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Case Report

Digitally guided surgery and prosthesis with narrow implants
in the anterior region
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The purpose of this case report is to introduce a flapless method of securely placing a narrow implant on the upper and lower
anterior teeth missing area with narrow bone width using a digitally guided surgery system and to introduce a process of prosthesis
manufacturing using an oral scanner without a working model. The narrow implants in this case report remained stable for a certain
period of time (12, 24, and 36 months after surgery) without loss of the surrounding bones.
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Introduction

for diameters less than 3.0 mm, and ‘narrow implants’ for
diameters from 3.0 to 3.5 mm [5,6].

In general, certain amount of bone loss occurs at alveolar

In many previous studies, the implant diameter has been

bone crestal area during the healing period after implanta-

reported as one of the most important factors for implant

tion [1,2], so it is reported that for successful osseointegra-

success. Small diameter implants have a lower success rate

tion, the remaining buccal and lingual bone around the

compared to normal diameter implants, and the critical

implant should be at least 2 mm [3]. However, since the

limit of dimeter for higher success rate is often known as 3.0

maxillary or mandibular anterior teeth are often limited by

mm, and implants with a diameter of less than 3.0 mm are

the bucco-lingual bone width, it may be difficult to place a

reported to have a risk of many failures [5,7].

normal diameter implant. In this case, a method of increas-

On the other hand, a relatively high success rate has be-

ing the success rate by using bone graft was recommended

gun to be reported for implants with a diameter of 3.0 mm

[4].

or more, and in particular, and in 2008, Zinsli et al. [8] re-

Mini or narrow implants were introduced for the purpose

ported a high success rate using an implant with a diameter

of implantation in such a narrow bone width. In general,

of 3.3 mm. In particular, it is reported that an implant with

many papers published so far have named ‘mini implants’

a narrow diameter does not cause pathological problems
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even if it is placed close to the adjacent tooth within 1 mm

tion and loading, there was neither bone resorption nor

[9]. In addition, the success rate of the narrow implant has

pathological findings.

been reported not only in the anterior teeth, but also in
some premolar and molar areas [10].
Wilderman et al. [11] reported that a certain amount of

Case

bone resorption occurred after all mucosal gingival surgery

This case report is performed for two patients who vis-

in histological studies. Therefore, a certain amount of bone

ited Yedam Dental Hospital for implant placement due

resorption was tolerated when the flap was opened and

to anterior teeth loss. Those two patients are healthy and

the implant was placed. Still there has been controversy

don't have any medical problem. Using a digital guided

whether completely covering the bone is necessary for the

surgery system (DIO Implant, Busan, Korea) exclusively for

success of the implant or not when the flap is opened in

Narrow implants, a 3.3 mm diameter implant fixture (UFII;

the anterior region with a narrow bone width during im-

DIO Implant) in the maxillary anterior and a 3.0 mm di-

plant placement. Therefore, Choi et al. [12] reported that

ameter implant fixture (UFII) in mandibular anterior teeth

bone resorption around the implant relatively did not oc-

were placed for each patient. Periapical radiography and

cur when the implant was placed without opening the flap

CBCT were taken right after implant placement, after 12

through animal experiments.

months, 24 months, and 36 months to observe the change

As with the use of Cone beam computed tomography
(CBCT) in dentistry, patient information for implant surgery

of the alveolar bone at the implant platform area and the
bone resorption around the implant fixture.

can be more easily converted into data in a three-dimensional way, and by using this data, virtual implant surgery

Case 1

and final prosthesis can be predicted in advance on the
program.

The patient in this case is a 48-year-old female patient

In particular, in the case of using a highly accurate digital

who visited a dental clinic with the loss of a 4-unit bridge

guided surgery system, it helps to place the implant in a

that previously lost central incisors and connected the left

safely planned position without opening the flap especially

and right lateral incisors. As a result of radiographic and

at the anterior site with a narrow bone width [13].

clinical examination, a crown fracture of the right lateral

Recently, as oral scanners have become more popular

incisor used as an abutment was observed (Fig. 1). Since

and precision is increasing, various digital methods for fab-

the patient did not have a specific systemic history, the

rication prostheses without taking impressions and making

fractured right lateral incisor was extracted and 2 implants

working models have been introduced. The most popular

were placed in the right lateral incisor and left central inci-

method is to design a custom abutment using a scan body

sor using a surgical guide. The alveolar bone width of the

that can digitally scan instead of the conventional impres-

thinnest part before implant placement was 7.06 mm at the

sion coping, or design a final prosthesis by selecting a stock

right lateral incisor and 5.86 mm at the left central incisor.

abutment that can digitally scan. Another method is 'double

It was planned to make a single crown for the left lateral

scan methods’ that readjust the margin of the custom abut-

incisor which was used for the abutment tooth. After the

ment that was used during immediate loading after implan-

implants were placed, temporary bridge was placed at the

tation and then, scan it two times with an oral scanner for

same time.

final prosthesis design as programmed.
In this case report, implants were accurately placed in
the maxillary and mandibular anterior site with narrow

Collection of three-dimensional data from cone beam
computed tomography and Intraoral scanner

bone width or narrow missing space between teeth using

For implant placement planning and surgical guide fab-

a digital guided surgery system and narrow implant. After

rication, Intraoral scan data were collected using a Trios 2

observation for a certain period of time after osseointegra-

(3shape, Copenhagen, Denmark) oral scanner, and alveolar
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A

B

Fig. 1. (A) Intraoral view. (B) Panoramic view at the first visit.

A

B

Fig. 2. (A) Determining the appropriate implant position using cone beam computed tomography and Oral scan three-dimensional data merged
in the implant studio program. (B) Designed surgical guide.

bone data was taken using CBCT (PHT-30LFO; Vatech,

Preparation of surgery site and atraumatic extraction

Hwaseong, Korea). For accurate merging of scan data and

On the day of surgery, the patient was rinsed intraorally

CBCT, it is necessary to acquire accurate digital impressions

with 0.12% chlorohexidine for 1 minute for oral disinfec-

of the adjacent teeth to the missing area.

tion, and 4% lidocaine (1:100,000 adrenaline) with infiltration injection method was applied to the upper palate,

Surgical guide, custom abutment, temporary bridge

alveolar crest, and labial vestibular area. If the surgical site

design for immediate loading

requires extraction, a non-traumatic safe extraction proce-

As a result of merging the two data using the Implant

dure is needed to preserve the alveolar bone and gingiva.

studio (3Shape) program, a narrow implant of 3.3 mm in

Therefore, a surgical bur, a forcep dedicated to the ante-

diameter and 13 mm in length (UFII) was selected for left

rior teeth, and a luxating elevator of root picker are needed.

lateral and right central teeth due to the narrow bone width

It is recommended to separate root in the mesio-distal

and then surgical guide was designed (Fig. 2). Implant stu-

directions to protect the bucco-lingual alveolar bone. The

dio (3shape) data with implant placement was imported

leaving buccal root can provide initial fixation upon imme-

from the Dental system (3shape) program, and a custom

diate implantation, and can protect the buccal bone plate,

abutment and temporary tooth were designed for immedi-

which is important for aesthetics. This was called as socket

ate loading. The guide and temporary teeth designed for

shield technique [14].

implant surgery were printed out using a three-dimensional
(3D) printer (3D Systems, Rock Hill, SC, USA) of the MJP

Drilling and Installation of fixture

(MultiJet Printing; 3D Systems) method, and the custom

After checking the stability of the guide at the surgical

abutment was prepared by requesting computer numerical

site after tooth extraction, flapless implant placement sur-

control lathe processing (Fig. 3).

gery is performed using a narrow implant kit (UFII narrow
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A

A

B

B

Fig. 3. (A) Surgical guides fabricated
using three-dimensional printer. (B)
Custom abutment and temporary
teeth for immediate load.

Fig. 4. Installation of Narrow fixture
(3.3 mm diameter, 13 m length, UFII;
DIO implant, Busan, Korea).

kit, DIO Implant). A predetermined 3.3 mm diameter, 13

pre-made custom abutment. When connecting a prefab-

mm length narrow fixture (UFII) was used. All drilling pro-

ricated custom abutment, it can be fastened using a pre-

cesses were carried out in a predetermined sequence, and a

fabricated jig or temporary tooth, in order to prevent the

torque of less than 45 Ncm and a drilling speed of less than

rotation of the pre-placed fixture and secure it easily. Fix-

100 rpm are recommended by the manufacturer in order to

ture and custom abutment were fastened to 20 Ncm or less

suppress heat generation while drilling. Between each drill-

using a torque wrench to prevent fracture of the connect-

ing, sufficient normal saline irrigation was used to clean the

ing screw. The color of the temporary tooth was adjusted

bone particles and to cool the surgical site while drilling.

using composite resin for the aesthetic needs of the patient

For the extracted right lateral incisor, the root area was

(Fig. 5). Temporary teeth were formed with underocclusion

filled with the autogenous bone removed during drilling,

and were discluded when guided laterally and anteriorly so

and then the fixture was placed. To prevent structural de-

as not to be exposed to excessive loads. The patient was

formation of the fixture, an installation torque of 35 Ncm

recommended to eat soft and liquid food for 2 to 3 months

and a speed of 30 rpm are recommended during placement.

while osseointegration was completed. After surgery, the

In order to accurately connect a prefabricated abutment, it

panoramic and standardized periapical radiographs and

must be placed at a pre-planned height, and accurate hex

CBCT were taking (Fig. 6).

alignment of the abutment and fixture is required (Fig. 4).
Intraoral scanbody scanning for final prosthesis
Immediate loading with custom abutment and tem-

After the bone integration was completed, the final

porary crown

prosthesis was designed and manufactured using an oral

As a result of measuring implant stability quotient using

scanner (Trios 2; 3shape) and a scanbody without making a

an Osstell mentor to check whether the installed fixture

conventional stone working model (Fig. 7). The final pros-

can be immediately loaded, the right lateral incisor and

thesis designed on the new custom abutment was made by

left central incisor showed 70 and 75 values, respectively.

milling zirconia blocks, and placed on the patient with an

Therefore, the temporary teeth were connected using a

aesthetic appearance through a sintering and coloring pro-
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A

B

Fig. 5. The intraoral photo on the day
of surgery. (A) The custom abutment
and temporary teeth were connected
immediately after implantation. (B)
Composite resin was added on the
temporary teeth to maintain the aesthetic appearance.

A

B

cess (Fig. 8).

Fig. 6. (A) On cone beam computed tomography imaging, it can be
seen that residual bones of less than 1 mm exist around fixture. (B)
Periapical radiograph.

placed immediately after extraction showed an average of
0.30 mm marginal resorption, and the upper periphery of

Evaluation of marginal bone resorption and follow up

the left central incisor implant placed in the healed nor-

The standardized periapical radiograph, which was taken

mal bone showed an average of 0.2 mm of marginal bone

immediately, 12 months, 24 months, and 36 months after

resorption (Fig. 9). On the other hand, the remaining bone

implantation, was converted into a high-resolution JPEG

surrounding the center of the fixture did not show any

file. Using the view rulers of the photoshop program, the

absorption patterns on the CBCT and was well maintained

distance from the implant shoulder to the first bone to

(Fig. 10).

implant contact was measured, and the degree and the
change of marginal bone resorption were observed. As a result, the periphery of the upper right lateral incisor implant
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A

B

Fig. 7. (A) The scanbody connected
to the fixture. Oral scan data transmitted to the dental system (3shape) and
a new custom abutment and a final
prosthesis were designed (B).

A

B

Fig. 8. Final zirconia prostheses (A) and esthetic appearance in patient’s mouth (B).

ried about the long treatment time and aesthetic problems
after the extraction and implant procedure. With the consent of the patient, implants were placed in both mandibular lateral incisors using a surgical guide at the same time as
the remaining teeth were extracted and a bridge-type temporary prosthesis was immediately installed. The alveolar
bone width of the thinnest part was 5.5 mm at #32 and 4.5
mm at #42 missing area.
Diagnosis on Implant studio(3shape) and flapless
implant surgery with digitally guided system
Fig. 9. The periapical view taken 24 months after the surgery. The implant is well maintained without additional bone resorption.

For the design of the surgical guide, the obtained CBCT
data and the oral data using the Trios 3(3shape) oral scanner were merged in Implant studio program (3shape). As a

Case2

result, it was confirmed that the remaining buccal-lingual
bone at the center of the implant placement turned very

A 52-year-old female patient visited with the dental hos-

narrow, and even if the narrow diameter of 3.0 mm and the

pital for implant treatment due to tooth loss of #42 and the

length of 13 mm fixture (UFII) were selected and placed,

severe mobility of the remaining mandibular anterior teeth.

the exposure of some threads was predicted (Fig. 11).

In the radiographic and clinical examination, alveolar bone

As a result of analyzing the patient's left and right ca-

resorption of the remaining mandibular anterior teeth (#31,

nine periphery and the remaining bone at the surgical site

32, 41) was observed, and it was determined that it was

through radiographic data and CBCT, no periapical lesions

impossible to maintain, and extraction was decided. The

or pathological bone pattern were observed, so it was de-

patient had a lot of fear of the dental procedure, and wor-

cided to proceed as planned. It was thus decided to pro-
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Fig. 10. From cone beam computed tomography taken 36 months after the operation, the central part of the fixture was well maintained without
resorption.

Fig. 11. Merging the cone beam computed tomography data and the oral scan data in the implant studio (3shape). A part of fixture thread at the
labial side could be exposed without surrounding bone.

ceed with flapless implant surgery, but if swelling or pain

Digital final zirconia prosthesis using ‘Double scan

occurs due to exposure of some fixture thread after sur-

methods’

gery, the patient agreed that re-operation with bone graft

The patient did not have any symptoms of pain or swell-

may be necessary with the flap opened.

ing during osseointegration, so the final prosthesis was

Surgical guide, custom abutment, and temporary tooth

fabricated after 2 months. The margin of custom abutment

fabrication proceeded in the same manner as in case 1, and

used for immediate loading is often exposed over the gin-

a 3.0 mm diameter, 13 mm length narrow fixture (UFII) was

giva after osseointegration. The same exposure has been

placed in both lateral incisors using the prepared surgical

made in this case. Instead of creating a new custom abut-

guide after tooth extraction.

ment, this custom abutment reused with an oral scanner

After implantation, the initial implant stability measure-

digitally. The margin of the custom abutment was readjust-

ment using the Osstell mentor showed a value of over 75,

ed outside the oral cavity and it was scanned outside. After

so the pre-made custom abutment was connected to the

repositioned it to the fixture and the full arch and occlusion

fixture and the temporary bridge were placed (Fig. 12).

was scanned by oral scanner. By sending these two data to

On the postoperatively taken CBCT, the fixtures posi-

the dental system (3shape), that matches each other can be

tioned as planned and the central part of some fixtures

used to design for a prosthesis while digitally checking the

were shown as if they were exposed without residual bone

prosthesis margins in the subgingival area. We called this

(Fig. 13).

was “double scan method”.
With this method, the custom abutment used for tempo-
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A

B

C

Fig. 12. (A) Intraoral view at the first visit. (B) Narrow implant (3.0 mm diameter, 13mm length fixture, UFII; DIO Implant, Busan, Korea) placement with surgical guide after remaining teeth extraction. (C) Placing the custom abutment and temporary prosthesis for immediate loading.

Fig. 13. On the postoperative cone
beam computed tomography image,
it can be seen that the labial surface
of some fixtures was exposed without
surrounding residual bone.

A

B

C

D

Fig. 14. (A) Readjusting the margins
of the custom abutment from the
outside. (B) Each readjusted custom
abutment data from inside and outside
of oral cavity was matching in Dental
system (3shape). (C) Designed final
prosthesis in software. (D) Fabricated
zirconia final prosthesis.

rary teeth could be readjusted and used for the final pros-

ment for 1 month adaptation period, and then finally at-

thesis, and it was possible to manufacture the final zirconia

tached. The patient continued to be observed for 2 years at

prosthesis without making a working model (Fig. 14).

6 months intervals from the implant placement operation.

The final prosthesis went through a temporary attach-
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A

B

Fig. 15. (A) Apical radiographs taken 24 months postoperatively. (B) On cone beam computed tomography, the exposed part of the fixture well
maintained without further bone loss and pathological findings.

months postoperatively.

Choi et al. [12] reported that the bone resorption around

A 12 months postoperatively, the bone around the im-

the implant relatively did not occur when the implant was

plant platform showed an average of 0.35 mm of marginal

placed without opening the flap through animal experi-

bone resorption, but no further resorption proceeded. In

ment.

CBCT, the exposed area without residual bone around the

In case 1 of this paper, only remaining bones of less than

fixture was well maintained for 12 months and 24 months

2 mm in the buccal and lingual sides of the fixture were

without further bone loss and pathological findings (Fig. 15).

present after implantation, but it was found that the remaining bones were well maintained without any change

Discussion

in CBCT images taken at 12, 24, and 36 months postoperatively.

When surgery is performed with the flap open to place

As the result of Choi et al. [12], since the operation was

an implant in the anterior region with a narrow bone

performed without opening the flap, it is thought that even

width, bone graft is often accompanied by a small amount

if there were few remaining bones around implant fixture,

of residual bone around the fixture platform or in the cen-

it would have been well maintained without bone resorp-

ter of the fixture. In some cases, if the bone graft is not

tion.

performed, the threads of implant fixture are exposed dur-

In the second case, after the implant placement, part of

ing osseointegration, resulting in swelling or inflammation,

the fixture thread was exposed in the labial area and im-

which may cause implant failure.

mediately contacted the periosteum without surrounding

However, there have been a lot of controversies over

bone. However, as a result of CBCT examination taken 12

whether the complete bone covering is an essential factor

and 24 months postoperatively, it was well maintained

for the success of the implant when the thread is partially

without additional bone loss or pathological progression.

exposed on the labial or buccal side after implant placement.

As in this case, if there are no pathological signs of the
periphery or bone and mucous membranes around the sur-

Ramusson et al. [15] reported that even if the screw

gical site, it is believed that even if the surface of a partially

thread was covered with bone grafts and barrier mem-

exposed fixture comes into contact with the healthy peri-

branes, the regenerated bone hardly achieves osseointe-

osteum, as reported by Lekholm et al. [16], the fixture can

gration with the implant, and that it hardly contributes to

be safely osseointegrated.

implant stability.

In order to place an implant without opening the flap,

In addition, Lekholm et al. [16] reported that even if the

it is important to recognize the anatomical positional rela-

implant thread is exposed to the outside of the bone, it

tionship such as the bone width of the surgical part before

does not cause bone loss unless it causes problems with the

surgery. In recent years, as the performance of dental digi-

health of the mucous membrane.

tal equipment has been improved, using a diagnosis and
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design program, the position, diameter, and length of the

a change within 0.5 mm in all observations for 2 years. This

implant to be placed before surgery can be determined in

case reports that a patient who was placed with a narrow

advance, and virtual placement can be performed in ad-

implant in the anterior region with a narrow bone width

vance at the desired location. This method was introduced

was applied with an immediate load. The patient’s bone

in the field of implant treatment under the name of ‘Navi-

changes around the implant were observed for 2 to 3 years,

gation system’ in the early 2000s, and various digital guided

and the average bone resorption was 0.3 mm in the case

surgery systems have been introduced with much research

of immediate placement in the extraction socket. In the

and effort to date. In addition, this method of using the

case of implantation in the healed bone, the average bone

navigation not only shortens the operation time by imme-

resorption was 0.2 mm. Therefore, it was observed that all

diately applying the load using the pre-made custom abut-

bone resorption results were within 0.5 mm.

ment and temporary teeth, but also provides psychological

In both cases of this report, bone graft was not per-

satisfaction to the patient by solving unaesthetic problems

formed because the gap between the implant platform and

caused by tooth loss at the same time as the surgery.

the adjacent bone of the healing socket is within the jump-

Implants with a diameter of less than 3.0 mm are generally manufactured as a single-piece for reasons of manu-

ing distance [19], which allows the bone to be naturally
filled after placement.

facturing process. Therefore, if it is used on the maxillary

With the introduction of the digital guided surgery sys-

anterior teeth, since the placement direction and the pros-

tem, the most worrisome was the error that appeared

thetic direction are different, the amount of preparation

before and after surgery, and various results using various

of the abutment increases, which causes frequent dropout

systems were reported. Analyzing the average errors of the

due to insufficient retention of the prosthesis. Since the di-

existing literature published on this problem, the average of

ameter of the abutment is small, the phenomenon that the

1.22 mm in the implant platform part, 1.51 mm in the apex

implant fixture is bent due to the occlusal force has been

part, and the average angular deviation was 4.9 degrees

reported by experiments [17].

[20-23].

Recently, with the development of implant processing

Therefore, many attempts have been introduced to re-

technology and surface treatment technology, for fixtures

duce the error of the digital guided surgery system and to

with a diameter of 3.0 mm to 3.5 mm or less, a narrow

increase the precision. Karim et al. [24] reported that the

implant in which a fixture and abutment are separately

precision can be improved by reducing the drilling distance

manufactured has been developed and applied to clinical

coming out of the sleeve by adjusting the length of the

applications.

sleeve or shortening the length of the implant.

Two pieces implants have the advantage of using an

Choi et al. [12] used a digital guided surgery system (DIO

angled stock abutment or a custom abutment when the

Implant) dedicated to narrow implants, including a long

angle of implant placement and the prosthetic angle do not

tube that accurately guides a long drill for accurate narrow

match. Besides it has the advantage of being able to take

implant placement, and placed 40 narrow implants on the

digital impressions using a scan body and oral scanner.

anterior region of 32 patients. As a result of comparing the

The two pieces Narrow implant has a thin implant

errors, an average linear deviation of 0.46 mm from the

platform that surrounds the abutment is thin. Therefore,

implant platform, 0.67 mm from the implant apex, and an

the manufacturers recommended to tighten the insertion

angular deviation of 1.40 degrees were reported.

torque of 35 Ncm or less for the fixture and 20 Ncm or less

When using a digital guided surgery system, heat may be

when fastening the abutment to prevent tearing on the up-

generated during the drilling process, and bone necrosis

per part of implant fixture and screw fracture.

may occur after surgery. Therefore, in this case, heat gen-

Cristian et al. [18] placed narrow implants at the extrac-

eration was prevented by repeatedly using all drilling at

tion and healed sites, and simultaneously performed im-

100 rpm or less under sufficient normal saline irrigation. In

mediate loading. As a result, it was reported that there was

addition, a long drill and a long tube were used to increase
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the precision of the guided surgery system, and a pre-made
custom abutment and a polymethylmethacrylate temporary
crown were used for immediate loading.
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In the previous studies, several authors reported that the
use of narrow-diameter implants increased the risk of prosthetic complications or implant fracture [8,25]. This phenomenon was not observed in this case, and it is expected
that this problem will be gradually resolved with the development of implant materials or systems. Narrow implants
are still very limited in clinical use.
However, if an implant can be placed through a minimally invasive method and maintained for a long period of
time for patients whose bone graft or additional surgery
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cal practice.
In addition to this case report, it is believed that a larger

References

number of patients and longer follow-up will be needed to
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advantage of reducing postoperative pain and obtaining a
sense of aesthetic stability with an immediate-loaded temporary tooth. In addition, it was possible to produce the
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