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INTRODUCTION

Since implants were first introduced by Branemark, implants 

have become a predictive and universal treatment method for 

tooth loss1. With remarkable advances in surface treatment, im-

plantation equipment, and implantation methods, the time for 

implant placement after tooth extraction is also moving forward.

Depending on the timing of implant placement after extrac-

tion, immediate implantation is performed immediately after ex-

traction, recent implantation is placed after 6~8 weeks to allow 

soft tissue to heal, delayed implantation is performed 6 months 

after bone grafting if the bone in the receptor is not suitable for 

placement, and mature implantation, which is placed after 9 

months or more so that the socket is completely healed by bone2. 

Immediate implant placement after extraction is a treatment com-

pared to the traditional method of waiting for more than several 

months for bone healing of the extraction socket. Not only can the 

period be reduced, but it also has the advantage of reducing the 

number of surgeries, and has abundant healing and regeneration 

ability of the tooth extraction site. It is easy to select the implant 

position according to the position of the tooth before extraction, 

and in the case of the anterior region, it can be esthetically advan-

tageous because natural interdental papilla can be secured by 

performing restoration immediately after extraction. Due to these 

many advantages, despite the burden of immediate procedure 

after tooth extraction, implants placed immediately after tooth ex-
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traction are considered a good treatment option for clinicians3.

In this study, the immediate implantation technique was used, 

which was placed immediately after tooth extraction, and the 

clinical results were analyzed using AF and SF implants, the im-

plant survival rate was investigated, and the amount of marginal 

bone resorption during the healing process was analyzed.

MATERIALS AND METHODS

1. Subjects

From January 1, 2012 to December 31, 2016, at Cheongju Han-

kook Hospital, 211 implants placed immediately after tooth ex-

traction in 158 patients were investigated for up to 6 years of sur-

vival and mesiodistal marginal bone resorption. The implants 

used were AF and SF implants from SNUCONE®.

1) Age and gender distribution of patients

The patient group consisted of 78 males and 80 females, and a 

total of 211 implants were placed. The age distribution was 26~86 

years old, 4 people in their 20s, 6 people in their 30s, 6 people in 

their 40s, 36 people in their 50s, 68 people in their 60s, 36 people 

in their 70s, and 2 people in their 80s (Table 1, 2).

2) implant location and distribution

Of the total 211 implants, 126 were placed in the maxilla and 

85 in the mandible, 65 in the anterior region, 72 in the premolar 

region, and 74 in the molar region (Table 3).

3) Types of implants

The implants targeted in this study are SNUCONE®’s AF im-

plants and SF implants. AF implant is a screw type, and it has a 

shape that is internally connected to the abutment and has a ta-

pered tip, so it has excellent initial fixation power, and can pro-

vide adequate strength to the dense bone in the marginal area 

and increase bone density. The SF implant is in the form of a 

locking taper and has a sloping shoulder on the top of the fixture 

to have resistance to marginal bone loss. Each implant and abut-

ment design is as follows (Figure 1, 2). Of the 211 implants placed 

in 158 patients in this study, 96 were AF implants and 115 were 

Table 1.Table 1. Patient distribution according to gender

Gender Number of patient  
 (% of patients)

Number of implant  
 (% of implant placed)

Male 78 (49.37%) 103 (AF40, SF63) (48.81%)
Female 80 (50.63%) 108 (AF56, SF52) (51.18%)
Total 158 211

Table 2.Table 2. Patient distribution according to age

Age Number of patient  
 (% of patients)

Number of implant  
 (% of implant placed)

21~30 4 (2.53%) 5 (2.37%)
31~40 6 (3.80%) 8 (3.79%)
41~50 6 (3.80%) 6 (2.84%)
51~60 36 (22.78%) 47 (22.27%)
61~70 68 (43.04%) 92 (43.60%)
71~80 36 (22.78%) 51 (24.17%)
81~90 2 (1.27%) 2 (0.95%)
Total 158 211

Table 3.Table 3. Numbers of implants placed according to location in arch

Maxilla Mandible Total

Anterior 48 17 65
Premolar 42 30 72
Molar 36 38 74
Total 126 85 211

Figure 1.Figure 1. AF fixture and abutment (SNUCONE® Co., Korea).

Figure 2.Figure 2. SF fixture and abutment (SNUCONE® Co., Korea).
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SF implants.

4) Implant length and diameter

Three types of implant lengths were used: 8 mm (79 pieces), 

10 mm (97 pieces), and 12 mm (35 pieces). The implant diameters 

were 3.5 mm (6 pieces), 3.8 mm (18 pieces), 4.3 mm (100 pieces), 

4.8 mm (58 pieces), 5.3 mm (19 pieces), and 5.8 mm (10 pieces) 

were used.

2. Methods

Implant surgery was usually performed in one or two ap-

proaches under local anesthesia. Whether or not the second oper-

ation was performed was decided by the operator according to 

the initial stability of the implant during surgery. All implants 

were AF and SF implant systems from SNUCONE®, and were 

placed according to the protocol using the manufacturer’s dedi-

cated drill.

After the healing period after surgery, prosthetic work was 

performed, and SNUCONE® products were used for all abut-

ments used for upper prosthetic restoration. When the final pros-

thesis was installed, patients were asked to visit the clinic every 6 

months or 1 year after installation to undergo plaque control, 

clinical examination, and radiographic examination.

The implant survival rate was evaluated according to the cri-

teria for success presented by Rosen et al., and the evaluation ac-

cording to the implant failure period was based on a suggestion 

by Rosenberg et al. in 2004. Classification according to the im-

planted position was divided into 6 parts: maxillary anterior, pre-

molar, molar, mandibular anterior, premolar, and molar, and the 

survival rate and marginal bone resorption were compared for 

each part. Also, the amount of marginal bone resorption accord-

ing to the type of implant was investigated. For the amount of 

marginal bone resorption, mesial and distal bone changes were 

measured based on the platform of the implant on the panorama 

by comparing radiographs before and after the functional load of 

the implant prosthesis was applied. For statistical analysis on the 

amount of bone resorption, IBM SPSS Statistics program was 

used and Mann-Whitney test method was used.

RESULTS

1. Overall survival rate

In this study, 211 implants placed immediately after tooth ex-

traction were followed up for up to 6 years in 158 patients. Dur-

ing the total follow-up period, two implants were removed, all of 

which failed before loading the implant prosthesis, and the sur-

vival rate was 99.05%.

2. Survival rate according to patient gender and age

In this study, the implant survival rate according to the pa-

tient’s gender was 99.10% in men and 100% in women. The sur-

vival rate according to the age of the patients was 98.88% because 

one implant failed in the 51-60 year old patient group, and 98.18% 

because one implant failed in the 61 to 70 year old patient group.

3. �Survival rate according to implant placement location, 

diameter and length

The survival rate according to the implantation location was 

94.44% in the maxillary molars, and 100% in other areas (Table 4).

The survival rate according to the diameter and length of the 

implant is as follows. 58 implants with a diameter of 4.8 mm 

were placed, and one of them failed, showing a survival rate of 

98.28%, and one out of 10 implants with a diameter of 5.8 mm 

failed, showing a 90% survival rate. As for the survival rate for 

the implant length, 2 out of 79 implants with a length of 8 mm 

failed, showing a survival rate of 97.47%.

4. Marginal bone resorption

The marginal bone resorption was 0.44 ± 0.59 mm in the me-

sial marginal bone and 0.39 ± 0.71 mm in the distal marginal bone 

Table 4.Table 4. Survival rate of implant according to implant location

Site
State

Survival rate (%)
Placed Failed

Maxilla Anterior 48 (AF27, SF21) 0 100
Premolar 42 (AF, 14SF28) 0 100
Molar 36 (AF, 19, SF17) 2 (SF2) 94.44

Mandible Anterior 17 (AF8, SF9) 0 100
Premolar 30 (AF10, SF20) 0 100
Molar 38 (AF18, SF20) 0 100
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for about 4 years after the prosthesis was installed, and very good 

results were obtained. In detail, the amount of marginal bone re-

sorption in AF implants and SF implants is as follows (Table 5). 

The amount of marginal bone resorption between the two types 

of implants according to the placement location is as follows (Ta-

ble 6~8).

5. Failed implant analysis

Two implants did not satisfy the survival criteria. One was a 

locking taper fixture with a diameter of 4.8 mm and a length of 8 

mm, implanted in #27, a male in his 50s. The other was a locking 

taper fixture with a diameter of 5.8 mm and a length of 8 mm that 

was placed on #26, a male in his 60s. All implants were placed in 

the position of the maxillary molars, and they were floating teeth 

at the time of the first visit, and due to severe bone loss, the thick-

ness of the remaining alveolar bone below the maxillary sinus 

floor was less than 2 mm, so it is presumed that osseointegration 

failed because it was difficult to obtain initial fixation.

Table 5.Table 5. Marginal bone resorption of implant according to implant type

Bone resorption

Mesial (mm) Distal (mm) Mean (mm)

AF 0.41 ± 0.58 0.38 ± 0.83 0.40 ± 0.72
SF 0.46 ± 0.59 0.39 ± 0.58 0.43 ± 0.59
P value 0.643 0.737 0.546

Table 6.Table 6. Marginal bone resorption of implant according to implant location (AF + SF)

Site
Bone resorption

Mesial (mm) Distal (mm) Mean (mm)

Maxilla Anterior 0.44 ± 0.63 0.45 ± 0.54 0.44 ± 0.59
Premolar 0.52 ± 0.63 0.60 ± 0.91 0.56 ± 0.78
Molar 0.43 ± 0.49 0.30 ± 0.67 0.36 ± 0.59

Mandible Anterior 0.43 ± 0.42 0.40 ± 0.78 0.42 ± 0.63
Premolar 0.37 ± 0.53 0.19 ± 0.67 0.23 ± 0.61
Molar 0.41 ± 0.65 0.30 ± 0.59 0.35 ± 0.62

Table 7.Table 7. Marginal bone resorption of implant according to implant location (AF)

Site
Bone resorption

Mesial (mm) Distal (mm) Mean (mm)

Maxilla Anterior 0.46 ± 0.63 0.43 ± 0.58 0.44 ± 0.60
Premolar 0.46 ± 0.67 0.76 ± 1.18 0.61 ± 0.97
Molar 0.44 ± 0.51 0.30 ± 0.83 0.37 ± 0.69

Mandible Anterior 0.61 ± 0.46 0.46 ± 1.03 0.54 ± 0.80
Premolar 0.37 ± 0.47 0.21 ± 0.82 0.29 ± 0.67
Molar 0.22 ± 0.53 0.16 ± 0.58 0.19 ± 0.55

Table 8.Table 8. Marginal bone resorption of implant according to implant location (SF)

Site
Bone resorption

Mesial (mm) Distal (mm) Mean (mm)

Maxilla Anterior 0.43 ± 0.63 0.47 ± 0.48 0.45 ± 0.56
Premolar 0.56 ± 0.61 0.51 ± 0.72 0.54 ± 0.67
Molar 0.41 ± 0.46 0.30 ± 0.42 0.35 ± 0.45

Mandible Anterior 0.27 ± 0.29 0.36 ± 0.46 0.31 ± 0.39
Premolar 0.37 ± 0.56 0.19 ± 0.57 0.28 ± 0.57
Molar 0.59 ± 0.71 0.43 ± 0.57 0.51 ± 0.64
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DISCUSSIONS AND CONCLUSIONS

The advantage of implant placement immediately after tooth 

extraction is that it can achieve the esthetic purpose well in the 

anterior region while shortening the treatment period, reducing 

the number of surgeries, and minimizing the loss of soft and hard 

tissue. Since the height and width of the alveolar bone decreases 

rapidly after extraction, the resorption of the alveolar bone can be 

prevented if the implant is placed immediately after extraction. In 

addition, since it is placed based on the original tooth, there is an 

additional advantage that it can be placed in an ideal three-di-

mensional position. In particular, since esthetic recovery is more 

important than functional recovery in the maxillary anterior re-

gion, if the alveolar bone and gingival tissue before extraction are 

healthy, implant placement can be considered immediately after 

extraction to maintain them. On the other hand, disadvantages 

include invasion of major anatomical structures, failure to obtain 

initial fixation, higher risk of failure, and possible postoperative 

infection by activating inactive infected tissue4.

Since Schulte et al. first reported an immediate implant in an 

extraction orthodontic area in 1978, steady research has been ac-

tively conducted, and a study comparing it with delayed implan-

tation also reports a similar survival rate. In addition, Novae et al. 

reported a 2-year cumulative survival rate of 100% immediately 

after implant placement in infected dentition, and Chen and Co-

vani et al. In another study, the immediate implant showed a rel-

atively low survival rate compared to the delayed implant, but 

there was no significant difference in marginal bone loss and im-

plant stability. In another study, immediate implant showed a 

relatively low survival rate 18203compared to delayed implant, 

but there was no significant difference in marginal bone loss or 

implant stability5. Chen et al. reported that there was no signifi-

cant difference in the short-term survival rate between immediate 

and delayed implant placement, and Tan et al. reported that the 

2-year survival rate reached 98% with immediate implant place-

ment. As such, a high survival rate of immediate implants has 

been reported through several studies. However, immediate im-

plant placement is not possible in all cases, and several studies in-

cluding the papers published by Schwartz-Arad et al. Also, 

Penarrocha et al. stated that immediate implantation in the area 

with acute apical inflammation is an absolute contraindication6.

In addition, since this procedure is difficult to obtain initial fix-

ation and the amount of soft tissue is small, it is difficult to 

achieve primary fusion when a complex procedure such as bone-

guided regeneration is accompanied, and it is a procedure sensi-

tive to the skill of the operator. Therefore, for immediate implant 

success, thorough preoperative diagnosis and treatment plan are 

important factors, and systemic disease, periapical disease, cause 

of extraction, and implant system should be evaluated before sur-

gery, and bone resorption patterns after extraction should be pre-

dicted.

As the use of implants has become more common, many 

studies have been conducted on the success rate and survival rate 

over a long period of time7-14. It is very difficult to determine 

which of the success rate and the survival rate is an excellent ret-

rospective study method for implants, but the success rate is a re-

alistic problem that it is difficult to investigate all the success crite-

ria.

One of the objective indicators to judge the long-term success 

of implants is the level of marginal bone around the implant. The 

measurement of marginal bone height has an important meaning 

as a method to evaluate the success of implants15. Looking at the 

results of other authors who conducted studies on marginal bone 

resorption, Astrand et al.16 used Branemark implants and Astra 

Tech implants. In a 5-year study using the abutment connection, 

when the amount of bone loss was measured by dividing the 

maxilla and the mandible 14 months after the abutment was con-

nected, in the case of the Branemark implant, bone resorption of 

1.97 ± 0.18 mm in the maxilla and 1.73 ± 0.20 mm in the mandible 

occurred compared to the time of implantation. In the case of As-

tra Tech implants, it was reported that bone resorption occurred 

at 1.74 ± 0.36 mm in the maxilla and 1.26 ± 0.20 mm in the mandi-

ble. Another study compared an implant placed immediately af-

ter tooth extraction with an implant placed on mature bone in 48 

patients. There was no difference in direct implant-bone contact 

(DBC) and no bone resorption was observed, indicating clinical 

and radiological differences. When the screw-type implant is 

placed immediately after extraction, even if a barrier membrane 

or other regenerative material is not used, if the distance between 

the bone and the implant is less than 2 mm, the clinical results 

and osteointegration of implants in mature bone are significantly 

different. showed no significant difference17.

The average absorption of marginal bone analyzed through 

radiographic examination in this study was 0.44 ± 0.59 mm in the 

mesial marginal bone and 0.39 ± 0.71 mm in the distal marginal 

bone for about 4 years after the prosthesis was installed, resulting 
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in very good results. In detail, the mesial marginal bone resorp-

tion of the AF implant was 0.41 ± 0.58 mm, the distal marginal 

bone resorption was 0.38 ± 0.83 mm, the mesial marginal bone re-

sorption of the SF implant was 0.46 ± 0.59 mm, and the distal 

marginal bone resorption was 0.39 ± 0.58 mm. There was no sta-

tistically significant difference between the two groups (P > 0.05). 

In the amount of marginal bone resorption according to the 

placement location, the distal maxillary premolars showed more 

bone resorption than the mandibular premolars (P < 0.05), and 

other Marginal bone resorption occurred more in the maxilla 

than in the mandible, but there was no statistically significant dif-

ference (P > 0.05). It is presumed that this is because the cortical 

bone is relatively thin compared to the mandible and the bone 

quality is poor. When comparing the two implants according to 

the placement location, the mesial marginal bone resorption in 

the mandibular anterior region was lower in SF, and the average 

marginal bone resorption in the mandibular molars was less in 

AF (P < 0.05). Although there was a difference in the amount of 

resorption, it is thought that it is meaningful to show good results 

with bone resorption within an average of 1 mm in all cases.

In addition, as a result of follow-up of a total of 211 implants, 

two failed, resulting in an overall survival rate of 99.75%. Two 

implants failed only in the maxillary posterior region with a sur-

vival rate of 98.41% in the maxilla and 100% in the mandible. All 

were molars accompanied by bone graft, and they occurred be-

fore loading the prosthesis. It is presumed that the maxillary mo-

lars have thinner cortical bone than the mandible or maxillary an-

terior teeth, and mostly consist of reticulated bone, which has dis-

advantageous bone quality for implant placement. Therefore, in 

case selection, if the thickness of the remaining alveolar bone be-

low the maxillary sinus in the maxillary posterior region is less 

than 2 mm, it is difficult to obtain initial fixation power, which in-

creases the possibility of implant failure. Immediately upon im-

plantation, a method of securing initial fixation should be deter-

mined and a treatment plan established. Through CT, anatomical 

structures such as the maxillary sinus and inferior alveolar nerve 

are taken into consideration to confirm whether the alveolar bone 

mass is secured in the apical region for initial fixation. For good 

results of implants placed immediately after tooth extraction, ac-

curate diagnosis and case selection before surgery are important. 

If sufficient bone mass cannot be secured, it is wise to change the 

treatment plan to a method other than implantation immediately.

During the investigation period, implants were placed imme-

diately after tooth extraction at a rate of about 4%, and showed a 

high survival rate and low marginal bone resorption for an aver-

age of 4 years after placement. In particular, the locking taper 

type implant placed immediately after tooth extraction showed 

satisfactory results. Previously, there were not many papers com-

paring screw retained type implants and locking taper type im-

plants in implants placed immediately after tooth extraction, so 

this study was conducted. If the initial fixation force of the con-

junctiva is secured, it is thought that a high predictive treatment 

result can be obtained not only for screw retained type implants 

but also for locking taper type implants.
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