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Abstract 

Stability of immediate loaded miniscrew implants 

according to force levels 

 

The main purpose of this study was to evaluate the initial stability in immediate 

loaded miniscrew implants loaded with different force levels. Two adult Mongrel 

dogs (12 months) with an initial weight of 29 kg were used in this study. The first two 

premolars and the 1
st
molar were extracted both in the maxilla and mandible bilaterally 

three months prior to the experiment under general anesthesia. 54 newly designed 

titanium self tapping miniscrew implants with a diameter of 1.8 mm and a length of 

7mm (Ortholution Orlus Seoul,Korea) were implanted in the edentulous areas. The 

miniscrews were loaded with high and low forced in both the maxilla and the 

mandible. The miniscrews were immediately loaded with 500g and 200g in the 

mandible and 300g and 100g in the maxilla with NiTi coil springs. The insertion 

torque was measured right after implantation. Periotest values (PTV) obtained from 

the Periotest (Periotest, Siemens, Germany) and the Implant stability Quotient (ISQ) 

obtained from OstellMentor (IntegrationDiagnostics.AB,Sweden) were measured at 

time of implantation, and 3 and 6 weeks after implantation. After sacrifice of the dogs, 

histomorphometrical analysis was performed, bone implant contact and bone bolume 

measured. The overall failure rate was 16.6 %. There was no significant difference in 

failure rates between high force (17.9 %) and low force (23.1%) loading  groups.The 

initial stability of the miniscrew implants decreased for all groups in the first 3 weeks 
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after implantation. The initial ISQ values right after implantation decreased 

significantly after 3 weeks from 44.5 to 41.8 (p<0.05). The Periotest values increased 

significantly after 3 weeks from 6 to 8  (p< 0.05).  High force and Low force loaded 

groups did not show a significant difference in regard to clinical stability 

measurements with Resonance Frequency Analysis and Periotest. The histological 

analysis did not show a significant difference in regard to bone implant contact and 

bone volume between high force and low force groups.In this animal study, most of 

the miniscrew failure happened in the first 3 weeks after immediate loading with high 

and low forces. The initial stability is descreased in the first 3 weeks due to the 

weakening effects of bone remodeling. High force and low force groups did not show 

a significant difference both in regard to failure rate,force magnitude, mechanical 

evaluation and histological evaluation. It is assumed that force is not the primary 

factor for miniscrew failure and future studies have to evaluate other factors or 

combinations of factors as reason for miniscrew failure. 
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Stability of immediate loaded miniscrew implants 

according to force levels 

 

Yong-min Jo, D.D.S, M.S.D 

 

Department of Dental Science, Graduate School, Yonsei University 

( Directed by Prof. Young-Chel Park, D.D.S.,M.S.D.,Ph.D.) 

 

I. Introduction 

Anchorage is one of the most important factors for the successful orthodontic treatment of 

malocclusions and dysgnathias
1
. The biomechanical force system on the anchorage system 

relates to the force systems for active tooth movement, meaning the actual load is determined 

by force and moments applied to the anchorage. Therefore an effective anchorage system has 

to be carefully planned and evaluated for each and every patient case according to the 

biomechanical force system needed
2
. Teeth for example can be used for anchorage purposes, 

but the anchorage demands in regard to force magnitude, direction, type and duration of forces 

and moments can exceed the anchorage needs, especially in a periodontically damaged and 

reduced dentition, decreasing the anchorage potential
3
. To support the anchorage, many 

appliances have been introduced, both intraorally and extraorally. Intraoral appliances, 

however, are suspect to anchorage loss, while extraoral appliances are dependent on patient 

compliance, are visible, inconvenient and bare injury risks
4,5
.  Many skeletal anchorage 
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systems are present to provide skeletal anchorage without patient compliance such as osseous 

dental implants
6
, miniplates

7
, palatal implants

8
 and miniscrew implants

9,10
. Of these anchorage 

systems, miniscrew implants are a gaining more and more popularity due to several 

advantages such as their absolute anchorage system, easy insertion and removal, freedom of 

location, expansion of clinical application and low costs
9-13

 . Due to the increase interest in 

miniscrew implants as anchorage, more and more attention is turning towards miniscrew 

stability and its influencing factors. Dental implant stability has been evaluated intensively, 

but factors affecting the clinical success of dental implants might not be associated with 

miniscrew or microscrew implants for orthodontic anchorage. Nonetheless, the information on 

dental implant stability is essential for Miniscrew stability. In dental implantology, the 

primary stability is regarded as prerequisite to achieve osseointegration
14-16

. It can be a useful 

predictor for osseointegration, a synonym for survival rate and reliability of the dental 

implant
17,18

, making immediate loading more predictable in regard to implant success
19,20

. 

Several methods trying to acquire objective data on primary stability of dental implants have 

been introduced like radiological examinations, torque, percussion measurements or the 

Periotest (Gulden, Bensheim, Germany). However, the lack of resolution, poor sensitivity and 

susceptibility to operator variables have been critizized
21
. Meredith et al. (1996) developed the 

resonance frequency analysis (RFA), in order to clinically monitor the bone implant contact 

and its primary implant stability
21
. In this method, oscillations are transmitted to an implant by 

a transducer and the resonance frequency of the implant-bone-interface can be evaluated 

(change in amplitude over induced frequency band).The oscillations are recorded in form of 

the implant stability quotient (ISQ), ranging from 1 to 100. In contrast to the periotest for 

example, these oscillations do not cause any tissue damage and therefore do not interfere with 

bone formation and healing
21,22

. The only feasible means of quantitatively assessing the 

primary stability of orthodontic miniscrew implants up to now are the insertion-removal 

torques and the periotest, but these measurements deliver low accuracy in regard to stability 
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prediction
23,24

.  RFA therefore seems to be more reliable examination methods to evaluate the 

Primary stability of miniscrew implants
23,24

. In contrast to dental implants, Miniscrew implants 

can be loaded immediately and do not need a long healing time. After insertion, the screws 

obtain an initial mechanical retention, giving them a sufficient primary stability to resist 

orthodontic loading forces. The short healing time though does not necessarily provide 

osseointegration of the Miniscrew implants, but initial fibrous tissue between the bone-implant 

area provides a mechanical retention enabling the screws to be loaded initially with forces 

ranging from 30 – 250g
25
.  Liou et al. also concluded that miniscrews can be clinically stable 

but are not necessarily stationary after force application due to the osseointegration process. 

These screws tend to be displaced but stable towards the direction of the applied force. 

Regarding the amount of force, it is suggested to load proportional to the amount of 

osseointegration, which depends on the actual bone implant contact and can be increased by 

certain factors like implant length, diameter and shape. A review article on loading protocols 

for orthodontic miniscrews suggests immediate loading or loading after a waiting period of 2 

weeks, with force magnitudes ranging from 120g to 400g
26
. The success rate varied widely, 

ranging from 86 % to 100%
26
. A force above 250g (normal force level for orthodontic 

treatment) was considered high force, and in the dog study, higher forces were used than in the 

treatment of patients. No forces higher than 250g in the maxilla and 400g in the mandible 

were used on miniscrew implants
26
. Various factors are involved in Miniscrew failure (Fig.1) 

and due to recent developments in orthodontic treatment, we have to have a closer look at the 

management factors.
27
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Figure 1. Illustration of miniscrew loss factors 

 

Treatment with miniscrews is not only limited to orthodontic tooth movements but is recently 

expanded to orthopedic purposes. In orthopedic treatment, higher forces are necessary than in 

orthodontic tooth movement cases. Kircelli et al.
28
 presented a case with orthopedic forces on 

titanium screws. A 11 year old girl with hypoplasia and hypodontica presented and implants 

were used in the palatal bone for anchorage. A face mask was used and elastic forces up to 

350 g were applied to a face mask. Successful advancement of the maxilla was presented 

using orthopedic appliances as an alternative to surgery. One of the factors we can influence to 

secure Miniscrew stability is the management factors. Regarding the force, we can manage the 

loading time and the magnitude of force, but further evaluation in this matter is needed for a 

proper loading protocol, including higher forces for orthopedic treatment purposes. The main 

purpose of this study is to evaluate the initial stability in miniscrew implants loaded with 

different force levels using Resonance frequency Analysis, Periotest, Insertion torque and 

histomorphometric analysis 
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II. Material and methods 

 

1. Experimental design 

The research and study protocol was approved by the Yonsei University Medical Centre. Two 

adult Mongrel dogs (12 months) with an initial weight of 29 kg were used and both dogs 

remained in good health throughout the experiment. Self drilling Miniscrew implants of 2,5 

mm diameter and 7 mm length (Orlus Seoul, Korea) with a thread inside the screw were 

fabricated. The thread makes it possible to directly attach the Sensor of the Resonance 

Frequency measurement system (Ostell Mentor®, Integration Diagnostics. AB, 

Gamlestadsvägen,Göteborg, Sweden). The first two premolars and the 1
st
 molar were 

extracted both in the maxilla and mandible three months prior to the experiment under general 

anesthesia. After a healing time of 12 weeks, full recovery of the bone was assumed
29
 and the 

newly designed Miniscrew implants of 2,5mm diameter and 6mm length were implanted 

occlusally into the alveolar bone (edentulous ridge) according to the study protocol. The dogs 

were initially anesthetized by a subcutaneous injection of Atropin 0.05 mg/kg, followed by the 

intravenous injection of Rompun 2mg/kg and Ketamine 10gm/kg.  2% Enflurane was used to 

preserve the general anesthesia, a heating pad was used to preserve the body temperature and 

EKG was monitored. The insertion area of the miniscrews was prepared by injecting 2% 

Lidocain containing Epinephrin (1 : 100 000). Prior to implantation, a dental CT was taken of 

the jaws to clarify the implantation site. 
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Figure 2. Study Protocol time table. Experiment started with the extraction of the premolars and the 

first molar 12 weeks before miniscrew implantation. Miniscrew implants were implanted after 3 weeks 

and 6 weeks with sacrifice after 6 weeks.  

 

 

 

  

 

 

 

 

Figure 3. Implantation of the miniscrew implants in the edentulous mandible of the dog. Various force 

magnitudes are applied with different sets of closed coil springs.  
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A total of 54 Miniscrew implants were implanted according to the implantation map (Fig. 4& 

5). The implantation map is based on a split study model. After implantation, the insertion 

torque was measured (Mark-10, MGT50, CA, USA) in Ncm, and RFA measurements (Ostell 

Mentor®, Integration Diagnostics. AB, Gamlestadsvägen,Göteborg, Sweden ) and Periotest 

measurements (Periotest, Siemens, Germany) were taken. In order to do so, the Sensor was 

screwed into the the Miniscrew implant and measurements were made from the mesial, distal, 

buccal and lingual side. Coil springs for each force level have been prepared and a force gauge 

was used to apply the exact force for each Miniscrew couple according to the protocol. The 

miniscrews were loaded in pairs with 500g and 200g in the mandible, and with 300g and 100g 

in the maxilla. Coil springs (Ormco, USA) were put together to generate 500g, 300g, 200g and 

100g of force. Hygienic care was taken care by brushing and rinsing with chlorhexidin after 

each measurement. After 4 weeks sequential fluorescence labeling was induced by s single 

intravenous injection of  Tetracyclin (30mg/kg , Sigma) and Xylenorange (90mg/kg) after 5 

weeks. After 6 weeks both dogs were sacrificed according to the study protocol and specimen 

were obtained from the insertion sites. Miniscrews were categorized as failure when visible 

loosening was present with PTV values above 30.  
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Figure 4. Implantation map for the maxilla. A split design study model was applied. 300g was applied as 

high force, 100g as norm force. Control miniscrews were not loaded.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Implantation map for the mandible. A split design study model was applied. 500g was applied 

as high force, 200g as norm force. Control miniscrews were not loaded 
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2. Implant design 

A new Miniscrew implant, a titanium self tapping screw with a diameter of 1,8 mm and a 

length of 7 mm (Ortholution Orlus, Seoul, Korea), was newly designed and produced. For 

proper RFA measurements, the RFA sensor and the miniscrew have to be connected and have 

to form a rigid fixation. The sensor can be screwed into the Miniscrew and RFA 

measurements using the wireless RFA device (Ostell Mentor®, Integration Diagnostics AB, 

Gamlestadsvägen,Göteborg, Sweden ) can be performed.  

 

 

 

 

 

 

 

 

A.                                                  B. 

Figure 6.  Newly designed miniscrew capable of Resonance Frequency measurements. A, the 

sensor ( Ostell, Sweden ) screwed into the miniscrew implant. B, a thread has to be milled 

into the neck area of the miniscrew implant. Precise design creates the necessary stiffness 

between sensor and miniscrew implant for precise measurements. 
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3. Data evaluation 

After sacrifice, the Miniscrew implants are sectioned and prepared for data analysis. First, a 

medical CT was taken to evaluate the jaw and the miniscrews implanted in it in general. After 

sectioning the Miniscrew implants, the miniscrews were evaluated in regard to quality of 

implantation. The samples were sent to the histology laboratory to fabricate histological slides 

with staining. The histological slide analysis provides information on the bone implant contact 

and the bone volume around the implant area. BIC and BV for each force level and time point 

will be available. We can then compare BIC and BV with the experimental data of RFA 

values, Periotest and Insertion torque.  
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4. Resonance Frequency Analysis 

Implant primary stability was evaluated with a commercially available transducer (Ostell 

Mentor®, Integration Diagnostics AB, Gamlestadsvägen, Göteborg, Sweden). The first 

commercially available machines used an L-shaped transducer that was screwed to an implant 

or its abutment. A beam was then created by the transducer and was excited over a range of 

frequencies ranging typically from 5 to 15 kHz. A frequency response analyzer then analyzed 

the response of the beam. These resonance frequency measurements were then expressed as 

the implant stability quotient (ISQ) with values from 1 – 100.  Recently, this method has been 

modified, the RFA measurements are now available wirelessly. An aluminum sensor (Fig.10, 

Smartpeg, Mentor, Integration Diagnostics) is now screwed into the implant or the abutment, 

being excited by the Mentor instrument (Mentor, Integration diagnostics). The measurement 

probe attached to the  instrument is placed near the smartpeg head and resonance frequencies 

are expressed as ISQ units ranging from 0 to 100.   RFA measurements were made at the time 

of implant placement at 0 weeks and then at 3weeks and at 6 weeks. Prior to measurements, 

the animals were anesthetized using a intramuscular injection. Measurements were then 

performed by removing the cover screw (Ostell), screwing  the Smartpag (Mentor, Integration 

diagnostics) into the minscrew implant. Measurement values for the Miniscrew implants were 

given as ISQ as described previously by Meredith et al. 
22
. It was described by Meredith that 

the transducer response may be influenced by its direction and vary in its orientation. 

Therefore measurements were repeated in direction of the force application line (parallel, 

mesio-distal) and perpendicular to the force application line (bucco-lingual direction). 

Measurements were additionally performed from both sides of the screw (mesial/distal or 

buccal/lingual), parallel and perpendicular to the force application line respectively. 

Measurements were made twice for the same site. After that, the Smartpeg was unscrewed and 

the Miniscrew implant covered again with the cover screw. 



 

 

 

                 

 

 

                         

            

   A   

 

 

 

 

 

C                                                                                                                       

 

 

Figure 7. Ostell Mentor Resonance Frequency Analysis set. A: Instrument Kit with measurement probe 

and charger. B, Ostell Mentor Smartpeg, which is screwed into the implant. C. 

of Resonance Frequency. The smart peg is screwed into the miniscr

near the peg without touching it. 

was measured twice. 

 

22 

 

   B 

 

                                                                                                                       D 

. Ostell Mentor Resonance Frequency Analysis set. A: Instrument Kit with measurement probe 

and charger. B, Ostell Mentor Smartpeg, which is screwed into the implant. C. Intraoral measurement 

The smart peg is screwed into the miniscrew implant and the probe is placed 

near the peg without touching it. D: The measurements were performed from four directions, each side 

. Ostell Mentor Resonance Frequency Analysis set. A: Instrument Kit with measurement probe 

Intraoral measurement 

ew implant and the probe is placed 

The measurements were performed from four directions, each side 
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5. Histological preparation 

The specimen were first treated with 10% Formalin for 2 weeks, and dehydrated with different 

series of ethanol. The miniscrews were marked with a low speed diamond wheel according to 

the direction of the force. After careful preparation of the samples, they were prepared to 

plastic blocks.  A diamond saw (Maruto, Japan) divided the sample from its tip to the notch 

and the hard tissue grinding system (Maruto, Japan) made slices of 100 -110 µm in thickness. 

The sections were prepared and stained with Hematoxylin-Eosin and observed under the 

microscope.  

6. Bone Implant Contact Analysis 

The slides of the sections were then examined qualitatively and quantitatively by transmittend 

light microscopy. The slides were magnified up to 100 times and the pictures were saved as 

BMP files. The pictures were then analyzed with the program Image-Pro Version 3.0 

(Cybernetics Media, U.S.A).  The Bone implant contact (BIC) was then measured using a 

conventional point-counting technique. Each section was analyzed by putting a square grid 

over the examination area and contact and non-contact points with the grid were counted. 

7. Statistical Analysis 

Comparative analysis of the acquired data was performed with SPSS ver. 17.0 statistical 

software (SPSS Inc.,Chicago, IL, USA). Data were presented as means, medians ± standard 

deviations. For significance of differences, data was evaluated by paired and independent t-

tests. RFA, Periotest, Insertion Torque, BIC and BV were evaluated and compared regarding 

the jaw, time points and force level. A p value less than .05 was considered statistically 

significant. 
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III. Results 

 

1. Failure rate 

During this experiment, 11 miniscrew implants were lost, accounting for an overall failure rate 

of 16.66 % and a failure rate of 20.37 % if we only consider the miniscrews loaded with force. 

Four of them were lost after the initial healing period (after 3 weeks) whereas the rest was lost 

within the initial stability period.  The failure rate of the miniscrews loaded with High force 

was about 18 %, the rate for the screws loaded with low force about 23%. The overall failure 

rate for the maxilla is 20 % and 27.27% when only considering the miniscrews loaded with 

force. The failure rate for Miniscrew implants loaded with high force in the maxilla is 25 % 

and 30% for Miniscrews  loaded with low force respectively. The big number of failing 

screws is the same with three failing screws, meaning there is no big difference in failure rates 

for the maxilla. Regarding the Mandible, the overall failure rate is 12.5 % and 15.62 % 

considering only the miniscrews loaded with force. The failure rate for miniscrews loaded 

with High force is 12.5 % and the failure rate for low force loaded miniscrews 18.75 %. 

Considering that the difference in failed miniscrews is one Miniscrew, the failure rates do not 

show a significant difference for the mandible. In comparison, the maxilla showed a higher 

failure rate than the mandible with 27.27 % compared to 15.62 %.  
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Table 1. Total Success and Failure rate of miniscrew implant 

 

Total 

 

 

  

Successful  

screws 

 

Failed  

screws 

 

Total 

Screws 

 

     

High force n 23 5  

28 

 Total % 82.1 % 17.9 % 

 

 

     

Low force n 20 6  

26 

 Total % 76.9% 23.1%  

     

     

Total n 43 11  

54 

 Total % 79.6% 20.4% 

 

 

 

 

 

 

Table 2.  Success and failure rate of miniscrew implants in the maxilla 

 

 

Maxilla 

  

Successful 

screws 

 

Failing 

screws 

 

Total 

Screws 

 

     

High force n 9 3  

12 

 Total % 75.0% 25.0% 

 

 

     

Low force n 7 3  

10 

 Total % 70.0% 30.0% 

 

 

     

Total n 16 6  

22 

 Total % 72.7% 27.3% 
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Table 3.  Success and failure rate of miniscrew implants in the mandible 

 

Mandible 

  

Successful 

screws 

 

Failed 

screws 

 

Total 

 

 

     

High force n 14 2  

16 

 Total % 87.5 % 

 

12.5%  

     

Low force n 13 3  

16 

 Total % 81.3% 

 

18.8%  

     

Total n 27 5  

32 

 Total % 83.4% 

 

15.6%  
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2.  Comparison of the Jaws 

Overall, the resonance frequency measurements and the Periotest measurements showed no 

significant statistical differences comparing the maxilla and the mandible. In contrast to these 

measurements, the insertion torque was higher in the mandible with 15.5 ± 1.0 Ncm than the 

maxilla with 10.5 ±0.9 Ncm and was statistically significant (p<0.001). In the 

histomorphometric analysis, both bone implant contact and bone volume showed no 

significant difference in the overall comparison of the maxilla and the mandible. 
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Table 4. Resonance Frequency Analysis ( RFA ) comparison of maxilla and mandible 

 

Resonance frequency analysis ( ISQ ) 

 

 Mean Median SEM Sig. 

 

Maxilla 

 

44.26 

 

 

44.00 

 

0.96 

 

 

NS 

Mandible 42.88 

 

42.50 0.57 

 

NS : not significant  SEM : Standard error of mean 

 

 

Table 5. Periotest Value ( PTV ) comparison between maxilla and mandible. 

 

Periotest Value ( PTV ) 

 

 

 mean median SEM Sig. 

     

Maxilla 8 7 1  

NS 

 

 

 

Mandible 

 

8 

 

7 

 

1 

 

NS : not significant  SEM : Standard error of mean 
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Table 6. Insertion Torque ( IT ) comparison between maxilla and mandible. 

 

Insertion Torque ( Ncm ) 

 

 mean median SEM Sig. 

 

Maxilla 

 

10.30 

 

10.50 

 

0.90 

 

 

**  

Mandible 

 

16.30 

 

15.30 

 

1.00 

NS : not significant  SEM : Standard error of mean 

**  ( p < 0,01 ) 

 

 

 

 Figure 8. Boxplot of Insertion Torque. Comparison of Insertion torque values between maxilla and 

mandible with a significant difference ( p < 0,01 ). 

** 
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3. Comparison regarding time points 

Overall at 3 weeks of implantation, the ISQ values in the maxilla and mandible were 

significantly reduced whereas the PTV in the maxilla and mandible was significantly 

increased when compared to the PTV and ISQ values directly after implantation at week 0. 

The ISQ reduced from 44.69 ± 0,7 at week 0 to 42.52 ±0.76 at 3 weeks of implantation 

( p=0,005) and the PTV value increased from 7 ±1 from directly after implantation to 9 ±1 at 3 

weeks after implantation (p = 0,013) as both showed statistical significancy.  At 6 weeks after 

implantation, the ISQ values in the maxilla and mandible were significantly reduced whereas 

the PTV value did not show a significant difference when compared to the ISQ and PTV 

values directly after implantation at 0 weeks. The ISQ values changed from 44.60 ±1.23 at 

week 0 to 42.09 ±0.78 at 6 weeks after implantation ( p=0.036) and was statistically 

significant. The ISQ and PTV values at 6 weeks showed no significant difference in the 

maxilla and mandible compared to the ISQ and PTV values at 3 weeks after implantation. The 

histomorphometry shows that both the Bone Implant Contact and the Bone Volume slightly 

increased at 6 weeks after implantation compared to 3 weeks after implantation. The maxillary 

bone implant contact in the maxilla increased from 67.19 % ±3.24 at 3 weeks to 73.51 % 

±11.67 at 6 weeks but with no statistical significant difference. The mandibular bone implant 

contact increased from 65% ± 2.43 at 3weeks to 69.01 ± 2,09 at 6 weeks but also no statistical 

significant difference. Regarding the Bone volume in the maxilla, there was an increase in 

bone volume at 3 weeks from 74%±3.5 to 77.36% ± 4.49 at 6 weeks after implantation but 

with no statistical significant differnce. The mandible showed no significant difference in bone 

volume between 3 weeks and 6 weeks after implantation.  
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Table 7. Resonance frequency analysis (RFA ) values after 0, 3 and 6 weeks 

 

Resonance Frequency Analysis ( ISQ ) 

 

  

0 

 

3 

 

6 

 

 

week 

  

Mean 

 

Median 

 

SEM 

 

Mean 

 

Median 

 

 

SEM 

 

Mean 

 

Median 

 

SEM 

 

Sig. 

  

44.70 

 

44.50 

 

0.70 

 

42.52 

 

41.81 

 

0.76 

* 

 

42.09 

 

42.00 

 

0.78 

** 

 

 

S 

 

NS : not significant  S : Significant SEM : Standard error of mean 

 

 

 

 

 

 

 

Figure 9. Boxplot of Resonance frequency analysis. comparison of RFA values between 0, 3 and 6 

weeks with significant differences ( p < 0,01 ). 

  ** 

*
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Table 8. Periotest values ( PTV ) after 0, 3 and 6 weeks 

 

Periotest ( PTV ) 

 

 

 

0 

 

3 

 

6               

 

 

week 

 
 

Mean 

 

Median 

 

 

SEM 

 

 

Mean 

 

 

Median 

 

SEM 

 

Mean 

 

Median 

 

SEM 

 

Sig 

 

7 

 

 

       6 

 

1 

 

  9 

 

8 

 

1     

* 

 

6 

 

       7 

 

1 
 

S 

 

NS : not significant  S : Significant SEM : Standard error of mean 

*  ( p < 0,01 )  

 

 

*  



 

 

Figure 10. Boxplot of Periotest values.

significant difference ( p < 0,01 )

Table 9. Bone Implant Contact

 

 

 

 

 Mean Median

  

Maxilla 69.83 

Mandible 64.83 

  

 

NS : not significant  
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Boxplot of Periotest values. Comparison of PTV values between 0, 3 and 6 weeks

significant difference ( p < 0,01 ). 

Table 9. Bone Implant Contact ( BIC ) after 3 and 6 weeks 

 

Bone Implant Contact (%) 

 
 

3 6 

 

  

Median SEM Mean Median SEM 

     

67.19 3.24 66.54 73.51 11.67 

65.54 2.43 67.76 69.01 2.09 

     

SEM : Standard error of mean 

of PTV values between 0, 3 and 6 weeks with 

 

 

week 

 
 Sig. 

 
  

NS 
  

 

 



 

 

Figure 11. Bar graph of Bone Implant Contact.

maxilla. 

 

Figure 12. Bar graph of Bone Implant Contact.

mandible. 
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Bar graph of Bone Implant Contact. Comparison of BIC values between, 3 and 6 weeks in the 

 

Bar graph of Bone Implant Contact. Comparison of BIC values between, 3 and 6 weeks in the 

of BIC values between, 3 and 6 weeks in the 

of BIC values between, 3 and 6 weeks in the 
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Table 10. Bone Volume( BV ) after 3 and 6 weeks 

  

Bone Volume ( % ) 

 

 

   

 3 6 week 

 

    

 Mean Median SEM Mean Median SEM Sig. 

        

Maxilla 77.00 74.40 3.50 74.97 77.40 4,50  

NS 
Mandible 79.20 77.10 3,80 79.28 76.14 3.30  

 

NS : not significant  SEM : Standard error of mean 

   

 



 

 

Figure 13. Bar graph of Bone Volume.
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Bar graph of Bone Volume. Comparison of BIC values between, 3 and 6 weeks in the 

 

of BIC values between, 3 and 6 weeks in the maxilla.  
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Figure 14. Bar graph of Bone Volume. Comparison of BIC values between, 3 and 6 weeks in the 

mandible.. 

 

 

 

 

 

 

 

4. Comparison of High force and low Force 

In the maxilla, the ISQ values were higher for the miniscrews loaded with high force than for 

the miniscrews loaded with low force, 46 ± 1.18 for high force compared to 41.63 ± 0.98, but 

there was no statistical significant difference. The mandible showed no significant difference 

in ISQ between high and low force loaded miniscrews. Regarding the PTV values and the 

Insertion Torque, both the maxilla and mandible displayed no statistical significant difference 

between high and low force loaded miniscrews.  

Regarding the Histomorphometry, the maxillary bone implant contact for the high force 

loaded screws was higher with 74.19% ± 11.83 compared to 68.40 % ± 2.59 for the low force 

loaded screws when looking at the median, but did not show a statistical significant difference. 
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The mandibular bone implant contact for the high force loaded screws was higher with 69.25% 

± 2.63 compared to 63.90 % ± 2.59 for the low force loaded screws, but also showed no 

statistical significant difference. The Bone volume was higher for the high force loaded screws 

in the maxilla with 76% ± 4.24 for the high force group compared to 74.83 % ±5.069 for the 

low force group, though there was no statistical significant difference. In the mandible though, 

the Bone volume was lower for the high force loaded group with 74% ± 1.91 compared to 

77.90% ± 3.33 for the low force loaded group, also showing no statistical significant 

difference. 

The ISQ decreases from 45.20 ±1.83 at week 0 to 43.19 ±2.07 at week 3. The ISQ then again 

increases to 45.25 ±2.84 at week 6 after implantation, but all periods showed no statistical 

significant difference. The ISQ for the low force group is highest directly after implantation 

with 43± 1.45, decreasing to 41.13 ± 1.46 at 3 weeks after implantation and finishing at a low 

at 40.13 at 6 weeks after implantation. These periods also do not show statistical significant 

differences. Directly after implantation of the miniscrews, there was no significant difference 

between the high force and low force group. At 3 weeks, the high force group had a higher 

ISQ than the low force group with 43.19 ± 2.07 for the high force group and 41.13 ± 1.46 for 

the low force group, but there was no statistical significant difference. Likewise, the ISQ at 6 

weeks after implantation for the high force group was higher with 45.25 ± 2.84 than the low 

force group with 40.13 with no statistical difference.  

The mandible demonstrates a decrease in ISQ at 3 weeks after implantation compared to week 

0 from 44.28 ± 1.40 to 40.13 ± 1.17 at 3 weeks after implantation and then remains stable at 6 

weeks after implantation at 41.77±0.64 for the high force group .The low force group shows a 

steady decline in the ISQ values, decreasing from week 0 at 45.25 ±1.03 to 43.55 ±1.55 at 3 

weeks after implantation and then decreasing to 40.98 ±1.13 at 6 weeks after implantation 

with no statistically significant differences. The ISQ values also do not present significant 
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differences between the high force and low force groups for the periods directly after 

implantation, 3 weeks after implantation and 6 weeks after implantation. 

The PTV value increases in the maxilla in the high force group from 6±1 to 8± 2 at 3 weeks 

after implantation and then returned to the initial value at 6 ±2 at 6 weeks after implantation, 

but there were no statistical significant differences. For the low force group, there was no 

significant differences for week 0, 3 weeks and 6 weeks after implantation. There was no 

significant difference among the periods between high force and low force groups. Regarding 

the differences within the time periods, there was also no significant difference between high 

force and low force groups. 

The PTV value increases in the mandible in the high force group from 6±1 at implant 

placement to 10±2 at 3 weeks after implantation and then decreases to 6±3 at 6 weeks after 

implantation. There was no statistical difference though between the periods. Regarding the 

differences within the time periods, there was also no significant difference between high 

force and low force groups. 

The bone implant contact decreases in the maxilla for the high force group from 71.31 ±5.68 

at 3 weeks after implantation to 62.86 ±25 at 6 weeks after implantation but with no 

significant statistical difference. There are also no significant differences between the high 

force group and low force group within the 3 weeks and 6 weeks after implantation groups. 

The bone implant contact increases in the low force group from 67.62 % ± 0.43 at 3 weeks 

after implantation to 73.51 % ± 4.76 at 6 weeks after implantation but with no significant 

statistical difference.  

The bone implant contact increases in the mandible for both the high force group and low 

force group from 3 weeks after implantation to 6 weeks after implantation. The bone implant 

contact increases in the high force group from 62.79% ±6.7 at 3 weeks after implantation to 
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69,98 % ± 2,03 at 6 weeks after implantation, and for the low force group from 62.11 ± 1.82 at 

3 weeks after implantation to 69.20 at 6 weeks after implantation. There was no significant 

difference between high force and low force groups within 3 weeks after implantation and 6 

weeks after implantation.  

The bone volume decreases in the maxilla for the high force group from 80.05 ±5,31 at 3 

weeks after implantation to 72.11 ±6.8 at 6 weeks after implantation but with no significant 

statistical difference. There are also no significant differences between the high force group 

and low force group within the 3 weeks and 6 weeks after implantation groups. The bone 

volume  increases in the low force group from 72.43 % ± 1.96 at 3 weeks after implantation to 

77.24 % ± 4.76 at 6 weeks after implantation but with no significant statistical difference.  

The bone volume increases in the mandible for both the high force group and low force group 

from 3 weeks after implantation to 6 weeks after implantation. The bone volume increases in 

the high force group from 70.25 % ±2.07 at 3 weeks after implantation to 76.78 % ± 1.92 at 6 

weeks after implantation, and for the low force group from 74.86 ± 5.5 at 3 weeks after 

implantation to 77.91 at 6 weeks after implantation. There was no significant difference 

between high force and low force groups within 3 weeks after implantation and 6 weeks after 

implantation.  
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Table 11.  Resonance Frequency Analysis ( RFA ) values after 0,3, and 6weeks. High 

and low force in the maxilla 

  

Resonance Frequency Analysis ( ISQ ) 

 

 

   

 0 

 

3 6 week 

 Mean Median SEM Mean Median SEM Mean Median SEM Sig. 

 

High force 45.2 45.56 1.83 43.19 44.75 2.07 45.25 46 284  

NS 

Low force 43.63 44 1.45 41.13 41.63 1.46 40.13 40.13 .  

 

NS : not significant  SEM : Standard error of mean 

 

 



 

 

Figure 15. Boxplot of Resonance Frequency values.

in the maxilla. 

 

Table 12.  Resonance Frequency 

and low force in the mandible.

 

  

0 

 

 Mean Median

High force 44.28 45 

Low force 45.25 44.81 

 

NS : not significant  
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Boxplot of Resonance Frequency values. Comparison of ISQ values between 0, 3 and 6 weeks 

Resonance Frequency Analysis (RFA) values after 0, 3, and 6weeks. High 

and low force in the mandible. 

 

Resonance Frequency Analysis ( ISQ ) 

 
 

3 

 

6 

Median SEM Mean Median SEM Mean Median 

 1,4 41.79 40.13 1.17 41.77 41.94 

 1,03 43.55 41.42 1.55 40.98 42 

SEM : Standard error of mean 

 

of ISQ values between 0, 3 and 6 weeks 

values after 0, 3, and 6weeks. High 

 

 
week 

 SEM Sig. 

 

0.64  

NS 
1.13  



 

 

Figure 16. Boxplot of Resonance Frequency values.

in the mandible. 

Table 13.  Periotest values

maxilla. 

 

 

 0 

 

  

 Mean Median

   

High force 6 5 

Low force 7 7 

 

NS : not significant  
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Boxplot of Resonance Frequency values. Comparison of ISQ values between 0, 3 and 6 

values ( PTV ) after 0, 3, and 6weeks. High and low force in the 

 

Periotest ( PTV ) 

 
 

3 6 

  

Median SEM Mean Median SEM Mean Median 

      

 1 8 7 2 6 5 

 1 10 7 4 8 8 

SEM : Standard error of mean 

of ISQ values between 0, 3 and 6 weeks 

after 0, 3, and 6weeks. High and low force in the 

 

 
week 

 
 SEM Sig. 

  

2  

NS 
  



 

 

 

Figure 17. Boxplot of Periotest values.

maxilla. 

 

Table 14. Periotest values (

in the mandible. 

 

  

0 

  

 Mean Median

   

High force 6 6 

Low force 8 11 
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Boxplot of Periotest values. Comparison of PTV values between 0, 3 and 6 weeks in the 

Periotest values ( PTV ) values after 0, 3, and 6weeks. High and low force 

 

Periotest ( PTV ) 

 
 

3 

 

6 

 

  

Median SEM Mean Median SEM Mean Median 

      

1 10 8 2 6 7 

 2 10 8 1 8 7 

 

of PTV values between 0, 3 and 6 weeks in the 

values after 0, 3, and 6weeks. High and low force 

 

 
week 

 
 SEM Sig. 

  

3  

NS 
2  



 

 

NS : not significant  

 

Figure 18. Boxplot of Periotest values.

mandible. 

Table 15. Bone Implant Contact

comparison. 

 

 

 

 

 Mean Median

High force 67,9 65,71

Low force 64,87 65,56

 

P
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T
V
 )
 

45 

SEM : Standard error of mean 

Boxplot of Periotest values. Comparison of PTV values between 0, 3 and 6 weeks in the 

. Bone Implant Contact ( BIC ) after 3 and 6weeks. High and low 

 

Bone Implant Contact ( BIC % ) 

 
 

3 6 

  

Median SEM Mean Median SEM 

65,71 4,3 66,93 72,73 9,8 

65,56 1,76 72,07 69,2 3,1 

 

of PTV values between 0, 3 and 6 weeks in the 

gh and low force 

 

 

week 

 

 
 Sig. 

  

NS 
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NS : not significant  SEM : Standard error of mean 

 

 

Figure 19. Bar graph of Bone Implant Contact. Comparison of BIC values between 3 and 6 weeks in 

regard to high and low force 

 

Table 16. Bone Volume ( BV ) after 3 and 6weeks. High and low force comparison. 

 

Bone Volume ( BV % ) 

 

 

 3 6 week 

 

  

Mean 

 

Median 

 

SEM 

 

Mean 

 

Median 

 

SEM 

 

Sig. 

 

High force 76,132 73,22 3,826 74,782 75,709 2,925  

NS 
Low force 73,646 72,433 2,486 77,465 77,906 6,804  

B
IC

 (
 %

 )
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NS : not significant  SEM : Standard error of mean 

 

 

 

 

 

 

 

 

Figure 20. Bar graph of Bone Volume. Comparison of BV values between 3 and 6 weeks in regard to 

high and low force. 

 

5. Histological sections 

3 weeks     6 week 

B
V
 (
 %

 )
 



 

 

 

Figure 21.  Hematoxylin-Eosin

Peri-implant bone area of miniscrew implant of the mandible after 3 and 6 weeks. 

remodeling processes indicate a more mineralized bone at 6 weeks compared to 3 weeks seen 

in the zones of darker and lighter staining.

A,D : High force 

3 weeks 

48 

Eosin stained sections of peri-implant bone ( Magnification x 100 ). 

area of miniscrew implant of the mandible after 3 and 6 weeks. 

remodeling processes indicate a more mineralized bone at 6 weeks compared to 3 weeks seen 

darker and lighter staining. 

  B,E : Low force  C,F : no force 

     6 week 

implant bone ( Magnification x 100 ). 

area of miniscrew implant of the mandible after 3 and 6 weeks. Bone 

remodeling processes indicate a more mineralized bone at 6 weeks compared to 3 weeks seen 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22. Fluorescence microphotog

Peri-implant bone area of miniscrew implants of the

fluochromes administered after 2 (Xylen Orange) and 4 weeks (Calcein

clearly defined bands. At  3 weeks there is more fluorescence labeling compared to 6 weeks 

due to washing out effects and less bon

A,D : High force 

 

3 weeks 
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Fluorescence microphotograph tained peri-implant bone (Magnification x 100

implant bone area of miniscrew implants of the mandible after 3 and 6 weeks. Both 

nistered after 2 (Xylen Orange) and 4 weeks (Calcein) are incorporated as 

At  3 weeks there is more fluorescence labeling compared to 6 weeks 

due to washing out effects and less bone remodeling. 

  B,E : Low force  C,F : no force 

     6 week 

implant bone (Magnification x 100). 

mandible after 3 and 6 weeks. Both 

) are incorporated as 

At  3 weeks there is more fluorescence labeling compared to 6 weeks 

 



 

 

 

3 weeks  

 

Figure 24. Fluorescence microphotograph tained peri

Peri-implant bone area of miniscrew implants of the maxilla after 3 and 6 weeks. Both 

50 

 

Figure 23. Hematoxylin-Eosin

sections of peri-implant bone (m

x 100). Peri-implant bone area of miniscrew 

implant of the maxilla after 3 and 6 weeks. 

A,D : High force  

Low force  C,F : no force

  

 6 week 

Fluorescence microphotograph tained peri-implant bone (magnification x 100

implant bone area of miniscrew implants of the maxilla after 3 and 6 weeks. Both 

Eosin stained 

magnification 

implant bone area of miniscrew 

implant of the maxilla after 3 and 6 weeks.  

 B,E : 

C,F : no force 

agnification x 100). 

implant bone area of miniscrew implants of the maxilla after 3 and 6 weeks. Both 



 

 

fluochromes administered after 2 (Xylen Orange) and 4 weeks (Calcein

clearly defined bands. Fluochrome apposition in the bony trabeculae is visible. 

A,D : High force 

 

Figure 25. Three weeks with
border near the implant and peri

bone matrix while Osteoblast deposit new lamellae of bone matrix afterwards

400). 
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ochromes administered after 2 (Xylen Orange) and 4 weeks (Calcein) are incorporated as 

clearly defined bands. Fluochrome apposition in the bony trabeculae is visible.  

  B,E : Low force  C,F : no force 

 

with low force sample. Multinuclear cells surrounded by the ruffled 

border near the implant and peri-implant bone. Osteoclasts remove bone within the existing 

bone matrix while Osteoblast deposit new lamellae of bone matrix afterwards (magnification x 

) are incorporated as 

 

low force sample. Multinuclear cells surrounded by the ruffled 

Osteoclasts remove bone within the existing 

(magnification x 
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IV. Discussion 

Stability of orthodontic miniscrews is essential for the orthodontic diagnosis and treatment 

planning. Many factors are involved when it comes to evaluating miniscrew failure. Of the 

many factors, biomechanical force magnitude and force application time point have been 

evaluated in previous studies as two main factors. Both factors have an impact on peri-implant 

bone healing and therefore can determine the clinical outcome of miniscrew implants
30
. 

Regarding the force application time point, it was reported that immediate loading of 

miniscrew implants did not affect miniscrew stability compared to delayed loading of 

miniscrews when loaded with appropriate orthodontic forces
10,31-33

.  In our study, miniscrew 

implants were immediately loaded with 500g and 200g in the mandible, and 300g and 100g 

respectively in the maxilla .  The overall success rate was 79,63 %, which is comparable to the 

overall success rate reported by Freire et al
31
 with 77,78%.  The success rate in before 

mentioned study was even lower for the miniscrews that were comparable to the miniscrews 

used in our study with 66,67 % and 81,25 % respectively in comparable surroundings. The 

failure rate in the present study was higher in the maxilla with 27,27 % compared to 15,62 % 

in the mandible. One reason for the lower stability in the maxilla can be explained with the 

difference in bone quality between maxilla and mandible. The maxilla provides less cortical 

bone for initial stability and further implies the possibility that a miniscrew implant has 

contact with the sinus cavity
34
.  The insertion torque was also significantly lower for the 

maxillary miniscrew implants with 10,3 Ncm compared to 16,3Ncm in the mandible. In 

contrast RFA measurements and Periotest measurements did not show a significant difference 
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between the jaws. Regarding the actual higher failure rate and the respective lower insertion 

torque in the maxilla, insertion torque can be suggested as an indicator for mechanical 

miniscrew failure. A higher insertion torque might indicate a tighter contact between the 

miniscrew implant and the bone, negating some of  measures
35
 that lead to miniscrew failure. 

In orthodontics, the miniscrew implant is subject to many micromotions and micro injuries 

like food contact, soft tissue movement or even chewing movements.  A good primary 

stability might reduce the effects of micromotion and its negative tissue responses such as the 

formation of fibrous scar tissue at the bone implant interface during healing and loading
36
.  A 

higher insertion torque can result in better initial mechanical stability but on the other hand the 

high insertion torque itself might cause a negative effect on miniscrew stability due to bone 

compression effects that might lead to fracture and necrosis. Primary stability is essential for 

the successful osseointegration of a miniscrew implant, and the insertion torque can be an 

useful tool to evaluate the primary stability of miniscrew implants
35
. Further studies though 

are necessary to evaluate threshold values and biomechanical properties of miniscrew implants 

in order to more efficiently evaluate primary stability of miniscrew implants using the 

insertion torque.  

Freire et al
31
 came to the conclusion that the force activation is not the lone reason for 

miniscrew failure but the association between inflammation and mini implant activation is 

accelerating a deleterious phenomena on peri-implant tissues. Other experimental studies 

could also not demonstrate implant failure by induced orthodontic load
37,38

, meaning that up to 

a certain threshold level, orthodontic load does not affect implant stability. A number of 

clinical studies even suggest a positive effect of orthodontic loading on the stability of 

titanium screw implants
39-41

.The similarity of the success rates in our study for the high and 

low force groups for maxilla and mandible respectively suggest that loading miniscrews with 

higher forces does not enhance miniscrew failure and that load within a certain range is not the 
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primary factor for miniscrew failure. ISQ values and PTV values did not show a significant 

difference between high force and low force groups within the jaws. Likewise, even though 

the values are higher for the high force group for both the maxilla and mandible, the Bone 

implant contact and bone volume measurements did not demonstrate a significant difference 

between high force and low force groups. These findings suggest that there is no difference in 

high and low force regarding our mechanical and histomorphometric evaluation.  Using higher 

forces in respective jaws does not have an enhancing or a negative effect regarding miniscrew 

stability. We can assume that there are no correlating effects between magnitude of force and 

effect on mechanical and histomorphometric examinations.  Even though experimental studies 

demonstrated a positive effect of orthodontic loading on implant stability
39-41

, it does not 

indicate that implant stability is improved by applying higher forces up to a certain threshold 

value. It can rather be assumed that in a certain range forces will have the same effect on 

implant stability up to a threshold value. When a certain range is surpassed by a threshold 

value, negative effects on implant stability will be effective. Further studies though are needed 

to define the range where load does not have a negative effect on miniscrew stability. It is 

clear that the maximum load used for respective jaw did not have a negative effect on implant 

stability nor on BIC or bone volume. Owens et al
42
 indicated that a lack of effect on the BIC 

indicates that the maximum force has to be higher than the one evaluated.   We can further 

assume that there is a threshold value where indeed the deleterious effect of overforce has an 

impact on miniscrew stability, but further investigations need to be conducted with higher 

forces than 500g for the mandible and 300g for the maxilla. Buechter et al concluded, that 

above a defined threshold, marginal bone strains cannot be tolerated by bone tissue, leading to 

implant loosening
43
.  The amounts of these marginal bone strains though are dependent on the 

geometry of the miniscrew implant as well as on the mechanical properties of bone and 

implant. We can conclude that the loading threshold value has to be above 500g in the 

mandible and 300g in the maxilla for the screw used in our study in this dog study model. The 
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stability of the miniscrew implant decreases from the initial state of implantation to 3 weeks 

after implantation. This can be seen by the statistically significant decrease of the ISQ value 

from week 0 to week 3 or the significant increase of the PTV from week 0 to week 3. This 

finding can be confirmed by several investigations where there is a drop in ISQ after initial 

placement within the first 3 weeks. Kim et at investigated miniscrew stability with RFA 

measurements in the palate of dogs and confirmed at drop of the ISQ value after 3 weeks.
44
 

Crismani et al stated that the ISQ value recorded 3 weeks post surgery was the lowest of the 

whole series when examining palatal orthodontic implants  loaded 1 week after implant 

placement
45
.  Barewal et al analyzed 27 implants inserted into both jaws and also recorded the 

lowest RFA values after 3 weeks for all bone types. This might be explained by the foundings 

by Isidor, who investigated mechanical load and bone healing in implants. He describes that 

due to the trauma from placement of the implant the surrounding bone becomes necrotic and is 

replaced by woven bone
46
. In the first 3 weeks, due to remodeling processes, the bone 

surrounding the implant is only partly mineralized, which might account for the weaker ISQ 

and PTV values.  The ISQ values in our study remain stable at 6 weeks compared to 3 weeks 

after implantation. In above mentioned studies, the ISQ values increases continually after 3 

weeks of implantation. Our observation period of 6 weeks though is too short to give 

descriptions on the change of the miniscrew stability since it takes more time for the 

preformed woven bone to be scaffold by lamellar bone. In the study by Crismani et al the ISQ 

value steadily increased to the 12
th
 week post surgery

45
and Isidor et al explain that it takes 

several weeks for the woven bone to be replaced by lamellar bone. In this case, the lamellar 

bone becomes more mineralized and is stronger that the unorganized woven bone
46
.  Of our 

failed screws, all but one failed within the first 3 weeks, indicating a relationship between 

miniscrew failure and decreased miniscrew stability within the first 3 weeks. Like stated at the 

beginning, immediate loading does not necessarily lead to miniscrew failure, but a 

combination of inflammation and force might lead to the activation of a deleterious 
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phenomena on peri-implant tissues. Furthermore, a force magnitude that would not be 

sufficient to cause miniscrew failure after 3 weeks of implantation might be sufficient enough 

to cause micro-damage in the bone surrounding the implant. , It was reported that immediate 

loading of miniscrew implants did not affect miniscrew stability compared to delayed loading 

of miniscrews when loaded with appropriate orthodontic forces
10,31-33

 It is therefore 

recommended to consider appropriate orthodontic forces within the first 3 weeks as forces 

well below the usual applied force magnitude to avoid miniscrew failure, not only due to the 

force but due to a combinational effect of micro-damage of bone caused by remodeling 

processes and inflammatory effects on the peri-implant bone.  
47
 
28
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V. Conclusion 

The main purpose of this study was to evaluate the initial stability in immediate 

loaded miniscrew implants loaded with different force levels. Two adult Mongrel 

dogs (12 months) with an initial weight of 29 kg were used in this study. The first two 

premolars and the 1
st
molar were extracted both in the maxilla and mandible bilaterally 

three months prior to the experiment under general anesthesia. 54 newly designed 

titanium self tapping miniscrew implants with a diameter of 1,8 mm and a length of 

7mm (Ortholution Orlus Seoul,Korea) were implanted in the edentulous areas. The 

miniscrews were loaded with high and low forced in both the maxilla and the 

mandible. The miniscrews were immediately loaded with 500g and 200g in the 

mandible and 300g and 100g in the maxilla with NiTi coil springs. The insertion 

torque was measured right after implantation. Periotest values (PTV) obtained from 

the Periotest (Periotest, Siemens, Germany) and the Implant stability Quotient (ISQ) 

obtained from OstellMentor (®,IntegrationDiagnostics.AB,Sweden) were measured 

at time of implantation, and 3 and 6 weeks after implantation. After sacrifice of the 

dogs, histomorphometrical analysis was performed, bone implant contact and Bone 

Volume measured. 
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1. The overall failure rate was 16.6 %. There was no significant difference in 

failure rates between high force ( 17,.9 % ) and low force ( 23.1% ) loading  

groups. 

 

2. The initial stability of the miniscrew implants decreased for all groups in the 

first 3 weeks after implantation. The initial ISQ values right after 

implantation decreased significantly after 3 weeks from 44.5 to 41.8 

( p<0.05). The Periotest values increased significantly after 3 weeks from 6 to 

8  ( p< 0.05).  

 

3.  High force and Low force loaded groups did not show a significant 

difference in regard to clinical stability measurements with Resonance 

Frequency Analysis and Periotest.  

 

4. The histological analysis did not show a significant difference in regard to 

bone implant contact and bone volume between high force and low force 

groups. 

 

In this animal study, most of the miniscrew failure happened in the first 3 weeks after 

immediate loading with high and low forces. The initial stability is descreased in the 

first 3 weeks due to the weakening effects of bone remodeling. High force and low 

force groups did not show a significant difference both in regard to failure rate, 

mechanical evaluation and histological evaluation. It is assumed that force is not the 

primary factor for miniscrew failure and future studies have to evaluate other factors 

or combinations of factors as  primary reason for miniscrew failure. 
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국문 요약 

미니스크류 임플란트 식립 직후에 가해준 힘의 크기가 

안정성에 미치는 영향 

 

연세대학교 대학원 치의학과 

(지도 교수 박영철) 

조용민 

본 연구의 목적은 미니 스크류 식립 직후로부터 부여한 서로 다른 크기의 힘이 미니스크류의 

초기 안정성에 미치는 영향을 알아보는 것이었다. 몸무게 29 kg 인 두 마리의 성견 (mongrel, 

12 개월) 이 실험에 사용되었다. 실험 3 개월 전 전신마취 하에 상 하악 좌 우측 제 1 소구치와 

제 1 대구치를 발치하여 형성된 무치악 부위에 직경 1.8 mm 길이 7 mm 의 self – tapping 

미니스크류 (Ortholution Orlus Seoul,Korea) 를 식립하였으며 이 때 식립 토오크를 측정하였다. 

식립 직후 상하악의 미니스크류에 NiTi 코일 스프링으로 강한 힘과 약한 힘을 부여하였으며 

힘의 크기는 상악에서 각각 200g 과 100g, 하악에서 500g 과 200g 이었다. 미니스크류 

식립시와 3 주 후, 6 주 후에 각각 Periotest (Periotest, Siemens, Germany) 를 사용하여 Periotest 

value (PTV) 를 측정하였고 OstellMentor (®,IntegrationDiagnostics.AB,Sweden) 를 사용하여 

Implant stability Quotient (ISQ) 를 측정하였다. 실험 동물을 희생시킨 후 histomorphometrical 

analysis 를 시행하였고 bone 의 volume 을 측정하였다.  실험의 결과는 다음과 같다. 미니스크류의 

실패율은 16.6 % 이었다.  강한 힘을 적용한 군에서와 약한 힘을 적용한 군에서 RFA 와 PTV 로 
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평가한 임상적 안정성에는 유의차가 없었다. 조직학적 분석 결과 강한 힘을 적용한 군에서와 

약한 힘을 적용한 군에서 골조직- 미니스크류 계면의 특성과 골조직의 부피에 차이가 없었다. 

본 실험에서 미니스크류의 실패는 강한 힘을 적용한 군에서와 약한 힘을 부여한 군에서 모두 

초기 3 주 이내에 일어날 수 있음을 알 수 있었고 이는 골조직의 remodeling 때문일 것으로 

생각된다. 강한 힘을 적용한 군과 약한 힘을 적용한 군에서 실패율과 기계적 안정성, 조직학적 

특성은 유의차를 보이지 않았다. 따라서 적용된 힘의 크기가 미니스크류 실패율의 주된 요인이 

아님을 알 수 있다. 미니스크류의 실패에 어떠한 개별 요인이 관여하며 개별 요인들 간의 상관 

관계는 어떠한지에 대한 후속 연구가 필요할 것으로 생각된다. 

 

 

 

 

 

 

 

 

 

 

_____________________________________________________________________

핵심되는 말: 미니스크루 임플란트, 즉시부하, 힘의 크기, RFA 



파일 이름: 조용민 

폴더: C:\Documents and Settings\yortho\바탕 화면 

서식 파일: C:\Documents and Settings\yortho\Application 

Data\Microsoft\Templates\Normal.dotm 

제목:  

주제:  

만든 이: Yongmin 

키워드:  

메모:  

만든 날짜: 2009-07-03 AM 2:13:00 

수정 횟수: 10 

마지막으로 저장한 날짜: 2009-07-03 PM 6:02:00 

마지막으로 저장한 사람: darae11 

전체 편집 시간: 239 분 

마지막으로 인쇄한 날짜: 2009-07-16 AM 11:30:00 

문서량 

 페이지 수: 63 

 단어 수: 18,013 (약) 

 문자 수: 102,678 (약) 

 


