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Abstract

Objectives: Previously, we have reported that photocatalytically active hydrophilicity of the

anatase titanium dioxide (TiO2) nanoparticles coated onto commercially pure titanium discs

presented significantly improved hydrophilicity after ultraviolet irradiation. As hydrophilicity has

shown enhancement of osseointegration, the in vivo responses were of great interest. The aim of

this study was to evaluate whether or not the photo-activated hydrophilicity generated at the time

of implant placement has an effect on the longer healing periods for osseointegration.

Materials and methods: Photocatatytically active nanostructured TiO2 powder (Degussa P-25),

which consists of approximately 80% anatase and 20% rutile, was spin-coated onto commercially

pure titanium discs and was heat-treated thereafter. These P25-coated discs were irradiated with

ultraviolet (UV) light for the test (+UV) group, and non-irradiated discs were prepared for the

control (�UV) group. Both groups of discs were placed in the rabbits’ tibiae. After 12 weeks of

healing period, histological analysis and gene expression analysis using real-time RT-PCR were

performed.

Results: From the histological analyses, there were no specific differences between �UV and +UV

groups. However, from the gene expression analysis, ALP, RUNX-2 and IL-10 were significantly

upregulated for the +UV group compared with the �UV group.

Conclusions: The biologically enhancing effect to photocatalytically activated surfaces remained

even after 12 weeks of healing time in terms of genetic responses.

Surface hydrophilicity is an important factor

for the achievement of osseointegration

(Buser et al. 2004; Sawase et al. 2008; Sch-

warz et al. 2009; Wennerberg & Albrektsson

2009; Rupp et al. 2010). There are many

ways to obtain hydrophilic implant surfaces,

such as sandblasted and acid-etched surfaces

placed in liquid [modified sandblasted and

acid-etched (SLA)] (Buser et al. 2004),

plasma cleaning (Carlsson et al. 1989) and

hydroxyapatite (HA) (Zhang et al. 2011).

One way to achieve hydrophilicity is by

using the TiO2 on the implant surface as a

catalyst to generate hydrophilicity under

ultraviolet (UV) irradiation (Fujishima &

Honda 1972; Wang et al. 1997; Jimbo et al.

2008, 2011a,b). Sawase et al. (2007) indi-

cated that commercially available anodic

oxidized implants possess photocatalytic

properties, which is comprehensible as the

TiO2 layer thickness created by the oxida-

tion can be as thick as 10 lm (Jimbo et al.

2007). However, the commercially available

implants before and after UV irradiation did

not present significant differences in bone-

to-implant contact in a rabbit model after

4 weeks. It was speculated that this was

due to the chemical composition of the

TiO2, mainly being amorphous, and as it

has been suggested by Wang et al. (1997)

that a certain crystalline structure, prefera-

bly anatase or rutile, needs to be widely

exposed to present strong photoreactivity

(Wang et al. 1997). This was confirmed by

Rupp et al. (2010) that the hydrophilicity of

the anatase titanium dioxide (TiO2) surface

enhanced osseointegration (Rupp et al.

2010). Thus, modifications to increase the

surface area of a certain TiO2 crystalline

structure have been reported to be effective

in increasing the initial cell attachment,

proliferation and early bone apposition

under UV irradiation (Jimbo et al. 2008;

Sawase et al. 2008). Furthermore, Hirakawa

et al. (2012) reported that the post-annealed

plasma source ion implantation (PSII) coat-
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表面亲水性是实现骨结合的重要
因素（Buser等人，2004；Sawase
等人，2008；Schwarz等人，2009；
Wennerberg & Albrektsson 2009；
Rupp等人，2010）。获取亲水性种
植 体 表 面 的 途 径 很 多 ， 如 表 面 （ 置
于 液 体 ） 喷 砂 酸 蚀 （ 改 性 喷 砂 酸 蚀
（Buser等人，2004））、等离子清
洗（Carlsson等人，1989）和羟磷灰
石（HA，Zhang等人，2011）。实
现亲水性的一种途径是将TiO2置于种
植 体 表 面 ， 经 UV 照 射 后 可 作 为 催 化
剂产生亲水性（Fujishima & Honda 
1972；Wang等人，1997；Jimbo等
人，2008，2011a，b）。Sawase等
人（2007）表示，市售阳极氧化种植

体具有光催化性能，这一论点具有可
信度，原因在于氧化产生的TiO2层厚
度达10μm（Jimbo等人，2007）。
然而，在家兔模型中经观察4周后发
现，市售种植体在UV照射前后的骨-
种植体结合率（BIC）无明显变化。
据推测，TiO2（主要是非晶型）的化
学组成是造成该情况的根由。Wang
等人（1997）认为，特定的晶体结构
（锐钛矿或金红石）需经大量照射后
才能呈现出强烈的光反应性（Wang
等人，1997）。Rupp等人（2010）
证实，TiO2表面的亲水性可促进骨结
合（Rupp等人，2010）。据报道，
增大特定TiO2晶体结构表面积后，在
UV 照 射 下 ， 可 促 进 早 期 细 胞 粘 附 、
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摘要
目的：我们之前已经报告过，涂于商用纯钛片上的具有光催化活性的锐钛型二氧
化钛（TiO2）纳米粒子经紫外线照射后，亲水性显著提高。由于亲水性增强了骨
接合，因此体内反应令人产生了极大的兴趣。本研究的目的是评估植入时产生的
光活化亲水性是否对骨结合较长的愈合期有影响。
材料和方法：具有光催化活性的TiO2粉体（Degussa P-25）为纳米结构，大约
包含80%锐钛矿和20%金红石。将该粉末旋转涂于商用纯钛片上，之后进行热
处理。实验组（+UV）纯钛片（涂有P-25）经紫外线（UV）照射，对照组（－
UV）则未经过紫外线照射，两组钛片均植入受试兔胫骨之中。愈合12周后，采
用实时RT-PCR进行组织学分析和基因表达分析。
结果：经组织学分析可得，—UV和+UV组无明显差异。而通过基因表达分析发
现，+UV组和－UV组相比，ALP、RUNX-2和IL-10明显上调。
结论：经过12周愈合后，光催化活性表面的生物强化效果（即基因响应）依然存
在。
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Abstract

Objectives: Previously, we have reported that photocatalytically active hydrophilicity of the

anatase titanium dioxide (TiO2) nanoparticles coated onto commercially pure titanium discs

presented significantly improved hydrophilicity after ultraviolet irradiation. As hydrophilicity has

shown enhancement of osseointegration, the in vivo responses were of great interest. The aim of

this study was to evaluate whether or not the photo-activated hydrophilicity generated at the time

of implant placement has an effect on the longer healing periods for osseointegration.

Materials and methods: Photocatatytically active nanostructured TiO2 powder (Degussa P-25),

which consists of approximately 80% anatase and 20% rutile, was spin-coated onto commercially

pure titanium discs and was heat-treated thereafter. These P25-coated discs were irradiated with

ultraviolet (UV) light for the test (+UV) group, and non-irradiated discs were prepared for the

control (�UV) group. Both groups of discs were placed in the rabbits’ tibiae. After 12 weeks of

healing period, histological analysis and gene expression analysis using real-time RT-PCR were

performed.

Results: From the histological analyses, there were no specific differences between �UV and +UV

groups. However, from the gene expression analysis, ALP, RUNX-2 and IL-10 were significantly

upregulated for the +UV group compared with the �UV group.

Conclusions: The biologically enhancing effect to photocatalytically activated surfaces remained

even after 12 weeks of healing time in terms of genetic responses.

Surface hydrophilicity is an important factor

for the achievement of osseointegration

(Buser et al. 2004; Sawase et al. 2008; Sch-

warz et al. 2009; Wennerberg & Albrektsson

2009; Rupp et al. 2010). There are many

ways to obtain hydrophilic implant surfaces,

such as sandblasted and acid-etched surfaces

placed in liquid [modified sandblasted and

acid-etched (SLA)] (Buser et al. 2004),

plasma cleaning (Carlsson et al. 1989) and

hydroxyapatite (HA) (Zhang et al. 2011).

One way to achieve hydrophilicity is by

using the TiO2 on the implant surface as a

catalyst to generate hydrophilicity under

ultraviolet (UV) irradiation (Fujishima &

Honda 1972; Wang et al. 1997; Jimbo et al.

2008, 2011a,b). Sawase et al. (2007) indi-

cated that commercially available anodic

oxidized implants possess photocatalytic

properties, which is comprehensible as the

TiO2 layer thickness created by the oxida-

tion can be as thick as 10 lm (Jimbo et al.

2007). However, the commercially available

implants before and after UV irradiation did

not present significant differences in bone-

to-implant contact in a rabbit model after

4 weeks. It was speculated that this was

due to the chemical composition of the

TiO2, mainly being amorphous, and as it

has been suggested by Wang et al. (1997)

that a certain crystalline structure, prefera-

bly anatase or rutile, needs to be widely

exposed to present strong photoreactivity

(Wang et al. 1997). This was confirmed by

Rupp et al. (2010) that the hydrophilicity of

the anatase titanium dioxide (TiO2) surface

enhanced osseointegration (Rupp et al.

2010). Thus, modifications to increase the

surface area of a certain TiO2 crystalline

structure have been reported to be effective

in increasing the initial cell attachment,

proliferation and early bone apposition

under UV irradiation (Jimbo et al. 2008;

Sawase et al. 2008). Furthermore, Hirakawa

et al. (2012) reported that the post-annealed

plasma source ion implantation (PSII) coat-
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ing, which provided the implant surface

dominantly an anatase crystalline structure,

presented significantly higher bone-to-

implant contact (BIC) of 42.7% after UV

irradiation as compared to 28.4% for the

commercial titanium implant without UV

irradiation only after 2 weeks of healing

time (Hirakawa et al. 2012). It can be

emphasized here again that a broad expo-

sure of a specific crystalline structure is

one of the most important factors to pres-

ent photoactivity sufficient enough to posi-

tively influence the initial biological

outcomes.

In our previous study, we focused on a

nanocrystalline form of TiO2 powder

(Degussa P25, Degussa GmbH, Germany),

which has a controlled balance of anatase and

rutile crystalline structures (Hayashi et al.

2012). As this material has been known to

present strong photocatalytic properties with

industrial materials (Karimi et al. 2010; Zhou

et al. 2010; Parussulo et al. 2011), we

explored the possibility of this material to be

applicable as a biomaterial. The results

showed that the surface coated with P25 onto

commercially pure titanium discs presented

significantly improved hydrophilicity after

UV irradiation. Surprisingly, no enhancement

of the initial cell response was confirmed at

the time tested compared with the non-

irradiated surface (Hayashi et al. 2012). We

concluded that this might be due to the fact

that the material surface was already extre-

mely hydrophilic even before photoactivation,

due to the surface enlargement from the

nanotopography. However, the unique chem-

istry and nanotopography was of great interest

for application as a biomaterial coating, and

further testing in vivo was motivated by the

obtained outcomes.

In animal studies investigating the biologi-

cal effect of photo-induced hydrophilic

implant surfaces, most of the studies focus

only on the initial osseointegration (majority

of the studies within 4 weeks) (Jimbo et al.

2007; Sawase et al. 2008; Hirakawa et al.

2012), and not much is known about the

long-term aspects of osseointegration. As in

general, it is believed that if the surface topo-

graphical differences are noticeable only

in the nanoscale, the long-term biological

outcomes seem to be comparable as stated by

Svanborg et al. (Svanborg et al. 2011). They

showed that there seemed to have no signifi-

cant differences between the SLA surfaces

modified with HA as test and non-modified

SLA surfaces as control after a long-term

(9 weeks) observation. In addition, the photo-

activated surface hydrophilicity is thought to

be only active in the initial stages after

implant placement, as reported by Sawase

et al. to be approximately 48 h, and therefore

will gradually lose its photocatalytic effects

(Sawase et al. 2007). Thus, it was hypothe-

sized that in longer time periods, the effects

would fade away and the biological outcomes

will not show any differences between photo

induced hydrophilic and control surfaces.

The objective of this study was to investigate

longer healing periods (12 weeks) of

P25-coated implants with and without UV

irradiation placed in a rabbit model by using

histological and gene expression approaches.

Material and methods

Surface preparation

Commercially pure titanium discs with a

2.0-mm screw hole in the middle (cpTi,

diameter 6 mm; thickness 1 mm, grade 4)

were used in this study. TiO2 powder,

which consists of 80% anatase and 20%

rutile (particle size, approximately 20–

50 nm), was dispersed in 99.5% ethanol and

prepared to 15 wt%. Thereafter, the discs

were spin-coated using the solution

(4000 rpm). To immobilize the TiO2 powder

on to the titanium base as a thin coating,

the coated discs were heat-treated in air at

500°C for 5 min, as shown in our previous

reports (Hayashi et al. 2012). To confirm

the surface morphology of the coated discs,

scanning electron microscopy (SEM, LEO

Ultra 55 FEG, Zeiss, Oberkochen, Germany)

at an accelerating voltage of 6 kV was per-

formed. A secondary electron in-lens detec-

tor was used for visualization (Fig. 1). Three

discs from each of the non-coated and

coated discs were randomly selected for the

observation, and the titanium base substrate

was fully covered with nanoparticles.

The discs were divided into the following

groups;

(a)

(c)

(b)

Fig. 1. (a) Scanning electron microscopy image of the P25-coated surface. The bar is 100 nm. (b) Schematic illustration of the disc model used in the study. (c) Photographs of

the implantation procedure.
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增 殖 和 早 期 骨 沉 积 （ J i m b o 等 人 ，
2008；Sawase等人，2008）。此外，
Hirakawa等人（2012）报告，退火后
等离子体源离子注入（PSII）涂层使
得种植体表面呈现出大量锐钛矿晶体
结构，经UV照射并待其愈合两周后发
现，与商用钛种植体（未经UV照射）
相 比 ， 骨 - 种 植 体 结 合 率 （ B I C ） 从
28.4%显著提高到42.7%（Hirakawa
等人，2012）。再次强调，特定晶体
结构经大量UV照射后产生的光催化活
性，是积极影响早期生物结果的重要因
素之一。

在早先的研究中，我们以纳米晶
体型TiO2粉体（德国Degussa GmbH 
Degussa P25）为主要研究对象，该类
粉体中锐钛矿和红宝石晶体结构之间
的平衡可控（Hayashi等人，2012）。
由 于 该 材 料 具 有 工 业 材 料 （ K a r i m i
等 人 ， 2 0 1 0 ； Z h o u 等 人 ， 2 0 1 0 ；
Parussulo等人，2011）具备的高光催
化性能，因此我们探究了该材料是否可
用作生物材料。研究结果表明，经UV
照射后，涂有P25的商用纯钛片表面的
亲水性显著提高。意外的是，与未经
UV照射的表面相比，测试期间未见经
UV照射后初始细胞响应增强（Hayashi

等人，2012）。我们认为出现这种情
况的原因可能是纳米形貌促使表面扩
张，因此材料经光活化前，已经具备很
高的亲水性。其独特的化学成分和纳米
形貌非常适合用作生物材料涂层，已获
知的试验成果促进我们进一步进行体内
测试。

在研究光诱导亲水性种植体表面生
物效应的动物研究中，大部分研究仅
关注初期（大部分研究不超过4周）骨
结合（Jimbo等人，2007；Sawase等
人，2008；Hirakawa等人，2012），
而对骨结合的长期方面则涉入不多。在
一般情况下，若表面形貌差异仅在纳米
级可见，则长期生物结果与Svanborg
等人研究的结果一致。（Svanborg等
人，2011）。Svanborg等人表示，长
期观察9周后发现，实验组中经HA改良
的SLA表面与对照组中未经改良的SLA
表面并无明显差异。此外，人们认为光
活化表面亲水性仅在种植体放入后的早
期具有活性，据Sawase等人报告，活
性时间大约为48h，因此，光催化效果
会慢慢减弱（Sawase等人，2007）。
因此有人假设，此效果持续时间不长，
且光诱导亲水性表面和对照表面之间的
生物结果不会有任何差异。 本研究目

的是采用组织学和基因表达法，在家兔
模型中研究涂P25的种植体经UV照射或
不经照射的长期（12周）愈合效果。

材料和方法

表面处理
本研究采用商用纯钛片，中心设有

2.0mm的螺丝孔（cpTi，直径6mm；
厚度1mm，4级）。TiO2粉体（80%
锐钛矿，20%红宝石，颗粒大小，大
约为20-50nm）撒于酒精（99.5%）
中，重量百分比为15 wt%。接着用
溶液旋涂钛片（4000 rpm）。为了
将TiO2粉体固定到钛片底部形成薄涂
层，在空气中对涂层钛片进行热处理
5分钟（500°C），详见之前的报告
（Hayashi等人，2012）。为确定涂层
钛片的表面形态，在6kV的加速电压情
况下使用扫描电子显微镜检查法（德国
奥伯科亨Zeiss，LEO Ultra 55 FEG，
SEM）。采用透镜内二次电子探测器实
现可视化操作（图1）。分别从无涂层
钛片和有涂层钛片中随机选出3片用于
观察，钛片基底完全覆盖纳米粒子。

钛片分为以下几组；

图1  （a）P25涂层表面电镜图像。标尺为100nm。（b）研究钛片模型示意图。（c）种植手术照片 



1. Control: P25-coated discs stored in a plas-
tic box covered with aluminium foil to
block any light source to avoid photo-
activation ( UV).

2. Test: P25-coated discs irradiated with UV
(wavelength 352 nm, 6 W) for 24 h (+UV).

Animals and implantation
Nine Swedish lop-eared rabbits (mean body
weight 3.9 kg) were used in this study
following the approval given by the Malm€o/
Lund Regional Animal Ethics Committee
(approval no. M282-09). Before surgery, the
hind legs of the rabbits were shaved and
disinfected with 70% ethanol and 70%
chlorhexidine. The animals were anaesthe-
tized by intramuscular injection of a mixture
of 0.15 ml/kg medetomidine (1 mg/ml Dorm-
itor; Orion Pharma, Sollentuna, Sweden) and
0.35 ml/kg ketamine hydrochloride (50 mg/
ml Ketalar; Pfizer AB, Sollentuna, Sweden).
Lidocaine hydrochloride (Xylocaine; Astra-
Zeneca AB, S€odert€alje, Sweden) was adminis-
tered as the local anaesthetic at each
insertion site at a dose of 1 ml.

Two discs were placed in each rabbit: one
test (+UV) disc and one control ( UV) disc
werea seated on the left and right tibiae of
the flattened proximal cortex, respectively,
and thereafter securely stabilized with a
screw (�2.0 9 6 mm) (Fig. 1).

Post-operatively, buprenorphine hydrochlo-
ride (0.5 ml Temgesic; Reckitt Benckiser,
Slough, UK) was administered as an analgesic
for 3 days.

After 12 weeks of healing time, the rabbits
were euthanized with an overdose of sodium
pentobarbital (60 mg/ml Apoteksbolaget AB,
Stockholm, Sweden).

RNA extraction and real-time RT-PCR
The implants and the attaching cortical bone
of six rabbits were carefully collected with
the use of a Φ4.4-mm trephine bur (GC Den-
tal, Tokyo, Japan); thereafter, the tissue spec-
imens were placed in RNA later solution
(QIAGEN GmbH, Hilden, Germany) and
stored at 80°C until analysis. Tissue sam-
ples were homogenized with the TissueLy-
ser instrument (QIAGEN GmbH) and phase
separated with QiaZol solution (QIAGEN
GmbH). Total RNA was extracted from the
separated aqueous phase with RNA Tissue
Kit SII on the QuickGene extraction robot
(Fujifilm Life Science, Tokyo, Japan) accord-
ing to manufacturer’s instructions. During
extraction, all samples were DNase-treated
with Rnase-free DNase set (QIAGEN GmbH)
to reduce gDNA contamination. All RNA

samples were analysed for RNA quantity
with NanoDrop ND-1000 spectrophotometer
(ThermoScientific NanoDrop Technologies,
Wilmington, DE, USA).

RNA samples were normalized to 50 ng/l l,
and then they were reverse-transcribed in sin-
gle 20-l l reactions, 5-l l RT Mix and 15- l l
samples. All RT was performed using iScript
cDNA Synthesis kit (Bio-Rad Laboratories,
Hercules, CA, USA) to generate cDNA for
relative quantification on mRNA. After
reverse transcription, cDNA samples were
stored in -20°C.

Real-time quantitative reverse transcription
(RT-PCR) was performed in 20-l l reaction in
triplicate for each sample, with custom-
designed primers (Table 1) of SYBR green
detection (PrimerDesign Ltd, Southampton,
UK) on a 96-well StepOnePlusTM system
(Applied Biosystems, Foster City, CA, USA).
The comparative Ct or △△Ct method was
applied, and b-actin was served as house-
keeping gene (Schmittgen & Livak 2008). The
control group was used as reference and
normalized with test group in the calcula-
tions.

Cut and ground sectioning
To observe the bone-to-implant interactions,
tibiae from three rabbits were subjected to
histological processing (Johansson et al.
2011). In brief, the samples were first placed
in a series of ethanol for dehydration
(70‒100%), thereafter, a series of resin for
infiltration (30‒100%). The samples were

finally embedded in light-curing resin (Tech-
novit 7200 VLC; Heraeus Kulzer Wehrheim,
Germany). Cut and ground sections were pre-
pared from each resin blocks by using Exakt
sawing and grinding equipment (Donath
1987). The sections were ground to a final
thickness of approximately 20 l m and
stained with toluidine blue and pyronin G.

Histological analysis
To observe whether biological reactions (both
negative and positive) exist between the con-
trol ( UV) and the test (+UV) discs, the histo-
logical sections were observed under a light
microscope (Eclipse ME600; Nikon, Japan),
and bone-to-implant contact (BIC) along the
entire implant for both groups was quantified
by an image analysis software (Image J
v. 1.43u; National Institutes of Health)
at 9 10 objective magnification (Jimbo et al.
2011a).

Statistical analysis
For the gene expression analysis, Student’s
paired t-test was used to compare the two
groups. P values less than 0.05 were consid-
ered significant.

Results

Real-time RT-PCR
The gene expression analysis presented that
at 12 weeks, the test (+UV) group presented
statistically significant higher values of
alkaline phosphatase (ALP), runt-related

表1   实时RT-PCR使用的引物序列

Tm引物序列基因 扩增子大小(bp)  引物来源

ALP S TGGACCTCGTGGACATCTG
A CAGGAGTTCAGTGCGGTTC

75                80                                            家兔

ATPase S CCTGGCTATTGGCTGTTACG
A GCTGGTAGAAGGACACTCTTG

77.7            98                                            家兔

降钙素受体                        S CGTTCACTCCTGAAAACTACA
A GCAACCAAGACTAATGAAACA

72.6            128                                          家兔

I型胶原蛋白                       S GGAAACGATGGTGCTACTGG
A CCGACAGCTCCAGGGAAG

80.4            83                                             家兔

IGF-1 S CCGACATGCCCAAGACTCA
A TACTTCCTTTCCTTCTCCTCTGA

70.3            81                                             家兔

IL-6 S GAGGAAAGAGATGTGTGACCAT
A AGCATCCGTCTTCTTCTATCAG

73.5            104                                          家兔

IL-10 S CCGACTGAGGCTTCCATTCC
A CAGAGGGTAAGAGGGAGCT

73.3            75                                            家兔

I型胶原蛋白                       S GCTCAHCCTTCGTGTCCAAG
A CCGTCGATCAGTTGGCGC

77.8            70                                            家兔

Runx-2 S GCAGTTCCCAAGCATTTCATC
A GTGTAAGTAAAGGTGGCTGGATA

72.8            81                                            家兔

TNF-a S CTCACTACTCCCAGGTTCTCT
A TTGATGGCAGAGAGGAGGTT

78.2           122                                          家兔

TRAP S GCTACCTCCGCTTCCACTA
A GCAGCCTGGTCTTGAAGAG

78.5           129                                          家兔

b-actin S CACCCTGATGCTCAAGTACC
A CGCAGCTCGTTGTAGAAGG

76.4           96                                            家兔

ALP，碱性磷酸酶；IGF，胰岛素样生长因子。
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1.对照组：P25涂层钛片，保存于覆有
铝箔的塑料盒内，避光存放，以免造
成光活化（－UV）。

2.实验组：P25涂层钛片，经UV（波长
352nm，6W）照射24h（+UV）。

动物和种植
经马尔默/隆德地区动物伦理委员

会批准（批件号M282-09），本研究采
用9只瑞典垂耳兔（平均体重3.9kg）。
术 前 ， 剃 去 受 试 兔 后 腿 毛 发 ， 并 以
70%酒精和70%洗必泰消毒。肌肉注
射0.15ml/kg美托咪定（瑞典索伦蒂纳
Orion Pharma；1mg/ml Dormitor）
和0.35ml/kg盐酸氯胺酮（50mg/ml盐
酸氯胺酮；瑞典索伦蒂纳Pfizer AB）
进行麻醉。在各注射部位注射1ml的盐
酸利多卡因（利多卡因；瑞典索德塔尔
杰AstraZeneca AB）进行局部麻醉。

往各受试兔体内放入2片钛片：偏
平近侧皮质左右胫骨分别放置一片实验
（+UV）钛片和对照（—UV）钛片，用
螺钉固定（∅2.0×6mm）（图1）。

手术结束后，给予三天盐酸丁丙诺
啡（0.5ml Temgesic；英国斯劳利洁
时公司）止痛。

愈合12周后，用过量戊巴比妥钠
（瑞典斯德哥尔摩Apoteksbolaget 
AB，60mg /ml）对受试兔进行安乐
死。

RNA提取和实时逆转录-聚合酶链反应
(RT-PCR)

用 直 径 4 . 4 m m 的 空 心 骨 钻 （ 日
本东京GC Dental）从6只家兔中小
心收集种植体和粘附皮质骨；分析前
将组织样本置于RNAlater溶液（德
国 希 尔 登 Q I AG E N  G m b H ） ， 保 存
温度为-80°C。采用TissueLyser ®仪
器（QIAGEN GmbH）将组织样本均
匀化，并用QiaZol®溶液完成相分离
（QIAGEN GmbH）。根据制造说明
书，采用RNA组织试剂盒（RNA Tissue 
Kit SII）在QuickGene提取系统（日本
东京Fujifilm Life Science）从水相中

提取全部RNA。提取期间，用Rnase-
free DNase set（QIAGEN GmbH）
对样本进行DNA酶处理，减少基因组
DNA（gDNA）污染。采用NanoDrop 
ND-1000分光光度计（美国特拉华州
威明顿市ThermoScientific NanoDrop 
Technologies）分析全部RNA样本中
的RNA数量。

RNA样本按50ng/μl标准化，接着
分别在20-μl反应体系、5-μl RT混合
液和15-μl样本中反转录（RT）。采用
iScript cDNA合成试剂盒完成全部RT，
生成定量信使核糖核酸（mRNA）所
需的互补DNA（cDNA）。反转录完成
后，将cDNA样本置于-20°C环境中。

在96孔StepOnePlusTM系统（美
国 加 尼 福 利 亚 州 福 斯 特 城 A p p l i e d 
Biosystems）中，基于SYBR ®绿色
检测（英国南安普敦PrimerDesign 
Ltd ） ， 采 用 定 制 引 物 （ 表 1 ） ， 在
20-μl反应体系中对每份样品完成三次
RT-PCR。应用比较CT或△△CT法，
β-actin用作管家基因（Schmittgen & 
Livak 2008）。对照组用作参照，计算

时按实验组标准化。

切割和磨片
为观察骨与种植体之间的反应，

对三只受试兔的胫骨进行组织学处理
（Johansson等人，2011）。简单
来说，样本首先置于酒精中进行脱水
（70~100%），接着进行一系列树
脂 渗 最 后 将 样 本 嵌 入 光 固 化 树 脂 中
（Technovit 7200 VLC；德国韦尔海
姆Heraeus Kulzer）。采用Exakt锯切
割各树脂块，并用磨削设备（Donath 
1987）磨片。研磨切片至厚度大约为
20μm，并用甲苯胺蓝和吡啰红G染
色。

组织学分析
为 观 察 对 照 （ － U V ） 和 实 验

（ + U V ） 钛 片 之 间 是 否 存 在 生 物 反
应 （ 阳 性 或 阴 性 ） ， 在 光 学 显 微 镜
（Eclipse ME600；日本尼康）下观察
组织切片，采用图像分析软件（Image 
J v. 1.43u；国立卫生研究院）在10倍
物镜放大条件下量化BIC和各组全部种
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transcription factor 2 (RUNX-2) and interleu-

kin-10 (IL-10), compared with the control

(�UV) group (ALP, 0.9800-fold, P = 0.0229;

RUNX-2, 2.473-fold, P = 0.0447; IL-10, 1.235-

fold, P = 0.0479) (Fig. 2).

Histological analysis

The histological sections presented newly

formed trabeculae with deeply stained miner-

alized tissue for both control and test groups

after 12 weeks of healing, and no signs of

inflammatory responses were visible for both

groups (Fig. 3a and b).

The histomorphometric values for the

control and test groups for each rabbit are pre-

sented in Fig. 3c. Due to the low number of

samples, statistical comparison was not possi-

ble, and thus for reference, the mean BIC (SD)

values for the control and the test groups at

12 weeks were 37.99% (22.78) and 39.35%

(8.05), respectively.

Discussion

The objective of this study was to investigate

the longer healing properties (12 weeks) of

P25-coated discs with and without UV irradia-

tion by using histological and genetic analysis

techniques.

The histological and histomorphometric

observation was in accordance with our

hypothesis showing that there were no nota-

ble histological or histomorphometric differ-

ences. Although the number of samples was

only three from each group, and is difficult to

come to a statistical conclusion, the histolog-

ical observation suggested that osseointegra-

tion was achieved successfully for both

groups without any signs of negative

responses. Intriguingly, the gene expression

for the test surface (+UV) showed higher val-

ues of ALP, RUNX-2 and IL-10 compared

with the control surface (�UV).

RUNX-2 is known to be a transcription

factor indispensable for osteoblast differentia-

tion and functions upstream to osterix (Ma

et al. 2011), while ALP plays an important

regulatory role during matrix mineralization

(Suzuki et al. 2006), and both markers are

expressed during active bone remodelling.

Klein et al. demonstrated that the hydro-

philic modified SLA titanium surface showed

the highest values in gene expression of ALP

and RUNX-2 using human osteoblasts in

48 h of incubation compared with the

smooth and the SLA titanium surfaces (Klein

et al. 2010). They concluded that the combi-

nation of submicron-scale roughness and sur-

face hydrophilicity synergistically promoted

osteogenic cell adhesion and maturation that

enhanced osseointegration.

In this study, the expression levels of

ALP and RUNX-2 were significantly higher

for the test surface (+UV) compared with

the control surface (�UV)(p = 0.0229 and

P = 0.0447, respectively); furthermore, the

mean relative expression levels for insulin-

like growth factor (IGF), which is known to

be the most abundant growth factor in bone

Fig. 2. Gene expressions of selected markers quantified by real-time RT-PCR at 12 weeks of healing time (n = 6).

The relative expressions of target genes were normalized with the housekeeping gene b-actin (*P < 0.05).
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植体（Jimbo等人，2011a）。

组织学分析
为 观 察 对 照 （ － U V ） 和 实 验

（ + U V ） 钛 片 之 间 是 否 存 在 生 物 反
应 （ 阳 性 或 阴 性 ） ， 在 光 学 显 微 镜
（Eclipse ME600；日本尼康）下观察
组织切片，采用图像分析软件（Image 
J v. 1.43u；国立卫生研究院）在10倍
物镜放大条件下量化BIC和各组全部种
植体（Jimbo等人，2011a）。

结果

实时RT-PCR
第12周时的基因表达分析显示，

与 对 照 组 （ － U V ） 相 比 ， 实 验 组
（+UV）的碱性磷酸酶、runt相关转
录因子2（RUNX-2）和白介素-10（IL-
10）明显更高（ALP，多0.9800倍，
P =0.0229；RUNX-2，多2.473倍，
P=0.0447；IL-10，多1.235倍，P = 
0.0479）（图2）。

组织学分析
愈合12周后，对照和实验组的组

织切片均形成新的骨小梁，伴有深染矿
化组织，未见炎症反应迹象（图3a和
b）。对照组和实验组各家兔的组织形
态学值见图3c。由于样本数量有限，
不能进行统计比较，因此，12周时对
照组和实验组的平均BIC（标准差，
SD）参考值分别为37.99%（22.78）
和39.35%（8.05）。

讨论

本研究目的是采用组织学和基因分
析技术，研究涂P25得钛片经UV照射或
不经照射的长期（12周）愈合效果。

组织学和组织形态学观察结果与假
设一致，即不存在显著的组织学和组织
形态学差异。尽管各组仅有3份样本，

图2  愈合12周时，选择标志物经实时RT-PCR量化后的基因表达（n=6）。目标基因的相对表达经管
家基因b-actin标准化（*P < 0.05）。



that has significant effects on bone remod-

elling (Canalis et al. 1988; Shinar et al.

1993), presented a strong tendency in favour

for the +UV group (P = 0.0798). Concur-

rently, the mean relative expression levels of

the pro-inflammatory cytokine marker, TNF-

a, also presented a strong tendency to be

higher for the +UV compared with the �UV

(P = 0.0715). It is a fact that non-pathological

inflammation is part of the bone remodelling

process (Lisignoli et al. 1999), which is in

accordance with the histological study from

Araujo & Lindhe (2005), who indicated that

inflammation occurs at the same time as bone

remodelling in the fresh extraction socket

(Araujo & Lindhe 2005). Thus, it is strongly

speculated that the +UV group underwent

active bone remodelling at the time of

12 weeks, and this was detected by the gene

expression analysis.

It has been reported that TNF-a as a

pro-inflammatory cytokine induces osteoclas-

togenesis (Lam et al. 2000). In the study, the

authors reported that along with TNF-a upreg-

ulation, IL-6, another pro-inflammatory

marker, and TRAP, a marker for osteoclasto-

genesis, were also expressed. Intriguingly, in

this study, therewere no significant differences

on the relative expression values of IL-6 and

TRAP between the �UV and the +UV surfaces

(P = 0.4658 and P = 0.4126, respectively). In

addition, the relative expression of IL-10, an

anti-inflammatory cytokine produced by mac-

rophages and lymphocytes, was significantly

higher for the +UV than the �UV groups

(P = 0.0479). IL-10 functions in a negative feed-

back loop, in which it suppresses the release of

inflammatory cytokines and dampens the

acute inflammatory response (de Vries 1995). It

also has potent inhibitory effects on osteoclas-

togenesis (Xu et al. 1995). Carmody et al.

(2002) demonstrated that viral IL-10 interfered

with the critical steps involved in particle-

induced inflammation, osteoclastogenesis and

bone loss in vitro and in vivo (Carmody et al.

2002). It is strongly suspected that with the

photocatalytically activated surface, the

expression of IL-6 and TRAP was suppressed

due to the significantly upregulated expression

of the IL-10. Thus, it is speculated that due to

the suppression of pro-inflammatory and osteo-

clastogenesis markers by the IL-10, bone

remodelling activity was undisturbed, which

resulted in the significantly high expression of

ALP and RUNX-2.

Conclusion

Based on the histological analysis, after a

healing period of 12 weeks, there seemed to

be no qualitative and quantitative differences

in bone formation between the UV-irradiated

and non-irradiated groups. However, the

genetic analysis using the real-time RT-PCR

suggested that for the +UV group, osteogene-

sis was significantly enhanced in terms of

active remodelling; at the same time, inflam-

matory and osteoclastic responses were sup-

pressed as a result of significantly increased

anti-inflammatory cytokine IL-10. Thus, the

initial hypothesis that there would be no dif-

ferences between the two groups after

12 weeks of healing was rejected. As it was

believed that the effect of photocatalytically

activated surface was restricted only to the

initial stages of osseointegration, the results

of this study may suggest that the biologi-

cally enhancing effect remained even after

12 weeks of healing time.
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© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd 753 | Clin. Oral Impl. Res. 25, 2014 / 749–754

Hayashi et al �Genetic responses to photo activated TiO2 surfaces

08_UV临床论著_02UV照射的种植体长期安全性相关论文

© 2013 John Wiley & Sons A/S.，由Blackwell Publishing Ltd出版753  |《临床口腔种植研究》25, 2014 / 749–754

Hayashi等人，光活化TiO2表面的基因响应

巨噬细胞和淋巴球生成的抗炎症细胞
因子IL-10的相对表达显著高于－UV组
（P = 0.0479）。IL-10在负反馈回路中
起作用，可抑制炎症性细胞因子的释
放，并深化急性炎症反应（de Vries，
1995）。对破骨细胞生成有潜在的抑
制作用（Xu等人，1995）。Carmody
等（2002）称，病毒IL-10会对体内外
粒子诱导的炎症、破骨细胞生成和骨质
流失的关键步骤产生干扰（Carmody
等人，2002）。 强烈怀疑光催化活
性表面的存在，导致IL-10表达显著升
高，进而抑制IL-6和TRAP的表达。由
此推测，IL-10对促炎症标志物和破骨
细胞标志物抑制，未对骨重建产生扰
动，因此ALP和RUNX-2的高表达。

结论

组织学分析显示，经过12周的愈
合，紫外线照射组和非照射组在骨形成
方面没有定性和定量上的差异。然而，
通过实时PT-PCR进行基因分析发现，
+UV组骨重建活性显著增强；此时，抗
炎细胞因子IL-10显著提高后，抑制了
炎症和破骨反应。因此，“两组在愈合
12周后不会有任何差异”的最初假设
被否决了。由于光催化活化表面的作用
仅局限于骨结合的初始阶段，因此本研
究的结果可能表明，即使在愈合12周
后，仍然存在生物强化效果。
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难以得出统计结论，但组织学观察结果
表明各组成功实现骨结合，且无不良反
应。有趣的是，实验组（+UV）基因表
达中ALP、RUNX-2和IL-10值均高于对
照组（-UV）。

已知RUNX-2为成骨细胞分化不
可缺少的转录因子，位于osterix基
因上游（Ma等人，2011），ALP则
在基质钙化期间起着重要的调节作用
（Suzuki等人，2006），在活跃骨重
建期间该两种标志物均有表达。Klein
等人表示，采用人成骨细胞培养48h
后，与光滑表面和SLA钛表面相比，亲
水改性SLA钛表面的ALP和RUNX-2的基
因表达值更高（Klein等人，2010）。
Klein等人得出结论，亚微米粗糙度与
表面亲水性结合，能协同促进成骨细胞
粘附和成熟，以促进骨结合。

本 研 究 中 ， 实 验 组 （ + U V ） 的
ALP和RUNX-2的表达水平显著高于对
照组（－UV）（P值分别为0.0229和
0.0447）。此外，胰岛素样生长因子
（IGF）是骨中含量最丰富的生长因

子，对骨重建的效果显著（Canalis等
人，1988；Shinar等人，1993），
其平均相对表达水平非常接近+UV组
（P = 0.0798）。此外，+UV与－UV组
（P=0.0715）相比，促炎细胞因子标
志物TNF- α的平均相对表达水平也表
现出更高的趋势。已知非病理炎症是
骨重建过程的一部分（Lisignoli等人，
1999），这一点与Araujo & Lindhe
（ 2 0 0 5 ） 的 组 织 学 研 究 结 果 一 致 。
Araujo & Lindhe指出，新鲜拔牙窝
中骨重建与炎症同时发生（Araujo & 
Lindhe 2005）。因此，人们强烈猜测
+UV组在第12周时发生活性骨重建，并
在基因表达分析中观察到此情况。

据报告称，促炎细胞因子TNF-α产
生破骨细胞（Lam等人，2000）。 在
该研究中，作者报告称随着TNF-α上
调，促炎标志物IL-6和破骨细胞生成标
志物TRAP也得到表达。有趣的是，该
研究中—UV和+UV表面的IL-6和TRAP
相对表达值并无显著差异（P分别为
0.4658和0.4126）。此外，+UV组由

图3  种植12周后（a）对照钛片（-UV）和（b）实验钛片（+UV）的光学显微镜图像。NB：新生骨
标尺代表50μm。（c）每只家兔的对照和实验钛片（n=3）BIC组织形态学比较。

 家兔1          家兔2          家兔3

对照(-UV)
受试(+UV)
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Effect of Ultraviolet Irradiation of the
Implant Surface on Progression of

PeriimplantitisdA Pilot Study in Dogs
Kouken Ishii, DDS, PhD,* Masato Matsuo, DDS, PhD,† Noriyuki Hoshi, DDS, PhD,‡ Shun-suke Takahashi, DDS, PhD,§

Ryota Kawamata, DDS, PhD,¶ and Katsuhiko Kimoto, DDS, PhDk

D
ental implants are now consid-
ered to be a predictable and
successful treatment option for

replacement of missing teeth.1–4

However, the incidence of esthetic,
biologic, and technical complications
has been reported after implant ther-
apy, and of these, the incidence of
periimplantitis is particularly high. The
incidence of periimplantitis reported
in participants is 18% to 56% and in
implants is 9% to 40%.5–7

Periimplantitis is an inflammatory
reaction that occurs in periimplant tis-
sues. The clinical symptoms are similar
to those of periodontitis and include
swelling, bleeding, suppuration of the
periodontal tissue, and crestal bone
resorption. Implants can eventually
become destabilized if bone resorption
progresses markedly.8

Regarding the management of
periimplantitis, various therapeutic and
preventive techniques are applied at
different disease stages, including me-
chanical debridement, brushing, anti-
biotic therapy, and a surgical approach
of eliminating infection and restoring
bone defects and function.9–11 To
date, no effective treatment of periim-
plantitis has been established. Be-
cause periimplantitis is a common
biological complication in implant ther-
apy and a main cause of implant failure
today, a new strategy of preventing

periimplantitis is therefore required to
improve the success rate of implant
therapy.

It is recognized that titanium diox-
ide (TiO2) promotes photocatalytic
activity under ultraviolet (UV)-light
irradiation.12 Recently, this photocata-
lytic activity induced by UV-light irra-
diation was applied to implant therapy
because most of the commercially
available titanium implants possess
some form of TiO2 on the surface
because of the oxidation from the
atmosphere.13
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Objective: The objective of this
study was to investigate morpho-
logically the progression of periim-
plantitis around an ultraviolet
(UV)-light-irradiated implant in dogs.

Materials and Methods: Pure
titanium implants (3.3 mm in diam-
eter and 8 mm long) were placed
into dog jawbone bilaterally. Im-
plants on one side were irradiated
with UV light for 15 minutes using
a photodevice immediately before
placement (UV group), whereas
those on the other side were not
irradiated (non-UV group). Osseoin-
tegration was confirmed 90 days
after implant placement by radiog-
raphy. Experimental periimplantitis
was induced by the application
of dental floss over 90 days. Clini-
cal and radiographic examination
and micro–computed tomography

(micro-CT) were performed after
90 and 180 days, and bone resorp-
tion was measured. The bone–
implant interface in tissue sections
was examined by light microscopy.

Results: Bone resorption around
the UV-irradiated implant was less
pronounced than around the non–UV-
irradiated implant in the ligature-
induced periimplantitis model. Tissue
section images revealed no contact
and partial destruction at the bone–
implant interface.

Conclusion: Within the limita-
tions of this preliminary investigation,
it is suggested that UV-light-irradiated
implants suppress spontaneous pro-
gression of periimplantitis. (Implant
Dent 2016;25:47–53)
Key Words: UV-irradiation, periim-
plantitis, dental implant, micro-CT,
SEM
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种植牙是一种用于替换缺齿的成
功治疗方案，且治疗效果可预测1-4。
然而，在植入种植牙后出现了关于审
美、生物学和技术等方面的并发症，
并且在这些病发症中，种植牙周围炎
的发病率特别高。18至56%受试者发
生种植体周炎症，9至40%的种植体

对种植体表面进行紫外线照射处理对种植体周围炎发展的影响
——  关于受试犬的初步研究

Kouken Ishii博士(牙科博士)* 、Masato Matsuo博士(牙科博士)† 、Noriyuki Hoshi博士(牙科博士)‡ 、 Shun-suke 
Takahashi博士(牙科博士)§、Ryota Kawamata博士(牙科博士)¶、 Katsuhiko Kimoto博士(牙科博士)||

目的：本项研究旨在从形态学角度研
究受试犬体内经紫外线照射处理过的
种植体所致种植体周围炎的进展情
况。
材料与方法：将纯钛种植体（直径
3.3mm，长8mm）置于受试犬颚骨双
侧。使用光电器件（UV组）用紫外
线光照射一侧种植体15分钟，而另一
侧种植体（非UV组）不予照射。植
入后90天，借助放射线照相术确认
骨结合程度。施用牙线90天以上，
诱导受试犬出现实验性种植体周围
炎。90和180天后进行临床和影像学
检查以及微型计算机断层扫描（显微
CT），并测量骨吸收。通过光学显
微镜检查组织切片中的骨-种植体结

合面。
结果：对于结扎诱导的种植体周围炎
模型而言，经紫外线照射处理过的种
植体周围的骨吸收不如未经紫外线照
射处理过的种植体周围的骨吸收明
显。组织切片图像显示骨-种植体结
合面没有接触，也未出现部分破坏。
结论：在此次初步调查限制范围内，
建议使用经紫外线照射处理过的种植
体抑制种植体周围炎的自发进展。
（《种植牙医学》.2016 ; 25 : 47-53）

关键词：紫外线照射、种植体周围
炎、种植牙、微型CT、扫描电子显
微镜（SEM）

出现炎症5-7。
种植体周围炎是一种在种植牙周

围组织中出现炎症反应。临床症状类
似于牙周炎，包括肿胀、出血、牙周
组织化脓和骨脊吸收等等。如果骨吸
收明显恶化，种植体最终会变得不稳
定8。

在治疗种植体周围炎时，在不同
疾病阶段应用各种治疗和预防技术，
包括机械清创、刷牙、抗生素治疗、
以及消除感染以及恢复骨缺损和功能

的手术方法9-11。但是，迄今为止，尚
未能确定可治疗种植体周围炎的有效
疗法。由于种植体周围炎是种植体疗
法的一种常见生物学并发症，并且也
是造成种植体失效的主要原因，因此
需要一种可预防出现种植体周围炎的
新策略来提高种植体疗法的成功率。

在紫外（UV）光照射下，二氧
化钛（TiO2）可促进光催化活性12。
因为大多数市售钛种植体由于大气氧
化原因会在表面上形成某种形式的二
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图1  试验程序在使用0.12％氯己定植入种植体后的90天愈合期间，实施牙菌斑控制。第90天时
施用结扎线，并在第90天和第180天时进行临床检查和射线照相检查。种植体：n=12

氧化钛（TiO2），因此紫外线照射诱
导光催化活性这种特性于近期被用于
种植体疗法13。 

用紫外光照射种植体表面可以产
生亲水性，减少表面碳氢化合物并改
善静电状态。改良种植体表面可增强
体外成骨细胞和间充质干细胞的附着
性、扩散能力、增殖和分化能力；此
外，在动物模型中，改良种植体表面
可促进蛋白质吸收并使骨-种植体结
合率（BIC）从55％增加至98.2％14-

18。
已有临床研究报告，根据Smith

和Zarb提出的标准，对钛种植体进
行紫外线照射处理的成功率较高，
并且可提高在植入种植体以及使用
Osstell ISQ种植体稳定性测量仪（生
产商为：瑞典赛沃达伦的Integration 
Diagnostics公司）开始功能性加载
时的植入稳定性（植入稳定性可由植
入体稳定性商值（ISQ）评估）19,20。

根据之前报道的发现结果，对种
植体表面进行紫外线照射处理可以抑
制种植体周围炎的发展并改善骨结
合。然而，经紫外线照射处理的种
植体对种植体周围炎的生物反应究竟
如何，尚未进行相关研究。因此，本
研究旨在研究对种植体进行紫外线照
射处理对于预防种植体周围炎中的作
用。所测试的零假设是，对于受试犬
种植体周围炎模型而言，在经紫外线
照射处理以及未经紫外线照射处理情
况下，种植体表面周围骨吸收并无差
异。

材料和方法

实验动物
此初步研究中使用了三只12个

月大、牙周组织临床表现健康的（体
重：9至10kg）雌性比格犬。本研究
动物实验方案和外科手术程序遵循
神奈川牙科大学批准的动物护理指
南。开始所有手术和实验程序前，用

25mg戊巴比妥（Sommnopentyl；
日本东京共立制药株式会社）对狗进
行静脉内麻醉。

外科手术
总共使用了12个纯钛螺钉状种植

体（直径为3.3mm，长度为8mm，
标准种植体骨水平类型，SLA RN；
生产商为：瑞士巴塞尔Straumann公
司）。在植入种植体之前，借助光电
器件（Thera Beam Affiny；生产商
为日本东京USHIO Inc.公司）用紫外
线照射种植体15分钟。

将经紫外线照射处理过的种植体
植入下颌骨右侧（UV组），并且将
未经紫外线照射处理过的种植体植
入下颌骨左侧（非UV组）。每只受
试犬植入四个种植体（经UV照射处
理以及未经UV照射处理的种植体各2
个）

实验程序示意图如图1所示。在
拔牙前以及种植体植入前14天内进
行口内预防性治疗和刮牙术。无菌条
件下培养全厚瓣后，拔除双侧下颌前
磨牙（P2、P3和P4），使齿槽嵴变

平。立即将螺钉状钛种植体植入牙槽
中。植入SLA表面时应使种植体与骨
缘相适应，并且附接愈合基台。然后
用简单间断缝线（带涂层的薇乔线，
4.0 polyglactin 910；生产商为：新
泽西州新不伦瑞克强生爱惜康公司）
缝合牙龈瓣。

使用0.12％氯己定控制斑块形成
90天。然后，用牙线诱导种植体颈部
周围，使之出现种植体周围炎。180
天后诱导施加实验性种植体周围炎。

牙科影像学分析
采 用 牙 科 X 线 片 （ 7 0 k v ，

15mA，0.25秒）评估牙槽骨的变
化。将使用聚乙烯基硅氧烷印模材料
制备的硅胶咬块附接到胶片夹上，使
放射线照相术标准化。

检测两组骨吸收的进展。借助图
像分析应用程序（ImageJ; National 
Institutes of Health）客观地计算骨
吸收变量，结算结果作为近中与远中
值的平均值。

骨吸收（％）=（90天后BIC的
长度-180天后BIC的长度）/ 90 x 100

Surface modification of implants
with UV-light irradiation has been
shown to generate hydrophilicity,
decrease surface hydrocarbons, and
improve electrostatus. Modifying the
surfaces of the implant enhances the
attachment, spread, proliferation, and
differentiation of osteoblasts and mes-
enchymal stem cells in vitro; further-
more, modifying the surfaces has been
shown to promote protein adsorption
and increase the bone-to-implant con-
tact (BIC) from 55% to 98.2% in animal
models.14–18

Clinical investigations have re-
ported that UV-light treatment of
titanium implants resulted in a high
success rate based on the criteria put
forward by Smith and Zarb and
improved implant stability as evaluated
by the implant stability quotient (ISQ)
at implant placement and commence-
ment of functional loading usingOsstell
ISQ (Integration Diagnostics, Saveda-
len, Sweden).19,20

Based on previously reported find-
ings, implant surface modification
with UV-light irradiation is believed
to resist development of periimplanti-
tis and improve osseointegration.
However, the biological responses of
UV-irradiated implants to periimplan-
titis have yet to be examined. There-
fore, this study was conducted to
examine the preventive effect of UV-
light irradiated implant in periimplan-
titis. The null hypothesis tested was
that the bone resorption around the
implant surfaces with and without UV-
light irradiation in a dog periimplanti-
tis model did not differ.

MATERIALS AND METHODS

Experimental Animals
Three female beagle dogs aged 12

months (weight, 9–10 kg) with clini-
cally healthy periodontal tissue were
used in this pilot study. The experi-
mental protocol in animals and the
surgical procedure followed the guide-
lines for Animal Care approved by
Kanagawa Dental University. The
dogs were anesthetized with pentobar-
bital (Sommnopentyl; Kyoritsu seiya-
ku, Tokyo, Japan) 25mg intravenously
before all surgical and experimental
procedures.

Surgical Procedures
A total of 12 pure titanium screw

implants (diameter 3.3mm, length 8mm,
Standard Implant bone level type, SLA
RN; Straumann, Basel, Switzerland)
were used. UV-light irradiation was per-
formed using a photodevice (TheraBeam
Affiny; USHIO Inc., Tokyo, Japan) for
15 minutes before the placement of
implants.

The UV-irradiated implants were
placed on the right side (UVgroup), and
non–UV-irradiated implants on the left
side (non-UV group) of the mandible.
Four implants, 2 each of which were
UV and non–UV irradiated, were
placed in each animal.

Schematic outline of the experi-
mental procedure is shown in Figure 1.
Intraoral preventive treatment and
scaling were performed 14 days
before tooth extraction and implant
placement. After full-thickness flaps
were raised in an aseptic condition,
mandibular premolars (P2, P3, and
P4) were extracted bilaterally, and
the alveolar crest was flattened. Tita-
nium screw implants were immediately
placed in the alveolar socket. The SLA
surface of implant was placed by fitting
them to the bone margin, and healing
abutments were attached. The gingival
flaps were then sutured by simple

interrupted sutures (coated vicryl, 4.0
polyglactin 910; Ethicon, Johnson &
Johnson, New Brunswick, NJ).

Plaque formation was controlled
using 0.12% chlorhexidine for the
period of 90 days. After this period,
periimplantitis was induced by apply-
ing dental floss around the neck of
implants. Experimental periimplantitis
was initiated after 180 days.

Dental Radiographic Analysis
Dental radiographs (70 kv, 15 mA,

0.25 seconds) were taken to evaluate
the changes of alveolar bone. Radiog-
raphy was standardized by attaching
a silicone bite block prepared using
a polyvinyl silicone impression mate-
rial to the film holder.

The progression of bone resorption
was monitored in both groups. Bone
resorption variables were calculated
objectively, as the mean of the mesial
and distal values by image analyzing
application (ImageJ; National Institutes
of Health).

Bone resorption (%) ¼ (length of
BIC after 90 day − length of BIC after
180 days)/length of BIC after 90 3
100. BIC was defined as the contact
area of bone and implant by visual
examination.

Fig. 1. Experimental procedure. Plaque control was performed during the 90-day healing
period after implant placement using 0.12% chlorhexidine. A ligature was applied on the 90th
day, and clinical and radiographic examinations were performed on the 90th and 180th days.
Implants: n ¼ 12.
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Micro–Computed Tomography
Scanning Analysis

Micro–computed tomography
(micro-CT) (MCT-CB100MF; Hitachi
Medico Co., Ltd., Tokyo, Japan) was
performed to examine the volume of
bone resorption (enlargement rate 3
3; voxel size, 43 mm; tube voltage,
70 kV; tube current, 100mA; 201 slices
in total, 8.6 mm). Mandibular images
were obtained with 100 slices each to
both the mesial and distal directions
from the center of the implant. The
mandible was extracted from themesial
and distal slices of micro-CT images,
and using them as reference images,
a masked image of the mandibular con-
tour was prepared by interpolation. The
actual contour of the mandible was
traced, the bone defect was extracted,
and its volume was calculated by ex-
tracting differences between the trace
and masked image. Image processing
and volume calculationwere performed
using image analyzing application
(TRI/3D BON; Ratoc System Engi-
neering, Tokyo, Japan).

Histological Preparation and Analysis
After 180 days, the common

carotid arteries were cannulated, and
Ringer solution containing 0.2% hepa-
rin was perfused until the jugular veins
were cleared of blood. After perfusion,
2% glutaraldehyde phosphate buffer
solution was injected into the carotid
arteries for fixation. The mandible was
removed after fixation, and these speci-
mens were immersed in serial ethanol
solutions adjusted to concentrations of
70% to 99% for dehydration and
embedded in synthetic resin (Technovit
7200 VLC; Heraeus Kulzer, Hanau,
Germany). Nondecalcified grind sec-
tions (thickness, 100 mm) of the mandi-
ble were created by hard tissue
microtome (SP1600 saw microtome;
Leica, Wetzlar, Germany). The grind
sections were stained by methylene blue
and examined under a light microscope.

Statistical Analysis
Data are expressed as the mean 6

standard deviation. Student t test for
unpaired was used to compare the UV
and non-UV groups by SPSS software
(IBM SPSS, Chicago, IL). P , 0.05
was considered statistically significant.

Fig. 2. Intraoral photographs. A, Non-UV group after 90 days, (B) UV group after 90 days, (C)
non-UV group after 180 days (90 days after dental floss application), and (D) UV group after
180 days (90 days after dental floss application).

Fig. 3. Radiographic findings. A, Non-UV group after 90 days. B, Non-UV group after 180
days (90 days after dental floss application). C, UV group after 90 days. D, UV group after 180
days (90 days after dental floss application). White lines are flat form of implant.
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图3  放射线照片结果。A，90天后的非UV组。B，180天后（施用牙线后90天）的非UV组。C，
90天后的UV组。D，180天后（施用牙线后90天）的UV组。白线表示呈扁平形式的种植体。

后的BIC长度。BIC定义为目视检查确
定的骨和种植体的接触面积。

微计算机断层扫描分析
进行微型计算机断层扫描（显

微 CT）（MCT-CB100MF；生产商：
日本东京日立医疗株式会社），检查
骨吸收量（扩大率x3；体素大小：
43μm；光管电压：70 kV；管电流：
100μA；总共201片，8.6mm）。从
种植体中心的近中与远中方向各获取
100个切片，生成下颌图像。从显微
CT图像的近中与远中切片上截取下
颌骨部分的图像，并将其作为参考图
像，通过内插法生成下颌骨轮廓的掩
膜图像。追踪勾勒出下颌骨的实际轮
廓，取出骨质缺损部分，并通过提取
轮廓线和蒙面图像之间的差异来计
算其体积。使用图像分析应用程序
（TRI/3D BON；生产商为：日本东
京Ratoc System Engineering）进行
图像处理和体积计算。

组织学准备与分析
180天后，对颈总动脉进行插管

手术，灌注含有0.2％肝素的林格溶
液直至颈静脉不含有任何血液。灌注
完成后，将2％戊二醛磷酸盐缓冲溶
液注入颈动脉进行固定。固定后除
去下颌骨，并将这些样品浸入浓度
调节为70％至99％的连续乙醇溶液
中进行脱水，并埋入合成树脂之中
（Technovit 7200 VLC；生产商为：
德国哈瑙Heraeus Kulzer公司）。用
硬组织切片刀（SP1600锯切片机；
生产商为：德国韦茨拉尔Leica公
司）制作下颌骨未脱钙研磨切片（厚
度，100μm）。研磨切片用亚甲蓝
染色并在光学显微镜下检查。

统计分析
数据表示为平均值±标准差。使

用未配对数据的学生t检验借助SPSS
软件（生产商为：伊利诺伊州芝加哥
的IBM SPSS公司）比较UV和非UV组

图2  口内照片A、90天后的非UV组。B、90天后的UV组。C、180天后（牙线施用后90天）的非
UV组。D、180天后的UV组（施用牙线90天后）。

Micro–Computed Tomography
Scanning Analysis

Micro–computed tomography
(micro-CT) (MCT-CB100MF; Hitachi
Medico Co., Ltd., Tokyo, Japan) was
performed to examine the volume of
bone resorption (enlargement rate 3
3; voxel size, 43 mm; tube voltage,
70 kV; tube current, 100mA; 201 slices
in total, 8.6 mm). Mandibular images
were obtained with 100 slices each to
both the mesial and distal directions
from the center of the implant. The
mandible was extracted from themesial
and distal slices of micro-CT images,
and using them as reference images,
a masked image of the mandibular con-
tour was prepared by interpolation. The
actual contour of the mandible was
traced, the bone defect was extracted,
and its volume was calculated by ex-
tracting differences between the trace
and masked image. Image processing
and volume calculationwere performed
using image analyzing application
(TRI/3D BON; Ratoc System Engi-
neering, Tokyo, Japan).

Histological Preparation and Analysis
After 180 days, the common

carotid arteries were cannulated, and
Ringer solution containing 0.2% hepa-
rin was perfused until the jugular veins
were cleared of blood. After perfusion,
2% glutaraldehyde phosphate buffer
solution was injected into the carotid
arteries for fixation. The mandible was
removed after fixation, and these speci-
mens were immersed in serial ethanol
solutions adjusted to concentrations of
70% to 99% for dehydration and
embedded in synthetic resin (Technovit
7200 VLC; Heraeus Kulzer, Hanau,
Germany). Nondecalcified grind sec-
tions (thickness, 100 mm) of the mandi-
ble were created by hard tissue
microtome (SP1600 saw microtome;
Leica, Wetzlar, Germany). The grind
sections were stained by methylene blue
and examined under a light microscope.

Statistical Analysis
Data are expressed as the mean 6

standard deviation. Student t test for
unpaired was used to compare the UV
and non-UV groups by SPSS software
(IBM SPSS, Chicago, IL). P , 0.05
was considered statistically significant.

Fig. 2. Intraoral photographs. A, Non-UV group after 90 days, (B) UV group after 90 days, (C)
non-UV group after 180 days (90 days after dental floss application), and (D) UV group after
180 days (90 days after dental floss application).

Fig. 3. Radiographic findings. A, Non-UV group after 90 days. B, Non-UV group after 180
days (90 days after dental floss application). C, UV group after 90 days. D, UV group after 180
days (90 days after dental floss application). White lines are flat form of implant.
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图7  通过显微CT结果比较180天后非UV种植
体和UV种植体的骨吸收。数据表示为平均值
±SD。*2组间差异有统计学意义，P<0.05。

数据。P<0.05时视为有统计学意义。

结果

临床检查
UV组和非UV组口内照片如图2所

示。90天后两组牙周组织均正常（图
2，A-C）。180天后两组受试犬均出
现实验性种植体周围炎，并且种植体
周围出现活动性炎症迹象，包括肿胀
和牙周组织出血（图2，B-D）。

牙科影像学发现结果
标准化数字牙科X射线照片如图3

所示。照片中白线表示SLA经过处理
的表面边界。非UV组中，植入后90
天种植体整个表面与骨充分接触（图
3，A）。第180天时（施用牙线后90
天），种植体颈部周围出现明显骨吸

图6  180天后的显微CT检查结果。A、非UV组颊舌向切片。B、非UV组近远中切片。C、非UV组
3D图像。D、UV组颊舌向切片。E、UV组近远中切片。F、UV组3D图像。（B）和（E）中的虚
线是相邻牙齿颈部之间的近远中线。

而 非 U V 组 的 骨 吸 收 量 为
2.7±0.4mm。如图5所示，UV组骨
吸收量明显小于非UV组。

显微CT扫描结果
种植体植入后180天的骨吸收同

样通过显微CT检查。颊舌向和近中
远端切片中的骨吸收变量见图6A和B
（非UV组）和图6D和E（UV组）。

如图6中B-E所示，虚线是相邻牙
齿颈部之间的近远中线。 骨吸收似

图4  90至180天之间UV和非UV组每个种植体骨水平的变化

图5  通过放射学检查结果比较180天后非UV种
植体组和UV种植体组的周围骨吸收情况。数
据表示为平均值±SD。*两组间差异有统计学
意义，P<0.05。

收（图3，B）。同样在UV组中，植
入90天后，种植体整个表面与骨充分
接触（图3，C）。第180天时（施用
牙线后90天），也出现了骨吸收（图
3，D）。

90至180天之间两组种植体骨水
平变化见图4两组骨吸收量如图5所
示。

UV组骨吸收量为2.0±0.5mm，

RESULTS

Clinical Examination
Intraoral photographs of both the

UV and non-UV groups are shown in
Figure 2. Both groups after 90 days
demonstrated normal periodontal tissue
(Fig. 2, A–C). Both groups had devel-
oped experimental periimplantitis after
180 days, and signs of active inflamma-
tion including swelling and bleeding of
periodontal tissue were observed
around the implant (Fig. 2, B–D).

Dental Radiographic Findings
Figure 3 shows the standardized

digital dental radiographs. White line
in the photograph indicates the border
of the SLA processed surface. In the
non-UV group, bone–implant contact
was observed along the whole implant
surface 90 days after placement (Fig. 3,
A). At 180 days (90 days after dental
floss application), remarkable bone
resorption was noted around the neck
of implant (Fig. 3, B). In the UV group
also, bone–implant contact was
observed along the whole implant

surface 90 days after placement (Fig.
3, C). At 180 days (90 days after dental
floss application), bone resorption was
also seen (Fig. 3, D).

Figure 4 shows the change of bone
level between 90 and 180 days in each
implant of both groups. Figure 5 shows
the amount of bone resorption in both
groups.

Amount of bone resorption for UV
groups was 2.06 0.5 mm, whereas that
for non-UV group was 2.76 0.4mm. It

was significantly smaller forUVgroups
than for non-UV group as indicated in
Figure 5.

Micro-CT Scanning Findings
Bone resorption at 180 days after

implant placement was also examined
bymicro-CT.Bone resorption variables
in buccolingual and mesiodistal sec-
tions are presented in Figure 6, A and B
(non-UV group) and Figure 6, D and E
(UV group).

The broken lines are the mesiodis-
tal lines between the necks of adjacent
teeth as shown in Figure 6, B–E. Bone

Fig. 4. The change of bone level between 90 and 180 days in each implant of UV and non-UV groups.

Fig. 5. Comparison of the bone resorption
around non-UV implant and UV implant after
180 days by radiographic findings. Data in
mean 6 SD. *Statistically significant differ-
ence between the 2 groups, P , 0.05.

Fig. 6. Micro-CT findings after 180 days. A, A buccolingual section of the non-UV groups. B, A
mesiodistal section of the non-UV groups. C, A 3D image of the non-UV groups.D, A buccolingual
section of the UV group. E, A mesiodistal section of the UV group. F, A 3D image of the UV group.
The broken lines in (B) and (E) are the mesiodistal lines between the necks of adjacent teeth.

Fig. 7. Comparison of the bone resorption
for non-UV implant and UV implant after 180
days by micro-CT findings. Data are the
mean 6 SD. *Statistically significant differ-
ence between the 2 groups, P , 0.05.
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图8  光学显微组织学图像（180天后）。研磨样品用亚甲蓝染色并在光学显微镜下检查。A、未
经紫外线照射处理种植体的颈部和中部区域（矢状切面）。B、未经紫外线照射处理种植体的
颈部区域（水平切面）。C、未经紫外线照射处理种植体的颈部区域（水平切面）。D、经过紫
外线照射处理种植体的颈部和中部区域（矢状切面）。E、经紫外线照射处理种植体的颈部区域
（水平切面）。F、经紫外线照射处理种植体的中部区域（水平切面）。

扎诱发的种植体周围炎，无咬合应
力。

本研究中比较了经UV处理组和
未经UV处理组种植体结扎诱导的种
植体周围炎的自发进展情况。如牙科
影像学发现结果和显微CT扫描结果
所示，在经UV照射处理种植体处，
通过植入牙线在牙菌斑累积期间诱导
的骨吸收量明显小于未经UV照射处
理的种植体。组织学发现结果还表明
未经紫外线照射处理种植体的表面和
骨骼发生部分破碎。本研究的下一个
重要问题是为什么对种植体表面进行
紫外线照射处理具有治疗结扎诱导的
种植体周围炎的效果。其中一个可能
原因是改善了种植体表面特性。

可以通过各种技术改善种植体表
面特性，例如羟基磷灰石或磷酸钙涂
层、喷砂、氧化和酸蚀39-43。在进行
种植体治疗时应用这些技术，在先前
研究的骨愈合早期阶段发现BIC和骨
支抗情况明显改善40-42。

近期，紫外线照射处理被用作改
善钛种植体表面特性的新方法，该方
法可产生亲水性和嗜血性，且机制独
特和操作简单13,18。例如，虽然一般
来说，BIC范围为45±16％44或50％
至63％45，但令人惊讶的是，在大鼠
模型中，紫外线照射处理的临床益
处可将BIC值从55％增加到接近最高
水平98.2％。同样，在生物力学测试
中，与未经紫外线照射处理的种植体
相比，在早期愈合阶段，经紫外线照
射处理种植体的骨与种植体表面之间
的骨结合强度提高了3倍15。骨结合
这种提高可增加经紫外线照射种植体
的BIC，原因如下。经紫外线照射处
理的种植体表面可过滤掉大气中受污
染的碳氢化合物，并作为直接细胞引
诱剂发挥作用，而不依赖于离子桥或
有机桥13。

Hirakawa等46报告，对于受试犬
模型而言，与未经紫外线照射处理的
种植体组相比，植入经过紫外线处理
的UV-A 24小时后，种植体亲水性显

乎是非UV组的一大缺陷，而UV组骨
吸收量则较小。

在3D成像中，非UV组中可清楚
地观察到种植体颈部周围存在环状骨
吸收（图6，C），而UV组中可观察
到浅板状骨吸收，骨再吸收较少（图
6，F）。 

根据显微CT图像计算骨吸收的
平均量（图7）。UV组骨吸收量为
45.7±9.6 mm3，非UV组骨吸收量为
64.4±10.6 mm3。UV组骨吸收量明
显小于非UV组。

组织检查发现结果
UV组和非UV组的代表性组织检

查结果图像见图8。
非UV组矢状研磨切面如图8，A

显示。种植体颈部部分出现显著骨
吸收，并且骨和种植体结合面遭到破
坏。中间部分，除骨钉纹外（箭头）
之外，在种植体表面上不能清楚地观
察到骨小梁。

非UV组水平切面如图8，B和C
所示。种植体上方也发现颈部区域出
现了皮质骨吸收。位于中间区域的骨
小梁的某些部位未附着于种植体表面
（箭头）。

但是，UV组矢状研磨部分如图
8，D所示。在颈部区域，未观察到

出现骨吸收，并且骨和种植体的结合
面得以保持。在中间区域，骨小梁附
着于种植体纹路上，并且种植体大部
分表面面向连续骨组织（箭头）。

UV组水平切面如图8，E和F示。
在颈部区域，皮质骨组织包围整个种
植体表面。在中间区域，种植体周围
可清楚地观察到较厚骨小梁。

讨论

种植体周围组织21-23上的牙菌斑
累积以及应力过大导致种植体负重过
大24,25是诱发种植体周围炎的两个主
要因素。

临床研究发现，口腔不卫生可导
致牙菌斑累积，且与种植体周围组织
出现炎症之间存在相关性，这可能导
致种植体边缘出现骨吸收26-28。在动
物和临床研究中，负重过大也是导致
种植体边缘出现骨吸收的因素2,29-32。
相比之下，其他动物研究表明，对于
发炎的33,34和未发炎的种植体周围软
组织而言，负重过大不会导致种植体
周围骨吸收35-38。数据仍然不足，并
且没有关于过度咬合应力诱发种植体
周围炎发病机制的确凿证据。因此，
本研究中使用的实验动物模型选用结

resorption seemed as a large defect in
the non-UV group, whereas it was
smaller in the UV group.

In 3D imaging, large ring-like bone
resorption surrounding the implant
neck was observed clearly in the non-
UV group (Fig. 6, C), whereas shallow
plate-like bone resorption was
observed, and less bone was resorbed
in the UV group (Fig. 6, F).

The mean volume of bone resorp-
tion was calculated from micro-CT
images (Fig. 7). Bone resorption vol-
ume in UV group was 45.7 6 9.6
mm3, whereas that in non-UV group
was 64.46 10.6 mm3. Bone resorption
volume was significantly smaller for
UV group than for the non-UV group.

Histological Findings
Representative histological images

in both UV and non-UV groups are
presented in Figure 8.

Figure 8, A shows the sagittal
grind sections of non-UV group. At
the cervical area, remarkable bone
resorption was observed, and the inter-
face of bone and implant was de-
stroyed. At the middle area, bone
trabeculae could not be observed
clearly on the implant surface except
at the threads (arrow).

Figure 8, B and C show the hori-
zontal section of non-UV group. Corti-
cal bone resorption of the cervical area
was also seen above the implant. Bone
trabeculae in the middle area were not

attached to the implant surface in some
parts (arrow).

However, Figure 8, D shows the
sagittal grind sections of UV group.
At the cervical area, bone resorption
was not observed, and interface of bone
and implant was maintained. At the
middle area, bone trabeculae were
attached to the threads of the implant
and most of the implant surface was
seen facing continuous bone tissue
(arrow).

Figure 8, E and F show the horizon-
tal section of the UV group. In the cer-
vical area, the whole implant surface
was surrounded by cortical bone tissue.
Thick bone trabeculae were clearly
observed around the implant in themid-
dle area.

DISCUSSION

Plaque accumulation on periim-
plant tissue21–23 and overloading by
excessive stress to the implant24,25 are
considered to be the 2 main factors that
induce periimplantitis.

Clinical investigations have identi-
fied a correlation between inadequate
oral hygiene leading to plaque accumu-
lation and inflammation of periimplant
tissue, which can result in periimplant
marginal bone resorption.26–28 Over-
loadinghas also been suggested as a fac-
tor that could cause marginal
periimplant bone resorption in both ani-
mal and clinical studies.2,29–32 Other

animal studies, in contrast, have indi-
cated that overloading does not cause
periimplant bone loss in inflamed33,34

and noninflamed periimplant soft tis-
sue.35–38 The data are still insufficient,
and there is no conclusive evidence
regarding the contribution of excessive
occlusal stress in the pathogenesis of
periimplantitis. Therefore, the experi-
mental animal model used in this study
used a ligature-induced periimplantitis
without occlusal stress.

Spontaneous progression of liga-
ture-induced periimplantitis in UV and
non–UV-irradiated implants was com-
pared in this study. The amount of bone
resorption during the plaque accumula-
tion period by the placement of dental
floss was significantly smaller at
the UV-irradiated implant than non–
UV-irradiated implant as shown by
both dental radiographic and micro-
CT scanning findings. The histological
finding also revealed partial disintegra-
tion of bone and implant surfaces in the
non–UV-irradiated implant. One
important question to come up during
this study is why UV irradiation of the
implant surface is effective in ligature-
induced periimplantitis. One of the
reasons could be the improved implant
surface property.

Implant surface modification can
be performed by various techniques
such as hydroxyapatite or calcium-
phosphate coating, sandblasting,
oxidation, and acid-etching.39–43 By
applying these techniques in implant
therapy, significant improvement of
BIC and bone anchorage was observed
during the early stages of bone healing
in previous studies.40–42

UV irradiation was recently intro-
duced as a new method of surface
modification for titanium implants, and
it is characterized by generation of hydro-
philicity and hemophilicity, a unique
mechanism and simple delivery.13,18 For
example, although, in general, the BIC is
45 6 16%44 or 50% to 63%,45 clinical
benefits of UV irradiation have surpris-
ingly been reported to increase the BIC
value from 55% to a nearmaximum level
of 98.2% in a ratmodel. Likewise, in bio-
mechanical testing, the UV-irradiated
implant demonstrated 3 times stronger
osseointegration between bone and
implant surfaces compared with the

Fig. 8. Light microscopic histological images (after 180 days). The grind samples were
stained by methylene blue and examined under a light microscope. A, Cervical and middle
areas of non–UV-irradiated implant at sagittal section. B, Cervical area of the non–UV-
irradiated implant at horizontal section. C, Middle area of the non–UV-irradiated implant at
horizontal section. D, Cervical and middle areas of UV-irradiated implant at sagittal section.
E, Cervical area of the UV-irradiated implant at horizontal section. F, Middle area of the UV-
irradiated implant at horizontal section.
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著增强且骨形成增加，愈合2周后BIC
值为42.7％（28.4％）。此外，Pyo
等人14在借助相同的光电器件用复杂
UV光（包括UV-A，B和C光）照射种
植体后，立即植入种植体。Pyo等人
证明种植体表面从亲水性转变为强亲
水性，并且边缘、皮质和骨髓区域
等所有区域的旋出扭矩值和BIC均增
加。有意思的是，发现边缘和皮质骨
的BIC高于95％以上，并且在经UV照
射处理过的结合面处，仅边缘骨中出
现密集矿化层。

我们推测，在无结缔组织的情况
下，紫外线光处理可以增强骨骼和种
植体表面之间的结合，并且还可以增
强边缘区域的密封效果。尽管我们的
数据中未列出BIC值，但经紫外线照
射处理种植体的牙科影像学和组织学
发现结果显示骨和种植体表面之间通
过种植体边缘和皮质骨结合。

在这一点上，由于BIC增加以及
边缘区域的种植体结合面处出现的密
集骨生成，经紫外线照射处理的种
植体对于结扎诱发的种植体周围炎具
有积极作用。然而，由于受试比格犬
数量较少，在将当前这些发现结果推
广应用于人体时，必须持谨慎态度。
需要更大的样本量和进一步的临床研
究。

对患有结扎诱发的种植体周围炎
的动物模型而言，本研究结果表明钛
的光催化活性可减少经UV照射处理
种植体周围的骨吸收。

结论

虽然这些只是初步结果（尤其是
因为本研究样本量较小），然而，
牙科影像学以及显微CT观察结果确
实表明，经紫外线照射处理的种植体
周围出现的骨吸收量没有未经紫外线
照射处理种植体周围的骨吸收量大。
组织切片的组织学观察结果还表明未
经UV照射处理的种植体在骨-种植体

结合面处未出现附着和部分破坏。因
此，紫外线照射的种植体似乎会抑制
种植体周围炎的自发进展。
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