
01种植体复杂病例 解决方案 [UV光照种植体]
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常规和复杂病例中光照种植体的稳定程度：

一项病例对照研究
Makoto Hirota博士(牙科博士)1 / Tomomichi Ozawa博士(牙科博士)2 /  Toshinori Iwai博士(牙科博士)2 /

Takahiro Ogawa博士(牙科博士)3 / Iwai Tohnai博士(牙科博士)4

目的：本研究旨在对常规和复杂病例中一般种植牙和光化种植牙的稳定程度进行比较。材料与方
法：对在常规和复杂病例中（并行引导性骨再生术、窦提升术、或在新鲜拔牙窝中植入）植入的49
个种植体（24个一般种植体和25个光化种植体）进行了研究。使用照射装置对种植体进行15分钟紫
外线（UV）照射，以完成光化处理，然后立即植入种植体。结果证实，种植体具超亲水性。通过测
量种植体在植入时（ISQ1）和二期手术时（ISQ2）的种植体稳定系数（ISQ）评估其稳定性。通过
计算骨结合速度指数（OSI）评估种植体达到稳定的速度，OSI定义为每月ISQ增量（[ISQ 2-ISQ 1]/
愈合时间以月为单位）。通过临床诊断和放射学检查评估植入时先天性骨支持的百分比。结果：
光照种植体（3.7±2.9）平均OSI显著大于一般种植体（0.0±1.0）。在复杂病例中光化种植体OSI为
4.2±3.2，一般种植体为0.2±0.9。在并行窦提升的病例中，光化种植体OSI为5.5±3.5，一般种植体
OSI为0.2±1.1。光化种植体的ISQ2值显著高于一般种植体。光化种植体ISQ2值大于60，与种植体
的初期稳定性和先天性骨支持无关。在光化作用、患者年龄、性别、种植体直径、种植体长度等多
变量分析中，光化对常规病例和复杂病例OSI的影响最大，而其他因素仅在一定条件下对OSI产生
影响。结论：相较于一般种植体，光化加快了种植体达到稳定的速度，并提高了种植体的最终稳定
性，特别是对于植入质量较差骨骼的种植体和其他复杂情况下的种植体。光化对种植体稳定性的决
定作用强于其他所有与受测种植体和宿主相关的因素。《口腔与上颌面植入国际杂志》. 2016;31:676-
686. doi:10.11607/jomi.4115
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建立种植体的初期稳定性对于获得牙体的二期
稳定性和确保最终治疗成功至关重要。种植体的初
期稳定性取决于种植体与周围骨之间的机械相互作
用；相比之下，二期稳定性则通过种植体新骨形成
（生物学方式）而建立1。一般情况下，初期植入稳
定性受植入扭矩、植入尺寸、手术技术、手术的钻
孔精度等因素的影响2；然而，宿主骨的体积、密度
和形状等解剖因素亦是主要决定因素3,4。在骨受损
（解剖学意义）的情况下优化初期稳定性尤具挑战
性，如患者出现刀刃脊、上颌窦底较薄、具有新鲜
的拔牙窝、或同时行引导性骨再生术。增加植入扭
矩或减少截骨尺寸可能有助于 提升初期稳定性，但
这对于缺乏皮质的受损骨却不大可能。此外，在软
骨中使用高扭矩进行植入会破坏骨骼基础。因此，
加快种植体达到二期稳定性的速度对在受损骨中成

1日本横滨市 横滨市立大学医学研究生院 口腔颌面外科 副教授。
2日本横滨市 横滨市立大学医学研究生院 口腔颌面外科 助理教
授。
3美国 加利福尼亚 洛杉矶 加州大学洛杉矶分校牙科学院 高级口腔
修复科 温特劳布重建生物技术中心 教授
4日本横滨市 横滨市立大学医学研究生院 口腔颌面外科 教授。
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功植入种植体至关重要。
共振频率分析是一种无创分析方法，可作为

种植稳定性的替代指数对种植体的微运动进行测
量1。Osstell ISQ （Osstell）是一种临床使用设备
（种植体稳定性测试仪），它可测量种植体的共振
频率值（3500~8500Hz），并生成种植体稳定系数
（0~100），其中100表示种植体的稳定性最高1。
在合理范围内，共振频率分析值可再生，与周围骨
的刚度、密度以及骨与种植体的接触程度相关，对
ISQ值（用于测量种植体的稳定性）进行了验证5-7。
相反，若植入部位缺乏骨支持，则ISQ将显著下降
8。

最近的一项研究表明老化（表面处理后的时
间）可显著降低种植体的骨传导性9。这种现象被称
为“钛表面生物老化”。由于随时间流逝，种植体
的亲水性损失，钛表面碳氢化合物杂质逐渐积累，
继而造成钛表面生物老化。研究发现，在使用种植
体前对钛进行紫外线（UV）光处理（或光化）可使
种植体重获亲水性并去除碳氢化合物杂质，进而抵
消钛表面生物老化作用10。事实上，在动物模型中光
化种植体的骨-种植体结合率（BIC）从53%增至近
100%10-12。种植牙的光化处理耗时短易操作。植入
前在诊疗椅旁即可进行。一些临床研究表明，光化
可促进和增强种植体骨结合13-16。然而，在初期稳定
性较差的复杂病例中，光化有效性尚未得到证实。

在此本研究提出假设，对于在初期稳定性较低
的受损骨中植入的种植体，光化极具效力。本研究
是一项回顾性病例对照研究，旨在通过比较一般种
植体和光化种植体达到稳定的速度（使用ISQ值）来
评价光化效果。通过多变量分析法，本研究分析了
在骨骼较差或骨骼较为复杂的情况下光化对骨结合
速度的影响。

材料与方法

患者、手术和光化
本研究是一项回顾性病例对照研究，对横滨市

立大学附属医院2006年至2011年收治的7例患者植
入的光化种植体与未经处理的种植体（一般种植
体，作为对照品）的稳定性进行了比较。患者均无
影响骨代谢的吸烟史或全身疾病史。所有患者年龄
均为20岁或以上。研究人员向患者详细说明了研究
方案、ISQ测量和手术以及光化程序后，患者均签署
了书面知情同意书。本研究方案已获得横滨市立大

学附属医院伦理委员会批准（B110707028）。研究
中根据制造商说明使用转矩控制电机（Osseoset，
诺 保 科 ） 植 入 种 植 体 。 本 研 究 采 用 直 形 种 植 体
（Brånemark System MK III TiUnite，诺保科）和
倒锥形种植体（NobelActive，诺保科）。植入前
立即使用照射装置（TheraBeam Affiny，Ushio公
司）在诊疗椅旁对种植体进行15分钟紫外线（UV）
照射，以完成光化处理。通过在种植体表面滴入
3-μL的ddH2O（液滴）并观察成珠和/或扩散程度来
确认种植体已恢复亲水性μ。所有种植体手术均分两
期完成，愈合时间为3~8个月。
ISQ和骨结合速度指数测试以及种植体达到稳

定的速度分析。在种植体植入（ISQ1）和二期手术
时（ISQ2）分别测量种植体ISQ值。在各个时间点
测量两次ISQ，并对其平均值作进一步分析。将ISQ
（ISQ2-ISQ1）增量除以愈合时间（以月为单位）得
到每个月ISQ增量（即骨结合速度指数OSI）。OSI
根据ISQ值对种植体随时间变化达到稳定的速度和骨
结合速度进行了量化，并在不考虑初期稳定性和愈
合时间差异的情况下，对多组种植体的稳定程度进
行了合理比较13,14。

为了检验在特定条件下光化对种植体的影响，
本研究根据种植体在常规或复杂病例中的植入情况
和ISQ1（≥60或<60）进行分组。此外，本研究还
将ISQ≥60的种植体细分至常规病例和复杂病例。
研究还分析了光化对行窦提升术病例中种植体的影
响。此外，通过多变量分析对患者年龄、患者性
别、植入部位、种植体直径、种植体长度和光化对
OSI的影响进行了评估。
初期稳定性较低和骨支持有限情况下的光化种

植体稳定性。对光化种植体的ISQ值进行进一步分
析，以确定光化作用的范围，即光化作用的效果
取决于初始骨缺损的严重程度。根据初期稳定性
（ISQ1≤30，31≤ISQ1<60和ISQ1≥61）将光化
种植体分为三组。各组ISQ增量由ISQ2减去ISQ1得
到，比较各组间ISQ2值。通过检查复杂病例中植
入的光化种植体的先天性骨结合质量与数量对原
始骨支持进行评估。通过直接测量手术中暴露的种
植体表面长度评估原始骨支持度（表面结合百分
比），并通过放射线影像确认。根据临床诊断和放
射学影像确定骨支持部位：牙根尖、牙根颈、牙
根中或全牙。随后，根据植入部位的原始骨支持
度（%）（0%~25%，26%~50%，51%~75%和
76%~100%）将复杂病例中的光化种植体分为四
组。
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表1   研究病例和种植体总结 

病例编号 年龄(岁) 性别
种植体

总数
已排除
种植体

已登记
种植体

一般种植体 光照种植体
常规病例 复杂病例 常规病例 复杂病例

1 54 M 12 4a 8 0 2 1 5
2 57 M 8 0 8 3 2 0 3
3 47 M 12 2b 10 0 0 3 7
4 63 F 12 6c 6 0 0 0 6
5 53 F 2 0 2 2 0 0 0
6 58 F 9 0 9 6 3 0 0
7 59 F 6 0 6 4 2 0 0

总计 61 12 49
15 9 4 21

24 25

© 2016, QUINTESSENCE PUBLISHING CO, INC.本文件仅限个人使用。未经出版者书面许可，不得以任何形式复制、传播任何内容。

2016年 第31卷 第3期 第678页

对于复杂病例中植入的光化种植体——特别是
初期稳定性较差的种植体（ISQ1较低）——在修复
体植入2年后测试ISQ3值，以检查植入和二期手术
期间所观察到的ISQ增量是否在长期随访后保持不
变。

统计分析
本研究采用方差分析评估一般种植体和光化种

植体之间ISQ和OSI值的差异。此外，本研究还使用
方差分析比较植入光化种植体组之间的ISQ1和ISQ2
值。本研究通过多变量分析对患者年龄（岁）、
患者性别、植入部位、种植体直径、种植体长度
（mm）和光化对OSI的影响进行了评估。植入部位
分为上颌前牙、上颌后牙、下颌前牙和下颌后牙。
对于所有测试，P值＜.05视为具有统计学意义。

结果

患者和种植体
本次研究对象为7例连续患者（4名女性和3名

男性；年龄范围：47~63岁）体内植入的61个种植
体。其中，3例患者植入一般种植体（未进行光化处
理），2例患者植入光化种植体。剩下2例患者同时

植入一般种植体和光化种植体。表1汇总了患者的基
本资料、使用的种植体数量和宿主的骨骼情况（无
伴随手术的常规植入、并行窦提升术和并行引导性
骨再生术的复杂植入或在新鲜的拔牙窝中立即植
入）。

4例患者使用侧壁开窗法行上颌窦底提升术，4
例患者使用钛网行引导性骨再生术。自体胫骨、髂
骨或颏骨用于上颌窦底提升术和引导性骨再生术。
种植体被光化后钛网即被光化。

在患者体内植入的61个种植体（26个一般种植
体，35个光化种植体）中，12个种植体排除原因如
下：1个一般种植体因骨结合丧失被排除；1个一般
种植体和2个光化种植体因ISQ值无法获得（设备故
障所致）被排除；2个光化种植体因治疗方案变更未
进行二期手术被排除；6个光化种植体因植入移植骨
而未植入颌骨被排除。在排除不合格种植体后，将
49个种植体（24个一般种植体和25个光化种植体）
纳入分析。种植体的类型、长度、直径以及并行手
术的类型如表2所示。

49个种植体中46个为直形种植体，3个为倒锥
形种植体。19个种植体采用常规植入方式，30个种
植体的植入情况较为复杂，伴行窦提升术、引导性
骨再生术或在新鲜的拔牙窝植入。在19个常规病例
的种植体中，15个为一般种植体，4个为光化种植

06_UV临床论著_01种植体复杂病例解决方案 [UV光照种植体]

a其中1个一般种植体因骨整合丧失而被排除，1个一般种植体因治疗方案在治疗过程中发生变更而被排除。2个光化种植体因未进行二
期手术而被排除。
b2个光化种植体因ISQ值无法获取（设备故障所致）而被排除。
c6个光化种植体因在肿瘤切除后被植入骨内而被排除。



表2   种植体和手术的详细描述 

种植体 植入部位a D L 种植体形态 IC R/C 提升术 取骨 Ext HT
1 11 4 13 P AR C ‒ ‒ ‒ Ext 6
2 21 4 13 P AR C ‒ ‒ ‒ Ext 6
3 17 4 11.5 P PF C 上颌窦 ‒ 胫骨 ‒ 6
4 15 4 13 P PF C 上颌窦 GBR + 钛网 胫骨 ‒ 6
5 13 4 15 P PF C ‒ GBR + 钛网 胫骨 ‒ 6
6 23 4 13 P PF R ‒ ‒ ‒ ‒ 6
7 25 4 13 P PF C 上颌窦 ‒ 胫骨 ‒ 6
8 27 4 11.5 P PF C 上颌窦 ‒ 胫骨 ‒ 6
9 26 4 18 P AR C ‒ GBR + 钛网 胫骨 ‒ 6
10 27 4 18 P AR C ‒ GBR + 钛网 胫骨 ‒ 6
11 46 5 13 P AR R ‒ ‒ ‒ ‒ 3
12 36 5 11.5 P AR R ‒ ‒ ‒ ‒ 3
13 37 4 13 P AR R ‒ ‒ ‒ ‒ 3
14 13 4.3 13 BT PF C ‒ GBR + 钛网 胫骨 ‒ 6
15 11 4.3 13 BT PF C ‒ GBR + 钛网 胫骨 ‒ 6
16 21 4.3 13 BT PF C ‒ GBR + 钛网 胫骨 ‒ 6
17 16 4 13 P PF R ‒ ‒ ‒ ‒ 7
18 13 4 13 P PF C ‒ GBR + 钛网 髂骨 Ext 7
19 24 4 13 P PF C ‒ GBR + 钛网 髂骨 Ext 7
20 26 4 13 P PF C 上颌窦 ‒ ‒ ‒ 7
21 42 4 13 P PF C ‒ ‒ ‒ Ext 5
22 45 4 13 P PF R ‒ ‒ ‒ ‒ 5
23 47 4 13 P PF R ‒ ‒ ‒ Ext 5
24 32 4 13 P PF C ‒ ‒ ‒ Ext 5
25 34 4 13 P PF C ‒ ‒ ‒ Ext 5
26 36 4 13 P PF C ‒ ‒ ‒ Ext 5
27 16 4 13 P PF C 上颌窦 ‒ 髂骨 ‒ 6
28 12 4 13 P PF C ‒ GBR + 钛网 髂骨 Ext 6
29 22 4 13 P PF C ‒ GBR + 钛网 髂骨 ‒ 6
30 24 4 13 P PF C ‒ GBR + 钛网 髂骨 ‒ 6
31 26 4 13 P PF C 上颌窦 ‒ 髂骨 ‒ 6
32 27 4 11.5 P PF C 上颌窦 ‒ 髂骨 Ext 6
33 24 4 15 P AR R ‒ ‒ ‒ ‒ 5
34 26 4 15 P AR R ‒ ‒ ‒ ‒ 5
35 17 3.75 13 P AR R ‒ ‒ ‒ ‒ 8
36 16 3.75 13 P AR C 上颌窦 ‒ 颏骨 ‒ 8
37 15 3.75 13 P AR R ‒ ‒ ‒ ‒ 8
38 11 3.75 13 P AR R ‒ ‒ ‒ ‒ 8
39 21 3.75 13 P AR R ‒ ‒ ‒ ‒ 8
40 24 3.75 13 P AR R ‒ ‒ ‒ ‒ 8
41 25 3.75 13 P AR C 上颌窦 ‒ 颏骨 ‒ 8
42 26 3.75 13 P AR C 上颌窦 ‒ 颏骨 ‒ 8
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a国际牙科联盟牙位记录法。
D＝种植体直径；L＝种植体长度；form＝种植体形态，P（直形）或BT（倒锥形）；IC＝种植体类型，AR（一般）种植体或PF（光
化）种植体；R/C＝R：常规病例；C：复杂病例：ext＝在新鲜的拔牙窝植入；
HT＝种植体植入和二期手术间的愈合时间（以月为单位）。



表2   种植体和手术的详细描述  

种植体 植入部位a D L 种植体形态 IC R/C 提升术 取骨 Ext HT
43 27 3.75 13 P AR R ‒ ‒ ‒ ‒ 8
44 16 3.75 13 P AR C 上颌窦 ‒ 颏骨 ‒ 6
45 15 3.75 13 P AR C 上颌窦 ‒ 颏骨 ‒ 6

46 14 3.75 13 P AR R ‒ ‒ ‒ ‒ 6
47 13 3.75 13 P AR R ‒ ‒ ‒ ‒ 6
48 11 3.75 13 P AR R ‒ ‒ ‒ ‒ 6
49 21 3.75 13 P AR R ‒ ‒ ‒ ‒ 6
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体。在30个复杂病例的种植体中，9个为一般种植
体，21个为光化种植体。代表性病例中的射线照片
和临床照片（表1中病例3）如图1所示。种植体表面
有水珠形成，证实了光化种植体具超亲水性（图1a
和1b）。
一般种植体和光化种植体的ISQ1、ISQ2和OSI

值。图2为24个一般种植体和25个光化种植体的平
均ISQ1值和平均ISQ2值，图3为OSI（骨结合速度指
数：每月ISQ增量）。表3汇总了根据病例类型（常
规或复杂）和初始稳定性（ISQ1范围）的小组之间
（一般种植体VS光化种植体）与子组之间的ISQ和
OSI值的统计对比结果。虽然光化种植体中所有种植
体的平均ISQ1均显著低于一般种植体，但两组间平
均ISQ2相似（表3）。光照种植体（3.7±2.9）平均
OSI显著大于一般种植体（0.0±1.0）。

在 常 规 病 例 中 ， 一 般 种 植 体 和 和 光 化 种 植
体之间ISQ1无显著差异，但是一般种植体ISQ2
明 显 大 于 光 化 种 植 体 。 在 常 规 病 例 中 ， 两 组 间
平 均 O S I 无 差 异 。 然 而 ， 在 复 杂 病 例 中 ， 光 照
种植体（4.2±3.2）OSI值显著大于一般种植体
（0.2±0.9；图2和表3）。

在ISQ1≥60组中，光化种植体的ISQ2显著
大于一般种植体，且光化种植体（1.3 ± 1.2）的
OSI亦显著大于一般种植体（-0.3 ± 1.1；表3和图
3）。而在ISQ1<60的种植体组中，两者差异更为
明显。光照种植体（5.0 ± 3.2）OSI显著大于一般

种植体（1.4 ± 0.7）。此外，进一步将ISQ≥60种
植体分为常规种植体和复杂种植体；在这两组中，
光化种植体的OSI均显著高于一般种植体。分别分
析并行窦提升术的种植体发现，光化种植体的OSI
（5.5±3.5）显著高于一般种植体（0.2±1.1）。

多变量分析表明，光化对整个样本OSI值有显
著影响，包括所有复杂病例、所有初期稳定性较低
的病例（ISQ < 60）、所有初期稳定性较高的复杂
病例（ISQ≥60）、所有需行窦提升术的病例（表
4）。事实上，仅所有常规病例和初期稳定性较高的
复杂病例未表现出明显的光化作用。植入部位对总
体OSI值也有显著影响，而患者年龄和种植体长度仅
在ISQ≥60的复杂病例中对种植体OSI产生影响。在
行窦提升术的种植体组中，患者性别、种植体长度
亦对OSI产生影响。
不同骨条件下光照种植体的ISQ增量。不同

ISQ1组中25个光化种植体的分析结果显示，在所有
ISQ1组（ISQ1≤30，31≤ISQ1<60和ISQ1≥61）
中，ISQ2值均显著高于ISQ1值（图4）。无论初始
ISQ如何，所有组ISQ2值均大于60。

表5列出了21个单独光化种植体的原始骨支持
以及骨支持部位。原始骨支持度越低，ISQ1值越低
（图5）。在0%~25%组和26%~50%组中，ISQ1至
ISQ2出现显著增长。无论原始骨支持度如何，ISQ2
均大于60。
2年随访期间光化种植体ISQ。
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a国际牙科联盟牙位记录法。
D＝种植体直径；L＝种植体长度；form＝种植体形态，P（直形）或BT（倒锥形）；IC＝种植体类型，AR（一般）种植体或PF（光
化）种植体；R/C＝R：常规病例；C：复杂病例：ext＝在新鲜的拔牙窝植入；
HT＝种植体植入和二期手术间的愈合时间（以月为单位）。



常规病例中的
一般种植体

 常规病例中的
光照种植体

复杂病例中的
一般种植体

 复杂病例中的
光照种植体

IS
Q

 值

ISQ1 ISQ2

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

IS
Q

 值

ISQ1 ISQ2

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

IS
Q

 值

ISQ1 ISQ2

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

IS
Q

 值

ISQ1 ISQ2

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

a

c

b

d

© 2016, QUINTESSENCE PUBLISHING CO, INC.本文件仅限个人使用。未经出版者书面许可，不得以任何形式复制、传播任何内容。

《口腔与上颌面植入国际杂志》第681页

UV临床论著_01种植体复杂病例解决方案 [UV光照种植体]_09

图1  植入光化种植体的代表性病例展示（表1中病例3）。（a）光化前一般种植体的亲水性。如图所示，在种植体表面滴入3滴3mL 
ddH2O。（b）光化后同一种植体产生了超亲水性。使用照射装置对种植体进行15分钟紫外线（UV）照射，以完成光化处理。2滴
3mL ddH2O足以在植物体表面的所有区域扩散。（c）治疗前患者的全景放射图像。（d）最终修复2年后的全景放射图像。

随访2年后测量复杂病例中光化种植体ISQ3值，
如图6和表5所示。平均ISQ3（70.1±5.5）与平均
ISQ2（68.7±7.2）一样高。即使是ISQ1极低的种植
体，ISQ3值也未下降（图6）。

讨论

据作者所知，本研究为首个对未经处理（一
般）和光照种植体之间的种植体稳定性变化进行对
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图2  一般种植体（未经处理）和光化种植体在植入（ISQ1）和二期手术（ISQ2）时的种植体稳定性系数。种植体分为常规病例组和复
杂病例组。表1和表2汇总了所有复杂病例，包括在植入种植体时行引导性骨再生术或窦提升术，或在新鲜的拔牙窝植入的病例。



表3   一般种植体和光照种植体间ISQ1、ISQ2和OSI对比
 

组别 IC No. ISQ1 (平均值±标准差)  ISQ2 (平均值±标准差)  OSI (平均值±标准差)  
总计 一般种植体 24 64.7 ± 7.2 65.6 ± 5.5 0.0 ± 1.0

光照种植体 25 46.5 ± 24.2*** 69.2 ± 7.0 3.7 ± 2.9***

常规病例 一般种植体 15 64.5 ± 7.4 65.3 ± 4.2 0.1 ± 1.5

光照种植体 4 66.0 ± 9.4 71.5 ± 6.5* 0.9 ± 1.0

复杂病例 一般种植体 9 65.0 ± 7.3 66.0 ± 7.5 0.2 ± 0.9

光照种植体 21 42.8 ± 24.4* 68.7 ± 7.2 4.2 ± 3.2***

ISQ ≥ 60 一般种植体 20 67.5 ± 3.4 66.5 ± 4.9 -0.3 ± 1.1

光照种植体 9 67.0 ± 4.5 74.8 ± 6.6*** 1.3 ± 1.2**

ISQ <  60 一般种植体 4 50.8 ± 3.3 61.3 ± 7.3 1.4 ± 0.7

光照种植体 16 35.0 ± 22.9 66.0 ± 5.1 5.0 ± 3.2*

常规病例中
ISQ ≥ 60的种植体

一般种植体 12 67.6 ± 3.9 65.5 ± 4.6 -0.5 ± 1.2

光照种植体 3 70.0 ± 6.1 73.0 ± 7.0 * 0.6 ± 1.0**

复杂病例中
ISQ ≥ 60的种植体

一般种植体 8 67.3 ± 2.9 67.9 ± 5.3 0.1 ± 0.9

光照种植体 6 65.5 ± 3.0 75.7 ± 6.9* 1.7 ± 1.2*

上颌窦提升 一般种植体 6 62.0 ± 8.8 62.8 ± 8.8 0.2 ± 1.1

光照种植体 8 29.6 ± 23.4* 63.6 ± 5.5 5.5 ± 3.5**
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图3  一般种植体和光化种植体的骨结合速度指数（OSI）对比OSI即每月ISQ增量。根据不同组的种植手术和植入时的ISQ （ISQ1）
进行比较。框表示一个标准差，中心线表示平均值。一般种植体和光化种植体之间差异具统计学意义：* P <.05；** P <.01；*** P 
<.001。

SI＝每月ISQ增量；IC＝种植体类型（一般种植体或光化种植体）一般种植体和光化种植体之间差异具统计学意义：* P <.05；** P 
<.01；*** P <.001。



表4   患者年龄、性别、植入部位、种植体直径、种植体长度和光化对OSI影响的多变量分析 
标准化回归系数 SE t P

总计
 年龄 ‒0.047 0.115 ‒0.063 0.412 .683
 性别 ‒0.903 1.210 ‒0.114 0.746 .459
 植入部位 ‒0.963 0.430 ‒0.326 2.238 .031*
 种植体直径 1.435 1.563 0.140 0.918 .364
 种植体长度 0.152 0.316 0.074 0.483 .632
 光照 3.907 0.835 0.585 4.680 .00003***
常规病例
 年龄 ‒0.153 0.197 ‒0.228 0.776 .454
 性别 ‒2.340 1.214 ‒0.503 1.928 .080
 植入部位 0.069 0.432 0.048 0.161 .875
 种植体直径 0.819 0.905 0.263 0.905 .385
 种植体长度 ‒0.333 0.471 ‒0.209 0.707 .494
 光照 1.629 2.126 0.225 0.766 .460
复杂病例
 年龄 ‒0.097 0.218 ‒0.092 0.445 .660
 性别 ‒1.037 2.393 ‒0.090 0.433 .669
 植入部位 ‒1.187 0.857 ‒0.278 1.385 .179
 种植体直径 1.225 2.941 0.087 0.417 .681
 种植体长度 0.191 0.484 0.082 0.395 .697
 光照 4.200 1.500 0.505 2.808 .010*
ISQ ≥ 60
 年龄 ‒0.091 0.082 ‒0.230 1.110 .279
 性别 ‒0.831 0.712 ‒0.241 1.167 .256
 植入部位 ‒0.441 0.269 ‒0.330 1.638 .116
 种植体直径 0.924 0.977 0.200 0.950 .354
 种植体长度 0.285 0.167 0.344 1.716 .100
 光照 1.845 0.604 0.546 3.055 .005**

 年龄 0.094 0.070 0.364 1.352 .201
 性别 0.738 0.951 0.219 0.776 .453
 植入部位 ‒0.276 0.313 ‒0.247 0.883 .394
 种植体直径 ‒1.275 0.952 ‒0.361 1.339 .205
 种植体长度 ‒0.261 0.286 ‒0.254 0.911 .380
 光照 1.900 0.778 0.576 2.441 .031*
常规病例中ISQ ≥ 60的种植体
 年龄 ‒0.366 0.302 ‒0.393 1.210 .262
 性别 ‒2.645 1.815 ‒0.458 1.457 .183
 植入部位 ‒0.211 0.704 ‒0.106 0.300 .772
 种植体直径 0.853 1.134 0.257 0.752 .474
 种植体长度 ‒0.692 0.652 ‒0.351 1.062 .319
 光照 0.315 3.200 0.035 0.098 .924
复杂病例中ISQ ≥ 60的种植体
 年龄 1.937 0.627 0.839 3.089 .0366*
 性别 11.80 4.502 0.795 2.621 .059
 植入部位 ‒0.877 0.682 ‒0.540 1.284 .268
 种植体直径 8.578 3.731 0.754 2.300 .083
 种植体长度 2.492 0.839 0.829 2.969 .041*
 光照 14.11 4.556 0.840 3.096 .0363*
上颌窦提升
 年龄 ‒0.813 0.378 ‒0.631 2.153 .068
 性别 ‒13.26 4.725 ‒0.728 2.807 .026*
 种植体直径 ‒7.120 3.470 ‒0.613 2.052 .079
 种植体长度 ‒4.300 1.460 ‒0.744 2.944 .022*
 光照 12.36 3.020 0.840 4.092 .005**

相关系数

ISQ < 60
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植关于患者年龄、性别、植入部位、种植体直径、种植体长度以及光化对OSI影响的评估的多元回归分析结果。患者年龄（岁），性
别（男性或女性），植入部位（上颌前牙、上颌后牙、下颌前牙或下颌后牙），种植体直径（mm），种植体长度（mm），一般种
植体或光化种植体。植入部位总体比较表现出显著差异；在复杂病例和窦提升病例ISQ≥60的种植体中，种植体长度表现出显著差
异；在复杂病例ISQ≥60的种植体中，患者年龄存在显著差异；而光化是所有组中最大的影响因素。
SE=标准误差



种植体编号 BT IBS (mm) IBS 类型 IBS (%) ISQ1 ISQ2 ISQ3 增量 OSI 牙窝类型
3 3 4.6 牙根颈 40.0 48 74 75 26 4.3 ‒
4 3 4.9 牙根颈 37.7 62 66 68 4 0.7 ‒
5 2 1.0 牙根尖 13.8 3 63 71 60 10.0 ‒
7 2 2.9 牙根颈 22.3 54 61 63 7 1.2 ‒
8 3 2.1 牙根颈 18.3 1 65 67 64 10.7 ‒
14 2 5.1 牙根尖 37.7 62 66 68 4 3.2 ‒
15 2 4.6 牙根尖 35.4 65 85 80 20 3.3 ‒
16 2 3.9 牙根尖 30.0 37 67 71 30 5.0 ‒
18 2 6.7 牙根尖 51.5 7 66 66 59 8.4 开放式
19 2 5.8 牙根尖 44.6 56 71 74 15 2.1 开放式
20 3 1.8 牙根颈 13.8 7 56 59 49 7.0 ‒
21 2 10.0 牙根尖 76.9 57 66 64 9 1.5 闭合式
24 2 13.0 全牙 100 68 76 74 8 1.3 无缺陷
25 2 11.0 牙根尖 84.6 56 68 71 12 2.0 闭合式
26 2 13.0 全牙 100 69 76 73 7 1.2 无缺陷
27 2 1.2 牙根颈 9.2 9 62 66 53 8.4 ‒
28 2 7.1 牙根尖 54.6 67 70 71 3 0.5 开放式
29 2 7.4 牙根尖 56.9 59 74 74 15 2.5 ‒
30 3 5.2 牙根尖 40.0 56 71 74 15 2.5 ‒
31 3 4.0 牙根颈 30.8 35 66 71 31 5.2 ‒
32 3 3.6 牙根中 31.3 21 59 62 38 6.3 闭合式

5.7 44.0 42.8 68.7 70.1 25.9 4.2 ‒

ISQ1 (初期稳定性)
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0‒25 26‒50 51‒75 76‒100

表5   光照种植体原始骨支持类型、程度和ISQ值
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图4  种植体植入时（ISQ1）和二期手术时（ISQ2）的种植体
稳定性系数。不同ISQ1组的平均值和标准差如图所示。ISQ1和
ISQ2之间存在显著统计学差异。***P < .001.不同ISQ1组间ISQ2
值存在显著统计学差异。

图5  种植体植入时（ISQ1）和二期手术时（ISQ2）的种植体稳
定性系数。不同原始骨支持组的平均值和标准差如图所示。ISQ1
和ISQ2之间存在显著统计学差异。***P < .001.不同骨支持组间
ISQ2值存在显著统计学差异。

对所有复杂病例中的光化种植体进行了分析。种植体编号＝表2中种植体序列号；BT＝骨类型；IBS＝原始骨支持；Increase＝ISQ1至
ISQ2增量；OSI＝骨结合速度指数，通过ISQ1，ISQ2和愈合时间计算每月ISQ增量；牙窝类型＝拔牙窝类型，是否在新鲜拔牙窝植入
种植体。
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比的研究。本研究表明，相较于未经处理的一般种
植体，光照种植体在不同的宿主骨条件下可更快使
种植体达到稳定。宿主骨条件涵盖不同程度的初期
稳定性，包括稳定性极低或几乎没有稳定性（通过
ISQ测量）的骨骼。以往计算OSI（骨整合速度）的
研究表明，ISQ1值在65~75之间的一般种植体OSI值
的范围为-1.8~1.17（平均值，0.21）14，与本研究
一般种植体的平均OSI值（0.0±1.0）相似。相比之
下，本研究中光照种植体的OSI平均值（3.7）明显
较高，客观、定量地说明了光照种植体能够更快使
种植体达到稳定。多变量分析显示，光化对骨结合
速度影响较大，证实了种植体可较快达到稳定。相
比之下，其他因素如种植体长度、种植体直径、患
者年龄和性别、宿主位置对骨结合速度的影响最小
或无影响。

一般研究认为初期稳定性较好时，种植体的稳
定性不会显著提高。而事实上，只有当初期ISQ大
于60时，ISQ不太可能增加13。本研究主要评估了光
化处理能否打破这一常规以及能否提升ISQ值（初
期ISQ较高的情况下）。无论病例的复杂性如何，
ISQ1值≥60的光照种植体在第2个时间点的ISQ均存
在进一步的显著增加。相比之下，一般种植体的ISQ
却未增加甚至略有减少。因此，光照种植体的平均
ISQ2值明显高于一般种植体这一结果说明了种植体
在光化后的骨结合更快、更强。

在ISQ1值< 60的复杂病例和种植体中，光化的
优势更为明显。光照种植体的OSI范围为4.2~5.0，
一般种植体的OSI范围为0.2~1.4。本研究中骨结合
速度上的显著差异与之前发表的研究相一致。这些
研究在文献检索中对光照种植体和一般种植体进行
了测量和比较13,14。当前研究表明，种植体经光化处
理后可植入质量较低的骨中。虽然ISQ1值较低，但
由于光照种植体可更快达到稳定，因而其ISQ2值与
一般种植体相当。因此，光化在良好的宿主条件下
具有效性，在骨支持较差的复杂情况下更具效力。

获得初期稳定性可防止种植体微运动产生不良
影响，对于骨结合至关重要7。本研究表明，具有
极低初期稳定性的光照种植体仍可获得较高或在常
规范围内的二期稳定性；事实上，所有的光照种植
体均成功植入。Merheb等人的体外研究发现边缘
骨和根尖骨缺损均显著降低了ISQ值8。在种植体边
缘和根尖周围模拟移除3~10mm的骨严重破坏了种
植体的初期稳定性，这为微运动时骨结合较差提供
了实证性证据。值得注意的是，在本研究中许多先
天性骨支持小于50％甚至低于25％的种植体成功地

进行了骨结合。光化可克服通常意义中骨支持较差
的种植治疗所面临的禁忌症。之前的一项研究报告
显示，通过使用二期手术方案在行窦提升术的部位
植入一般种植体6个月后，ISQ值未显著增加17。然
而，在目前的研究中，并行窦提升术的光照种植体
的OSI值显著高于一般种植体。甚至在ISQ1极低或
几乎没有的情况下（<40），窦底植入的光照种植
体的ISQ2 > 60。

据报道，在新鲜拔牙窝内植入初期ISQ<55的
种植体，骨结合亦受到损害18，而在移植的上颌骨
内植入初期ISQ在50~55之间的种植体，植入失败
率亦较高19。由于较少种植手术在种植体缺少初期
稳定性时进行，因此当初期ISQ值小于50时，有关
ISQ变化的数据较少。因此，本研究评估了光化可
恢复的初期稳定性下限。本研究中，即使当ISQ1值
≤30时，光照种植体的大部分ISQ2值≥60；当ISQ1
在31~60之间时，所有种植体的ISQ2值均≥61。如
前所述，原始骨支持≤25%的种植体亦具有较高的
ISQ2值。当对种植体进行光化处理后，未发现特定
的骨支持模式（牙根尖、牙根颈、牙根中或全牙）
对骨成功结合有所影响。此外，在2年的随访期间，
在质量较差的骨中建立的植入稳定性可较好维持。
综上所述，这些结果表明，对于初期稳定性较低的
种植体（31~60），光化极有可能确保种植体达到
较高程度的植入稳定性；对于初级稳定性极低的种
植体（< 30），光化可确保种植体的植入稳定性在
可接受范围之内。

众所周知，在动物模型10中，光化使骨-种植体
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图6  复杂病例中所有光化种植体在植入时（ISQ1）、二期手术时
（ISQ2）和最终修复后2年（ISQ3）的ISQ被绘制成线状图。2年
随访期间无种植失败。



结合率增加了近一倍，并吸收和保留了更多的成骨
细胞，以在种植体表面直接成骨（即所谓的“接触
成骨”）20。根据所观察到的临床结果可推断出钛-
细胞相互作用增强和生物学后遗症的发生。光化似
乎是一种前景较好的治疗方法，可通过降低种植体
的骨质量阈值来扩大种植体治疗的适应症范围。

结论

总体而言，光照种植体可比一般种植体更快达
到稳定速度。对于在质量较差的骨骼和复杂病例中
植入的种植体，光化的作用更为明显。无论种植体
的初期稳定性和先天性骨支持度如何，光照种植体
在二期手术中的ISQ值始终较高。相较于患者年龄、
患者性别、种植体直径和种植体长度等因素，光化
对常规和复杂病例骨结合速度的影响更大。本研究
结果表明，光化增强并加快了种植体达到稳定的速
度，在较差或复杂的骨条件下效果尤为显著。因
此，光化可应用于更广泛的临床治疗。
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 光照种植体： 一组骨缺损病例系列研究

Akiyoshi Funato博士(牙科博士)1 / Takahiro Ogawa博士(牙科博士)2 

目的：动物和体外研究已证实钛紫外线处理或光化可增强骨传导性，然而目前尚无关于此法临床表
现的报告。本临床病例系统研究旨在探讨修复后1年光化对植入成功、愈合时间、骨结合速度以及种
植体周围骨水平变化的影响。材料与方法：本研究共纳入4例患者（部分缺牙）。在研究中，用紫外
光对7个具有相同微粗糙表面的种植体进行了15分钟的光化处理。本研究通过测量每个月种植体稳定
性系数（ISQ）增量计算骨结合速度。用放射学方法对冠修复时和冠修复后1年后的边缘骨水平进行
评估。结果：即便使用早期功能性负重方案（2.1~4.5个月），在新拔牙窝、垂直向有增量的骨、同
时出现提升的窦、或曾植入失败的部位植入的所有种植体在术后1年仍可正常运转。种植体在植入时
ISQ值为48~75，在负重时ISQ值增至68~81。对于初期稳定性较低（初期ISQ < 70）的种植体，ISQ显
著增加。据文献记载，光化种植体的骨结合速度显著高于一般种植体。植入1年后，牙冠部位的平均
边缘骨水平显著提高，从-0.35±0.71 mm增至0.16±0.53 mm。此外，边缘骨水平的冠状增量超过了种
植体平台。种植体均未出现边缘骨吸收。结论：在本研究范围内，光化功能加速和增强了市售种植
牙在各种临床挑战/骨受损条件下的骨结合。长期大规模临床验证显示，对种植体进行光化处理后，
骨量得以更好保存，并且边缘骨水平有所增加。《口腔与上颌面植入国际杂志》 2013;28:1589-1601. 
doi:10.11607/jomi.3232

关键词：碳氢化合物，光化，超亲水性，钛种植体，紫外光
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种植牙医学已取得大量成果和进展，但仍面临
诸多临床挑战。缩短骨结合所需的愈合时间将大有
裨益，它可降低患者的发病率并适应现代种植治疗
日益增长的需求。骨质较差、骨数量较少、糖尿
病、骨质疏松症和吸烟等风险因素可能会对其应用
产生限制并降低成功率1-4。为扩大种植治疗的适应
症范围，骨增量术和窦提升术等种植前手术已被广
泛应用。然而，额外的手术治疗增加了患者的发病
率。与此同时，这些复杂病例的预后不可预测5,6。
在新鲜的拔牙窝植入种植体和即刻负重等用以促进
治疗的方案也可能会影响治疗结果7,8。因此，需进
一步提升种植牙的骨结合能力。

众所周知，种植失败通常因骨结合失败或骨
结合过程中发生破坏性变化而发生9-11。然而，骨
组织无法完全在种植体表面形成(即使在正常的生
物条件下)的原因尚不清楚。在种植体上，骨（骨
-种植体结合[BIC]）最终覆盖的平均总面积仅为
45%±16%12，或介于50%~75%之间13-15，远低于
理想值100%。

作为一种提高钛种植体骨传导性的方法，钛

1日本 金泽 Nagisa牙科诊所 私人诊所 
2美国 加利福尼亚 洛杉矶 加州大学洛杉矶分校牙科
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骨与植入科学实验室 教授
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紫外（UV）线介导光化处理近年来受到了广泛关
注16-18。钛表面UV处理可恢复表面超亲水性，减少
表面碳和优化表面静电荷，进而提高其生物活性
和骨传导性19-21。这些生物和物理化学特征统称为
光化6,18,22,23。在体外，光化表面的蛋白质吸附能力
增强，且成骨细胞的迁移、附着和增殖均有所增
加（2~5倍）20,24,25。在动物体内模型的早期愈合阶
段，光化种植体的生物力学强度是未处理种植体的
三倍24。即使在愈合后期，这种增强的骨结合仍然
存在，这与光化种植体周围较高的骨-种植体结合
（BIC）率（98.2%）相关。然而，在未经治疗的对
照组中这一比例不到55%24。

种植体周围骨形态发生水平的提升被称为“超
骨整合”，其中“超”表示该现象的最大程度和最
小阻力22,23,26-28。除接近最大BIC外，光化种植体周围
的骨形态发生的特征为种植体和骨之间的软组织数
量显著减少。种植体和骨之间的软组织生长是骨结
合的障碍。但是，在光化种植体周围，软组织生长
速度低于1%；而在未处理种植体周围，软组织生长
速度超过20%24。光化种植体在骨条件较差时的潜在
优势亦在动物模型中得到了验证。光化处理增强了
骨结合，进而克服了短种植体负重能力降低和皮质
骨支持缺乏这一不足17,29。因此，光化既可加速骨结
合，还可提升骨结合的整体水平，而这可能会克服
愈合环境受损的不足。

种植体周围组织的长期稳定性具有重要的临床
意义，但目前尚无完整的解决方案30-34。而维持种植
体周围的边缘骨水平（MBLs）对于种植牙医学一直
是一个挑战30。边缘骨吸收的发生不可避免，这可能
会影响美观，并最终导致种植体的中长期预后不良
8,35-40。根据周围骨骼的几何特征和愈合情况，可在
植入后的初期预计边缘骨吸收情况（1mm或更多）
35-37,39,41-43。此外，若边缘骨在第一年之后每年逐步
减少0.2mm，则可被勉强视为临床手术成功40。作
者假设，光化种植体所增强的骨传导性不仅能够改
善种植体主体和根尖周围的骨结合，还可促进种植
体颈部周围的骨形态发生。而这将增强牙冠区的骨
密封性并确保骨量维持。

光化处理因其简单、独特的应用方式和多功能
性而不同于其他表面改性技术。光化处理并非对材
料表面性质进行加减。无论用于实验用途或商业用
途，钛种植体表面均不可避免地受到逐步沉积的碳
氢化合物的化学污染24,25,44-54。光化可通过二氧化钛
（TIO2）介导的光催化作用和UV光直接分解去除这
些碳氢化合物，从而清洁这些受到污染的表面20,55。

这种化学清洗可恢复老化的钛表面所损失的超亲水
性21,56。光化对各种类型的钛表面均有效，包括所谓
的光滑（如机用）表面和微磷化（如酸蚀和喷砂）
表面。此外，光化并不会改变这些钛表面现有的形
态、粗糙度或其他形态学特征24,29。

目前，光化在临床使用中是否有效尚不清楚。
因此，为了获得关于光化效果的初始数据，作者选
取了一组在受损骨中植入种植牙的临床系列病例进
行研究。本文讨论了在随访1年时光化种植体的临
床效果是否与在动物和体外实验中观察到的效果相
当。

材料与方法

患者筛选
2010年8月至11月，4例患者（2位男性；2位

女性）（年龄：38~72岁；平均年龄：52岁）到
Nagisa牙科诊所接受种植治疗并同意提供和公开展
示其病例相关文件。这些患者符合以下标准：年龄
不小于20岁；遵守口腔保健说明并进行必要就诊；
所有患者在临床困难条件下种植体植入的适应症，
如新拔牙窝、分阶段或并行垂直或侧向骨增量术、
窦部位提升术、更换植入失败的种植体或上述情况
组合。本研究患者的排除标准如下：存在可能影响
骨骼和软组织愈合的全身疾病或行为，如骨质疏松
症、糖尿病、接受过放疗、磨牙症或吸烟。

临床手术和种植体光化
本研究为所有患者提供了标准化的咨询和诊

断程序，并向每位患者展示治疗方案。治疗方案
均获患者批准。在按照常规程序进行局部麻醉和
翻起全厚瓣后，根据制造商推荐的标准手术程序
使用25~45 Ncm的扭力植入种植体。本研究中使
用的种植体根部几何形状为锥形，表面形态相同
（Osseotite Certain, Biomet 3i公司）。植入前立
即使用照射装置（TheraBeam Affiny，Ushio公
司）在诊疗椅旁对种植体进行15分钟紫外线（UV）
照射，以完成光化（图1a）。术前通过检测几个种
植体对重蒸馏水和血液的润湿性，证实了光化可使
种植体表面从疏水性变为超亲水性（图1b）。受测
种植体取自相同类型种植体的单独组，在亲水性测
试后未用于患者。本研究采用埋入式技术或非埋入
式技术闭合皮瓣。

根据诊所为每个特定的复杂病例制定的常规程
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tissue healing, such as osteoporosis, diabetes, radia-
tion treatment, bruxism, or smoking, were excluded 
from the study.

Clinical Procedures and Photofunctionalization 
of Dental Implants
Standardized consultation and diagnostic procedures 
were provided to all patients, and a treatment plan was 
presented to and approved by each patient. Following 

-

torque of 25 to 45 Ncm following the standard surgical 
procedure recommended by the manufacturer. The im-
plants used in this study had a tapered root-form geom-
etry and were of identical surface topography (Osseotite 
Certain, Biomet/3i). All implants were photofunction-
alized through treatment with UV light for 15 minutes 

done chairside immediately before placement (Fig 1a). 
The photofunctionalization-induced change in surface 
property, from hydrophobic to superhydrophilic, was 

implants for their wettability to double-distilled water 
and blood (Fig 1b). The tested implants were from a sep-
arate group of the same type of implants and were not 

closed by a submerged or nonsubmerged technique.
Patients returned to the clinic at approximately 

halfway through the healing time based on a routine 

complex case. Implants were functionally loaded with 
provisional restorations if the patient was free from 
discomfort or pain and there was no (1) immature 

(2) peri-implant radiolucency, or (3) implant mobility. 
Loading was performed if implant stability quotients 
(ISQs) were 65 or higher. ISQs between 60 and 65 are 

57–61 and implants with an ISQ of 
65 and higher have been shown to successfully with-
stand immediate and early loading; this is therefore 
often used as a criterion in these protocols.62–65

Assessment of Osseointegration
Successful osseointegration was determined clinically 
and radiographically according to the criteria estab-
lished by Smith and Zarb.40 Osseointegration speed was 
evaluated by measuring the increase in ISQ per month 
using the Osstell ISQ implant stability device (Osstell). 

commencement of loading] – [ISQ at implant place-
ment])/(healing time required before loading).

Implant Success
Implant success was determined according to the crite-
ria of Smith and Zarb.40

mobility, radiographically determined failure of osseoin-
-

continuous decreases in ISQ, it was considered a failure. 

光照前 光照后

Fig 1a  The photo device used for photofunctionalization of 
d
sliding stage. The device performs an automatic program of 15 
minutes of UV exposure and 5 minutes of ventilation. 

Fig 1b  Superhydrophilic and superhemophilic surfaces of den-
tal implants after photofunctionalization. Images show droplets 
of 3 µL of double-distilled water and rat blood placed on implant 
surfaces (left) before and (right) after photofunctionalization. 
After photofunctionalization, 9 µL of double-distilled water or 

cover the entire surface of a dental implant.
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序，患者在愈合时间大约过半时返回诊所若患者未
出现不适或疼痛，种植体周围组织（1）愈合良好无
炎症、（2）种植体周围不具放射透明性、或（3）
种植体较为稳定，则种植体可装载临时修复体。如
果种植体稳定性系数（ISQ值）大于或等于65，则
可进行负重。若ISQ值在60~65之间，则认为患者已
完全愈合，可成功进行负重或最终修复57-61。研究表
明，ISQ值在65及以上的种植体可成功承受即刻负
重和早期负重。因此，这一标准通常被治疗方案采
纳62-65。

骨结合评估
本研究根据Smith和Zarb建立的标准在临床

和放射学上确定骨结合是否成功 40。本研究使用
Osstell ISQ种植体稳定性设备（Osstell）测量每个
月种植体稳定性系数（ISQ）的增量计算骨结合速
度。每个月ISQ增量定义为（[负重开始时ISQ]-[种植
体植入时ISQ]）/（负重前要求的愈合时间）。

植入成功
本研究根据Smith和Zarb建立的标准确定植入

是否成功40。若种植体出现明显移动、骨结合失败或
渐进式崩解、显著的边缘骨吸收、疼痛、炎症迹象
或ISQ快速持续下降，则认为植入失败。

边缘骨变化
本研究通过测量固定修复体植入后1年种植体周

围MBL的位差来评估边缘骨的变化。在固定修复体
植入时及1年后进行拍摄根尖周的射线照片。采用
硬塑料咬合夹具对牙片角进行标准化处理。如有必
要，根据已知的种植体长度校准测量尺寸。确定牙
冠部位最准确的骨-种植体结合（BIC）点，并将种
植体平台与结合端差值作为MBL。当在种植体平台
的顶端进行第一次骨结合时，值为负；然而在种植
体平台的冠状部位进行第一次骨结合时，值为正。
对种植体的中部和远端进行测量。若在随访1年期间
MBL下降，则认为该值出现负变化。

手术和修复体并发症评估
在光照种植体的使用方面，监测潜在的手术并

发症，包括疼痛时间和程度、出血、组织炎症反
应、种植体初期稳定性不足、伤口愈合不当或延
迟、术后感染等。随后作者确定这些并发症是否与
常规方案（未进行光化处理）所观察到的并发症存
在显著差异。

在光照种植体的使用方面，监测了修复体潜在
并发症，包括需额外进行的手术或重大的手术变
更，或在基台连接、临时负重、最终修复和随访期
间遇到的任何困难。

图1a  用于种植牙光化的照射装置（TheraBeam Affiny）。种植
体放置在移动平台上，该设备执行自动程序，种植体接受紫外光
照射15分钟，通风5分钟。

图1b  光化后种植牙的超亲水表面和超亲血表面。如图所示，光
化前（左）和光化后（右）在种植体表面滴入3μL重蒸馏水和大
鼠血液。光化后，9μL重蒸馏水或血液（每次滴入3μL，共滴入3
滴）足以迅速扩散并覆盖种植牙的整个表面。统计学差异。
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Marginal Bone Change
Marginal bone change was evaluated by measuring the 

-
-

thesis placement and 1 year later. A hard plastic occlusal 

required, the measured dimensions were calibrated on 
the basis of the known implant length. The most coronal 

the implant platform and the contact end was consid-

bone contact was located apical to the implant platform, 

was located coronal to the implant platform. Measure-
ments were performed on both the mesial and distal 
sides of an implant. If the MBL decreased at the 1-year 
visit, the value was considered a negative change.

Assessment of Surgical and Prosthetic 
Complications
Potential surgical complications, including duration 

of tissues, inadequate primary stability of implants, 
improper or delayed wound healing, and postopera-
tive infection, were monitored with regard to the use 
of photofunctionalized implants. The authors deter-

-
tocols without the use of photofunctionalization.

With respect to the use of photofunctionalized im-
plants, potential prosthetic complications were moni-
tored, including the necessity for extra procedures or 

experienced during abutment connection, provision-

Statistical Analysis
MBLs were measured on both the mesial and distal 
sides of an implant (n = 14). A paired t test was used 

placement and 1 year after crown placement; P < .05 

RESULTS 

Clinical data on the treated patients are summarized 
in Table 1.

Case Presentations
Patient 1: Immediate replacement of a failing im-
plant with simultaneous guided bone regeneration. 
A 38-year-old man was referred to the clinic because of 
an implant that was failing as a result of placement into 
suspected overheated bone at the site of the mandib-
ular left second premolar (Figs 2a and 2b). Immediately 
after removal of the failed implant (4 mm in diameter, 
10 mm in length) and curettage, a photofunctional-
ized implant (5 mm in diameter, 10 mm in length) was 

表1   病例描述和临床结果参数  

患者 外科手术
负重前

时间(月)

种植体稳定性系数（ISQ） 边缘骨水平（MBL）

最终
修复时 1年后 变化

患者1 立即更换植入失败的种植体 2.1 ‒0.8 (M)
‒1.4 (D)

‒0.2
‒0.7

+0.6
+0.7

患者2 并行窦提升术 3.8 48 76 7.36 0.4 (M)
1.0 (D)

0.4
1.0

0.0
0.0

49 80 8.16 1.0 (M)
‒0.6 (D)

1.0
‒0.4

0.0 
+0.2

患者3 新鲜拔牙窝 2.1 67 72 2.38 ‒0.3 (M)
‒1.1 (D)

0.5
‒0.6

+0.8
+0.5

患者4 分阶段手术：垂直引导性
骨再生术/窦提升术 

4.5 67 80 2.89 ‒0.8 (M)
‒0.7 (D)

‒0.2
0.0

+0.6
+0.7

75 81 1.33 ‒0.2 (M)
‒0.6 (D)

0.5
0.2

+0.7
+0.8

73 68 ‒1.11 ‒0.7 (M)
‒0.2 (D)

0.5
0.2

+1.2
+0.4

平均值 3.6 63.2 76.2 3.5 ‒0.35 0.16 0.51
标准差 1.0 11.8 5.2 3.5 0.71 0.53 0.35
GBR＝引导性骨再生术；M=中部；D＝远端
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种植体
植入时 负重时 每月增量

统计分析
在种植体（n=14）的中部和远端测量MBLs。采

用配对t检验对冠修复时和冠修复后1年后的差异进
行检测；P < .05被认为具有统计学意义。

结果

表1汇总了接受治疗患者的临床资料。

病例介绍
患者1：立即更换植入失败的种植体，并行引导

性骨再生术。
一例38岁男性患者因植入失败被转介至诊所。

手术因在疑似过热的下颌第二前磨牙部位植入种植
体而失败（图2a和图2b）。在移除植入失败的种
植体（直径：4mm；长度：10mm）并刮除后，
立即在原位植入一个光化种植体（直径：5mm；
长度：10mm）（图2c）。在植入期间证实光化种
植体表面具高度亲血性。植入失败的种植体和新
种植体来自同一制造商，表面形态相同。种植体
几乎没有支持骨；种植体与现有牙槽嵴的间隙为
3.5 mm（图2d）。该间隙由骨替代材料（BioOss 

Cancellous 0.25-至1.00-mm颗粒，盖氏制药有限
公司）填满（图2e）。无需固定，通过 钛膜（Frios 
Boneshield，Dentsply Friadent公司）使用埋入式
技术闭合间隙。

经过2.1个月的愈合，射线照片显示替换的种
植体周围存在成熟骨。随后将膜移除，进行二期手
术。此时的种植体和当前第一磨牙部位的修复体均
临时负重。随后开始进行功能性负重。种植体植入
（功能性临时负重后1.9个月）后植入最终修复体
（图2f和图2g）。治疗及随访1年内无手术或修复体
并发症。对冠修复时和随访1年时根尖周射线照片进
行了对比，以评估MBLs的位差（图2h）。冠修复
时种植体颈部周围具放射透明性。然而，在1年的
随访期间，种植体中部和远端的放射透明性已消失
或降低。因此，BIC向平台水平移动（图2h中的箭
头）。
患者2：种植体植入术并行窦提升术。
一例45岁男性患者到诊所就诊，期望修复上

颌右侧第二前磨牙和第一磨牙，重点考虑种植牙。
患者牙齿因严重龋病和牙根管感染而被拔除（图
3a）。拔牙后2个月（图3b），植入两个光化种植
体，植入第二个种植体时需同时行窦提升术（图
3c）。在第二前磨牙部位的种植体直径为4mm，
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placed into the site (Fig 2c). The highly hemophilic 
surface of the photofunctionalized implant was con-
firmed during placement. The failed and new implants 
had identical surface topography and had been ob-
tained from the same manufacturer. There was little 
supporting bone; the gap between the implant and 
the existing alveolar ridge was 3.5 mm (Fig 2d). This 
gap was filled with bone substitute materials (Bio-
Oss Cancellous 0.25- to 1.00-mm particles, Geistlich)  
(Fig 2e) and closed using a submerged technique with 
a titanium membrane (Frios Boneshield, Dentsply  
Friadent) without fixation. 

After 2.1 months of healing, radiographs showed 
that mature bone surrounded the replaced implant. 
The membrane was removed, and stage-two surgery 
was carried out. The implant, along with an exist-
ing one at the first molar site, was provisionalized at 
this time and functional loading was initiated. Four 
months after implant placement (1.9 months after 
functional provisionalization), the definitive prosthe-
sis was placed (Figs 2f and 2g). There were no surgical 
or prosthetic complications during the treatment and 
follow-up visits up to 1 year. Periapical radiographs at 
the time of crown placement and the 1-year follow-up 
visit were compared to evaluate potential changes in 
MBLs (Fig 2h). The radiolucency around the implant 
neck that was present at the time of crown place-
ment disappeared or was less apparent at the 1-year 
follow-up visit at both the mesial and distal aspects of 
the implants. Accordingly, the BIC moved closer to the 
platform level (arrows in Fig 2h).

Patient 2: Implant placement with simultaneous 
sinus elevation. A 45-year-old man visited the clinic 
for restoration of the maxillary right second premolar 
and first molar with a particular consideration for den-
tal implants. These teeth had been extracted because 

of severe caries and infected root canals (Fig 3a). Two 
months after extraction (Fig 3b), two photofunction-
alized implants were placed into the sites, with the 
posterior one requiring simultaneous sinus elevation  
(Fig 3c). The implant in the second premolar site was  
4 mm in diameter and 13 mm in length, whereas the 
implant at the first molar site was 5 mm in diameter and 
13 mm in length. Support from the native bone for the 
first molar implant was limited, with only the coronal 
6 mm of the implant being in contact with the native 
bone; the remaining structure (the apical 7 mm) was in 
the elevated sinus (Fig 3d). Clinically, the quality of the 
native bone was poor (spongy and soft), as evidenced 
by low ISQs (< 50; see Table 1). The sinus was elevated 
using the lateral window technique and bone sub-
stitute was used to fill the cavity (Bio-Oss Cancellous 
0.25- to 1.0-mm particles). The implant in the second 
premolar site was placed entirely within native bone 
(Fig 3e). Both implants underwent submerged healing.

Figs 2a to 2h  Patient 1. Immediate replacement of a failing implant performed with simultaneous guided bone generation.

Figs 2a and 2b  Intraoral and periapical radio-
graphic images of a failing implant placed at the 
site of the lower left second premolar.

Fig 2c  A photofunctionalized implant placed 
after removal of the failing implant. The photo-
functionalized implant surface was highly he-
mophilic.

Figs 2d and 2e  A significant horizontal and vertical gap was 
present between the new implant and the alveolus and was filled 
with bone graft material.

Figs 2f and 2g  Radiographic and intraoral images with the 
definitive prosthesis in place. 

Fig 2h  A radiographic comparison of marginal bone level 
at (left) the time of crown placement and (right) at the 1-year 
follow-up visit. Blue arrows indicate the first BIC.

a b c
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长度为13mm；在第一磨牙部位的种植体直径为
5mm，长度为13mm。对在第一磨牙部位的种植体
而言，天然骨支持有限，种植体的冠状面与天然骨
结合长度仅为6mm；其余结构（顶端7mm）则位
于已提升窦中（图3d）。天然骨在临床方面质量较
差（海绵状和软质），ISQ值较低（<50；见表1）
证明了这一点。使用侧壁开窗法进行窦提升，骨替
代物用于填补腔体（Bio-Oss Cancellous 0.25- 至
1.0-mm颗粒）。第二前磨牙部位的种植体完全植入
天然骨中（图3e）。两种种植体均采用埋入式技术
进行愈合。

在3.8个月愈合后，进行二期手术，并在当日负
重种植体。临时负重后1.2个月进行最终修复（图
3f）。在本例患者中，通过测量种植体植入和负重
时的ISQ值评估种植体稳定性的变化。种植体植入
时，第二前磨牙和第一磨牙部位的ISQ分别为48和
49；3.8个月后负重时，第二前磨牙和第一磨牙部位

图2d和2e  新种植体与牙槽骨之间水平向和垂直向存在明显间隙，该间隙由骨移植材料填满。
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的ISQ分别增至76和80。第二前磨牙和第一磨牙部
位的骨结合速度（定义为每月ISQ增量）分别为7.36
和8.16。
患者3：在新鲜拔牙窝植入种植体。
一例53岁的女性患者左上颌第一前磨牙周围出

现远端牙周病变和骨吸收，到诊所进行进一步种植
治疗。临床和影像学检查显示该病变由牙齿远端破
裂引起（图4a）。在拔除第一前磨牙后立即植入
光化种植体（直径：4mm；长度：13mm）（图
4b）。虽然皮质支持较少，但从种植体与口腔牙槽
嵴之间2.5 mm的间隙（图4c）可以看出，种植体
顶端半部分位于天然骨内，初期稳定性良好（ISQ > 
65）。通过二氧化碳激光介导止血法可使血凝块保
持在间隙内。无需使用任何移植材料，采用非埋入
式技术即可闭合伤口（图4d）。患者术后3日接受
了抗生素治疗。

植入后2.1个月，种植体临时负重，用作正畸支

图2a至2h  患者1: 立即更换植入失败的种植体，并行引导性骨再生术

图2h  冠修复时（左）和随访1年时（右）边缘骨水平的射线照
片比较。蓝色箭头表示第一次BIC。
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placed into the site (Fig 2c). The highly hemophilic 
surface of the photofunctionalized implant was con-
firmed during placement. The failed and new implants 
had identical surface topography and had been ob-
tained from the same manufacturer. There was little 
supporting bone; the gap between the implant and 
the existing alveolar ridge was 3.5 mm (Fig 2d). This 
gap was filled with bone substitute materials (Bio-
Oss Cancellous 0.25- to 1.00-mm particles, Geistlich)  
(Fig 2e) and closed using a submerged technique with 
a titanium membrane (Frios Boneshield, Dentsply  
Friadent) without fixation. 

After 2.1 months of healing, radiographs showed 
that mature bone surrounded the replaced implant. 
The membrane was removed, and stage-two surgery 
was carried out. The implant, along with an exist-
ing one at the first molar site, was provisionalized at 
this time and functional loading was initiated. Four 
months after implant placement (1.9 months after 
functional provisionalization), the definitive prosthe-
sis was placed (Figs 2f and 2g). There were no surgical 
or prosthetic complications during the treatment and 
follow-up visits up to 1 year. Periapical radiographs at 
the time of crown placement and the 1-year follow-up 
visit were compared to evaluate potential changes in 
MBLs (Fig 2h). The radiolucency around the implant 
neck that was present at the time of crown place-
ment disappeared or was less apparent at the 1-year 
follow-up visit at both the mesial and distal aspects of 
the implants. Accordingly, the BIC moved closer to the 
platform level (arrows in Fig 2h).

Patient 2: Implant placement with simultaneous 
sinus elevation. A 45-year-old man visited the clinic 
for restoration of the maxillary right second premolar 
and first molar with a particular consideration for den-
tal implants. These teeth had been extracted because 

of severe caries and infected root canals (Fig 3a). Two 
months after extraction (Fig 3b), two photofunction-
alized implants were placed into the sites, with the 
posterior one requiring simultaneous sinus elevation  
(Fig 3c). The implant in the second premolar site was  
4 mm in diameter and 13 mm in length, whereas the 
implant at the first molar site was 5 mm in diameter and 
13 mm in length. Support from the native bone for the 
first molar implant was limited, with only the coronal 
6 mm of the implant being in contact with the native 
bone; the remaining structure (the apical 7 mm) was in 
the elevated sinus (Fig 3d). Clinically, the quality of the 
native bone was poor (spongy and soft), as evidenced 
by low ISQs (< 50; see Table 1). The sinus was elevated 
using the lateral window technique and bone sub-
stitute was used to fill the cavity (Bio-Oss Cancellous 
0.25- to 1.0-mm particles). The implant in the second 
premolar site was placed entirely within native bone 
(Fig 3e). Both implants underwent submerged healing.

Figs 2a to 2h  Patient 1. Immediate replacement of a failing implant performed with simultaneous guided bone generation.

Figs 2a and 2b  Intraoral and periapical radio-
graphic images of a failing implant placed at the 
site of the lower left second premolar.

Fig 2c  A photofunctionalized implant placed 
after removal of the failing implant. The photo-
functionalized implant surface was highly he-
mophilic.

Figs 2d and 2e  A significant horizontal and vertical gap was 
present between the new implant and the alveolus and was filled 
with bone graft material.

Figs 2f and 2g  Radiographic and intraoral images with the 
definitive prosthesis in place. 

Fig 2h  A radiographic comparison of marginal bone level 
at (left) the time of crown placement and (right) at the 1-year 
follow-up visit. Blue arrows indicate the first BIC.

a b c
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placed into the site (Fig 2c). The highly hemophilic 
surface of the photofunctionalized implant was con-
firmed during placement. The failed and new implants 
had identical surface topography and had been ob-
tained from the same manufacturer. There was little 
supporting bone; the gap between the implant and 
the existing alveolar ridge was 3.5 mm (Fig 2d). This 
gap was filled with bone substitute materials (Bio-
Oss Cancellous 0.25- to 1.00-mm particles, Geistlich)  
(Fig 2e) and closed using a submerged technique with 
a titanium membrane (Frios Boneshield, Dentsply  
Friadent) without fixation. 

After 2.1 months of healing, radiographs showed 
that mature bone surrounded the replaced implant. 
The membrane was removed, and stage-two surgery 
was carried out. The implant, along with an exist-
ing one at the first molar site, was provisionalized at 
this time and functional loading was initiated. Four 
months after implant placement (1.9 months after 
functional provisionalization), the definitive prosthe-
sis was placed (Figs 2f and 2g). There were no surgical 
or prosthetic complications during the treatment and 
follow-up visits up to 1 year. Periapical radiographs at 
the time of crown placement and the 1-year follow-up 
visit were compared to evaluate potential changes in 
MBLs (Fig 2h). The radiolucency around the implant 
neck that was present at the time of crown place-
ment disappeared or was less apparent at the 1-year 
follow-up visit at both the mesial and distal aspects of 
the implants. Accordingly, the BIC moved closer to the 
platform level (arrows in Fig 2h).

Patient 2: Implant placement with simultaneous 
sinus elevation. A 45-year-old man visited the clinic 
for restoration of the maxillary right second premolar 
and first molar with a particular consideration for den-
tal implants. These teeth had been extracted because 

of severe caries and infected root canals (Fig 3a). Two 
months after extraction (Fig 3b), two photofunction-
alized implants were placed into the sites, with the 
posterior one requiring simultaneous sinus elevation  
(Fig 3c). The implant in the second premolar site was  
4 mm in diameter and 13 mm in length, whereas the 
implant at the first molar site was 5 mm in diameter and 
13 mm in length. Support from the native bone for the 
first molar implant was limited, with only the coronal 
6 mm of the implant being in contact with the native 
bone; the remaining structure (the apical 7 mm) was in 
the elevated sinus (Fig 3d). Clinically, the quality of the 
native bone was poor (spongy and soft), as evidenced 
by low ISQs (< 50; see Table 1). The sinus was elevated 
using the lateral window technique and bone sub-
stitute was used to fill the cavity (Bio-Oss Cancellous 
0.25- to 1.0-mm particles). The implant in the second 
premolar site was placed entirely within native bone 
(Fig 3e). Both implants underwent submerged healing.

Figs 2a to 2h  Patient 1. Immediate replacement of a failing implant performed with simultaneous guided bone generation.

Figs 2a and 2b  Intraoral and periapical radio-
graphic images of a failing implant placed at the 
site of the lower left second premolar.

Fig 2c  A photofunctionalized implant placed 
after removal of the failing implant. The photo-
functionalized implant surface was highly he-
mophilic.

Figs 2d and 2e  A significant horizontal and vertical gap was 
present between the new implant and the alveolus and was filled 
with bone graft material.

Figs 2f and 2g  Radiographic and intraoral images with the 
definitive prosthesis in place. 

Fig 2h  A radiographic comparison of marginal bone level 
at (left) the time of crown placement and (right) at the 1-year 
follow-up visit. Blue arrows indicate the first BIC.
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图2a和2b  位于左下颌第二前磨牙部位的植入失败的种植体的口腔
内图像和根尖周射线照片。

图2c  移除植入失败的种植体后植入的光化种植体。光化种植
体表面具高度亲血性。
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After 3.8 months of healing, a second surgery was 
performed, and the implants were loaded on the same 
day. The definitive restoration was placed 1.2 months 
after provisionalization (Fig 3f ). In this patient, changes 
in implant stability were evaluated by measuring the 
ISQs at implant placement and at loading. At implant 
placement, the ISQs were 48 and 49 for the second 
premolar and first molar sites, respectively; 3.8 months 
later, at loading, these had increased to 76 and 80. The 
osseointegration speed, defined as the increase in ISQ 
per month, was 7.36 and 8.16 for the second premolar 
and first molar sites, respectively.

Patient 3: Implant placement into a fresh extrac-
tion socket. A 53-year-old woman presenting with a 
distal periodontal lesion and bone resorption around 
the maxillary left first premolar visited the clinic for 
potential implant treatment. Clinical and radiographic 
examination indicated that the lesion was caused by a 
distal crack of the tooth (Fig 4a). The first premolar was 
extracted, and a photofunctionalized implant (4 mm 
in diameter and 13 mm in length) was placed immedi-
ately (Fig 4b). Although little cortical support was avail-
able, as shown by a 2.5-mm gap between the implant 
and the buccal alveolar ridge (Fig 4c), the apical half 
of the implant was within the native bone, with good 
primary stability (ISQ > 65). Blood clot was maintained 
in the gap by means of carbon dioxide laser–mediated 
hemostasis and the wound was closed using a non-

submerged technique without any grafting materials 
(Fig 4d). The patient received antibiotic treatment for 
3 days postsurgery.

At 2.1 months after placement, the implant was 
functionally provisionalized and also utilized as an 
orthodontic anchor to extrude the second premolar 
(Fig 4e). The definitive restoration was placed 6 months 
after initial implant placement, ie, 3.9 months after pro-
visionalization (Fig 4f ). The extrusion was performed 
for 3 months with 0.16-inch nickel-titanium wire, with 
generation of a constant force of approximately 50 g 
anticipated. Extrusion of the neighboring tooth, in com-
bination with the use of the photofunctionalized im-
plant, effectively increased the MBL. A significant gain 
in the MBL at both the mesial and the distal aspects of 
the implant was clearly demonstrated by radiographs 
before and after tooth extrusion (blue arrows in Fig 4g). 
Moreover, the maturation of bone stretching from the 
middle third of the implant to the existing peri-implant 
marginal gap was uniquely observed as developing 
intensity and continuity of mineralization along the 
interface (yellow arrows in Fig 4g). Accordingly, for-
mation of the mesial and distal interproximal papil-
lae was achieved, as seen in the definitive restoration  
(Fig 4f ). This implant was also evaluated for stability 
during healing. At implant placement, the ISQ was 67, 
whereas at the time of provisionalization it was 72, in-
dicating an average ISQ increase of 2.38 per month. 

Figs 3a to 3f  Patient 2: Implant placement with simultaneous sinus elevation. 

Fig 3c  Two months after the extractions, 
implants were placed with simultaneous 
sinus elevation in the first molar region.

Figs 3a and 3b  Intraoral images (a) immediately and (b) 2 months after extraction of 
the maxillary right second premolar and first molar.

Figs 3d and 3e  Computed tomographic images of 
the (d) first molar and (e) second premolar implants. 
Note that the implant at the site of the first molar is 
supported by native bone only for the coronal 6 mm 
(green line). 

Fig 3f  Definitive restorations in place.
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抗钉将第二前磨牙挤出（图4e）。在初次植入后6
个月（即临时负重后3.9个月）植入最终修复体（图
4f）。使用0.16英寸镍钛丝进行为期3个月的挤压，
预期产生约50g的恒定力。邻近牙齿的挤压与光化
种植体的使用相结合有效地增加了MBL。牙齿挤出
之前和挤出之后的的射线照片清楚地显示，种植体
中部和远端的MBL均有显著增加（图4g中蓝色箭
头）。此外，仅观察到骨成熟从种植体的中间三分
之一延伸至种植体周围现有的边缘间隙，沿交界面
增强了矿化强度和连续性（图4g中黄色箭头）。因
此，在最终修复期间种植体中部和远端邻间牙间乳
头形成（图4f）。在愈合期间亦对此种植体的稳定
性进行了评估。种植体植入时ISQ为67；临时负重
时ISQ为72，表明每月ISQ平均增量为2.38。
患者4：在垂直向牙槽嵴骨增量术和窦提升术后

进行分阶段植入。
一例72岁的女性患者前往诊所进行上颌骨左象

限的种植体修复。射线照片显示该区域的牙槽嵴高
度吸收（图5a）。为了获得足够的植骨量进行种
植，在该区域联合进行了垂直向牙槽嵴骨增量术和

窦提升术（图5b至5d）。愈合（6.5个月）后，植
入三个光化种植体以进行非埋入式愈合（第二前磨
牙，4x13mm；第一磨牙，5x13mm；第二磨牙，
6x10mm）（图5e）。如植入前该部位射线照片所
示（图5a），两个后侧种植体的天然骨支持有限，
仅为25%~30%。在4.5个月后，种植体进行临时功
能性负重。在种植体植入6个月后植入最终修复体
（图5f和图5g）。冠修复时和冠修复1年后射线照片
对比显示，许多区域的种植体冠端发生边缘骨结合
（图5h中箭头）。

植入成功
在这些植入较困难的病例中，临时负重前愈合

时间为2.1~4.5个月。最终修复体植入后1年随访期
间，所有7个光化种植体均较为稳定且运转良好，无
疼痛或其它炎症迹象。如表1所示，种植体周围无射
线可透性或边缘骨吸收。

边缘骨变化
表1列出了每个种植体中部和远端测量到的边缘
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图3a至3f  患者2：种植体植入术并行窦提升术

图3a和3b  拔除上颌第二前磨牙和第一磨牙后口腔内图像（a）和拔除上颌第二前磨牙和
第一磨牙后2个月后口腔内图像（b）。

图3c  拔牙后两个月，在第一磨牙区植入种
植体，同时行窦提升术。

图3f  完成最终修复。图3d和3e   第一磨牙部位（d）和第二前磨牙部位
（e）的种植体的计算机断层图像。请注意，第一磨
牙部位的种植体由天然骨支持，冠状面与天然骨结合
长度仅为6mm（绿线）。
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After 3.8 months of healing, a second surgery was 
performed, and the implants were loaded on the same 
day. The definitive restoration was placed 1.2 months 
after provisionalization (Fig 3f ). In this patient, changes 
in implant stability were evaluated by measuring the 
ISQs at implant placement and at loading. At implant 
placement, the ISQs were 48 and 49 for the second 
premolar and first molar sites, respectively; 3.8 months 
later, at loading, these had increased to 76 and 80. The 
osseointegration speed, defined as the increase in ISQ 
per month, was 7.36 and 8.16 for the second premolar 
and first molar sites, respectively.

Patient 3: Implant placement into a fresh extrac-
tion socket. A 53-year-old woman presenting with a 
distal periodontal lesion and bone resorption around 
the maxillary left first premolar visited the clinic for 
potential implant treatment. Clinical and radiographic 
examination indicated that the lesion was caused by a 
distal crack of the tooth (Fig 4a). The first premolar was 
extracted, and a photofunctionalized implant (4 mm 
in diameter and 13 mm in length) was placed immedi-
ately (Fig 4b). Although little cortical support was avail-
able, as shown by a 2.5-mm gap between the implant 
and the buccal alveolar ridge (Fig 4c), the apical half 
of the implant was within the native bone, with good 
primary stability (ISQ > 65). Blood clot was maintained 
in the gap by means of carbon dioxide laser–mediated 
hemostasis and the wound was closed using a non-

submerged technique without any grafting materials 
(Fig 4d). The patient received antibiotic treatment for 
3 days postsurgery.

At 2.1 months after placement, the implant was 
functionally provisionalized and also utilized as an 
orthodontic anchor to extrude the second premolar 
(Fig 4e). The definitive restoration was placed 6 months 
after initial implant placement, ie, 3.9 months after pro-
visionalization (Fig 4f ). The extrusion was performed 
for 3 months with 0.16-inch nickel-titanium wire, with 
generation of a constant force of approximately 50 g 
anticipated. Extrusion of the neighboring tooth, in com-
bination with the use of the photofunctionalized im-
plant, effectively increased the MBL. A significant gain 
in the MBL at both the mesial and the distal aspects of 
the implant was clearly demonstrated by radiographs 
before and after tooth extrusion (blue arrows in Fig 4g). 
Moreover, the maturation of bone stretching from the 
middle third of the implant to the existing peri-implant 
marginal gap was uniquely observed as developing 
intensity and continuity of mineralization along the 
interface (yellow arrows in Fig 4g). Accordingly, for-
mation of the mesial and distal interproximal papil-
lae was achieved, as seen in the definitive restoration  
(Fig 4f ). This implant was also evaluated for stability 
during healing. At implant placement, the ISQ was 67, 
whereas at the time of provisionalization it was 72, in-
dicating an average ISQ increase of 2.38 per month. 

Figs 3a to 3f  Patient 2: Implant placement with simultaneous sinus elevation. 

Fig 3c  Two months after the extractions, 
implants were placed with simultaneous 
sinus elevation in the first molar region.

Figs 3a and 3b  Intraoral images (a) immediately and (b) 2 months after extraction of 
the maxillary right second premolar and first molar.

Figs 3d and 3e  Computed tomographic images of 
the (d) first molar and (e) second premolar implants. 
Note that the implant at the site of the first molar is 
supported by native bone only for the coronal 6 mm 
(green line). 

Fig 3f  Definitive restorations in place.
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Patient 4: Staged placement after vertical ridge 
augmentation and sinus elevation. A 72-year-old 
woman visited the clinic for implant restoration in 
the maxillary left quadrant. The alveolar ridge in the 
area was highly resorbed, as seen in the radiographs 
(Fig 5a). A combination of vertical ridge augmenta-
tion and sinus elevation was performed in this area 
to obtain a sufficient quantity of bone for implant 
placement (Figs 5b to 5d). After 6.5 months of heal-
ing, three photofunctionalized implants were placed 
for nonsubmerged healing (second premolar, 4 × 13 
mm; first molar, 5 × 13 mm; second molar, 6 × 10 mm)  
(Fig 5e). As seen radiographically before site develop-

ment (Fig 5a), there was limited native bone support 
of only 25% to 30% for the two posterior implants. Af-
ter 4.5 months, the implants were provisionalized for 
functional loading, followed by definitive restoration 
at 6 months after implant placement (Figs 5f and 5g). 
Radiographic comparison of images taken at the time 
of crown placement and 1 year later showed reloca-
tion of marginal bone contact toward the coronal ends 
of the implants in many areas (arrows in Fig 5h).

Implant Success
The healing time before functional provisionalization 
ranged from 2.1 to 4.5 months in these difficult cases. 

Fig 4a to 4g  Patient 3: Implant placement into a fresh extraction socket. 

Figs 4b and 4c  Intraoral images obtained during implant placement. The implant sur-
face was highly hemophilic after photofunctionalization. The light-colored blood plasma 
could be seen climbing up the implant surface along the thread as soon as the implant 
makes contact with blood. Blood plasma reaches the coronal end first, with the denser, 
red, erythrocyte-containing blood constituents following. There was no crestal bone 
support and a significant horizontal gap of 2.5 mm between the buccal alveolus and 
the implant surface.  

Fig 4a  Radiograph of a maxil-
lary left first premolar present-
ing a distal bone resorption 
associated with a crack. 

Fig 4d  The implant site was sutured 
without grafting materials using a nonsub-
merged technique. Blood clot was formed 
and retained in the peri-implant gap by using 
carbon dioxide laser–mediated hemostasis.

Fig 4g  Radiographic comparison (left) before and (right) after 
the orthodontic procedure. Bone maturation is seen along the 
implant interface (yellow arrows). New bone formation is in prog-
ress within the peri-implant gap at both the mesial and the dis-
tal sides, significantly increasing the marginal bone level. Blue 
arrows indicate the most coronal BIC.

Fig 4e  After 2.1 months of healing, the 
implant was provisionalized and used as 
an orthodontic anchor to extrude the sec-
ond premolar.

Fig 4f  Definitive restoration.
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骨变化，变化绘制图如图7所示。冠修复时MBL平
均值为-0.35 ± 0.71 mm，在植入1后，MGL显著增
至0.16 ± 0.53 mm，表明边缘骨结合的总冠状面增
加。在部分病例中，MBL甚至超过了种植体平台水
平（P < .05）。在测量的14个区域中，11个区域的
边缘骨水平增加。在随访1年时，种植体均未出现
边缘骨吸收（图7）。冠修复时平台顶端的MBL均呈
上升趋势，而冠状位至平台的MBL则保持不变（图
7）。植入1年后平均MBL变化为0.51±0.35 mm，

大部分区域（14个区中的9个）的边缘骨水平与平台
相同或超过平台。
并发症

在麻醉患者前几分钟对种植体进行15分钟的光
化处理。钻孔完成时，光化种植体准备就绪，手术
未延迟。由于光化种植体表面具有超亲水性，因此
在植入种植体时需特别注意使其避免接触唾液或周
围软组织。种植体光化处理后，无修复体或手术并
发症、或手术困难。
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图4a至4g  患者3：在新鲜拔牙窝植入种植体

图4b和4c  种植体植入期间获取的口腔内图像。光化后种植体表面具高度亲血性。当种
植体与血液接触时，即可看到浅色血浆沿着螺纹在种植体表面向上延伸。血浆首先到达
冠状末端，随后流至更密集的红色红细胞血液成分。颊槽与种植体表面间无牙槽骨支
持，水平间隙较大（2.5 mm）。

图4a  左上颌第一前磨牙的射线
照片显示远端存在破裂相关骨
吸收。

图4e  愈合（2.1个月）后，种植体临时负
重，用作正畸支抗钉将第二前磨牙挤出。

图4d  使用非埋入式技术（无需移植材料）
缝合植入部位。通过二氧化碳激光介导止
血法在种植体周围形成血块并将其保留在
种植体间隙。

图4f   最终修复

图4g  正畸手术前（左）和正畸手术后（右）射线照片比较。沿
种植体界面可见骨成熟（黄色箭头）。在种植体周围间隙内，种
植体中部和远端均有新骨形成，显著提高了边缘骨水平。蓝色箭
头表示牙冠部位最准确的骨-种植体结合（BIC）点。
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Patient 4: Staged placement after vertical ridge 
augmentation and sinus elevation. A 72-year-old 
woman visited the clinic for implant restoration in 
the maxillary left quadrant. The alveolar ridge in the 
area was highly resorbed, as seen in the radiographs 
(Fig 5a). A combination of vertical ridge augmenta-
tion and sinus elevation was performed in this area 
to obtain a sufficient quantity of bone for implant 
placement (Figs 5b to 5d). After 6.5 months of heal-
ing, three photofunctionalized implants were placed 
for nonsubmerged healing (second premolar, 4 × 13 
mm; first molar, 5 × 13 mm; second molar, 6 × 10 mm)  
(Fig 5e). As seen radiographically before site develop-

ment (Fig 5a), there was limited native bone support 
of only 25% to 30% for the two posterior implants. Af-
ter 4.5 months, the implants were provisionalized for 
functional loading, followed by definitive restoration 
at 6 months after implant placement (Figs 5f and 5g). 
Radiographic comparison of images taken at the time 
of crown placement and 1 year later showed reloca-
tion of marginal bone contact toward the coronal ends 
of the implants in many areas (arrows in Fig 5h).

Implant Success
The healing time before functional provisionalization 
ranged from 2.1 to 4.5 months in these difficult cases. 

Fig 4a to 4g  Patient 3: Implant placement into a fresh extraction socket. 

Figs 4b and 4c  Intraoral images obtained during implant placement. The implant sur-
face was highly hemophilic after photofunctionalization. The light-colored blood plasma 
could be seen climbing up the implant surface along the thread as soon as the implant 
makes contact with blood. Blood plasma reaches the coronal end first, with the denser, 
red, erythrocyte-containing blood constituents following. There was no crestal bone 
support and a significant horizontal gap of 2.5 mm between the buccal alveolus and 
the implant surface.  

Fig 4a  Radiograph of a maxil-
lary left first premolar present-
ing a distal bone resorption 
associated with a crack. 

Fig 4d  The implant site was sutured 
without grafting materials using a nonsub-
merged technique. Blood clot was formed 
and retained in the peri-implant gap by using 
carbon dioxide laser–mediated hemostasis.

Fig 4g  Radiographic comparison (left) before and (right) after 
the orthodontic procedure. Bone maturation is seen along the 
implant interface (yellow arrows). New bone formation is in prog-
ress within the peri-implant gap at both the mesial and the dis-
tal sides, significantly increasing the marginal bone level. Blue 
arrows indicate the most coronal BIC.

Fig 4e  After 2.1 months of healing, the 
implant was provisionalized and used as 
an orthodontic anchor to extrude the sec-
ond premolar.

Fig 4f  Definitive restoration.
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During the 1-year follow-up period after placement of 
the definitive prostheses, all seven photofunctional-
ized implants were stable and functional, without pain 
or other signs of inflammation. There was no peri-im-
plant radiolucency or marginal bone loss, as summa-
rized in Table 1.

Implant Stability and Osseointegration Speed 
The ISQ was between 48 and 75 (63.2 ± 11.8) at the 
time of implant placement and between 68 and 81  
(76.2 ± 5.2) at the commencement of loading (Table 1, 
Fig 6). The ISQ was greater than 65 at the time of load-
ing for all implants tested. Five of the six implants tested 
showed an increase in ISQ during healing. In particular, 
the implants with initial ISQs below 70 showed impres-
sive increases at the time of loading, ranging from 5 to 31. 
The osseointegration speed ranged from –1.11 to 8.16.

Marginal Bone Change
The marginal bone change measured at the mesial 
and distal aspects of each implant is listed in Table 1 
and plotted in Fig 7. The MBL, which was an average of 

–0.35 ± 0.71 mm at the time of crown placement, had 
significantly increased to 0.16 ± 0.53 mm after 1 year, 
indicating an overall coronal gain in marginal bone con-
tact, which in some cases even exceeded the level of 
the implant platform (P < .05). Marginal bone gain was 
seen at 11 of the 14 aspects measured, and no implants 
had marginal bone loss at 1 year of follow-up (Fig 7). In 
particular, all MBLs that were apical to the platform at 
crown placement increased, whereas those MBLs that 
were coronal to the platform maintained the same level 
(Fig 7). The average MBL change was 0.51 ± 0.35 mm 
after 1 year, which resulted in platform-level or supra–
platform-level marginal bone in the majority of areas  
(9 of 14).

Complications
The 15-minute photofunctionalization process was 
initiated several minutes before anesthetizing the 
patient. By the time drilling was complete, the pho-
tofunctionalized implants were ready for placement, 
which resulted in no delays in surgery. Because of the 
superhydrophilic nature of the photofunctionalized 

Figs 5a to 5h  Patient 4: Staged implant placement after vertical ridge augmentation and sinus augmentation.

Fig 5a  A panoramic radio-
graph was obtained with a 
surgical stent before site de-
velopment surgery. 

Figs 5b and 5c  Intraoral images before and during a combination of 
sinus elevation and vertical ridge augmentation. 

Fig 5d  Radiograph confirms 
placement of the sinus graft. 

Fig 5e  Three implants were 
placed 6.5 months after site 
development. 

Fig 5h  Radiographic comparison highlighting marginal bone 
levels (left) at the time of crown placement and (right) at 1 
year. Blue arrows indicate the first BIC.

Figs 5f and 5g  Intraoral view and periapical radiograph with 
definitive restorations in place. 
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讨论

本研究首次报告了光化种植牙的临床应用。虽
然本病例系列研究的骨骼条件具有挑战性，但所有
种植体均成功进行骨结合，并如期运转。随访1年
时，软组织功能和外观均无异常。

一项动物研究考察了皮质骨支持不足对骨结合
的影响。研究结果显示，与有皮质骨支持的种植体
相比，没有皮质骨支持的种植体骨结合强度降低了
60%29。光化种植体可提高这种骨结合水平，使其
与有皮质骨支持的种植体的水平相当。种植体光化
处理后的诱导成骨能力极大提升，从种植体界面开
始，迅速扩散至周围骨并与之结合。因此，光化种
植体可提升骨结合水平。相反，未经处理的种植体
的延迟成骨则始于远端皮质骨表面，并缓慢延伸至
种植体界面。换而言之，即使条件不佳的情况下66，
光化种植体也能诱导接触成骨，而未经处理的种植

体则依赖于远端成骨66。这些研究结果表明，光化
种植体可克服与种植体周围间隙显著相关的骨愈合
受损；在新鲜的拔牙窝植入种植体（患者3）则代
表了这一情况。众所周知，在新鲜的拔牙窝内植入
种植体比在已愈合部位植入种植体的失败率更高，
并且种植失败通常发生在愈合的早期阶段7。据文献
记载，拔牙窝内植入的种植体应保持负重4个月39或
5至6个月61；值得注意的是，本研究中，光化种植
体植入后仅2.1个月（愈合时间），骨结合便达到了
负重水平。在建立和维持骨结合强度方面，拔牙窝
内种植体的ISQ值在愈合6~12个月后保持不变，甚
至略有下降42,61。除了每个月ISQ平均增加2.4之外，
该患者在植入光化种植体后负重时ISQ高达72。然
而，这是一个例外情况，属于早期负重（植入后2.1
个月）。此外，令人注目的是，在功能性负重后骨
结合过程仍持续直至骨成熟并延伸至其它部位，如
射线照片所示（图4g）。这一现象似乎体现了上
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图5a至5h  患者4：在垂直向牙槽嵴骨增量术和窦 提升术后进行分阶段植入

图5a  在该部位进行植入手术前
使用手术模板获取全景射线照
片。

图5d  射线照片证实已植入窦移
植物。

图5b和5c  在该部位进行植入手术前使用手术模板获取全景射线照片。

图5e  在该部位进行初次植入术
后6.5个月植入三个种植体。

图5f和5g  植入最终修复体后的口腔内视图和根尖周射线照片。

图5h 冠修复时（左）和冠修复后1年（右）边缘骨水平的射线照
片比较。蓝色箭头表示第一次BIC。
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implant surfaces, particular attention was given to en-
suring that the implant did not contact saliva or sur-
rounding soft tissue when being placed. No prosthetic 

were observed with regard to the use of photofunc-
tionalization.

DISCUSSION 

photofunctionalized dental implants. Despite the chal-
lenging bone conditions studied in this case series, all 
implants demonstrated successful osseointegration 
and functioned as expected, with excellent soft tissue 
health and esthetics that were maintained at 1 year of 
follow-up.

cortical bone support on osseointegration showed that 
implants placed without cortical bone support had 
a 60% reduction in the strength of osseointegration 
compared to those with cortical support.29 Photofunc-
tionalized implants improved this osseointegration to 
levels observed for implants with cortical support. The 

photofunctionalized implants to induce osteogenesis, 
beginning at the implant interface and rapidly spread-
ing to, and connecting with, the surrounding bone. In 
contrast, delayed osteogenesis begins at the surface 

of remote cortical bone and slowly approaches the 
implant interface with untreated implants. In other 
words, photofunctionalized implants are capable of in-
ducing contact osteogenesis,66 even under suboptimal 
conditions, while untreated implants rely on distant os-
teogenesis.66 -
tionalized implants may overcome the compromised 

gap; the case of implant placement into a fresh extrac-
tion socket (patient 3) may have represented this sce-
nario. Implant placement into a fresh extraction socket 
is known to be associated with a higher failure rate than 
placement into healed sites, and failures usually occur 
during the early stage of healing.7 According to the lit-
erature, implants placed into extraction sockets should 
be kept unloaded for 4 months39 or 5 to 6 months61; 
it was therefore noteworthy that, in the present study, 

achieved after only 2.1 months of healing after place-
ment of a photofunctionalized implant. With respect to 
establishing and maintaining the strength of osseoin-
tegration, ISQs for implants in extraction sockets have 
been shown to remain unchanged or even decrease 
slightly after 6 to 12 months of healing.42,61 The high 
ISQ of 72 at provisionalization obtained with photo-
functionalization in this patient, in addition to the aver-
age ISQ increase of 2.4 per month, was exceptional and 

Furthermore, it was impressive that the process of  
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Fig 7  MBL changes around photofunctionalized implants. 
M
at 1 year. Negative numbers represent bone levels apical to the 
implant platform, and positive numbers represent bone levels 
coronal to the platform. Refer to Table 1 for mean values for 
MBLs and changes in MBLs. *P < .05.

Fig 6  Changes in implant stability for photofunctionalized im-
plants. ISQ values were measured at the time of implant place-
ment and at the start of functional loading. 
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冠修复 1年后

文所述的在没有皮质骨支持的局部环境下的接触成
骨。

在当前植入或曾植入失败的部位植入种植体被
认为是最具挑战性的临床活动67-69。先前存在的炎症
和成骨可能性降低可能会影响骨与种植体的结合，
致使成功率大幅降至70%67。此外，种植体和牙槽骨
之间水平向和垂直向通常存在间隙，亦会影响骨与
种植体的结合。在这种情况下，进行种植体植入术
前可能需要延长愈合时间（5个月或更长）；在植入
后还需额外增加9个月或更长的愈合时间69,70。患者1
种植体周围间隙为3.5 mm，然而通过立即植入一个
光化种植体（在移除骨结合失败的种植体后），种
植体在2.1个月后实现成功负重。随访1年期间，无
症状和并发症。因此，患者1和患者3的临床结果似
乎与已发表的动物研究结果一致。

在动物模型中，研究人员已对使用短种植体所
致骨结合强度降低的程度进行了评估17。长度短40%
的种植体会导致种植体支抗降低50%或更多。经光
化处理的较短种植体的骨结合强度是通常强度的两
倍，消除了较短种植体的缺点17。这是由于光化种植
体周围负重界面的扩展所致17，这一扩展得益于BIC
的显著增加24。虽然研究已证实窦移植是扩大种植
体适应症范围和提高植入稳定性的有效措施，但相

较于无需手术干预的种植手术，窦提升后的成功率
明显较低71。在患者2的第一磨牙部位植入种植体，
同时行窦提升术。种植体仅由天然骨支持，冠状面
长度占其总长度的45%。此外，还存在骨质较差的
问题，如ISQ<50可见。即便在这种情况下，经过3.8
个月ISQ仍从49增至80，每个月ISQ增量为8.16。与
文献报道的上颌种植体相比，本研究获得的ISQ增量
显著较高（0.0 ~ 1.0）58,59,61,72。在所需愈合时间方
面，通常采用分阶段的方法进行种植体植入术联合
窦提升术，总愈合时间为8~14个月73。在这种情况
下，同时行种植体（光照种植体）植入术和窦移植
术仅在3.8个月后便可实现成功加载。

由于再生细胞数量有限及其他成骨代谢活动减
少，在骨量增加的骨中种进行种植体骨结合较为困
难74,75。这需要较长的愈合时间，并致使软组织修复
更加频繁，以及种植体周围骨吸收逐步增加76-78。此
外，天然骨对于种植体的支持程度是确定种植体预
后的关键因素5。在骨量增加的骨中植入种植体时，
通常需要6个月的愈合时间以确保负重前的骨结合
79。在同一部位进行多个手术（如垂直向牙槽嵴骨
增量术联合窦提升术）后，该部位植入的种植体可
能需要更长的愈合时间，最长可达13个月80。在本
研究中，将光化种植体植入至行垂直向牙槽嵴骨增

24_UV临床论著_01种植体复杂病例解决方案 [UV光照种植体]
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图6  光化种植体的植入稳定性变化在种植体植入和负重开始时测
量ISQ值。

图7  光化种植体周围的MBL变化。在最终修复体植入时和植入后
1年测量MBL。负数表示种植体平台顶端的骨水平，正数表示种
植体平台冠状面的骨水平。MBL平均值和MBL变化参见表1。*P 
< .05.



量术联合窦提升术的部位，该种植体在4.5个月后
成功负重（患者4）。尽管天然骨支持的比例极低
（25%~30%），种植术仍然成功。

目前研究认为，种植体植入后第一年边缘骨吸
收是不可避免的72,81-84，然而，在本次临床病例研
究中，MBL出现整体增加。术后1年后MBL平均增
加约0.5mm，MBL超过种植体平台水平。值得注意
的是，所有部位均未出现边缘骨吸收。一项基于有
限元分析的研究模拟了未经处理的种植体和光化种
植体BIC分别为98.2%和53.0%时，种植体周围的应
力分布85。当种植体BIC为98.2%时，种植体颈部周
围的应力集中显著降低。这一现象可由如下事实证
明：BIC为98.2%的7mm左右长种植体的应力甚至
低于BIC为53%的13mm左右长的种植体。这项研究
表明，虽然目前尚不清楚何种应力集中触发了周围
区域骨吸收，但通过增加BIC有效改善种植体周围
的应力分布可能是保护种植体周围边缘骨的潜在方
式。本报告观察结果需进一步的长期研究，以确定
光化处理对种植体周围骨和软组织的解剖稳定性和
生理健康的影响。

光化引起的物理化学变化包括去除碳氢化合
物、优化钛表面静电电荷和恢复超亲水性16,53,86-88。
体外研究表明，亲水性本身并不会增加附着在钛表
面的蛋白数量和成骨细胞数量。即便钛表面具亲水
生，其不利静电电荷亦会显著减少钛表面上成骨细
胞的聚集87,88。众所周知，附着在钛表面的细胞数量
与表面碳的减少有关，与亲水性无关21,24,44。在生物
材料研究的一般领域，表面亲水性在决定生物活性
方面的作用仍存在争议89。目前尚无普遍的证据表
明，亲水性越强的表面可使材料更具生物相容性。
例如，亲水性增强的聚合物表面可减少成纤维细胞
增殖90，而疏水性较强的聚合物支架材料可有效促进
骨再生91。市面上部分具有亲水性的种植牙被储存在
溶液中以保持其亲水性92,93。然而，关于这些表面的
其它物理化学性质方面的信息（包括碳百分比、静
电状态和与时间相关的物理化学变化）十分之少，
因此需详细说明这些表面的临床优势89。事实上，相
较于具相同表面形态的疏水性表面，附着在这些亲
水性表面上的细胞更少94。这种生物学特性与光化
表面具有的性质截然不同，光化表面可显著增强细
胞的浸润和附着度21,24。此外，光化种植体和市售种
植体的一个明显区别是，光化种植体在使用前是干
燥的，但当它们与血液接触时具有很高的润湿性。
而市售产品在使用前通常需要用溶液浸润。还需注
意，表面经光化处理后便转化为具化学清洁度的真

正钛表面。
不同的种植体植入术能够实现种植体植入或促

进种植体植入。然而，这些手术亦是种植失败的危
险因素，需要的愈合时间较长。在本病例系列中，
所有种植体在负重时的ISQ值均高于65，安全负重
的时间早于文献报道或常规方案中建议的时间。在
本研究中，早期建立的骨结合在随访1年内得以维
持。虽然这一解释必然受到本研究报告的患者数量
和相对较短的随访期的限制，但这些成功的结果表
明，光化种植体适用于具挑战性的临床病例并颇具
效用。因此，有必要进行进一步的临床研究。所有
检测到的钛基材料表面均可进行光化处理并发生变
化25-27,56。因此，该技术似乎具通用性，适用于广泛
的牙科和骨科种植体。最终结果显示患者无手术或
修复体并发症，表明该技术兼具实用性和安全性。
如需表面改性技术来扩大种植体治疗的适应症范
围、缩短愈合时间和提高成功率（特别是在具有挑
战性的临床活动中），光化处理似乎可作为不二选
择，这一方法能够满足上述所有要求。

结论

在小病例系列的解释范围内，将光化种植体应
用于这些具有临床挑战性的病例似乎能够在更短时
间（相较于标准方案和已发表文献所建议的时间）
内完成骨结合。此外，相较于文献已报告的类似结
果，光化种植体的植入稳定性更强、骨结合速度更
快。在1年随访期间，所有光化种植体的边缘骨水平
均从冠下向冠状位方向增加，而在冠状位周围具骨
支持的种植体的边缘骨水平则保持不变。此外，负
重后1年内无手术或修复体并发症。光化处理流程简
便，适用于各种表面类型的钛基材料和钛基合金材
料。结合其他体外和体内数据，本次初步研究的临
床结果表明，光化处理适用于具挑战性的临床病例
并颇具效用。作为一种全新方式，光化可用于克服
种植牙领域长期存在的挑战。因此，有必要进行进
一步的中长期临床研究。
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光照种植体的成功率、愈合时间和稳定性

Akiyoshi Funato博士(牙科博士)1 / Masahiro Yamada博士(牙科博士)2 / Takahiro Ogawa博士(牙科博士)3 

目的：本研究首次报告了光化种植牙的临床结局。材料与方法：本研究系回顾性研究，在2.5年的随
访期间分析了植入了222颗未经处理的种植体的95名连续患者和植入了168颗光化种植体的70患者。
在植入前，立即采用一个照射装置用紫外光对种植体处理15分钟，进行光化功能。光化功能后，产
生了超亲水性和亲血性，大幅度降低了表面碳的原子百分比。两组的复杂病例中，植入的90%的种
植体需要分阶段或同时进行种植牙周围的组织重建。采用种植体稳定系数（ISQ）测量种植体植入
和负重时的稳定性；然后，通过计算每个月ISQ的增量来评估种植体达到稳定的速度。结果：功能
负重前，光化种植体的愈合时间为3.2个月，未经处理的种植体的愈合时间为6.5个月。光化种植体和
未经处理的种植体的成功率分别为97.6%和96.3%。光化种植体的ISQ每月增量为2.0~8.7，这取决于植
入时的ISQ，且显著高于文献中报告的未经处理的种植体的ISQ每月增量（-1.8~2.8）。光化功能导致
更频繁地使用10毫米或更短长度的种植体，并导致种植体直径总体减小。结论：在本回顾性研究的
限制下，尽管更频繁地使用更短和更小直径的种植体，但光化功能允许采用更快的负重方案且不影
响成功率。该结果与种植体达到稳定的速度增加有关。结果表明，光化功能为进一步推进种植体治
疗提供了一条新的、实用的途径。《口腔与上颌面植入国际杂志》2013; 28: 1261-1271. doi:10.11607/
jomi.3263

关键词：碳氢化合物、超亲水、超级骨结合、钛、紫外光
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此外，实验证明：BIC提高有助于种植体周围边
缘骨中机械应力的均匀分布和降低4。同时，在骨愈
合时等具有挑战性的情况下采用紫外光处理短种植
体十分有效，种植体周围会出现巨大间隙5,6。骨结
合增强的原因是紫外光处理后产生了超亲水性、表
面的碳氢化合物显著下降以及钛表面的静电状态改
善1,7-9。这些表面性质变化导致成骨性细胞的浸润、
附着、保留和增殖能力和整体表型增强1-3,7,8,10-12。生
物效应和紫外线增强的表面性质被统称为钛种植体
的光化功能2,3,7,13-15。

尽管种植治疗已作为一项常规治疗，但仍然在
应用和治疗结局方面面临着许多挑战。骨结合所需
的延长愈合时间需要缩短，以降低患者的发病率，
适应现代种植治疗日益增长的需求。经证明，许多
诸如骨增量术和窦提升术等种植前手术对扩大种植
治疗的适应证十分有用；但是，在这种情况下种植
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pre-implant surgeries, including bone augmentation 
and sinus lift procedures, have proven useful for expand-
ing the indications of implant therapy; however, the 
clinical outcomes of implant placement in such cases 
may not be as predictable as those in regular placement 
cases.16,17 More rapid and complete establishment of 
bone–implant integration has been a persistent goal.

A crucial question exists: do the biologically and 

of osseointegration by photofunctionalization actu-
ally contribute to current clinical implant dentistry? In 
this study, we retrospectively evaluated consecutive 
patient populations who received either untreated im-
plants or photofunctionalized implants and analyzed 
the success rate, dimensions of implants, implant sta-
bility development, and healing time before loading. 

MATERIALS AND METHODS

Patients
There were two patient groups (untreated implant and 
photofunctionalized implant groups) formulated from 
consecutive patients who visited the Nagisa Dental 
Clinic (Kanazawa, Japan) for implant therapy during 
20 months from April 2009 through November 2010. 
Photofunctionalization was implemented in the clinic 
in February 2010, after which point all implants were 
photofunctionalized. The photofunctionalized implant 
group included 168 implants placed in 70 patients who 
visited the clinic after February 2010, whereas the un-
treated implant group included 222 implants placed in 
95 patients who visited before February 2010. The de-
mographic data for each group are presented in Table 
1. Patients were included if they were at least 20 years 
old, compliant with oral health care instructions and 
necessary visits, and provided consent for documenta-
tion and public presentation of their clinical data. Pa-
tients with systemic conditions that could potentially 

-
sis, diabetes, or radiation treatment were excluded.

Clinical Procedure and  
Photofunctionalization of Implants
Implant therapy was proposed and performed in the 
same manner for the untreated and photofunctional-
ized implant groups. Following routine procedures 

implants were placed with a torque of 25 to 45 Ncm 
per the manufacturer’s instructions. The implants 
used in this study possessed a tapered root form and 
identical surface morphology (Osseotite Certain, 
Biomet 3i). Photofunctionalization was performed 
at chairside immediately before implantation (Fig 1) 
by treating the implants with UV light for 15 minutes 

 
photofunctionalization-induced change in surface 
property from hydrophobic to superhydrophilic was 

implants for their wettability with double-distilled wa-
ter (Figs 2a and 2b). Photofunctionalization was also 

immediately after it was in contact with the drilled site, 
as typically seen in Fig 2c. This hemophilicity was not 
observed for the untreated implants. Furthermore, 
the chemical composition of implant surfaces was 
evaluated by x-ray photoelectron spectroscopy (XPS) 
(ESCA3200, Shimadzu). The atomic ratio of carbon to ti-
tanium (C/Ti), which was 109% before photofunctional-
ization, decreased to 38% after photofunctionalization.

Implant Location and Proportion of  
Complex Cases
Neither the number of implants placed in each location 
nor the distribution between the maxilla and mandi-

and photofunctionalized implant groups. The most 
common implant location was the posterior mandible, 
followed by the posterior maxilla, anterior maxilla, and 
anterior mandible in both groups. The implants used 
in this study largely involved complex procedures with 
pre-implant or concomitant surgery in both groups. 
Implant placement in fresh extraction sockets, bone 

表1   患者数据  
种植体 患者 平均年龄（范围） 性别（女/男）

 

未经处理的种植体 222 95 52.7 ± 16.9 (20‒76) 63/32
光照种植体 168 70 55.6 ± 11.0 (22‒78) 50/20

Fig 1 (right)  The device used for photofunctionalization of dental implants (T-

an automatic program of 15-minute UV exposure. 
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治疗的临床结局可能无法像常规植入时一样可预测
16,17。更快、更完整地建立骨与种植体的结合已成为
一个长期的目标。

存在一个关键问题：通过光化功能从生物学和
科学方面加速和增强骨结合是否真的对当前临床种
植牙医学有益?本研究回顾性地对连续患者人群进行
了评价，这些患者要么植入了未经处理的种植体，
要么植入了光化种植体，并分析了种植体的成功率
和尺寸、种植体达到稳定的速度及负重前的愈合时
间。

材料与方法

患者
本研究将2009年4月至2010年11月20个月期

间在（日本金泽）Nagisa牙科诊所进行种植治疗
的连续患者分成了两个组（未经处理的种植体组和
光化种植体组）。2010年2月，该诊所进行了光化
功能，此后所有种植体均进行了光化。光化种植体
组有70名患者，这些患者于2010年2月后来诊所治
疗，共植入168颗种植体；未经处理的种植体组有
95名患者，于2010年2月前来诊所治疗，共植入222
颗种植体。每组的人口数据见表1。患者的入选标
准：患者的年龄至少为20岁、符合口腔保健指导和
必要的就诊要求、同意提供记录和公开展示其临床
数据。患者的排除标准：患有可能影响骨骼和软组
织愈合的全身疾病，如骨质疏松症、糖尿病或接受
过放疗。

临床处理和种植体的光化功能
未经处理的种植体组和光化种植体组采用相同

的方法进行种植治疗。按照常规程序进行局部麻醉
和全厚度皮瓣反射后，依制造商的说明植入扭矩为
25至45Ncm的种植体。本研究中使用的种植体根部
为锥形，表面形态相同（Osseotite Certain, Biomet 
3i）。采用一个照射装置（TheraBeam Affiny, 
Ushio）用紫外光对种植体处理15分钟，植入前立
即在诊疗椅边进行光化（图1）。通过检查几种种植
物与重蒸馏水的润湿性，患者就诊前证实了光化功
能造成表面性质发生了变化，从疏水性变成了超亲
水性（图2a和2b）。同时，在种植体与被钻部位接
触后，若立即观察到血液沿种植体螺旋上升，则可
确认已经进行了光化，如图2c所示。在未经处理的
种植体组未观察到这种亲血性。此外，通过X射线
光电子能谱（XPS）评价了种植体表面的化学成分
（ESCA3200，日本岛津公司）。光化功能前，碳
与钛的原子比（C/Ti）为109%，光化功能后下降至
38%。

植入位置和复杂案例比例
在未经处理的种植体组和光化种植体组，每个

位置的种植体数量大不相同，上颌骨和下颌骨之间
的分布也具有显著性差异。两组最常见的种植体位
置依次为下颌后牙、上颌后牙、上颌前牙和下颌前
牙。本研究中使用的种植体在很大程度上都涉及复
杂的手术，两组均进行了植入前手术或并行手术。
新鲜拔牙窝中的种植、同时进行或分阶段进行的引
导性骨再生术（GBR）及/或同时进进或分阶段进行
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pre-implant surgeries, including bone augmentation 
and sinus lift procedures, have proven useful for expand-
ing the indications of implant therapy; however, the 
clinical outcomes of implant placement in such cases 
may not be as predictable as those in regular placement 
cases.16,17 More rapid and complete establishment of 
bone–implant integration has been a persistent goal.

A crucial question exists: do the biologically and 

of osseointegration by photofunctionalization actu-
ally contribute to current clinical implant dentistry? In 
this study, we retrospectively evaluated consecutive 
patient populations who received either untreated im-
plants or photofunctionalized implants and analyzed 
the success rate, dimensions of implants, implant sta-
bility development, and healing time before loading. 

MATERIALS AND METHODS

Patients
There were two patient groups (untreated implant and 
photofunctionalized implant groups) formulated from 
consecutive patients who visited the Nagisa Dental 
Clinic (Kanazawa, Japan) for implant therapy during 
20 months from April 2009 through November 2010. 
Photofunctionalization was implemented in the clinic 
in February 2010, after which point all implants were 
photofunctionalized. The photofunctionalized implant 
group included 168 implants placed in 70 patients who 
visited the clinic after February 2010, whereas the un-
treated implant group included 222 implants placed in 
95 patients who visited before February 2010. The de-
mographic data for each group are presented in Table 
1. Patients were included if they were at least 20 years 
old, compliant with oral health care instructions and 
necessary visits, and provided consent for documenta-
tion and public presentation of their clinical data. Pa-
tients with systemic conditions that could potentially 

-
sis, diabetes, or radiation treatment were excluded.

Clinical Procedure and  
Photofunctionalization of Implants
Implant therapy was proposed and performed in the 
same manner for the untreated and photofunctional-
ized implant groups. Following routine procedures 

implants were placed with a torque of 25 to 45 Ncm 
per the manufacturer’s instructions. The implants 
used in this study possessed a tapered root form and 
identical surface morphology (Osseotite Certain, 
Biomet 3i). Photofunctionalization was performed 
at chairside immediately before implantation (Fig 1) 
by treating the implants with UV light for 15 minutes 

 
photofunctionalization-induced change in surface 
property from hydrophobic to superhydrophilic was 

implants for their wettability with double-distilled wa-
ter (Figs 2a and 2b). Photofunctionalization was also 

immediately after it was in contact with the drilled site, 
as typically seen in Fig 2c. This hemophilicity was not 
observed for the untreated implants. Furthermore, 
the chemical composition of implant surfaces was 
evaluated by x-ray photoelectron spectroscopy (XPS) 
(ESCA3200, Shimadzu). The atomic ratio of carbon to ti-
tanium (C/Ti), which was 109% before photofunctional-
ization, decreased to 38% after photofunctionalization.

Implant Location and Proportion of  
Complex Cases
Neither the number of implants placed in each location 
nor the distribution between the maxilla and mandi-

and photofunctionalized implant groups. The most 
common implant location was the posterior mandible, 
followed by the posterior maxilla, anterior maxilla, and 
anterior mandible in both groups. The implants used 
in this study largely involved complex procedures with 
pre-implant or concomitant surgery in both groups. 
Implant placement in fresh extraction sockets, bone 

表1   患者数据  
种植体 患者 平均年龄（范围） 性别（女/男）

 

未经处理的种植体 222 95 52.7 ± 16.9 (20‒76) 63/32
光照种植体 168 70 55.6 ± 11.0 (22‒78) 50/20

Fig 1 (right)  The device used for photofunctionalization of dental implants (T-

an automatic program of 15-minute UV exposure. 
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图1(右)  种植牙光化功能所用设备（TheraBeam Affiny）。种植体放置在移动平台
上，该设备执行自动程序，在紫外光中暴露15分钟。
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with simultaneous or staged guided bone regenera-
tion (GBR) and/or simultaneous or staged sinus el-

84.2% and 91.7% implants in the untreated and photo-
functionalized implant groups, respectively. 

Implant Dimensions
The lengths and diameters of implants used are pre-
sented in Table 2. The use of implants 10 mm or shorter 
was more frequent in the photofunctionalized implant 
group (37.5%) than in the untreated implant group 

in the photofunctionalized implant group than in the 
untreated implant group; implants 5 mm or wider in 
diameter were used less often in the photofunctional-
ized group. Implants used in complex cases were sig-

group. 

Implant Stability
Implant stability was evaluated by measuring the im-
pant stability quotient (ISQ) at implant placement and 
commencement of functional loading using Osstell ISQ 
(Osstell). Furthermore, the rate at which implant stabil-
ity was established was evaluated by calculating the 

loading) − (ISQ at implant placement)]/(healing time 

before loading). Implant stability measurement was 
performed for all photofunctionalized implants. The av-

-
tions at the mesial, distal, buccal, and lingual surface of 
an implant) was used for further statistical analysis. The 
ISQ device was implemented in the clinic after photo-
functionalization was introduced. Therefore, ISQ data 
were only available for photofunctionalized implants.

Implant Success
Implant success was evaluated according to the suc-
cess criteria of Smith and Zarb18 after follow-up peri-

restoration for the untreated and photofunctionalized 
implant groups, respectively. Implant failure was con-

-

-
tinuous decrease in ISQ values.

Potential Surgical Complications
Potential surgical complications were monitored, in-

-
matory reaction of tissues, improper or delayed wound 
healing, postoperative infection, damage to neighbor-
ing natural teeth, or postsurgical sensory disorders.

     

a b c

表2   种植数据
种植体总长 种植体直径 复杂病例

均值 (mm)
≤ 10 mm 

(%)
≥ 13 mm 

(%) 均值 (mm)
≥ 5 mm 

(%)
种植体长度

（mm）
种植体直径

（mm）
未经处理的种植体
(n = 222)

12.04 ± 1.69 56 (25.2) 109 (49.1) 4.71 ± 0.75 123 (55.4) 12.20 ± 1.65 4.64 ± 0.73

光照种植体
(n = 168)

11.76 ± 1.69 NS 63 (37.5) 72 (42.9) 4.51 ± 0.71** 66 (39.3) 11.71 ± 1.30* 4.50 ± 0.76NS

未经处理的种植体组和光化种植体组之间存在显著统计学差异：*P < .05, **P < .01，NS：无统计意义。
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的窦提升术定义为复杂案例，分别在未经处理的种
植体组和光化种植体组中占84.2%和91.7%。

种植体尺寸
所 用 种 植 体 的 长 度 和 直 径 见 表 2 所 示 。 光 化

种 植 体 组 中 ， 1 0 m m 以 内 的 种 植 体 的 使 用 频 率
（37.5%）比未经处理的种植体组（25.2%）更高；
光化种植体组中，种植体直径明显比未经处理的种
植体组更小；光化种植体组中，直径为5mm以上的
种植体的使用频率通常更低；光化种植体组中，复
杂案例中使用的种植体明显更短。

种植体稳定性
采用Osstell ISQ（种植体稳定系数）诊断系统

测量种植体植入和功能负重开始时的种植体稳定系
数以评价种植体的稳定性。此外，通过计算ISQ的每
月增量评价种植体达到稳定的速率，定义为[(负重时
ISQ) - 种植体植入时ISQ)]/(负重前的愈合时间)。测
量光化种植体的稳定性，采用四个测量值（从种植

体的中、远、颊和舌面等四个不同方向测得的值）
的平均ISQ进行进一步的统计分析。光化功能后，在
诊所运行ISQ设备。因此，只有光化种植体才有ISQ
数据。

植入成功
在未经处理的种植体组，随访2.5~3.5年后根据

Smith和Zarb18的成功标准进行植入成功率评价；
在光化种植体组，最终恢复后1.5~2.5年按该标准进
行植入成功率评价。若出现明显移动性、放射照片
显示骨结合失败或渐进崩解、边缘骨吸收、疼痛、
炎性反应及/或ISQ值快速持续下降，则认为种植失
败。

潜在手术并发症
监测了可能的手术并发症，包括疼痛的时间和

程度、出血、组织炎症反应、伤口愈合不当或延
迟、术后感染、邻近天然牙齿破坏或术后感觉障
碍。

32_UV临床论著_01种植体复杂病例解决方案 [UV光照种植体]
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with simultaneous or staged guided bone regenera-
tion (GBR) and/or simultaneous or staged sinus el-

84.2% and 91.7% implants in the untreated and photo-
functionalized implant groups, respectively. 

Implant Dimensions
The lengths and diameters of implants used are pre-
sented in Table 2. The use of implants 10 mm or shorter 
was more frequent in the photofunctionalized implant 
group (37.5%) than in the untreated implant group 

in the photofunctionalized implant group than in the 
untreated implant group; implants 5 mm or wider in 
diameter were used less often in the photofunctional-
ized group. Implants used in complex cases were sig-

group. 

Implant Stability
Implant stability was evaluated by measuring the im-
pant stability quotient (ISQ) at implant placement and 
commencement of functional loading using Osstell ISQ 
(Osstell). Furthermore, the rate at which implant stabil-
ity was established was evaluated by calculating the 

loading) − (ISQ at implant placement)]/(healing time 

before loading). Implant stability measurement was 
performed for all photofunctionalized implants. The av-

-
tions at the mesial, distal, buccal, and lingual surface of 
an implant) was used for further statistical analysis. The 
ISQ device was implemented in the clinic after photo-
functionalization was introduced. Therefore, ISQ data 
were only available for photofunctionalized implants.

Implant Success
Implant success was evaluated according to the suc-
cess criteria of Smith and Zarb18 after follow-up peri-

restoration for the untreated and photofunctionalized 
implant groups, respectively. Implant failure was con-

-

-
tinuous decrease in ISQ values.

Potential Surgical Complications
Potential surgical complications were monitored, in-

-
matory reaction of tissues, improper or delayed wound 
healing, postoperative infection, damage to neighbor-
ing natural teeth, or postsurgical sensory disorders.

     

a b c

表2   种植数据
种植体总长 种植体直径 复杂病例

均值 (mm)
≤ 10 mm 

(%)
≥ 13 mm 

(%) 均值 (mm)
≥ 5 mm 

(%)
种植体长度

（mm）
种植体直径

（mm）
未经处理的种植体
(n = 222)

12.04 ± 1.69 56 (25.2) 109 (49.1) 4.71 ± 0.75 123 (55.4) 12.20 ± 1.65 4.64 ± 0.73

光照种植体
(n = 168)

11.76 ± 1.69 NS 63 (37.5) 72 (42.9) 4.51 ± 0.71** 66 (39.3) 11.71 ± 1.30* 4.50 ± 0.76NS

未经处理的种植体组和光化种植体组之间存在显著统计学差异：*P < .05, **P < .01，NS：无统计意义。
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图2a至2c  （a）光化功能前，种植体表面与三滴3μL的重蒸馏水（共9μL）表现出疏水性，只有有限的区域与水接触。（b）光化功能
后，种植体表面产生了超亲水性，9μL的水（三滴3μL的重蒸馏水）足以扩散并覆盖整个种植体表面。（c）光化功能后种植体高度亲
血；光化种植体与植入部位接触后典型的口内图像；注意血液沿着种植体螺纹螺旋上升并到达冠状部分的动态情况。
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Statistical Analysis

photofunctionalized implants were examined us-
ing the Mann-Whitney U 
length and diameter between the two groups and ISQ 
changes with time were examined by analysis of vari-
ance (ANOVA). A P value of < .05 was considered statis-

RESULTS

Healing Time
The average healing time before functional loading 
was two-fold shorter for photofunctionalized implants 
than for untreated implants: untreated implants were 
loaded 6.5 months after placement while photofunc-
tionalized implants were loaded 3.2 months after 
placement (Fig 3). A substantial reduction in healing 
time was consistently seen in all regions. A drastic de-
crease in the healing time in the anterior mandible was 
a result of a general reduction of healing and increased 
instances of immediate loading.

The distribution of healing times is plotted in Fig 4. 
The overall results showed that none of the untreated 

implants were immediately loaded, whereas 17% of 
photofunctionalized implants were immediately load-
ed. Taken together, 50% of the photofunctionalized 
implants were either loaded immediately or within a 
period of 3 months. None of the untreated implants 
were loaded during this early stage. Photofunctional-
ization resulted in a considerable decrease in the pro-
portion of healing times greater than 6 months. Less 
than 10% of photofunctionalized implants and 50% 
of untreated implants were subjected to such long 

revealed that 75% of photofunctionalized implants 
placed in the anterior mandible were immediately 
loaded. Early loading within 3 months was applied in 
35%, 100%, 37%, and 54% of photofunctionalized im-
plants in the anterior maxilla, anterior mandible, pos-
terior maxilla, and posterior mandible, respectively.

Success Rate
The overall success rate for untreated implants was 
96.3%. Eight out of 222 implants in seven patients 
failed. Seven out of the 8 implants were not integrated 
at second-stage surgery. One implant failed after provi-
sionalization. The success rate for photofunctionalized 
implants was 97.6%.  Four out of 168 implants failed. All 
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统计分析
采用曼-惠特尼U 检验检测了未经处理的种植

体和光化种植体的愈合时间差异，通过方差分析
（ANOVA）检测了两组种植体的长度和直径差异以
及ISQ随时间的变化，P值< .05具有统计意义。

结果

愈合时间
光化种植体在功能负重前的平均愈合时间比未

经处理的种植体在功能负重前的平均愈合时间短两
倍：未经处理的种植体在植入后6.5个月时进行负
重，而光化种植体在植入后3.2个月时进行负重（图
3）。所有区域的愈合时间都有显著缩短，下颌骨前
部的愈合时间急剧缩短是由于愈合普遍减少和即刻
负荷增加所致。

愈合时间分布如图4所示。整体结果显示，在未
经处理的种植体组中未对任何种植体进行过即可负

重，而在光化种植体组中对17%的种植体进行了即
可负重。

总的来说，在光化种植体组中，有50%的种植
体要么即刻负重，要么在3个月之内负重。在未经处
理的种植体组中，在这早期阶段均未进行负重。光
化功能导致愈合时间大于6个月的比例显著下降。
在未经处理的种植体和光化种植体中，分别有低于
10%和50%的种植体有如此长的愈合时间。特定区
域愈合时间分布图表明：在植入下颌骨前部的光化
种植体中，有75%的种植体进行了即刻负重。在植
入上颌前牙、下颌前牙、上颌后牙和下颌后牙的光
化种植体中，分别有35%、100%、37%和54%的种
植体在3个月内进行了早期负重。

成功率
未经处理的种植体的总成功率为96.3%。在222

颗种植体中，有八颗在七名患者口中植入失败。第
二阶段的手术时，8颗种植体中有7颗无法结合。立
即制作假牙后，一颗种植失败。光化种植体的成功
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图3  未经处理的种植体和光化种植体在功
能负重前的愈合时间。阴影框和白色框分
别占50%和80%，每个框的上方表示的是
平均值。Ut：未经处理的种植体；Pf：光
照种植体；*P < .05.
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Statistical Analysis

photofunctionalized implants were examined us-
ing the Mann-Whitney U 
length and diameter between the two groups and ISQ 
changes with time were examined by analysis of vari-
ance (ANOVA). A P value of < .05 was considered statis-

RESULTS

Healing Time
The average healing time before functional loading 
was two-fold shorter for photofunctionalized implants 
than for untreated implants: untreated implants were 
loaded 6.5 months after placement while photofunc-
tionalized implants were loaded 3.2 months after 
placement (Fig 3). A substantial reduction in healing 
time was consistently seen in all regions. A drastic de-
crease in the healing time in the anterior mandible was 
a result of a general reduction of healing and increased 
instances of immediate loading.

The distribution of healing times is plotted in Fig 4. 
The overall results showed that none of the untreated 

implants were immediately loaded, whereas 17% of 
photofunctionalized implants were immediately load-
ed. Taken together, 50% of the photofunctionalized 
implants were either loaded immediately or within a 
period of 3 months. None of the untreated implants 
were loaded during this early stage. Photofunctional-
ization resulted in a considerable decrease in the pro-
portion of healing times greater than 6 months. Less 
than 10% of photofunctionalized implants and 50% 
of untreated implants were subjected to such long 

revealed that 75% of photofunctionalized implants 
placed in the anterior mandible were immediately 
loaded. Early loading within 3 months was applied in 
35%, 100%, 37%, and 54% of photofunctionalized im-
plants in the anterior maxilla, anterior mandible, pos-
terior maxilla, and posterior mandible, respectively.

Success Rate
The overall success rate for untreated implants was 
96.3%. Eight out of 222 implants in seven patients 
failed. Seven out of the 8 implants were not integrated 
at second-stage surgery. One implant failed after provi-
sionalization. The success rate for photofunctionalized 
implants was 97.6%.  Four out of 168 implants failed. All 
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failures were associated with early provisionalization 
within 3 months (1 implant placed in a fresh extraction 
socket, 2 in sinus lift sites, and 1 at a vertical GBR site). 
There was no disintegration observed before provision-
alization. Therefore, the failure rate before functional 
loading was 3.15% for untreated implants and 0.0% for 
photofunctionalized implants. There was no late failure 

Implant Stability
Implant stability was evaluated by categorizing im-
plants according to the range of initial ISQ (ISQi) at 
placement. First, implants were divided into six groups 
by a 10-point ISQi interval (Table 3). When the ISQi was 

-
-

ment and loading) ranged from 10.7 to 26.2 points and 
was more remarkable when the ISQi was low (Fig 5  
and Table 3). When the ISQi was 60 or higher, the sub-

Table 3). To precisely determine the ISQi threshold that 

group was subdivided into “ISQi 60 to 64” and “ISQi 65 
to 69,” as shown in Table 3.  It was shown that when the 

increased from the level at placement, whereas the 

change. Furthermore, for the implants that showed 

loading, the ISQ increase per month was calculated  
(Table 3). The ISQ increase per month was the highest 
at 8.7 ± 4.1 when the ISQi was 40 to 49. 
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表3   光照种植体的ISQ变化和增量 
ISQ

初期稳定性范围 种植体 植入时 (ISQi) 负重时 增量/m
ISQi < 40 3 37.7 ± 2.3 63.0 ± 7.5** 4.6 ± 0.4
ISQi 40‒49 8 47.6 ± 1.8 73.8 ± 8.6*** 8.7 ± 4.1
ISQi 50‒59 13 56.1 ± 2.7 66.8 ± 8.7*** 2.6 ± 2.4
ISQi 60‒69 18 66.5 ± 2.6 70.5 ± 12.4NS NA

ISQi 60‒64 4 62.8 ± 1.5 74.0 ± 7.2* 2.0 ± 1.5
ISQi 65‒69 14 67.6 ± 1.5 69.5 ± 13.5NS NA

ISQi 70‒79 33 76.1 ± 1.9 72.4 ± 11.5NS NA
ISQi ≥ 80 24 82.7 ± 1.9 80.4 ± 6.1NS NA
ISQi 60~69又细分为ISQi 60~64和65~59两个范围，以精确地确定负重时ISQ显著变化的阈值。
时间点之间存在显著统计学差异；*P < .05；**P < .01；***P < .001；NS：无统计意义。
ISQi：种植体植入时的最初ISQ；NA：不适用。
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率为97.6%。168颗种植体中，有四颗种植失败。
所有失败均与3个月内早期立即制作假牙相关（新
鲜拔牙窝中植入的1颗种植体，窦提升部位植入的
2颗种植体，垂直引导性骨再生术部位植入的1颗
种植体）。立即制作假牙前，未观察到脱离现象。
因此，功能负重前，未经处理的种植体的失败率为
3.15%，光化种植体的失败率为0.0%。两组植入最
后一颗牙修复体后，未出现失败现象。

种植体稳定性
根据植入时最初ISQ（ISQi）的范围对种植体

进行分类，从而评价种植体的稳定性。首先，种植
体被分成六个组，ISQi间隔为10（表3）。当ISQi
低于60时，负重时的ISQ显著增加。增量（种植体
植入时和负重时的差值）为10.7~26.2，当ISQi较
低时增量更明显（图5和表3）。当ISQi大于等于60
时，之后的ISQ未发生显著变化（图5和表3）。为
精确地确定导致负重时发生显著变化的ISQi阈值，
“ISQi 60~69”又被细分为“ISQi 60~64”和“ISQi 
65~69”，如表3所示。据显示，当ISQi为60~64
时，负重时的ISQ相比于植入时显著增加，而当ISQi
为65~69时，后续未发生显著变化。此外，对于那
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图4  未经处理的种植体和光照种植体在功能负重前的具体愈合时间分布。Ut：未经处理的种植体；Pf：光照种植体
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failures were associated with early provisionalization 
within 3 months (1 implant placed in a fresh extraction 
socket, 2 in sinus lift sites, and 1 at a vertical GBR site). 
There was no disintegration observed before provision-
alization. Therefore, the failure rate before functional 
loading was 3.15% for untreated implants and 0.0% for 
photofunctionalized implants. There was no late failure 

Implant Stability
Implant stability was evaluated by categorizing im-
plants according to the range of initial ISQ (ISQi) at 
placement. First, implants were divided into six groups 
by a 10-point ISQi interval (Table 3). When the ISQi was 

-
-

ment and loading) ranged from 10.7 to 26.2 points and 
was more remarkable when the ISQi was low (Fig 5  
and Table 3). When the ISQi was 60 or higher, the sub-

Table 3). To precisely determine the ISQi threshold that 

group was subdivided into “ISQi 60 to 64” and “ISQi 65 
to 69,” as shown in Table 3.  It was shown that when the 

increased from the level at placement, whereas the 

change. Furthermore, for the implants that showed 

loading, the ISQ increase per month was calculated  
(Table 3). The ISQ increase per month was the highest 
at 8.7 ± 4.1 when the ISQi was 40 to 49. 
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表3   光照种植体的ISQ变化和增量 
ISQ

初期稳定性范围 种植体 植入时 (ISQi) 负重时 增量/m
ISQi < 40 3 37.7 ± 2.3 63.0 ± 7.5** 4.6 ± 0.4
ISQi 40‒49 8 47.6 ± 1.8 73.8 ± 8.6*** 8.7 ± 4.1
ISQi 50‒59 13 56.1 ± 2.7 66.8 ± 8.7*** 2.6 ± 2.4
ISQi 60‒69 18 66.5 ± 2.6 70.5 ± 12.4NS NA

ISQi 60‒64 4 62.8 ± 1.5 74.0 ± 7.2* 2.0 ± 1.5
ISQi 65‒69 14 67.6 ± 1.5 69.5 ± 13.5NS NA

ISQi 70‒79 33 76.1 ± 1.9 72.4 ± 11.5NS NA
ISQi ≥ 80 24 82.7 ± 1.9 80.4 ± 6.1NS NA
ISQi 60~69又细分为ISQi 60~64和65~59两个范围，以精确地确定负重时ISQ显著变化的阈值。
时间点之间存在显著统计学差异；*P < .05；**P < .01；***P < .001；NS：无统计意义。
ISQi：种植体植入时的最初ISQ；NA：不适用。
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Complications
Surgical complications were documented in asso-
ciation with 11 untreated implant placements: peri-
implant infection observed with titanium (Ti) mesh 
exposure (3 implants), peri-implant infection with soft 
tissue dehiscence in a case of simultaneous GBR (1 im-
plant), noninfectious Ti mesh exposure (5 implants), 
exposure of the cover screw (1 implant), and tentative 
and mild sensory disorder (1 implant). 

Photofunctionalization, which takes 15 minutes, 
was initiated several minutes before anesthetizing the 
patients. By the time the drilling was complete, the 
photo functionalized implants were ready for place-
ment, which resulted in no delay or time loss during 
surgery. No surgical complication that required an extra 
procedure was documented in association with photo-
functionalized implants. One implant was associated 
with a noninfectious minor Ti mesh exposure. The sur-
gical complication rate was 4.95% (11 incidents/222 
implants) for untreated implants and 0.59% (1 incident/ 
168 implants) for photofunctionalized implants.

DISCUSSION

Implant placement in complex cases is considered to 
increase the risk of implant failure and requires a sub-
stantially longer healing time. In general, 6 months is 
required to secure osseointegration before loading in 
augmented bone.19 Bone with multiple augmentation 
procedures such as a combination of vertical ridge 
augmentation and sinus lift may require an extended 
healing time of up to 13 months.20 Implants placed 
in extraction sockets should be left unloaded for 4 
months21 or 5 to 6 months.22 If horizontal and vertical 
peri-implant gap is anticipated in the socket, implant 
placement should take place after 5 months or more, 
followed by an additional healing time of 9 months or 
more for osseointegration.23,24 In this study, successful 
osseointegration was demonstrated after an average 
healing time of 3.2 months using photofunctionalized 
implants, a majority of which were placed in bone with 
the above-mentioned challenging conditions. 

Findings from animal studies may be helpful in 
understanding the high clinical performance of pho-
tofunctionalized implants in the present study. A rat 
study showed that implant placement without cortical 
bone support reduced the strength of osseointegra-
tion by 60%.5 However, photofunctionalized implants 
placed in the same site achieved the strength of os-
seointegration equivalent to the implants with corti-

osteogenesis initiating at the implant interface, which 
rapidly spread to the remote cortical bone. In contrast, 
osteogenesis around untreated implants was initiated 
at the surface of remote cortical bone and slowly ap-
proached the implant interface. More than 75% of 
implants in this study involved simultaneous GBR and 

gap. The successful result for these implants is well-
supported by the previous animal study.

Another animal study addressed a potential disad-
vantage caused by the use of short implants and fur-
ther determined whether photofunctionalization could 
mitigate this disadvantage.6 In that study, implants with 
40% shorter length resulted in a 50% or more decrease 
in the strength of osseointegration. However, when the 
short implants were photofunctionalized, the osseo-
integration strength doubled and this disadvantage of 
short implants was eliminated.6 This was explained by 
increased bone coverage around photofunctionalized 

-
functionalization is known to increase the percentage 
of bone-implant contact by nearly two times.1 Most im-
plants in the present study were placed in complex cas-
es and had a limited area supported by native bone. The 
successful outcome for these implants may arise from 
the evidence of this animal study. More convincing is 
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Fig 5  The ISQ values at implant placement and functional load-
ing. Implants were divided into six groups depending on their ini-
tial ISQ at placement (ISQi). Mean and standard deviations are 

observed between the two time points. **P < .01, *** P < .001. 
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些负重时的ISQ相比于植入时明显增加的种植体，本
研究计算了其每个月的ISQ增量（表3）。当ISQi为
40~49时，每个月的ISQ增量最高为8.7 ± 4.1。

并发症
植入11颗未经处理的种植体后，记录了一些手

术并发症：种植体周围感染且钛网外露（3颗种植
体）；同时行引导性骨再生术时种植体周围感染，
且软组织裂开（1颗种植体）；非感染性钛网外露
（5颗种植体）；覆盖螺丝暴露（1颗种植体）；暂
时性和轻度感觉障碍（1颗种植体）。

光化功能需要进行15分钟，在麻醉病人前几分
钟就开始了。钻孔完成时，光化种植体准备就绪，
手术期间未发生延时或浪费时间。据记载，光化种

植体组中未发生需要进行额外手术的并发症。一颗
种植体出现非感染性钛网轻度外露。未经处理的种
植体的手术并发症率为4.95%（11次事件/222颗种
植体），光化种植体的手术并发症为0.59%（1次事
件/168颗种植体）。

讨论

认为复杂情况下植入种植体会增加种植失败的
风险，并需要相当长的愈合时间。一般情况下，在
增强骨中进行负重前需要6个月来进行骨结合19。
采用垂直骨增量术和窦底提升术相结合等多种骨增
强术可能需要愈合时间延长，愈合时间多达13个月
20。在拔牙窝中植入种植体不应即刻负重，而应等待
4个月21或5~6个月22。如果拔牙窝中种植体周围有水
平和垂直的间隙，则应至少在5个月后植入种植体，
那么骨结合又额外需要至少9个月的愈合时间23,24。
本研究中，使用光化种植体时，平均愈合3.2个月后
骨结合成功，其中大多数种植体植入了上述具有挑
战性条件的骨骼中。

动物研究结果可能有助于理解本研究中光化种
植体的高临床表现。一项老鼠研究表明：植入种植
体时，如果没有密质骨支撑，骨结合强度会降低
60%5。但是，植入相同部位的、光化种植体的骨
结合强度与有密质骨支撑的种植体的骨结合强度相
当。产生这种效果的原因是，种植体界面开始强烈
成骨，成骨趋势快速扩展至远处的密质骨。与此相
反，对于未经处理的种植体来说，最先从远处密质
骨表面开始成骨，然后慢慢延伸至种植体表面。本
研究中，超过75%的种植体进行了同步引导性骨再
生术且新鲜拔牙窝中种植体周围有显著的间隙。这
些种植体的成功得到了以前动物研究的支撑。

另一项动物研究指出了使用短种植体可能带来
的劣势，并进一步确定了光化功能是否能削弱这一
劣势6。在该研究中，种植体长度缩短40%导致骨
结合强度下降了至少50%。但是，当短种植体光化
后，骨结合强度增加了一倍，从而消除了短种植体
的这一劣势6。这是由于光化种植体的周围骨覆盖面
积增加，从而抵消了减小的表面积。众所周知，光
化功能可使骨与种植体接触的比例增加近两倍1。
在本研究中，大多数种植体的植入条件都很复杂，
且由天然骨支撑的区域有限。这些种植体的成功结
果可由这项动物研究证明。更令人信服的是，光化
功能允许更频繁地使用10毫米或更短的种植体，从
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图5  种植体植入时和功能负重时的ISQ值。种植体根据植入时的
最初ISQ（ISQi）被分为六个组，每一组的均值和标准差通过图
绘制出来。两个时间点之间存在显著统计学差异；**P < .01；
***P < .001；NS：无统计意义。参考表3进一步确定ISQi为
60~69时ISQ是否发生了显著变化。



而即使在具有挑战性的情况下也能开辟一条微创种
植治疗的新途径。此外，光化种植体的平均长度和
直径明显小于未经处理的种植体。本研究仅显示采
用回顾性研究设计的结果，差异相对较小。作者认
为，未来的研究将采用更多的对照设计，确定短而
窄的种植牙如何与光化功能一起产生一种负重承重
能力，以容忍特定的骨骼条件，从而解决这些结果
的临床影响。

植入时测量植入稳定性及愈合期间的变化对于
监测骨结合过程、规划负重方案和评价植入侧和宿
主侧骨结合的不同情况十分有帮助25-31。据报道，基
于共振频率分析的ISQ值已经得到广泛使用，因为其
具有较好的信度和效度27,32-37。评价种植体表面、确
定负重方案时，除了观察骨结合的预期进展外，还
应聚焦稳定性下降的时间。ISQ值足够敏感，可以
检测植入后第1周至第8周期间的稳定性变化26,28,33,38-

41。本研究中，为确保ISQ数据的可靠性，采用四个
时间测量值的平均值进行了统计分析。

作者假设，当考虑到种植体植入时的初始值和
达到最终值所需的时间时，使用ISQ值评价种植体的
稳定性更有意义。通过这种方式，ISQ值可能会被标
准化，可对愈合时间不同、初期固定不同的种植体
进行比较。因此，本研究首先计算了植入时和功能
负重时之间的ISQ变化。然后，通过负重前所需的时
间，将ISQ变化进行细分，得到ISQ每月的增量，评
价种植体达到稳定的速度。以往许多研究提出，两
个时间点之间的ISQ变化是一个有用的参数，并描述
了它们被测量的时间25,33,38,42,43。采用时间作为种植
体达到稳定的速度的指标，进一步计算了ISQ每月的
增量。

得到的植入稳定性变化数据和ISQ每月的增量
强有力地证明了光化种植体的成功率高，即使采用
加速负重方案时也是如此。该研究中，只有光化种
植体才有ISQ数据。因此，在进行彻底的文献检索
之后，将这些数据与之前文章中未经处理的种植体
进行了比较（表4）。因为文献中有一个普遍的趋
势，即最初ISQ为70或更高的种植体在随后的愈合
过程中没有显著的变化，所以作者搜索并列出了那
些讨论最初ISQ小于70的种植体的文章22,25,26,33,38-40,43-

48。这一搜索有两个主要发现：（1）光化种植体的
第二次ISQ测量值比第一次有所增加，增加范围为
10.7~26.2，显著高于文献中的增量（-5.0~4.6）；
（2）光化种植体ISQ的每月增量为2.0~8.7，明显高
于文献中的增量（-1.8~2.8）。

一些报告专门检查了在骨受损情况下ISQ的变

化。植入新鲜拔牙窝中的种植体的ISQ值一般保持不
变或轻微减小，即使6~12个月后仍是如此22,49。植入
上颌前牙、经移植材料增强了的种植体未表现出明
显增加，即使充分愈合后仍是如此43。与一般理解相
反，本研究（主要包括受损骨条件）显示ISQ显著增
加，证明大量案例可在3个月内进行早期负重，并会
取得成功的结果。

ISQ初始值低于55时，有关其变化的信息有限。
据推测，由于初始稳定性低，所以已避免在如此高
危的条件下进行种植。根据有限的报告可知，就植
入新鲜拔牙窝且最初ISQ低于55的种植体而言，骨
结合不会成功22。植入移植的上颌前牙且最初ISQ约
为50~55的种植体显示，失败率高达35%43。本研究
中，所有最初ISQ低于50的光化种植体的骨结合十
分成功，表明种植治疗的适应证可能扩大。

功能负重前，光化种植体的失败率为0%，而
未经处理的种植体的失败率为3.15%。这表明，所
有的光化种植体在最初愈合阶段其周围的骨骼均未
发生破坏性变化，这对于理解光化功能的另一个治
疗优势可能是非常重要的。钛的骨传导能力与钛表
面的碳含量呈负相关1,9。目前的市售种植体不可避
免地会在很大程度上受到碳氢化合物的污染50-56。
表面碳的平均含量为35% ~ 55%，不同种植体表面
碳的平均含量具有显著差异，最低的平均含量低于
20%，最高的平均含量高于75%54,56,57。这说明在大
多数钛种植体中，碳的原子百分率大于钛的原子百
分率。本研究中光化功能前的C/Ti比值为109%，与
文献一致。由于通过光化功能去除了碳，所以本研
究中的种植体可能已经恢复了最高水平的先天骨传
导率，这使得种植体之间骨结合能力的差异最小。

已知造成光化功能发生生物效应的机制不仅包
括亲水性的提高，还包括碳的减少和静电状态的优
化2,3,58。生物材料的表面亲水性在决定其生物活性方
面的作用是有争议的59。“表面越亲水，材料的生物
相容性就越好”不是一个普遍法则。例如，在一定
条件下，与疏水钛表面相比，亲水钛表面上附着的
细胞数量较少60。亲水性增强的聚合物表面可减少成
纤维细胞的增殖61。越来越多的疏水聚合物支架材料
可以有效促进骨增生62。虽然疏水性向亲水性转化是
紫外光功能化过程中的一个伴随现象，但目前还没
有足够的证据证明亲水程度与骨结合能力之间存在
因果关系。事实上，尽管亲水性越高，对细胞的吸
引力越强，但水的接触角度与成骨细胞附着率无关
1,12。相反，如上所述，光化功能后表面碳的显著减
少更可能是得出目前临床结果的原因1。
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54,56,57 These indicate 
that the atomic percentage of carbon is greater than 
that of titanium in most titanium implants. The C/Ti ra-
tio, which was 109% before photofunctionalization in 
the present study, was consistent with the literature. 
Because of carbon removal by photofunctionalization, 
the implants in the present study may have regained 
the highest level of innate osteoconductivity, which 
led to minimal interimplant variation in osseointegra-
tion capability.

The known mechanisms underlying the biologi-

an increased hydrophilicity but also reduced carbon 
and optimized electrostatic status.2,3,58 The role of the 
surface hydrophilicity of biomaterials in determining 
their bioactivity is contentious.59 It is not a universal 
principle that the more hydrophilic the surface, the 
more biocompatible the material. For instance, under 
a certain condition, a fewer number of cells attached 
to hydrophilic titanium surfaces than on hydrophobic 

表4   文献中不同种植体类型的ISO变化比较 
ISQ

愈合期
（月）

 ISQ
每月增量种植体表面 植入条件

初始值
（植入时）

 
第二次§

TiUnite44（阳极氧化） 上颌骨 0.33
TiUnite43 上颌前牙

移植上颌前牙
58.5 ± 4.7
61.5 ± 9.0 60.2 ± 6.9

6
6

0.4
‒0.2

TiUnite45 移植上颌前牙 61.4 ± 5.1 61.0 ± 7.9 6 ‒0.1
TiUnite46 上颌骨 60.1 ± 3.6 62.8 ± 1.6 4 0.68
TiUnite26 * 主要是GBR

和拔牙窝
68.0 63.0 3 ‒1.67

TiOblast47（喷砂） 上颌骨
移植上颌骨
移植上颌骨

62.3 ± 5.1
56.9 ± 4.7
60.7 ± 6.1

63.9 ± 5.5
58.2 ± 4.7
61.4 ± 5.2

6
6
6

0.27
0.22
0.12

新鲜拔牙窝上颌骨
新鲜拔牙窝下颌骨

61.1 ± 1.1
65.1 ± 2.6

63.9 ± 5.6
64.0 ± 2.1

5.6
5.6

0.5
‒0.2

SLA25（喷砂和酸蚀） 整体
上颌骨
下颌骨
I型骨
II型骨
III型骨

57.4 ± 6.8
55.0 ± 6.8
59.8 ± 6.7
62.8 ± 7.2
56.9 ± 5.9
56.0 ± 7.8

60.3 ± 6.1
57.9 ± 6.0
63.9 ± 6.0
60.7 ± 3.6
60.1 ± 5.8
60.6 ± 7.2

3
3
3
3
3
3

0.9
0.9
1.3

‒0.7
1.1
1.5

SLA38 * 上颌骨
下颌骨

54.0
60.0

57.2
62.7

2.5
2.5

1.3
1.1

SLA33† ISQi < 50
ISQi 50‒59
ISQi 60‒69
  ISQi 60‒64
  ISQi 65‒69

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

3
3
3
3
3

2.8
1.1
0.46
0.63
0.15

SLA40 上颌骨
下颌骨

55.4 ± 3.8
65.5 ± 5.5

57.0 ± 2.8 1.5
1.5

1.06
‒1.8

SLActive40（喷砂和酸蚀；化学改性）上颌骨
下颌骨

52.4 ± 7.4
64.2 ± 5.0

53.5 ± 5.3
64.1 ± 3.5

1.5
1.5

0.73
‒0.06

SLA和TPS48 ‡ 上颌骨 48.8 ± 3.6 53.1 ± 9.5 > 12 0.36
SPI39（喷砂和酸蚀） IV型骨 0.51
光化表面（大多数都是复杂的案例） ISQi < 40

ISQi 40‒49
ISQi 50‒59
ISQi 60‒64

37.7 ± 2.3
47.6 ± 1.8
56.1 ± 2.7
62.8 ± 1.5

63.0 ± 7.5
73.8 ± 8.6
66.8 ± 8.7
74.0 ± 7.2

AH
AH
AH
AH

4.6
8.7
2.6
2.0

*从图中读取值。
†数据只提供了植入时和3个月随访时之间的ISQ差异。
‡从不同患者组获取的ISQ数据：初始数据从未负重患者中获取，第二次数据从至少负重了12个月的患者中获取。
§大多数的数据是负重时记录的数据，而有些数据是在预先安排的随访时间点记录的数据。
AH：负重前的实际愈合时间；ISQi：种植体植入时的最初ISQ；NA：不适用。
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未指明22

63.3 ± 6.1 64.3 ± 5.3
60.9 ± 4.3

3

68.9 ± 4.3 69.9 ± 4.3 2

62.8 ± 5.4

最近的一项研究揭示了表面电荷对于决定钛的
骨传导性的重要性8,10。因为生物细胞带负电，如
果钛表面带负电，它们就会相互排斥。这些研究表
明，钛的静电性能很重要，足以取代亲水性的积极
作用8,10。但不幸的是，老化钛表面带负电荷2,3,8,10,63-

65。经证明，光化钛表面由于其正电转化可吸引更多
的细胞8,10。市面上有一些具有亲水性的种植牙，储

存在特定的溶液中66,67。最近，有人指出有必要仔细
阐释这些表面的临床优势59。关于这些表面的物理化
学性质（包括碳的百分比、静电状态以及它们随时
间的变化）的资料很少，因此很难对这些表面进行
阐释。光化种植体与那些商业产品有明确的区别，
即光化种植体是干燥的，并可转化为化学纯的、纯
粹的钛表面，而不是潮湿的或在植入前带有离子或
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分子。
本研究结果的解释应限于回顾性研究设计和长

达2.5年的随访期，仅评估光化种植体的植入稳定
性。但作者认为，与全部检索文献进行全面比较后
得出的成功结果值得进行进一步的临床研究（如随
机临床试验），以使光化功能成为多方向推进种植
牙医学发展的一个有效措施。光化功能的另一个优
势是：实践证明在表面形貌各异的钛基材料上均有
效7,68-70，这意味着可广泛应用于各种种植牙。换句
话说，该技术不会引发不同种植体产品之间的竞
争，反而可能提高特定产品固有的生物学性能。最
后未观察到与光化功能相关的手术并发症。令人惊
讶的是，光化功能后的手术并发症的比例较低，这
说明该技术既实用又安全。

结论

在本研究范围内（主要包括复杂情况下的种植
体植入），未经处理的种植体的负重前愈合时间为
6.5个月。即使光化种植体的负重前愈合时间明显缩
短（3.2个月），但光化功能应用的成功率仍高达
97.6%。光化种植体的ISQ每月增量为2.0~8.7（这
取决于最初的ISQ值），显著高于文献中报告的ISQ
每月增量（-1.8~2.8）。采用光化功能导致更频繁地
使用10毫米或更短长度的种植体，并导致种植体的
平均直径减小。总之，尽管更频繁地使用了更短和
更小直径的种植体，但光化功能允许采用更快的负
重方案且不影响成功率。就光化种植体而言，该结
果与种植体达到稳定的速度增加有关。结果表明，
光化功能为进一步推进种植体治疗提供了一条新
的、实用的途径。
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Effect of UV Photofunctionalization on
Osseointegration in Aged Rats
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L
ife expectancy and healthy life
expectancy both increased from
1990–2010, and the demand for

implant treatment in aged patients
increased accordingly.1–3 Use of dental
implants has become a standard treat-
ment option for edentulous patients.
For instance, implant overdentures are
considered a more promising option
than classical complete dentures,4–8 and
older patients with mandibular implant-
supported overdentures are generally
satisfied with their oral health-related
quality of life.9 Although some studies
reported that being elderly is not a con-
traindication for dental implants,10

geriatric patients have distinct biologi-
cal disadvantages with respect to bone
healing, and have shown considerably
reduced osteogenic function in terms
of host cell activity.11,12 Therefore, the
importance of the use of more osteocon-
ductive implant surfaces is emphasized.
However, there are few reports of os-
seointegration results in aged animals.

Time-dependent reduction in os-
teoconductivity and other biological
capabilities of titanium is reported as
a restricting factor of osseointegration.
This phenomenon is defined as the
biological aging of titanium.13–15 Ultra-
violet (UV) light photofunctionaliza-
tion, the treatment of titanium implant
surfaces with UV light immediately
before use, is a novel and effective
way to overcome the biological aging

of titanium and improve the osseointe-
gration of dental implants,with its value
reported in both basic13,14,16–18 and clin-
ical research studies.19–21 Briefly, the
effect of photofunctionalization is
achieved by virtue of 3 mechanisms:
(1) removal of hydrocarbons from an
implant surface; (2) conversion of sur-
face hydrophobicity to hydrophilicity;
and (3) conversion of surface charge
from negative to positive.13,14,16 Thus,
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Objectives: This study evaluated
the effect of photofunctionalization on
osseointegration under the biologi-
cally adverse conditions of aging.

Materials: First of all, bone
marrow–derived osteoblastic cells
from young (8 weeks old) and aged
(15 months old) rats were biologically
characterized. Then, the osteoblasts
from aged rats were seeded on tita-
nium discs with and without photo-
functionalization, and assessed for
initial cell attachment and osteoblastic
functions. Titanium mini-implants,
with and without photofunctionaliza-
tion, were placed in the femur of aged
rats, and the strength of osseointegra-
tion was measured at week 2 of heal-
ing. Periimplant tissue was examined
morphologically and chemically using
scanning electron microscopy and
energy dispersive x-ray spectroscopy,
respectively.

Results: Cells from the aged rats
showed substantially reduced biolog-
ical capabilities compared with those

derived from young rats. The cells
from aged rats showed significantly
increased cell attachment and the
expression of osteoblastic function
on photofunctionalized titanium
than on untreated titanium. In addi-
tion, the strength of osseointegra-
tion was increased by 40% in aged
rats carrying the photofunctional-
ized implants. Robust bone forma-
tion was observed around the
photofunctionalized implants with
strong elemental peaks of calcium
and phosphorus, whereas the tissue
around untreated implants showed
weaker calcium and phosphate sig-
nals than titanium ones.

Conclusion: These in vivo and
in vitro results corroboratively dem-
onstrate that photofunctionalization
is effective for enhancing osseointe-
gration in aged rats. (Implant Dent
2016;25:744–750)
Key Words: dental implant, UV
light, surface conditioning, tita-
nium, old age
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从1990年到2010年，预期寿命
和健康预期寿命均有所增加，老年患
者对种植治疗的需求也相应增加1-3，
使用种植牙已经成为缺齿患者标准的
治疗选择。例如，种植覆盖义齿被认
为是比传统的全口义齿更具前景的选
择4-8。采用覆盖义齿在下颌进行种植
的老年患者一般很满意，因为其口腔
健康了，生活质量也相应提高了9。
尽管一些研究显示上了年纪仍可植入
种植牙10，但老年患者在骨愈合方面
有明显的生物学劣势，并且就宿主细
胞活性而言，老年患者的成骨功能明
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目的：本研究评估了在衰老的生物学
不利条件下光化功能对骨结合的效
果。
材料：首先，对从幼龄大鼠（8周
龄）和老龄大鼠（15月龄）的骨髓中
获取的成骨细胞进行生物特性研究。
然后，将老龄大鼠的成骨细胞植入光
化和未经光化的钛片上，并评估其初
始细胞黏附力和成骨功能。将光化和
未经光化的迷你钛种植体置入老龄大
鼠的股骨中，在愈合第2周时测量骨
结合强度。分别用扫描电子显微镜检
查法和X射线能量色散谱对种植体周
围组织进行形态学检查和化学检查。
结果：与幼龄大鼠的细胞相比，老
龄大鼠细胞的生物功能明显下降。

老龄大鼠的细胞在光化钛上的细胞黏
附力和成骨细胞功能表达明显比在未
经处理的钛上的细胞黏附力和成骨细
胞功能表达更强。此外，植入光化种
植体的老龄大鼠中，骨结合强度增强
40%。光化种植体周围骨形成情况很
好，钙、磷元素峰较强，而未处理种
植体周围的组织的钙、磷信号比钛种
植体更弱。
结论：体内结果和体外结果证实，光
化功能是增强老龄大鼠骨结合的有
效手段。（《种植牙医学》, 2016; 25: 
744-750）

关键词：种植牙、紫外光、表面处
理、钛、老龄

显下降11,12。因此，需重视使用骨传
导性更高的种植体表面。然而，关于
老年动物骨结合情况的报告却很少。

据报道，钛的骨传导性和其他生
物功能能随时间降低，这是骨结合的
一个制约因素，这种现象被称作钛的
生物老化13-15。紫外光（UV）化功能
（即：在使用前立即用紫外光处理钛
种植体的表面）是一种克服钛生物老
化、提高种植牙骨结合度的新的、
有效的方法，其价值已在基础研究
13,14,16-18和临床研究中19-21有所报告。
简而言之，光化功能的效果是通过三
种机制实现的：（1）从种植体表面
去除碳氢化合物；（2）表面疏水性

向亲水性转化；（3）表面电荷由负
电向正电转换13,14,16。因此，光化表
面具有细胞亲和性，具体表现为黏附
力增强、成骨细胞的扩散、增殖和分
化、蛋白质吸附能力增强2。在动物
模型中，光化种植体在愈合第4周时
的骨-种植体结合率接近100%，愈合
第2周时的骨-钛结合强度比未处理种
植体提高了3倍多2。这些基础研究成
果表明，临床上应用光化功能取得了
良好的治疗效果。光化功能促进和增
强了种植牙的骨结合，避免稳定性下
降19-21。近年来，采用钛进行紫外光
化功能也在骨再生医学领域得到了广
泛的应用22,23。
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尽管光化功能是一种很有前景的
钛种植体表面治疗方法，未来可预测
骨结合情况且使骨结合的速度更快，
但这种技术在宿主条件不佳的情况下
（如老化）的效果仍然未知。因此，
我们假设光化功能可以增强老龄动物
的骨结合。本研究检测了15个月龄大
鼠成骨细胞在未处理钛和光化钛上的
生物学能力，然后对未处理种植体和
光化种植体的体内骨结合情况进行了
评估。

材料和方法

来自骨髓的间充质细胞的培养和种植
从8周龄和15个月龄的雄性斯普

拉格-道利（SD）大鼠股骨中提取的
骨髓间充质干细胞置于生长培养基中
（阿尔法改良伊格尔培养基，其中
包含15%的牛胎儿血清和真菌抗生
素），在37°C、潮湿的空气（95%
空气，5%二氧化碳）下培养。细胞
融合80%时，用0.25%的胰酶细胞
消化液分离、传代或用于实验。培
养基每3天更新一次。第一次传代的
细胞用于成纤维细胞集落生成单位
（CFU-F）分析，第二次传代的细胞
用于增殖分析和成骨细胞表型评估。
为评估成骨细胞的表型，在12孔培
养皿中的成骨细胞培养基中培养幼龄
大鼠细胞或老龄大鼠细胞，密度为
3 ×104个细胞/cm2（生长培养基中
添加50mg/mL的抗坏血酸、10mM
的β-甘油磷酸钠、10 -8M的地塞米
松）。为评估光化功能的效果，在光
化和未经光化的钛板上培养老龄大鼠
细胞，密度为3 × 104个细胞/cm2。

成纤维细胞集落生成
单位分析法

在250个细胞/25cm2的烧瓶中培
养幼龄大鼠或老龄大鼠的骨髓间充质
干细胞14天，评估集落形成情况。如
之前所述，用0.5%结晶紫溶液对集

落染色，在显微镜下观察到至少有50
个细胞形成了集落24。

细胞数量定量测定
如之前所述，对幼龄大鼠或老

龄大鼠的细胞进行培养，密度为3 × 
10 4个细胞/cm 2，培养3天和5天，
进行增殖评价2。为确定各培养物的
细胞数量，将培养皿在37°C的温度
下和100mL的WST-1试剂（德国曼
海姆罗氏应用科学部）培养1小时，
使用一个ELISA酶标仪（Synerg y 
HT; BioTek Instruments, Winooski, 
VT）在波长为450nm的条件下通过
分光光度测定法对培养皿进行分析。
本 研 究 采 用 市 售 2 级 纯 钛 片 （ 直 径
20mm；厚度1mm）。用67%的硫
酸（密苏里州圣路易斯市西格玛奥
德里奇）在120°C下蚀刻钛片75秒，
用微粗糙的钛表面模拟典型的种植
牙表面形貌。在重蒸馏水中洗涤4次
后，将钛片干燥1小时，高压蒸汽处
理后置于黑暗环境中保存4周再进行
实验。在使用前，立即采用一个照
射装置（日本东京Ushio公司生产的
TheraBeam SuperOsseo）用紫外光
对钛片和种植体处理12分钟，进行光
化功能。

细胞最初对钛的黏附力
采用WST-1比色法评估细胞最初

对钛表面的黏附力，以在培养24小时
后确定钛基质吸附的细胞数量。

碱性磷酸酶（ALP）活性
采用比色法试验评估细胞培养

第 7 天 时 的 碱 性 磷 酸 酶 （ A L P ） 活
性。简而言之，用重蒸馏水冲洗培养
皿，然后在250 μL的对硝基酚磷酸
酶（LabAssay ALP；美国弗吉尼亚
州里士满和光纯药工业）中培养，在
37°C下培养15分钟。利用一台ELISA
酶标仪在405nm的波长处测量吸光
度，通过酶催化反应释放出的硝基酚
的量来评估ALP活性。

矿化分析
采用比色法试验评估细胞培养第

14天时的矿化能力。用磷酸盐缓冲
溶液冲洗培养物，在1ml的0.5M HCl
溶液（西格玛奥德里奇）中培育，
轻微摇晃，培养一夜。在碱性培养
基（Stanbio LiquiColor; Stanbio, 
Boerne, TX）中将该溶液与邻甲酚
酞络合剂混合，产生紫色钙-甲酚酞
络合物，利用一台ELISA酶标仪在
550nm波长处测量吸光度，以确定
该络合物的量。

迷你种植体制备
本 研 究 采 用 的 是 市 售 2 级 纯

钛 迷 你 种 植 体 （ 直 径 1 m m ； 长 度

图1  种植体表面亲水性转化及种植体植入术。
A：未处理种植体的疏水性表面。1μL水置于种植体上以评估表面的亲水性。
B：光化功能使表面具有亲水性，所加入的水立即在表面上散开。
C：在大鼠右股骨上植入未经处理的种植体，种植体具有疏水性，因此不吸血。
D：在大鼠左股骨上植入光化种植体，光化种植体显示出亲水性，因此血液立即被吸引到光化种
植体的表面。

the photofunctionalized surface offers
a cell-affinity interface, as demonstrated
by enhanced attachment, spread, prolifer-
ation, and differentiation of osteoblasts,
as well as increased protein adsorption.2

Photofunctionalized implants showed
nearly 100% bone-implant contact by
week 4 of healing in animal models,
and the strength of bone-titanium integra-
tion was enhanced over 3-fold compared
with untreated implants atweek2of heal-
ing.2 Based on these basic research find-
ings, photofunctionalization was applied
clinically and achieved good treatment
outcomes. Photofunctionalization accel-
erated and enhanced the osseointegration
of dental implants and eliminated the sta-
bility dip.19–21 Recently, UV light photo-
functionalization is also applied for bone
regenerative medicine using titanium.22,23

Despite photofunctionalization
becoming a promising surface treatment
of titanium implants with the aim ofmore
predictable and faster osseointegration,
the effect of such technology in compro-
mised host conditions such as aging
remains unknown.We thus hypothesized
that photofunctionalizationcouldenhance
osseointegration in an aged animalmodel.
This study examined biological capability
of osteoblasts derived from 15-month-old
rats on untreated and photofunctionalized
titanium, followed by an in vivo assess-
ment of osseointegration for untreated
and photofunctionalized implants.

MATERIALS AND METHODS

Bone Marrow–Derived Mesenchymal
Stromal Cells Culture and Seeding

Bonemarrow–derivedmesenchymal
stromal cells isolated from the femurs of
8-week-old and 15-month-old male
Sprague Dawley rats were placed into
growth medium (alpha-modified Eagle’s
medium supplemented with 15%
fetal bovine serum and an antibiotic-
antimycotic) and incubated in a humidi-
fied atmosphere of 95% air/5% CO2 at
37°C. At 80% confluency, cells were
detached using 0.25% Trypsin-EDTA
and passaged or used for experiments.
The culturemediumwas renewed every
3 days. Cells from the first passage were
used for colony-forming unit fibroblast
(CFU-F) assays and cells from the sec-
ond passage were used for proliferation
assays and assessment of osteoblastic
phenotype. To assess the osteoblastic

phenotype, cells from young or aged
rates were plated in osteoblast culture
medium (growth medium supple-
mented with 50 mg/mL ascorbic acid,
10 mM Na-b-glycerophosphate, 10−8

M dexamethasone) at a density of 3 3
104 cells/cm2 in 12-well culture plates.
To assess the effect of photofunctional-
ization, cells from aged rats were plated
on titanium discs with or without photo-
functionalization at a density of 33 104

cells/cm2.

CFU-F Assay
Colony formation was assessed in

young or aged bone marrow–derived
mesenchymal stromal cells grown for
14 days at 250 cells/25-cm2

flasks. Col-
onies were stained with 0.5% crystal
violet solution and those of at least 50
cells in number were counted under
microscopic observation as previously
repoted.24

Cell Number Quantification Assay
Cells of young or aged rats were

plated at 33 104 cells/cm2 and cultured
for 3 and 5 days to evaluate prolifera-
tion as previously reported.2 To estab-
lish cell quantity in each culture, plates
were then incubated at 37°C for 1 hour
with 100 mL of WST-1 reagent (Roche
Applied Science, Mannheim, Germany)
and assayed by spectrophotometry at
a wavelength of 450 nm using an ELISA
reader (Synergy HT; BioTek Instru-
ments, Winooski, VT).

Preparation of Titanium Discs
Titanium discs of grade 2 commer-

cially pure titanium (20mm in diameter,

1 mm in thickness) were used in this
study. Titanium discs were etched with
67% sulfuric acid (Sigma-Aldrich, St.
Louis, MO) at 120°C for 75 seconds to
establish micro-roughened titanium sur-
faces as a typical surface topography of
dental implant. After washing in double-
distilled water 4 times, discs were dried
for 1 hour, autoclaved, and then stored
under dark ambient conditions for 4
weeks before use in experiments. Pho-
tofunctionalization was performed by
treating titanium discs and implants
with UV light for 12 minutes using
a photo device (TheraBeam SuperOs-
seo; Ushio Inc., Tokyo, Japan) imme-
diately before use.

Initial Cell Attachment to Titanium
The initial attachment of cells to

titanium surfaces was evaluated using
WST-1–based colorimetry to quantify
the amount of cells attached to titanium
substrates after 24 hours of incubation.

ALP Activity
The alkaline phosphatase (ALP)

activity was evaluated at day 7 of cell
culture using colorimetry-based as-
says. Briefly, the plates were rinsed
with double-distilled water, and then
incubated in 250 mL p-nitrophenyl-
phosphatase (LabAssay ALP; Wako
Pure Chemicals, Richmond, VA) at
37°C for 15 minutes. ALP activity
was evaluated as the amount of nitro-
phenol released through the enzymatic
reaction based on the absorbance at
405 nm wavelength using an ELISA
reader.

Fig. 1. Converted hydrophilicity of implant surface and implant placement surgery. A, Hydro-
phobic surface of untreated implant. One mL of water was placed on the implant to evaluate
surface hydrophilicity. B, Hydrophilic surface obtained by photofunctionalization, with the added
water immediately spread across the surface.C, Untreated implants were placed on right femurs
of rats and did not attract blood because of their hydrophobic nature. D, Photofunctionalized
implants were placed on left femurs of rats. Photofunctionalized implants showed hydrophilicity,
thus blood was immediately attracted to the surface of photofunctionalized implants.
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图2  老龄大鼠的干细胞数减少、初始细胞黏附力降低、增殖能力降低、分化为成骨细胞的能力
降低。
A：成纤维细胞集落生成单位分析法。培养14天后，用结晶紫染色菌落，计数细胞数不少于50个
的菌落。
B：培养24小时后成骨细胞对钛表面的初始黏附力。
C：幼龄大鼠和老龄大鼠的细胞增殖。在培养第3天和第5天，采用WST-1通过比色法测量细胞数
量。
D：通过比色法测量碱性磷酸酶的表达。幼龄大鼠和老龄大鼠的细胞存在差异：*P < 0.05，**P 
< 0.01。
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2mm）。所有种植体在120°C的温
度下、67%的硫酸中蚀刻75秒，使
钛表面变得略微粗糙。在重蒸馏水
中 洗 涤 4 次 后 ， 将 种 植 体 置 于 黑 暗
环 境 中 保 存 4 周 再 进 行 种 植 体 植 入
术。植入前，立即采用一个照射装置
（TheraBeam SuperOsseo）对光化
钛种植体进行处理。在一些种植体上
滴1μL的重蒸馏水，确保光化种植体
和未经光化的种植体表面是否具有亲
水性（图1A和B）。

动物和种植体植入
所有手术均在吸入异氟烷麻醉后

进行。据之前报告所述2，在每只大
鼠的右股骨和左股骨中分别植入定制
的未处理种植体和光化种植体（图
1C和D）。然后，将手术部位分层
关闭。共植入了24颗迷你种植体。
美国加州大学洛杉矶分校动物研究
委员会批准了该方案（ARC # 2005-
175），所有的实验都按照美国农业
部（USDA）动物研究指南进行。

种植体生物力学推入试验
植入两周后，处死大鼠，保留股

骨。将收集的股骨嵌入定制模具的自
动聚合树脂中，并据之前报告进行推
入试验25。

SEM和EDS
修整推入试验用的标本，并将其

固定在扫描电子显微镜（SEM）固定
器上，以暴露出种植体表面。在重蒸
馏水中搅拌去除残余血块，干燥标
本。进行碳喷涂后，用SEM（Nova 
230 Nano SEM；俄勒冈州希尔斯伯
勒FEI公司）对未处理组和光化组的
样品进行检测。同时，利用能量色散
X射线谱（EDX）（ESCA3200；日本
东京岛津公司）分析种植体表面的元
素组成。

统计分析
所有培养研究均进行了三次（n 

Mineralization Assay
Themineralization capability of cells

was evaluated at day 14 of culture using
a colorimetry-based assay. Cultures were
washed with phosphate-buffered saline
and incubated overnight in 1 mL of
0.5MHCl (Sigma-Aldrich) with gentle
shaking. The solution was mixed with
o-cresolphthalein complexone in alka-
line medium (Stanbio LiquiColor; Stan-
bio, Boerne, TX) to produce a purple
calcium–cresolphthalein complexone
complex that was quantified by absor-
bance measurement at a wavelength
of 550 nm using an ELISA reader.

Preparation of Mini-Implants
Miniature implants (1 mm in diame-

ter, 2 mm in length) made of grade 2
commercially pure titanium were used in
this study. All implants were etched in
67%sulfuric acid at 120°C for 75 seconds
to establish a micro-roughened tita-
nium surfaces. After washing in double-
distilled water 4 times, implants were
stored under dark ambient conditions for
4 weeks until implant placement surgery.
Photofunctionalized titanium implants
were treated using a photo device (Ther-
aBeam SuperOsseo) immediately before
implant placement. One mL of double-
distilled water were dropped on several
implants to confirmsurfacehydrophilicity
of implants with and without photofunc-
tionalization (Fig. 1 A and B).

Animals and Implant Placement
Every surgical procedure was per-

formed under inhalation anesthesia of
isoflurane. Made-to-order untreated im-
plants and photofunctionalized implants
were placed into the right and left femurs
of each rat as previously reported,2 respec-
tively (Fig. 1CandD). Surgical siteswere
then closed in layers. Totally 24 mini-im-
plants were placed. The protocol was
approved by the Chancellor’s Animal
Research Committee at the University of
California at Los Angeles (ARC # 2005-
175), and all experimentation was per-
formed in accordance with the United
States Department of Agriculture
(USDA) guidelines on animal research.

Biomechanical Push-in Test
for Implants

Two weeks after the implant
placement, rats were killed and femurs
were harvested. Collected femurs were

Fig. 2. Degradation of cells from aged rats based on numbers of stem cell, initial cell attach-
ment, ability to proliferate, and ability to differentiate into osteoblast. A, CFU-F assay. After 14
days culturing, colonies were stained with crystal violet and those having a minimum of 50 cells
were counted. B, Initial osteoblast attachment to the titanium surface after 24-hour culturing.
C, Cell proliferation of cells from young and aged rats. The numbers of cells were measured
colorimetrically with WST-1 at day 3 and 5 of culture. D, The expression of alkaline phosphatase
was measured colorimetrically. Differences between cells from young and aged rat: *P , 0.05,
**P , 0.01.
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= 3）。采用单向方差分析研究幼龄
和老龄大鼠细胞间的差异。在体内
推入试验中，未处理种植体组和光化
种植体组各使用了六颗种植体；P < 
0.05表明差异具有统计学意义。

结果

老龄大鼠细胞的成骨功能降低
采用CFU-F分析法定量测定异质

性间充质细胞中的间充质干细胞数
量，菌落数量代表一群特殊的间充
质干细胞。老龄大鼠细胞产生的菌落
数量大约是幼龄大鼠细胞产生的菌落
数量的一半（图2A）。在培养第3天
和第5天时，幼龄大鼠的细胞数量比
老龄大鼠的细胞数量明显更多。这表
明，随着老龄化，细胞的增殖能力也
在下降（图2B）。老龄大鼠细胞的
成骨表型也在下降，第7天时，老龄
大鼠细胞的ALP表达约为幼龄大鼠的
一半（图2C）。第14天时，老龄大
鼠细胞培养物中的钙沉积量明显比幼
龄大鼠更少（图2D）。

细胞对光化钛的初始黏附力增强
根据培养24小时后附着在钛表面

的细胞数量，评估了光化功能对钛片
的初始细胞黏附力的影响（图3A）。
光化功能增强了初始细胞黏附力，与
未处理钛片相比，经处理的钛片对细
胞的初始黏附力至少增强了30%。

光化钛上的成骨细胞表型增强
光化功能也增强了钛表面上老龄

大鼠细胞的成骨细胞表型。与未处理
的钛片相比，光化钛片上的ALP（成
骨细胞的早期标志物）表达显著增强
（图3B）。此外，光化处理使得钙
沉积（代表晚期成骨细胞表型）显著
增多（图3C），显示光化钛上的钙
沉积量比未处理钛上的钙沉积量增加
了2倍以上。

光化功能-骨结合增强
推入值直接表示骨与种植体结合

的抗剪强度，采用推入值评价了骨结
合程度。光化种植体的平均推入值比
未处理种植体高约40%（图4），表
明光化功能可显著增强骨结合。

光化种植体周围形成了生物结构
采用SEM和EDS评估了种植体表

面生物结构的形成和组成（图5）。
SEM成像显示了种植体周围的骨样结

构（图5），未处理标本（左图）的
成骨量较少，表明未处理种植体的
成骨量比光化种植体更少（有图）。
未处理种植体的高倍成像图（最左边
的图）显示表面粗糙，是典型的由酸
蚀造成的表面。随附的EDS光谱（插
图）显示钛峰清晰且高，磷峰和钙峰
较低。但是，光化种植体的高倍成像
图（最右边的图）显示骨样结构大规
模形成，在EDS光谱（插图）上具体
表现为磷峰和钙峰清晰，钛峰显著下
降。

讨论

为了验证老化宿主条件下的动物
模型，本研究测定了大鼠骨髓基质细
胞随老化的退化情况。我们评估了幼
龄大鼠和老龄大鼠细胞中的干细胞数
量、增殖活性和成骨功能。在对老化
细胞进行表征后，利用老化模型，通
过体外和体内实验评价了光化功能的
效果。

研究结果显示，与幼龄大鼠相
比，老龄大鼠骨髓基质细胞中的间质
干细胞数量减少了约50%。干细胞的
数量被认为是伤口愈合的一个重要因

© 2016 Wolters Kluwer Health, Inc. 版权所有。未经许可，严禁翻印。

《种植牙医学》/2016年第25卷第6期  747ISHIJIMA 等

UV临床论著_01种植体复杂病例解决方案 [UV光照种植体]_45

图3  光化钛片上培养的老龄大鼠细胞的初始黏附力和成骨表型增强。
A：附着在光化钛片和未处理钛片表面的细胞数。
B：在光化钛片和未处理钛片的培养物中用比色法测定了碱性磷酸酶的活性。
C：在光化钛片和未处理钛片的培养物中测定了钙沉积量。光化表面和未处理对照表面存在差
异：*P < 0.05。

图4  植入老龄大鼠股骨中的光化种植体骨结合
增强。测量了愈合第2周时未处理（UT）种植
体和光化种植体的平均推入值。*P < 0.05。

embedded in autopolymerizing resin in
custom-made molds, and push-in tests
were performed as previously reported.25

SEM and EDS
Specimens used for the push-in tests

were then trimmed and positioned on
scanning electron microscopy (SEM)
holders such that the implant surface
was exposed. Remaining blood clot was
removed by agitating in double-distilled
water and specimens were dried. After
carbon coating, selected samples from the
untreated and photofunctionalized groups
were examined using SEM (Nova 230
Nano SEM; FEI, Hillsboro, OR). The
elemental composition of the implant
surface was also analyzed by energy
dispersive X-ray spectroscopy (EDS)
(ESCA3200; Shimadzu, Tokyo, Japan).

Statistical Analysis
All culture studies were performed

in triplicate (n ¼ 3). One-way analysis
of variance was used to examine differ-
ences between young and aged rat cells.
For the in vivo push-in test, six implants
were used for each untreated and photo-
functionalized implant group; P, 0.05
was considered statistically significant.

RESULTS

Diminished Osteoblastic Function in
Cells Derived from Aged Rats

The population of mesenchymal
stem cells within a heterogeneous

population of mesenchymal cells was
determined quantitatively by CFU-F
assay, with the number of colonies
representing a specific population of
mesenchymal stem cells. The aged rat
cells produced approximately half the
number of colonies of young rat cells
(Fig. 2 A). Proliferation ability was
decreased with aging, based on signifi-
cantly higher cell numbers in young
rat cells at day 3 and day 5 of culture
compared with aged rat cells (Fig. 2
B). The osteogenic phenotype was
also decreased in cells of aged rat,
with expression of ALP at day 7 in
the cells of aged rats approximately
half that in young rat cells (Fig. 2 C).
The amount of calcium deposition in
the cultures of aged rat cells at day 14
was also significantly smaller than in
comparative cells from young rats
(Fig. 2 D).

Enhanced Initial Cell Attachment to
Photofunctionalized Titanium

The effect of photofunctionaliza-
tion on initial cell attachment to tita-
nium discs was assessed based on the
numbers of cells attached to a titanium
surface after a 24-hour culture period
(Fig. 3 A). Initial cell attachment was
enhanced by photofunctionalization,
with at least a 30% increase measured
in treated compared with untreated
titanium discs.

Enhanced Osteoblastic Phenotype on
Photofunctionalized Titanium

Photofunctionalizationalsoenhanced
the osteoblastic phenotype of aged rat
cells on titanium surfaces. The expres-
sion of ALP, an early-stage marker of
osteoblast, was significantly increased
on photofunctionalized compared with
untreated discs (Fig. 3 B). Furthermore,
calcium deposition, representing the
later-stage osteoblastic phenotype, was
substantially increased by photofunc-
tionalization (Fig. 3 C), showing a .2-
fold increase on photofunctionalized
titanium discs compared with untreated
discs.

Photofunctionalization-
Enhanced Osseointegration

A push-in value that directly repre-
sents shear strength of integration
between bone and implant was used to
evaluate osseointegration. The average
push-in value of photofunctionalized
implants was approximately 40% higher
than that of untreated implants (Fig. 4),
indicating that substantially enhanced
osseointegration was achieved by
photofunctionalization.

Biological Structures Formed Around
Photofunctionalized Implants

SEM and EDS were used to assess
the presence and composition of biolog-
ical structures formed on the implant
surfaces (Fig. 5). SEMimagingvisualized

Fig. 3. Enhanced initial cell attachment and osteogenic phenotype of cells from aged rats cul-
tured on photofunctionalized titanium discs. A, The number of cells attaching to the surface of
titanium discs with and without photofunctionalization. B, The activity of alkaline phosphatase
was measured colorimetrically in the cultures of titanium discs with and without photo-
functionalization. C, The amount of calcium deposition was measured in cultures of titanium
discs with and without photofunctionalization. Differences between photofunctionalized and
untreated control surfaces: *P , 0.05.

Fig. 4. Enhanced osseointegration in the
photofunctionalized implants placed in
femurs of aged rats. The average push-in
value of untreated (UT) implants and photo-
functionalized implants were measured at
week 2 of healing time. *P , 0.05.
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were performed as previously reported.25

SEM and EDS
Specimens used for the push-in tests

were then trimmed and positioned on
scanning electron microscopy (SEM)
holders such that the implant surface
was exposed. Remaining blood clot was
removed by agitating in double-distilled
water and specimens were dried. After
carbon coating, selected samples from the
untreated and photofunctionalized groups
were examined using SEM (Nova 230
Nano SEM; FEI, Hillsboro, OR). The
elemental composition of the implant
surface was also analyzed by energy
dispersive X-ray spectroscopy (EDS)
(ESCA3200; Shimadzu, Tokyo, Japan).

Statistical Analysis
All culture studies were performed

in triplicate (n ¼ 3). One-way analysis
of variance was used to examine differ-
ences between young and aged rat cells.
For the in vivo push-in test, six implants
were used for each untreated and photo-
functionalized implant group; P, 0.05
was considered statistically significant.

RESULTS

Diminished Osteoblastic Function in
Cells Derived from Aged Rats

The population of mesenchymal
stem cells within a heterogeneous

population of mesenchymal cells was
determined quantitatively by CFU-F
assay, with the number of colonies
representing a specific population of
mesenchymal stem cells. The aged rat
cells produced approximately half the
number of colonies of young rat cells
(Fig. 2 A). Proliferation ability was
decreased with aging, based on signifi-
cantly higher cell numbers in young
rat cells at day 3 and day 5 of culture
compared with aged rat cells (Fig. 2
B). The osteogenic phenotype was
also decreased in cells of aged rat,
with expression of ALP at day 7 in
the cells of aged rats approximately
half that in young rat cells (Fig. 2 C).
The amount of calcium deposition in
the cultures of aged rat cells at day 14
was also significantly smaller than in
comparative cells from young rats
(Fig. 2 D).

Enhanced Initial Cell Attachment to
Photofunctionalized Titanium

The effect of photofunctionaliza-
tion on initial cell attachment to tita-
nium discs was assessed based on the
numbers of cells attached to a titanium
surface after a 24-hour culture period
(Fig. 3 A). Initial cell attachment was
enhanced by photofunctionalization,
with at least a 30% increase measured
in treated compared with untreated
titanium discs.

Enhanced Osteoblastic Phenotype on
Photofunctionalized Titanium

Photofunctionalizationalsoenhanced
the osteoblastic phenotype of aged rat
cells on titanium surfaces. The expres-
sion of ALP, an early-stage marker of
osteoblast, was significantly increased
on photofunctionalized compared with
untreated discs (Fig. 3 B). Furthermore,
calcium deposition, representing the
later-stage osteoblastic phenotype, was
substantially increased by photofunc-
tionalization (Fig. 3 C), showing a .2-
fold increase on photofunctionalized
titanium discs compared with untreated
discs.

Photofunctionalization-
Enhanced Osseointegration

A push-in value that directly repre-
sents shear strength of integration
between bone and implant was used to
evaluate osseointegration. The average
push-in value of photofunctionalized
implants was approximately 40% higher
than that of untreated implants (Fig. 4),
indicating that substantially enhanced
osseointegration was achieved by
photofunctionalization.

Biological Structures Formed Around
Photofunctionalized Implants

SEM and EDS were used to assess
the presence and composition of biolog-
ical structures formed on the implant
surfaces (Fig. 5). SEMimagingvisualized

Fig. 3. Enhanced initial cell attachment and osteogenic phenotype of cells from aged rats cul-
tured on photofunctionalized titanium discs. A, The number of cells attaching to the surface of
titanium discs with and without photofunctionalization. B, The activity of alkaline phosphatase
was measured colorimetrically in the cultures of titanium discs with and without photo-
functionalization. C, The amount of calcium deposition was measured in cultures of titanium
discs with and without photofunctionalization. Differences between photofunctionalized and
untreated control surfaces: *P , 0.05.

Fig. 4. Enhanced osseointegration in the
photofunctionalized implants placed in
femurs of aged rats. The average push-in
value of untreated (UT) implants and photo-
functionalized implants were measured at
week 2 of healing time. *P , 0.05.
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bone-like structures around the implants
(Fig. 5), with the untreated specimen (left
panels) showinga smaller amountof bone
supporting the implants than was visi-
ble in the photofunctionalized implants
(panels on the right). High-magnification
imaging of untreated implant (far-left
panels) showed a rough surface typical
of that created by acid etching, with
the accompanying EDS spectrum (inset)
representing a clear and high peaks of tita-
niumand lowerpeaksofphosphorousand
calcium. However, high-magnification
imagingof a photofunctionalized implant
(far-right panel) showed robust formation
of bone-like structures, which were rep-
resented on the EDS spectrum (inset) by
clear peaks of calcium and phosphorus
and significantly diminished titanium
peaks.

DISCUSSION

To validate the animal model for
aged-host conditions, this study deter-
mined an age-related degradation of bone
marrow–derived stromal cells cultured
from rat. We assessed a number of stem
cells, proliferative activity, andosteogenic
function of cells from young and aged
rats. After the characterization of aged

cells, the effect of photofunctionalization
was evaluated by both of in vitro and
in vivo experiments using the aging
model.

The findings revealed an approxi-
mately 50% reduction in the number of
mesenchymal stem cells in aged bone
marrow–derived stromal cells com-
pared with those from young rats. The
population of stem cells is considered as
an important factor in wound healing
because these cells coordinate the repair
response by recruiting other host cells
and secreting growth factors and matrix
proteins that are central to the healing
process.26 A reduced population with
aging would therefore be an expected
disadvantage for bone healing around
dental implants. Cell proliferation abil-
ity was also significantly decreased in
cells of aged rats compared with young
cell controls, particularly at the later
stages of culture (day 5).

In regard to osteoblastic phenotype,
a previous studyof humanbonemarrow–
derived mesenchymal stem cells found
decreased osteogenic differentiation
potential with increased cell donor age.11

Aging has also been associated with
a marked decline in the ability to regener-
ate tissues and maintain homeostasis in

adult stem cells.12 The same tendency
was observed in this study based on
ALP expression and calcium deposition.
The expression of ALP at day 7, an initial
stage of osteoblast differentiation, in the
cultures of aged rat cells was approxi-
mately half that of cells from young rats,
and calcium deposition at day 10was sig-
nificantly less in the aged cell cultures
compared with those of young cells.

The beneficial effect of photofunc-
tionalization was shown previously in
experiments using 8-week-old young
rats in vitro and in vivo.2 However,
whether photofunctionalization is simi-
larly effective for cells of aged rat and in
an aged animal model remains unknown.
At present, basicmechanismsof the effect
of photofunctionalization are assumed as
follows: (1) increased adsorption of pro-
tein, (2) increased osteoblast migration,
(3) increased attachment of osteoblasts,
(4) facilitated osteoblast spread, (5)
increased proliferation of osteoblasts,
and (6) promoted osteoblastic differen-
tiation,2,14,16 and the present in vitro
studies demonstrated similar effects of
photofunctionalization.

Theenhancementofosseointegration
was substantially revealed by increased
push-in values. After push-in tests, the
implants were further observed using
SEM and EDS to evaluate biological
structures formed on the placed implant
surfaces. The SEM images and EDS
elemental spectrums of photofunctional-
ized implants suggested an existence of
created bone on the implant surface that
was more extensive than that observed
on untreated implants, supporting the
increased push-in value. As for the in
vitro culture conditions, it thus seemed
that photofunctionalization enhances
both the initial cell attachment and sub-
sequent differentiation of osteoblast
lineage cells in bone marrow to gener-
ate bone structures around the implant
in vivo.

The revealed effect of photofunc-
tionalization on the cells of aged rats
and in an aged animal model provides
evidence to support the clinical devel-
opment of implant dentistry for aged
patients. For instance, the evidence will
be of importance in the promising area
of implant overdentures for edentulous
mandible,4,5 which look set to improve
quality of life in patients with respect to

Fig. 5. The SEM image and surface elemental analysis of placed implant surfaces. After 2 weeks
of healing, the implant surfaces were prepared for low-magnification and high-magnification SEM
imaging. Representative high-magnification images at the upper-side, middle-side, and bottom-
side are shown. EDS spot elemental analyses were performed for each area of high-magnification
SEM imaging. The spectrums on the high-magnification images represent the elemental
composition of the surface.
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图5  植入种植体表面的SEM图像和表面元素分析。愈合2周后，准备对种植体表面进行低倍和高
倍SEM成像。图中显示了上侧、中侧和下侧具有代表性的高倍率图像。对高倍SEM成像的各区域
进行了EDS点元素分析，高倍图像上的光谱代表了该表面的元素组成。
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方面改善患者的生活质量27。特别是
对下颌种植覆盖义齿的老年患者而
言，口腔健康了，相关生活质量也提
高了9。种植体被认为是义齿的重要
支撑，可以减少义齿移动，避免产生
有害影响。但在个别下颌骨吸收案例
中，可能仍需要进行先进的骨骼增强
技术。在这种情况下，采用光化短种
植体可能是一种可能的解决方案。从
生物力学上讲，有种情况是合理的：
即骨结合程度较高的光化种植体可通
过有限元法弥补较短种植体较差的负
重承受能力28。同时，骨结合增强可
以减少所需种植体的数量。因此，种
植体较短且数量较少可以提高微创手
术的疗效。光化功能增强骨结合的特
性将扩大种植牙在老年患者中的临床
应用范围。但需要进行进一步的临床
研究，采用光化功能为老年患者提供
一种先进的植牙治疗方式。

结论

从老龄大鼠股骨骨髓中提取的成
骨细胞在未处理钛片和经UV光化的
钛片上培养，这些细胞在光化钛表面
上的黏附力和成骨表型表达明显高于
未处理表面。此外，就老龄大鼠而
言，光化种植体的骨结合生物力学强
度明显高于未处理种植体，光化种植
体周围骨形成情况很好，再次证实了
这一结论。这些体内结果和体外结果
提供了生物学证据，证明光化功能在
老化宿主条件下可有效地促进骨结
合，为进一步进行此类转化和临床研
究提供了依据。

披露

作者声称不对于文章中列出的产
品或信息持有直接或间接的财务利
益。

素，因为这些细胞通过招募其他宿主
细胞、分泌生长因子和基质蛋白来协
调修复反应，而这些生长因子和基质
蛋白是愈合过程的核心26。因此，干
细胞随着老化而减少对种植牙周围的
骨愈合而言是一个不利因素。与幼龄
细胞对照组相比，老龄大鼠的细胞增
殖能力也明显下降，特别在培养后期
更是如此（第5天）。

在成骨细胞表型方面，先前的一
项人类骨髓间充质干细胞研究发现，
随着细胞供体年龄的增加，成骨分化
潜能会降低11。此外，老化还会显著
降低成体干细胞再生组织和维持体内
平衡的能力12。本研究基于ALP表达
和钙沉积量也观察到同样的趋势。老
龄细胞培养物中，第7天的ALP表达
（成骨细胞分化的初始阶段）几乎为
幼龄大鼠细胞的一半；与幼龄细胞相
比，第10天时老龄细胞中的钙沉积量
明显更少。

之前对8周幼龄大鼠进行的体内
和体外实验表明，光化功能能产生有
益影响2。但是，目前尚不清楚光化
功能对老龄大鼠细胞和老年动物模型

中的细胞是否也同样有效。目前，
光化功能效应的基本机理假设如下：
（1）增加蛋白质吸附；（2）增加
成骨细胞迁移；（3）增强成骨细胞
黏附力；（4）促进成骨细胞扩散；
（5）增强成骨细胞增殖；（6）促进
成骨细胞分化2,14,16，目前的体外研究
证明了光化功能具有相似的效果。

推入值升高，表明骨结合显著增
强。推入试验后，采用SEM和EDS进
一步观察种植体，评价植入种植体
表面形成的生物结构。光化种植体的
SEM图像和EDS元素光谱显示，种植
体表面有骨生成，骨生成情况比未处
理种植体好，佐证了推入值升高的原
因。就体外培养条件而言，光化功能
似乎增强了细胞初始黏附力以及骨髓
中成骨细胞谱系细胞的分化，体外种
植体周围产生了骨结构。

光化功能对老龄大鼠细胞和老年
动物模型中的细胞的影响为老年患
者接受种植牙治疗的临床发展提供
了证据。 例如，这一证据将对无牙
下颌区域种植覆盖义齿具有重要意义
4,5，有望在咀嚼能力和日常饮食习惯

       未经处理                               光化
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