
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 

 

 

 
 

Effects of ultraviolet treatment and alendronate 
immersion on cellular behavior of MG-63 
osteoblast-like cells and human gingival 
fibroblasts cultured on titanium substrata 

 

 

 

 

 

 

 

Changjoo Jeon 
 

 

 

 

The Graduate School 

Yonsei University 

Department of Dentistry 
  



 

 

 

 

Effects of ultraviolet treatment and alendronate 
immersion on cellular behavior of MG-63 
osteoblast-like cells and human gingival 
fibroblasts cultured on titanium substrata 

 
 

 

A Dissertation 

Submitted to the Department of Dentistry 

and the Graduate School of Yonsei University 

in partial fulfillment of the  

requirements for the degree of  

Doctor of Philosophy in Dental Science 

 

 

 

Changjoo Jeon 
 

 

December 2020 





 

감사의 글 

 

 
제가 신앙을 갖고 비전을 따라 치과의사가 되고 또 학위논문을 끝내기까지, 연약한 

저를 끝까지 붙들어주신 하나님 아버지께 깊은 감사를 드립니다. 앞으로도 인도하심 

따라 주님 손에 쓰임 받는 치과의사가 되길 소망합니다. 

또한 우여곡절 끝에 이렇게 박사학위 논문을 마무리하며 감사의 글을 적게 

되기까지 도움을 주신 많은 분들이 계십니다. 먼저, 마지막까지 세심한 지도와 격려를 

통해 이끌어주신 문홍석 지도교수님께 감사드립니다. 교수님의 든든한 지원을 힘입어, 

쉽지만은 않았던 연구주제를 잘 마무리 할 수 있었습니다. 바쁘신 와중에도 논문 

심사를 맡아 주시고 귀중한 조언을 해주신 이재훈 ∙ 오경철 ∙ 정한성 ∙ 조성원 

교수님께 진심으로 감사를 드립니다. 제가 놓치고 있던 많은 부분을 다시 점검하고 

수정할 수 있었습니다. 또한 치과의사로서 올바른 가치를 함양하고 바른 길을 걸을 

수 있도록 늘 본보기가 되어주시는 보철과학교실의 정문규 ∙ 한동후 ∙ 이근우 ∙ 

심준성 ∙ 김선재 ∙ 박영범 ∙ 김지환 ∙ 김종은 ∙ 박지만 교수님께도 이 자리를 빌어 

감사의 마음을 드립니다. 

연구 과정에 참여해 주셔서 실험이 원활히 진행될 수 있도록 도움을 주신 박규형 

선생님께도 깊은 감사를 드립니다. 또한 수련과정부터 지금까지 항상 조언과 격려를 

아끼지 않고 함께해준 보철과 의국 동기 및 선후배들에게도 감사의 말을 전합니다.  

항상 든든한 믿음으로 지켜봐주시고 헌신과 사랑으로 돌봐주신 아버지, 어머니께 

감사드립니다. 부모님 덕분에 제가 이 자리에 있을 수 있게 되었습니다. 장난스럽지만 

항상 진심은 따뜻한 우리 누나에게도 감사를 전합니다. 늘 따뜻하게 격려해주시고 

아껴주시는 장인어른, 장모님께도 깊은 감사를 드립니다. 항상 듬직하게 응원을 

해주는 처남에게도 감사를 전합니다. 마지막으로, 항상 내가 흔들릴 때마다 곁에 있는 

것 만으로도 큰 힘이 되어주며 모든 과정에서 함께 고민해준 나의 아내 손은혜에게 

글로는 다 표현하지 못할 깊은 사랑과 감사의 마음을 전합니다. 

2020 년 12 월 

전 창 주 



i 

 

TABLE OF CONTENTS 
 

 

 

LIST OF FIGURES ............................................................................................................ ii 

LIST OF TABLES ............................................................................................................. iii 

ABSTRACT ................................................................................................................. iv 

I. INTRODUCTION .................................................................................................. 1 

II. MATERIALS AND METHODS .................................................................. 10 

1. Preparation of titanium specimens. ........................................................................... 10 

2. UV treatment to titanium surface. ............................................................................. 13 

3. ALN immersion of titanium surface. ........................................................................ 15 

4. Cell culture. ............................................................................................................... 15 

5. Scanning electron microscopy. ................................................................................. 16 

6. Evaluation of cell proliferation. ................................................................................ 16 

7. ALP activity assay. ................................................................................................... 17 

8. RT-qPCR analysis. .................................................................................................... 18 

9. Statistical analysis. .................................................................................................... 21 

III. RESULTS ............................................................................................................. 22 

1. Surface attachment of cells and cellular morphology. .............................................. 22 

2. Cellular proliferation of MG-63 cells and HGFs. ..................................................... 25 

3. Cellular differentiation of MG-63 cells. .................................................................... 30 

4. Attachment-related gene expression of HGFs. ......................................................... 33 

IV. DISCUSSION ..................................................................................................... 37 

V. CONCLUSION .................................................................................................... 46 

VI. REFERENCES ................................................................................................... 48 

ABSTRACT (KOREAN) ...................................................................................... 63 



ii 

 

LIST OF FIGURES 
 

 

 
Figure 1. Chain reaction via photocatalytic activity of TiO2.............................................. 4 

Figure 2. Structures of non-nitrogenous bisphosphonates and nitrogenous 

bisphosphonates .................................................................................................................. 6 

Figure 3. Diagram of the size and shape of the titanium specimens and their surface 

treatment process for each experimental group................................................................. 11 

Figure 4. Photograph showing titanium specimens loaded on the platform and mounted 

on the ultraviolet irradiation machine ............................................................................... 14 

Figure 5. Scanning electron microscopy images of MG-63 osteoblast-like cells cultivated 

from SLA (sandblasted with large grit and acid-etched) titanium surfaces ...................... 23 

Figure 6. Scanning electron microscopy images of human gingival fibroblasts cultivated 

from machined titanium surfaces ...................................................................................... 24 

Figure 7. The effect of ultraviolet (UV) treatment and alendronate (ALN) immersion on 

proliferation of MG-63 osteoblast-like cells ..................................................................... 26 

Figure 8. Effect of ultraviolet (UV) treatment and alendronate (ALN) immersion on 

proliferation of human gingival fibroblasts ....................................................................... 28 

Figure 9. Effect of ultraviolet (UV) treatment and alendronate (ALN) immersion on 

differentiation of MG-63 osteoblast-like cells .................................................................. 31 

Figure 10. Effect of ultraviolet (UV) treatment and alendronate (ALN) immersion on 

attachment-related gene expression in human gingival fibroblasts ................................... 34 

  



iii 

 

LIST OF TABLES 
 

 

 
Table 1. Classification of experimental groups ................................................................ 12 

Table 2. Primer sequences used for RT-qPCR (reverse transcription-quantitative 

polymerase chain reaction) analysis. ................................................................................. 20 

Table 3. WST-8 (water-soluble tetrazolium-8) assay for the effect of ultraviolet (UV) 

treatment or alendronate (ALN) immersion on the proliferation of MG-63 osteoblast-like 

cells on SLA (sandblasted with large grit and acid-etched) titanium discs....................... 27 

Table 4. WST-8 (water-soluble tetrazolium-8) assay for the effect of ultraviolet (UV) 

treatment or alendronate (ALN) immersion on the proliferation of human gingival 

fibroblasts on machined titanium discs. ............................................................................ 29 

Table 5. ALP (alkaline phosphatase) activity assay for the effect of ultraviolet (UV) 

treatment or alendronate (ALN) immersion on the differentiation of MG-63 cells on SLA 

(sandblasted with large grit and acid-etched) titanium discs. ........................................... 32 

Table 6. RT-qPCR (reverse transcription-quantitative polymerase chain reaction) 

analysis for the effect of ultraviolet (UV) treatment or alendronate (ALN) immersion on 

the attachment-related gene expression of human gingival fibroblasts on machined 

titanium discs. ................................................................................................................... 36 

 

  



iv 

 

ABSTRACT  

 

Effects of ultraviolet treatment and alendronate immersion on 

cellular behavior of MG-63 osteoblast-like cells and human 

gingival fibroblasts cultured on titanium substrata 

 

Changjoo Jeon, D.D.S. 

 

Department of Dentistry, Graduate School, Yonsei University 

(Directed by Prof. Hong-Seok Moon, D.D.S., M.S.D., Ph.D.) 

 

 

Titanium is widely used as a dental implant material due to its biocompatibility and 

excellent physical properties. However, when exposed to the external environment over 

time, the titanium surface becomes contaminated, leading to decreased bio-responses 

related to osseointegration of the implant surface and the mucosal seal around the 

abutments. As a part of approach to overcome the above phenomenon, this study aimed to 

investigate the effects of ultraviolet (UV) irradiation and alendronate (ALN) immersion on 

the response of osteoblast-like cells and gingival fibroblasts cultured on the titanium 

surface, as a part of approach to overcome the above phenomenon. 

Titanium discs were fabricated with a diameter of 10 mm and a thickness of 2 mm, using 

grade 4 titanium. Titanium substrates were classified as sandblasted with large grit and 

acid-etched (SLA) surface or machined (MA) surface, and further sub-divided into the 

following four categories to produce a total of eight groups (n = 12 per group): no treatment, 
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only UV irradiation, only ALN immersion, and UV irradiation with ALN immersion (dual 

application). MG-63 osteoblast-like cells and gingival fibroblasts were cultured on the SLA 

surface groups and the MA surface groups, respectively. The morphology and attachment 

of cells and the extent of proliferation, differentiation, and attachment were examined using 

a scanning electron microscope, WST-8 (water-soluble tetrazolium-8) analysis, alkaline 

phosphatase (ALP) activity assay, and reverse transcription-quantitative polymerase chain 

reaction (RT-qPCR). Statistical analyses were performed using a one-way analysis of 

variance for cell proliferation, differentiation, and attachment-related gene expression. 

Proliferation of MG-63 cells significantly decreased in ALN-treated groups compared 

to the non-ALN-treated groups (P < 0.05). However, in dual application group, there was 

a significant increase in ALP activity of MG-63 osteoblast-like cells, compared to the 

control group (P < 0.05). Proliferation of gingival fibroblasts was decreased in the dual 

application group compared to UV or ALN-only groups (P < 0.05). The mRNA (messenger 

ribonucleic acid) expression related to the attachment of gingival fibroblasts significantly 

increased in the UV-only group, compared to the other groups (P < 0.05). 

Accordingly, dual application of UV irradiation and ALN immersion on the SLA surface 

augmented the differentiation of MG-63 osteoblast-like cells, and UV irradiation on the 

MA surface promoted the expression of factors related to the attachment of gingival 

fibroblasts. Further studies are required to verify the clinical usefulness of these findings. 

 

Key words: titanium, ultraviolet irradiation, alendronate, osteoblast-like cells, fibroblasts, cell 

proliferation, alkaline phosphatase activity, gene expression. 
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human gingival fibroblasts cultured on titanium substrata 

 
Department of Dentistry, 

Graduate School, Yonsei University 

(Directed by Prof. Hong-Seok Moon, D.D.S., M.S.D., Ph.D.) 

 

Changjoo Jeon 

 

 

I. INTRODUCTION 
 

In the dentistry field, dental implants have become an important treatment option for the 

edentulous or partially edentulous patients. The concept of osseointegration was introduced 

by Brånemark, and is defined as “a direct and intimate contact between the bone and 

implant without any intervened tissue.”1 Since this achievement, dental implants have been 

developed to play an important role in the treatment of edentulism or partial edentulism. 

Most previous studies focused on improving material factors among the various issues 

affecting osseointegration.2 Titanium has emerged as a representative material for dental 

implant due to its biocompatibility and excellent physical properties.3 When titanium is 

exposed to air or liquid electrolytes, it naturally forms a thin layer of titanium dioxide (TiO2) 

which suppresses corrosion and prevents ionic release, resulting in high biocompatibility.4,5 
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Moreover, when the implant is inserted into the human body, TiO2 layer enhances the 

protein absorbing action and provides effective osseointegration.6,7 

A typical dental implant consists of an implant fixture, implant abutment, and upper 

restoration. While the implant abutment has a smooth surface to prevent biofilm formation, 

most of the bone-level implant fixture has a rough surface to enhance osseointegration.8 On 

the other hand, the tissue-level implant has a combination of machined (MA) surface on 

the upper part, and a rough surface on the lower part. As such, the surface of implants has 

been developed in response to the results of studies which compared responses of bone and 

gingival tissues. 

Because modifying the microgeometry of dental implants or manipulating the surface 

material could help successful osseointegration,9 various studies have been conducted to 

modify these controllable factors.10-13 Surface modification methods include subtractive 

methods such as blasting, etching, and oxidation, and additive methods such as titanium 

plasma spraying.14 Despite these efforts, titanium still has limitations. For example, when 

titanium is exposed to air, hydrocarbons adhere to its surface hindering its hydrophilic 

property, which leads to a substantial reduction in a biological response.15 Contamination 

of the titanium surface affects the initial affinity of human osteoblasts and results in the 

reduction of cellular migration or attachment.16 

Ultraviolet (UV) irradiation is one method used to restore the hydrophilicity of a titanium 

surface that has been changed to become hydrophobic due to contamination. The function 

of UV was reported in the academic community in the late 1990s.17 The biological ability 
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of UV-treated titanium surface is enhanced by altering the physicochemical properties, a 

process which is called photofunctionalization.18 TiO2 is a type of semiconductor with a 

wide bandgap. The valence band of TiO2 has both 3d orbital of titanium and 2p orbital of 

oxygen, and the conduction band is composed of only 3d orbital of titanium. On the surface 

exposed to UV, the photocatalytic activity of TiO2 excites the electrons of the valence band 

to the conduction band, leaving a positive hole. The electrons of the conduction band have 

reduction ability via the electron-hole pair formation, and the photohole of the valence band 

has oxidation ability.19,20 Through the reduction or oxidation ability, hydrocarbons are 

degraded by a series of reactions and the hydrophilicity of TiO2 can be restored (Figure 

1).20 In a previous study, the number of human mesenchymal stem cells attached to the 

aged titanium surface was less than half of fresh surface. In contrast, the attachment of cells 

increased about three-fold when UV treatment was performed on the surface of aged 

titanium.21 In another study, when osteoblasts were cultured on the acid-etched surface of 

titanium for 3 hours, the attachment of osteoblasts was five times higher on a UV treated 

surface compared with a non-treated surface. When cells were cultured for 24 hours, the 

number of osteoblasts attached was two times higher on the UV treated surface compared 

to the non-treated surface.22 
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Figure 1. Chain reaction via photocatalytic activity of TiO2. Surface hydrocarbons can be 

degraded by the formation of reactive oxygen species such as •O2− and H2O2, and hydroxyl 

radical such as •OH. (Adapted from Banerjee S, et al. Curr Sci 2006;90(10):1378-83.20) 
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Application of bisphosphonates is another method to activate peri-implant osteoblasts. 

Unlike UV treatment which indirectly affects the function of osteoblasts, bisphosphonates 

directly affect osteoblastic activity. Bisphosphonates are used as an anti-resorptive 

medicine in bone-related diseases by preventing osteoclast activity.23 Bisphosphonates are 

classified into those containing nitrogen and those without nitrogen (Figure 2), and their 

effects depend upon the extent to which they bind to the hydroxyapatite of osseous tissue 

and impair the function of osteoclasts.24 Also, some recent in vitro studies have reported 

that such compounds increase the activity of osteoblasts.25-28 However, only a few reports 

have indicated an increase in osteoblastic activity, in clinical practice.29 After binding with 

hydroxyapatite in vivo, the remaining bisphosphonates are excreted by the kidneys. 

Therefore, the amount of bisphosphonate in the blood that can affect the osteoblasts is 

minimal.29 Consequently, much effort has been made to activate the osteoblasts present in 

the peri-implant bone by applying bisphosphonates locally.30-33 
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Figure 2. Structures of non-nitrogenous bisphosphonates and nitrogenous bisphosphonates. 

These are shown in the protonated, bisphosphonic acid forms. 

  



7 

Alendronate (ALN) is a type of nitrogenous bisphosphonate that is very effective in the 

treatment of various bone disorders.34-37 ALN increases the activity of alkaline phosphatase 

(ALP), and it also assists the proliferation and maturation of osteoblasts by inducing 

expression of bone morphogenetic protein-2, type I collagen, and osteocalcin related 

genes.38 However, ALN, being a bisphosphonate, shows varying results when used in 

titanium implants.30,39 There have been a few attempts to use ALN locally to induce 

osteoblastic activity only in the peri-implant bones, to prevent complications that may arise 

from systemic use.40,41 According to a few recent studies, when titanium surface was 

pretreated with both UV irradiation and ALN soaking, the effect of local bisphosphonate 

application as described above was achieved.42,43 

Long-term success of an implant depends on the osseointegration of the implant fixture 

as well as the presence of a firm and strong seal with the mucosal tissue around the 

abutment of the implant. Healthy peri-implant soft tissue prevents the formation of 

subgingival biofilm by allowing the formation of an appropriate mucosal seal which acts 

as a barrier against bacterial invasion, which is important for oral hygiene management of 

dental implant prostheses.8,44-46 Thus, several studies have been conducted to investigate 

methods to enhance the adhesion of soft tissues to the implant abutment surface.47-49 

Biologic width refers to the dimension of soft tissue attached to the tooth surface above the 

alveolar bone, and the soft tissue around the transmucosal portion of dental implant has a 

similar structure.50,51 Biologic width is composed of junctional epithelium and connective 

tissue attachment, and is a key factor in preservation of periodontal tissue.51,52 However, in 
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natural teeth, collagen fiber bundles of connective tissue are vertically embedded to the 

surface of root cementum, whereas in the peri-implant region, collagen fibers are parallel 

or circumferential to the implant surface.53,54 In addition, the connective tissue attachment 

around the natural tooth is composed of collagen and relatively many cells and vascular 

units, while the attachment tissue around the implant is composed of a scar-tissue-like 

structure with fewer cells and vascular structures and rich in collagen.55 Therefore, the 

fibroblast-rich connective tissue barrier around the implant surface can be a method to 

suppress epithelial elongation and maintain an appropriate mucosal seal based on high 

turnover.55,56 Therefore, in this study, a detailed purpose was established to focus on the 

conditions for further enhancing attachment of fibroblasts around implant surface. A few 

studies investigated the effect of UV treatment to the titanium surface on soft tissue 

adhesion. Among them, one study reported increased proliferation of human gingival 

fibroblasts (HGFs) as the TiO2 coating became thicker when the TiO2 coated surface 

received UV irradiation.57 

Because implant abutments are mostly made of MA titanium surfaces, it is necessary to 

verify the effect of surface treatment on the MA surfaces. Moreover, when the implant 

fixture has both MA and rough surfaces (such as tissue-level implants), it is necessary to 

verify the effect of the specific treatment method on both soft and hard tissue. However, 

there has been no report investigating the effect of ALN immersion on HGF activity on the 

surface of MA titanium. Furthermore, as previous studies have investigated the effects of 

UV irradiation and the dual application of UV irradiation and ALN soaking on osteoblast-
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like cells, the effect of the same approach on HGFs must also be verified. 

Therefore, the purpose of this study was (1) to evaluate the effect of UV treatment and 

ALN immersion on osteoblast-like cells cultured on the rough titanium surfaces and (2) to 

evaluate the effect of the same surface treatment on the reaction of HGFs on MA titanium 

surfaces. The reason for using two types of surfaces in the experiment is because the rough 

surface titanium disc was intended to act as an implant fixture, and the MA surface was 

intended to act as an implant abutment. Osteoblast-like cells were used to evaluate the 

reaction of hard tissue on the titanium surface at the implant fixture level, and HGFs were 

used to evaluate the soft tissue reaction on the titanium surface at the implant-abutment 

level. The effects of dual application of UV irradiation and ALN immersion on the reaction 

of osteoblast-like cells and HGFs were also investigated. 
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II. MATERIALS AND METHODS  

 

1. Preparation of titanium specimens. 

 

Ninety-six titanium specimens were fabricated in the form of a disc 10 mm in diameter 

and 2 mm thickness using commercially pure grade 4 titanium. The surface of half of the 

specimens was maintained in the MA surface as it was initially fabricated. The surface of 

the MA specimens was not subjected to any surface polishing after machining. The surface 

of remaining specimens was sandblasted with aluminum oxide (Al2O3) of large grit and 

acid-etched (SLA). Ultrasonic cleaning of all specimens was performed in a soap solution 

for 4 hours. After washing in distilled water, the specimens were dried in oil-free air. All 

specimens were sterilized with gamma rays and packaged and sealed. SLA specimens were 

subdivided into four groups (n = 12 per group). (1) For the discs of the S group, no 

additional treatment was performed, (2) in the SUV group, UV irradiation was performed, 

(3) in the SAN group, ALN soaking was performed, (4) and in the SUVAN group, both 

surface treatments were performed. MA specimens were also subdivided into four groups 

(n = 12 per group) and were treated in the same way and labeled as (5) the M group (no 

additional treatment), (6) the MUV group (UV irradiation treated), (7) the MAN group 

(ALN soaking treated), and (8) the MUVAN group (UV irradiation and ALN soaking 

treated; Figure 3, Table 1).  
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Figure 3. Diagram of the size and shape of the titanium specimens and their surface 

treatment process for each experimental group. M group and S groups were used as controls 

for each experiment. (S, SUV, SAN, and SUVAN are group names using titanium 

specimens with SLA surface, and M, MUV, MAN, and MUVAN are group names using 

titanium specimens with machined surface. The surface treatment methods used in each 

group are described through the figure; SLA: sandblasted with large grit and acid-etched, 

UV: ultraviolet, ALN: alendronate) 

  



12 

 

 

Table 1. Classification of experimental groups. S group and M group were used as controls 

in the experiments for each cell line. 

† SLA, sandblasted with large grit, acid-etched; MA, machined; UV, ultraviolet; ALN, 
alendronate. 

‡ S, SUV, SAN, and SUVAN are group names using titanium specimens with SLA surface, 
and M, MUV, MAN, and MUVAN are group names using titanium specimens with MA 
surface. The surface treatment methods used in each group are described through the table. 

 

  

Group S‡ SUV‡ SAN‡ SUVAN‡ 
 

M‡ MUV‡ MAN‡ MUVAN ‡ 

Surface 
type 

SLA† surface 
 

MA† surface 

UV† X O X O 
 

X O X O 

ALN† X X O O 
 

X X O O 

Cell line MG-63 human osteoblast-like cells 
 

Primary gingival fibroblasts 
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2. UV treatment to titanium surface. 

 

For UV treatment groups (SUV, SUVAN, MUV, and MUVAN), specimens were placed 

on a specially designed platform (exclusive for the specimen) and the surfaces were 

irradiated by UV light for 15 minutes using a UV irradiation device (TheraBeam 

SuperOsseo; Ushio Inc., Tokyo, Japan). UV light irradiation was conducted using a mixed 

spectrum of 360 nm and 250 nm wavelengths in a single UV exposure (Figure 4).58 Cell 

culturing was performed 24 hours later. 
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Figure 4. Photograph showing titanium specimens loaded on the platform and mounted on 

the ultraviolet irradiation machine: (A) three SLA specimens, (B) three MA specimens, (C) 

the platform. 
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3. ALN immersion of titanium surface. 

 

The SAN, SUVAN, MAN, and MUVAN groups were immersed in an ALN solution at 

a 10-3 M concentration (Cayman Chemical, Ann Arbor, MI, USA) for 24 hours. In the 

SUVAN and MUVAN groups (where both surface treatments were used) UV irradiation 

was carried out first followed by ALN immersion. 

 

4. Cell culture. 

 

MG-63 human osteoblast-like cells were purchased from the Korean Cell Line Bank 

(KCLB no. 21427; KCLB, Seoul, Korea), and HGFs were purchased from the American 

Type Culture Collection (PCS-201-018; ATCC, Manassas, VA, USA). Cells were 

sprinkled on the 10 cm diameter culture media dish containing a mixture of Dulbecco’s 

modified Eagle’s medium (Invitrogen, Waltham, MA, USA), 10% fetal bovine serum 

(Invitrogen, Waltham, MA, USA), and antibiotics (50 U/ml penicillin G and 50 µg/ml 

streptomycin; Invitrogen, Waltham, MA, USA). Samples were cultured under 5% CO2/95% 

air atmospheric condition with 100% relative humidity at 37°C. Cell culture media was 

exchanged every 2-3 days. When the cells were clustering about 85-90%, they were treated 

with trypsin-ethylenediaminetetraacetic acid solution (Invitrogen, Waltham, MA, USA) 

and re-suspended with culture medium at a diluted concentration of 1/5 and sprinkled into 

a new dish. 
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5. Scanning electron microscopy. 

 

MG-63 cells were used for experiments on SLA discs and HGFs were used for 

experiments on MA discs. Cells were distributed over each specimen in 24-well plates at a 

concentration of 1 × 104 cells/disc. After 24 hours of culture, the specimens were fixed for 

6 hours using Karnovsky's fixative (2% glutaraldehyde-paraformaldehyde; Invitrogen, 

Waltham, MA, USA) dissolved in 0.1 M phosphate buffer (pH 7.4). Specimens were then 

washed twice for 30 minutes with 0.1 M phosphate buffer. The specimens underwent post-

fixation by 1% osmium tetraoxide dissolved in 0.1 M phosphate buffer for 1.5 hours and 

were washed with 0.1 M phosphate buffer for 10 minutes. The specimens were dehydrated 

by gradually increasing the concentration of ethanol (50%, 60%, 70%, 80%, 90%, 95%, 

and 100%). After soaking in isoamyl acetate solution, critical point drying was performed 

using CO2 gas and a critical point dryer (Leica EM CPD300; Leica Microsystems GmbH, 

Vienna, Australia). Specimens were coated with platinum (5 nm thick) using an ion coater 

(Leica EM ACE600; Leica Microsystems GmbH) and photographed with a field-emission 

scanning electron microscope (Merlin; Carl Zeiss, Jena, Germany) at specific 

magnifications (500×, 2000×). 

 

6. Evaluation of cell proliferation. 
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Cellular proliferation was evaluated by 2-(2-Methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-

5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt (water-soluble tetrazolium-8; 

WST-8) assay. First, six SLA or six MA specimens in each group were placed in 24-well 

plates. Previously cultured cells were trypsinized and resuspended in culture medium and 

divided into 1 × 104 cells/disc on the SLA or MA discs in 24-well plates. The cells were 

then cultured for 4 hours at 37°C in an atmospheric environment containing 5% CO2. 

Proliferation of MG-63 cells and HGFs was measured by Cell Counting Kit-8 (CCK-8; 

Dojindo, Kumamoto, Japan) according to the manufacturer's instructions. After the 

detachment of cells in each group, suspended cells were divided into a 96-well plate. CCK-

8 solution (10 µl) was carefully added to each well to prevent the formation of bubbles. 

After 1 hour of incubation, the water-soluble, yellow-colored formazan dye was formed by 

WST-8 in viable cells. Absorbance of formazan produced was measured at a wavelength 

of 450 nm, using an automated microplate reader (VersaMax Tunable microplate reader; 

Molecular Devices Co., Sunnyvale, CA, USA). 

 

7. ALP activity assay. 

 

ALP expression was measured using a QuantiChrom ALP Assay Kit (BioAssay Systems, 

Hayward, CA, USA) to estimate cellular differentiation of MG-63 cells in the SLA disc 

groups. After the surface treatments, each of the five specimens in the four SLA groups (S, 

SUV, SAN, and SUVAN) were placed into a 24-well plate. Cells were distributed onto 
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each specimen at a concentration of 1 × 104 cells/disc and cultured at a temperature of 37°C 

for 3 days in an atmospheric environment with 5% CO2. Working solutions/reagents, assay 

buffer (200 µl), magnesium acetate (5 µl), and p-nitrophenyl phosphate (2 µl) were injected 

into each well of a 96-well plate. Cells distributed on the disc were washed with phosphate-

buffered saline (Invitrogen, Waltham, MA, USA) and then dissolved for 20 minutes using 

0.5 ml of the nonionic surfactant Triton X-100 at 0.5% concentrations. After each 5 µl of 

cell lysates was mixed with 195 µl of working solution, it was transferred to a 96-well plate, 

and the optical density (OD) at 405 nm was measured from each well by a plate reader at 

0 and 4 minutes. ALP activity was calculated by international units per liter (IU / l = µmol 

/ [l × min]) using the following equation: 

 =  
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=  
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8. RT-qPCR analysis. 

 

The mRNA (messenger ribonucleic acid) levels of integrin-β1, type I and III collagens, 

fibronectin, and laminin 5 were measured by reverse transcription-quantitative polymerase 

chain reaction (RT-qPCR) to evaluate the relative expression of attachment-related factors 

of HGFs. First, HGFs of 1 × 104 cells/disc were cultured for 24 hours on each of the five 

specimens in the four MA groups (M, MUV, MAN, and MUVAN). Total RNA was 

extracted using a Hybrid-R kit (GeneAll Biotechnology Co., Ltd., Seoul, Korea). The 

cDNA synthesizing process was performed using the Maxime RT Premix kit (iNtRON 
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Biotechnology, Sungnam, Korea) according to the manufacturer's instructions. Gene 

expression analysis was performed via ABI StepOnePlus Real-Time PCR machine 

(Applied Biosystems, Foster City, CA, USA) using the SensiFAST SYBR Hi-ROX Kit 

(Bioline USA Inc., Taunton, MA, USA). Specific amplification primers for each target 

material were obtained from Integrated DNA Technologies (Coralville, IA, USA; Table 2). 
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Table 2. Primer sequences used for RT-qPCR (reverse transcription-quantitative 

polymerase chain reaction) analysis. 

 Forward primers (5′→3′) Reverse primers (5′→3′) 
Product 

length (bp†) 

Integrin-β1 TGTAAGGAGAAGGATGTTGACG CAACCACACCAGCTACAATTG 142 

Type I collagen CCCCTGGAAAGAATGGAGATG TCCAAACCACTGAAACCTCTG 148 

Type III collagen AAGTCAAGGAGAAAGTGGTCG CTCGTTCTCCATTCTTACCAGG 125 

Fibronectin ACTGTACATGCTTCGGTCAG AGTCTCTGAATCCTGGCATTG 74 

Laminin 5 CAAATGTGACCAGTGCAGC CATCCCTCCATATCCACGAAC 144 

† bp, base pair. 
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9. Statistical analysis. 

 

To evaluate cellular proliferation, OD values measured by WST-8 assays, ALP activity 

assay, and RT-qPCR were analyzed by one-way analysis of variance by separating SLA 

and MA groups. Tukey’s post-hoc tests were conducted as a post hoc analysis for pairwise 

comparison of OD of WST-8 assay, ALP activity, and RT-qPCR data. All statistical 

analyses and graph derivation were performed using IBM SPSS statistics software (version 

23; IBM Corp., Armonk, NY, USA) and GraphPad Prism software (version 7.04; GraphPad 

Software Inc., San Diego, CA, USA). The level of significance was set as α = 0.05. 
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III. RESULTS 

 

1. Surface attachment of cells and cellular morphology. 

 

SEM was used to observe quantitative changes in the attachment of the MG-63 cells on 

titanium surface and morphological changes of the cells (in S, SUV, SAN, SUVAN groups). 

MG-63 cells showed normal growth pattern on SLA discs regardless of the surface 

treatment methods. Also, the cells attached well to the titanium surface and progressed to 

normal growth (Figure 5a). The morphology of cells varied from spindle to triangular. 

Extracellular vesicles arose around the cells, and cellular projections were extended, as 

observed under 2000× image magnification (Figure 5b). 

In M, MUV, MAN, MUVAN groups, HGFs grew by clustering concentrically along the 

fine grooves on the titanium surface (Figure 6a). The attachment pattern of the cells was 

unique because the cytoplasm extended by attaching to the titanium surface with filopodia, 

as observed under 2000× image magnification (Figure 6b). While at the central part of the 

discs, the cellular attachment pattern was similar regardless of the group, at the edge of the 

discs, cells were thinner in the MAN and MUVAN groups and fewer exosome and 

microfilaments were observed (Figure 6). 
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Figure 5. Scanning electron microscopy images of MG-63 osteoblast-like cells cultivated 

from SLA (sandblasted with large grit and acid-etched) titanium surfaces: (a) representative 

images at 500× magnification, (b) representative images at 2000× magnification. (S: 

control, SUV: ultraviolet irradiation, SAN: alendronate immersion, SUVAN: ultraviolet 

irradiation and alendronate immersion; these are group names with SLA titanium surface) 
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Figure 6. Scanning electron microscopy images of human gingival fibroblasts cultivated 

from machined titanium surfaces: (a) representative images at 500× magnification, (b) 

representative images at 2000× magnification. (M: control, MUV: ultraviolet irradiation, 

MAN: alendronate immersion, MUVAN: ultraviolet irradiation and alendronate immersion; 

these are group names with machined titanium surface)  



25 

2. Cellular proliferation of MG-63 cells and HGFs. 

 

After 4 hours of cell cultivation, the OD values of MG-63 cells were significantly lower 

in the SAN and SUVAN groups, compared to S and SUV groups (P < 0.05; Figure 7, Table 

3). For HGFs, the OD values were higher in the MUV than the M group, but the value was 

not statistically significant (P > 0.05). The MUVAN group showed the lowest OD value, 

which was significantly lower than the MUV and MAN groups (P < 0.05; Figure 8, Table 

4). 
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Figure 7. The effect of ultraviolet (UV) treatment and alendronate (ALN) immersion on 

proliferation of MG-63 osteoblast-like cells. The measurement of cellular proliferation via 

water-soluble tetrazolium-8 assay was converted and is expressed as optical density. 

Comparison among groups is expressed as *P < 0.05, **P < 0.01, ***P < 0.001, asterisks 

and horizontal bars indicate statistically significant differences among groups. (S: control, 

SUV: UV irradiation, SAN: ALN immersion, SUVAN: UV irradiation and ALN 

immersion; these are group names with sandblasted, large-grit, acid-etched titanium 

surface) 
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Table 3. WST-8 (water-soluble tetrazolium-8) assay for the effect of ultraviolet (UV) 

treatment or alendronate (ALN) immersion on the proliferation of MG-63 osteoblast-like 

cells on SLA (sandblasted with large grit and acid-etched) titanium discs. 

OD† S‡ SUV‡ SAN‡ SUVAN‡ 

Mean 0.3612 0.3899 0.2820 0.2651 

S.D.† 0.0456 0.0376 0.0373 0.0341 

Adjusted P value1)     

vs. SUV 0.5864 - - - 

vs. SAN 0.0104 0.0006 - - 

vs. SUVAN 0.0019 0.0001 0.8734 - 

1) One-way analysis of variance was used for significant difference among groups, Tukey’s 
multiple comparison test was conducted for post hoc analysis. 

† OD, optical density; S.D., standard deviation. 

‡ S: control, SUV: UV irradiation, SAN: ALN immersion, SUVAN: UV irradiation and 
ALN immersion; these are group names with SLA titanium surface 
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Figure 8. Effect of ultraviolet (UV) treatment and alendronate (ALN) immersion on 

proliferation of human gingival fibroblasts. The measurement of cellular proliferation via 

water-soluble tetrazolium-8 assay was converted and is expressed as optical density. 

Comparison among groups is expressed as *P < 0.05, **P < 0.01, ***P < 0.001, asterisks 

and horizontal bars indicate statistically significant differences among groups. (M: control, 

MUV: UV irradiation, MAN: ALN immersion, MUVAN: UV irradiation and ALN 

immersion; these are group names with machined titanium surface) 
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Table 4. WST-8 (water-soluble tetrazolium-8) assay for the effect of ultraviolet (UV) 

treatment or alendronate (ALN) immersion on the proliferation of human gingival 

fibroblasts on machined titanium discs. 

OD† M‡ MUV‡ MAN‡ MUVAN ‡ 

Mean 0.3585 0.4056 0.3633 0.2988 

S.D.† 0.0433 0.0245 0.0318 0.0497 

Adjusted P value1)     

vs. MUV 0.1822 - - - 

vs. MAN 0.9963 0.2598 - - 

vs. MUVAN 0.0631 0.0006 0.0406 - 

1) One-way analysis of variance was used for significant difference among groups, Tukey’s 
multiple comparison test was conducted for post hoc analysis. 

† OD, optical density; S.D., standard deviation. 
‡ M: control, MUV: UV irradiation, MAN: ALN immersion, MUVAN: UV irradiation 
and ALN immersion; these are group names with machined titanium surface 
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3. Cellular differentiation of MG-63 cells.  

 

The ALP activity value of the S group was not significantly different from that of the 

SUV group. In contrast, the ALP activity value in the SUVAN group was 1.6 times higher 

than the S group, which was statistically significant (P < 0.05). The ALP activity value of 

the SUVAN group was significantly higher than that of the SAN group (P < 0.05), but not 

different from that of the SUV group (P > 0.05; Figure 9, Table 5). 
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Figure 9. Effect of ultraviolet (UV) treatment and alendronate (ALN) immersion on 

differentiation of MG-63 osteoblast-like cells. The measurement of the cellular 

differentiation via alkaline phosphatase activity assay is expressed as IU/l (international 

units per liter). Comparison among groups is expressed as *P < 0.05, asterisks and 

horizontal bars indicate statistically significant differences among groups. (S: control, SUV: 

UV irradiation, SAN: ALN immersion, SUVAN: UV irradiation and ALN immersion; 

these are group names with sandblasted, large-grit, acid-etched titanium surface) 
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Table 5. ALP (alkaline phosphatase) activity assay for the effect of ultraviolet (UV) 

treatment or alendronate (ALN) immersion on the differentiation of MG-63 cells on SLA 

(sandblasted with large grit and acid-etched) titanium discs. 

ALP activity 

(IU/l†) S‡ SUV‡ SAN‡ SUVAN‡ 

Mean 1.0967 1.5138 1.1529 1.7461 

S.D.† 0.2095 0.3212 0.3847 0.2544 

Adjusted P value1)     

vs. SUV 0.1658 - - - 

vs. SAN 0.9906 0.2658 - - 

vs. SUVAN 0.0165 0.6207 0.0298 - 

1) One-way analysis of variance was used for significant difference among groups, Tukey’s 
multiple comparison test was conducted for a post hoc analysis. 

† IU/l, international units per liter; S.D., standard deviation. 

‡ S: control, SUV: UV irradiation, SAN: ALN immersion, SUVAN: UV irradiation and 
ALN immersion; these are group names with SLA titanium surface 
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4. Attachment-related gene expression of HGFs. 
 

In the MUV group, the relative mRNA levels of type I and III collagen, fibronectin, 

laminin 5, and integrin-β1 were about 2.1 to 7.5 times higher (depending on the substance) 

than those of M, MAN, and MUVAN groups. The increase was statistically significant (P 

< 0.05). There was no significant difference in the level of mRNA expression for all target 

genes among the M, MAN, and MUVAN groups (P > 0.05; Figure 10, Table 6). 
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Figure 10. Effect of ultraviolet (UV) treatment and alendronate (ALN) immersion on 

attachment-related gene expression in human gingival fibroblasts: (a) type I collagen, (b) 

type III collagen, (c) fibronectin, (d) laminin 5, (e) integrin-β1. The results from reverse 
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transcription-quantitative polymerase chain reaction are expressed as relative mRNA 

(messenger ribonucleic acid) expression. Comparisons among groups are expressed as *P 

< 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, asterisks and horizontal bars indicate 

statistically significant differences among groups. (M: control, MUV: UV irradiation, 

MAN: ALN immersion, MUVAN: UV irradiation and ALN immersion; these are group 

names with machined titanium surface)  
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Table 6. RT-qPCR (reverse transcription-quantitative polymerase chain reaction) analysis 

for the effect of ultraviolet (UV) treatment or alendronate (ALN) immersion on the 

attachment-related gene expression of human gingival fibroblasts on machined titanium 

discs. 

Relative 

mRNA† 
expression 

M‡ MUV‡ MAN‡ MUVAN ‡ 

Mean S.D.† Mean S.D. Mean S.D. Mean S.D. 

Type I 
Collagen 

1 0 3.8534 1.5654 1.1462 0.4945 1.9077 0.8915 

Type III 
Collagen 

1 0 6.5354 1.7720 2.9168 1.1273 2.8623 1.1227 

Fibronectin 1 0 5.3937 1.0746 2.2615 0.7230 2.1073 1.1510 

Laminin 5 1 0 7.5223 3.1933 1.9948 0.5052 1.7585 0.4905 

Integrin-β1 1 0 2.1390 1.0350 0.5686 0.3977 0.5026 0.1686 

Adjusted 
P value1) 

M vs. 
MUV 

M vs. 
MAN 

M vs. 
MUVAN 

MUV vs. 
MAN 

MUV vs. 
MUVAN 

MAN vs. 
MUVAN 

Type I 
Collagen 

0.0010 0.9945 0.4402 0.0016 0.0214 0.5825 

Type III 
Collagen 

<0.0001 0.0903 0.1029 0.0010 0.0009 0.9999 

Fibronectin <0.0001 0.1390 0.2214 0.0002 <0.0001 0.9919 

Laminin 5 <0.0001 0.7723 0.8822 0.0003 0.0002 0.9956 

Integrin-β1 0.0252 0.6259 0.5159 0.0021 0.0015 0.9976 

1) One-way analysis of variance was used for significant difference among groups, Tukey’s 
multiple comparison test was conducted for a post hoc analysis. 

† mRNA, messenger ribonucleic acid; S.D., standard deviation. 
‡ M: control, MUV: UV irradiation, MAN: ALN immersion, MUVAN: UV irradiation 
and ALN immersion; these are group names with machined titanium surface  
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IV. DISCUSSION 

 

For dental implants to achieve initial stability and long-term viability, studies have been 

conducted at the cellular level to evaluate biological responses on various types of implant 

surfaces.59,60 It is widely accepted that a rough surface is suitable for implant fixtures, and 

a MA surface is suitable for implant abutments.61 However, because biodegradation over 

time, the inherent problem of titanium materials has not been solved, various surface 

modification methods have been investigated to overcome this problem.62,63 This study 

aimed to evaluate the potential of applying UV or ALN to rough and MA surfaced titanium. 

SLA surface is a rough surface prepared by an acid-etching process using HCl/H2SO4 

after sandblasting with large-grit Al2O3 particles, and the SLA surface itself is sufficient to 

achieve successful implant treatment results.64 SEM imaging in this study showed 

favorable cell adhesion and development of extracellular matrix (ECM), regardless of 

treatment type used on the SLA surface. This demonstrates that the surface treatments used 

in this study did not interfere with MG-63 cell proliferation or differentiation. Cell 

proliferation assay showed the mitochondrial activity of MG-63 cells was significantly 

lower in the SUVAN group than the S group.65 However, ALP activity was higher in the 

SUVAN group than the S group. This can be explained by the proliferation/differentiation 

interrelationship during the progressive development of the osteoblast phenotype.66,67 

Osteoblasts undergo a gene expression process with a series of patterns as differentiation 

progresses: (1) proliferation and ECM biosynthesis, (2) ECM development, maturation, 
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and organization, and (3) ECM mineralization.66 During the post-proliferative period, the 

configuration and structure of ECM undergo a series of changes.66 Furthermore, during the 

early stage of the ECM mineralization process, the expression of ALP activity is gradually 

increased.66,68 For the SAN group (ALN immersion only), and the SUV group (UV 

treatment only), no definite effect on MG-63 cells was observed. However, in the SUVAN 

group (dual application of UV treatment and ALN immersion), the differentiation of MG-

63 cells was observed. 

The synergistic effect of the dual treatments may be attributed to the methodological 

approach of loading ALN on titanium surfaces. Past studies reported several methods that 

have been used to deliver biomolecules on the implant surface including adsorption, 

covalent immobilization, and a release from coatings.69 Precoating with hydroxyapatite 

layers or plasma treatment on titanium surface have been suggested as means of loading 

ALN on the surface of titanium.40,41 Likewise, UV treatment can be presented as another 

method for loading ALN on titanium surface. On the UV-treated titanium surface, 

hydrocarbons are removed and Ti4+ sites are exposed due to the photocatalytic activity of 

TiO2.70 Because ALN is negatively charged at physiological pH, the difference in charge 

allow ALN molecules to bind more easily to the titanium surface and enables local delivery 

of ALN through the combination of the mechanisms of absorption and release from the 

coating.22,71 The author demonstrated that the dual application of UV treatment and ALN 

immersion on SLA titanium surface can increase osteoblastic differentiation. With 

reference to the methodological design of this experiment, in this study, UV treatment was 
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first performed and then ALN immersion was performed at dual application of UV 

treatment and ALN immersion. However, the reverse sequence, UV treatment after ALN 

immersion, was considered to be irrelevant to the mechanism of the surface treatment 

method to be verified in the experimental design, so such a method was not included in the 

experiment. 

Developing a method to deliver ALN locally and gradually as described above is because 

previously conducted studies dealing with the effects of ALN on osseointegration of 

titanium implants have reported controversial results in the method of ALN delivery (i.e., 

systemic or local). In one study, when press-fit implants were implanted in dogs, bone 

growth increased from 24% to 29% through systemic oral ALN treatment, and ultimate 

shear strength increased from 1.26 to 3.72 MPa.72 In another study, implants were 

implanted in rabbits after receiving systemic administration of ALN through the oral cavity. 

After 6 months, there was no significant difference in the removal torque, compared to the 

control group.39 In a study using implants inserted in the tibia of dogs, ALN was locally 

administered by immersing ALN to allografts. The absorption of graft material around the 

implants was inhibited, and the fixation of was hindered by inhibiting osteogenesis.73 In 

another study in dogs, the density of bone and osteogenesis was increased when ALN-

coated titanium implants were immediately inserted with the guided bone regeneration 

process following extraction of teeth.74 However, systemic ALN application (especially 

intravenous administration) was found to be associated with bone diseases such as 

bisphosphonate-related osteonecrosis of the jaw (BRONJ).75 To avoid this, it is necessary 
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to develop implant surface treatment technology using ALN which maximizes the 

advantages of local administration. In a recent study, when titanium implants coated with 

hydroxyapatite were implanted after soaking in ALN, the cell activity of osteoblasts 

increased, and apoptosis was induced in fibroblasts, resulting in reduced cell proliferation. 

This suggests that inhibition of fibrous encapsulation through ALN treatment may be a 

factor for enhancing osseointegration.40 

When ALN is delivered locally, it is important to find an appropriate concentration 

because the response of surrounding tissues may vary depending on the concentration. In 

previous studies, when MG-63 cells were exposed to 10-8 to 10-6 M of ALN, the cellular 

activity of MG-63 cells did not change.76 On the other hand, when 10-3 to 10-2 M of ALN 

was applied, the matrix metalloproteinases-2 activity of MG-63 cells was inhibited.76 

Furthermore, 10-4 M of ALN promoted the secretion of pro-inflammatory cytokines of 

human osteoblasts and inhibited proliferation and differentiation.77 In those studies, an 

ALN solution was directly applied to cells, whereas in the current study, a titanium disc 

was immersed in an ALN solution. For the method of immersing titanium surface in ALN 

solution, there is no previous research on how much concentration is appropriate. However, 

the actual effect caused by immersion of ALN solution was expected to be similar to direct 

application of lower concentration solution, assuming that ALN would be gradually 

released from the UV-treated titanium surface. In addition, when the titanium surface was 

UV-treated and immersed in ALN solution at a concentration of 1 mg/ml (equivalent to 

3.08 × 10-3 M), ALN was well bonded to the titanium surface, which did not interfere with 
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the proliferation of MC3T3-E1 pre-osteoblasts.43 Therefore, based on the existing studies, 

the experimental plan was established to observe the reaction of cells when ALN is 

indirectly applied by performing surface immersion at a concentration of 10-3 M. 

When UV is irradiated on the surface of TiO2, which acts like a semiconductor, the 

electrons of the valence band are excited to the conduction band, and a positive hole 

remains in the superficial layer.19 This leads to a transition process of electrons, resulting 

in chemical chain reactions. Reactive oxygen species produced by TiO2 can degrade the 

surface hydrocarbons of titanium.78,79 Direct UV irradiation also has a function in the 

degradation of hydrocarbons.80 By such processes, the titanium surface becomes more 

hydrophilic, changes from electrostatic to a positively charged state, and demonstrates 

higher bioactivity, which facilitates increased protein uptake and cell attachment.22 

However, because the reaction of MG-63 cells in the SUV group showed no distinction 

from the S group, further studies are required to determine whether UV treatment alone 

influences the biological reaction to titanium implants by altering the condition of the 

culture and surface treatments. 

The contamination of titanium surfaces occurs from the accumulation of hydrocarbons 

on the titanium surface over time.16,80 From a physicochemical perspective, organic 

impurities such as polycarbonates and hydrocarbons gradually adhere to the titanium 

surface under conditions such as atmosphere, underwater, or cleaning liquids.81-83 

Understanding the adsorption rate and capacity of proteins are crucial in evaluating the 

biocompatibility of implant surfaces,84 and this is closely related to the amount of surface 
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carbon.16 A previous study reported that the protein adsorption rate and early albumin 

adsorption rate of 4-week old titanium surface was considerably lower than that of a freshly 

prepared titanium surface.15 Although the amount of reduction was as significant as that of 

albumin, the fibronectin adsorption capability was also reduced.15 Furthermore, the aged 

titanium surface was more hydrophobic compared with the freshly prepared surface. This 

could affect the bioactivity of titanium surface as an additional factor.80,85 

Fibroblasts use integrin receptors for adhesion; this is typically integrin-β1 which is an 

essential binding unit that helps fibroblasts to adhere to the titanium surfaces.86 Type I and 

III collagen are important ECM components of healthy human gingival tissue.87 

Fibronectin and laminin 5 are proteins which are components of the base membrane that 

contribute to cell adhesion.88 Therefore, in this study, the relative mRNA expression of the 

genes encoding these proteins was measured. In the MUV group, the relative mRNA 

expression of all target genes was significantly higher than that of all other groups. This 

showed that the photocatalytic activity of TiO2 has a positive effect on the attachment of 

HGFs to MA titanium surfaces.57 There has been considerable effort to improve the 

attachment of fibroblasts to the titanium surface.89-91 However, few studies have dealt with 

the effect of UV irradiation on fibroblasts on MA titanium surfaces.92 Because mucosal 

sealing around the implant abutment is an important factor in the long-term prognosis of 

implants, 44-46 further evaluation through in vivo studies to investigate the biological effects 

of UV irradiation is required. 

Concerning the effect of ALN on fibroblasts; while ALN-treated groups (MAN and 
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MUVAN) showed atrophic and inactive morphology in HGFs, there was no numerical 

difference between those groups and non-treated groups. There were differences in cell 

proliferation only between MUV, MAN, and MUVAN groups. Accordingly, it is necessary 

to further study the effect of ALN application on the soft tissue on titanium surface. Studies 

have reported negative effects of bisphosphonates on oral mucosal cells.40,93-95 However, in 

this study, there was no significant difference in fibroblast attachment observed between 

M and MUVAN groups. This was contrary to the synergistic effect of dual application of 

UV treatment and ALN immersion on the SLA surface, which was caused by the difference 

between the MA and rough surface of the titanium. A previous study demonstrated that the 

effects of soaking is less pronounced in MA titanium surface compared to rough titanium 

surface.96 For this reason, the dual application of UV irradiation and ALN immersion had 

the least effect on fibroblasts in MA titanium surfaces. 

There are some limitations in this study. First, SLA surfaces in the form of discs were 

used to represent the implant fixture for the experiments using MG-63 cells. However, the 

condition of disc-shaped materials may not reflect actual clinical conditions. The 

differences in the surface treatment methods may be ambiguous because the SLA surface 

itself is sufficiently effective for the osseointegration of dental implants.9,97 In this 

experiment, commercially available MG-63 cells were used. These show a high level of 

ALP activity during differentiation and osteoblastic activity involved in the production of 

osteocalcin.98,99 Additionally, MG-63 cells exhibit inhibition of proliferation by calcitriol 

treatment.100,101 Because MG-63 cells possess characteristics which correspond to relatively 
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immature osteoblasts, they provide an ideal environment for examining the early stages of 

osteoblast differentiation. However, it may be difficult to evaluate the last stage of 

differentiation because there is no clear information about the conditions leading to the 

mineralization stage.102 If further studies are conducted, experiments using human 

osteoblasts will be required to analyze the final stage of differentiation. In the current study, 

titanium specimens were soaked in ALN with concentrations of 10-3 M. Since there is no 

standardized guideline for the appropriate concentration for ALN immersion of titanium 

surface, the concentration was determined through literature review of previous studies. 

Therefore, further studies are required to analyze the pharmaceutical efficacy of gradually 

released ALN and develop protocols that indicate which concentration and immersion time 

are appropriate for titanium surface treatment with ALN soaking. 

In this study, the clear distinction of the condition between the implant fixture and the 

implant abutment is important to apply these methods in actual clinical settings. For 

example, the rough portion of the implant fixture may be treated prior to the implant surgery 

under optimal conditions, using UV treatment and ALN immersion. However, the collar 

portion of the tissue-level implant or titanium abutments, consisting of MA surfaces, 

contact with soft tissue at the upper part of the bone. Assuming this case, the dual 

application of UV irradiation and ALN immersion will not have a positive effect on 

mucosal sealing. In the case of the MA surface, UV treatment alone would likely provide 

a positive effect on mucosal sealing. The period of validity of UV treatment is an important 

issue which should be considered when determining protocols for delivering implant 
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prosthesis in the clinical settings. In a recent study, when the titanium surface treated with 

UV irradiation was exposed to air for 28 days, the effect was considerably decreased.103 

During the delivery process of the dental implant prosthesis in the oral cavity, the implant 

abutment is inevitably exposed to the air after fabrication in the dental laboratory. Therefore, 

UV treatment on implant abutment immediately before connecting the implant-abutment 

would probably be the most advantageous in maintaining the bioactive surface in the long 

term. Hence, a protocol that improves the initial mucosal sealing of the implant abutments 

by UV treatment immediately before delivery could be suggested. Also, in this study, ALN 

immersion took 24 hours, but the optimal application time has not yet been investigated. 

Prolonged immersion increases the likelihood of contamination from the external 

environment, so it is necessary to determine if the immersion time can be shortened or if 

additional UV irradiation or sterilization procedures need to be introduced after ALN 

immersion. Further researches are warranted to evaluate the effects and period of validity 

of this protocol and to maintain its post-surface treatment condition over the long term. 
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V. CONCLUSION 

 

The objective of this study was to evaluate how UV irradiation and ALN immersion on 

titanium discs alter the response of various cells. The results of this study may provide a 

foundation as a theoretical background for the development of surface treatment 

technology. Disc-shaped specimens of commercially pure titanium were prepared in eight 

groups: four groups of SLA surface and four groups of MA surface were divided into 

groups with no treatment, UV treatment, ALN immersion, and both treatments. The 

attachment, morphology, proliferation, differentiation, and gene expression were 

investigated, for MG-63 cells on the SLA surface and HGFs on the MA surface. The 

conclusion was drawn based on the following results. 

 

1) When MG-63 cells were cultured on the titanium discs of SLA surface for 4 hours, 

cell proliferation significantly decreased in ALN-treated groups compared with the 

non-treated groups (P < 0.05). 

2) ALP activity of MG-63 cells on the titanium discs of SLA surface was 1.6 times higher 

than the control group when UV treatment and ALN immersion were used 

simultaneously (P < 0.05). 

3) On the titanium discs of MA surface, when UV treatment and ALN immersion were 

used simultaneously, the proliferation of HGFs decreased compared to the group 

where the two methods were used separately (P < 0.05). However, none of the 
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experimental groups showed any difference from the control group (P > 0.05). 

4) In the case of HGFs cultured on the titanium discs of MA surface, relative mRNA 

expression of the components related to cell attachment were 2.1 to 7.5 times higher 

in the UV-treated group than in the control group or the ALN-treated groups (P < 0.05). 

 

Based on the outcome, we can conclude that 1) the osteoblastic activity of MG-63 cells 

on the SLA surface of titanium discs was enhanced by the dual application of UV 

irradiation and ALN immersion. 2) UV irradiation on the MA surface of titanium discs 

increased the expression of components related to the surface attachment of HGFs. Further 

in vivo studies are needed to investigate the effects of these surface treatments on titanium 

implants and abutments in more detail. 
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ABSTRACT (KOREAN) 

 

자외선 조사 및 알렌드로네이트 침지를 이용한 표면 처리가 

티타늄 기판 상에서 유사골모세포 및 인간치은섬유모세포의 

세포 반응에 미치는 영향 

 

연세대학교 대학원 치의학과 (지도교수 문 홍 석) 

 

전 창 주 

 

티타늄은 생체 적합성 및 뛰어난 물리적 성질로 치과용 임플란트의 재료로 활용이 

용이하여 널리 활용되고 있다. 하지만 외부 환경에 노출된 티타늄 표면은 시간이 

지남에 따라 탄화수소로 인해 표면이 오염되며 티타늄 표면의 생체 반응성이 

감소하게 되며 이는 티타늄 임플란트 표면의 골유착 및 티타늄 지대주 주변의 점막 

봉쇄와 연관이 있다. 본 연구에서는 이러한 현상을 극복하기 위한 접근의 일환으로써 

자외선 조사와 알렌드로네이트 침전이 티타늄 표면 상의 유사골모세포 및 

치은섬유모세포의 반응에 미치는 영향을 알아보고자 하였다. 

티타늄 시편은 지름 10 mm 및 두께 2 mm 의 기판 형태로, 등급 4 의 순 티타늄을 

이용하여 제작하였다. 이러한 티타늄 기판은 각각 표면을 SLA (sandblasted with large grit 

and acid-etched) 표면처리를 한 것과 절삭가공된 표면인 것으로 구분하여 준비하고, 

각각을 아무 처리 하지 않은 것, 자외선 조사만 한 것, 알렌드로네이트 침지만 한 것, 
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두 표면처리를 모두 시행한 4 개 군 (n = 12)으로 나누어 총 8 개의 군으로 구분하였다. 

SLA 표면의 군에는 MG-63 유사골모세포를 배양하고 절삭가공표면의 군에는 

치은섬유모세포를 배양하였고, 주사전자현미경 관찰, WST-8 (water-soluble tetrazolium-8) 

분석, 알칼리인산분해효소 활성도 검사, 역전사 정량적 중합효소연쇄반응을 통해 

세포의 형태 및 증식, 분화, 부착 정도를 검사하였다. 세포 증식과 분화 및 부착 관련 

인자의 발현 정도는 일원분산분석을 이용하여 통계 분석을 시행하였다. 

SLA 표면의 티타늄 시편에 알렌드로네이트 처리가 이뤄진 2개 군들은 그렇지 않은 

군에 비해 MG-63 세포의 증식이 감소하는 결과를 보였으며 (P < 0.05), 자외선 조사와 

알렌드로네이트가 동시에 이뤄진 군은 MG-63 세포의 알칼리인산분해효소 활성도가 

대조군에 비해 유의하게 증가하였다 (P < 0.05). 절삭가공 표면의 티타늄에서는 자외선 

조사와 알렌드로네이트 침전이 함께 적용되었을 때 세포의 증식이 감소하는 경향을 

보였으며 (P < 0.05), 자외선 조사만 행해진 경우 섬유모세포의 부착 관련 인자의 

상대적인 전령리보핵산 발현이 다른 군에 비해 유의하게 증가하였다 (P < 0.05). 

이상의 결과에 따라, 티타늄 기판 표면에 자외선 조사와 알렌드로네이트 침전을 

동시에 적용했을 때 SLA 표면의 티타늄 기판에서는 MG-63 유사골모세포의 분화가 

증진되며, 절삭가공된 티타늄 기판 상에 자외선이 조사되면 섬유모세포의 부착과 

관련된 인자의 발현이 촉진되는 것으로 결론지을 수 있다. 향후 임상적인 유용성을 

검증하기 위해 추가적인 연구가 필요할 것이다. 

 

핵심 되는 말: 티타늄, 자외선 조사, 알렌드로네이트, 유사골모세포, 섬유모세포, 

세포증식, 알칼리인산분해효소 활성도, 유전자 발현. 


