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ABSTRACT 

 
Surface change of the anodic oxidized 

orthodontic titanium miniscrew 
 

Department of Dental Science 

The Graduate School, Yonsei University 

 

(Directed by Professor CHUNG-JU HWANG) 

  
In recent years, various miniscrews based on prosthetic surface treated implants are 

currently being developed and marketed to improve biological stability. Numerous implant 

surface modifications have been tried in dental implant, including acid etching, sandblasting, Ti-

plasma coating and anodic oxidized. Among these implants, anodic oxidized implants have a 

surface comprising numerous open pores and possess relatively large surface areas.  
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 The aim of this study is to evaluate the structural stability of anodic oxidation treatment on 

miniscrews under self-drilling implantation procedure and initial loading period by comparing 

and quantitatively analyzing surface roughness changes of as-received and retrieved 

miniscrews (machined surface vs. anodic oxidized surface) utilizing both scanning electron 

microscopy (SEM) and atomic force microscopy (AFM).  

8 orthodontic miniscrews with machined surface and anodic oxidized surface were placed 

into mandible of 2 beagle dogs. In all miniscrews, an orthodontic force was applied 

immediately after the placement and continued during 12 weeks. After beagle dogs were 

sacrificed, the miniscrews were carefully removed from decalcified bone fragments.   

Observation by scanning electron microscopy (SEM) revealed that only a thread edge close 

to the tip of the retrieved anodic oxidized miniscrew became smooth by smearing, compared 

to the as-received anodic oxidized miniscrew. No definite changes were observed in the thread 

valleys of two groups of the miniscrews after placement.  

Atomic force microscopy (AFM) measurements demonstrated that all surface roughness 

parameters of thread edges of the retrieved anodic oxidized miniscrews were significantly 

reduced, compared to as-received miniscrews (p < 0.05). A middle thread edge of the retrieved 
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anodic miniscrew surface was rougher than the as-received and the retrieved machined surface 

miniscrew (p < 0.05). No definite changes were observed in the thread valleys of two groups 

of the miniscrews after placement.  

Surface changes of the anodic oxidized miniscrews after placement were only observed in 

thread edges and no definite changes were observed in the thread valleys; Anodic oxidation 

treatment on miniscrew had structural stability and might improve biological stability of the 

miniscrews, caused by unique surface characteristic. Future research will be needed for 

biological evaluation of anodic oxidized miniscrews. 
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I. INTRODUCTION 

 

Anchorage control is an important factor preventing unwanted tooth movement and directly 

affecting the results of orthodontic treatment. In recent years, orthodontic miniscrews have 

been used as orthodontic anchors. 

Easy placement is an advantage of orthodontic miniscrews, and the tooth can be moved 

without the patient’s cooperation, which enhances treatment efficiency. But miniscrew 
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placement does not guarantee treatment success, and its stability is essential before it can be 

used as an orthodontic anchor(Im et al., 2007; S. Y. Lee et al., 2008; Y. C. Park et al., 2005). 

It is important to ensure the biological stability of an orthodontic miniscrew because it 

reduces its micromovement, which supports the healing process surrounding the bone. 

Therefore, various miniscrews based on prosthetic surface treated implants are currently being 

developed and marketed to improve biological stability. Numerous implant surface 

modifications have been tried in dental implant, including acid etching, sandblasting, Ti-plasma 

coating and anodic oxidized. Among these implants, anodic oxidized implants have a surface 

comprising numerous open pores. They also have even greater surface roughness than original 

machined surface implants, so they possess relatively large surface areas or surface wettability. 

Higher osseointegration of anodic oxidized implants is observed during the initial healing 

period (Elias et al., 2008; Strnad et al., 2007) because osteoblasts can more easily attach to a 

rough surface than a smooth surface (Boyan et al., 1996; Larsson et al., 1996).  

By anodic oxidation, it is possible to engineer the roughness, porosity, and chemical 

composition to improve biocompatibility. Incorporation of Ca2+ into anodic oxidized titanium 

surfaces has been found to enhance osseointegration. It provides a stable surface when the ions 
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are incorporated into the oxide layer during the anodizing process. The Ca2+ may attract 

proteins, catalyze intracellular cascades, and may play a role in localized mineral induction. 

The quantity of Ca and P in the surface of the anodized oxide implant is higher than that in the 

machined surface implant (J. H. Choi et al., 2009; K. S. Choi et al., 2010). Additionally, the 

porosity opens up possibilities with regard to drug incorporation and release around titanium 

implants (Kim and Ramaswamy, 2009; Zhu et al., 2001).  

Given the aforementioned advantages of anodic oxidation, the biological stability of anodic 

oxidized miniscrews applied to orthodontic treatment can be predicted by their surface 

characteristics. However, to improve biological stability, the unique surface characteristic 

changes should be minimal during self-tapping or self-drilling insertion through the cortical 

bone with friction and heat. Currently, SLA (sandblasted large grit, acid etched) surfaced 

miniscrews mainly are used. Shiny spots appear at the SLA surface when damaged during the 

handling or packaging process or when removed from the sterile ampoule. Scanning electron 

microscopy (SEM) demonstrated that these shiny spots correspond to smearing of the soft 

surface with alteration of the microtopography (Perrin et al., 2002). This trait is not specific to 

the SLA surface but rather is common to all etched surfaces. The etching process carves the 
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titanium surface at a depth of 2-5 um and leaves a soft and smearable surface (Taborelli et al., 

1997). If any changes are observed in the unique surface characteristics of an anodic oxidized 

miniscrew after placement by self-tapping or self-drilling, it is necessary to determine how the 

changes affect stability and miniscrew retention.  

In order to observe changes before and after placement of an anodic oxidized miniscrew, 

scanning electron microscopy (SEM), surface profilometry, and atomic force microscopy 

(AFM) can be used. However, SEM requires proper sample preparation such as special 

coatings or vacuum treatment, and it provides only a two-dimensional image of the surface 

morphology (Michelberger et al., 2000). 

The most common method used to measure the surface roughness of orthodontic material is 

contact surface profilometry. Unfortunately, surface profilometry can induce sample damage 

and is difficult to use for overall surface roughness measurements due to its use of the 

topography of a single line in a preselected area (Bourauel et al., 1998). The surface 

topography of biomaterial has been characterized using atomic force microscopy (AFM), 

which can provide three-dimensional information regarding surface morphology and 

mechanical properties (G. J. Lee et al., 2010). AFM scanning is not an invasive method and 
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can observe at the atomic level. After scanning the entire surface, AFM is only able to show a 

certain part for analysis, and quantifying the surface roughness can be useful for quantitative 

analysis (Drake et al., 1989; Lal and John, 1994; Ohnesorge and Binnig, 1993; Radmacher et 

al., 1992). 

The aim of this study is to evaluate the structural stability of anodic oxidation treatment on 

miniscrews under self-drilling implantation procedure and initial loading period by comparing 

and quantitatively analyzing surface roughness changes of as-received and retrieved 

miniscrews (machined surface vs. anodic oxidized surface) utilizing both scanning electron 

microscopy (SEM) and atomic force microscopy (AFM). 
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II. MATERIAL AND METHODS 

 

1. Experimental animals and material  

 

For this study, miniscrews were placed in 2 beagle dogs (age, 1 year; weight, 10-13 kg). 

Their purchase, selection, management, and experimental procedures were carried out 

according to prescribed conditions of the institutional review board, the Animal Experiment 

Committee of Yonsei Hospital, Seoul, Korea. A self-drilling type of miniscrew, 1.5 mm in 

diameter and 7 mm in length, was used (Diameter of anodic oxidized miniscrews was greater 

than machined surface miniscrews about 30-40μm). Both machined surface and anodic 

oxidized surface miniscrews (Biomaterials Korea, Seoul, Korea) were selected; 8 screws were 

used. The roughness of the anodic oxide layers of titanium obtained from electrolyte 

containing calcium acetate and β-calcium glycerophosphate at 250 V (Fig. 1.). 
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Fig. 1. Image of tested miniscrews. A machined surface miniscrew (left) and an anodic 

oxidized miniscrew (right). 

 

2. Methods 

 

A. Implantation of miniscrews  

The animals were injected subcutaneously with 0.05 mg/kg of atropine followed by an 

intravenous injection of rompun, 2 mg/kg, and ketamine, 10 mg/kg, to induce general 

anesthesia. The anesthesia was maintained with 2% enflurane, and each animal’s temperature 

was maintained with a heating pad and an electrocardiogram and monitored. When placing the 

miniscrew, 2% hydrochloric acid lidocaine containing 1:100,000 epinephrine was infiltrated 
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into the placement area. Before placement, gingival incision was made under saline solution 

irrigation, and complete placement of the screw into the alveolar bone was confirmed. Sites 

selected were between the roots of the fourth premolar for the anodic oxidized miniscrew 

and the first molar for the machined surface miniscrew in the mandible. Screw placement 

was performed manually with 90 angulations to gingival surface in consideration of the 

buccolingual width of alveolar bone for each experiment. In all miniscrews, an orthodontic 

force of 250 g was applied with a NiTi coil spring engaged reciprocally from a machined 

surface miniscrew to an anodic oxidized miniscrew immediately after the placement. 

Implantation of miniscrews was inferior periosteum to prevent gingival inflammation 

around the miniscrews and elastomeric tube covered over NiTi coil spring to reduce 

discomfort (Fig. 2).  

The placement torque was the highest (in newtons per square centimeter) when the 

miniscrew was placed completely into the bone. The highest insertion torque was measured 

during a quarter initial turn by using a torque sensor (MGT50, Mark-10 Co, New York, NY). 

Screw initial mobility was measured twice on each miniscrew by using a Periotest® (Simens 

AG, Bensheim, Germany) after insertion. The sleeve of the handpiece of the periotest was 
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positioned with 1 to 2 mm from the screw head perpendicularly. The average of 2 

measurements for a miniscrew was recorded as the mobility value. 

 

 
Fig. 2. Implantation sites of orthodontic miniscrews. An orthodontic force was loaded 

reciprocally between an anodic oxidized miniscrew and a machined surface miniscrew. On the 

left is an anodic oxidized miniscrew and on the right is a machined surface miniscrew. An 

elastomeric tube covered over NiTi coil spring to reduce discomfort.  

 

B. Separation of miniscrews from specimen 

12 weeks after miniscrew implantation, the beagle dogs were sacrificed, and 2.0 cm x 2.0 

cm bone fragments with miniscrews were collected. The bone fragments were decalcified in 

Calci Clear-RapidTM (National Diagnostics, Atlanta, USA) and fixed with 10% formalin and 

neutral PH 7.4 after 4 weeks decalcification. Demineralized fragments were cut in half using 

the blade parallel to the miniscrew axis; the miniscrews were removed from bone fragments 
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carefully. The miniscrews were ultrasonically cleaned for 30 minutes to remove integuments 

around the miniscrews.  

 

C. Scanning electron microscopy (SEM) analysis  

A removed anodic oxidized miniscrew and a machined surface miniscrew were processed 

for scanning electron microscopy analysis for the characterization of their morphological 

condition and surface changes after placement. They were coated with platinum by ion sputter 

(IB-3, Eiko, Japan) 6㎃ for 6 min and examined and photographed with a Hitachi S3000N 

scanning electron microscope (Hitachi, Tokyo, Japan) at the acceleration voltage of 20㎸, X 

35-1000 magnification. 

 

D. Atomic force microscopy (AFM) analysis  

Non-contact mode AFM images were obtained using a NPX 200 (Seiko Instruments Inc., 

Japan). The thread edges of the miniscrews were scanned in an air condition and scanned images 

were 5 μm × 5 μm in size. We obtained 3 images each of the following: a thread edge close to 

the screw head, a middle thread edge, and a thread edge close to the tip, for a total of 9 images 
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per miniscrew. For surface characterization of the two types of miniscrews, a total of 72 images 

were used. The surfaces of an as-received anodic oxidized miniscrew and a machined surface 

miniscrew were characterized by a total of 18 images, and the retrieved anodic oxidized, 

machined surface miniscrews were characterized by a total of 54 images (Fig. 3).  

Data acquisition and image processing were performed with a Nanopics 2.10 (Seiko 

Instrument Inc., Japan). For roughness analysis, a plane correction process was performed on all 

of the AFM topographical images. The surface roughness on a nanometer scale was 

quantitatively analyzed using Nanopics 2.10. The changes in three roughness parameters and the 

surface topography of each miniscrew were investigated before and after placement. To analyze 

quantitatively, surface roughness parameters with three kinds of Ra, Rmax, RMS were used. The 

three roughness parameters were roughness average (Ra), peak-to-peak height (Rmax), and root 

mean square (RMS). The roughness average, Ra, represented the average of the z-axis height 

values and could be seen as the most common parameter. Rmax as the peak to peak height 

represented the values of the z-axis height of the high-low, and the difference indicates that the 

smaller was the smooth. RMS is the root mean square parameter represented root mean square 

value of the z-axis height and had the advantage of mathematical convenience.  
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Fig. 3. A, Atomic force microscope; B, Basic principle of atomic force microscopy.  

 

E. Statistical analysis 

For statistical analysis, the SPSS 15.0 program (SPSS Inc., Illinois, USA) was used. Results 

of the quantitative analysis were expressed as median and 95% confidence interval (CI) for the 

median. The Wilcoxon signed rank test was used to identify significant differences between 

the as-received and retrieved miniscrews. The Mann-Whitney U test was used to identify 

significant differences between the anodic oxidized and machined surface miniscrews. The 

Kruskal-Wallis test was used to identify significant differences between multiple groups. P-

values less than 0.05 were regarded as statistically significant.  
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III. RESULTS 

 

1. Measurement of insertion torque and mobility 

 

The value of insertion torque and initial mobility were not significant between the anodic 

oxidized and machined surface miniscrews (Table 1). 

 

Table 1. Range of periotest value (PTV), insertion torque for initial loading of mandible  

Variable             Initial mobility (PTV) Insertion torque (Ncm) 

Mean SD   Mean SD   

Machined surface miniscrew -7.63 0.30 21.68 3.56 

Anodic oxidized miniscrew -7.83 0.26   21.53 6.05   

PTV, Periotest value; SD, standard deviation; PTV with -8 to +9 indicates clinically firm teeth 

or implant is well osteointegrated, PTV over +10 indicates implant is not or not sufficiently 

osteointegrated(Schulte and Lukas, 1993). 

 

2. Scanning electron microscopy (SEM) analysis  

 

A. Surface characterization of the as-received and retrieved machined surface miniscrews 

When the retrieved machined surface miniscrew was scanned at 1,000 times the original 

magnification, a thread edge close to the tip of the retrieved miniscrew had a rougher surface, 
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compared to the as-received machined surface miniscrew, but no definite surface changes of 

the thread valleys were observed (Fig. 4). 

 

 
Fig. 4. Scanned images of the machined surface miniscrew. A, The as-received miniscrew, 

X50; B, The retrieved miniscrew, X50; C, The as-received miniscrew, X1000; D, The 

retrieved miniscrew, X1000. A thread edge close to the tip of the retrieved miniscrew had a 

rougher surface, compared with the as-received machined surface miniscrew, but no definite 

surface changes of the thread valleys were observed.  

 

A thread edge close to the tip of the retrieved miniscrew had a rougher surface, compared to 

a thread edge close to the head, but no definite surface changes of the thread valleys were 

observed (Fig. 5). 



 

15 

 

 

Fig. 5. Scanned images of the retrieved machined surface miniscrew. A, The retrieved 

miniscrew X35; B, A thread edge close to the head; C, A middle thread edge; D, A thread edge 

close to the tip, original magnification X1000. A thread edge close to the tip of the retrieved 

miniscrew had a rougher surface compared to a thread edge close to the head, but no definite 

surface changes of the thread valleys were observed. 

 

B. Surface characterization of the as-received and retrieved anodic oxidized miniscrews 

When a retrieved anodic oxidized miniscrew was scanned at 1,000 times the original 

magnification, a thread edge close to the tip of the retrieved miniscrew had a smoother surface 
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compared to the as-received anodic oxidized miniscrew, but no definite changes of the thread 

valleys were observed. 

The anodic oxidized miniscrew had a surface composed of numerous nano-tubular and open 

pores. However, after placement, the open pore shape of a thread edge close to the tip was 

relatively gone by smearing, compared to an as-received miniscrew (Fig. 6). 

 

 
Fig. 6. Scanned images of the anodic oxidized miniscrew. A, The as-received miniscrew, X50; 

B, The retrieved miniscrew, X50; C, The as-received miniscrew, X1000; D, The retrieved 

miniscrew, X1000. A thread edge close to the tip of the retrieved miniscrew had a smoother 

surface by smearing, compared to the as-received miniscrew, but no definite surface changes 

of the thread valleys were observed.  
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A thread edge close to the tip of the retrieved miniscrew had a smoother surface, compared 

to a thread edge close to the head, but no definite surface changes of the thread valleys were 

observed (Fig. 7).  

 

 

Fig. 7. Scanned images of the retrieved anodic oxidized miniscrew. A, The retrieved 

miniscrew X35; B, A thread edge close to the head; C, A middle thread edge; D, A thread edge 

close to the tip, original magnification X1000. A thread edge close to the tip of the retrieved 

miniscrew had a smoother surface by smearing, compared with a thread edge close to the head, 

but no definite surface changes of the thread valleys were observed. 
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3. Atomic force microscopy (AFM) analysis 

 

A. Surface characterization of as-received miniscrews 

The surface of the machined surface miniscrew presented scratches produced by the 

mechanical machining process (Fig. 8A). However, on the anodic oxidized miniscrews, the 

scratches induced on the titanium surface by the machined surface process are no longer 

observed due to the anodic oxidation process (Fig. 8B). Their topography showed that it had 

both porous and relatively rough surface but at the same time lack sharp edges.  

 

 
Fig. 8. Representative three-dimensional modified AFM images of the as-received miniscrews. 

A, The surface of the machined surface miniscrew was scratched by machined surface 

process; B, The anodic oxidized surface was both porous and relatively rough but at the same 

time lacked sharp edges. The scan size was 10 μm x 10 μm. 
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B. Changes in surface roughness parameters between the as-received and the retrieved 

miniscrews 

Changes of surface roughness parameters of the anodic oxidized and machined surface 

miniscrews by AFM topography images (5 μm x 5 μm) were shown in Table 2. All surface 

roughness parameters of the retrieved anodic oxidized miniscrews were significantly reduced, 

compared to the as-received (p < 0.05). However, surface roughness parameters of middle 

thread edges of the retrieved machined surface miniscrew were significantly increased, 

compared to the as-received (p < 0.05).   

 



 

Table 2. Comparison of surface roughness parameters of the thread edges of the miniscrews 

    Roughness parameters (nm)           

Ra Rmax     RMS     

Median 95% CI for the Median 95% CI for the Median 95% CI for the 

   

median 

Min      Max      

median 

Min      Max        

median 

Min     Max 

Anodic oxidized miniscrew                 

Head as-received 151.58 140.43 162.71 942.28 863.06 1021.50 185.04 170.86 199.22 

retrieved‡ 52.97 42.01 63.93 370.36 258.82 481.89 66.07 52.25 79.89 

Middle as-received＊ 224.36 206.92 241.80 1416.30 1333.10 1499.40 273.41 251.85 294.98 

retrieved‡¶ 62.35 45.97 78.75 317.25 253.06 381.44 73.21 55.24 91.17 

Tip as-received 25.05 20.95 29.15 134.24 107.84 160.65 29.39 24.84 33.94 

retrieved‡ 7.34 6.22 8.45 62.01 54.86 69.16 9.22 7.94 10.50 

Machined surface miniscrew 

Middle as-received  24.29 20.22 28.35 125.66 116.24 135.10 29.38 25.34 33.43 

  retrievedΨ 35.97 26.23 45.70 260.10 193.02 327.17 43.97 32.49 55.45 

‡ p < 0.05 (as-received anodic oxidized miniscrew vs. retrieved anodic oxidized miniscrew) 
＊p < 0.05 (as-received anodic oxidized miniscrew vs. as-received machined surface miniscrew) 
¶ p < 0.05 (retrieved anodic oxidized miniscrew vs. retrieved machined surface miniscrew) 
Ψp < 0.05 (as-received machined surface miniscrew vs. retrieved machined surface miniscrew) 
Abbreviations: Ra, rougness average; Rmax, peak to peak height; RMS, root mean square. 
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The surface of a middle thread edge of the as-received anodic oxidized miniscrew had the 

roughest surface among the miniscrews (Table 2), exhibiting many deep and wide valleys. 

Their roughness parameters were as follows: 224.36 nm (206.92-241.80) for Ra, 1416.30 nm 

(1333.10-1499.40) for Rmax, and 273.41 nm (251.85-294.98) for RMS. Surface roughness 

parameters of a middle thread edge of the as-received machined surface miniscrew were as 

follows: 24.29 nm (20.22-28.35) for Ra, 125.66 nm (116.24-135.10) for Rmax, and 29.38 nm 

(25.34-33.43) for RMS.  

After placement, surface roughness parameters of a middle thread of the retrieved anodic 

oxidized miniscrew were as follows: 62.35 nm (45.97-78.75) for Ra, 317.25 nm (253.06-

381.44) for Rmax, and 73.21 nm (52.24-91.17) for RMS. Surface roughness parameters of a 

middle thread of the retrieved machined surface miniscrew were as follows: 35.97 nm 

(26.23-45.7) for Ra, 260.10 nm (193.02-327.17) for Rmax, and 43.97 nm (32.49-55.45) for 

RMS.  

From the results of the AFM measurement, the retrieved anodic oxidized miniscrew surface 

was significantly smoother than the as-received anodic oxidized miniscrew (p < 0.05). On the 

other hand, the retrieved machined surface miniscrew surface was rougher than the as-
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received machined surface miniscrew (p < 0.05). A middle thread of the retrieved anodic 

miniscrew surface was rougher than both the as-received and the retrieved machined surface 

miniscrew (p < 0.05), (Figs. 9, 10). 

 

 
Fig. 9. The box plots representing the root mean square (nm) values of a middle thread edge of 

the as-received and the retrieved miniscrews (Mean: red line; 95% confidence interval: blue 

box; * p < 0.05). A middle thread edge of the retrieved machined surface miniscrew was 

rougher than the as-received machined surface miniscrew (p < 0.05). A middle thread edge of 

the retrieved anodic miniscrew was rougher than both the as-received and the retrieved 

machined surface miniscrew (p < 0.05). 

 



 

23 

 

 
Fig.10. Representative three-dimensional modified AFM images of the miniscrews. A, A 

middle thread edge of the as-received machined surface miniscrew; B, A middle thread edge 

of the retrieved machined surface miniscrew; C, A middle thread edge of the as-received 

anodic oxidized miniscrew; D, A middle thread edge of the retrieved anodic oxidized 

miniscrew. A middle thread edge of the retrieved machined surface miniscrew surface was 

rougher than the as-received machined surface miniscrew (p < 0.05), and a middle thread edge 

of the retrieved anodic oxidized miniscrew surface was smoother than the as-received anodic 

oxidized miniscrew (p < 0.05). The scan size was 5 μm x 5 μm.  
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Fig.11. Representative three-dimensional modified AFM images of the anodic oxidized 

miniscrews. A, A thread edge close to the head of the as-received miniscrew; B, A thread edge 

close to the head of the retrieved miniscrew; C, A middle thread edge of the as-received 

miniscrew; D, A middle thread edge of the retrieved miniscrew; E, A thread edge close to the 

tip of the as-received miniscrew; F, A thread edge close to the tip of the retrieved miniscrew. A 

middle thread edge of the retrieved miniscrew had the roughest surface among the retrieved 

miniscrew thread edges. The scan size was 5 μm x 5 μm.   
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Surface of a thread edge close to the head and a middle thread edge of the as-received and 

retrieved anodic oxidized miniscrews were significantly rougher than the surface of a thread 

edge close to the tip (p < 0.05) (Fig .11). Table 2 showed that surface roughness parameters of 

a thread edge close to the tip was significantly lower than other regions.  
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IV. DISCUSSION 

 

Factors associated with miniscrew stability and clinical success, such as age, sex,  

placement sites, surgical technique, inflammation, and bone quality, screw implant 

characteristics have been reported (Kuroda et al., 2007; Miyatake et al., 2003; Morea et al., 

2005; H. S. Park, 2006). Among these, several factors contributing to screw implant 

characteristics, such as material and diameter, length, conical or cylindrical shape, cutting 

flute, insertion torque, surface treatment, have been reported (Cha et al., 2008; Lim et al., 

2007; Motoyoshi et al., 2006; Song et al., 2007; Yerby et al., 2001).   

Healing around the machined surface titanium implant occurs through a gradual mineralization 

process from the bone towards the implant (Sul et al., 2002). The cells in contact with the turned 

surface allow bone mineralization, but titanium does not act as an inductor. In addition, the healing 

process occurs over several days, and the remodeling process takes weeks or years. The healing 

time for dental implants without surface treatment is longer than that for implants with treated 

surfaces. With smooth surfaces, the biological processes at the bone implant interface are slower, 

and the properties of the native titanium oxidized layer take a longer time to be affected. To 
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minimize mineralization time, titanium surface treatment is carried out. This procedure accelerates 

the adhesion micromechanisms between the implant and the bone.  

It is possible to change surface features of titanium dental implants or titanium orthodontic 

miniscrews with surface treatment; characteristics such as chemical composition, energy level, 

morphology, topography and roughness can be altered (Rupp et al., 2006). Surface chemical 

changes include hydroxyapatite deposition and the incorporation of calcium ions, phosphorus and 

fluorite. Sandblasting and acid etching treatment can change the surface topography and energy. 

The morphology and roughness can be controlled by treatment with acid solution or oxidation.  

Electrochemical methods broadly consist of anodic and cathodic treatments. Anodic 

oxidation is the chief anodic technique. The anodic oxidation of titanium is categorized by 

solid state diffusion in the oxide or by dissolution-deposition in the electrolyte. Overall 

reactions leading to oxidation at the anode can be written as (Lausmaa, 2001) :    

At Ti/Ti oxide interface: 

Ti -> Ti2+ + 2e-                                                       (1) 

At Ti oxide/electrolyte interface: 

2H2O -> 2O2- + 4H+ 
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(oxygen ions react with titanium to form oxide)                            (2) 

2H2O -> O2 (gas) +4H+ + 4e- 

(oxygen gas evolves)                                                 (3) 

At both interface: 

Ti2+ + 2O2- -> TiO2 + 2e-                                               (4) 

Anodic oxidized layers have nano-tubular structure, depending on the oxidation (potential. 

electrolyte, temperature). The removal torque of an anodized implant is 45.6% higher than that 

of a machined surface implant(Elias et al., 2008). These findings demonstrate that the 

anodized surface increase bone formation in the early stages of healing. Differences in the 

rates of osseointegration in the initial states of healing for the anodized surface could be 

related to different surface reactivities stemming from different surface material properties, e.g. 

surface area or surface wettability(Strnad et al., 2007). Therefore, in this study, as anodic 

oxidation treatment of the various surface treatments using miniscrews before and after 

placement was observed.  

In previous studies, surface changes of miniscrews after placement were mostly observed 

by SEM. Accoding Jung et al. (2010) when deformation of tip of the retrieved 84 miniscrews 
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was observed by SEM, with little or no deformation as grade 1, with a little deformation as 

grade 2, with visible damage was classified as grade 3. Rating distributions include grade 1 

(15.5%), grade 2 (55.9%), and grade 3 (28.6%). According to Eliades et al. (2009) when 

eleven miniscrews placed in 5 patients were retrieved after successful service of 3.5 to 17.5 

months, SEM and x-ray microanalysis showed morphologic alteration of the miniscrew 

surfaces with integuments formed on the surface. The materials precipitated on the surfaces 

were sodium, potassium, chlorine, iron, calcium, and phosphorus from contact of the implant 

with biologic fluids such as blood and exudates, forming sodium chloride, potassium chloride, 

and calcium-phosphorus precipitates. 

In this study, SEM demonstrated that only a thread edge close to the tip of the retrieved 

anodic oxidized miniscrew became smooth by smearing, compared to the as-received anodic 

oxidized miniscrew, and a thread edge close to the tip of the retrieved machined surface 

miniscrew became rough, compared to the as-received machined surface miniscrew. No 

definite changes were observed in the thread valleys of two groups of the miniscrews after 

placement. This change of the miniscrew tip area could be due to tip design, and/or stress 

experienced upon insertion. A self-drilling type miniscrew tip had the form of a sharp point to 
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increase the cutting force below the cortical tissue. The stress was concentrated in the tip area 

when the insertion process occurred.  

However, as with the previous study, only morphological validation could be done with 

SEM, without quantitative and numerical analysis. Therefore, after SEM was performed for 

morphological validation in this study, AFM was performed with additional observations for 

quantitative analysis. To preserve surface texture, the miniscrews were removed from 

demineralized bone fragments without providing additional torque to the retrieved miniscrews. 

If they were removed from bone with giving torque, the surface damage caused by self-

drilling insertion and 12 weeks with the stress of the bone could not be clearly observed 

because miniscrew surface would be damaged while giving torque counterclockwise.  

  When anodic oxidized miniscrews were observed by AFM, their surfaces consisted of 

numerous open pores, whereas the surface of the machined surface miniscrews showed the 

form of a flat cutting processed. It showed that anodic oxidized surface were both porous and 

relatively rough while simultaneously lacking sharp edges. 

The surface of a middle thread edge of the as-received anodic oxidized miniscrew was the 

roughest among the others, exhibiting many deep and wide valleys. In a previous study, the 
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roughness of the anodic oxide layers of titanium obtained from the electrolyte containing 

calcium acetate and glycerophosphate was in the range of 300-900 nm depending on the 

current density, concentration of the electrolyte, and the applied voltage (Kim and 

Ramaswamy, 2009). In this study, the measured Ra value of anodic oxidized miniscrews was 

relatively small compared to the value of previous study because the miniscrew was divided 

into two sections (thread edges and thread valleys), and their shape was more complex than in 

previous experimental models (titanium disk). Therefore, errors could occur by non-contact 

mode AFM measurement.  

From the results of the AFM measurements, all surface roughness parameters of thread 

edges of the retrieved anodic oxidized miniscrews were significantly reduced, compared to as-

received (p < 0.05). Surface roughness parameters of a middle thread edge of the retrieved 

machined surface miniscrew were significantly increased, compared to as-received (p < 0.05). 

However, No definite changes were observed in the thread valleys of two groups of the 

miniscrews after placement. SEM could be used to observe deformation in thread edges close 

to the tip of the miniscrews, but with AFM deformation of other thread edges were clearly 

observed.  
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In this study, surface roughness of thread edges of the anodic oxidized miniscrew was 

significantly reduced after placement, and three possible causes could be considered. First, 

Table 1 showed that 21.53 N/cm insertion torque values in this study was higher than the 7-

17 N/cm in previous studies; thus a large friction between cortical bone and the miniscrew 

was expected and applied shearing force seemed to be large (Chen et al., 2008). According 

to Motoyosi et al. (2006), proper insertion torque of 5-10 N/cm for self-drilling miniscrews 

was proposed, and an insertion torque greater than this value range could act negatively on 

stability. Second, since the miniscrews were subjected to tension or torsion 12 weeks by the 

NiTi coil spring, a surface change of the miniscrews could occur (Ellis and Laskin, 1994; 

Heidemann et al., 2001). Third, the deposits around the miniscrews or the materials 

precipitated on surface from the contact of the miniscrew with biologic fluids were likely 

due to clogs in open pores.   

The surface of a middle thread edge of as-received anodic oxidized miniscrews was the 

roughest among the others and their roughness parameters after placement were lower than 

before placement. However, their roughness parameters under self-drilling implantation 

procedure and initial loading period were greater than roughness parameters of the as-
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received or retrieved machined surface miniscrews by AFM measurements. Additionally, no 

definite changes were observed in the thread valleys of two groups of the miniscrews after 

placement.  

Surface changes of the anodic oxidized miniscrews after placement were only observed in 

thread edges and no definite changes were observed in the thread valleys; Anodic oxidation 

treatment on miniscrew had structural stability and might improve biological stability of the 

miniscrews, caused by unique surface characteristic. Future research will be needed for 

biological evaluation of anodic oxidized miniscrews. 
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V. CONCLUSIONS 

 

The aim of this study is to evaluate the structural stability of anodic oxidation treatment on 

miniscrews under self-drilling implantation procedure and initial loading period by comparing 

and quantitatively analyzing surface roughness changes of as-received and retrieved 

miniscrews (machined surface vs. anodic oxidized surface) utilizing both scanning electron 

microscopy (SEM) and atomic force microscopy (AFM). 

Observation by scanning electron microscopy (SEM) revealed that only a thread edge close 

to the tip of the retrieved anodic oxidized miniscrew became smooth by smearing, compared 

to the as-received anodic oxidized miniscrew. No definite changes were observed in the thread 

valleys of two groups of the miniscrews after placement.  

Atomic force microscopy (AFM) measurements demonstrated that all surface roughness 

parameters of thread edges of the retrieved anodic oxidized miniscrews were significantly 

reduced, compared to as-received miniscrews (p < 0.05). A middle thread edge of the retrieved 

anodic miniscrew surface was rougher than the as-received and the retrieved machined surface 

miniscrew (p < 0.05). No definite changes were observed in the thread valleys of two groups 
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of the miniscrews after placement.  

Surface changes of the anodic oxidized miniscrews after placement were only observed in 

thread edges and no definite changes were observed in the thread valleys; Anodic oxidation 

treatment on miniscrew had structural stability and might improve biological stability of the 

miniscrews, caused by unique surface characteristic. Future research will be needed for 

biological evaluation of anodic oxidized miniscrews. 
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양극 산화 (anodic oxidized) 표면 처리된 

교정용 티타늄 미니스크류의 식립 후 표면 변화 

 (지도교수 : 황 충 주) 

연세대학교 대학원 치의학과 

 

최 성 환 

 

 

현재 여러 종류의 미니스크류가 생물학적 안정성을 향상시키기 위해 보철용 

표면 처리 임플란트에 근거하여 개발, 시판되고 있다. 치과용 임플란트에 적용된 

표면 처리에는 acid etching, sandblasting, Ti-plasma coating 및 anodic 

oxidized가 있다. 이 중 양극 산화(anodic oxidized) 임플란트는 표면이 수많은 

open pore로 이루어져 있으며 상대적으로 큰 표면적을 가지고 있다.  

본 연구의 목적은 양극 산화(anodic oxidized) 표면 처리된 교정용 

미니스크류를 self-drilling으로 식립 후 초기 loading 기간 동안 나타나는 표면 

거칠기 변화를 주사전자현미경(SEM)과 원자력현미경(AFM)을 통해 정량적으로 

비교 평가함으로써 양극 산화 표면 처리의 구조적 안정성을 평가하고자 하였다.  

총 8개의 교정용 미니스크류(양극 산화 표면 처리된 실험군과 표면 처리하지 

않은 대조군)를 웅성 성견 2마리의 하악 협측골에 식립하였으며 12주 동안 

교정력 부여 후 희생하였다. 희생 후 탈회를 거친 골편에서 미니스크류를 분리한 
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후 주사전자현미경과 원자력현미경을 통해 식립 전후 미니스크류 표면 변화를 

관찰하였다.  

주사전자현미경 상 실험군은 식립 후 tip 부위 나사산만이 식립 전에 비해 

평활해진 양상이 확인되었으며 나사골 부위 변화는 명확하지 않았다. 

원자력현미경을 통한 식립 전후 표면 거칠기 비교 시 식립 후 실험군 나사산의 

표면 거칠기 값 (Ra, Rmax, RMS)이 식립 전에 비해 유의성 있게 감소하였으나 

(p < 0.05), 중간 부위 나사산의 표면 거칠기 값은 대조군보다 유의성 있게 큰 

값을 보였고 (p < 0.05), 나사골 부위 변화는 명확하지 않았다.  

양극 산화 미니스크류는 식립 후 나사산 부위만 표면 거칠기가 변화하며 

나사골 부위 표면은 식립 후에도 명확한 표면 변화가 관찰되지 않았다; 교정용 

미니스크류에 적용된 양극 산화 표면 처리는 self-drilling으로 식립 후 초기 

loading 기간 동안에도 구조적 안정성을 지니고 있었으며, 고유의 surface 

characteristic에 의한 향상된 생물학적 안정성을 기대해볼 수 있겠다. 향후 양극 

산화 미니스크류의 생물학적 평가를 위한 연구가 필요할 것이다.  
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