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Purpose: Marginal bone loss (MBL) around dental implants adversely affects long-term implant 
treatment outcomes. The purpose of  this study was to investigate the risk factors of  MBL in tissue-
level implants.
Materials and Methods: The study included 42 patients with 69 tissue-level implants placed between 
May 2015 and January 2020 at the Department of  Periodontology of  Dankook University Dental 
Hospital. Patient and implant data were collected from medical records and panoramic and periapical 
radiographs. MBL was measured as the distance from the apex of  the implant fixture to the most 
coronal point where the implant and bone meet, and calibration was performed using the actual 
length of  the implant. Student’s t-test was used to compare the groups by age (< 60 or ≥ 60 years), 
sex (male or female), hypertension status, diabetes status, implant diameter (< 5.0 or 5.0 mm), implant 
length (7.0 or ≥ 8.5 mm), position of  implants (maxilla or mandible), collar height (≤ 2.0 or 2.8 mm), 
splinted implant prosthesis, and bone grafting on MBL. One-way ANOVA was used to compare the 
MBL of the three groups by implant insertion depth less than 0.5 mm, between 0.5 to 1.0 mm, and 
more than 1.0 mm. The chi-square test for linear trend was used to determine whether the implant 
insertion depth affected the thread exposure.
Results: There was no statistically significant difference between the groups in terms of  sex, age, 
hypertension, diabetes, diameter, length, location, collar height, splinted implant prosthesis, and 
bone graf ting. One-way ANOVA showed that the MBL was significantly higher in the group 
with implant insertion depth ≥ 1.0 mm than in the other groups. However, the frequency of  thread 
exposure decreased as the implant insertion depth increased.
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Conclusion: There were no statistically significant factors associated with MBL, except for implant insertion depth. 
As the implant insertion depth increased, the amount of  MBL increased, but the frequency of  thread exposure 
decreased.

Keywords: Bone resorption, Dental implants, Retrospective studies

Ⅰ. Introduction

The use of dental implants to restore edentulous areas is well established and provides a high survival 

rate.1 However, a long-term observational study showed marginal bone loss (MBL) around implants,2 

with most bone resorption around the implant initially occurring in marginal bone because of the 

concentration of occlusal loading around this area.3 With the progression of MBL, implants become 

susceptible to occlusal loading and plaque deposition. Therefore, preventing the resorption of marginal 

bone around the implant is crucial for the success and survival of implants.4

MBL can be influenced by various factors such as excessive occlusal force, trauma during surgery, 

previous periodontal lesions, peri-implantitis, and, especially, the micro-gap between fixture and 

abutment.5,6 The micro-gap has a range of 30–135 µm7 and can cause inflammatory infiltration and bone 

resorption because of bacterial accumulation.8 Movement in the micro-gap can also cause bone 

resorption regardless of micro-gap size.9 In terms of micro-gap, tissue-level implants are advantageous 

for preventing MBL. Considering that implant–abutment interfaces exist in soft tissue rather than 

alveolar crestal bone in tissue-level implants, the micro-gap between the implant and abutment has little 

effect on bone tissue.10 Furthermore, the repetitive dis/reconnection of abutment during prosthetic 

procedures can destroy soft tissue sealing and cause bone resorption.11 For tissue-level implants, the 

implant–abutment interface is located at the tissue level where the dis/reconnection of the abutment 

inflicts less damage to surrounding soft tissues.12 Given these characteristics, it has been reported that 

MBL occurs little and that the bone level is maintained stably in tissue-level implants.13 

However, because the smooth surface of tissue-level implants is unfavorable for osseointegration, 

MBL may increase if the implant is placed in the subcrestal position.14 Kumar et al.15 reported that when 

implants were placed in a subcrestal position, the MBL became significantly greater in tissue-level 

implants than in bone-level implants 12 months after implant placement.

The aim of this study was to investigate the factors affecting the initial MBL of tissue-level implants 

and whether there is a statistical significance between implant insertion depth and initial MBL.
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Ⅱ. Materials and Methods

1. Patient selection and implant characteristics

This study had a single-center, retrospective, observational design. Patients who received implant 

treatment with tissue-level implants between May 2015 and January 2020 at Dankook University Dental 

Hospital and visited for regular check-up one year after implant placement were included in this study. 

A total of 42 patients and 69 implants were included in the study. All implants were tissue-level Stella® 

implants (Shinhung, Seoul, Korea), which have a sandblasted, large grit, acid-etched rough surface and 

a smooth surface collar. The collar height was 1.8 or 2.8 mm when the diameter of the implant was less 

than, 5.0 mm and was 2.0 mm when the diameter of the implant was 5.0 mm or more (Fig. 1).

2. Treatment procedure

All implant surgeries were performed at Dankook University Dental Hospital. Surgical procedures 

were conducted under local anesthesia induced by 2% lidocaine with 1:80,000 epinephrine (Huons, 

Seoul, Korea). After raising the full-thickness mucoperiosteal flap, tissue-level implants were placed. 

Bone grafting was performed in 22 cases with defects, such as dehiscence or fenestration around the 

implant. If implant stability and soft tissue healing status were appropriate at three to four months of 

follow-up, the patient was referred to the Department of Prosthodontics. Panoramic radiographs were 

obtained after implant surgery and approximately one year after implant placement.

3. Demographic and implant-related data collection from medical records

The demographic information and characteristics of each patient were collected from medical records. 

The factors analyzed in this study were 1) sex, 2) age, 3) hypertension, 4) diabetes mellitus, 5) implant 

diameter, 6) implant length, 7) implant collar height, 8) bone grafting, and 9) prosthesis splinting.

Fig. 1. Tissue-level implant (Stella®, Shinhung, Seoul, Korea) used in this study.
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4. Measurement of MBL with radiographs

MBL was measured by comparing the panoramic radiographs or periapical radiographs taken 

immediately after implant surgery and one year after implant surgery. After acquiring the image file, the 

images were magnified by 300% by using Adobe Photoshop 2020 (Adobe Systems, San Jose, CA, 

USA). Distances from the apex of the implant fixture to the first bone-to-implant contact on both the 

mesial and distal sides were measured. The implant insertion depth was set by subtracting the length of 

the implant from this distance. Actual MBL and implant insertion depth were calculated by calibrating 

the implant length (Fig. 2). Implant thread exposure was determined using the panoramic graph taken 

one year after surgery. If an implant thread was present above the uppermost part of the alveolar crest, it 

was thought that implant thread exposure had occurred.

5. Statistical analysis

All statistical analyses were performed using SPSS version 25 (SPSS, Chicago, IL, USA). The 

significance level was set at 0.05. The Shapiro–Wilk test was used to test the normality of the distribution. 

The effects of sex, age, hypertension, diabetes, implant length, implant diameter, prosthesis splinting, 

and bone grafting on MBL were analyzed using Student’s t-test. After dividing implants into three 

groups according to implant insertion depth shallower than 0.5 mm (group A), between 0.5 to 1.0 mm 

(group B), and deeper than 1.0 mm (group C), one-way ANOVA was used to analyze the effect of 

implant insertion depth on MBL. The chi-square test for linear trend was used to analyze the correlation 

between implant insertion depth and implant thread exposure. Dennett’s T3 test was performed as a post 

hoc test. 

Fig. 2. Measurement of MBL and implant insertion depth. (A) Radiograph at the day of surgery, (B) 
Radiograph taken one year after implant surgery. The mesial MBL was obtained by subtracting M1 
from M2, and the distal MBL was determined by subtracting D1 from D2. The implant insertion depth 
was obtained by subtracting the implant length from M1 and D1. Calibration was performed using 
implant length.

A B
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Ⅲ. Results

1. Demographics and clinical outcomes

The subjects consisted of 42 patients with 69 tissue-level implants. Among the 42 patients and 69 

implants, 3 implants failed before functional loading. MBL was measured in 40 and 66 implants. The 

mean observation period was 12.8 ± 3.9 months. The difference in MBL between the mesial and distal 

sides was not statistically significant. The mean MBL, which was set as the average value of the mesial 

and distal MBL, was 0.38 mm. Table 1 shows the distribution of implants. Sex, age, hypertension, 

diabetes, implant location, implant diameter, implant length, collar height, splinted prosthesis, and bone 

grafting were not significantly associated with MBL (Table 2).

Table 1. Studies summarizing associated with implant deviation about implant location

Factors Implant (N = 66)

Sex Male 43

Female 23

Age < 50 years 6

50－59 years 35

60－69 years 11

> 69 years 14

Location Maxilla Premolar 3

Maxilla First molar 21

Maxilla Second molar 10

Mandible Premolar 5

Mandible First molar 13

Mandible Second molar 14

Implant Diameter 4 mm 3

4.5 mm 16

5 mm 47

Implant Length 7 mm 15

8.5 mm 48

10 mm 3

Collar Height 1.8 mm 2

2 mm 47

2.8 mm 17
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Factors N
MBL (mm)

p-value
Mesial Distal Mean

Sex .172

Male 43 0.27 ± 0.59 0.38 ± 0.45 0.33 ± 0.37

Female 23 0.38 ± 0.58 0.57 ± 0.69 0.47 ± 0.50

Age .688

< 60 years 41 0.32 ± 0.60 0.47 ± 0.57 0.37 ± 0.42

≥ 60 years 25 0.29 ± 0.57 0.41 ± 0.52 0.35 ± 0.44

Hypertension .289

Yes 21 0.26 ± 0.50 0.36 ± 0.47 0.30 ± 0.37

No 45 0.33 ± 0.62 0.50 ± 0.57 0.41 ± 0.44

Diabetes .724

Yes 16 0.28 ± 0.45 0.54 ± 0.45 0.41 ± 0.32

No 50 0.32 ± 0.63 0.42 ± 0.60 0.37 ± 0.45

Location .446

Maxilla 34 0.35 ± 0.53 0.46 ± 0.58 0.41 ± 0.44

Mandible 32 0.27 ± 0.64 0.41 ± 0.52 0.35 ± 0.41

Diameter .268

< 5 mm 19 0.14 ± 0.50 0.42 ± 0.43 0.28 ± 0.40

≥ 5 mm 47 0.38 ± 0.61 0.46 ± 0.59 0.42 ± 0.43

Length .187

7 mm 15 0.52 ± 0.60 0.48 ± 0.62 0.50 ± 0.48

> 7 mm 51 0.24 ± 0.57 0.43 ± 0.53 0.34 ± 0.40

Collar height .477

≤ 2.0 mm 49 0.34 ± 0.63 0.44 ± 0.58 0.39 ± 0.44

2.8 mm 17 0.21 ± 0.44 0.45 ± 0.45 0.33 ± 0.38

Splinted prosthesis .440

Yes 26 0.36 ± 0.59 0.49 ± 0.67 0.43 ± 0.50

No 40 0.27 ± 0.59 0.41 ± 0.45 0.35 ± 0.37

Bone grafting .158

Yes 28 0.40 ± 0.55 0.52 ± 0.60 0.46 ± 0.43

No 38 0.23 ± 0.32 0.39 ± 0.51 0.31 ± 0.42

Table 2. Various factors and MBL
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2. Effect of implant insertion depth on MBL and implant thread exposure

The mean MBL values were 0.12, 0.32, and 0.65 mm in groups A, B, and C, respectively. MBL was 

higher in group C than in groups A and B (p < .001) (Table 3 and Fig. 3). The thread exposure frequencies 

were 40.9%, 21.1%, and 12.0% in groups A, B, and C, respectively. As the implant insertion depth 

increased, the frequency of thread exposure tended to decrease, and this result was statistically significant 

(p = .023) (Table 4 and Fig. 4). 

Implant insertion depth 
(mm) Implant N

MBL (mm) p-value 
(one-way ANOVA)

Dunnett 
T3Mesial Distal Mean

< 0.5 mmA 22 0.09 ± 0.48 0.16 ± 0.39 0.12 ± 0.36

< .001 A, B < C0.5 mm－1.0 mmB 19 0.28 ± 0.54 0.36 ± 0.36 0.32 ± 0.26

> 1.0 mmC 25 0.53 ± 0.64 0.77 ± 0.62 0.65 ± 0.43

Total 66 0.31 ± 0.59 0.48 ± 0.55 0.38 ± 0.42

Table 3. Implant insertion depth and MBL

Implant insertion depth
Thread exposure

Sum χ2

No exposure Exposure

< 0.5 mmA 13 (59.1%) 9 (40.9%) 22

5.179
(p = .023)0.5 mm－1.0 mmB 15 (78.9%) 4 (21.1%) 19

> 1.0 mmC 22 (88.0%) 3 (12.0%) 25

Table 4. Implant insertion depth and frequency of thread exposure

Fig. 3. Implant insertion depth and MBL.
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Ⅳ. Discussion

MBL can be influenced by various factors. Guven et al.16 reported that age, history of periodontitis, 

oral hygiene, abrasions, smoking, implant location, implant surface, implant length, surgical procedure 

type, and prosthesis type were statistically significant for MBL. Schwarz et al.17 reported that factors 

such as history of periodontitis, smoking, diabetes, poor plaque control, keratinized mucosa, excess 

cement, systemic conditions, and occlusal overload are risk factors for peri-implantitis and MBL. In this 

study, patient-related factors such as sex, age, hypertension, and diabetes were not statistically significant 

for MBL. The reason is that this study investigated the initial MBL approximately one year after implant 

placement. Lombardi et al.18 reported that initial MBL is a bone remodeling process that is mainly 

caused by non-infective causes such as surgical trauma, micro-gap, and occlusal overload. Peri-

implantitis is an infectious disease caused by bacteria. Given that plaque deposition and inflammatory 

reaction precede MBL, its effect on MBL in the first year after implant placement is limited.17 Long-term 

clinical studies are needed to investigate the effect of systemic factors on MBL.

Canullo et al.19 reported that biomechanical factors such as implant length or diameter had no effect 

on MBL. Similarly, the length and diameter of the implant were not statistically significant with MBL 

in the current study. In finite element analysis, occlusal force is concentrated in the crestal area, and the 

length of the implant does not affect the distribution of occlusal force.20,21 Qian et al.5 reported that the 

diameter of the implant is more important than the length of the implant in terms of stress distribution, 

but many studies have shown that the effect of diameter on MBL is limited.22,23

MBL was 0.46 ± 0.43 mm in the group with bone grafting and 0.31 ± 0.42 mm in the group without 

bone grafting. The amount of MBL was greater in the bone grafting group, but the difference was not 

statistically significant. Bone grafting is a highly predictable treatment method for the long-term survival 

Fig. 4. Implant thread exposure frequency according to implant insertion depth.
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of implants, but it is controversial whether the amount of MBL is greater in augmented bone.24-26 Further 

research is needed to identify the effect of bone grafting on MBL.

Splinted implant prostheses disperse the occlusal force of the implant, reduce prosthetic complications, 

and show better prognosis in short implants.27-29 However, if the splinted restoration is improperly 

designed, it can make it difficult to maintain proper oral hygiene.30 In terms of MBL, there are insufficient 

studies on whether splinted prostheses affect MBL. In the current study, there was no statistical difference 

between the splinted and non-splinted implant groups. 

Implant insertion depth had a statistically significant relationship with MBL. The initial MBL increased 

as the implant insertion depth increased. In particular, the initial MBL was significantly greater in the 

group with implant insertion depth > 1.0 mm than in the group with implant insertion depth < 1.0 mm 

(p < .001). This result was in accordance with those of Lombardi et al.18 and Kim et al.31 Hammerle et 

al.32 observed a 1.1 mm increase in MBL when smooth surface implants were placed 1 mm below the 

alveolar crest compared with those placed at the crestal level. Hermann et al.33 conducted an experiment 

to investigate the effect of the implant–abutment interface on MBL. The implant rough/smooth border 

was placed under the crest of the bone. As a result, MBL occurred. The rough/smooth surface interface 

was 2 mm below the bone crest, and 1.88 mm of junctional epithelium and 1.05 mm of connective tissue 

contact were formed.

However, as the implant insertion depth increased, the probability of implant thread exposure tended 

to decrease. Lombardi et al.18 reported that the initial MBL occurred only up to six months after the 

loading of implants placed in a subcrestal position, and the presence of coronal bone on the implant 

shoulder acts as a biological shield. In the experiment of Hermann et al.,34 the boundary of the marginal 

bone formed at the rough/smooth border and then stabilized in tissue-level implants. Vervaeke et al.35 

reported that thin biotype patients had a significantly better bone level and less implant thread exposure 

in subcrestal implants than in equicrestal implants because it was advantageous in the reestablishment 

of biologic width. Fickl et al.36 reported a vertical bone loss of 0.7 mm when the full-thickness flap was 

opened. Maier et al.37 reported that when the flapless implant placement group and implant placement 

with raising a mucoperiosteal flap group were compared, vertical bone resorption occurred by 0.55 mm 

more in the latter group.

MBL and thread exposure also occur frequently on the buccolingual side of implants.38 However, the 

location of the implant abutment interface, the thickness of the buccal bone, and the gingival biotype of 

the implant have important effects on MBL and thread exposure on the buccal side of the implant.39 It is 

difficult to study the thickness of the buccal bone and the MBL on the buccal–lingual side by using 2D 

radiographs. Therefore, this topic should be investigated by clinical studies and computed tomography 

rather than 2D radiographs.
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This study investigated the factors affecting the MBL of tissue-level implants. It was confirmed that 

MBL increased as the implant insertion depth increased, whereas thread exposure decreased. The other 

factors investigated in this study did not have a statistically significant effect on MBL. However, this 

study had several limitations. Owing to the low resolution and overlapping of panoramic radiographs, it 

is difficult to measure MBL accurately. Given the insufficient sample size and nature of the retrospective 

study, the results are less reliable. Further research is necessary to reduce the MBL of tissue-level 

implants and to establish an appropriate implant insertion depth.

Ⅴ. Conclusion

Sex, age, hypertension, diabetes, implant length, implant diameter, implant location, collar height, 

bone grafting, and splinted implant prosthesis did not have a statistically significant effect on MBL. 

MBL increased as the implant insertion depth increased. In particular, a larger MBL occurred in the 

group with implant insertion depth > 1 mm than in the group with implant insertion depth < 1 mm. By 

contrast, the frequency of implant thread exposure decreased as the implant insertion depth increased. 

Considering that there are limitations in this study, such as insufficient sample size, short follow-up 

period, low-resolution 2D radiographs, and retrospective type, in which variable control is difficult, 

further studies are needed to investigate other factors that affect MBL and proper implant insertion 

depth.
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