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Abstract 

 

ABSTRACT 

 

Introduction: Relapse is a major clinical issue for orthodontist and 

patients. Currently, only mechanical retention is used after orthodontic 

treatment. Theoretically, biological intervention accelerates tissue recovery 

after treatment and reduces or eliminates the need for mechanical retention. 

So, this study aimed to use CaCO3 nanoparticles (NP), with and without 

recombinant human bone morphogenetic protein (rhBMP-2) as biological 

intervention to prevent or reduce relapse after orthodontic tooth movement 

(OTM) in rats.  

Materials and Methods: This study involved preparation of CaCO3NP, 

then optimizing the proper dose to be used with and without rhBMP in the 

experimental study on rats. OTM was induced in 80 male Wistar Albino 

rats, split mouth design, for 21 days. Active coil spring was used to move 

the first molar mesially. These rats were then organized into two groups, 40 

rats each. Each group was subdivided into four subgroups, 10 rats each. 

Control subgroup with OTM only, subgroup received OTM with rhBMP 

alone, subgroup received OTM with CaCO3NP alone and subgroup receive 

OTM with CaCO3NP conjugate with rhBMP. 

After the first 21 days of OTM, the active coil spring, in the 2nd group (9-

week group), was replaced with passive ligation, for another 21 days, in 

order to retain the mesially moved molar in their new place. However, for 

the 1st group (6-week group), the active coil spring was debonded without 

placement of any retentive mean. During the second 21 days, a specific 

therapy for each subgroup was administrated weekly for both 6-week and 9 

–week group, and the body weight (BW), the OTM and relapse distance 

(RD) was weekly measured for both group (6-week and 9-week), and then 

sacrificed at day 42. Whereas 9-week group was transferred for a third 21 

days of post-retention period, in which the relapse distance was measured, 
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and then sacrificed at 63. Histomorphometric analysis was performed to 

assess the changes in the counts of osteoblasts, osteoclast, bone resorption, 

and bone deposition area. The analyses and figures were conducted using 

the GraphPad Prism 7.04 and A P-value of <0.05 was considered 

statistically significant.  

Results: An ionic cross-linking procedure was used for prepared of 

CaCO3NPs. The product nanoparticles could effectively entrap rhBMP-2 

and formed stable rhBMP-2-CaCO3NPs. 

Within each group, the animal BW was reduced significantly after the 

intervention and continued over time with higher average reduction in 9-

week group than 6-week group. The OTM in all subgroups of 6-week and 

9-week group had sharply increased between day zero (Baseline) and day 

21
st
.  

The RD has increased over time (from 28 to 42 days) in the four subgroups 

of the 6-week group. The control subgroup had the highest RD while 

conjugate subgroup had the lowest RD over the three time points (28, 35 

and 42 days). On the other hand, the RD in the four subgroups of the 9-

week group was almost zero over three time points (28, 35 and 42 days) 

and then sharply increased on day 63
rd

. Overall, the average RD of the 9-

week groups on day 63
rd

 was less than half of the average RD in the 6-

week groups on day 42
nd

.   

Histological examination showed that bone resorption, bone deposition and 

cells count were higher in treated side than untreated side. Bone deposition 

was higher on treated side/tension site of 9-week group compared to its 

counterparts on 6-week group, whereas, bone resorption was higher on 

treated side/pressure site of 9-week group compared to its counterparts on 

6-week group. Osteoblast cells were more in treated side/tension site of 

CaCO3 subgroup at 9-week group than 6-week group; however, osteoclast 
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cells were lower at treated side/pressure site of control, rhBMP and CaCO3 

subgroups at 9-week group compared to 6-week group.  

Conclusion 

CaCO3NPs can be used as biological retainer. Also it can be used as carrier 

for rhBMP and as biological retainer (conjugate) but with caution.     

In 9 weeks group, relapse distance was reduced with the presence of both 

mechanical and biological retention. Histological picture of relapse was 

comparable to that of orthodontic tooth movement. 

 

 



 

 

 الخلاصة

 

الاّخنبط ٕٜ قعٞت عشٝشٝت سئٞغٞت لأخصبئٜ حقٌ٘ٝ الأعْبُ ٗاىَشظٚ. حبىٞبً ، ٝخٌ  وقذهة:ال

اعخخذاً اىخزبٞج اىَٞنبّٞنٜ فقػ بؼذ اىؼلاس اىخقَٜ٘ٝ. ٍِ اىْبحٞت اىْظشٝت ، ٝغشع اىخذخو اىبٞ٘ى٘صٜ 

ٕزٓ  اىَٞنبّٞنٜ. ىزىل ، ٕذفج اىَزبجٍِ اعخؼبدة الأّغضت بؼذ اىؼلاس ٗٝقيو أٗ ٝيغٜ اىحبصت إىٚ 

َُشنو ىيؼظٌ ، ٍغ ٗبذُٗ اىبشٗحَٞبث مشبّ٘بث اىنبىغًٞ٘ اىْبّ٘ٝتاىذساعت إىٚ اعخخذاً صغ ِٞ اى

 ببعخخذاً صٖبص اىخقٌ٘ٝ خنبط بؼذ حشمت الأعْبُمخذخو بٞ٘ى٘صٜ ىَْغ أٗ حقيٞو الاّ اىبششٛ اىَؤحيف

 فٜ اىفئشاُ.

رٌ  اىْبّ٘ٝت حعَْج ٕزٓ اىذساعت ححعٞش مشبّ٘بث اىنبىغًٞ٘، :والاستراتٍجٍات الوستخذهةالوواد 

فٜ اىذساعت اىخضشٝبٞت ػيٚ  بشٗحِٞ اىَشنو ىيؼظٌاىضشػت اىَْبعبت لاعخخذاٍٖب ٍغ ٗبذُٗ  ححعٞش

ب. حٌ  24، بخصٌَٞ فٌ ٍْقغٌ ، ىَذة شراٍُِ رم٘س ص 00فٜ  ححشٝل الاعْبُ الاٗىٚاىفئشاُ. حٌ  ًٍ ٘ٝ

. رٌ حٌ حْظٌٞ ٕزٓ اىفئشاُ فٜ ىلاٍبً ىخحشٝل اىعشط الأٗه زببجصٖبص اىخقٌ٘ٝ اىاعخخذاً 

صشراُ.  40صشرا. حٌ حقغٌٞ مو ٍضَ٘ػت إىٚ أسبغ ٍضَ٘ػبث فشػٞت، مو  40ٍضَ٘ػخِٞ، مو 

حشمت الاعْبُ ، اىَضَ٘ػت اىفشػٞت حيقج اىقٞبعٞت ٍغ حشمت الاعْبُ ببىخقٌ٘ٝ فقػ  اىَضَ٘ػت اىفشػٞت

ٍغ  حشمت الاعْبُ ببىخقٌ٘ٝٗحذٓ، اىَضَ٘ػت اىفشػٞت حيقج  ىيؼظٌ اىبشٗٝخِ اىَشنوٍغ  ببىخقٌ٘ٝ

 حشمت الاعْبُ ٍغ مشبّ٘بث اىنبىغًٞ٘ٗحذٕب ٗحخيقٚ اىَضَ٘ػت اىفشػٞت  مشبّ٘بث اىنبىغًٞ٘ اىْبّ٘ٝت

 .اىبشٗحِٞ اىَنُ٘ ىيؼظٌٍغ  تاىَخقبسّاىْبّ٘ٝت 

ب ٍِ  24بؼذ أٗه  ًٍ ، فٜ اىَضَ٘ػت اىزبّٞت زببجصٖبص اىخقٌ٘ٝ اى، حٌ اعخبذاه حشمت الاعْبُٝ٘

ب أخشٙ ، ٍِ أصو الاحخفبظ ببىعشط  24، ىَذة بخزبٞج ٍٞنبّٞنٜأعببٞغ(  9)ٍضَ٘ػت  ًٍ  الاٗهٝ٘

أعببٞغ( ، حٌ  6اىَخحشك فٜ ٍنبّٔ اىضذٝذ. ٍٗغ رىل، ببىْغبت ىيَضَ٘ػت الأٗىٚ )ٍضَ٘ػت ٍذحٖب 

ًٍ  24. خلاه اىـ حزبٞجدُٗ ٗظغ أٛ ٗعٞيت  اىضبٕض اىزببجّضع  ب اىزبّٞت ، حٌ إػطبء ػلاس ٍحذد ٝ٘

أعببٞغ ، ٗحٌ قٞبط  9ٗ أعببٞغ  6ىنو ٍضَ٘ػت فشػٞت أعب٘ػٞبً ىنو ٍِ اىَضَ٘ػت اىخٜ حبيغ ٍذحٖب 

أعب٘ع ٗ  -( 6أعب٘ػٞبً ىنلا اىَضَ٘ػخِٞ ) الاّخنبط، ٍٗغبفت  ٗحشمت الاعْبُ اىخقَ٘ٝٞت ٗصُ اىضغٌ

ب  24أعببٞغ ىَذة  9. فٜ حِٞ حٌ ّقو ٍضَ٘ػت 42فٜ اىًٞ٘  ٍْٖب اىخخيصأعببٞغ( ، رٌ حٌ  9 ًٍ ٘ٝ

. حٌ 63ػْذ  ٍْٖب اىخخيصربىزبً ٍِ فخشة ٍب بؼذ الاحخفبظ ، حٞذ حٌ قٞبط ٍغبفت الاّخنبط ، رٌ حٌ 

ٗػذد اىخلاٝب ،  ىيؼظٌ ػذد اىخلاٝب اىٖبدٍتاىؼظٌ ، ٗ ٕٗذًاىؼظٌ،  بْبءإصشاؤٕب ىخقٌٞٞ اىخغٞٞشاث فٜ 

راث  P <0.05ٗاػخبشث قَٞت  اىْظبً الاحصبئٜ. أصشٝج اىخحيٞلاث ٗالأسقبً ببعخخذاً ٌاىببّٞت ىيؼظ

 دلاىت إحصبئٞت.

. َٝنِ اىْبّ٘ٝتحٌ اعخخذاً إصشاء اىشبػ اىَخببده الأّٜٝ٘ ىخحعٞش مشبّ٘بث اىنبىغًٞ٘  الٌتائج:

 َشمبت. اعخَشاس ححشٝش اىبشٗحِٞ اىَشنو ىيؼظٌ ٍِ اىضضٝئت اىىيضغَٞبث اىْبّ٘ٝت ىيَْخش 



 

 

داخو مو ٍضَ٘ػت ، اّخفط ٗصُ اىضغٌ اىحٞ٘اّٜ بشنو ٍيح٘ظ بؼذ اىخذخو ٗاعخَش بَشٗس اى٘قج 

فٜ  حشمت الاعْبُأعببٞغ. صاد  6أعببٞغ ٍِ ٍضَ٘ػت  9ٍغ اّخفبض ٍخ٘عػ أػيٚ فٜ ٍضَ٘ػت 

أعببٞغ بشنو حبد بِٞ اىًٞ٘ صفش ٗاىًٞ٘  9أعببٞغ ٗ  6صَٞغ اىَضَ٘ػبث اىفشػٞت اىَنّ٘ت ٍِ 

 ىحبدٛ ٗاىؼششِٝ.ا

ب فٜ صَٞغ اىَضَ٘ػبث اىفشػٞت ىيَضَ٘ػت  42إىٚ  20ٍِ ث ٍغبفت الاّخنبط بَشس اى٘قج صاد ًٍ ٘ٝ

أعببٞغ ٍغ أػيٚ ٍغخ٘ٙ فٜ اىغٞطشة ٗالأدّٚ فٜ اىَضَ٘ػت اىفشػٞت اىَقخشّت. ٍِ  6اىخٜ حبيغ ٍذحٖب 

ضَ٘ػت الأعببٞغ اىخغؼت فٜ اىَضَ٘ػبث اىفشػٞت الأسبؼت ٍِ ٍ ٍؼذه الاّخنبطّبحٞت أخشٙ ، مبُ 

ب( رٌ صاد بشنو حبد فٜ اىًٞ٘ اىزبىذ  42ٗ  35ٗ  20صفشًا حقشٝببً خلاه رلاد ّقبغ صٍْٞت ) ًٍ ٘ٝ

 ٗاىغخِٞ.

اىؼظبً ٗػذد اىخلاٝب مبّج أػيٚ فٜ اىضبّب اىَؼبىش  ٗبْبءاىؼظبً  ٕذًأظٖش اىفحص اىْغٞضٜ أُ 

ىَضَ٘ػت ٍذحٖب  صٖت اىشذٜ اىضبّب اىَؼبىش / اىؼظبً أػيٚ ف بْبءٍْٖب فٜ اىضبّب غٞش اىَؼبىش. مبُ 

اىؼظبً أػيٚ فٜ اىضبّب  ٕذًأعببٞغ ، فٜ حِٞ مبُ  6أعببٞغ ٍقبسّت بْظٞشاحٖب فٜ ٍضَ٘ػت ٍذحٖب  9

أعببٞغ ٍضَ٘ػت. مبّج خلاٝب  6أعببٞغ ٍقبسّت بْظشائٔ فٜ  9ىَضَ٘ػت  صٖت اىعغػاىَؼبىش / 

ىَضَ٘ػت فشػٞت ٍِ مشبّ٘بث اىنبىغًٞ٘ فٜ  اىشذ صٖتأٗعخٞ٘بلاعخظ أمزش فٜ اىضبّب اىَؼبىش / 

أعببٞغ. ٍٗغ رىل ، مبّج خلاٝب ّبقعت  6أعببٞغ ٍقبسّت ببىَضَ٘ػت اىخٜ ٍذحٖب  9ٍضَ٘ػت ٍذحٖب 

اىبشٗحِٞ اىشنو ٗ اىؼظٌ أقو فٜ اىضبّب اىَؼبىش / ٍ٘قغ اىعغػ ىيخحنٌ ، ٍٗضَ٘ػبث فشػٞت 

 أعببٞغ. 6ت بَضَ٘ػت أعببٞغ ٍقبسّ 9فٜ ٍضَ٘ػت  مبسبّ٘بث اىنبىغًٞ٘

ىيبشٗحِٞ اىَشنو مَزبج بٞ٘ى٘صٜ ٗمحبٍو  اىْبّ٘ٝتاىخلاصت1 َٝنِ اعخخذاً مشبّ٘بث اىنبىغًٞ٘ 

اىَٞنبّٞنٜ ٗاىبٞ٘ى٘صٜ.  اىَزبجحٌ حقيٞو ٍغبفت الاّخنبط ٍغ ٗص٘د مو ٍِ مَب ٗىنِ بحزس. ىيؼظٌ 

  اىخبصت بحشمت الأعْبُ اىخقَ٘ٝٞت. مبّج اىص٘سة اىْغٞضٞت ىلاّخنبط ٍَبريت ىخيل
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