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ABSTRACT 
 

Immunohistochemical change of bone surrounding  

immediately loaded self-drilling miniscrews 

 

(Directed by Professor Kee Joon Lee) 

 

Young Jae Kim 

Dept. of Dentistry 

The Graduate School, Yonsei University 

 

Objectives: To elucidate the histological and immunohistochemical change of bone surrounding 

immediately loaded self-drilling miniscrews and to see whether there is difference in the healing 

process between cortical bone and trabecular bone. 

 

Materials and methods: 64 tapered self-drilling miniscrews were inserted on 4 mature beagle 

dogs and loaded immediately for 0, 1, 3, 6 weeks. After harvesting the tissue blocks, miniscrew 

were carefully removed. All tissue sections were stained with H&E for general morphology. 

Proliferating cells were detected by Proliferating Cell Nuclear Antigen (PCNA). For detection of 

bone mineralization, Alkaline Phosphatase (ALP) antigen was used. Osteoclasts were identified by 

Tartrate-Resistant Acid Phosphatase (TRAP) staining. Programmed cell death was detected by 

TUNEL assay kit. 

 

Results: In mandibular molar area, zone of altered nuclear morphology was observed at 0 and 1 

week. As a result, crater-like cortical marginal bone loss was observed after 3 weeks. There was no 
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sign of remineralization throughout the experiment. Cell proliferation and differentiation was 

observed at 1 week. Osteoid formation was started from preexisting bone toward the miniscrew 

interface. Bone resorption was highly increased at 3 weeks and decreased at 6 weeks. Miniscrew 

surface was covered with either new bone or fibrous matrix after 6 weeks. 

 

Conclusions: The bone-implant interface responds to mechanical stress by modifying the quantity 

and quality of its structure. Cortical bone, which is important in the primary stability of 

miniscrews, showed poor adaptation to the mechanical stress. The remarkable adaptation of 

trabecular bone may offer the prolonged support. Within the limit of this study, we can conclude 

that trabecular bone and fibrous matrix seems to play a key role in the prolonged stability of 

miniscrews when the cortical bone can no longer provide stable interface.  

 

 

 

 

 

 

 

 

Key Words : self-drilling, immediate loading, miniscrew, bone remodeling 
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I. Introduction 

 

The biologic basis of dental implants is supported by the osseointegration concept that the 

amount of direct bone contact on the implant surface will influence its clinical success. Most of the 

current dental implants are self-tapping type, which is vunerable to the lateral loading and 

movement. In order to obtain adequate amount of bone implant contact (BIC) for the prolonged 

stability, unloaded condition during the initial healing phase is known to be essential 
1
.  

Compared to the dental implants, most of current miniscrews have smooth surface that is not 

designed to osseointegrate 
2-3

. It is known that only limited amount of osseointegration is necessary 

to ensure miniscrew stability 
4-5

. Considering the fact that tapered self-drilling miniscrews have been 

successfully used with immediate loading 
6
, it is clear that the post-operative healing response of 

immediately loaded self-drilling miniscrews are different from that of the dental implants with 

delayed loading. While there is an increasing data of clinical success, the post-operative healing 

response of immediately loaded self-drilling miniscrews are yet undefined.  
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Past studies on miniscrews have been focused on the initial mechanical support. If the initial 

stability by cortical bone support is a major contributing factor on miniscrew success, it is crucial 

to select insertion site with proper amount of cortical bone. However, there was more failure in 

mandibular miniscrews where there is more bone contact than in maxilla 
6
. Even with the careful 

site selection, failure rate of miniscrews is relatively higher than that of the dental implants 
6
. The 

use of the tapered self-drilling miniscrews is known to enhance its initial bone contact compared to 

the self-tapping miniscrews with pilot hole 
7
. However, the compression stress from self-drilling 

miniscrews can produce bone damage which may induce active bone remodeling process along the 

interface in long term 
8-10

. Deguchi et al 
11

 reported that cortical bone volume around the 

miniscrews was reduced in their animal study. However, it is not yet clearly known the way how 

the miniscrews with reduced bone support as a consequence of marginal bone loss show clinically 

enough long-term stability.  

The purpose of this study is to elucidate the immunohistochemical change of bone surrounding 

immediately loaded self-drilling miniscrews and see whether there is difference in the healing 

process between cortical bone and trabecular bone. 
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II. Materials and methods 

 

Study design 

 

Four mature male beagle dogs (12 months old; 10 to 11 kg) and total sixty four miniscrews 

(ORLUS® , Ortholution, Seoul, Korea) were used (Fig 1). The screw had a diameter of 1.8 mm and a 

length of 7.0 mm, with a threaded length of 6.0 mm. Insertion of the miniscrew followed an inverse 

time schedule, resulting in loading times of 0, 1, 3, 6 weeks at animal sacrifice. Four miniscrews on 

each of the four quadrants, total 16 on each dog were inserted according to a split-mouth design (Fig 2). 

 

 
 

Fig 1. Dimensions of the miniscrew used in this study (Ortholution, Seoul, Korea). Each of the 

miniscrew was inserted leaving the unthreaded portion over the bone surface. In this study, 

coronal and apical refers to the area of the histologic sections where the coronal and apical part 

of the miniscrew was.  

 

Surgical procedure and post-surgical care 

 

The study protocol was approved by the institutional review board of medical research center at 

Yonsei University (Seoul, Korea) and animal care was in accordance with their guidelines 

(approval no. 09-234). The animals were anesthetized by subcutaneous injection of atropine (0.05 

mg/kg; Daewon, Seoul, Korea), intravenous injection of Rompun (0.2mg/kg; Bayer Korea, Seoul, 
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Korea ) and Zoletil (5gm/kg; Virbac Korea, Seoul, Korea). 2% enflurane was used to preserve the 

general anesthesia. A heating pad was used to preserve the body temperature and EKG was 

monitored. The Surgical sites were prepared by injecting 2% lidocain containing epinephrin 

(1:80,000; Huons, Seoul, Korea) and full-thickness envelope flaps were reflected (Fig2). 

Miniscrews were gently inserted with a hand driver under profuse saline irrigation. Peak insertion 

torque (PIT) was measured by MTG 12E digital torque gauge (Mark-10, Copiague, USA) and 

Periotest value (PTV) was measured by the Periotest
 
M (Siemens AG, Bensheim, Germany). All 

miniscrews were loaded immediately after insertion by NiTi coil-spring (100g, BMK, Seoul, 

Korea). All reflected flaps were sutured, leaving the miniscrews and NiTi coil-springs 

subcutaneous. Enrofloxacin (5ml/kg; Bayer Korea, Seoul, Korea) and ketololac (0.5 mg/kg; Hana 

Pharm., Seoul, Korea) were injected intramuscularly and soft diet was given postoperatively for 5 

days. During the experimental period, meticulous oral hygiene care was done by 0.2% aqueous 

chlorhexidine irrigation and tooth brushing. The animals were sacrificed by direct injection of 

Zoletil (50 mg/kg) into the heart after inducing general anesthesia as described above.  

 

 

Fig 2. Schematic illustration of the surgical preparation and the force application. Miniscrews and 

coil springs were covered by full thickness flaps. Un-loaded miniscrews were inserted as a control 

both in maxilla and mandible. On every tissue block, pressure side was marked with surgical 

pencil after sacrifice. 
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Histological and Immunohistochemical analysis 

 

Immediately after sacrificing the animals, tissue blocks each containing one miniscrew was 

harvested from the jaws after pressure side marked with surgical pencil (Fig 2), and fixed in 4% 

paraformaldehyde. After removing the miniscrews, the tissue blocks were decalcified in 10% 

EDTA (pH=7.4) at 4°C before dehydration, embedded in paraffin, and cut to 4μm-thick sections 

along the miniscrew axis. The tissue sections were mounted on the glass slides with pressure side 

to the right. 

These sections were stained with hematoxylin & eosin (H&E) for general morphological 

analysis. To evaluate cell proliferation, rabbit polyclonal antibody for proliferating cell nuclear 

antigen (PCNA) (sc7907, Santa Cruz biotechnology, Santa Cruz, USA) staining was performed. 

Osteoclasts were visualized by tartrate-resistant acid phosphatase (TRAP) activity and osteoblastic 

activity was visualized by alkaline phosphatase (ALP) activity. TRAP staining was performed with 

an acid phosphate kit (product no. 387A; Sigma-Aldrich, St. Louis, USA). ALP activity was 

evaluated by using tissue non-specific antibody (ab65834, Abcam, Cambridge, UK) and methylene 

blue counter staining. Programmed cell death was identified by TUNEL assay using TACS
®

 2 

TdT-DAB In Situ Apoptosis Detection Kit (4810-30-k, Trevigen, Gaithersburg, USA).  
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III. Results 

 

Periotest value (PTV), Peak insertion torque (PIT, NCm) 

 

PTV in this study was -2.38 ±2.22 in maxilla and -4.85±1.22 in mandible. PIT was 20.41±7.41 

Ncm in maxilla and 40.10±10.49 Ncm in mandible. 

 

Gross findings 

 

There was no significant sign of inflammation on the surgical sites. General health conditions 

of the experimental animal were good. Clinical stability of 64 miniscrews was good. In 

mandibular molar area, crater-like cortical bone loss around the miniscrews was observed at 

post-operative days (POD) 3 weeks and 6 weeks. Nevertheless, related miniscrews were 

clinically stable (Fig 3). The bone loss around miniscrews was observed both on loaded and 

unloaded samples. The shape of the bone loss area was round to oval, irrelevant to the direction 

of the force. 

 

 

 

Fig 3. Crater-like cortical bone loss around the loaded (blue arrow) and unloaded (green arrow) 

miniscrews at 3 and 6 weeks in mandibular molar area (purple arrow; mental foramen).  
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Microscopic findings 

 

(1) The effect of force application 

On the sequential histological sildes, there was no distinctive difference between the pressure 

and the tension sides in terms of the cellular composition, bone resorption and bone formation. 

Therefore the following description is focused on the right side, i.e. the pressure side. 

Cell proliferation and differentiation was strongly observed at 1 week in experimental group and 

3 weeks in control group. Osteoclasts was highly increased at 1 week and decreased at 3 weeks. 

Osteoid formation was started from preexisting bone toward the miniscrew interface. The bone 

remodeling process of the experimental group was more rapid than that of the unloaded control 

group between 1 to 3 weeks. After 6 weeks, the remodeling process decreased to the baseline level 

both in the experimental group and the control group. Miniscrew surface was covered with either 

new bone or fibrous matrix after 6 weeks (Fig 4). 
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Fig 4. Changes in the apical area. The bone remodeling process was more rapid in experimental 

group than control group. Cell proliferation and differentiation was strongly observed at 1 week in 

experimental group and 3 weeks in control group. Osteoclasts was highly increased at 1 week and 

decreased at 3 weeks. Miniscrew surface was covered with either new bone or fibrous matrix after 

6 weeks. Osteoid formation was started from preexisting bone toward the miniscrew interface (AB: 

alveolar bone, BV: blood vessel, FM: fibrous matrix, MS: miniscrew, OB: osteoblast, OC: 

osteoclast, WB: woven bone).  

 

 

 

Fig 5. Changes in the mandibular cortical bone surface and the miniscrew interface at H&E 

staining. The bone contact was tight at 0 week. As the marginal cortical bone gradually resorbed, 

the interface was replaced by the amorphous fiber matrix. As a result, the first and / or the second 

thread of the miniscrews were exposed in some samples (CB: cortical bone, F: demineralized 

fibrous matrix, L: marginal bone loss, MS:miniscrew). 
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(2) Early cortical bone change 

At the cortical bone, the laminated structure was detached from the surface due to the insertion of 

the miniscrew. There was tight bone contact of the cortical bone on the miniscrew interface at the 

time of insertion (Fig 5). At the mandible of 0 week, the osteocytic lacuna in a radius of 100 to 200 

μm from the miniscrew interface was compressed by the pressure from miniscrew insertion resulting 

in spindle shaped lacuna parallel to the lamellae of the osteon. Osteocytes were not detectable in the 

deformed lacuna. Un-compressed lacunae with TUNEL positive (+) cells were detectable within next 

100 to 200 μm. Normal lacuna and TUNEL negative (-) osteocytes were seen from at least 200 μm 

away from the miniscrew interface. It seems that this zonal display of the lacuna-osteocyte changes 

was limited by the osteon boundary, not by the simple distance from the interface. The compressed 

zone, TUNEL (+) zone and TUNEL (-) zone was also found at 1 week (Fig 6a,c).  

 

(3) Marginal cortical bone loss 

As the bone remodeling proceeds, the marginal cortical bone affected by the miniscrew insertion 

seemed to be gradually demineralized leaving a crater shaped area (Fig 5). This marginal bone loss was 

observed in the maxilla at 1 week. Mandibular marginal bone loss was started between 1 week and 3 

weeks. At 3 weeks, there was marginal bone loss both in the maxillary and mandibular molar area and 

the diameter and the depth of the resorption crater was increased compared to 1 week. Mandibular 

crater continuously extended until 6 week and reached as far as the second thread of the miniscrews 

exposed in some samples, leaving no cortical bone interface. Nevertheless, related miniscrews are 

clinically firm and histologically had new direct bone contact in trabecular bone area at that time (Fig 4).  

The resorbed craters are filled mainly with amorphous demineralized collagen fibers and PCNA (+) 

cells are rarely founded in there. Osteoclasts were occasionally found on the bottom of the crater. 

Inflammatory cells followed the osteoclasts. Although the bone loss area was strongly satined with ALP 

staining, there was no sign of osteoid formation or matrix remineralization within the experimental 

period (Fig 7).  
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Fig 6. Mandibular cortical bone change at 0 and 1 week on TUNEL staining: coronal (a,c) and 

apical (b) area of mandibular samples. Miniscrews were on the right sides of the slides. At cortical 

bone of 0 week (a), Osteocytic lacunae within 100 to 200 μm from the interface were compressed 

(red arrow) and the affected area (Compressed zone) did not exceed the boundary of osteon 

(dotted line). The zone of TUNEL (+) osteocytes within the normal lacunae (black arrow) was 

within next 100 to 200 μm from the compressed zone. And then TUNEL (-) normal cortical bone 

was existed. Although the lacunae in the apical area (b) have relatively sound structure, related 

osteocytes were TUNEL (+). At 1 week, the zonal display of osteocyte and osteocytic lacune 

change were almost same with 0 week: from the miniscrew interface compressed zone, TUNEL (+) 

zone, TUNEL (-) zone was distinguishable (MS: miniscrew, dotted line: osteon boundary, red 

arrow: deformed osteocytic lacuna, black arrow: TUNEL positive osteocyte). 
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Fig 7. Changes in the cortical bone surface and the miniscrew interface at ALP staining. At 6 weeks, 

the thickness of cortical bone loss area is relatively thin compared to the mandible. Although the 

marginal bone loss area both on maxillary and mandibular cortical bone shoewd strong affinity to 

ALP stainging, re-mineralization was not seen within the experimental period (CB: cortical bone. 

FM: fibrous matrix. L: marginal bone loss area, MS: miniscrew, TB: trabecular bone) 

 

(4) Trabecular bone change 

Trabecular bone interface is also damaged in most of the samples at the time of the miniscrew 

insertion. As a result, the amount of the trabecular bone contact around the miniscrew was 

decreased at 0 week. Fractured bone fragments were dislocated into the marrow space which is 

filled with the RBCs from the ruptured blood vessels. Fractured trabecular bone fragments were 

removed by the osteoclasts after 1 week (Fig 4,8). Although the TUNEL (+) cells at the miniscrew 



１３ 

interface were detectable in the trabecular bone area, compression of the osteocytic lacunae was 

absent at 0 week (Fig 6b). 

On contrary to the coronal cortical bone area, there is a dramatic cell response in the trabecular 

area.  PCNA (+) cells were appeared in the marrow space, around the metal surface and the 

fractured trabecular bone surface at 1 week. Endosteal surface under the cortical bone also showed 

increase of PCNA (+) cells. The major components of the PCNA (+) cells were inflammatory cells, 

fibroblasts, osteoclasts and osteoblasts (Fig 9). The number of PCNA (+) cells was decreased at 3 

weeks and recovered baseline level at 6 weeks (Fig 8,9). 

Fractured bone chips around the trabecular bone interface were washed out by the action of the 

osteoclasts from 1 week to 3 weeks. Inflammatory cells were still visible at 3 weeks but decreased 

compared to 1 week. At 1 week, osteoclasts were strongly stained with TRAP staining and showed 

its multiple nucleus (Fig 4,8). 

The shape of the osteoblast changed from single layer of flat cell at 0 week to cuboidal multilayer 

cell at 1 week which indicates its active osteoid formation. The osteoblasts was flat to cuboidal shape 

at 3 weeks. Most of the osteocytes were turned into the original flat shape after 6 weeks. The number 

of osteoblasts, osteoid formation and ALP activity was increased at 1 week, decreased at 3 weeks and 

continued until 6 weeks in some mandibular samples. The timing of woven bone formation differs 

from sample to sample (Fig 10). Osteoid formation was started from existing bone mass and extended 

toward the miniscrew interface. Therefore, the new bone formation was more active where there is 

more bone around the miniscrew. The dendritc extension of the osteoid made direct contact with the 

metal surface at 1 week and the amount of contact were gradually increased until 6 week (Fig 8). 

Miniscrew interface which has no bone contact also made changes in its cellular and extracellular 

composition resulting in thick fiber interface with higher cellular population and rich vascular supply 

at 1 week. The fiber matrix was well deposited on the metal surface, resulting in layers of fibers 

parallel to the surface. The density of the fiber matrix was decreased after 3 weeks (Fig 11).  
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Fig 8. Changes in the trabecular bone at PCNA and ALP staining. PCNA (+) cells were increased 

on the trabecular bone surface in 1 week. ALP (+) osteoblasts and osteoids were seen at 1 week 

and 3 week also. At 6 week, number of the PCNA (+) and ALP (+) cells were almost same with 0 

week (AB: alveolar bone, BV: blood vessel, FB: fibroblast, WB: woven bone, MS: miniscrew, OB: 

osteoblast, RBC: red blood cell). 

 

In maxilla, there was almost no PCNA (+) a cell at 6 weeks, indicating the overall cellular 

proliferation was decreased. Normal bone structure was largely restored and the miniscrew 

interface is covered either with new bone or the fiber matrix. Mandibular bone remodeling was 

still ongoing in some samples (Fig 8).  

 

 

 

  

Fig 9. Major cellular components around the mandibular bone remodeling area at 1 week. 

Osteoclasts, osteoblasts and fibroblasts were PCNA (+) cells at 1 week. Osteoclasts were strongly 

stained with TRAP staining. Osteoid was found in ALP staining (a) on the mandible at 1wk. (AB: 

alveolar bone, OB: osteoblast, OC: osteoclast, FB: fibroblast). 
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Fig 10. Osteoblasts in maxilla, ALPase staining from 0 week to 6 weeks. The osteoblast changed 

from single layer of flat cell to cuboidal multilayer cell at 1 week. The osteoblasts was flat to 

cuboidal shape at 3 weeks and then turned into the original flat lining cell after 6 weeks. The 

number of osteoblasts, osteoid formation and ALP activity was increased at 1 week and decreased 

at 3 weeks (AB: alveolar bone, MS: miniscrew, OB: osteoblast, OS: osteoid, WB: woven bone). 
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Fig 11. Development of fibrous (left) and osseous (right) interface around the apical portion of 

miniscrews on the maxilla (0, 1, 3, 6 weeks from top to down. FB: fibroblast, FM: fibrous matrix, 

MB: mature bone, MS: miniscrew, MØ : macrophage, OB: osteoblast, WB, woven bone). 
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IV. Discussion 

 

Surgical care and infection control 

 

Peri-implant inflammation has been indicated as a risk factor 
12

. Trans-mucosal miniscrews may 

offer a pathway for the bacterial invasion associated with peri-implant inflammation. Park et al 
13

 

pointed out the miniscrews with inflammation showed significantly less success and reported that 

the screw heads covered by overlying soft tissue showed higher success although it was not 

statistically significant. Miyawaki et al 
12

 reported no significant correlation was detected between 

the success rate and flap surgery. In this study, the miniscrews and the NiTi coil springs were 

covered with the full-thickness flap to prevent peri-implant inflammation (Fig 2). In addition, 

Post-operative antibiotics were prescribed and meticulous oral hygiene care with antimicrobial 

solution was given. As a result, general condition of the animals was good and the surgical wound 

was cured without significant inflammation. 

 

Tissue processing and staining  

 

In order to preserve and observe bone-implant interface, most of the past studies used 

undecalcified staining methods with miniscrews still embedded within the bone tissue. Relatively 

thick tissue undecalcified sections are not favorable for the immunohistological analysis by which 

we can observe the dynamic change of bone tissue on cellular level. Slaets et al 
14

 reported that the 

integrity of the bone-implant interfaces in the tissues after the implants removal were well 

preserved and retained when observed by SEM. In this study, miniscrews were carefully removed 

from the fixed bone blocks prior to paraffin embedding to ensure thin tissue sections for various 

histological and immunohistological methods. General morphology was evaluated by H&E 

staining. Osteoclasts were identified by TRAP staining and osteoblastic activity was visualized by 
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ALP activity. To evaluate overall cell proliferation, PCNA staining was performed. Programmed 

cell death was identified by TUNEL assay. PCNA expression has a broad correlation with mitotic 

activity and therefore can be used as a marker for cell proliferation and TUNEL assay stains 

broken DNA strands from cell death.  

 

PIT and PTV of the miniscrews 

 

It is reported that PIT higher than the physiologic limitation may lead to the failure 
15

. PIT in 

this study was 20.41±7.41 Ncm in maxilla and 40.10±10.49 Ncm in mandible, which was similar 

to the previous study 
16-17

. However, PIT showed greater individual variance than site variance. As 

it is known that the thickness of the cortical bone related to the PIT 
18

, mandibular PIT was 

relatively higher than maxillary PIT. It has been known from the artificial bone block study that 

the taper, external diameter and insertion length of the miniscrew related to the PIT 
19

. In this study, 

the insertion depth was limited to the threaded portion to avoid over-tightening. PTV has been 

reported as an effective parameter for evaluating the stability of dental implant 
20

 and miniscrew 
21-

22
. PTVs in this study were -2.38 ± 2.22 in maxilla and -4.85 ± 1.22 in mandible, which was higher 

in mandible than in maxilla. According to the manufacturer's guideline, PTV within -8 to 0 implies 

good stability and pressure can be applied. Considering the fact that dog’s bone density is higher 

than that of humans 
23

, lower PTV in this study may not necessarily mean good stability. Since the 

failure rate was 0% and the number of the samples was limited, correlation of PTV, PIT and the 

success rate was not presented in this study.  

 

The effect of the force application 

 

Woods et al 
4
 showed that the timing of force application was not a determinant of success. 

Buchter et al 
24

 reported that immediate loading increase BIC around immediately loaded 
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miniscrews when the load do not exceed a limit. The acceptable force level in the literature varied 

from 25g 
23

 to 900g 
25

. Miniscrews in this study were loaded immediately 100g for 0, 1, 3, 6 weeks. 

The bone remodeling process was more rapid in the loaded group compared to the unloaded 

control group (Fig 4) and there was lamella bone formation on the miniscrew surface at 6 week in 

the loaded group (Fig 11). Considering the fact most of reported failures seem to be occurred 

within 3 weeks in human
23

 and the turnover-rate of dog bone is shorter than that of human bone, 6 

weeks was enough period to study the bone remodeling cycle.  

Melsen and Verna 
26

 showed that the strain difference between compression side and tension 

side of the immediately loaded miniscrews in their FEM model. However, surrounding bone level 

was equally increased in both compression side and tension side in their animal study. Nam et al 
27

 

reported that the cortical bone strain during the placement of self-drilling miniscrew was beyond 

the physiologic limit and that the effect from the loading on cortical bone remodeling is negligible 

when compared to the effect of the miniscrew insertion. On the sequential histological sildes, there 

was no distinctive difference between the pressure sides and the tension sides in terms of the 

cellular composition, bone resorption and bone formation pattern.  

 

Marginal cortical bone loss  

 

In coronal area, there was significant amount of marginal bone loss around the loaded and 

unloaded miniscrews, especially in mandible. This finding is coincide with that of Deguchi et al 
11

 

who also reported reduced cortical bone volume around the loaded and unloaded mandibular 

miniscrews in their animal study. Marginal bone loss is not a new finding in study of dental 

implants 
28-29

. Such type of bone resorption may be occurred both in maxilla and mandible, before 

and after the loading.  

Any remarkable recruitment of inflammatory cells was not observed around the resorption crater. 

The affected area was characterized by amorphous collagenous matrix. Current literatures suggest 
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that marginal bone loss may be related to the surgical technique, types of the miniscrew, force 

level and the thickness of cortical bone 
28-30

. Attempts have been made that relates stress 

concentration pattern from FEM analysis 
31

 or mathematical modeling 
32

 and the marginal bone 

loss. Sowden and Schmitz 
33

 reported that there was more damage on the bone-implant interface 

around self-drilling screws compared to the self-tapping screws immediately after miniscrew 

placement. They suggested that when cortical bone is thicker, self-drilling screws can produce 

bone damage and may produce a blow-out defect at the surface of cortical bone 
33

. Disruption of 

blood circulation in accompanied with fractures and microcrack 
22

 may play a key role in the 

formation of the marginal bone loss. Even with the most atraumatic surgical procedure, the internal 

collateral blood supply is disrupted, resulting in a layer of devitalized bone around the miniscrew 

surface 
34-36

. In this study, once the resorption process started in the cortical bone, it tends to be 

continued until the whole damaged cortical bone disappears. However, the resorption process does 

not invade the trabecular bone and the marrow space where there is rich defense and recovery 

mechanism such as vasculature and mesenchymal cell 
30

 (Fig 12). Park et al 
10

 reported in their 

finite element study that the cortical bone strain during the placement of self-drilling miniscrew 

was beyond the physiologic limit Frost 
37-38

 suggested. The compression stress from self-drilling 

miniscrews can produce bone damage which may induce active bone remodeling process along the 

interface in a long term 
8-9

. 

The cortical bone and the osteocytes showed direct response to the strain from the miniscrew 

insertion at 0 week. The osteocytes and their lacunae were deformated as a direct response to the 

compressive stress from the miniscrew insertion. This compressed zone was limited by the 

boundaries of the osteon, not by the distance from the miniscrews, suggesting that the osteon is a 

mechanical barrier to a mechanical change of the cortical bone. Next to the compressed zone, there 

was zone of TUNEL (+) osteocytes within intact lacunae. TUNEL positive cells were found within 

200 to 400 ㎛ from the miniscrew interface. Slaets et al 
14

 also reported that there was a zone of 
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altered nuclear morphology at the cortical bone area within 200 ㎛ from the dental implant 

interface, which coincides with our finding (Fig 11 g,h). They also found new cortical bone 

formation from 2 weeks to 6 weeks on the unloaded 
14

 and loaded 
39

 titanium dental implants. In 

the study, it was observed that the demineralized amorphous collagenous matrix was strongly 

stained by ALP staining, which is usually related with bone mineralization (Fig 7). However, there 

was no sign of remineralization of the demineralized matrix or re-organization of altered cortical 

bone morphology by new bone formation within our experimental schedule. More long-term study 

and special staining method related to bone formation is needed in later study. 

 

Formation of the bony interface and fibrous interface in the trabecular bone 

 

As described above, cortical bone change can be simply summarized as resorptive change. 

However, there were formative changes in the trabecular bone (Fig 12). Osteoclasts removed the 

fractured bone fragments at the earlier stage and then participated in the remodeling of the newly 

deposited bone. Flat bone lining cells were activated as cuboidal cells at 1 week and the secretion 

of osteoid was greatly increased at 3 weeks in maxilla. Mandibular bone remodeling begins 

between 1 and 3 weeks and continued through 6 weeks in some samples. Relatively higher and 

prompt bone remodeling was observed in the maxilla which has more relatively good blood and 

cell supply compared to the mandible 
30,40

 . 

At 1 week, Osteoid formation was started from existing bone mass and extended toward the 

miniscrew interface (Fig 4,8). Therefore, new bone formation was more active where there is more 

bone around the miniscrews. There is dendritic extension of the osteoids from neighboring 

trabecular or cortical bone and the dendrites made direct contact with the metal surface in some 

area (Fig 4,8,11). The adaptation ability of the fatty marrow was limited since it has lower bone 

volume and cellular population. As literature says, host bone quality and quantity seem to play a 
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key role in the stability of the miniscrews.  

However, it was interesting that fibrous interface which has no bone contact on the miniscrews 

at insertion also made changes in its composition. The fiber matrix was well deposited on the 

interface, resulting in parallel layers of the fibers. There was also an increased cell density on the 

fibrous interface. At 3 week, there was well-organized fibrous interface. These adaptive changes 

decreased as the distance from the miniscrew increased (Fig 11). 

 

 

 

 

Fig 12. Summary of the bone response in this study 
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Conclusion 

 

By using histological and immunohistological methods on the thin tissue sections, there was 

immediate change of the osteocytes at cortical bone either by direct compression of the osteocyte 

lacunae or apoptosis from 0 week. As a consequence, there was marginal bone loss on the cortical 

bone surface, resulting in a crater-like area. Marginal bone loss was more profound at the 

mandibular sample which has relatively thick cortical bone. Marrow space seems to offer both a 

barrier for the marginal bone loss and the environment for the new bone formation.  

Osteoid formation at the marrow space started at 1 week and greatly increased at 3 weeks in 

maxilla. Mandibular bone remodeling begins between 1 and 3 weeks then continued through 6 

weeks in some samples. More prompt and profound bone remodeling was observed where there is 

more trabecular bone, since the new bone formation was initiated from the existing bone. There 

was also an adaptive change in the fibrous interface at apical region, although its mechanical 

strength of support was not studied. The miniscrews were finally encapsuled either by new bone or 

fibrous tissue in the trabecular bone area at 6 weeks.  

As literature says 
25,41-42

, sufficient amount of cortical bone offer the initial stability of the 

miniscrews and therefore ensure more bone formation in the trabecular area which can offer long 

term stability. The fact that marginal bone loss was observed on molar area especially in mandible 

suggests that there is critical thickness of the cortical bone adaptiation to the self-drilling 

miniscrew insertion. The trabecular bone may play a key role in the prolonged stability of the 

miniscrew when the cortical bone which undergoes continuous resortive change can no longer 

provide stable interface. Miniscrew with minimal cortical bone contact can be remained clinically 

stable with the support of trabecular bone and fibrous tissue.  

More long-term follow-up and profound immunohistological study is needed to discover the 

mechanism of the marginal bone loss and whether the demineralized matrix can be recovered or not.  
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국문요약 

 

즉시 부하에 따른 교정용 미니스크류 주위 조직의 

면역조직형태학적 변화 

 

I. 연구 목적 : 즉시 부하를 가한 자가드릴형 미니스크류 주변 골조직의 면역조직형태학적 

변화를 확인하고자 함.  

II. 연구 방법 : 성견 4 마리에 총 64 개의 자가드릴형 미니스크류(1.8mm ø x 7mm)를 

식립하고 즉시 100g 의 교정력을 0,1,3,6 주간 적용하였다. 전반적 형태의 관찰을 

위해 H&E 염색을 하였고 세포의 증식 관찰하기 위해 PCNA 염색을, 파골세포의 관찰을 

위해 TRAP 염색을, 가골의 광화 과정을 확인하기 위해 ALPase 염색을, 세포의 사멸을 

관찰하기 위해 TUNEL 염색을 시행하였다. 

III. 연구 결과 : 미니스크류 식립 직후 관찰되었던 피질골의 압박과 골세포의 

파괴가 피질골의 소실로 이어졌다. 소실된 피질골의 회복은 실험기간 동안 관찰하지 

못하였다. 상악에 비해 하악에서 골소실 양상이 강하였고 골개조 반응도 늦은 

시기까지 지속되었다. 피질골이 대부분 소실된 경우 해면골 부위에서의 골 형성과 

섬유 조직의 밀도 증가로 추가적인 지지가 형성됨을 관찰하였다.  

IV. 결론 : 미니스크류의 장기적인 안정성에 풍부한 혈류와 미분화간엽세포들을 가지고 

있는 해면골이 피질골보다 중요한 역할을 할 것이다. 향후 피질골 부위의 골소실을 

최소화하고 나아가서는 회복시킬 수 있는 방법에 대한 연구가 필요할 것이다.  

 

핵심되는 말 : 자가드릴형, 즉시 부하, 미니스크류, 골변화 


