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ABSTRACT

BORON NITRIDE/ZINC DOPED 

HYDROXYAPATITE/POLYCAPROLACTONE COMPOSITE 

SCAFFOLDS FOR BONE TISSUE ENGINEERING
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KEMİK DOKU MÜHENDİSLİĞİ İÇİN BOR NİTRÜR/ÇİNKO 

KATKILI HİDROKSİAPATİT/POLİKAPROLAKTON KOMPOZİT 
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CHAPTER 1

INTRODUCTION

1.1 Tissue Engineering
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1.1.2 Biomaterials
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1.1.2.1.3 Chitosan


(+'"*$2� D(+:(� +*� $� %+2)$!�  "%1*$::($!+0)� :"2'$+2+24� b?E�?NF?%+2@)0� 0?

4%-:"*$/+2)� $20� �?$:)'1%?0?4%-:"*$/+2)� ".'$+2)0� /"*'%1� &!"/� '()� ($!0�

)C"*@)%)'"2*�"&�*()%%&+*(?%+@)�*(!+/ �$20�:!$.�E�$24�)'�$%65����NF6��()� !" )!'+)*�

"&� 4""0� /):($2+:$%5� !)$:'+#)� &-2:'+"2$%� 4!"- *5� .+":"/ $'+.+%+'1� $20� )$*1�

*12'()'+:�  $'(D$1� /$@)� :(+'"*$2� #)!1� *-+'$.%)� &"!� �
� E7-/.$!� )'� $%65� ����`�

�$0+($%%1�S��$''()D5��QQQ`��-(�S��$''()D5�����`��$24�)'�$%65����NF6��()1�:$2�

.)� &$.!+:$')0�D+'(� $� 0+&&)!)2'�/"! ("%"41� &"!� 0+&&)!)2'� '+**-)*6��*� $2� )C$/ %)5�

:!"**%+2@)0�:(+'"*$2�/+:!"* ()!)*�D)!)�/$0)�&"!�0!-4�)2:$ *-%$'+"2�E7-/.$!�)'�

$%65� ����F6� �)*+0)*5� .+":"/ $'+.+%+'1� $20� $2'+/+:!".+$%� $:'+#+'1� "&� :(+'"*$2� $!)�

4!)$'� $0#$2'$4)*� &"!� D"-20� 0!)**+24� '($'�  !"#+0)*� $::)%)!$'+"2� "&� '()� .%""0�

:%"'(+245� %$')%)'� $0()*+"25� '(!"/.+2� &"!/$'+"2�$20�$.*"!.'+"2�"&�.%""0� E�24�)'�

$%65� ���PF6� 
(+'"*$2*� $!)� &"-20� +2� 0+&&)!)2'� /"! ("%"4+)*� *-:(� $*� * "24)*� &"!�

:$!'+%$4)�'+**-)�$  %+:$'+"2�E�%+#)+!$�)'�$%65����QF5�(10!"4)%*�&"!�2)!#)�4)2)!$'+"2�

E�&+*')!�)'�$%65����AF5� &+.)!*� &"!�D"-20�0!)**+24�$20�0!-4�0)%+#)!1� EH$1$@-/$!�)'�

$%65�����F�$20�/)/.!$2)*�&"!�*@+2��
�E
()2�)'�$%65����QF6�

1.1.2.1.4 Alginate
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1.1.2.2 Synthetic Biomaterials
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1.1.2.2.1 Poly(Lactide-co-Glycolide)

�"%1� E�$:'+0)?:"?�%1:"%+0)F +*� ".'$+2)0� '(!"-4(� '()� :" "%1/)!+<$'+"2� "&� Q�K�

4%1:"%+:�$:+0�E��F�$20���K�%?%$:'+:�$:+0�E��F6��(+*�!$'+"�:$2�.)�:($24)0�'"�".'$+2�

0+&&)!)2'� !$24)� 0+$/)')!� &"!� +2')2')0� $  %+:$'+"2*6� �+.!"-*�  "%1E%$:'+:� $:+0?:"?

4%1:"%+:� $:+0F� *:$&&"%0*� D+'(� $� 0+$/)')!� "&� BR�?����� 2/� D)!)� &$.!+:$')0� .1�

)%):'!"* +22+24� &"!� *@+2� !)4)2)!$'+"2� E7-/.$!� )'� $%65� ���PF6� �2� $2"'()!� *'-015�

�����D$*� -*)0�D+'(���� &"!�  "')2'+$%� $%)20!"2$')� E��F�0)%+#)!1� $20� +2G):'+.%)�

:)%%�:$!!+)!�+2�'()�."2)?!) $+!+24�'()!$ )-'+:*6�
)%%�:-%'-!)�*'-0+)*�D)!)�:"20-:')0�

D+'(�/$:!" ($4)*�$20�"*')".%$*'*6��()�+/ !"#)/)2'�"&�"*')".%$*'+:� !"%+&)!$'+"2�

$20� /$'-!$'+"2� '(!"-4(� '()� !)%)$*)0� ��� +2� '()� *:$&&"%0*� "&� �������?���

/+:!"* ()!)*�D$*�#)!+&+)0�.1�����$**$16��()�!)*-%'*�$**)!')0�'($'�!)%)$*)�"&����

 !"(+.+')0�'()�4!"D'(�"&�/$:!" ($4)*�D(+%)�)2($2:)0�"*')".%$*'� !"%+&)!$'+"2�$20�

- !)4-%$'+24�'()�"*')"4)2+:�)2<1/)������E�(+�)'�$%65����QF6��()� !"%+&)!$'+"2�$20�



���
�

/$'-!$'+"2� "&� "*')".%$*'+:� .1� ��� !)%)$*)� +2� �������?��� /+:!"* ()!)*� D)!)�

!)* ):'+#)%1�$2$%1<)0�.1�����$**$1�$20� ()2"'1 )�:():@+246��()�*$/)�4!"- *�"&�

*$/ %)*�$20�:"2'!"%*�+2�/$:!" ($4)�)C )!+/)2'*�D)!)�$:(+)#)0�&"!�'(+*� -! "*)�

E�(+�)'�$%65����QF6�

1.1.2.2.2 Polycaprolactone (PCL)
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1.1.3.1 Zinc-doped Hydroxyapatite
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1.4.1 Rotary Jet Spinning (RJS)
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1.4.2 Electrospinning
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1.5 Aim of the Study
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CHAPTER 2

MATERIALS AND METHODS

2.1 Materials
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B�A�AF5�
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2.2 Methods

2.2.1 Synthesis of boron nitride nanofibers (BNNFs)�

����*� D)!)� *12'()*+<)0� .1� &!))<)?0!1+24� D+'(� &-!'()!� $22)$%+24� "&� '()�

*12'()*+<)0�  !"0-:'� E�+2� )'� $%65� ���AF6� �+!*'5� N6AN� 4� "&� �B��B� $20� B6�R� 4� "&�
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2.2.2 Synthesis of %1 Zn doped HA (Zn HA)
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2.2.3 Material Characterization

2.2.3.1 X-Ray Diffraction (XRD) Analysis
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2.2.3.2 Fourier-Transform Infrared (FTIR) Spectroscopy

�����* ):'!"*:" 1�E�!-@)!����AA��5����F�* ):'!$�D)!)�!):"!0)0�.)'D))2�N���?
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$%65����AF6��

2.2.3.3 X-Ray Photoelectron Spectroscopy Scanning Analysis (XPS)

�()�:()/+:$%�*'$')�"&������$20��2����D$*�$2$%1<)0�D+'(�����'"�:"2&+!/�'()���

$20���)%)/)2'*�+2������$20��25�
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2.2.3.4 Scanning Electron Microscopy (SEM) 
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2.2.3.5 Particle Size Measurement

�$!'+:%)�*+<)�0+*'!+.-'+"2�$20������$20��2����*$/ %)*�D)!)�$2$%1<)0�E�$%#)!2�
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2.2.3.6 Inductively Coupled Plasma - Optical Emission Spectrometry (ICP-

OES)
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2.2.4 Preparation of Scaffolds

�:$&&"%0*�D)!)� !) $!)0�.1�!"'$!1�G)'�* +22+24�E�H�F�E�-2)!�)'�$%65�����F6��"!�'(+*�
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Table 2.1�
"/ "*+'+"2�$20�&$.!+:$'+"2� $!$/)')!*�"&�*:$&&"%0�4!"- *�

Scaffold Group
PCL

(%, w/v)

Zn HA 

(%, w/v)

BNNF

(%, w/v)

Rotation 

(rpm)

Flow 

Rate

(mL/min)
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�?����� �R� ?� �6�R�� B����� ��

2.2.5 Characterization of Scaffolds

2.2.5.1 Fiber Morphology

�"! ("%"41�"&�  !) $!)0� *:$&&"%0*�D)!)� #+*-$%+<)0�D+'(��
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2.2.5.2 Tensile Test  
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2.2.5.3 Compression Test
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2.2.5.4 Biomineralization Test
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2.2.6 In Vitro Cell Culture Studies
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2.2.6.1 Dose Dependent Cytotoxicity Test of BNNF and Zn HA
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2.2.7 Cell Viability
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2.2.7.1 Confocal Imaging

�2�'()�:"2&":$%�+/$4+245��%)C$��%-"!�NPP�$20�	!$3R�&%-"!)*:)2'�01)*�D)!)�-*)0�

&"!�:)%%-%$!�+/$4+246�	!$3R�+*�&$!?!)0�	���*'$+2�&"!�&+C)0�:)%%*6��()�	!$3R�*'$+2�

:$2�.)�/-%'+ %)C)0�D+'(�"'()!� &%-"!" ("!)*�.):$-*)�"&� +'*� &$!?!)0�)C:+'$'+"2�$20�

)/+**+"26��'�+*�%+ " (+%+:�$20�:$2�:!"**�/)/.!$2)*�"&�2-:%)$!�$20�:)%%*�+2�'()�&+C)0�

:)%%*�.1�*'$+2+24�	���!$ +0%16��(+*�*'$+2�+*�D$')!?*"%-.%)�)$*+%1�D+'("-'�!)3-+!+24�

��$*)5�:)%%�%1*+*�"!�D$*(+24�*') *�*"�	!$3R�&%-"!)*:)2'� !".)�+*�$00)0�+2�'()�%$*'�

*') 6��2�*("!'5� +'� +*�-*)0�'"�#+*-$%+<)�:)%%*�.1�:"-2')!*'$+2+24�2-:%)+�E�/+'(�)'�$%65�

����F6��

�%)C$� �%-"!� NPP� 01)� +*� .!+4('� 4!))2?&%-"!)*:)2'� 01)6� �'� +*� -*)0� &"!� *'$+2+24� '()�

:1'"*@)%)'"2�.1�.+20+24� '()� ($%%"+0+2� '"��?$:'+2� +2� '()� &+C)0�$20� )!/)$.+%+<)0�

:)%%*� .):$-*)� "&� '"C+:+'1� "&�  ($%%"+0+2� E�)24*&)%0� )'� $%65� �QONF6� �)&"!)� *'$+2+24�

 !":)0-!)5� &+C$'+"2� "&� :)%%*�D$*�  )!&"!/)0� '"� :)$*)� 0):"/ "*+'+"2� "&� :)%%*� $20�

&!)<)� :)%%-%$!�  !"')+2*� $20� *-.:)%%-%$!� *'!-:'-!)*� +2�  %$:)6� �+!*'%15� ��6���� :)%%*�

D)!)� *))0))0� &"!� )$:(� NP�D)%%�  %$')� $20� +2:-.$')0� &"!� �� 0$16� �()25� :)%%*�D)!)�

D$*()0� D+'(� ���6� �()25� :)%%*� D)!)� &+C)0� .1� :!"**%+2@+24� /)'("0� D+'(� NK� "&�

 $!$&"!/$%0)(10)�D(+:(�&"!/*�:"#$%)2'�."20*�.)'D))2� !"')+2*�+2�:)%%*�$20�'()+!�

*-!!"-20+24*�'"� !)*)!#)�*"%-.%)� !"')+2*�+2�����&"!��R�/+2-')*6���2�'()�&+2$%�*') 5�



BQ�
�

:)%%*�D)!)�D$*()0�D+'(�����&"!�B�'+/)*6��"�*'$+2�:)%%*5�'()1�D)!)� )!&"!$')�D+'(�

�K�'!+'"2�C?����+2�����&"!��R�/+2-')*�&"!� )!/)$.+%+<$'+"2�"&�:)%%�/)/.!$2)�'"�

$%%"D�$2'+."0+)*�$::)**�+2'"�'()�+2'!$:)%%%-%$!�:"/ "2)2'*�+2�'()�.)4+22+246��()25�

:)%%*�D)!)�D$*()0�D+'(����� &"!�B� '+/)*6��()� +2:-.$'+"2�D$*�0"2)�D+'(���K�"&�

�"#+2)��)!-/��%.-/+2��-&&)!�E���F�+2�����&"!�B��/+2-')*�.):$-*)�'(+*�/)0+-/�

+*� -*)0� '"�/$C+/+<)� &%-"!)*:)2:)� *+42$%� +2')2*+'+)*� .)&"!)� *'$+2+24� :)%%*�D+'("-'�

 !)*)2:)�"&�&!))�.+"'+2��2�'()�%$*'�*') 5�:)%%*�D)!)�*'$+2)0�D+'(��%)C$&%-"!�NPP�.1�

0+%-'+24� 01)� B���� D+'(� �6�� K� "&� ���� +2� ���6� �()2� +2:-.$'+"2� *') � D$*�

 )!&"!/)0� &"!���(6��"� *'$+2� :)%%*�D+'(�	!$3R5��%)C$&%-"!�NPP� 01)�D$*� !)/"#)0�

$20�0+%-')*�'()�	!$3R�01)�N����D+'(��6��K����+2����6��()�:)%%*�D+'(�	!$3R�01)�

D$*� +2:-.$')0� &"!� ���/+2-')*6� �2� '()� &+2$%� *') 5�	!$3R�D$*� !) %$:)0�D+'(� ���6�

7)) �:)%%*� +2�dN�-2'+%� +/$4+246��%%� +2:-.$'+"2�*') *�D)!)� )!&"!/)0�-20)!�0$!@�

:"20+'+"2�'"�+2(+.+'�'()�3-)2:(+24�"&�&%-"!)*:)2'�01)� !"')+2*6�

2.2.7.2 Osteogenic Activity
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2.2.8 Statistical Analysis

�+42+&+:$2'� 0+&&)!)2:)*� .)'D))2� 4!"- *� D)!)� $**)**)0� .1� -*+24� �-@)1W*�


"/ $!+*"2� �)*'� E����?��� �"&'D$!)5� ����� �2:65� ���F6� � �()� 0+&&)!)2:)*� D)!)�

$::) '$.%)�*'$'+*'+:$%%1�$'� ]�6�R6��()�!)*-%'*�$!)�*("D2�D+'(�/)$2�$20�*'$20$!0�

0)#+$'+"26�



N��
�

CHAPTER 3

RESULTS AND DISCUSSION

3.1 Characterization Results of Synthesized Materials: Zn-dıoped 

Hydroxyapatite and Boron Nitride nanofiber�

3.1.1 X-Ray Diffraction Analysis
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3.1.2 Fourier-transform Infrared Spectroscopy Analysis 
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3.1.3 X-Ray Photoelectron Spectroscopy Scanning Analysis of Boron

Nitride Nanofiber
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3.1.4 SEM Images of Boron Nitride Nanofiber and Zn-doped 

Hydroxyapatite
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3.1.5 Boron Nitride Nanofiber & Zn-doped Hydroxyapatite Particle Size 

Analysis (MasterSizer)
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3.1.6 Characterization of Zn-doped Hydroxyapatite with Inductively 

Coupled Plasma - Optical Emission Spectrometry (ICP-OES)
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3.2 Characterization of Polycaprolactone Based Scaffolds

3.2.1 SEM Image of Fibers Through Rotary-Jet spinning 
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3.2.2 Fiber Size Distribution of Polycaprolactone Based Scaffolds
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3.4 Cell Culture Studies

3.4.1 Assessment of Cell Viability
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3.4.2 Evaluation of Cytocompatibility and Cell Proliferation of 

Polycaprolactone Composite Scaffolds
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3.4.3 Confocal Imaging
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Figure 3.26 
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3.4.4 Evaluation of Osteogenic Activity of Polycaprolactone Composite 
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CHAPTER 4

CONCLUSION
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