without

Currently, with the advancement in processing technol-

opening the flap using animal models.

ogy and implant surface, two-piece narrow implants with

The digitally guided surgery system enables the implant

the fixture and abutment manufactured separately, have

to be placed safely in a planned position without opening

been developed and applied clinically for implants of 3.0–

the flap. Recently, with the introduction of a high-precision

3.3 mm in diameter. Two-piece implants have some advan-

digitally guided surgery system, it is possible to place a nar-

tages: an angled stock abutment or a custom abutment can

row implant in an accurate position without opening the

be used in case of different insertion path between fixture

flap in such regions with a narrow bone [6].

and prosthesis and a digital impression can be acquired using a scan body or an oral scanner.

With the spread of oral scanners and the development of
digital programs in dentistry, we can take a digital impres-

Since the implant platform surrounding the abutment is

sion with this oral scanner and scan body for temporary

thin for a two-piece narrow implant, the implant place-

or final prosthesis instead of analog coping impression

ment torque is recommended to be 35 Ncm or lower and

without stone model. Also, with the help of the scan body,

the abutment fastening torque is recommended to be 20

the final prosthesis can be designed by selecting the stock

Ncm or lower in order to prevent tearing in the top part of

abutment or a custom abutment scanning to fabricate the

the implant and screw fracture (manufacturer recommen-

final prosthesis.

dation).

This study aimed to report the results obtained with nar-

In 2000, the three-dimensional (3D)-guided surgery sys-

row implants for maxillary lateral incisors and mandibular

tem was first introduced in the field of implant dentistry

anterior teeth using a digitally guided flapless surgery sys-

called as ‘Navigation’[4]. Since then, various digitally guided

tem.

surgery systems have been introduced with much research
and effort.
Recently, the popularity of Cone-Beam Computed

Materials and Methods

Tomography (CBCT) and oral scanners in dentistry has

This clinical study was performed retrospectively and re-

enabled patient information to be easily converted into

viewed 20 patients who visited Yedam dental hospital from

3D data for implant surgery. Using these data and the pro-

2016 to 2019 for placement of narrow implant (UFII; DIO

grams, it is possible to predict virtual implant surgery and

Implant, Busan, Korea) with diameters of 3.0 mm and 3.3

final prosthesis in advance. The diagnosis and design pro-

mm in the maxillary anterior or mandibular anterior region.

gram enables us to predetermine the location, diameter,

Patients with a history of systemic diseases and conditions

and length of the implant to be placed. If the initial fixation

including diabetes, cardiovascular diseases, autoimmune

is stable after placement, it can be loaded immediately us-

diseases, malignancies, blood-related diseases, osteoporo-

ing pre-made custom abutment and temporary teeth. This

sis, smoking, parafunctional habits (clenching and brux-

not only reduces the amount of time taken to perform the

ism) were excluded from the study. Total 35 fixtures were
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placed. Patient’s data including the gender, age, placement

logical factors that could affect implant surgery outcomes.

site, implant diameter, implant length, placement in a fresh
extraction socket or healed site, initial fixation stability
(Implant stability quotient, ISQ), and immediate loading

Guide design with Implant Studio (3 Shape) and
custom design with Dental System (3 Shape)

or delayed loading were categorized and recorded in files
(Microsoft Excel 2007; Microsoft, Redmond, WA, USA) for

For implant placement planning and surgical guide fab-

evaluation. Radiographic examination for evaluation was

rication, the oral data of all patients were obtained using

performed for 2 years after implant placement at 6-month

a Trios 3 (3 Shape, Copenhagen, Denmark) intraoral scan-

intervals, with reference to the data before surgery. Alveolar

ner, and CBCT (PHT-30LFO; Vatech, Hwaseong, Korea)

bone loss was measured using baseline and follow-up peri-

examination was carried out for alveolar bone data. For ac-

apical radiographs. To assess bone level in the periapical

curate merging of the oral data and CBCT data, blue color

radiographs, distance between distal and mesial bone mar-

composite resin (Temp Flow; DENTEX, Shenzhen, China)

gins and implant shoulder was measured by digital caliper

was attached to adjacent teeth as a merging point before

and their mean value was recorded. Each patient under-

obtaining the oral scanner data and CBCT data (Fig. 1, 2).

went a full-body medical check-up to check for any etio-

After merging the data using Implant Studio (3 Shape) and
determining the adequate implant position, diameter, and
length for the surgical site, a surgical guide was designed.

Fig. 1. Blue resin attached to the mandibular anterior teeth prior to
oral scanning for accurate merging.

Fig. 3. Surgical guide design for a narrow implant in Implant Studio (3
Shape).

Differene map
1.000

0.250
0.000
0.250

1.000

Fig. 2. Oral scanning and CBCT data
accurately merged in Implant Studio (3
Shape).
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Using these data, the custom abutment and temporary

Drilling and installation of fixture

tooth for immediate loading were designed using Dental
System (3 Shape) (Fig. 3). The guide, temporary tooth, and

After confirming the stability of the surgical guide in

jig designed for surgery were resin printed using an MJP 3D

the fresh extraction socket or healed site, Flapless implant

printer (3D Systems; Rock Hill, SC, USA) or a DLP 3D printer

placement surgery was done using a dedicated kit for nar-

(Probo; DIO implant), and the custom abutment was pre-

row implants. Pre-determined narrow fixtures (UFII, DIO

pared by commissioning CNC lathe processing (Fig. 4).

Implant) of 3.0–3.3 mm in diameter and 11.5–13 mm in
length were used (Fig. 5). All drilling procedures were per-

Preparation of surgery site and atraumatic extraction

formed according to a pre-determined sequence, and the
drilling was proceeded at a speed of less than 100 rpm to

As long as there was no unusual medical history, on the

suppress heat generation. Between each drilling, the drill-

day of surgery, 0.12% chlorohexidine was used to clean the

ing site was cleaned and cooled by sufficient irrigation.

mouth for 1 minute for intraoral disinfection, and infiltrat-

In order to accurately connect the pre-made abutment, it

ing anesthesia using 4% lidocaine (1:100,000 adrenaline)

must be placed at a pre-planned height (offset), and it need

was performed in the maxillary palate, the alveolar crest,

of horizontal hex alignment between fixture and abutment.

and the maxillary and mandibular vestibule regions. If the

An implant placement torque of 40 Ncm or lower is recom-

surgical site required extraction for immediate placement,

mended to prevent deformation of the weak internal struc-

a non-traumatic and safe extraction procedure was es-

ture.

sential for preserving the alveolar bone and gingiva, using a surgical bur, a pair of forceps for the anterior teeth,
and a luxating elevator (root picker). When separating the

Immediate loading with custom abutment and
temporary crown

residual roots with surgical bur, it is recommended to cut
them bucco-lingual direction and separate it mesio-distally

The ISQ value with Osstell Mentor was measured for im-

to protect the alveolar bone for safe initial fixation upon

mediate loading on the placed fixture, and an early load

immediate placement and to protect the aesthetically im-

was applied only on the fixture with an ISQ value of 70 or

portant buccal bone.

higher. For immediate loading, custom abutment was connected to fixture by jig or temporary teeth for preventing
rotation of the pre-positioned fixture (Fig. 6). The tightening torque was also maintained at 20 Ncm or lower to

Fig. 4. Long sleeve and long drill system for narrow bone.
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Fig. 5. Diameter 3.3 narrow implant fixtures (UFII, DIO implant,
Busan, Korea).

Jae-Seok Kang, et al.

Fig. 6. Custom abutment and temporary crown prepared for early
loading.
Fig. 8. Standardized periapical radiograph taken after early loading.

Fig. 7. Early loading using temporary crown.

prevent fracture of the connecting screw. When sufficient
initial stability was not achieved, a healing abutment was
connected to prevent the loading while osseointegration

Fig. 9. Scanning with Trios 3 (3 Shape) after connecting to analog for
marginal adjustment of the custom abutment from the outside of the
oral cavity.

(Fig. 7). After placing all implants, panoramic and standardized periodical radiographs and CBCT images were taken.

standardized periapical radiograph after early loading (Fig.
8). If the used custom abutment margin had been exposed

Intraoral scanning of modified custom abutment for
final prosthesis

because of soft tissue retraction while osseointegration
since immediate loading, the margin was adjusted from the
inside and outside of the oral cavity by re-scanning with

Two-to-three months after implant placement, when

intra oral scanner (Fig. 9).

osseointegration was completed, the final prosthesis was

The STL files obtained by the intraoral scanner were

designed and fabricated using an Trios 3 intraoral scanner

transferred to Dental System, and the custom abutment im-

and Dental System, and all prostheses were prepared using

ages taken from outside of the oral cavity were used as a

the 3D digital information without modeling. If the load

library to be matched with each intraoral custom abutment

was not immediately applied, a custom abutment and a fi-

images for production of the final prosthesis (Fig. 10).

nal prosthesis were produced using a scan body. We took a

At this time, dental technician could see exact abutment
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Fig. 10. Matching the custom abutment file from the outside of the oral
cavity with the intraoral scanned cus
tom abutment in Dental system (3
Shape).

Fig. 11. Design of the final prosthesis without model.

Fig. 13. Standardized periapical radiograph taken 24 months after
immediate loading.

sis was accurately fit over the custom abutment even without a model, and after temporary adhering, it was finally
cemented after one month of adaptation (Fig. 11,12). Afterwards, the patients were followed up every 6 months, and
radiographs were taken after 12 and 24 months to evaluate
marginal bone resorption (Fig. 13).
Fig. 12. Cemented zirconia final prosthesis in the oral cavity.

Results

margin on Dental System program for final prosthesis. The

The 20 patients, 11 males and 9 females, in this study had

final prosthesis was made of monolithic zirconia and sent

no medical history that could affect the surgery, and the

to the clinic after sintering and coloring. The final prosthe-

age of the patients ranged from 28 to 67 years. Of the 35
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narrow implants placed, 7 were placed in the maxillary an-

implants and that implant diameter acts as an important

terior region, and 28 were placed in the mandibular ante-

factor for successful outcomes, with 3.0 mm as the standard

rior region. In total, twenty 3.0-mm diameter implants and

diameter. Therefore, implants with a diameter of 3.0 mm

fifteen 3.3-mm diameter implants were placed. Fifteen im-

or smaller have been reported to be associate with the risk

plants out of thirty-five were 11.5 mm in length, and other

of failure [7,8]. However, relatively high survival rates have

20 implants were 13 mm in length. Thirteen implants were

been reported for implants with a diameter of 3.0 mm or

placed in fresh extraction sockets, accounting for 37.1% of

larger. In 2008, Zinsli et al. [9] reported a high survival rate

the total, and 22 implants were placed in healed sites, ac-

using 3.3-mm diameter implants. In particular, it has been

counting for 62.8%.

reported that a narrow diameter implant does not cause

Twenty-three implants (65.7%) were connected with the
abutment right after placement for immediate loading, and

pathological problems even if it is placed within 1 mm of
the adjacent teeth [10].

the prostheses were produced upon osseointegration. The

In this study, 35 narrow implants of 3.0 mm and 3.3 mm

ISQ of the implant measured after placement was in the

in diameter were placed in the maxillary anterior or man-

range of ISQ 63 to 78, and the average value was ISQ 71.20

dibular anterior region and observed for 2 to 3 years, show-

±3.80. The average ISQ of the implant eligible for immedi-

ing a survival rate of 97.1% as a result. A failed implant was

ate loading was ISQ 73.17±2.27 (Table 1).

removed within 2 weeks from the placement due to pain

To measure marginal bone resorption, the standard-

and fast bone resorption observed in the radiograph.

ized periodical radiographs taken after implant placement

Peron and Romanos [11] reported changes within 0.5

and the radiographs taken after 12 and 24 months were

mm over 2 years after placing 16 narrow implants in ex-

converted into high-resolution JPEG files, and the first

traction and healed sites for immediate loading. This study

bone-to-implant contact distance from the shoulder of the

also observed bone resorption under 0.5 mm upon keep-

implant was measured using view rulers in Photoshop to

ing track of the changes in the bone around the implants

observe the changes.

for 2 to 3 years, with resorption of 0.33±0.07 mm for the

The bone around the implant placed in the fresh extrac-

implants placed in fresh extraction sockets for immediate

tion sockets showed an average bone resorption of 0.33±

loading and resorption of 0.18±0.02 mm for the implants

0.07 mm, and the bone around the implant placed in the

placed in healed sites. One of the reason of these difference

normal healed sites showed an average bone resorption of

is thought to be due to the bone graft within the jumping

0.18±0.02 mm (Table 1). Two weeks after implant place-

distance [12] in the gap between the implant platform and

ment, one implant out of all implants placed was removed

the bone around the heeling socket. In this study, there

as the patient complained of pain with radiolucency in the

was a difference in bone resorption rate between immedi-

entire fixture. The overall implant survival rate was 97.1%.

ate and delayed loads, but statistical analysis was not performed because the number of individuals in each group

Discussion

was small and the number of individuals between groups
was not the same. Therefore, there was a limitation in eval-

Many studies have shown that narrow or small-diameter
implants have a lower survival rate than regular-diameter

uating the difference between the two groups except that
absorption of less than 0.5 mm occurred in both groups.

Table 1. The comparison of average marginal bone loss and ISQ
Value
Average
SD

Marginal bone loss

ISQ

Immediate placement (mm)

Late placement (mm)

Immediate loading

Delayed loading

0.33
0.07

0.18
0.02

73.17
2.27

67.67
3.87

ISQ, Implant stability quotient; SD, standard deviation.
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Han et al. [13] recommended immediate loading with an

and the custom abutment images taken from outside the

insertion torque of 40 Ncm or more and ISQ 70 or higher

oral cavity were used as a library to be matched with each

upon performing immediate loading in partially edentu-

intra oral custom abutment images to design the final pros-

lous mandible in their systemic review. The average ISQ

thesis.

of implants placed with a 40 Ncm insertion torque using a

It was possible to design the final prosthesis in the pro-

digitally guided system was 71.20±3.80 in this study. The

gram could clearly distinguish the marginal area located

average ISQ of the immediate loading group was 73.17±

below the gingiva. The final prosthesis was fabricated us-

2.27.

ing a zirconia block and completed with coloring. All of

The main problem with the introduction of the digitally
guided surgery system was the deviation before and after

the processes were produced as digital processes without
model production.

the surgery, and various results using various systems have

In previous studies, several authors reported that the use

been published. In light of the reported statistics, the aver-

of narrow-diameter implants increased the risk of pros-

age linear deviation was 1.22 mm in the platform and 1.51

thetic complications or implant fracture [9,19] but no such

mm in the apex area, and the average angular deviation

phenomenon was observed in this study. Further studies

was 4.9 degrees [14-17].

with more cases and longer follow-up will be needed to

Many attempts have been made to improve the preci-

confirm the results of this clinical study.

sion of the digitally guided surgery system. Kholy et al. [18]
reported that precision could be improved by reducing the
drilling distance to the sleeve by adjusting the length of the
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