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ABSTRACT 

 

Biological evaluation of 

hollow type miniscrew implant 

: an experimental study in the beagle dogs 

 

The aims of this study were to assess the biological stability of newly 

designed hollow type (H type) miniscrews, to confirm if H type miniscrew 

has enough stability as much as conventional (C type) miniscrew has, and to 

evaluate bone remodeling around the miniscrew through histomorphometric 

and histological analysis. Newly designed miniscrews and C type miniscrews 

were placed into the intraradicular spaces of the maxillary and mandibular 

first molars and mandibular fourth premolars of twelve beagle dogs. The 

maximum insertion torque and Periotest value were measured after 

placement. After tissue processing, bone implant contact and bone volume 

were measured. The results of the present study were as follows. 

 

1. Overall success rate of experimental group was about 78.3% in maxilla 

and 60.0% in mandible. Success rate of C type group was 100% in 

maxilla and mandible. 

2. Mean insertion torque (IT) values of H type miniscrews were 14.2 Ncm 

in maxilla and 20.9 Ncm in mandible, showing significant difference 

between maxilla and mandible. 

3. Periotest values (PTV) of H type miniscrews were -1.5 in maxilla and 

-6.4 in mandible. Mean PTV was significantly lower in H type compared 

to C type miniscrews in mandible (P < .0001). 
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4. In maxilla, bone implant contact (BIC) of H type miniscrews was 37.3% 

and 32.3% at three and twelve weeks, respectively. In mandible, it was 

31.4% and 18.5% at three and twelve weeks, respectively. 

5. At three weeks of H type miniscrews, BIC of the exterior part of the 

miniscrew (ExBIC) was 37.3% and 31.4% in maxilla and mandible, 

respectively, and BIC of the interior part of the miniscrew (InBIC) was 

16.8% and 14.7%. At twelve weeks, ExBIC was 32.3% and 18.5%, and 

InBIC was 14.3% and 13.8% in maxilla and mandible, respectively. 

There was significant difference between ExBIC and InBIC (P < 0.05), 

except in mandible at twelve weeks. 

6. Mean bone volume was higher in exterior part of the miniscrew than in 

interior part in both jaws, and there was significant difference between 

exterior and interior part of the miniscrew in maxilla at three weeks 

with P < 0.01. 

 

The results of this study will be the basis of further research examining the 

healing process of surrounding bone after orthodontic loading for future 

clinical application. It is necessary to modify the design of hollow type 

miniscrew implant to lower its high insertion torque in mandible. In addition, 

to increase bone volume in interior part of the miniscrew, it is necessary to 

investigate the appropriate size and location of fenestration hole of H type 

miniscrew implant for a better blood supply. 

 

 

 

Key words: orthodontic miniscrew, insertion torque, bone implant contact, bone volume, 

histomorphometric analysis, hollow type miniscrew implant
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Biological evaluation of 

hollow type miniscrew implant 

: an experimental study in the beagle dogs 

 

Jeongwon Youn 

 

Department of Dental Science, Graduate School, Yonsei University 

(Directed by Professor Chung Ju Hwang, D.D.S., M.S.D., Ph.D) 

 

I. Introduction 

 

Anchorage control is one of the essential factors for a successful result in 

orthodontic and orthopedic treatment. There are a number of methods to 

maintain and reinforce anchorage. Traditionally, orthodontists used dentition 

for the application of force to effect skeletal change. However, this 

application of force often caused undesirable tooth movement. The use of 

skeletal anchorage was more desirable to apply force directly to bone, and 

several methods of skeletal anchorage, such as intentionally ankylosed teeth, 

endosseous implants, and osseointegrated titanium implants, were reported 

(Kokich et al., 1985; Smalley et al., 1988; Roberts et al., 1989). 

Recently, the development of temporary anchorage devices (TADs), such 

as miniscrews, palatal implants, retromolar implants, and bone plates, has 

provided maximum anchorage in biomechanics of orthodontics (Nanda et al., 

2009). Miniscrews have been used the most for absolute anchorage among 

these because of easy placement and removal. They can facilitate maximum 
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anchorage and more precise tooth movement. Versatile usage of miniscrews 

has aroused interest in primary stability and failure (Miyawaki et al., 2003; 

Park et al., 2006; Kuroda et al., 2007). 

Primary stability of miniscrews is mainly supported by mechanical retention 

between bone-to-implant interface (Park et al., 2006; Kim et al., 2009). 

Miniscrew design, screw diameter, and loading protocol have an effect on 

primary stability. Attention has recently shifted toward changes to the 

geometric design of miniscrews to enhance primary stability. Increasing 

diameter, dual thread, and tapered design were ascertained to contribute to 

enhancing primary stability (Ivanoff et al., 1997; Kido et al., 1997; O'Sullivan 

et al., 2004; Lim et al., 2008; Wilmes et al., 2008; Kim et al., 2009). Primary 

stability is also affected by bone quality, especially cortical bone thickness. 

Bone density and the cortical and cancellous ratio of bone certainly influence 

miniscrew stability at placement (Miyamoto et al., 2005; Motoyoshi et al., 

2009; Turkyilmaz et al., 2009). 

Recently, various miniscrew designs to improve the primary stability of the 

miniscrew have been developed. An increase in screw diameter could 

effectively improve the primary stability of the miniscrew. Larger diameter 

miniscrew showed a significant increase of insertion torque (Lim et al., 2008). 

This corresponded to the finite element method study for stress distribution 

on the length and diameter of orthodontic miniscrew (Lim et al., 2003). In 

addition, the shape of the miniscrew may have an effect on primary stability. 

The taper shape miniscrew showed the maximum insertion torque compared 

with cylindrical shape miniscrew (Song et al., 2007; Kim et al., 2009; Cha et 

al., 2010).  

However, the length of miniscrews had no effect on miniscrew survival 

(Miyawaki et al., 2003; Cheng et al., 2004; Miyamoto et al., 2005). Longer 
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miniscrews did not necessarily result in better bone support (Miyawaki et al., 

2003). 

Secondary stability is achieved through continuous bone formation and 

remodeling at the miniscrew-tissue interface and in the surrounding bone, 

leading to osseointegration (Meredith 1998). 

One of the methods for assessing the stability of miniscrews is to measure 

the insertion torque (Ueda et al., 1991; Meredith 1998; Motoyoshi et al., 

2006). Insertion torque is a measurement of the resistance at the bone-to-

implant interface, which reflects the level of bone deformational strain caused 

by the miniscrew (Cha et al., 2010). However, high insertion torque does not 

necessarily mean a stronger fixation. Overtightening may lead to continuous 

compression to the surrounding bone and accordingly microfractures of the 

bone threads around the miniscrew (Ueda et al., 1991). Degeneration of the 

bone at the interface may aggravate the bone regeneration surrounding the 

miniscrew thread (Meredith 1998). 

In prosthodontic implant study, peak insertion torque values ranged from 

9.6 to 26 Ncm according to implant type (O'Sullivan et al., 2000). It is also 

reported that the recommended insertion torque was within the range from 5 

to 10 N cm to increase the success rate of 1.6 mm diameter orthodontic 

miniscrews (Motoyoshi et al., 2006). 

Besides insertion torque, bone implant contact is essential for fixation 

strength in primary stability and osseointegration in secondary stability 

(Kuroda et al., 2004; Schicho et al., 2007). The Periotest can be easily used 

as a nondestructive test method for measuring miniscrew stability. 

Primary stability is an essential prerequisite for the success of miniscrews, 

but other factors can affect the success rates of miniscrews. Root contact can 

happen during insertion if clinicians use larger-diameter miniscrews for 

better stability. It can also happen during the treatment period. In distal en 
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masse movement of molars, there is a possibility that miniscrews inserted 

into the interradicular space could interfere with distal movement. 

As root contact is a major factor in miniscrew failure in orthodontic 

anchorage, hollow-centered miniscrew design was developed (Hong et al., 

2011). This miniscrew is short enough to allow placement in the bone 

superficial to the root surface in addition to intraradicular bone and wide 

enough to improve stability, and its tapered design can enhance initial fixation. 

In addition, the interior of this newly designed miniscrew has a hollow center 

to promote insertion and to compensate for the relatively lower bone contact 

due to shorter length with the bone formation in the interior part of the 

miniscrew. There is also a fenestration hole in the beginning of the first 

thread for the ingrowth of the bone. 

Hong et al. researched the mechanical stability of hollow type miniscrew 

implant inserted into biosynthetic bone block (Hong et al., 2011) and with the 

cone-beam computed tomography (CBCT) scans (Hong et al., 2011). 

However, these studies were lack of histological analysis examining bone 

remodeling and cellular responses around the miniscrew, and did not evaluate 

bone implant contact and bone volume of the interior part of miniscrews. 

The aim of this animal study was to assess the biological stability of hollow 

type (H type) miniscrew design and to confirm if H type miniscrew has 

enough stability as much as C type miniscrew has. This study assessed the 

insertion torque, bone implant contact, and bone volume around the miniscrew 

in the beagle dogs and compared the biological stability of H type miniscrews 

with conventional miniscrews. In addition, this study observed bone 

remodeling around the bone-to-miniscrew interface and interior part of the 

hollow miniscrew with histological analysis. 
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II. Materials and methods 

 

A.  Experimental animals and miniscrews 

 

Twelve adult male beagle dogs, which were 12 to 15 months old and 

weighed 10 to 14 kg, were used in this study and they were maintained by 

the animal laboratory at Yonsei University Medical Research Center. The 

experimental protocol was approved by the Institutional Animal Care and Use 

Committee in Yonsei University Medical Research Center. 

Twelve dogs were divided into C type group and H type group with a split 

mouth design. A pilot experiment with L2A-2 (4.1 mm in diameter, 3.1 mm in 

length, hollow type, no fenestration hole, cylindrical shape) and L2A-3 (4.0 

mm in diameter, 3.8 mm in length, hollow type, cylindrical shape) was 

conducted in four beagle dogs to compare the insertion torque with C type 

miniscrews before this study. 

Thirty eight H type miniscrews (3.0 mm in diameter, 2.0 mm in length, 

tapered shape; Biomaterials Korea Inc., Seoul, Korea) were placed into the 

intraradicular spaces (just below the furcation area) of the maxillary and 

mandibular first molars (M1) and mandibular fourth premolars (PM4) in the 

beagle dogs (Fig. 2b). H type single-threaded and tapered miniscrew is a 

hollow type that has four fenestration holes in the beginning of the first 

thread for the ingrowth of the bone (Fig 1). 
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 (a)   (b) 

Fig. 1 Fenestration hole (a) located in the beginning of the first thread of 

miniscrew (50x), (b) ingrowth of the bone (100x). 

 

Thirty seven conventional (C type) single-threaded and cylindrical 

miniscrews (1.45 mm in diameter, 7 mm in length; Biomaterials Korea Inc., 

Seoul, Korea) were placed around the second (PM2) and third premolars 

(PM3) in maxilla and mandible (Fig. 2a). 

 

(a)    (b) 

(c)              (d) 

Fig. 2. Prescription of C type miniscrew (a), H type miniscrew (b), cross 

section of H type miniscrew (c), and upper bed of H type miniscrew (d). 

Fenestration hole 

Fenestration 
hole 
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B. Surgical procedure 

 

All of the experimental procedures, including surgical procedures and 

clinical examinations such as taking intraoral photographs, were performed 

aseptically. The experimental animals were injected subcutaneously with 

0.02 mg/kg atropine, intramuscularly with 5 mg/kg enrofloxacine, 

intravenously with 0.5 mg/kg ketorolac tromethamine, and intravenously 

with 5 mg/kg cimetidine (premedication), followed by zoletile (5 mg/kg body 

weight, Zoletil 50® , Virbac Korea) and xylazine (0.2-0.5 mg/kg body 

weight, Rompun® , Bayer, Germany) intravenously to induce general 

anesthesia. Throughout the operation, 2% enflurane or 1 to 2% isoflurane 

was injected for maintenance. 

Body temperature of the animals was sustained using a heating pad, and 

cardiac functions were monitored. During miniscrew placement, 2% lidocaine 

HCl containing 1:100,000 epinephrine was infiltrated into the implantation area. 

 

1. Miniscrew placement 

 

C type and H type miniscrews were further divided into two groups 

over experimental period; three week and twelve week group. 

It is reported that safe zones for miniscrew insertion in beagle dogs are 

located in the intraradicular space of first molar (M1), the intraradicular 

space of fourth premolar (PM4), and the interradicular space between 

PM4 and M1 in the mandible. In the maxilla, the intraradicular space of M1 

and intraradicular space of second premolar (PM2) and third premolar 

(PM3) are the safe zones for miniscrew insertion (Wang et al., 2008; 

Zhao et al., 2009). Location of the miniscrew placement was determined 

based on these studies. 
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To prevent tissue impingement, 5-mm gingival incision was made in the 

implantation site, and the implantation procedure was performed under 

saline irrigation. All miniscrews were inserted perpendicular to the bone 

surface until their necks contacted the bone (Fig. 3). 

 

 

Fig. 3. Insertion procedure of H type miniscrew.    

 

After surgical procedures, amoxicilline clavulanate (10-12mg/kg, twice 

daily) and Clease®  (1T/day) were administered for five days. 

First miniscrew insertion was done twelve weeks before sacrifice, and 

after nine weeks, second miniscrew insertion was done. After three 

weeks, all experimental animals were sacrificed. During whole 

experimental procedure, a chlorhexidine solution was applied daily to 

maintain oral hygiene. 

 

Fig. 4. Timetables for placing miniscrews. w = weeks; C type = 

conventional miniscrews; H type = experimental miniscrews. 

0 3 6 9 12 weeks 

Implantation 1 
12w C type 
12w H type 

Implantation 2 
3w C type 
3w H type 

 

Sacrifice 
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2. Measurement of insertion torque (IT) and Periotest value (PTV) 

 

All miniscrews in C type and H type group were confirmed as being 

fully inserted by checking bone contact of final screw thread with dental 

explorer. The highest insertion torque was measured in Ncm unit of 

measurement during an initial one-quarter turn using a torque sensor 

(MGT50, Mark-10 Co., New York, NY). Initial screw mobility was 

measured twice on each miniscrew with Periotest®  (Simens AG, 

Bensheim, Germany) after insertion. The mean value of two 

measurements was recorded as initial mobility. 

 

 

C. Histological observation 

 

After twelve weeks, all experimental animals were sacrificed, and tissue 

blocks containing miniscrews and adjacent teeth materials were prepared. 

Tissue blocks were fixed in 10% formalin solution for one month. After 

formalin tissue fixation, they were dehydrated in 70 to 100% progressively 

higher concentrations of alcohol for two weeks. After dehydration, they were 

embedded in Technovit®  8000 (Heraeus Kulzer, Werheim, Germany) and cut 

with diamond saw parallel to miniscrew axis and grinded into serial sections 

in the thickness range 20 ㎛ using the Exakt hard tissue grinding system 

(Exakt Technologies, Inc., Oklahoma City, Oklahoma). 

Haematoxylin and Eosin (HE) staining was performed for histological 

observation and histomorphometric analysis. 
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D. Histomorphometric analysis 

 

Optical microscopic images were taken by Leica DM LB microscope, and 

histomorphometric parameters were measured at 100 times magnification 

image. Tissue specimens were examined on a microscope (Leica DM LB, 

Wetzlar, Germany) and analyzed with an image analysis program linked to a 

light microscope using software packages, IMT iSolution Lite version 8.1 

(IMT iSolution Inc., Canada) and Image-Pro Plus version 4.5.0.29 (Media 

Cybernetics Inc., Silver Spring, USA). 

Histomorphometric analysis was performed in regions of interest (ROI), 

within the range of 800 ㎛ from implant-bone interface (Fig. 5). Bone 

implant contact (BIC) and bone volume/total volume (BV/TV) were calculated 

as percentages from ROI. 

In addition, histological analysis was performed to observe bone remodeling 

around the bone-to-miniscrew interface and interior part of the H type 

miniscrew. 

 

• BIC (%) = (the length of the bone and implant contact)/(the total length 

of the implant interface) x 100% 

• BV/TV (%) = (bone volume)/(total volume) x 100% 

 

In H type miniscrews, BIC and BV/TV were measured in both outer 

surfaces of miniscrews (ExBIC, ExBV/TV, Fig. 6, 7) and inside the hollow 

hole of miniscrews (InBIC, InBV/TV, Fig. 8). 
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• ExBIC, Bone implant contact of the exterior part of the miniscrew 

• ExBV/TV, Bone volume of the exterior part of the miniscrew 

• InBIC, Bone implant contact of the interior part of the miniscrew 

• InBV/TV, Bone volume of the interior part of the miniscrew 

 

 

Fig. 5. Regions of interest (ROI) within the range of 800 ㎛ from bone-

implant interface. 

 

 

Fig. 6. Measurement of ExBIC (total length of miniscrew thread shown by 

yellow dotted line in A; BIC shown by orange solid line in B). 

 

A B 

800 ㎛ 
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Fig. 7. Measurement of ExBV/TV (total volume of ROI shown by green 

area in A; bone volume in ROI shown by the area within green line in B). 

 

  

Fig. 8. Measurements of InBIC (A) and InBV/TV (B). 

 

 

 

 

 

 

 

 

 

A B 

A B 
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E. Statistical analysis 

 

SPSS version 17.0 (SPSS Inc., Illinois, USA) was used for statistical 

analysis. Success rates of both conventional and experimental miniscrew 

were calculated in maxilla and mandible. For Periotest value (PTV) and 

insertion torque (IT), the mean and standard deviation were calculated. For 

BIC and BV/TV, the mean and standard deviation were also calculated, and 

two-way analysis of variance (ANOVA) was used to compare BIC and 

BV/TV according to the jaw (maxilla and mandible) and the different 

experimental period (three and twelve weeks). BIC and BV/TV of exterior 

and interior part of the H type miniscrews were also compared with two-way 

ANOVA. P <0.05 was considered to be the level of statistical significance.  
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III. Results 

 

A. Success rate of miniscrews 

 

In H type group, 5 out of 23 miniscrews in maxilla and 6 out of 15 miniscrews 

in mandible fell out. Success rate of H type group was 78.3% in maxilla and 

60.0% in mandible. Success rate of C type group was 100% in maxilla and 

mandible. 

 

 

B. Histomorphometric analysis 

 

I. Comparisons between C type and H type group 

 

1. Comparisons of insertion torque (IT, Ncm) and Periotest value 

(PTV) in maxilla and mandible 

 

Mean insertion torque (IT) values in H type were 14.2 Ncm in maxilla and 

20.9 Ncm in mandible (Table 1). There was significant difference in insertion 

torque between C type and H type group (P < .0001), and measurements in H 

type group were significantly higher than those in C type group in both 

maxilla and mandible. 

There was significant difference in insertion torque between jaws (P 

< .001). Measurements were significantly higher in mandible compared with 

maxilla in both C type and H type group. 

There was no interaction between groups and jaws in two-way ANOVA 

with P = 0.2101. 
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Table 1. Comparison of insertion torque (IT) in maxilla and mandible 

 

Insertion torque (IT, Ncm)  

C type H type  

Jaws Mean SD Mean SD Sig. 

Maxilla 8.43 3.40 14.18 5.05 ** 

Mandible 11.88 5.12 20.86 3.08 *** 

Sig. * **  

SD, standard deviation; Sig., significance. 

The significant difference was defined by subgroup analysis of two-way ANOVA. 

* P < 0.05; ** P < 0.01; *** P < .0001. 

 

Periotest values in H type group were -1.5 in maxilla and -6.4 in mandible. 

Mean PTV was significantly lower in H type group, and there was significant 

difference in mandible with P < .0001 (Table 2). 

Mean PTV in C type group was significantly lower in maxilla, and mean 

PTV in H type group was significantly lower in mandible (Table 2). 

 

Table 2. Comparison of Periotest value (PTV) in maxilla and mandible 

 

Periotest value (PTV)  

C type H type  

Jaws Mean SD Mean SD Sig. 

Maxilla -0.11 2.69 -1.49 2.74 NS 

Mandible 2.85 3.13 -6.42 0.79 *** 

Sig. * ***  

SD, standard deviation; Sig., significance; NS, not significant. 

The significant difference was defined by subgroup analysis of two-way ANOVA. 

* P < 0.05; ** P < 0.01; *** P < .0001. 
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2. Bone implant contact (BIC, %) and bone volume (BV/TV, %) in 

maxilla and mandible 

 

2-1. Comparisons over experimental period 

 

In maxilla, mean BIC in H type group was 37.3% and 32.3% at three and 

twelve weeks, respectively. In mandible, it was 31.4% and 18.5% at three and 

twelve weeks, respectively. 

Mean BIC in both groups had declined in maxilla and mandible over 

experimental period, but there was no significant difference. In maxilla, mean 

BIC in H type group was higher than in C type group, but there was no 

significant difference between groups. In mandible, there was significant 

difference between groups at twelve weeks (Table 3, Fig. 9). 

 

In maxilla, bone volume in H type group was 47.3% and 40.5% at three and 

twelve weeks, respectively. In mandible, it was 51.8% and 37.5% at three and 

twelve weeks, respectively. 

Mean BV/TV in both groups had declined over experimental period, but 

there was no significant difference. Mean BV/TV in H type group was lower 

than in C type group except in mandible at three weeks, but there was no 

significant difference between groups. Mean BV/TV showed significant 

decrease in H type group of mandible over experimental period (Table 3, 

Fig. 9). 
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Table 3. Comparisons of bone implant contact (BIC) and bone volume (BV/TV) 

over experimental period 

  BIC (%)  BV/TV (%)  

 Time 

(weeks) 

C type H type  

Sig. 

C type H type  

Sig. Jaws Mean SD Mean SD Mean SD Mean SD 

Maxilla 

3 30.19 12.02 37.29 21.86 NS 62.75 15.57 47.34 19.74 NS 

12 21.50 8.28 32.31 23.33 NS 44.28 8.57 40.45 11.82 NS 

 Sig. NS NS  NS NS  

Mandible 

3 48.65 15.38 31.36 17.81 NS 49.59 11.41 51.84 25.58 NS 

12 45.28 12.53 18.45 21.43 * 48.89 13.33 37.45 30.74 NS 

 Sig. NS NS  NS *  

SD, standard deviation; Sig., significance; NS, not significant. 

BIC was ExBIC, and BV/TV was ExBV/TV in H type. 

The significant difference was defined by subgroup analysis of two-way ANOVA. 

* P < 0.05. 

 

 

 
Fig. 9. Comparisons of BIC(%) and BV/TV(%) in maxilla and mandible over 

experimental period. 

Maxilla Mandible 

* 

* 
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2-2. Comparisons of jaws 

 

At three weeks, mean BIC in H type group was 37.3% and 31.4% in maxilla 

and mandible, respectively. At twelve weeks, it was 32.3% and 18.5% in 

maxilla and mandible, respectively. Mean BIC in C type group was 

significantly higher in mandible (P < 0.05). In H type group, mean BIC was 

higher in maxilla, but there was no significant difference. 

At three weeks, mean BV/TV in H type group was 47.3% and 51.8% in 

maxilla and mandible, respectively. At twelve weeks, it was 40.5% and 37.5% 

in maxilla and mandible, respectively. Mean BV/TV in C type group was lower 

in mandible, but there was no significant difference (Table 4). 

 

Table 4. Comparisons of bone implant contact (BIC) and bone volume (BV/TV) 

of jaws over experimental period 

  BIC (%)  BV/TV (%)  

Weeks Jaw 
C type H type  

Sig. 

C type H type  

Sig. Mean SD Mean SD Mean SD Mean SD 

3 
Mx. 30.19 12.02 37.29 21.86 NS 62.75 15.57 47.34 19.74 NS 

Mn. 48.65 15.38 31.36 17.81 NS 49.59 11.41 51.84 25.58 NS 

 Sig. * NS  NS NS  

12 
Mx. 21.50 8.28 32.31 17.81 NS 51.96 15.58 40.45 11.82 NS 

Mn. 45.28 12.53 18.45 21.43 * 48.89 13.33 37.45 30.74 NS 

 Sig. * NS  NS NS  

SD, standard deviation; Sig., significance; NS, not significant. 

BIC was ExBIC, and BV/TV was ExBV/TV in H type. 

The significant difference was defined by subgroup analysis of two-way ANOVA. 

* P < 0.05. 
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II. Comparisons of bone implant contact and bone volume in H 

type group 

 

1. Bone implant contact (BIC) comparisons of jaws over experimental 

period 

 

At three weeks, ExBIC was 37.3% and 31.4%, and InBIC was 16.8% and 

14.7% in maxilla and mandible, respectively. Mean ExBIC and InBIC were 

higher in maxilla. However, there was no significant difference. Mean BIC 

was significantly higher in exterior part of the miniscrew than in interior part 

in both jaws (P < 0.01 in maxilla; P < 0.05 in mandible). 

At twelve weeks, ExBIC was 32.3% and 18.5%, and InBIC was 14.3% and 

13.8% in maxilla and mandible, respectively. Mean ExBIC and InBIC were 

higher in maxilla at twelve weeks, but there was no significant difference. 

Mean BIC was higher in exterior part of the miniscrew than in interior part in 

both jaws, and there was significant difference in maxilla with P < 0.05 (Table 

5, Fig. 10).  

In addition, measurements showed decrease over experimental period, but 

there was no significant difference. 
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Table 5. Comparisons of ExBIC and InBIC in maxilla and mandible over 

experimental period 

 3 weeks  12 weeks  

 ExBIC (%) InBIC (%)  ExBIC (%) InBIC (%)  

Jaws Mean SD Mean SD Sig. Mean SD Mean SD Sig. 

Maxilla 37.29 21.86 16.79 10.12 ** 32.31 23.33 14.33 9.76 * 

Mandible 31.36 17.81 14.67 6.85 * 18.45 21.43 13.78 16.79 NS 

Sig. NS NS  NS NS  

SD, standard deviation; Sig., significance; NS, not significant. 

The significant difference was defined by subgroup analysis of two-way ANOVA. 

* P < 0.05; ** P < 0.01. 

 

2. Bone volume (BV/TV) comparisons of jaws over experimental 

period 

 

At three weeks, ExBV/TV was 47.3% and 51.8%, and InBV/TV was 28.4% 

and 43.5% in maxilla and mandible, respectively. Mean BV/TV was higher in 

mandible in both exterior and interior part of the miniscrew, but there was no 

significant difference. Mean BV/TV was higher in exterior part of the 

miniscrew than in interior part in both jaws, and there was significant 

difference in maxilla with P < 0.01. 

At twelve weeks, ExBV/TV was 40.5% and 37.5%, and InBV/TV was 25.9% 

and 31.6% in maxilla and mandible, respectively. Mean ExBV/TV was higher 

in maxilla and mean InBV/TV was higher in mandible, but there was no 

significant difference. Mean BV/TV was higher in exterior part of the 

miniscrew than in interior part in both jaws, but there was no significant 

difference (Table 6, Fig. 10). 
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Table 6. Comparisons of ExBV/TV and InBV/TV in maxilla and mandible over 

experimental period 

 3 weeks  12 weeks  

 ExBV/TV (%) InBV/TV (%)  ExBV/TV (%) InBV/TV (%)  

 Mean SD Mean SD Sig. Mean SD Mean SD Sig. 

Maxilla 47.34 19.74 28.43 16.08 ** 40.45 11.82 25.89 12.51 NS 

Mandible 51.84 25.58 43.45 9.00 NS 37.45 30.74 31.55 43.91 NS 

Sig. NS NS  NS NS  

SD, standard deviation; Sig., significance; NS, not significant. 

The significant difference was defined by subgroup analysis of two-way ANOVA. 

* P < 0.05; ** P < 0.01. 

 

 

 

 

Fig. 10. Comparisons of ExBIC(%), InBIC(%), ExBV/TV(%), and InBV/TV 

(%)in maxilla and mandible over experimental period. 

  

3 weeks 12 weeks 

** 
* * 

** 
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C. Histological analysis 

 

1. H type miniscrews at three weeks 

 

1-1. Maxilla 

 

Gross examination of the light microscopic sections showed characteristics 

of cancellous bone of the maxilla, presenting a higher percentage of marrow 

spaces (Fig 11, 12). Woven-type trabecular bone lined by fibroblast-like 

osteoblasts was detected around and inside the miniscrew. Active bone 

remodeling was detected, as indicated by osteoid deposition with a layer of 

osteoid seam lined by osteoblasts (arrow heads in Fig. 11 A). 

Osteopotential connective tissue was found at the bone-to-miniscrew 

interface (arrow in Fig. 11 B). 
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Fig. 11. Histological analysis of exterior part of H type miniscrew, specimen 

from maxillary left first molar at three weeks; high magnification images 

(100x) in A and B; arrow heads in A show a layer of osteoid seam lined by 

osteoblasts; arrow in B shows osteopotential connective tissue. 
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A 

B 

A B 
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Fig. 12. Histological analysis of interior part of H type miniscrew, specimen 

from maxillary left first molar at three weeks; high magnification images 

(100x) in A and B. 
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1-2. Mandible 

 

Gross examination of the light microscopic sections showed characteristics 

of compact bone of the mandible. Bone remodeling was detected, as indicated 

by bone deposition with the presence of osteoblasts. A high amount of bone-

to-miniscrew contact was noted (Fig. 13, 14). 

 

  

  

Fig. 13. Histological analysis of exterior part of H type miniscrew, specimen 

from mandibular right first molar at three weeks; high magnification images 

(100x) in A and B; arrow in B shows a well-organized haversian system. 

 

 

50x 50x 

A B 

A 

B 



26 

   

  

Fig. 14. Histological analysis of interior part of H type miniscrew, specimen 

from mandibular right first molar at three weeks; high magnification images 

(100x) in A and B. 
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2. H type miniscrews at twelve weeks 

 

2-1. Maxilla 

 

There was no evidence that soft tissue-marginal bone interface showed 

signs of resorption. Instead, marginal bone was covered with connective 

tissue usually shown in periosteal tissue. Active new bone formation was also 

present with a layer of osteoid seam lined by osteoblasts on the surface of 

preexisting bone (arrow heads in Fig. 15 A and Fig. 16 B). Newly formed 

bone tissue was observed. 

 

  

  

Fig. 15. Histological analysis of exterior part of H type miniscrew, specimen 

from maxillary left first molar at twelve weeks; high magnification images 

(100x) in A and B; arrow head in A shows a layer of osteoid seam lined by 

osteoblasts on the surface of preexisting bone. 
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Fig. 16. Histological analysis of interior part of H type miniscrew, specimen 

from maxillary left first molar at twelve weeks; high magnification images 

(100x) in A and B; arrow heads in B show a layer of osteoid seam lined by 

osteoblasts on the surface of preexisting bone. 
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2-2. Mandible 

 

There was no evidence that soft tissue-marginal bone interface showed 

signs of resorption. Instead, marginal bone was covered with connective 

tissue usually shown in periosteal tissue. 

Active new bone formation was also present with a layer of osteoid seam 

lined by osteoblasts on the surface of preexisting bone (arrow heads in Fig. 

18 A, B). Large vessels were present near miniscrew (arrows in Fig. 18 A), 

so new bone formation was active in this specimen. 

 

  

  

Fig. 17. Histological analysis of exterior part of H type miniscrew, specimen 

from mandibular left first molar at twelve weeks; high magnification images 

(100x) in A and B. 
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Fig. 18. Histological analysis of interior part of H type miniscrew, specimen 

from mandibular left first molar at twelve weeks; high magnification images 

(100x) in A and B; arrows in A show large vessels near miniscrew; arrow 

heads in A and B show a layer of osteoid seam lined by osteoblasts on the 

surface of preexisting bone. 
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IV. Discussion 

 

  Stable anchorage control is one of the most essential prerequisites for 

successful orthodontic treatment. Skeletal anchorage by means of temporary 

anchorage devices (TADs) has proven useful (Nanda et al., 2009). The 

application of miniscrews in orthodontic treatment reduces the need for 

patient compliance and facilitates maximum anchorage and precise tooth 

movement, thus extending the spectrum of treatment options. 

Factors affecting primary stability of miniscrews are bone quality and 

miniscrew design (Wilmes et al., 2006). Miyamoto et al. (2005) reported that 

bone density and cortical bone thickness certainly influenced primary stability. 

Wilmes et al. (2008) reported that the thread design and diameter of 

miniscrews exerted a great influence on primary stability. However, the 

length of miniscrews had no effect on miniscrew survival (Miyawaki et al., 

2003; Cheng et al., 2004; Miyamoto et al., 2005). Longer miniscrews did not 

necessarily result in better bone support. 

Primary stability is an essential prerequisite for the success of miniscrews, 

but several factors other than miniscrew design itself and bone quality can 

affect the success rates of miniscrews. Miyawaki et al. (2003) believed that 

inflammation of peri-implant tissue was associated with the mobility of 

miniscrews. Root contact during insertion can be happened if clinicians use 

larger-diameter miniscrews for better stability, and Kuroda et al. (2007) 

reported that the proximity of a miniscrew to the adjacent root was a major 

factor for screw failure. They also reported that adequate bone remodeling 

did not occur around the miniscrews that were inserted in contact with 

adjacent teeth. 

Root contact can also happen during the treatment period. In distal en 

masse movement of molars, there is a possibility that miniscrews inserted 
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into the interradicular space could interfere with distal movement. Effective 

distal molar movement is difficult to accomplish with interradicular 

miniscrews because miniscrews would approach the surrounding root during 

tooth movement (Yamada et al., 2009). 

As root contact is a major factor in miniscrew failure in orthodontic 

anchorage, hollow-centered miniscrew design was developed. This 

miniscrew is short enough to allow placement mostly in the cortical bone 

superficial to the root surface in addition to intraradicular bone and wide 

enough to improve stability, and its tapered design can enhance initial fixation 

(Kim et al., 2009). In addition, the interior of this newly designed miniscrew 

has a hollow center to promote insertion, and there is a hole in the beginning 

of the first thread for the ingrowth of the bone. 

A pilot experiment with L2A-2 and L2A-3 miniscrews, which were similar 

to H type miniscrews but with different length and diameter, was conducted 

beforehand. Mean IT was 15.7 Ncm, and this was consistent with the result of 

previous study that compared stability between commercially available 

miniscrews and L2A-2 miniscrews (Hong et al., 2011). However, because of 

their large diameter (about 4.0mm), they required significantly high insertion 

torque over the recommended insertion torque range of 5 to 10 Ncm 

(Motoyoshi et al., 2006).  

Modified H type miniscrews, which was shorter and narrower than L2A-2 

and L2A-3 miniscrews, were used in this study. Because of considerably 

high insertion torque of L2A-2 and L2A-3 miniscrews, we reduced the 

diameter by 3.0 mm and the length by 2.0 mm. 

Hong et al. researched the mechanical stability of this miniscrew inserted 

into biosynthetic bone block (Hong et al., 2011). They performed torque test, 

lateral displacement test, and surface area analysis with L2A-2 miniscrews 

and conventional dual-threaded and tapered miniscrews. L2A-2 miniscrews 
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showed the highest insertion torque with 15.6 Ncm, and required significantly 

higher force for lateral displacement. In addition, the large cortical bone 

surface area of L2A-2 miniscrews yielded the highest stability in spite of its 

smaller total surface area than that of conventional dual-threaded and 

tapered miniscrews. This means that surface area in cortical bone is a major 

contributor to its stability. Because H type miniscrew is mainly engaged in 

cortical bone, its shorter length could appear to have relatively little effect on 

the primary stability in this study. 

In a three-dimensional computed tomography study, it is reported that the 

thinnest cortical bone in the maxilla was distal to the second molar as 1.3 ± 

0.5 mm. The thinnest cortical bone in the mandible was between the second 

premolar and the first molar and between the first and second molars as 1.8 

± 0.5 mm (Deguchi et al., 2006). According to the CBCT study of Hong et al., 

the minimum buccal bone thickness of maxillary and mandibular posterior 

teeth was 2.3mm (Hong et al., 2011). 

Based on the results of these studies, cortical bone thickness of less than 

2.0 mm is almost not possible in clinical situations. 

Zhao et al. (2009) reported buccal bone thicknesses of the mesial root 

surface and distal root surface at the mid-root level for posterior tooth in 

beagle dogs. In the maxilla, buccal bone thickness was largest at the distal 

root of M1 (2.38 mm) and smallest at the mesial root of PM2 (1.34 mm). In 

the mandible, buccal bone thickness was largest at the distal root of M2 (2.81 

mm) and smallest at the mesial root of PM3 (1.84 mm). 

Several studies reported that the length of miniscrews had no effect on 

miniscrew survival (Miyawaki et al., 2003; Cheng et al., 2004; Miyamoto et 

al., 2005). Longer miniscrews did not necessarily result in better bone 

support. Based on these studies, revised tapered H type miniscrews with a 

diameter of a length of 2.0 mm were used in this study. The new design with 
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short length, engaged mostly in cortical bone, can facilitate more efficient en 

masse distalization without root contact. 

The aims of this animal study were to assess the biological stability of new 

miniscrew design and evaluate bone remodeling around the miniscrew 

through histomorphometric and histological analysis. 

Overall success rate of H type group was about 78.3% in maxilla and 60.0% 

in mandible. The success rate of C type group was 100% in both jaws. 

There was significant difference in insertion torque between C type and H 

type group, and measurements in H type group were significantly higher than 

those in C type group. Measurements were significantly higher in mandible 

compared with maxilla in both groups. It is considered that lower success rate 

of H type group in mandible was because of high insertion torque due to the 

difference in bone density to some extent. High insertion torque can cause 

high level stress at the bone-to-implant interface, resulting in degeneration 

of the bone, and may aggravate the bone regeneration surrounding the 

miniscrew thread (Meredith 1998). 

Mean insertion torque values in H type group were 14.2 Ncm in maxilla and 

20.9 Ncm in mandible. The present insertion torque data were consistent with 

a previous beagle study (Cha et al., 2010). Cha et al. presented an insertion 

torque of tapered conventional miniscrews ranging from 18.0 to 21.5 Ncm. 

In prosthetic implant study, peak insertion torque values ranged from 9.6 to 

26 Ncm according to implant type (O'Sullivan et al., 2000). It is also reported 

that the recommended insertion torque was within the range from 5 to 10 N 

cm to increase the success rate of 1.6-mm diameter self-tapping miniscrews 

(Motoyoshi et al., 2006). However, this study drilled a pilot hole into the bone, 

and that might be the reason why insertion torque values were much lower 

than the results with self-drilling miniscrews. 
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According to a report by Hong et al., the mean maximum insertion torque of 

the H type miniscrew into biosynthetic bone was 11.4 Ncm (Hong et al., 

2011), which was much lower than our results with beagle dogs. However, 

there is no research in the insertion torque of self-drilling miniscrews in 

humans. It is necessary to research the optimal insertion torque within a 

physiologically tolerable range in humans. 

Mandibular miniscrews in C type group had higher BIC than maxillary 

miniscrews. This was consistent with the result of a previous study (Deguchi 

et al., 2003). Deguchi et al. reported that miniscrews in the mandible 

constantly had more bone-implant contact than ones in the maxilla, and this 

may relate to the higher ratio of cortical to trabecular bone in the mandible. 

However, mandibular miniscrews in H type group had lower BIC than 

maxillary miniscrews. It is considered that lower BIC in the mandible in H 

type group was due to high insertion torque. 

In the maxilla, mean BIC in H type group was 37.3% and 32.3% at three and 

twelve weeks, respectively. The twelve-week H type group showed lower 

BIC than three-week H type group. In the mandible, mean BIC in H type 

group was 31.4% and 18.5% at three and twelve weeks, respectively. There 

were no significant differences in mean BIC and BV/TV between C type and H 

type groups, except in mean BIC of mandible at twelve week (Table 3, 4). 

This means that H type miniscrew has enough stability in maxilla as much as 

C type miniscrew has even though H type miniscrew is shorter than C type 

miniscrew. 

The twelve-week H type group showed significantly lower BIC than three-

week experimental group. This was consistent with the result of a previous 

study (Cha et al., 2010). Cha et al. reported that BIC in cortical bone had 

decreased in unloaded tapered miniscrews after twelve weeks, but BIC in 

total bone had increased significantly after twelve weeks. Cancellous bone 
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with less strain after insertion showed active bone remodeling, thereby 

increasing total BIC. In this study, H type miniscrew is mainly engaged in 

cortical bone because of its shorter length, so active bone remodeling from 

cancellous bone could not contribute to the increase of bone implant contact. 

Deguchi et al. reported that osseous contact with an implant as low as 5% 

was shown to resist orthodontic loads (Deguchi et al., 2003). In addition, 

Roberts et al. reported that orthodontic anchorage with rigid endosseous 

implants required minimal (less than 10%) direct osseous contact at the 

interface (Roberts et al., 1989). Osseointegration rates reported lower 

around miniscrews, ranging from 10% to 58% (Melsen et al., 2000; Cornelis 

et al., 2007), in contrast to the reported mean bone-to-implant contact of 

75.5% around orthodontically loaded palatal implants in humans (Wehrbein et 

al., 1998). It is also reported that an osseointegration index of 25% would 

provide reliable anchorage (Ohmae et al., 2001). 

Based on these studies, the minimum BIC value of 18.5% is tolerable for 

orthodontic loads. However, it is indispensable to improve miniscrew design 

to reduce high insertion torque and increase BIC in the mandible, because 

high insertion torque may aggravate the bone regeneration surrounding the 

miniscrew thread (Meredith 1998). 

Mean BIC and BV/TV were also analyzed in interior and exterior part of the 

miniscrews within H type group. Mean BIC of the exterior and interior part of 

miniscrews were higher in maxilla, but there was no significant difference. 

Mean BIC was higher in exterior part than in interior part in both jaws. In 

addition, mean BIC of the exterior and interior part of miniscrews had 

decreased over experimental period, but there was no significant difference. 

Mean bone volumes of the exterior and interior part of miniscrews were 

higher in mandible except the exterior part at twelve weeks, but there was no 

significant difference. Mean bone volume was higher in exterior part than in 
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interior part in both jaws. Mean bone volumes of the exterior and interior part 

of miniscrews had decreased over experimental period, but there was no 

significant difference. 

In case of H type miniscrew, decreased length and its tapered design 

caused greater strain in adjacent bone. An increase in the miniscrew diameter 

and length resulted in a reduction of strain, whereas tapered shape caused an 

increase in strain (Himmlov et al., 2004; Petrie et al., 2005). Petrie et al. 

reported that narrow, short implant with taper should be avoided. In addition, 

according to Lim et al., most of the strain was absorbed in the cortical bone 

and was not transmitted to the cancellous bone (Lim et al., 2003). Even 

though H type miniscrew was superior to C type miniscrew in mobility test, 

short and tapered shape contributed to high insertion torque, resulting in 

degeneration of the bone, and may interrupt the bone regeneration, especially 

in the mandible with dense bone quality and insufficient blood flow. Therefore, 

H type miniscrew showed lower BIC and bone volume in the mandible at 

twelve weeks, especially in the interior part of the miniscrew. 

Considering lower success rate, insufficient BIC, and bone volume of H type 

miniscrew in the mandible, it is recommended that the clinician should choose 

a suitable combination of miniscrews depending on the local bone quality and 

the implantation site, such as H type miniscrew in the maxilla and 

conventional miniscrew in the mandible. 

Fenestration hole was designed to be located in the beginning of the first 

thread of miniscrew for the ingrowth of the bone (Fig. 1). Infiltration of large 

blood vessel into the inside of H type miniscrew where most of the bone is 

compact bone with few blood vessels, was found in some tissue slides (Fig. 

18), inducing active bone formation inside the H type miniscrew. It means 

that blood vessels had penetrated through the holes into the miniscrew. 

However, in most of the tissue slides in this study, the top of the interior part 
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of the miniscrew had insufficient bone quantity, so the location and size of the 

fenestration hole may need to be modified for an effective ingrowth of the 

bone. 

 

The present study assessed the mechanical stability of newly designed 

miniscrews compared with conventional miniscrews and evaluated bone 

remodeling and cellular responses around the miniscrew in beagle dogs 

through histomorphometric and histological analysis. The new design with 

short enough to allow placement in the bone superficial to the root surface 

besides in intraradibular bone, and wide enough to improve stability showed 

excellent stability with versatile usages and less risk during placement. 

Nevertheless, it is necessary to modify the design to lower its high insertion 

torque in mandible. In addition, to increase bone volume in interior part of the 

miniscrew, it is necessary to investigate the appropriate size and location of 

fenestration hole of H type miniscrew for a better blood supply. 

Owing to the analysis of two-dimensional (2D) histological sections, 

however, this study overlooked the biological dynamics of bone around the 

miniscrews. To overcome the limitations of 2D analysis, micro-computed 

tomography can be an alternative approach to image and quantify bone 

structural properties in three dimensions (Mller et al., 1998). 

It is common that orthodontic miniscrews need to withstand immediate 

loading after placement. Therefore, histomorphometric analysis examining the 

healing process of surrounding bone after orthodontic loading is required for 

clinical application of the newly designed miniscrews. Insertion techniques to 

raise success rates are also required. 
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V. Conclusion 

 

To assess the stability of newly designed H type miniscrews, 

histomorphometric and histological analysis were conducted. Newly designed 

miniscrews were placed into the intraradicular spaces (just below the 

furcation area) of the maxillary and mandibular first molars (M1) and 

mandibular fourth premolars (PM4) of twelve beagle dogs. The maximum 

insertion torque and Periotest value were measured after placement. After 

tissue processing, bone implant contact and bone volume were measured. The 

results of the present study are as follows. 

 

1. Overall success rate of H type group was about 78.3% in maxilla and 

60.0% in mandible. Success rate of C type group was 100% in maxilla 

and mandible. 

2. Mean insertion torque (IT) values in H type group were 14.2 Ncm in 

maxilla and 20.9 Ncm in mandible, showing significant difference 

between maxilla and mandible. 

3. Periotest values (PTV) in H type group were -1.5 in maxilla and -6.4 

in mandible. Mean PTV was significantly lower in H type compared to C 

type miniscrews in mandible (P < .0001). 

4. In maxilla, bone implant contact (BIC) in H type miniscrews was 37.3% 

and 32.3% at three and twelve weeks, respectively. In mandible, it was 

31.4% and 18.5% at three and twelve weeks, respectively. 

5. At three weeks of H type miniscrews, BIC of the exterior part of the 

miniscrew (ExBIC) was 37.3% and 31.4% in maxilla and mandible, 

respectively, and BIC of the interior part of the miniscrew (InBIC) was 

16.8% and 14.7%. At twelve weeks, ExBIC was 32.3% and 18.5%, and 

InBIC was 14.3% and 13.8% in maxilla and mandible, respectively. 
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There was significant difference between ExBIC and InBIC, except in 

mandible at twelve weeks. 

6. Mean bone volume was higher in exterior part of the miniscrew than in 

interior part in both jaws, and there was significant difference between 

exterior and interior part of the miniscrew in maxilla at three weeks 

with P < 0.01. 

 

The results of this study will be the basis of further research examining the 

healing process of surrounding bone after orthodontic loading for clinical 

application. It is necessary to modify the design to lower its high insertion 

torque in mandible. In addition, to increase bone volume in interior part of the 

miniscrew, it is necessary to investigate the appropriate size and location of 

fenestration hole of H type miniscrew for a better blood supply. 
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국 문 요 약 

 

Hollow type 미니스크류 임플란트의 

안정성에 관한 연구 

 

윤정원 

연세대학교 대학원 치의학과  

(지도교수 황충주) 

 

본 연구는 새로운 디자인의 hollow type 미니스크류의 안정성을 평가하고, 

미니스크류 주변 골의 골개조 양상을 평가하기 위하여 조직형태학 및 조직학적 

평가를 시행하였다. 성견 12 마리의 상하악 제 1 대구치 및 하악 제 4 소구치에 

새로운 디자인의 미니스크류를 식립 후, 최대 식립 토크와 동요도를 측정하였다. 

3 주 및 12 주 후 동물을 희생하여 미니스크류를 포함한 비탈회 표본을 제작한 

후 미니스크류의 골접촉률과 골면적비율을 계측하여 다음과 같은 결과를 

얻었다. 

 

1. H type군의 성공률은 상악에서 78.3%, 하악에서 60.0%였다. C type 군의 

성공률은 상하악 모두에서 100%였다. 

 

2. H type군의 평균 식립 토크는 상악에서 14.2 Ncm, 하악에서 20.9 Ncm이었

으며, 상악과 하악에서 유의성 있는 차이가 관찰되었다. 

 

3. H type군 상악의 동요도는 -1.5, 하악의 동요도는 -6.4이었으며, H type군

에서의 동요도는 C type에 비하여 유의하게 낮게 측정되었다. 
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4. H type군 상악의 골접촉률은 3주와 12주 차에 각각 37.3%, 32.3%였다. 하

악의 골접촉률은 3주와 12주 차에 각각 31.4%, 18.5%였다.  

 

5. H type군 내 골접촉률의 비교에서, 3주차 미니스크류 외부의 골접촉률은 상

악과 하악에서 각각 37.3%, 31.4% 였으며, 내부의 골접촉률은 상악과 하악

에서 각각 16.8%, 14.7% 였다. 12주차 미니스크류 외부의 골접촉률은 상악

과 하악에서 각각 32.3%, 18.5% 였으며, 내부의 골접촉률은 상악과 하악에

서 각각 14.3%, 13.8% 였다. 평균 골접촉률은 하악 12주를 제외한 모든 경

우에서 미니스크류 내부보다 외부에서 유의성 있게 더 높게 나타났다 (P < 

0.05). 

 

6. 평균 골면적비율은 상악과 하악 모두에서 미니스크류 내부보다 외부에서 더 

높았으며, 상악 3주차에서 유의한 차이를 보였다 (P < 0.01). 

 

본 연구는 새로운 미니스크류의 임상 적용을 위하여 교정력 적용시 주변골의 

치유 양상을 관찰하기 위한 추후의 연구를 위한 기초가 될 것이다. 하악에서의 

높은 식립 토크를 감소시키기 위한 미니스크류 디자인의 개선이 필요할 것이다. 

또한 미니스크류 내부의 골 형성을 증가시키기 위하여 적절한 fenestration 

hole 의 위치와 크기의 개선이 필요할 것이다. 
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