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 الخلاصة
لتحديد الوقت الأمثل لتحيل الغرسات التقويمية وذلك بواسطة تقييم الثباتية وكذلك كشف إمكانية استخدام الندرونات الصوديوم كعقار  ألاهداف:

، اثنا عشر أرنب حقلي وأربعة ثمانية وأربعون غرسو تقويمية :عملالمواد وطرائق الطبي لمنع ذوبان العظم وبالتالي إمكانية زيادة ثباتية الغرسة التقويمية. 
عشر أمبولة من الندرونات الصوديوم. قسمت الأرانب إلى مجموعتين رئيستين، مجموعة خضعت لعلاج وأخرى بدون علاج للمقارنة ، قسمت كل 

تحميل القوة بعد أربع أسابيع من مجموعة إلى ثلاث مجاميع فرعية: التحميل الآني للقوة بعد الغرس، تحميل القوة بعد أسبوعين من الغرس والأخيرة ىي 
عد أسبوعين من الغرس ومن ثم تم قياس الثباتية باستخدام جهاز الثباتية البريوتيست لجميع المجاميع الفرعية بعد الغرس وقبل التحميل وبعد التحميل وب

ة للعقار قبل تحميل القوة وبعد أسبوعين من تحميل القوة أظهرت نتائج الدراسة عدم وجود اختلاف معنوي في المجاميع الفرعية المعرض النتائج:التحميل. 
من  لكن الاختلاف كان معنوي بعد تحميل القوة مباشرة، كذلك الحال بالنسبة للمجموعة الفرعية المحملة أنيا لايوجد اختلاف حتى بعد أسبوعين

قد أظهرت النتائج اختلاف معنوي في جميع قراءات مع ملاحظة إن التحميل. أما فيما يخص المجموعة الفرعية المحملة بعد أسبوعين وأربعة أسابيع ف
من نتاج البحث يمكن القول ان الغرسات التقويمية حتى الأصغر حجما يمكن استخدامها كمثبت جيد  ألاستنتاجات:الثباتية الآنية ىي الأفضل تقريبا. 

هرت النتائج إن استخدام عقار الندرونيت صوديوم لايدر فائدة على ثباتية مع جهاز التقويم مع إمكانية تحميلها مباشرة بعد الغرس، كذلك وقد أظ
  الغرسة التقويمية على غرار المعايير المستخدمة في ىذه الدراسة.

    
ABSTRACT 

Aims: The present study aimed to investigate the desirable loading time of micro-screw implant by 

stability evaluation and detecting the possibility of using alendronate sodium to increase the stability. 

Materials and methods: Forty eight micro-screw implant, twelve adult rabbits and fourteen alendro-

nate sodium ampoules were used in this study, the rabbits were divided into two main groups, treated 

and control group, which further subdivided into three subgroups. Eight micro-screw implant instilled 

in tibiaes of each subgroup just six of them used for test the remaining cancelled, the stability test down 

using the periotest. These subgroups were nominated according to the loading times which are immedi-

ate loading, loading after two weeks and loading after four weeks with stability measured after instilla-

tion, before and after loading and two weeks after loading. Results: No significant differences between 

subgroups before loading and after two weeks of loading but significant after loading. For immediately 

loaded treated subgroup no significant differences between immediate loading and two weeks after 

loading. For two and four weeks treated subgroup a significant difference in stability between immedi-

ate instillation and after loading. Conclusions: Micro-screw implant even smaller diameter could be 

used as a fixed anchorage in orthodontics and possibly could be loaded safely from time of immediate 

instillation, further the use of alendronate sodium add no benefit to increase stability according to the 

criteria used in this study. 
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INTRODUCTION 
Good anchorage control is one of the 

prerequisites of successful orthodontic 

therapy.  Recently, micro-screw implant 

have been proven to be useful in establish-

ing absolute anchorage without the use of 

extra-oral appliances, add to their flexibil-

ity in choosing implant locations, lower 

medical costs, simpler implant surgery, 

and lower degrees of discomfort after im-

plantation compared with traditional den-

tal implants.
(1,2)

 However, these mini-

screws loosen easily and their failure rate 

may be as high as 25%. 
(3, 4) 
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The stability is of two components: 

Primary stability which is established 

from the mechanical lock between the mi-

cro-screw implant surface and bone.
(5)

 It is 

depends on the thickness and integrity of 

the cortical bone. The Micro-screw im-

plant design, and loading protocol.
(5,6)

 Sec-

ondary stability is achieved through con-

tinuous bone remodeling  around the Mi-

cro-screw implant, leading to osseointe-

gration (increasing bone density).
(7,8)

 

Which is a critical determinative factor of 

the performance of endosseous implant. 
(9,10)

 Healing time, has a considerable im-

pact on the osseointegration.
(11-14) 

Some studies showed increased bone 

marrow density (BMD) of 4% to 8% with 

the use of  alendronate sodium,  Bone-

resorption inhibitor. Osteoclast inhibition 

is the primary reason for this phenomenon. 
(15)

  There are no studies comparing the 

effect of systemic administration of alen-

dronate on dental implant osseointegra-

tion. In this study, a rabbit tibia model was 

used to examine the effects of alendronate 

as osteoclast inhibitors at different loading 

and healing times on mechanical stability. 

The present study aimed to investigate the 

desirable loading time of micro-screws by 

stability evaluation. 

 

MATERIALS AND METHODS 

Fourty eight commercially available 

self-drilling titanium micro-screw implants 

(Abso-anchor, Dentos Inc, Daegu, Korea), 

twelve adult female rabbits and fourteen 

alendronate sodium ampules (Diamond 

Pharma-Damascus-Syria under license of 

ABC Farmaceutici-Torino-Italy) for intra 

muscular injection were used in this study. 

Each micro-screw implant was selected 

from the same series, with the same 

length, diameter and similar shape. meas-

uring 1.3 mm in diameter and 5 mm in 

length, the rabbits were 12 months old 

(each weighting 2 kg) and the drug Phar-

macologic class; Bisphosphonate, Thera-

peutic class: Bone-resorption inhibitor, its 

Action is impeding bone resorption by 

inhibiting osteoclastic activity, absorbing 

calcium phosphate crystal in bone, and 

directly blocking dissolution of hydroxyl 

apatite crystal of bone. 

 All micro-screws and rabbits were di-

vided into two groups; the first untreated 

group (control group) is the plane group 

(p) which further subdivided into three 

subgroups, which are, the immediate load-

ing plane subgroup (0WP), 2-week healing 

plane subgroup (2WP) and 4-week healing 

plane subgroup (4WP) while the second 

group is the treated group (T) which also 

subdivided into three subgroups, the im-

mediate load treated subgroup(0WT), 2-

week healing treated subgroup (2WT) and 

4 week treated subgroup (4WT). The 

drugs given to each rabbit intra muscularly 

(0.3 ml) for fourteen days before Micro-

screw implant instillation (which is just 

one of the multiple courses recommended, 

to human, by the manufacturer). There 

were 8 micro-screws in each subgroup six 

of them tested and two cancelled due to 

failure like fracture of screw during driv-

ing and some shows bone crack at penetra-

tion of screw. There were two rabbit in 

each of the six subgroups. These six sub-

groups may encounter the three pathologi-

cal periods of bone healing after the instil-

lation of the micro-screw implant, that is, 

the traumatic period, granulation period, 

and callus period, respectively. 
(16)

 The 

micro-screw implant were instilled in the 

tibiae of each animal, all the microscrew 

implant were then tested for their stability 

using the periotest machine (Medizintech-

nik Gulden e.k. Eschenweg 3, 64397 

Modautal, Germany) (Figure 1) 
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Which is specified for testing the sta-

bility of any structure inserted in the bone 

and also for natural tooth structure. The 

periotest scale extend from -8 to +50, the 

lower the value, the greater is the stability 

with the periotest value range from -8 to 0 

this mean a good osseointegration and im-

plant can be loaded, +1 to +9 values mean 

clinical examination is required and load-

ing is not yet possible, more than +9 mean 

that the implant must not be loaded.    

Surgical Procedures 

All surgeries were performed under sterile 

conditions in an animal operation room. 

The animals were anesthetized intramus-

cularly with a combination of ketamine 

(44 mg/kg of body weight) and xylazine (7 

mg/kg of body weight). The local nerve 

supplies of the internal surface of the tibia 

were further blocked with 0.5 ml of 2% 

Lidocaine (Figure 2). 

 

 

 
Figure (2): the local nerve further anaesthetized with 0.5ml 2% lidocaine 

 

The tibiae body was exposed by incisions through the skin, fascia, and periosteum (Figure 3) 

 

 

 
Figure (3): incisions through the skin, fascia and periostium 

 

The cortical bone of the preparation 

sites was penetrated using a 0.6mm-

diameter guide drill under profuse irriga-

tion (Figure 4). After pilot drilling, the 

Micro-screw implants were placed using a 

manual driver (Figure 5). 
 

Figure (1): Periotest machine 
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Figure (4): guide drill under perfused irrigation      Figure (5): manual drilling of Micro-screw  

 

All Micro-screw implants were al-

lowed to penetrate the first cortical layer 

and going through the woven bone only( 

not penetrating the opposing cortical 

plate). The loading involved  nickel-

titanium closed-coil springs (Denturum) 

were applied to the coronal portion of the 

Micro-screw implants with 100g of force 

using tension gauge (Anthogyr company, 

France) (Figure 6 a,b). the mucoperioste-

um and muscle were sutured in separate 

layers using absorbable sutures (Figure 7). 
 

            
    Figure (6a): application of coil spring                    Figure (6b): application of coil spring 

 

 
Figure (7): suturing the tissue layers with absorbable suture 

 

The stability testing involve the fol-

lowing: In the 0WP subgroup the implant 

were tested for their stability immediately 

after instillation (figure 8) then after load-

ing (figure 9) the test repeated after 2 

week healing period. For the 2WP sub-

group; the stability tested immediately  

after micro-screw implant instillation then 

the specimen left 2 week for healing then 

the surgical site opened again. The test 

repeated again before loading then after 

loading each rabbit then lifted for healing 

period of two week which then scarified. 
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     Figure (8): stability test before loading                   Figure (9): stability test after loading 

 

The stability again tested. For the 4WP 

subgroup; the stability tested after instilla-

tion of the micro-screw implant then lifted 

for healing period of 4 week after that the 

surgical site opened again and the stability 

tested before loading and after loading 

then each rabbit lifted for healing period of 

2 weeks, which then scarified and the sta-

bility tested again. 
 

RESULTS 
The statistical analysis showed differ-

ences, but not significant between sub-

groups 0WT, 2WT and 4WT before load-

ing Table (1), Figure (10). 

 

Table (1): ANOVA statistical test for treated subgroups before loading 

 Sum  square Degree of freedom Main square F value P value 

Between group 0.048 2 0.024 3.116 0.074 

Within group 0.115 15 0.008   

Total 0.163 17    
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Figure (10): Histogram of Duncan statistical test between treated subgroups before loading. 

 

After loading no significant differ-

ences between 2WT and 4WT, but signifi-

cant for 0WT Table (2), Figure (11) while 

on comparing the results between groups 

after a healing periods of 2 week. 

 

Table (2): ANOVA statistical test for treated subgroups after loading 

 Sum  square Degree of freedom Main square F value P value 

Between group 0.063 2 0.032 11.400 0.001 

Within group 0.042 15 0.003   

Total 0.105 17    
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Figure (11): Histogram of Duncan statistical test between treated subgroups after loading 

 

The result showed no significant differences between them Table (3), Figure (12). 

 

Table (3): ANOVA statistical test for treated subgroups after healing period followed loading 

 Sum  square Degree of freedom Main square F value P value 

Between group 0.043 2 0.022 3.197 0.070 

Within group 0.102 15 0.007   

Total 0.142 17    
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Figure (12): Duncan  statistical test for two weeks treated subgroups. 

 

On comparing the results of stability for 

0WT subgroup before (BL) and 2 weeks 

healing after loading (TWAL) also after 

immediate loading (IL) and 2 weeks heal-

ing after loading no significant differences 

observed Table (4,5). 

 

Table (4): Statistical T test for stability of unloaded micro-screw implant and two weeks after 

loading 

 Mean Standard deviation T test Degree of freedom P value 

BL 0.8667 0.13663 0.894 10 0.392 

TWAL 0.9333 0.12111    

 

Table (5): Statistical T test for stability of loaded micro-screw implant and two weeks after 

loading 

 Mean Standard deviation T test Degree of freedom P value 

IL 0.8667 0.08165 1.118 10 0.290 

TWAL 0.9333 0.12111    
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For 2WT subgroup a significant dif-

ferences had been shown in stability 

among immediate instillation, loading af-

ter two weeks and 2 weeks after loading 

Table (6) Figure (13), for 4WT subgroup 

also significant differences among imme-

diate instillation, loading after 4 weeks and 

2 weeks after loading Table (7) Figure 

(14).

 

 

Table (6): ANOVA statistical test of stability differences among immediate instillation, load-

ing after 2 weeks and 2 weeks after loading 

 Sum  square Degree of freedom Main square F value P value 

Between group 0.088 2 0.044 5.338 0.018 

Within group 0.123 15 0.008   

Total 0.211 17    
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Figure (13): Duncan  statistical test for two weeks treated subgroups. 

 

 
Table (7): ANOVA statistical test of stability differences among immediate instillation, load-

ing after 4 weeks and 2 weeks after loading 

 Sum  square Degree of freedom Main square F value P value 

Between group 0.063 2 0.032 6.196 0.011 

Within group 0.077 15 0.005   

Total 0.140 17    
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Figure (14): Duncan  statistical test for four weeks treated subgroups. 
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For the plane subgroups, a significant dif-

ference of 0WP subgroup from both 2WP 

and 4WP subgroups which showed no sig-

nificant differences. This is before and 

after loading (Table 8, 9)  but after a heal-

ing period of two weeks no significant 

differences observed (Table 10). 

 
Table (8): Duncan statistical test for the control sample of the three subgroups after loading 

 Mean Standard deviation Duncan 

0WP 0.7167 0.16021 A 

2WP 1.0 0.0 B 

4WP 0.9667 0.05164 B 

 
Table (9): Duncan statistical test for the control sample of the three subgroups before loading 

 Mean Standard deviation Duncan 

0WP 0.60 0.12649 A 

2WP 1.0 0.0 B 

4WP 0.90 0.06325 B 

 
Table (10): Duncan statistical test for the control sample of the three groups after after loading 

 Mean Standard deviation Duncan 

0WP 0.9167 0.04082 A 

2WP 0.9833 0.09832 A 

4WP 0.8833 0.07528 A 

 
On comparing the results of stability for 

0WP subgroup before loading and after 2 

weeks of loading also after immediate 

loading and after 2 weeks a significant 

differences observed Table (11,12) 

 

Table (11): Statistical T test of immediately instilled screw and two weeks after loading 

 Mean Standard deviation T test Degree of freedom P value 

BL 0.6 0.12649 5.836 10 0.000* 

I L 0.9167 0.04082    
*significant difference 

 

Table (12): Statistical test of loaded screw and two weeks after loading 

 Mean Standard deviation T test Degree of freedom P value 

BL 0.7167 0.16021 2.963 10 0.014* 

TWAL 0.9167 0.04082    
*significant difference 

 

 

For 2WP subgroup  a significant dif-

ference in stability of immediately instilled 

micro-screw implant from stability of 

loading after 2 weeks and those lifted for 2 

weeks after loading (Table 13). 

 

Table (13): Duncan statistical test for the two weeks control subgroup 

 Mean Standard deviation Duncan 

0WP 0.8500 0.05477 A 

2WP 1.0 0.0 B 

4WP 0.9833 0.09832 B 

 

for the 4WP subgroups a nearly signif-

icant differences in stability reading in the 

three times intervals, since time of imme-

diate instillation, 4 weeks then loading and 

2 weeks after loading (Table 14). 
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Table (14): Duncan statistical test for the four weeks control subgroup 

 Mean Standard deviation Duncan 

0WP 0.7833 0.1472 A 

2WP 0.9667 0.05164 B 

4WP 0.8833 0.07528 AB 

 
DISCUSSION 

No significant literature exists compar-

ing the effect of systemic bisphosphonate 

therapy on endosseous implant osseointe-

gration. Some studies have concentrated 

on locally applying bisphosphonates to 

implant surfaces and then measuring the 

bone response. Statistically significant 

increases in bone density and bone for-

mation occurred with the alendronate-

coated implants. 
(17)

 

This study showed that in general no 

significant differences between the treated 

and plane subgroups according to the 

treatment course given in that  the stability 

measurements of the treated subgroups 

before loading of the micro-screw im-

plants were different, although not signifi-

cant which larger in 0WT subgroup. This 

probably due to the effect of primary sta-

bility, then 4WT subgroup may represent 

the beginning of increase bone density 

around the micro-screw implant and the 

lower stability of 2WT subgroup could be 

due to the process of bone remodeling (re-

sorption and apposition) which ordinarily 

occur as a healing process may affect its 

stability, unlike the control group which 

showed a significant difference. Same dif-

ference after loading but significant for 

0WT subgroup and not for 2WT and 4WT 

subgroups. For 0WT subgroup, it is prob-

ably the result of increase fitness (a result 

of added tension of loading) and add to the 

influence of primary stability, but for 2WT 

subgroup as described above it may be due 

to the remodeling process and for 4WT 

subgroup, here the effect of loading may 

do breaking of initial formed bone attach-

ment, this result same that of control 

group. 

The stability measurement of the three 

treated subgroups after a healing periods 

of two weeks for the loaded micro-screw 

implant showed a differences, but not sig-

nificant which higher for 0WT subgroup 

which could be due to the effect of prima-

ry stability add to spring tension from zero 

to two weeks period then 4WT subgroup, 

which probably be due to increase bone 

formation around the screw due to healing 

period of 6 weeks that increase its fitness, 

this come in accordance with the result of 

control subgroup.           

 The stability measurement for 0WT 

subgroup showed no significant differ-

ences from time of instillation of screw till 

loading then 2 weeks after loading. This 

could be the result of a short time and still 

under the control of primary stability. This 

is not in accordance with the control sub-

groups. For 2WT subgroup, a significant 

difference had been shown from time of 

instillation, 2 week then loading, 2 week 

after loading, with stability higher for the 

first time of instillation and this is already 

explained, same result for control sub-

groups. similar to 4WT subgroups a signif-

icant difference in mean from time of in-

stillation, 4 week then loading, 2 week 

healing period after loading, although the 

stability mean for 4WT subgroup better 

than 2WT subgroup which may be due to 

the time factor. The screw may need time 

after losing the primary stability and get-

ting the secondary one by bone cell accu-

mulation around the screw (increase bone 

density or possibly osseointegration), this 

is also similar to those control subgroups.  

In general, we notice that the initial 

reading of stability is higher than subse-

quent measurement although time factor is 

important that is to say with the time and 

progress of bone healing around the screw 

will probably lead to bone cell accumula-

tion around the screw, but here the size of 

screw may affect the stability, because we 

use the smaller sort in the micro-screw 

implant kit. This mean that we may need a 

longer time for the smaller diameter to 

establish a good secondary stability and 

comparing to other studies on micro-screw 

all using nearly double. This size also may 

get no benefit of using one course of mul-

tiple course recommend by the manufac-

ture that subjecting the patient to a multi-
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ple courses of medication is a legal point 

of view which even in one course and also 

need time which is not problem in dental 

implant, but for micro-screw implant is a 

time temporary process of nearly maxi-

mum one year so we may finish the use of 

the implant and still need time to finish the 

course of medication.     

Saito 
(18)

 suggested that orthodontic 

force should be loaded on the micro-screw 

after 18 weeks of healing. Roberts 
(19)

 con-

cluded that micro-screws could stand or-

thodontic loading of 100 g after 6 weeks 

of healing. Studies by Costa 
(20)

 indicated 

that micro-screws could provide stable 

anchorage after 4 weeks of healing. Mel-

sen 
(21)

 reported that osseointegration could 

be observed on the immediately loaded 

bone-implant interface. Some clinicians 

suggest that some healing time is required 

and recommend delaying force applica-

tion. 
(22)

 Others, however, state that ortho-

dontic force can be applied immediately 

after implantation. 
(23)

 

A complete understanding of this drug 

class and the effects on long-term implant 

osseointegration in humans will require 

further study. 

 

CONCLUSION 
According to the result of this study all 

the stability in different time interval are 

acceptable according to the stability stand-

ard criteria of the periotest prescribed be-

fore, thus micro-screw implant even 

smaller diameter can be used as a fixed 

anchorage in orthodontics and possibly 

can be loaded safely from immediate in-

stillation.  
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