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������� : DBG4980016 

��!�������� : ������	����
���
�
��������������������������������������!����"��#�$��%����� 

(Autologous  Stem  Cell  Implantation  for  Cartilage  Defects) 

��!��
���	
�"#�
$��
� : ���&�'���
���#  ����)*�#+�,-���#   ��	���
��.��     
3����+����#���6���'#   �-��)*�&�'��#  �7���*�����&�������*�����. 

E-mail Address :  chann@swu.ac.th 

����%�#�������� : 
%����  2  �C   
�������	
��
 :  �������	 autologous stem cell  implantation 
��
����	�����	�����������
�  stem cell   

�������  chondrocyte  ���	�����	�������������	��	!�"#�$�%���!������ 

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


$���!�� (bone  marrow  mesenchymal  stem  cell, MSCs)  ��!�	�  �	����%/�� (proliferation) ���

�	�5��	%7��/�� (protein synthesis)  

      2.  &'��	���	�����;�	��*��+/����	��2!"	�
$���!�� (autologous bone  marrow  stem  

cell implantation)   �������;�	��*��+/����	��2!
$���!�������	����(�%��������*��+���!������ 

(autologous bone  marrow  stem  cell and chondrocyte  implantation) 

���������� : �	���	����(�%�*��+ Chondrocyte  �������  MSCs   ����	  MSCs  5	�	�;���/<��

�	����%/��$�%  chondrocyte  $=��!������   chondrocyte   5	�	�;���/<��  differentiation  $�%  

MSCs   ������	�5��	%7��/��  (collagen type II, X, aggrecans, SOX 9)   �>������  chondrocyte
!� 

��	�>�  MSCs   5	�	�;�
��!����������������/<���	�5��	%���!�������>������������������	?25E	�

$�%���!������ 

�������
!�����	�����;�	� MSCs   "�	���  2  �	�   ����������
!�����	�����;�	� chondrocyte  

������(�%�������  MSCs  "�	���  20  �	�     
����E	������*���E	�>��%�	���	/�!>��%"	�/2!/	�

���	�����	��F����	 1 – 3  �J    �<��	������	������2�!���  KOOS   (Knee and Osteoarthritis 

Outcome Score (KOOS)  ���  International Knee Documentation  Committee (IKDC)   !�$'(����	%

�����5�	L�N�������������	�����	 MRI   ����	��2��=���7�L;���!���!������!���������5��	%$'(��>��  

��������	%�	�
!���7��	5
!���	  second  look  arthroscopy    ���	��!������7�L���!������!���

���!�������>��   �	���	  needle  biopsy   ����	���!�������>��������=���F�  hyaline  cartilage  

�����L��%������!��������/2*'�%
��5	�	�;��	
!�����	�����	����!2�   


�����	������
���������� : �*��+/����	��2!"	�
$���!����&���E	����	��!�������
��������

�*��+���!���������	�����	��	?25E	�$�%���!������
!�  

����
����	
��!��"�������#$������ : �	�&'��	�������	�$�%�	��
�  MSCs ��������	�����

;�	�  chondroctye  ����	�&'��	��$�%  MSCs  ����!���	�5�%�L�	�>+7��/����%��F�$�(�/���	��2"��

/��
� 

���!��� : �	��	!�"#�$�%���!������, �*��+���!������, �*��+/����	��2!"	�
$���!�� 
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Abstract 

 

Project  Code : DBG4980016 

Project  Title : Autologous  Stem  Cell  Implantation  for  Cartilage  Defects 

Investigator : Channarong  Kasemkijwattana 

Department  of  Othopaedic,  Faculty  of  Medicine,  Srinakharinwirot  University    

E-mail Address : chann@swu.ac.th 

Project  Period : 2 years 

Objective : To study the potential of autologous bone marrow mesenchymal stem cell for stem  

cell implantation for cartilage defects. 

Methods : The bone marrow mesenchymal stem cells (BM-MSCs) were co-cultured with 

chondrocytes. The cell proliferation and protein synthesis of MSCs and chondrocytes were 

evaluated. The autologous BM-MSCs implantation and autologous chondrocytes and BM-MSCs 

implantation were performed in the patients with large cartilage defects. The clinical results, MRI, 

and pathologic study were evaluated. 

Solution : The co-culture enhance chondrocytes proliferation and proteins (collagen type II, X, 

aggrecans, SOX 9) synthesis significantly, The BM-MSCs have the high potential to differentiate 

to be chondrocytes and synthesize a large amount of chondrogenic proteins (collagen type II, X, 

aggrecans, SOX 9). The autologous BM-MSCs implantation were performed in 2 patient, and the 

autologous chondrocytes and BM-MSCs implantation were performed in 20 patient.   There is no 

postoperative complication. The clinical evaluation with Knee and Osteoarthritis Outcome Score 

(KOOS) and International Knee Documentation Committee Score (IKDC Score) showed 

significant improvement. The MRI showed good defects fill with the regenerative cartilage. The 

arthroscopic assessment showed excellent surface, stiffness, and incorporation to the adjacent 

cartilage. The pathologic study of biopsy showed normal hyaline-cartilage.    

Conclusion : The BM-MSCs have the high potential to be the cell source for cell implantation for 

the treatment of cartilage defects, and BM-MSCs can enhance the autologous chondrocytes 

implantation. 

Suggestion : The long - term  results of the implantation of MSCs and MSCs with chondrocytes 

will be required. The effects of MSCs on protein synthesis is the future direction.     

Keywords : knee injury, chondrocyte, bone marrow mesenchymal stem cell 

 

 

 

 

 

- 3 - 



 

���&� 

 

���!������ (articular cartilage)   ��F����(�����������L�	�5�	L�N��F����	%�	�/��$��/�� (joint)  

�����%"	����!��������L<=5���/2���	������%������ (compression force)  ����	�����	/��$��  �����

L<=5���/2���	���%�5��!�	� (low-friction surface)   ��	�>�5	�	�;�!��%��������	��	�$��
!���F����	%

!� 
(1)

 ���!��
�2!  hyaline  cartilage  ��F����!���������5�	L�N5�	>���$��/�	%Q  ����	%�	�������!���

�*��+���!������ (chondrocyte)  �������!��� extracellular matrix   *'�%������!���5���5�	L�N
!����  

�(�	, collagen  ���  proteoglycans   ����%/����F�
�(� Q 
(2,3)

     �����%"	����!��������F�  avascular  

structure  �������2!�	��	!�"#�"'%
�����	�*����*� (healing)   7!�?���
	/2  �	��	!�"#�$�%���!��

���� (cartilage injuries)   ��F�E	�������
!��������<��/2�>/</�	%   �	��	!�"#�$�%���!��������(%5���

$�% chondrocyte, collagen  ���  extracellular  matrix  ��E	����(  chondrocyte  
��5	�	�;*����*�

���!�������>�������F���/2
!����	%5����=+   5����	��	!�"#����������������VN>	�	����5<!
!�����	�

�	!�"#�����'��$�	
�;'%���!��$�	%�/�  (subchondral  bone)  *'�%��F��	��	!�"#���(%>�!$�%���!������  

(full-thickness)  ���!������"����	�*����*�"	��*��+����	�������5����!�������	"	���2��=���!��  

subchondral  bone    ���	�*����*���2!��F����!������
�2! fibrocartilage  *'�%��L<=5���/2����/�/�	%

"	� hyaline  cartilage   �!2����
��5	�	�;���	�/���	��
�%	�   ������	��5����  (osteoarthrosis)  


������5<!   �	�����	�	��	!�"#�$�%���!������
!�����	�&'��	���	%����>�	�  ��L�	���	�	��
�

�2?��	�/�	% Q  �	��	� �
��  debridement, drilling  ��F��	���	5���$�%���!���������
!�����	!�"#����  

������/<���>����	�5��	%���!������$'(��	�>�� 
(6)

  osteochondral graft   ��F��2?������	����!��������!��

����   "	���2��=���� (autograft)    >���"	��<LL�����  (allograft)   ������	����;�	��!�����2��=$�%

���!���������
!�
!�����	!�"#��!2� 
(7)

 

�����
!�"	��	�����	!����2?�/�	%Q  ����	��%
!���
����F������	���"   ���������%���VN>	�����%$�%

�	�	��"#���!   ������!�����������2!$'(��>����F�  fibrocartilage cartilage  ��	�>�
��5	�	�;�����%����	

�����	"	��	��
�%	�
!�    �����E	��$���5����/	��	   
��5	�	�;����VN>	�����2!����	��	!�"#�$�%

���!������$�%����������	%;	��
!�  
(8,9)

 

�	�&'��	��5�/�+�!��%  ����	 chondrocyte  "	�5�/�+�!��%�������	
���	����(�%��>��%�!��%  

���������5������$�	
�����2��=���
!�����	!�"#�$�%���!��������E	������>�	�5�   5	�	�;5��	%���!��

���������F� hyaline cartilage 
!�  
  
 *'�%�	�&'��	��L�7!��	���	
2(����(����!��������	
�   ���5��!��	

�*��+���!������ (chondrocyte)   �����	  chondrocyte   
����(�%��>��%�!��%�>�����2�	=����5�����

�$�	
�����2��=���
!�����	!�"#�   ����Y!!���  periosteum graft  ����	  chondrocyte   5	�	�;5��	% 

extracellular matrix /�	%Q  ������	�����%/����F� Hyaline  cartilage  
!�   �	�����	�2?�!�%���	��������	  

Autologous Chondrocyte Transplantation 
(10,11)

    ���	�&'��	>�	��>�%����	L<=E	�   $�%���!��

�������
!�"	��2?���(��L<=5���/2�����L��%��� hyaline cartilage  �	�����	E	���	��	!�"#�$�%���!������  

(cartilage defects) !����2?�  Autologous Chondrocyte Transplantation  ��F��2?����"�
!����	�����	��F� 

hyaline  cartilage   *'�%��L<=5���/2��F����!��������/2��	�>��������5	�	�;�
�%	�$�%$��7!�
�����VN>	 
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�����%�	��5�������"���2!/	��	    7!��2?�L��    ����+�������	/��%/�!
2(����(�$�%���!������5�%
���%>��% 

�[2��/2�	��������	����(�% chondrocyte  "�
!���2�	=�	���   "'%��	�	�5�����
���%�������/	��!2������ 

�>����	�5��	%���(���������!����������>������/2��F��2?��	�����	�	!�"#�$�%���!���������
!����L�	��2��

���
!�����F������	���"���5<!���V""<���  

�	���\�	�*��+/����	��2! (stem cell)   ��	�>�����+���	%��������	���	�*��+/����	��2!�	�
�

����<�/+���	�����	7�L7!��]�	��	��!������!����������5��>	����5��	%���!�������>��      ��

�	�%	���	�*��+/����	��2!5	�	�;����������%
���F��*��+���!��������5�/�+�!��%   �*��+/����	��2!

5	�	�;5��	%  matrix   ������	���\�	��F����!�����������L<=5���/2�����L��%���!��������/2   ���	�

��	�*��+/����	��2!
��
�����;�	����	�����	�������������	��	!�"#����L�	��2!��/2$�%���!��������

/�	%�����&
(12,13,14,15,16,17)

   Wakitani   ���L=��	�%	����	�����	�������7!��	�����;�	��*��+/��

��	��2!��$���$�	���
!�����	!�"#�7!��
��*��+/����	��2!�!����*��+���!����������
���  autologous  

chondrocyte  implantation   ������2?���	   autologous bone  marrow  stromal  cell implantation

���	�����	
!�����	�*��+/����	��2!��&���E	����	���\�	��F��*��+���!�����������L<=E	�!����

5	�	�;5��	%  matrix  ����>�	�5���������L��%���  matrix  $�%���!��������/2 
(17)

   ���	%
��#/	���% 

��$��7/����%�����%&���E	�$�%�*��+/����	��2!���	��!����*��+���!�����������������������7�L$�	!

�>N�  (large  cartilage  defect)   �	���	�*��+/����	��2!�	�
���������*��+���!���������	��!���

���!��������������7�L$�	!�>N�  (large  cartilage  defect)  7!��
���(%�*��+���!����������*��+/��

��	��2!��������	"��F��	%���
$�VN>	�>��%$�%�*��+ (source of cell)   �����%"	��	���#�
2(����(����!��

������L�	�"�	��!
��5	�	�;��#�
2(����(����!������"�	����	�
!�$=��!�������*��+/����	��2!��&���E	�

���	�5��	%���!������������/<���*��+���!���������
!�����	!�"#����	��!�������	��	?25E	�$�%

���!������
!�   ��/;<���5%L+���"<!�<�%>�	�$�%�	��2"��  �������	 autologous stem cell  implantation 


��
����	�����	�������    ���������
�  stem  cell  �������  chondrocyte   ���	�����	�������������	�

�	!�"#�$�%���!������ 
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������������ 

�������%��""�������# 

��F��	�&'��	���  pilot  study   ��������������	�����	�������>��%�	�����;�	��*��+ 

/����	��2! (BM-MSCs)  ����*��+���!������ (chondrocyte)  �	�/2!/	����	�����	E	�>��%�	�����

;�	��	%L�2�2�7!�!�E	������*���E	�>��%�	���	/�!��������	������2��	%L�2�2�  7!��
�  KOOS 

(Knee and Osteoarthritis Outcome Score (KOOS) ���  MRI ������	�����	�	%��	?2 (pathology)  

��	�	����  histology  �����&'��	���!���������5��	%$'(��>��  /�����	%
!����   �������������	��	!�"#�>���

�2!��/2$�%���!������$�	!�>N�  (�	����	 2 /	�	%�*�/2��/�)   ������	�	��"#�>���L�	��2!��/2

�	%L�2�2�    7!���������2����	�����	"�;�����Y!�	�����	�����>��������%�L/2 

     
%��'�����
�%#�����
�
�
��%()�
�����������	
�

��$�F��*�/�7���'�9��������!����"��#����������*�/�)�����:��������
�"��#�$��%�����
��=�
������   =�$���

- ��$�F��*�/�����
���
�
�����������������97,�
- �������*��������
- ���8�$������  45  �C  

%��'�����
�%#�����
�
�
�����	�����������	
�
��$�F��*�/=���7���'�9��������!����"��#����������*�/�)�����:��������
�"��#�$��%�����
��=�

������  =�$���
- ��$�F��*�/=����3����$��'A/��
- ��$�F��*�/=����������
%����*�/��;��������������������
- ��$�F��*�/�H��'���������� 2 ���:�   �����:�������*%����3�)3��7������������
 
�*��+���!������ (chondrocyte)  
!��	"	��	����"	�
2(����!��������	�	��	����(�%�������

�*��+/����	��2!  (stem cell)   ������"	�
$���!��  (bone  marrow)   $�%���������%��>��%�[2��/2�	�     

����������
!�����	���	/�!��Y!$���$�	  (arthrotomy)  ���������;�	��*��+/����	��2!����*��+���!�������%��

���7�L    ���/2!/	����	�����	����5�(���� 1 �J   E	�>��%�	���	/�!���/2!/	����	�����	�����	�

���  3 – 5  �J   E	�>��%�	���	/�! 

   �	�����;�	��*��+/����	��2! (stem cell)  ����������������	��	!�"#�>����2!��/2$�%���!������

������!���$�(�/��5�	L�N   
!����   �	��/�����*��+/����	��2!"	�/�����������%   ����	���	�*��+/��

��	��2!���
!�"	��	���	����(�%��>��%�[2��/2�	�   �����	����(�%��������*��+���!������ (chondrocyte)   

������	�*��+/����	��2!>����*��+/����	��2!�����	����(�%��������*��+���!����������;�	�����
���%�������  

����	������2����	�����	7!��	&���	�	��	%L�2�2�����	�/��" MRI   (magnetic resonance 

imaging)  ���	������2�5E	��$�%���!������E	�>��%�	�����;�	��*��+/����	��2!   *'�%���	�������!
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1. �	��/�����*��+/����	��2!  (Bone  marrow  mesenchymal stem cell, BM-MSCs) 

�"	� bone  marrow  ��2��=  iliac  crest   7!��
��	
	�]�	����  (local  anesthesia)  ��	 

heparinized   bone  marrow  samples "�	���  20  ml.  5�%
���%>��%�[2��/2�	� 

�	���� BM-MSCs  �
��2?� density gradient centrifugation  7!��5�  heparinized   bone  

marrow ���  ficoll  ��	
�  centrifuge  !���  refrigerated  centrifuge  1200 g  20 �%&	  �������5���

�����F�  mononuclear  cell  ��	�	��	%!���  PBS  ��	�*��+���
!��	���"�	���������(�%��  DMEM, 10% 

fetal bovine serum (FBS) (Gibco BRL, NY, USA),1%  Penicillin–Streptomycin (Gibco BRL) at  

37 �C, 5% CO2 in CO2 incubator.  ��	�	��	% non-adherent cells ���   "�
!� MSCs  ������	�	 

trypsinized !��� 0.05% trypsin (Gibco BRL) ��� ���(�%��2��"�	��� MSCs /��
�  . 

2. �	��/�����*��+���!������ 

��#�/�����	%
2(����(����!������$���$�	"	���2��=���
�����	��%�(�	>���$�%$���$�	   

(non-weight bearing area)  "	��	�5��%����% (Arthroscopy)  $�	!����	=1 – 2 cm
2
   ��5	����	� 

Hanks’ solution  ����<=>E��2 4
o
 C  ����5�%
�>��%�[2��/2�	������   

��	���(���������!������/�!��F�
2(���#� Q  �������5�	�!�����#�
*�+ collagenase type II  �����

����5�	�  extracellular matrix   �*��+ Chondrocyte  "�>�<!����	��	 Chondrocyte  ���
!����%��	

�&�
2(����(�����>������   �����	
���	����(�%��5	����	� DMEM ��� 5 % human serum, 1% 

penicillin/streptomycin, 1mM proline, 50 Ug/mL ascorbic acid ����<=>E��2 37 
o
C ���  5 %CO2  "�  

Chondrocyte   ��"�	�������	=  10 x 10 
6
 �*��+    "'%�/�����������	
��5������>�����������/��
� 
!���

�	�/��"5��L<=E	� phenotype  $�%  Chondrocyte  7!��2?�  gel  electroporesis   

3. �	����(�%�*��+���!������������� MSCs 

��	�*��+ Chondrocyte  �	���(�%�������  MSCs  ��5	����	� DMEM ��� 5 % human serum, 

1% penicillin/streptomycin, 1mM proline,  50 Ug/mL ascorbic acid ����<=>E��2 37 
o
 C ���  5 %CO2 

������"�	����*��+ Chondrocyte ���  MSCs  ���  3, 7, 10, 14, 28 ���  >��%�	����(�%�������  ��������

��<������������������F� �*��+ Chondrocyte  ���  MSCs   �����>	���	����>�	�5����	����(�%�*��+ 

Chondrocyte  �������  MSCs ��	�*��+  MSCs >��� MSCs ������(�%������� Chondrocyte �	��	����(�%

��  three-dimension  collagen  scaffold (Koken) ������	�	����;�	���������� 

4.  �	�����;�	��*��+/����	��2! (MSCs) ���������� 

�������������	��	!�"#�>����2!��/2$�%���!������"�
!�����	���	/�!��Y!$���$�	  (arthrotomy)   

������/�������!������5���������	��	!�"#�>����2!��/2  /���	�/���� periosteal graft   "	���2��= 

proximal  tibia  ��$�	!���	��� defect  $�%���!��������	 periosteal  graft  �	��#��Y! defect  !���  

ethilon  number 6-0  ����Y!!���  fibrin  glue   ��������%����	�*'���	�$�% BM-MSCs  ��	   

three-dimensional  scaffold   ������*��+/����	��2!�����	����(�%"	�>��%�[2��/2�	�   ��	�	�5��$�	
���

��2��=  defect �����#��Y!!���  ethilon  number  6-0  ��� fibrin glue  ������>��*��+/����	��2!������  

defect  ���5	�	�;�"�2N�/2�7/ (proliferation)   �����\�	 (differentiation)   
���F��*��+���!������ 

(chondrocyte) *'�%�*��+���!���������
!�"	��	���\�	�	"	��*��+/����	��2!"�5	�	�;5��	%  matrix  

$�%���!������*'�%��F�5���5�	L�N�����	�>����!������5	�	�;��L<=5���/2���	������%$�%$���$�	  
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5. �	�����;�	��*��+/����	��2! (BM-MSCs)  ����*��+���!������ (chondrocyte) ���������� 

�������������	��	!�"#�>����2!��/2$�%���!������"�
!�����	���	/�!��Y!$���$�	(arthrotomy)  �����

�/�������!������5���������	��	!�"#�>����2!��/2/���	�/���� periosteal graft  "	���2��= proximal 

tibia  ��$�	!���	��� defect  $�%���!��������	 periosteal graft �	��#��Y! defect  !��� ethilon 

number 6-0 ����Y!!��� fibrin glue ��	 three-dimensional scaffold  ������*��+ Chondrocyte  ���   

MSCs  ��	�	�5��$�	
�����2��= defect �����#��Y! !��� ethilon number 6-0  ���  fibrin  glue  

�	�����	!�%���	�$�	%/��
!������<��/2$�%L=������	�"�2�?����	���	�2"������<��+$�%L=�

����&	5/�+    �>	�2��	���&���L�2����27�\    

 

������%������
��*�+#
1. ������!����������	
������ (efficacy  parameters) 

�	�/2!/	����	�����	E	�>��%�	�����;�	��*��+/����	��2! (BM-MSCs)  ����*��+���!������ 

(chondrocyte) 

1  �	�/2!/	����	�����	�	%L�2�2�7!�!�E	������*���E	�>��%�	���	/�!��������	������2�

�	%L�2�2�  7!��
�  Knee and Osteoarthritis Outcome Score (KOOS) ���  International Knee  

Documentation Committee (IKDC)  ���  MRI   

2  �	�/2!/	����	�����	�	%��	?2  (pathology)  7!���	  Needle  biopsy  "	���2��=���


!�����	�����;�	� (MSCs)  ��� chondrocyte  ��	�	���� histology ���  Immunohistochemistry   

$�%L���	�"�   
�2!��� 2 (Type II collagen)  �����&'��	���!���������5��	%$'(��>��   

2. ������	&'��������*��������	�+��   "���,�   ��	������	!
��������	
�������!�'���/� 

�	���#�$������
��2?�����'����	%L�2�2��������������	����	�/��"����	���(�%/��E	�>��%�	���	/�!

����	��
����5��;	�  (Knee and Osteoarthritis Outcome Score; KOOS  ���  International Knee  

Documentation Committee; IKDC)   ����������	  1 – 3 �J   E	�>��%�	���	/�!�����	 Needle  biopsy   

������������"�	��F�/��%
!�����	�5��%����%  (arthroscopy)  ���������	��	?25E	�����Q   7!���������
2(�

���(�$�%���!��������/2  (hyaline  cartilage)  
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+#�����#�� 
 

�	���	����(�%�*��+ chondrocyte  �������  MSCs   ����	  MSCs  5	�	�;���/<���	����%/��  

(proliferation)  $�%  chondrocyte  $=��!������   chondrocyte   5	�	�;���/<��  differentiation  $�%  

MSCs   ������	�5��	%7��/��  (collagen type II, X, aggrecans, SOX 9)   �>������  chondrocyte  


!���	�>�  MSCs   5	�	�;�
��!����������������/<���	�5��	%���!�������>������������������	?25E	�

$�%���!������ 

 

Cell proliferation 
 

 

 

 

 

 

 

 

 

 

* statistics significant  (p<0.001, One-way ANOVA) 

 

������ 1  �5!%�	����%/��$�%�*��+���!����������*��+/����	��2!������(�%���������"�	����	����	���	%�� 

          ���5�	L�N   
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Chondrocyte collagen II gene expression 
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Chondrocyte SOX-9 gene expression 
 

- 10 - 

0

0.5

1

1.5

2

2.5

  100:00   80:20  50:50   20:80

Day 3 Day 7

0

0.5
1

1.5
2

2.5

  100:00   80:20  50:50   20:80

Day 3 Day 7

0

0.5

1

1.5

2

2.5

  100:00   80:20  50:50   20:80

Day 3 Day 7

chondrocytes: MSCs 

chondrocytes: MSCs 

chondrocytes: MSCs 

A

B

C



Chondrocyte Aggrecan gene expression 
 

������ 2  �5!%  collagen II, X, SOX-9, Aggrecan  gene  expression  $�% chondrocyte ��E	��  

          co-culture   ��"�	����	����	���	%�����5�	L�N   

MSCs collagen II gene expression 

MSCs Collagen X gene expression 
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MSCs SOX-9 gene expression 
 

MSCs AGGRECAN gene expression 
 

 

 

������ 3  �5!%  collagen II, X, SOX-9, Aggrecan  gene  expression  $�% MSC ��E	��  

          co-culture  ��"�	����	����	  chondrocyte  ��/2���	%�����5�	L�N   
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CD90 
 

CD105 
 

 

������ 4  �5!%  CD90, CD105, *'�%��F�  marker  $�%  MSCs �!�%���	%�����5�	L�N��E	��  

          co-culture  *'�%�5!%;'%�	���  chondrocyte  differentiation  $�%  MSCs   

�	�����	�������!����	�����;�	�  MSCs  ��� chondrocyte  ������(�%�������  MSCs  
!���2����	/�(%�/�    

�J  2550   �������
!�����	�����;�	� MSCs   "�	���  2  �	�  �����7�L���!����������������
!�����	�

����;�	� chondrocyte  ������(�%�������  MSCs  "�	���  20  �	�    
����E	������*���E	�>��%�	�

��	/�!>��%"	�/2!/	����	�����	��F����	 1 – 3  �J  �<��	������	������2�!��� KOOS  (Knee and 

Osteoarthritis Outcome Score (KOOS)  ���  International Knee Documentation  Committee 

(IKDC)   !�$'(����	%�����5�	L�N�������������	�����	 �	�/2!/	����	�����	7!��
�  MRI  ����	

��2��=���7�L;���!���!������!���������5��	%$'(��>��  ��������	%�	�
!���7��	5
!���	  second  look  
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arthroscopy  ���	��!������7�L���!������!������!�������>��  �	���	  needle  biopsy  ����	

���!�������>��������=���F�  hyaline  cartilage  �����L��%������!��������/2*'�%
��5	�	�;��	
!����

�	�����	����!2�   

 

������ 5  �5!%$�(�/���	���	/�!����;�	�:  ���7�L$�%���!������  (A, B), BM-MSCs >��� BM-MSCs  

          ������(�%��������*��+���!�������� three-dimensional collagen scaffold (C),  ����;�	�
���% 

          ��2��=���7�L (D), ��#��Y!����
�fibrin glue  �Y!$�����7�L  (E, F)

�	�/2!/	���7!��
� MRI  ����	��2��=���7�L���
!�����	���	/�!����;�	��*��+���!������


!�����	��!���!������(���������!������ (cartilage - like  repair  tissue)  (������ 6) 
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������ 6   MRI ����2��=���7�L
!�����	��!���!������(���������!�������>��

������ 7   ��2��=���7�L
!�����	��!���!������(���������!�������>��"	��	���	 second-look  

          arthroscopy 
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����������
!�����	�����;�	��*��+���!������     ���	�	�!�$'(���������������	/�!���	%�����5�	L�N   

The  International  Knee  Documentation  Committee  Score  (IKDC Score) ���  KOOS (Knee 

and Osteoarthritis Outcome Score)   

   

���	�/��"���(���������!�����������	%��	?2�2��	��	�	�����;�	� 

          ����	�*��+���!������5	�	�;�"�2N�/2�7/�����(���������������5	��2/2   (three-dimensional 

scaffold)  ��>��%�[2��/2�	� "	��	�����  H&E  ��%����	�*��+���!������5	�	�;5��	%���(���������������

������	�����%/��$�%���!��������/2  (extra-cellular matrices) 
!�  (������ 8)   ���"	���(������&'��	

�	����%/��$�%�*��+���!�����������!�  cell  differentiation  !����	�����!�  S100 protein  ����	�*��+

���!�����������	����(�%��>��%�[2��/2�	��5!%��  S100 protein   
�!�"�*'�%�5!%;'%�*��+���!���������

��	����(�%��>��%�[2��/2�	���  chondrocyte   differentiation  ���!� (������ 9) 

 

������ 8  �5!%����=�$�%���!��������������(���������������$�%���!������ (extra - cellular matrices)   

          "	��	����� H&E 

 

������ 9  �5!%����=�$�%�*��+���!�����������(���������������5	��2/2 (three-dimensional scaffold)   

          "	��	����� S100  ��/2!5��$��*'�%�5!%;'%  chondrocyte   differentiation  
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�	�/��"���(���������!�������	%��	?2�2��	���
!�"	��������E	�>��%�	�����;�	� 

 ����������
!�����	�����;�	��*��+���!������������(�%��������*��+/����	��2!�����
!�����	���	/�!

5��%����%  �����!���2��=���
!�����	�����;�	����2�$��������=������L��%����2�$����/2   ����	�/�!
2(�

���(�"	���2��=���
!�����	�����;�	��*��+���!���������������!����2?�  H&E    ������=�$�%  hyaline  

cartilage  ��/2  (������ 10)  �������	
�����!� antibody /�� collagen II  �� collagen II ����2��=�2�$�����


!�����	�����;�	��*��+���!������ (������ 11) 

������ 10 �5!%��$�%���!���������
!�E	�>��%�	�����;�	�"	��	�����  H&E  �����(���������!��������� 

           5��	%�>��������=������L��%������!��������/2 

    

������ 11  �5!%��������������	����� antibody  /�� collagen II  $�%���!���������
!�E	�>��%�	����� 

           ;�	����������	����� H&E   
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����	���� 
 

�	�&'��	�	��
��*��+/����	��2!���	�����;�	�����2��=���7�L$�%���!��������$��
!�������

���	�*��+���!������
!����   �	���#�
$���!����	
!�%�	����	�	���	/�!�������#����(���������!���������

5	�	�;��#�
$���!��"�	����	�
!�7!�
�������5��>���E	������*�������	"��2!$'(�
!�   ����	�	�����

;�	��*��+/����	��2!
!����	�����	!���F������	���"����������	�	�!�$'(����	%�����5�	L�N������	�/��"

5��%����%����	���(���������5��	%$'(��>��������=������L��%�2�$����/2���	%
��#/	�
��5	�	�;/�!
2(����(�

�����&'��	5E	�$�%���!���������5��	%�>��
!�  �����%"	��������
���2����  �	�&'��	�������	���L�	�

"�	��F������!���	�*��+/����	��2!"�5	�	�;�
��!����*��+���!���������	�����;�	�����	L�	��2!��/2

$�%���!������
!�>���
��    

�	�&'��	����	�*��+/����	��2!���"	�"���&���E	����	��!����*��+���!������������%�
�

��������*��+���!������7!�����	�*��+/����	��2!5	�	�;���/<���	����%/������	�5��	%7��/��$�%

�*��+���!������
!�*'�%"���F��	%������������2��&���E	����	�����;�	��*��+���!������������������������

7�L$�	!�>N����
��5	�	�;��#�
2(����(����!������"�	����	�
!�  ���	%
��#/	����	�&'��	�����	�

>�����$�%�*��+/����	��2!/���*��+���!����������!��7��/����%��F�5��������	&'��	��$�(�/��
�    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

- 18 - 



��
�
���)����� 
 

  1)  Mollenhauer J, Kuettner Ke, Articular Cartilage In: Principles of Orthopaedic Practice 

(Ed. R. Dee) 2
nd

 edltion pp. 85-89, McGraw-Hill, New York, 1997.  

   2)  Mayne R, Brewton RG. Extracellular Matrix of Cartilage: Collage, In: Joint Cartilage 

age, In: Joint Cartilage Degradation Basic and Clinical Aspects (Eds, J.F. Woessner, D.S. 

Howell) pp. 81-108, Marcel Dekker Inc. New York, 1993. 

   3)  Neame PJ. Extracellular Matrix of Cartilage: Proteoglycans. In: Joint Cartilage 

Degradation.  Basic and Clinical Aspects. (eds): Operative Arthroscopy. New York, NY, Raven 

Press, 1991, pp.325-339. 
         4)  Buckwalter JA, Mankin HJ: Articular Cartilage. Part II : Degeneration and 

Osteoarthritis, Repair,  Regeneration, and Transplantation. J Bone Joint Surg 79A : 612-632,  

1997. 

   5)  Hunziker, E.B., Rosenberg, L.C.: Repair of Partial-thickness Defects in Articular 

Cartilage: Cell Recruitment from the Synovial Membrane, J. Bone Joint Surg. 78A: 721-733, 

1996. 

 6)  Baumgaetner MR, Cannon WD Jr, Vittori JM, et al: Arthroscopic Debridement of the 

Arthritic Knee.  Clin Orthop  253: 197-202,  1990.                                                                                  

7)  Beaver RJ, Mohamed M, Backstein D, et al: Fresh Osteochondral Allografts for  

Post-traumatic Defects in the Knee.  A Survivorship Analysis. J Bone Joint Surg 74B:  105-110, 

1992. 

8)  Buckwalter JA, Lohmander S: Operative Treatments of Osteoarthritis, Current Practice 

and Future Development. J Bone Joint Surg 76A: 1405-1418, 1994. 

    9)  Tippett JW, Articular Cartilage Drilling and Osteotomy in Osteoarthritis of  the Knee, 

in  McGinty JB, Caspari RB, Jackson RW, Poehling GG (eds): Operative Arthroscopy. New York, 

NY, Raven Press, 1991, pp325-339. 

          10)  Brittberg M, Lindahl A, Nilsson, A, Ohlsson C, Isaksson  O, Peterson L : Treatment 

of Deep Cartilage Defects in the Knee with Autologous Chondrocyte  Transplantation. N  Engl   

J  Med.  331 (14):  889-895,  1994. 

            11)  Argun M., Baktir A., Turk CY., et al: The Chondrogenic Potential of Free 

Autogenous Periosteal and Fascial Grafts for Biological Resurfacing of Major Full-Thickness 

Defects in Joint Surfaces (an experimental investigation in the rabbit). Tokal  J Exp. Cli Med 

18(3-6):  107-116,  1993. 

 
 
 

- 19 - 



 

12)  Schumann  D,  Kujat  R, Zellner  J,Angele  MK, Nerlich  M,  Mayr  E,  Angele  P. 

Tretment  of  human  mesenchymal  stem  cells  with  pulsed  low  intensity   

ultrasound enhances  the  chondrogenic  phenotype  in  vitro.  Biorheology. 2006; 43  

(3 – 4): 431 – 43. 

13)  Le  Blanc  K,  Ringden  O.  Mesenchymal  stem  cells:  properties  and  role  in 

clinical bone  marrow  transplantation. Curr  Opin  Immunol. 2006  Jul  29;  [Epub ahead of print] 

14)  Shao  X,  Goh  JC,  Hutmacher  DW,  Lee  EH,  Zigang  G. Repair  of large articular 

osteochondral  defects  using  hybrid  scaffolds  and  bone  marrow-derived mesenchymal  stem  

cells  in  a  rabbit  model. Tissue  Eng.  2006  Jun;  12 (6): 1539- 51. 

          15)  Fan  H,  Hu  Y,  Zhang  C,  Li  X,  Lv  R,  Qin  L,  Zhu  R.  Cartilage   

regeneration  using mesencymal  stem  cells  and  a  PLGA – gelatin / chondroitin / hyaluronate  

hybrid scaffold. Biomaterials.  2006 Sep;27 (26): 4573-80. Epub  2006  May  23. 

16)  Kuroda  R.  Usas  A, Kubo  S,  Corsi  K, Peng H, Rose T, Cummins  J, Fu FH, 

Huard  J. Cartilage  repair  using  bone  morphogenetic  protein  4  and  muscle-derived  stem  

cells. Arthritis  Rheum.  2006  Feb;54 (2) : 433 – 42. 

17)   Wakitani  S,  Mitsuoka  T,  Nakamura  N,  Toritsuka  Y,  Nakamura  Y,  Horibe S. 

Autologous  bone  marrow  stromal  cell  transplantation  for  repair  of  full-thickness articular  

cartilage  defects  in  human  patellae:  two  case  reports. Cell  Transplant. 2004; 13 (5) : 595-

600. 

18)  Saengsuree Jootar,   Nida Pornprasertsud,   Sawang Petvises,   Busaba  

Rerkamnuaychoke,  Sinee Disthabanchong, Samart Pakakasama, Artit Ungkanont, Suradej 

Hongeng.  Bone marrow derived mesenchymal stem cells from chronic myeloid leukemiat (9;22) 

patients are devoid of Philadelphia chromosome and support cord blood stem cell expansion. 

Leukemia Research 2006 (In press) 

 

 

 

 

 

 

 

 

 

 

 

 

- 20 - 



 

Output  	�����������	
��,!-�)�
��.�	�� 
��. 
 

1.  ����%��������
��=�9+$�����+�# 
 �������
��=�$�����)�.�� �+����+����  �����������'�����'�$�������
���8��97��*�/'�9
&@�	�
*%���
�����9+$  stem cell  *���������������$���A/��
����;����������
�����9�����*&=*�*�/������%�
�"��#�$��%�����=�9+$��
������	�����$��������;��������  ������������)��������+��'����-�  9���
��$�����'A/�'�����+����!@�������+8���+��������
+����������+���*%�97$��������'�9

���)*�#
�����
��  ������+�+�97$=�$��
�$����*�/���/����
�*�������������)�.��������	����  ����
��%�=�9+$
�����+�#�+�����
��9�����%�7�����
���������97��*�/���/����
���
��
�$�
����
������	�����$�9�
����
���#����+�+�)  "@/�=�$���  ���*%�  clinical  guideline  ���������	�����$��'A/�������+��*�����
�)*�#���#���6���'#�7������*&=*�    "@/��'��!@������+�#������������
���������$������ 
 

2.  �A/�I  (�+��  �������)��)#9����'����+����9�����*&  ����'�������9�*�/���+8���+����   
    7���'A�  ���
�'�*��
���) 

��	�5����%	��2"��   "�	���  9   �����%    

 1. Channarong Kasemkijwattana, Suraphol Kesprayura, Suradej  Hongeng , Cholawish    

Chanlalit, Kanda  Chaipinyo, Ramida Watanapokasin, , Kosum Chansiri. The Co-implantation of 

Mesenchymal Stem Cell and Chondrocytes for Cartilage defects of the Knee.  The Combined 

Meeting of The Royal College of Orthopaedic Surgeon of  Thailand and the Meeting of  Bone 

and Joint Decade (BJD) and Asian  Federation of  Sports Medicine (AFSM),  Pattaya, Chonburi, 

October 18-22  2007: Award  winner   

 2. Channarong Kasemkijwattana,  Suradej  Hongeng, Suraphol   Kesprayura,                       

Adisak  Wongkajornsilp, Kanda  Chaipinyo, Ramida  Watanapokasin, Kosum Chansiri. Update  in  

Tissue  Banking  and  Tissue  Engineering  in Orthopedics:  Cartilage  Transplantation. The 

Annual Meeting of The Royal College of Orthopaedic Surgeons of Thailand, Pattaya, Chonburi, 

October 22-25 2008 

 3. Channarong Kasemkijwattana,  Suradej  Hongeng, Suraphol   Kesprayura,                       

Adisak  Wongkajornsilp, Kanda  Chaipinyo, Ramida  Watanapokasin, Kosum Chansiri. 

Autologous  BMSCs  and  Chondrocytes  Implantation  for  Large  Cartilage  Defects. The 

Annual Meeting of The Royal College of Orthopaedic Surgeons of Thailand, Pattaya, Chonburi, 

October 22-25 2008 

4. Channarong Kasemkijwattana, Suradej  Hongeng, Adisak  Wongkajornsilp, Suraphol  

Kesprayura, Kanda  Chaipinyo, Cholawish  Chanlalit,  Kosum Chansiri. Application of Stem cells 

in Cartilage Treatment. The 4
th
 WCRM Current Regenerative Medicine 2009, Centara  Grand 

Hotel, Bangkok, July 4-7 2009  

- 21 - 



5. Channarong Kasemkijwattana, Suradej  Hongeng, Suraphol  Kesprayura, Adisak  

Wongkajornsilp, Cholawish  Chanlalit,  Kanda  Chaipinyo, Kosum Chansiri. Autologous  BMSCs  

and  Chondrocytes  Implantation  for  Large  Cartilage  Defects. The 4
th
 WCRM Current 

Regenerative Medicine 2009, Centara  Grand Hotel, Bangkok, July 4-7 2009  

 6. Channarong Kasemkijwattana, Suradej  Hongeng, Adisak  Wongkajornsilp,   

Suraphol  Kesprayura, Kanda  Chaipinyo, Cholawish  Chanlalit,  Kosum Chansiri. New                           

Coming Technology for Orthopedic  Surgery: Sport  Medicine. The 34
th
 Annual  Meeting  of  the  

Royal  College  of  Surgeon  of  Thailand   2009 , Pattaya, Chonburi,  July  4-7 2009  

 7. Channarong Kasemkijwattana, Suradej  Hongeng, Adisak  Wongkajornsilp,   

Suraphol  Kesprayura, Kanda  Chaipinyo, Kosum Chansiri. Augmented autologous chondrocytes 

implantation with bone marrow mesenchymal stem cells   The Sixth SICOT/SIROT Annual 

International Conference, a combined meeting with the Royal College of Orthopaedic Surgeons 

of Thailand (RCOST) 2009 , Pattaya, Chonburi, October  29 – 1 November  1 : Award  winner   

          8. Augmented autologous chondrocytes implantation with bone marrow mesenchymal 

stem cells. The Singapore Orthopaedic Association Annual Conference  November 18 – 21, 2009  

9. Autologous   chondrocytes  implantation  for  ostechondral  lesion  of  talus     �����                        

���
<��2
	�	����"�	�J  2553    $�%�	
�2��	�������+���+7?�Y!2�5+�>�%�����&
��    ����>��	% 

������  22 – 24  /<�	L� 2553    =  7�%��������L�2�  ��
  ��5��+�   ����	  "�%>��!
��<��    

 

3.  �������)��)#9����'����+��������+���   
/��2��+���������%	��2"��  "�	���  3  �����% 

          1.  Kasemwattana C, Kespravura S, Chaipinyo K, Chanlalit C, Chansiri K.  Autologous  

Chondrocytes  Implantation  for Traumatic Cartilage Defects of  the Knee. J Med Assoc Thai 

92(5):648-653, 2009 

          2.  Kasemwattana C, Kespravura S, Chaipinyo K, Chanlalit C, Chansiri K.  Autologous  

Chondrocytes  Implantation  with  Three-Dimensional  Collagen  Scaffold. J Med Assoc Thai 

92(10):1282-1286, 2009 

          3.  Kasemwattana C, Hongeng S,  Kespravura S,  Rungsinaporn V,  Chaipinyo K, 

Chansiri K.  Autologous  Bone  Marrow  Mesenchymal  Stem  Cells  Implantation  for  Cartilage  

Defects. J Med Assoc Thai 94(3), 2011 

 

 

 

 

 

 

- 22 - 

 



 

0��+��� 

 

 
 

- 23 - 



 

 

 
 

 

- 24 - 

 



 

 
 

 

 

- 25 - 

 



 

 

 
 

 

 

- 26 - 

 



 

 
 

- 27 - 

 



 

 
 

- 28 - 

 

 



 

 

 
 

 

 

- 29 - 

 

 



 

 
 

 

 

- 30 - 

 



 

 

 
 

 

 

- 31 - 

 



 

 

 
 

 

- 32 - 

 



 

 
 

- 33 - 

 



 

 

 
 

 

 

 

- 34 - 

 



 

 

 
 

 

 

 

- 35 - 

 

 



 

 

 
 

- 36 - 

 



 
 

- 37 - 



J Med Assoc Thai Vol. 94 No. 3 2011  1

Correspondence to:
Kasemkijwattana C, Department of Orthopedics, Faculty of
Medicine, HRH Princess Maha Chakri Sirindhorn Medical
Center, Srinakhrinwirot University, Nakhon Nayok 26120,
Thailand.
Phone: 037-395-085
E-mail: chann@swu.ac.th

Autologous Bone Marrow Mesenchymal Stem Cells
Implantation for Cartilage Defects “Two Cases Report”

Channarong Kasemkijwattana MD*, Suradej Hongeng MD**,
Suraphol Kesprayura MD***, Visit Rungsinaporn MD*,
Kanda Chaipinyo PhD****, Kosum Chansiri PhD*****

* Department of Orthopedics, Faculty of Medicine, HRH Princess Maha Chakri Sirindhorn Medical Center,
Srinakhrinwirot University, Nakhon Nayok, Thailand

** Department of Pediatrics, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand
*** Department of Orthopedics, Police General Hospital, Bangkok, Thailand

**** Faculty of Health Science, Srinakhrinwirot University, Nakhon Nayok, Thailand
***** Department of Biochemistry, Faculty of Medicine, Srinakhrinwirot University, Nakhon Nayok, Thailand

Objective: The authors reported the results of autologous bone marrow mesenchymal stem cells (BM-MSCs) implantation in
two patients with large traumatic cartilage defects of the knee.
Material and Method: Two patients with grade 3-4 according to the International Cartilage Repair Society Classification
System were performed autologous bone marrow mesenchymal stem cells (BM-MSCs) implantation on December 2007 and
January 2008. The bone marrow aspiration was performed in the outpatient visit under local anesthesia and sent to the
laboratory for BM-MSCs isolation and expansion. The BM-MSCs were re-implanted into the defects with the three-dimensional
collagen scaffold. The patients were clinical evaluated preoperatively and postoperatively with Knee and Osteoarthritis
Outcome Score (KOOS), International Knee Documentation Committee Score (IKDC Score) and arthroscopic examination.
The duration of follow-up was 30-31 months.
Results: There was no postoperative complication. The clinical evaluation with Knee and Osteoarthritis Outcome Score
(KOOS) and International Knee Documentation Committee Score (IKDC Score) showed significant improvement. The
arthroscopic assessment showed the good defect fill, stiffness and incorporation to the adjacent cartilage.
Conclusion: The autologous bone marrow mesenchymal stem cells implantation showed the potential for the treatment of
large cartilage defects. The one-stage procedure is the advantage over the conventional autologous chondrocytes implantation.
The long-term follow-up with long last hyaline-like cartilage is required.

Keywords: Knee injury, Bone marrow mesenchymal stem cells, Cartilage defects
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Articular cartilage consists of relatively few
cells with low mitotic activity(1,2). The poor self-repair
of the cartilage will progress to osteoarthritis. The
conventional procedures (abrasive chondroplasty,
subchondral drilling, microfracture and mosaicplasty)
are limited to the small defects(3,4). The autologous
chondrocytes implantation (ACI) had been developed
using the expanded autologous chondrocytes to re-
transplant into the cartilage defects(5,6). The ACI

consists of two procedures. First, the cartilage is
arthroscopic harvested and the chondrocytes are
isolated and cultured in the laboratory. The three to
four weeks is needed to have the adequate number of
cells.

Second, the chondrocytes are re-implanted
into the defects(7-10). The present study showed ACI
had the potential to provide the hyaline-like cartilage
over the conventional procedures(11,12). However, the
disadvantages of ACI are limitation in the number of
chondrocytes and the requirement of two-stage
procedure.

Bone marrow (BM) mesenchymal stem cells
(MSCs) are multipotent, being capable of forming bone,
cartilage and other connective tissue(13). The BM-MSCs
have high proliferation capacity and can be
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differentiated to chondrocytes(14,15). The present study
showed hyaline cartilage formation in the animal
model(16-18) and in a clinical trial(19). The BM-MSCs have
the high potential to be the cell source for cartilage
repair procedure with single-stage procedure.

The purpose of the current study was to
evaluate the results of autologous BM-MSCs
implantation using clinical evaluation and arthroscopic
assessment.

Material and Method
Patients

Two patients were had autologous BM-MSCs
implantation performed in December 2007 and January
2008; both had lateral femoral condyle lesions. The
cartilage defects had grade 3-4 according to ICRS
(International Cartilage Repair Society) Classification
System(12,13). The duration of follow-up was 30 and 31
months. The mal-alignment, ligament laxity, other
pathology needed to be corrected before. All consented
for the autologous BM-MSCs implantation under the
Ethics Committee regulation.

The autologous BM-MSCs implantation
consists of two-stage procedure. First, the BM was
aspiration from anterior iliac crest under local anesthesia.
The BM-MSCs were isolated and expanded in the
laboratory. Second, the BM-MSCs were re-implanted
into the cartilage defects.

BM-MSCs harvest and isolation
Heparinized bone marrow (BM) samples were

obtained by aspiration from anterior iliac crest under
local anesthesia and transferred to the laboratory at
ambient temperature. Bone marrow mononuclear
cells (BMMC) were separated by density gradient
centrifugation with 1.073 g/ml Percoll solution (Sigma,
MO, USA). Briefly, 10 ml of heparinized bone marrow
cells were mixed in an equal volume of Dulbecco’s
Modified Eagle’s Medium (DMEM) (BioWhittaker,

USA) and centrifuged at 900 g for 10 min at room
temperature. The washed cells were re-suspended in
DMEM at density of 4 x 107 cells/ml and 5 ml aliquot
was layered over 1.073 g/ml Percoll solution and
centrifuged at 1,000 g for 30 min at room temperature.
The interface mononuclear cells were collected and
washed twice with DMEM. Total cell count and viability
were evaluated by 0.2% Trypan blue exclusion. A total
of 12 x 06 cells/ml of BMMC were cultured in DMEM
complete medium supplemented with 10% fetal bovine
serum (FBS) (Gibco BRL, NY, USA) and 1% Penicillin-
Streptomycin (Gibco BRL) at 37°C, 5% Co2 in Co2
incubator. On day 3 of cultivation, non-adherent cells
were discarded and this process was repeated every 4
days. Upon 90% confluent, MSCs were trypsinized by
0.05% trypsin (Gibco BRL) and passaged for expansion
(Fig. 1)(19). The quality-control procedures consist of
sterility testing and photographic recording of cell
morphology. The 3-4 weeks incubation was needed to
obtain an adequate number of MSCs for implantation.

Fig. 1 Bone marrow aspiration (A), BM-MSCs isolation
(B) and at 3 weeks (C), BM-MSCs in three-di-
mensional collagen scaffold (D)

                Cartilage lesion                               Operation

Case Gender, Age Side          Site Size (cm2)

1     M, 24   L Lateral condyle       2.5 double-bundle ACL reconstruction lateral meniscus
repair, autologous BM-MSCs implantation

2     M, 25   L Lateral condyle       2.2 ACL reconstruction, autologous BM-MSCs
implantation

Table 1. Demographic Data on the Patients
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Fig. 2 Arthroscopic finding of the lesion (A), debride le-
sion to healthy rim (B), three-dimensional collagen
scaffold seeded with BM-MSCs (C), fix into the
defect with fibrin glue (D), suture periosteal graft
over the lesion and seal with fibrin glue (E, F)

BM-MSCs implantation
The BM-MSCs were seeded in the

atelocollagen (type I collagen, Koken) which is the
three-dimensional collagen scaffolds. The grafts were
sized and shaped according to the defects. The knee
arthrotomy was performed. The chondral lesion was
debrided to the healthy cartilage. The subchondral bone
plate must be carefully preserved. The grafts were fixed
to the defect using fibrin glue. The periosteal graft was
harvested from the anteromedial incision of proximal
tibia. The periosteum graft was sutured with interrupt
suture (Prolene 6-0) to the chondral defect facing the
defect with the cambium layer. The fibrin glue was used
to make to water-seal pocket. The wound was closed
layer by layer and the compression dressing was
applied.

Post-operative program
The pain control with intravenous analgesic

and NSAIDs were performed. The isometric exercise
was started immediately on the post operative day. The
hinge brace at full extension and non-weight bearing
were required for two weeks. The progressive weight
bearing, active knee flexion and quadriceps/hamstrings

strengthening exercises were encouraged as tolerate
after 2 weeks. The patients had full range of motion at
3 months. The progressive weight training was
encouraged. Running was restricted for 9 months.

Clinical evaluation
The duration of follow-up was 30-31 months.

The patients were clinical evaluated preoperatively
and postoperatively with International Knee
Documentation Committee Score (IKDC Score), Knee
and Osteoarthritis Outcome Score (KOOS) including
pain, symptoms, function in daily living (ADL), function
in sports and recreation, knee-related quality of life(20);
and arthroscopic examination.The case reports were
presented with preoperative and postoperative (at 30-
31 months of follow-up) IKDC and KOOS respectively.

Results
The patients had no post-operative

complication. The evaluation using the International
Knee Documentation Committee Score (IKDC Score)
and KOOS showed excellent clinical improvement at
the time of 30-31 months follow-up (Table 2, 3).

The arthroscopic assessment showed the

Case Preoperative Postoperative*

1       21         74
2       37         94

*At 30-31 months follow-up

Table 2. International Knee Documentation Committee
Score (IKDC Score)

Case Preoperative Postoperative*

1 Symptoms        39          89
Pain        39          92
ADL        30          62
Sports        24          75
QOL        31          75

2 Symptoms        36        100
Pain        36        100
ADL        32        100
Sports        20        100
QOL        31          94

*At 30-31 months follow-up
ADL = Function in daily living
QOL = Quality of life

Table 3.  Knee and Osteoarthritis Outcome Score (KOOS)
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good defect fill, stiffness, and incorporation to the
adjacent cartilage (Fig. 3).

Discussion
The ACI using expanded chondrocytes has

been shown the promising results in the treatment of
large cartilage defects over the conventional
procedures(6,11). However, the expanded chondrocytes
have the limited chondrogenesis to achieve hyaline-
cartilage from limited cell number for implantation(16).
The BM-MSCs are capable of self-renewal and
differentiation to chondrocytes in the certain micro-
environment(13). The injured tissues induce the BM-
MSCs to deliver trophic factors and differentiate to
chondrocytes with “homing effect(14,15)”. The BM-
MSCs have shown the high potential as the cell sources
for implantation with the same excellent clinical results
compared to chondrocytes in vitro and in vivo(18,19,21).
The histology showed hyaline-like cartilage with
abundant extracellular matrices(19). The results were
even better than chondrocytes in the older patient.
The aging affects chondrogenesis of chondrocytes,
but it seems to have less effect to BM-MSCs(21).

The present study showed the excellent
clinical results and arthroscopic finding in the large
defects at 30-31 months follow-up. The histologic
study of the regenerative tissue could not be done
regarding the patient’s unwillingness. The other
advantage of BM-MSCs is easy to obtain. The bone
marrow aspiration can be done with the minimal invasive

local anesthesia in the outpatient clinic. The patient
satisfaction is high compared to the two-stage surgery
of the conventional ACI.

However, the long term follow-up will be
required. The BM-MSCs are multipotent, being capable
of forming many connective tissues. The certain
microenvironment which promote chondrogenesis
differentiation and subsequent by maintain
cartilaginous phenotype is required for further
investigation. The biomaterial is another crucial factor
for tissue-engineering. The BM-MSCs could be the
alternative cell sources for cartilage regeneration
procedure to provide superior biologic hyaline-
cartilage in the large cartilage defects.

Potential conflict of interest
This study was granted by Thailand Research

Fund.
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Objective: To evaluate the results of autologous chondrocytes implantation in the patients with large traumatic
cartilage defects of the knee.
Material and Method: Five patients (six knees) with grade 3-4 according to International Cartilage Repair
Society Classification System were performed ACI between May 2006 and April 2007. The two-stage
procedure was performed. First, the cartilage was arthroscopic harvested. The chondrocytes were isolated in
the laboratory. Second, the chondrocytes were re-implanted into the defects. The patients were clinically
evaluated preoperatively and postoperatively with Knee and Osteoarthritis Outcome Score (KOOS), magnetic
resonance imaging, and arthroscopic assessment. The mean duration of follow-up was 19.8 + 4.6 months.
Results: There was no postoperative complication. The clinical evaluation with Knee and Osteoarthritis
Outcome Score (KOOS) showed significant improvement. The MRI showed the filling of regenerative
cartilage tissue formation at the defects. The arthroscopic assessment showed the good defect fill, stiffness, and
incorporation to the adjacent cartilage.
Conclusion: The autologous chondrocytes implantation showed the potential for the treatment of large
cartilage defects. The excellent results allowed patients to return to normal activity level.

Keywords: Cartilage, Chondrocytes, Knee injuries, Transplantation, Autologous

The articular cartilage injury is a common
finding in arthroscopic surgery. The capacity of
articular cartilage repair is limited because of the
absence of blood supply, low mitotic activity, and
immobility of articular chondrocytes(1,2). The conven-
tional enhancement procedures of intrinsic healing
capacity of cartilage (abrasive chondroplasty, sub-
chondral drilling, and microfracture) had been reported.
The full-thickness defects will be replaced with fibro-
cartilage and eventually following with pre-mature

degenerative change(3-5). The autologous chondrocyte
implantation (ACI) had been developed using the
expanded autologous chondrocytes to re-transplant
into the cartilage defects(6,7). The ACI consists of two
procedures. First, the cartilage is arthroscopic harvested
and the chondrocytes are isolated and cultured in the
laboratory. Three to four weeks is needed to have the
adequate number of cells. Second, the chondrocytes
are re-implanted in to the encapsulated defects. The
previous study showed chondrocytes had the cellular
plasticity and potential to provide the hyaline-like
cartilage over the conventional procedures(8-11).

The purpose of the current study was to
evaluate the results of ACI using clinical evaluation
magnetic resonance imaging (MRI), and arthroscopy.

J Med Assoc Thai 2009; 92 (5): 648-53
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Material and Method
Patients

Five patients (six knees) were performed ACI
between May 2006 and April 2007, two lateral femoral
condyle and four trochea lesions (Table 1). All patients
had grade 3-4 according to ICRS (International
Cartilage Repair Society) Classification System(12,13).
The mean duration of follow-up was 19.8 + 4.6 months
(range 16-27 months). The mal-alignment, ligament
laxity, other pathology needed to be corrected before
ACI. All consented for the ACI under the Ethics
Committee regulation.

The ACI consists of a two-stage procedure.
First, the cartilage was arthroscopic harvested. The
chondrocytes were isolated and incubated in the
laboratory. Second, chondrocytes were re-implanted
into the defects.

Cartilage harvest
Knee arthroscopy was performed. The

cartilage defect was examined. The slivers of cartilage
(300-500 mg) were obtained from the minor load-bearing
area on the upper lateral or medial femoral condyle of
the injured knee. The cartilage samples were minced
and transferred to the laboratory in the tubes containing
DMEM (Gibco BRL) at ambient temperature.

Chondrocytes culture
The chondrocytes isolation was initiated not

later than 6 hours after the operation. The cartilage was
washed twice in Ham’s F-12 medium (Gibco BRL, Paisley,
Scotland) supplemented with gentamicin sulfate (50
�m/mL), amphotericin B (2 �m/mL), and L-acorbic acid
(50 �m/mL). The minced cartilage was digested 16-20
hours with clostridial collagenase (0.8 �m/mL, catalog
no. C-9407, > 1200 IU/mg; Sigma, Freehold, New Jersey)

and deoxyribonuclease (0.1 �m/mL, catalog no. D-5025;
Sigma). The isolated cells were resuspended in culture
medium containing DMEM/F12 1:1 (Gibco BRL) with
10% human serum and gentamicin sulfate (50 �m/mL),
amphotericin B (2 �m/mL), L-acorbic acid (50 �m/mL),
and L-glutamine (Gibco BRL). The chondrocytes
were incubated in 5% Co2, in air at 37�C. After one
week, the chondrocytes were trypsinized (trypsin-
ethylenediaminetetraacetic acid 0.125%) and resus-
pended. The 3-4 weeks incubation was needed for
adequate number of chondrocytes (Fig. 1). The quality-
control procedures consist of sterility testing and
photographic recording of cell morphology. The
transplanted chondrocytes were suspended in 1.0 ml
of medium in cold sterile package(10) .

Chondrocytes implantation
The knee arthrotomy was performed. The

chondral lesion was debrided to the healthy cartilage.
The subchondral bone plate must be carefully
preserved. The periosteal graft was harvested from the
anteromedial incision of proximal tibia. The periosteum
graft was sutured with interrupted sutures (Prolene
6-0) to the chondral defect facing the defect with the
cambium layer. The fibrin glue was used to make a

Case Gender, age Side                     Cartilage lesion Operation

                 Site Size (cm2)

1     M, 15   R Lateral condyle      2.4 Lateral meniscus repair, ACI
2     M, 42   L Trochea      3.1 Tibial tuberosity advancement, ACI

  R Trochea      2.0 Tibial tuberosity advancement, ACI
3     M, 39   L Patella & trochea      2.0 ACL reconstruction, mosaicplasty of patella,

ACI of trochea
4     M, 40   R Trochea & lateral condyle      3.3 ACL reconstruction, mosaicplasty of trochea,

ACI of lateral condyle
5     F, 42   R Trochea      2.0 Tibial  tuberosity  advancement, ACI

Table 1. Demographic data on the patients

Fig. 1 Chondrocytes culture at 1 week (A) and 3 weeks (B)
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Results
All patients had no post-operative complica-

tion. The evaluation using KOOS showed clinical
improvement at a duration of 19.8 + 4.6 months (range
16-27 months) with statistical significance (Wilcoxon
Signed Ranks test, p < 0.05) (Table 2, Fig. 3).

The T2W MRI (T2-weighted, fast-spin-echo
image) at three months after ACI showed the filling of
repair tissue with superficial cartilage-like tissue
formation at the femoral trochea (Fig. 4A, arrow). The

Fig. 2 The ACI procedures including debride lesion to
healthy rim (A), harvest periosteal flap (B), suture
periosteal graft over the lesion and seal with fibrin
glue (C, D), inject chondrocytes into the pocket (E),
and suture the opening hole and seal with fibrin
glue (F)

water-seal pocket. The small upper edge was left
opened for the chondrocytes injection. Chondrocytes
in the suspended medium was injected in to the
periosteum pocket and then closed with interrupted
sutures. The fibrin glue was used to seal the pocket
(Fig. 2). The wound was closed layer by layer and the
compression dressing was applied.

Post-operative program
The pain control with intravenous analgesic

and NSAIDs was performed. The isometric exercise
was started immediately in the post-operative day. The
hinge brace at full extension and non-weight bearing
were required for two weeks. The progressive weight
bearing and active knee flexion were encouraged as
tolerated after two weeks. Running was restricted for
nine months

Clinical evaluation
The patients were clinically evaluated

preoperatively and postoperatively with Knee and
Osteoarthritis Outcome Score (KOOS) including
symptoms, pain, function in daily living (ADL), function
in sports and recreation, knee-related quality of life(14),
magnetic resonance imaging, and arthroscopy.
Non-parametric statistics included Wilcoxon signed
Rank test was applied to test the difference between
pre- and post operation with significance level at
p < 0.05.

Fig. 3 The KOOS showed the functional outcome after
the ACI

KOOS Pre-operative Post-operative p-value

Symptom     59 + 15       86 + 9  0.042*
Pain     59 + 21       80 + 16  0.043*
ADL     67 + 19       87 + 11  0.043*
Sports & recreation     30 + 14       67 + 19  0.042*
Quality of life     38 + 11       64 + 9  0.042*

* Statistical significance, p < 0.05

Table 2. Clinical evaluation with KOOS (knee and osteo-
arthritis outcome score)

Fig. 4 The MRI at 3 months after ACI (A) showed good
regenerative tissue formation within the defect, and
1 year (B) showed mild lamination
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such as painful scar at the donor side is the common
complication. The size of the defects that are suitable
for mosaicplasty is limited < 2 cm2. The ACI showed
clinical advantage over the conventional treatment in
the large defects(2,10). The proper patient selection is
crucial; age < 45 years, no medical contraindication,
unipolar lesion, and no malalignment and joint
instability(10).

The presented patients have clinical
improvement regarding the KOOS. The MRI becomes
an increasingly important means of accessing articular
cartilage and its repair. It correlated with the information
obtained from clinical, arthroscopic and histologic
evaluation(16). The normal signal with the periosteal
hypertrophy at the trochea lesions was found. The
periosteal hypertrophy had been reported from the
growing of viable periosteal cells. Some patients need
the arthroscopic debridement of the hypertrophic
tissue(17). The presented patients have mild crepitation
in flexion with no function deficit. None needed
arthroscopic surgery at the time of follow-up. The
arthroscopic assessment remains the gold standard
for the postoperative evaluation. The repair is directly
visualized, probed and a biopsy can be done to allow
histomorphologic assessment. In the present study,
the arthroscopic assessment showed the excellent
defect fill and stiffness indentation compared to the
adjacent cartilage. The core biopsy was not done in
the present study due to the patient unwillingness.

However, the ACI has some limitations. First,
the disadvantage of the chondrocytes in suspended
medium that can leak. The good surgical techniques
are required. Second, the uneven distribution of
chondrocytes from the gravity causes the uneven
chondrogenesis. The three-dimension culture in solid
scaffold is the next generation for ACI. Third, the
autologous chondrocytes have limited mitotic activity.
The collagen type II and glycoaminoglycans contribute
the major role to articular cartilage function. The
production of collagen type II and glycoaminoglycans
decrease when chondrocytes have been more
multiplied. The defects were filled with poor hyaline-
like cartilage. The better chondrocytes-expanded
technique will be needed to restore the normal hyaline
cartilage.

This present study showed the potential
of autologous chondrocytes implantation for the
treatment of large cartilage defects. The excellent
clinical results, MRI, and arthroscopic finding will
allow patients to return to normal activity level on a
regular basis.

Fig. 5 The arthroscopic findings showed the excellent
defect fill, incorporation, and stiffness at 2 years
after ACI

hypertrophy of the periosteal graft was observed. The
T2W MRI at one year after ACI showed good repair
tissue formation with mild lamination of the superficial
zone (Fig. 4B).

The arthroscopic assessment at two years
after ACI showed 100% defect fill with the regenerative
tissue. The probe indentation showed 80 % stiffness
compared to the adjacent cartilage with well incorpora-
tion. There is a little periosteal graft hypertrophy
(Fig. 5).

Discussion
The articular cartilage allows active articula-

tion of the knee joint. The conventional treatments of
large full-thickness chondral defects rarely achieved
the hyaline-like cartilage(1). The Autologous
chondrocytes implantation (ACI) has been performed
and has become the standard treatment for cartilage
defects for over a decade in the Europe and United
States(9). The ��are advantages over the conventional
techniques include abrasive chondroplasty, micro-
fracture, and mosaicplasty. The superior hyaline-like
cartilage over the conventional microfracture with
long-term clinical success had been reported(15). The
hyaline-like cartilage after ACI is durable and can
prevent early osteoarthritis in the patents with large
cartilage defects of the knee. Currently, the conventional
mosaicplasty can provide the hyaline-like cartilage
after the treatment. However, the donor side morbidity
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Objective: The authors report a patient with large traumatic knee cartilage defects treated with autologous
chondrocytes implantation (ACI) in three-dimensional collagen scaffold.
Material and Method: A patient with grade 3-4 according to ICRS (International Cartilage Repair Society)
Classification System was performed ACI with three-dimensional collagen scaffold. The two-stage procedure
was performed. First, the cartilage was arthroscopic harvested. The chondrocytes were isolated in the laboratory.
Second, the chondrocytes were re-implanted into the defects using three-dimensional collagen scaffold. The
patients were clinically evaluated pre-operatively and post operatively and magnetic resonance imaging.
The duration of follow-up was 12 months.
Results: There was no post operative complication. The clinical evaluations were excellent. The MRI showed
the hyaline-like cartilage tissue formation at the defects.
Conclusion: The autologous chondrocytes implantation with three-dimensional collagen scaffold showed
the excellent outcome. Long-term follow-up is required.

Keywords: Knee injury, Autologous chondrocytes implantation, Cartilage defects, Collagen scaffold

The articular cartilage is specific tissue that
can endure the repetitive high loading in the knee
joint. It consists of chondrocytes and extracellular
matrices such as collagen and proteoglycans. The
capacity of articular cartilage repair is limited because
of the absence of blood supply, low mitotic activity,
and immobility of articular chondrocytes(1,2). The
conventional enhancement procedures of intrinsic
healing capacity of cartilage (abrasive chondroplasty,
subchondral drilling, and microfracture) have been
reported with the replacement of fibrocartilage and
eventually following with pre-mature degeneration(3,4).

The autologous chondrocyte implantation (ACI) has
been developed using the expanded autologous
chondrocytes to re-transplant into the cartilage
defects(5,6). The ACI consists of two procedures.
First, the cartilage is arthroscopic harvested and
the chondrocytes are isolated and cultured in the
laboratory. Three to four weeks is needed to have the
adequate number of cells. Second, the chondrocytes
are re-implanted in to the encapsulated defects.
Previous studies showed chondrocytes had the
potential to provide the hyaline-like cartilage over the
conventional procedures(7-9).

The disadvantages of first generation ACI
which used chondrocytes in the suspended media are
leakage of the chondrocytes from the periosteal flap
and uneven distribution of chondrocytes. Many kinds
of scaffolds have been successfully used to create the

J Med Assoc Thai 2009; 92 (10): 1282-6
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three-dimensional suspension for chondrocytes. The
three-dimensional cartilage-like tissue using collagen
scaffold has been shown to maintain cartilage
phenotype(10).

The present study reports the first ACI using
three-dimensional collagen scaffold, and the clinical
and magnetic resonance imaging (MRI) evaluation.

Material and Method
Patients

A 40 year-old-woman presented with left knee
pain for 2 years after a motorcycle accident. At the time
of injury, her knee was painful and swollen for weeks.
The pain was constant while walking and aggravated
when kneeling. The swelling occurred occasionally.
There was no locking or giving way. The physical
examination revealed an overweight stature with mild
limping gait. The circumference of the left thigh was 1
cm smaller than the right thigh. The knee was swollen
with no ballottement. The range of motion was full with
no pain on passive motion. There was tenderness at
the mid-medial joint line. The Mc Murray’s test, stress
test, and drawer test were negative. The plain x-ray of
the knee was in normal limit.

She had performed knee arthroscopy on
October 2007. The arthroscopic finding revealed
small peripheral tear of medial meniscus, and grade 3-4
chondral lesion (Fig. 1) according to ICRS (International
Cartilage Repair Society) Classification System(11).
The size of the lesion was 12x18 mm. The meniscus was
repaired with outside-in technique. The cartilage was
obtained and sent to the laboratory for chondrocytes
isolation.

The patient consented for the ACI under the
Ethics Committee regulation.

Cartilage harvest
Knee arthroscopy was performed. The

slivers of cartilage (300-500 mg) were obtained from
the minor load-bearing area on the upper medial
femoral condyle of the injured knee. The cartilage
samples were minced and transferred to the laboratory
in the tubes containing DMEM (Gibco BRL) at ambient
temperature.

Chondrocytes culture
The chondrocytes isolation was initiated not

later than 6 hours after the operation. The cartilage
was washed twice in Ham’s F-12 medium (Gibco BRL,
Paisley, Scotland) supplemented with gentamicin
sulfate (50 �m/mL), amphotericin B (2 �m/mL), and

L-acorbic acid (50 �m/mL). The minced cartilage was
digested 16-20 hours with clostridial collagenase (0.8
�m/mL, catalog no. C-9407, > 1200 IU/mg; Sigma, Free-
hold, New Jersey) and deoxyribonuclease (0.1 �m/mL,
catalog no. D-5025; Sigma). The isolated cells were
resuspended in culture medium containing DMEM/
F12 1:1 (Gibco BRL) with 10% serum and gentamicin
sulfate (50 �m/mL), amphotericin B (2 �m/mL), L-acorbic
acid (50 �m/mL), and L-glutamine (Gibco BRL). The
chondrocytes were incubated in 5% Co2, in air at
37�C(14). After one week, the chondrocytes were
trypsinized (trypsin-ethylene diaminetetra acetic acid
0.125%) and resuspended. The 3-4 weeks incubation
was needed for adequate number of chondrocytes
(Fig. 2). The chondrocytes were trypsinized and
seeded in the 2.0 ml collagen scaffold. The quality-
control procedures consisted of sterility testing
and photographic recording of cell morphology.
The chondrocytes seeding in collagen scaffold was
transferred in cold sterile package(9,10).

Chondrocytes implantation
The knee arthrotomy was performed. The

chondral lesion was debrided to the healthy cartilage.
The subchondral bone plate must be carefully preserved.
The collagen scaffold seeded with chondrocytes was
sized and shaped. The collagen scaffold seeded with
chondrocytes was fixed to the defect using fibrin glue.
The periosteal graft was harvested from the proximal

Fig. 1 The full-thickness chondral defect of medial femoral
condyle
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tibia and sutured with interrupted sutures (Prolene 6-0)
to the chondral defect facing the defect with the
cambium layer. The fibrin glue was used to water-seal
the pocket (Fig. 3). The wound was closed layer by
layer and a compression dressing was applied.

Post-operative program
The pain control with intravenous analgesic

and NSAIDs was performed. The isometric exercise
was started immediately on the post operative day. The

hinge brace at full extension and non-weight bearing
were required for two weeks. The progressive weight
bearing and active knee flexion were encouraged as
tolerated after 2 weeks. The full weight bearing was
started at 4-6 weeks. Running was restricted for 9
months.

Clinical evaluation
The duration of follow-up was 12 months. The

patients were clinically evaluated preoperatively and
postoperatively with International Knee Documentation
Committee Score (IKDC Score), Knee and Osteoarthritis
Outcome Score (KOOS) including pain, symptoms,
function in daily living (ADL), function in sports
and recreation, knee-related quality of life(12); and  mag-
netic resonance imaging.

Results
The patients had no post operative complica-

tion. The International Knee Documentation Committee
Score (IKDC Score) was 33 pre-operatively and 75 post
operatively. The evaluation using KOOS showed
excellent clinical improvement at duration of 12 months
(Fig. 4).

The MRI (T1-2-weighted, fast-spin-echo
image) at 6 months after ACI showed the meniscus
repair with superficial cartilage-like repair tissue
formation at the medial femoral condyle (Fig. 5). The
hypertrophy of the periosteal graft was observed.

Discussion
The ACI using three-dimensional scaffold

is world-wide accepted as the standard treatment for
large full-thickness articular cartilage defects. The
hyaline-like cartilage and long-term success have been

Fig. 3 ACI: debride lesion to healthy rim (A), fix collagen
scaffold seeded with chondrocytes into the defect
with fibrin glue (B), harvest periosteal graft from
proximal tibia (C), suture periosteal graft over the
lesion and seal with fibrin glue (D)

Fig. 2 Chondrocytes culture in monolayer (A), in collagen gel (B), and collagen gel (C) seeded with chondrocytes
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reported(8,13). The presented patient had an excellent
clinical result with good regeneration cartilage tissue
at 1 year. Long-term follow is required. The authors
found the periosteal hypertrophy from the MRI. The
periosteal hypertrophy caused by the growth of
viable periosteal cells, and few need for arthroscopic
debridement(14). Our patients had no symptoms at
the time of follow-up. The collagen scaffold has been
successful in clinical use(15). The collagen scaffold
can create the three-dimensional cartilage-like tissue
with excellent chondrocytes distribution. The cartilage
phenotypes such as collagen type II and proteoglycans
production are reported with low antigenicity(10).
The superior biologic hyaline-cartilage and the
long-term clinical results are expected. The autologous
chondrocytes implantation (ACI) using three-

dimensional collagen scaffold can be the proper
treatment in the large full-thickness cartilage defect
and the prevention of early degeneration.
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