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� " (�-�  $�$ ���(��� $� �(�/� ��"�!�.��� ���! ��"���'��, ��' !'

*"�/��.� ��� � !�"����µ�� �(���&, #"�* " (�*��'����� � � ���!�

 "�$���� ���& 8 ���µ/(0�* 1990.


�  �  �%�$  ���! !  "# ��! �*��( 1� , "�* $�! �� /� ����!�µ���

/��.��   "# �"���!$�"��� '���!.
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be submitted to the University of Crete, where it was accepted
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� �(�*!����� µ �* $( ���(�#���  ��  �� µ ����� �2! ��µ1 ���02!

 (�03��  "� �  1�������' µ �* �(#!� , �� !, � ! 'µ��.�& /��.#& ���

 ! ��µ�0� ��* � !�"����µ0�* �.�!)!, �1 (µ#32 ��! µ �.�$� ��* �#��

� .����� 	. � " µ����'$� ��  ��! ���������� �(�*!  �2! �(�����$)!

��µ1 ���02!. � µ �.�$�&  *��, �*!���'µ�!� �� *"��(���!#!�� �!���

�(2�����& �*�0 &, "���' "(#�1�(� ���! ����������  "���#!���

��µ� ���02! �!$������ �)! � � �!$�.2( ���)! �(�'!2!.

� µ  �(��(#!�  �! ��#���� µ �* µ � ��! �(.�"�$��� $�! µ �02�� ��

�!$� 1�(�! µ �* ��  �� (#�� ��* ��µ1���- �*���µ ��& ��� 1*������0 

� � " .����0  ��* �(�������- �*���µ ��&. � ��µ �0  ��& ��µ1�* �� 

��! � �� � � �� ��/ �� µ �'& "'.���& �2! ���)! $�! ����, µ ��(�

��µ�(  $��(�*!�.�. � µ ����� ��& ��"��& *1�& �2! ���)!,  �#µ  � �

µ� �����(�!��# µ ��(���#"��, $�!  "�$�%� ��! -" (%� ��µ1 ��02! �� 

���'. 	#!� �µµ��� �*µ"�( �µ  -" (%�& �!$�����)! ��µ1 ���02! � �

$� �0!���& ��µ1�* $� �*").��� µ ��'  "� �!$��"�1*�� �� �!���

��"��$#��& � � � ��"�!�  ���!�������  "���#!��� ��"��)!

��µ1 $�!2! (1).

���! �(�*!  ��  ��!  !�-(��� � µ � ��µ1 ���02! ���  !.()"�!�

"�(�#���� � µ �.�$�& � " µ����'$� $�! �� ! $*! �# !  �1 (µ����,

�#�2 ��& *1�& ��* "�(������* "�* ���(�0� � �(��#!�* � �

�*!0�� � � �*(02&  "� �*µ" �� �*!$����# ���#. ��'  *�# �# �#��

�(���µ�"�0��  ��' �� µ ����� �2! �(�����$)! ��µ1 ���02!, µ �.�$�

 !���������µ��� (immunohistochemical). 

��  ��!  !���0µ��� /��.��  µ � �� �()�� �2! " ( ���* �µ'�2!



�

�*� (���) ��! $��*.*!�� ��* �!�����-��* � .�������& �! ��µ���&

��* !�����µ�0�* Herlev �. Bo Hainau � � ��! ���!0�� �����(�!���-

µ��(����"0�* �. Kjeld Kjeldsen. ��! +( . R. Albrechtsen �*� (���)

��  ��! �*��!��� ��* $2(�'! " ( �)(���  !���)µ ��& � µ�!0!�&.
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� �!)$�& µ �µ/('!� "�- "�(�/'���� #�  �  ���' - ���� "�(�#����"�(�#���� -

 "�����0� �  "� �!)$� �*!$����# ���#, "�* µ � �  �-�� (' ��*, � 

!�-(  ��* � � �   ���0  ��* " 03�� �"�*$ 0� (#�� ���! *����!� �

!���(� � �'�� �� ��* ����-.

	 �(����"��' �� "�(�#���� ���� "'��& 1 - 3 �.µ. � � �"�!$-�� #��,

���$#!, �� ����-!, ���#&  "# �  �µ�µ �' ��* "�* � �-"��!� �  "#

�#!$(�.


��!  1�(' ��� ��"�� � � ���*� ( *1�) ��* "�(������* $�! *"'(��*!

�*�� �����& $� 1�(�& ���& "�(��( 1�&  ! �#µ2! (2,3,50) � �

" .����� ! �#µ2! (4)£ µ ��(����"��' $� �(0!�!� � $-� ���/'$�&: �

�%2��(����%2��(��� "�* �*!0�� � �  "# �*!$�����& 0!�& ( ���� �#!�*) "�*

"�(�-�!� � "(�& #��& ��& � ��*.-!���&,  ( �# $0��*� �� ����)!

�!)!,  (���'  �µ ���0 , �*!$����' �-�� (  � � ��'����  ��")$�

�-�� (  � � � ��2��(�����2��(��� "�*  "�����0� �  "# "*�!#��(�& �*!$�����&

0!�& ( �!)$��& $��µ0$�& ���� �#!�*), '1.�!�& �� �����& 0!�&,

 ( �#��(  � � ��"�#��(   ���0  � � �����/�'���&. �� "���' ��µ�0 

�� 0!�& ��* "�(������* �*!*1 0!�!� � µ � ��& 0!�& �*!$��µ2! � �

��!#!�2!. �(��%���& ��* "�(������* ����(��!� � µ  30 µ � �   ���0 

���! �*µ" �� �*�0  �2! ���)!, �"�!$-�!� & ��*& �2��!�& ��*

Volkmann.


��� �� �(�*!���& "�*  �����-!� � µ � �   ���0  ��* "�(������*

 ! 1�(�*! ��� �  ��µ1 ���0   ����*.�-! �   �µ ���0  (2,3,4,14).

�"#$��%� ��  ��! ���*(��µ#  *�# $�! /(��  �� � µ0  �"����µ�!���

�(� �0   "� #��&  ! 3����  ���! $��.!� /�/����( 10 . 	#!� �µµ�� 

�*µ"�('�µ �  $� ��!���2& ��µ1���- *�(�-  ! 1�(�!� � µ ��'  "�

�!$�µ*����� ���*�� �*��)! "�* � �#"�! " ( ��(�-!� � �� �����!��'



�

 ��' �%2�����' ��µ1 ���0  � � ��µ1��'����  (1,14,16). 
�

Olszewski � � Sawicki  "�$��% ! ��! -" (%� ��µ1���&  "�����-��2&

 "# ��! µ *��# �2! �"�µ��2! ���)! (µ �(� 0�* � � �!�µ�&) ��

��-��*&, #"�*, µ ��' �!��� ��"��$#��& UF �'�2  "# �� "�(�#���� � �

µ��  ���! µ *��#, � �" �#��*.� ��µ1 ������( 10  �$��%�  ��0  -

"(�1 !)& ��µ1 ��0  - !  %���!�-!  "# ��! µ *��# ��& �"�1-��2& � �

!  /� 0!�*! �%2  "# �� ����-! � � ����!� & ��  ��!* �' ��µ1 ���0 

� � ��µ1��'���� . +�!  ! 1�(�� � #µ2&  ! �   ���0   *�'  "�)&

$� "�(!�-! �� "�(�#���� � /� 0!�*! �%2  "# �� ����-!, µ " 0!�!� &

µ��  ���!  (.(��# .-� �� ��� ��µ�0� ��& "(#�1*��& ��* ��� ����-!.


�  ! 1�(#µ�!�& �"����µ�!���& �(� �0�& "�(����*! 12���( 10�&

���������)! " ( ���* �µ'�2! "�(������* �"�* �   �µ�1#(   ���0 

$� �(0!�!� � "��- � �'. �� � µ0  #µ2& 12���( 10  " ( ���*'�µ ��&

$�! " ( ��(�-!� � ��µ1 ���0 .

�� ����!#&  *�# µ #!� � �' �(�0& ��$���& µ "�(�0 !  �(µ�!�*��:

1. �"'(��*! ��µ1 ���0  ��� "�(�#����,  ��' $�! �� ! $*! �# ! 

�µ1 !����-! ��  " ( ���*'�µ � .

2. �"'(��*! ��µ1 ���0  ��  " ( ���*'�µ � ,  ��'  *�' $�! 12��-

�( 1�.�� !. (µ #!� �µ�µ  ��& ��µ�& 12���( 103�� �).

3. +�! *"'(��*! ��µ1 ���0  ��� "�(�#����.
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��) ������������������ ,���,���

�  µ ��'�  ��µ1 ���0  $�! $� .���*! $� 1�(�"������' µ �(1������'

� ( ���(�����' "�* !  �  %��2(03�*!  "� �   !�0�����   �µ ���0 .

�*�' �  ��µ1 ���0  µ "�(�-!, µ � �'"��  /�/ �#��� , ! 

 ! �!2(����-! µ � µ �.#$�*&  �!���2& �(2����)! �*��)! "�* $�!

µ"�(�-! !  �(���µ�"���.�-! �� 32!� !�-&  !.()"�*& (35, 54).

�  �(�����$� ��µ1 ���0  #µ2& $�! ���*! / ���# *µ�!  � � � �'  *�#

��! �(#"� $� 1�(�*!  "� �  �(�����$�  �µ ���0 .

�-µ12!  µ � �  " ( "'!2, �  ! �'�*4� µ ��()! �(�����$)!  ���� �)!

�)(2!, �"�!$*�µ�!2! µ #!�!  "� �!$�.����, �2(0& / ���# *µ�! , . 

 "�$�0�!*� ��! -" (%� ��µ1 ���02! ���  !.()"�!� "�(�#����.

��  ��! µ ����� �2! �(�����$)! ��µ1 ���02! �1'(µ��  $*� µ �.#$�*&:

1. ���
���
 	���
��
��
	���
��
��
:

�!����������!���������µ���&���& ���!���&���!���&.

	� �� �(���  !���������µ��)! ���!��)! �0µ ��� �� .��� ! 

 "�$�0%�*µ� �#�� ��! -" (%� #�� � � ��! �!�#"��� �!#& ������-

 !���#!�* µ � �� !  �"2'��*µ� ��! ��µ� ��* ����- µ � �!  ��$��#

 !�0�2µ  � ��*.*!#µ�!� "(�&  *�# �� � .�(��µ�!�  !���#!� (36,38).

��  !�0�2µ   !��$(' µ � ��  !���#!� � � � �#"�& ��&  !��$('��2&

"�* ��! � � 0$��& µ � ��! �#"� "�* /(0���� � ��  !�0�2µ  µ "�(�0

!  �0!� �( �#& µ � �� !  µ  (�'(�*µ� ��  !�0�2µ  µ � µ �' �*�0 

µ (� (0�µ ��& (marker).

�  !���������µ��� µ �.�$�& �()��2& "�(��('1����  (���'  "# ��!



�

Coons � � ��*& �*!�(�'��& ��* (1941, 1942) (40,41) "�*

�(���µ�"�0�� !  !���)µ �  �*3�*�µ�!  µ � 1��*�(����0!�

(flu oresceine). �� 1966 �� Ram � � �*!�(�'��& (42) "�(���( 4 !

�� �(���µ�"�0���  !���2µ'�2! �*3�*�µ�!2! µ � �!3*µ  � � ��! 0$��

�(#!� �� �/( µ� & � � Uriel  1' �!#& (43) � � Nakane � � Pierce

 1' ���(�* (44),  !�%'(���  �� µ �!  "# ��*& $�, " ( ���- � !

 !���)µ �  �*3�*�µ�!  µ � *"�(�%��$'��. �� � µ��# �#���& ��& � �

�� ����!#& #�� µ #!� µ ��(�& "��#����& �!3-µ2! µ � ��& 0$��&

�"�$('���&, � ! ��& *"�(�%��$'��&, ���& �*�0�& µ  (� (0�µ ��&

(markers) *"'(��*! � ! �!$���!� �*�� ���' ���*& $� 1#(�*& ����-&,

�� µ� ��! *"�(�%��$'�� µ 0   "# ��& "��# $� $�$�µ�!�& �*�0�&

µ (� (0�µ ��&.

���!  (�� ��  !���������µ���& µ �.�$�� .�2(�.�� !  � �'����& ��'

�()�� ����������- *����- µ �!�µ�"���µ�!�* µ � 1�(µ �$�-$� � �

�������µ�!�* �� " ( 10!�. 	��' #µ2&  "# /���02�� ��& �* ��.��0 &

��& µ �.#$�* �*(02&  "# ��-& �/( µ�  � � Ternynck (45) µ "#(�� !

�� Taylor � � Burns �� 1974 !   ! ���!)��*! ��! �"��*��

�(���µ�"�0��� ��& �� ����-& µ �!�µ�"���µ�!�*& µ � 1�(µ �$�-$� � �

�������µ�!�*& �� " ( 10!� (46).

�!���������µ��� �()�� µ � *"�(�%��$'�� µ "�(�0 !  �0!� � ! 'µ���

� � ! �µµ��� ���!���:

���! ''µ������ ���!��� (one layer) �� µ � �!3*µ� �*3�*�µ�!� ��$��#

 !�0�2µ   !��$('  "' �*.�0 & µ � ��  !'����  !���#!� ��- ����-.

���! ��µµ������ ���!��� (two layer) � ���#& �"2'3�� � µ � �� ��$��#

 !�0�2µ  ( ". �. immunogloboulin ��*!����-) � ! �� "()�� ��()µ  � �

� �#"�! µ � �!3*µ� �*3�*�µ�!�  !�0�2µ  "�* � ��*.-!�� � "(�& ��

"()��  !�0�2µ  ( ". �. ���(�!� immunoglobo ulin  !��- ��*!����-) � !

�� $�-��(� ��()µ  (38).



�

��'  �#µ� µ �� �-��(� �* ��.���"�0��� ��& �µµ���& ���!���&

�"�!��.��� ���!��� �(�)! ��(2µ'�2! (three layer)  "# ��*&

Sterberger � � Cuculis (1969) � �  "# ��! Mason � � �*!�(�'��&

(1969). ��µ !����  "��"�0��� ��* #��* �*���µ ��&  "������� �

�(���µ�"�0��� ��* �*µ"���µ ��& *"�(�%��$'��/  !��*"�(�%��$'�� � !

�(0�� ��()µ , #"�* �� $-�  �����$� $��#µ�!�& 1'���& ��&  (����&

���!���& �*��2!�-��� ! �� µ 0  (Sternberg � � �*!�(�. 1970)

(47,48,49,).



	

	� ��!  !���������µ��� µ �.�$� ��& *"�(�%��$'��&  ! �!2(03�� �:

 ) �� �!$�.�����!$�.����, µ ��'  "� �()�� ��  ��! " ('��!�  VIII (Factor

VIII), "�* "�(����� � ��  �-�� (  (11,37,39).

/) � / ���/ ����� µ ��µ/('!�/('!�, µ ��'  "� �()�� ��  �� � µ�!0!� (Laminin),

"�* �0! � �� �-(�� �*�� ���# ��& µ �µ/('!�&  *��&

(12,20,21,24,25).

�������!�����!����µ   ��& µ �.#$�*  *��& �0! � ��� "�(�� µ/'!�� ������'

µ��'�� �µ�µ  ��* " ( ���*'�µ ��& � �' �"���# "�$0� � � � �'  *�#!

��! �(#"� �"��(�"�� �� µ ����� "��)! - ������' -  ���02!.

	���!���	���!�����µ'' ��& �0! � ��� �� $-� �(2�����& µ �.�$�� $�! �0! �

$*! �#! !  �(���µ�"���.�-! ��� 0$�� ���������# " ( ���- �µ  � �

��'  *�#  !���(*��' �1 "�#µ�!�& ��µ�& (mirror sections) "(�"��

!  µ �����-!� �  !' $-� (µ 0  �� �'.� µ ��(���#"��). ��-�� #µ2&

 " ���0 "�(���#��(� �(#!�.

� µ �.�$�& ��& *"�(�%��$'��& �(���µ�"���0� � ��µ�(  µ � µ ��'��

�"��*�0  ��' ��! $�'�2(��µ# µ �� %-  �µ ���02! � � ��µ1 ���02! ��

"����-& ����-& � � �0! � �#�� �* 0�.���, )��� �� " .����� ! �#µ��

!  ��! �1 (µ#3�*! ��  ��! $�'�(��� ��& ����������& "(����-��2&

$� 1#(2!  ���� �)! #��2! (11,12,20,21). � (' #�   *�', ��' ! 

����%2 ��! �� !#���  ��& µ �.#$�* ���! "(����µ�!� �(�*! , ! 

 !��!�-� ��µ1 ��0 , ��! �(���µ�"�0��  "()�  �� 1*���������&

��2���2��$�0&  "�1-���&, "�* ��! � �!2��# #�� "�(����*! '1.�! 

��µ1 ���0 . �� #�  �  " ( ���*'�µ �  ��2������$)!, � µ �.�$�&

� ��$��%� ��µ1 ��0 . ( �0! � & 1, ���. 1 � � 2).



�


������. 1:

��.  ���������# " ( ���- �µ  ��2������$�-&��2������$�-&  "�1-��2& "�1-��2& �(2µ ���µ�!�

��  ��! " ('��!� " ('��!�  VIII,  µ � ��! ������µ��� µ �.�$� ��&

*"�(�%��$'��&. 
"�* *"'(��� �!$�.���� (E) � �()�� �0! � .�����.

	��5.*!�� 260x.

,,.  �!���(*��' �1 "�#µ�!� ��µ�  "# �� 0$�� " ( ���- �µ 

�(2µ ���µ�!� ��' � � µ�!0!��!0!� µ � ��! 0$�  µ �.�$�. ��  ���0�  (����('

��! �  (!����# ��  ��! � µ�!0!� � � �"�µ�!2& $�! ���� / ����

µ�µ/('!�, '(  "(#���� � ��' ��µ1 ���0�.

	��5.*!�� 260x.



��



��

������. 2:

��.  ���������# " ( ���- �µ  ��2������$�-&��2������$�-&  "�1-��2& "�1-��2& �(2µ ���µ�!�

µ� �� µ �.�$� ��& *"�(�%��$'��& ��  ��! " ('��!� " ('��!�  VIII.  ��

�!$�.���� �' #�  �   ���0  �0! � .����#.

,,.  �!���(*��' �1 "�#µ�!� ��µ�  "# �� 0$�� " ( ���- �µ ,

�(2µ ���µ�!� µ � ��! 0$�  µ �.�$�  ��' ��' � � µ�!0!��!0!�.  �� µ ��'��

 ���0� ��� µ ��� �0! �  (!����# � � �"�µ�!2& �0! � ��µ1 ���0�. 
� 

�  '��   ���0  �0! � .����' (  �µ ���0 ).



��



��

������. 3:

��.  ���������# " ( ���- �µ  "�(������*"�(������* �(2µ ���µ�!� ��' �#!

" ('��!� " ('��!�  VIII,  µ � ��! ������µ��� µ �.�$� ��& *"�(�%��$'��&. 
"�*

*"'(��� �!$�.���� (E) � �()�� �0! � .�����.

,,.  �!���(*��' �1 "�#µ�!� ��µ�  "# �� 0$�� " ( ���- �µ 

�(2µ ���µ�!� ��' � � µ�!0!��!0!�,  µ � ��! 0$�  µ �.�$�. 
�  �   ���0 

�0! � .����' ��' �� � µ�!0!� � � �"�µ�!2& ���*! / ���� µ �µ/('!�

(BL), '(  �0! � #�   �µ ���0 .



��



��

������. 4:

�µ�µ  ��* 0$��* " ( ���*'�µ ��& µ � ��! ���#!  3, �� µ �� �-��(�

µ���!.*��. 

��.  
�  �   ���0  ��& ���#! & ��! � �µ1 !)& .����' ��  ��!

" ('��!� " ('��!�  VIII  ( �!$�.����). 

,,.  �  0$�   ���0  ��! � .����' � � ��  �� � � µ�!0!��!0!� ( / ����

µ�µ/('!�). 



��



��

2. ������
���
������
���
 	���
��
��
	���
��
��
:

�� �����(�!��# µ ��(���#"��  "�����0� � - �� ��!���& �( µµ�& -  "#

�!  µ �� ����# �2��!  ��!�- µ ��  ���! �"�0� �0! � �*!$�$�µ�! , ��

�!  �'�2  "# �� '���, �!  "��- ��"�# µ �� ����# !�µ  ( � �'.�$�&),

µ�' µ �� ����� "�'�  µ' �!  ��!�(��# '!���µ  ( ��! '!�$�), �! &

 (�.µ#& µ  �!����)! 1 �)!, µ �' 1��12(03�*�  �.#!� " ( ��(���2& � �

µ�' 12���( 1��� "�'� . 	� �� $������*�� �����(���- (�-µ ��&,

.�(µ 0!�� � � '!�$�& � � ��"�µ"�� �����(#!� . � $������*��

(�-µ ��& *4���&  (!�����& �'��& ��� !�µ  ��& � .#$�* $�µ��*(��0

µ��'�� $� 1�(' $*! µ���- µ �� %- ��* !�µ ��& � � ��&  !�$���&

"�'� &, "�* ���� $*! µ��# ��02��&. �*�� � $� 1�(' �"�� �-!�� � 

�����(#!�  "(�& ��! '!�$�. 	�(��'  "'  *�' "�(!'!� µ ��   "# ��

��!�(��# '!���µ  ��&  !#$�* � � � ��*.-!�!� � "(#& �� �'�2 µ �(�&

��* �2��!  � ! µ �' $��µ� �����(�!02! (electron beam). � $��µ� �2!

�����(�!02! ����'3�� �  "# ��! "()�� µ  �!����# 1 �# ( ��! 1 �#

�*µ"-�!2��&) � �' ������ �(#"� )��� !  12�03� �� " ( ���- �µ .

�  "�(���#��(  �����(#!�  $� "�(!�-! �� " ( ���- �µ  �2(0&

 "#�����. 	�(��' #µ2& �*��(�-�!� � µ � / (�' µ �� ��  "�*

"�(����!� � ��� " ( ���- �µ  � � $� ���("03�!� �, %�1�-��!� &

����  "# �� $��µ�. � $��µ� "�* "(��-"��� � �'  *�#! ��! �(#"�

" 0(!�� �!  ���µ  "�* µ �� �(�"�� � �� ���#!  #� ! � $��µ�

% ! ���� ���. �  �����(#!�  "�* "�(!'!� µ ��   "� �� " ( ���- �µ 

����'3�!� �  "# �!  $�-��(� µ  �!����# 1 �# ( ��!  !�����µ�!��#

1 �#) "�* µ ���.-!�� ��! ���#!  ��* " ( ���*'�µ ��&. �*�� � ���#! 

µ���.-!�� �  �#µ� "�(��#��(�  "# �!  �(0�� µ  �!����# 1 �# ( ��!

1 �# "(�/���&) � � µ "�(�0 !  " ( ��(�.� ��� 12�1�(03�*�  �.#!�.

� ���#!  µ "�(�0 �)(  !  12���( 1�.� µ � �� ���2µ  ��& �.#!�& � �'

������ �(#"�, )��� � $��µ� !  "��� �"'!2 ��� 12���( 1��� "�'� .


� "�(���#��(�& 12���( 10�& µ � �����(�!��# µ ��(���#"�� " 0(!�!� �



�	

µ� µ ���!.*�� "�(0"�* 100.000 1�(�&,  ��' µ "�(�-! 12���( 1��' ! 

µ���.*!.�-!  �#µ� "�(��#��(� µ � �!  " ('��!�  "�(0"�* x 10. 

��' "�(���#��(�& ��"��µ�(���& ��' ��! � � ���*� � � �����*(�0 

��* �����(�!���- µ ��(����"0�*, " ( "�µ"�� � � �!$� 1�(#µ�!�& ���

������� /�/����( 10  ��� ����& ��& $� �(�/�& (51,52,53).

	� �� �����(�!��# µ ��(���#"�� �0! � $*! �� �  ! �!)(��� �#�� ��*

�!$�.��0�* #�� � � ��& / ����& µ �µ/('!�& ��� 0$�� ���������#

" ( ���- �µ , �#�2 ��& � ( ���(������& ��"��& � � ���*�& ��*&

(27,30,32,33,34,).

�*�# �0! � �� "���!����"���!����µ    *��& ��& µ �.#$�*. �� µ���!�������!����µ'' ��&

�0! � #�� µ #!� µ ��(# �µ�µ  ��* " ( ���*'�µ ��& µ "�(�0 ! 

�"�*$'3�� � ��� �'.� �"���# "�$0�, �#�2 ��& µ ��'��& µ ���.*!��&.



�


������. 5.  ��(�#���� �%2 ��!$-��* �!�µ�& �*! 0� & 27 ��)!.

�2���( 10  µ � �����(�!��# µ ��(���#"��. ��"�� � � ���*�  �µ�1#(�*

�(�����$�-&: +� �(0!�!� � �� �!$�.��� �# �-�� (� (E) µ � ��!

"*(�!  ��* (N), � / ���� µ �µ/('!� (BL) � � 0!�& ���� �#!�*

(COLL). 	��  ���!  *�# �!  �(*.(#  �µ��1 0(�� (ER). 	���.*!��

6200x.



��

������. 6.  ��(�#���� �%2 µ �(� 0�* ��!$-��*  �.�!�-& µ � ��1*�������

 (.(�"'.��  ��* �#! ��&. �*! 0�  71 ��)!. �2���( 10  µ �

�����(�!��# µ ��(���#"��: �*(�! & (N) �!$�.��� ��- �*��'(�* (E)

, ���� µ �µ/('!� (BL) �(*.('  �µ��1 0(�  (ER) �!�& ���� �#!�*

(Coll). 	���.*!�� 6200x.



��

������. 7.  �2���( 10   "# �# 0$�� " ( ���- �µ  #"2& � � ��& ���#! &

6: �(�����$�&  �µ ���0� µ � "�(�1�(��   "�����-µ�!�  "# �!$�.����

(E) � � / ���� µ �µ/('!� (BL). 
  *�#& ��*  ���0�* (L) "�(�����

*�(# �2(0& �-�� ( . 	���.*!�� 7700x.



��

������. 8.  ��(�#����  *��!  µ �(� 0�*. �*! 0�  63 ��)! µ � �'� �µ 

 *��!�& ��* µ �(� 0�*. �!$�.��� �# �-�� (� (E) µ � ��! "*(�!  ��*

(N), , ���� µ �µ/('!� (BL), �(*.('  �µ��1 0(�  (ER).

	���.*!�� 6200x.



��

������. 9.  �2���( 10   "# '��� �µ�µ  ��* 0$��* " ( ���*'�µ ��& #"2&

� � � ���.6. , ���� µ �µ/('!� (BL), �!$�.���� ( �), �*(�! &

�!$�.��� ��- �*��'(�* (N), �*�#& �(�����$�-& (L).

	���.*!�� 15500x.



��

������. 10.  ��(�#����  "# �� �'�2 '�(� "�(#!�&. �!$( & 24 ��)! µ �

µ�� �( *µ ���� $��-(*!�� ��& "�$��!�µ���&. �*(�! & �!$�.��� ��-

�*��'(�* (N), , ���� µ �µ/('!� (BL), �*�#& ��-  ���0�* (L), �!�&

���� �#!�* (COLL). 	���.*!�� 11600x.



��

������. 11.  ��(�#���� 2��!�& �*! 0� & 71 ��)! µ � "(#�1 �� �'� �µ 

 !��/( �0�*. , ���� µ �µ/('!� (BL), �(*.('  �µ��1 0(�  (ER).

	���.*!�� 7700x.



��

������. 12.  ��(�#���� '!2 '�(�* �!�µ�& '!$(  50 ��)!. 	�!��*�� (��#

��0�2µ  �(�����$�-& �!$�.��� �# �-�� (� (E) µ � ��! "*(�!  ��*

(N). �*�#& ��* �(�����$�-&  ���0�* (L), , ���� µ �µ/('!� (BL).

	���.*!�� 19500x.



��

��� µ �����  *�� �(���µ�"�0��  � � ��& $-� µ �.#$�*& ��  !  µ ��)�2

�  µ ���!����µ �  ��& �'.� µ �'& µ �.#$�*,  !  *�� �(���µ�"���-� !

 "���������'.

,,) ���������������� ����	
������	
��

�������(�0& /��40�& "�(������*  "� ������$-�  �.�!�0& "�*

���(�*(��.�� ! ���! " !�"����µ� �� �(.�"�$��� ���!��� ��*

!�����µ�0�* Herlev ��& ��"���'��&, + !0 & �%��'���� !.

��"��µ�(� �' ������0  ��  �� 1-��, ����0 , ��µ�0� /��40 & � �

�0$�& �"�µ/ ��& "�(����!� � ���*& "0! ��& 2 � � 3. 
� /��40�&

 "�����-!� ! #��&  "# µ  �(����"��' 1*��������# "�(�#���� "�*

 1 �(�.��� #�� �� $*! �# "�# µ  �(*'  "# �� ��µ�0� �"�µ/ ��&,

 !'���  µ � �� �0$�& ��& �"�µ/ ��& � � �� µ ���.�& ��* ���(�*(����-

�( -µ ��&.


��& �� /��40�& �0� ! µ ���.�& ��*�'�����! 1 � 1 �� ����#µ��(� � �

 1 �(�.�� ! µ � �µ0�� � �' ������ �(#"�, )���, �#�� �� "�(�#����

#�� � � � *"���0µ�!� �*µ" ��& �*�0  !   !��"(��2"�-�!� �. 	#!�

� '�(� ��& /��40 & �( *µ �0�����  "# �� ���(�*(���� � /0$ .


��& �� /��40�& µ �!�µ�"���.�� !  µ��2& µ ��' ��!  1 0(���. 	��'

�� ����& ��& µ �!�µ�"�0���&  1 �(�.��� �� "�(�#���� "(�������' µ �

µ�  %*(������ ��"0$ .

��  �� µ ����� ���  "�# µ ��(���#"�� �� /��40�& µ �!�µ�"���.�� ! �� 

µ�  !-��  �� .�(µ��( �0  $2µ �0�*, µ ��  �� �*$���(� (*.µ��µ�!�

(buffered) $�'�*µ  1�(µ �$�-$�& 10%,  1*$ �).�� ! � �

�����0���� ! �� �-/�*& " ( 10!�&. �!���(*��' �1 "�#µ�!�& ��µ�&

(mirror sections) �()���� ! µ � ��! ������µ��� µ �.�$�

*"�(�%��$'��&, �#�� ��  ��! " ('��!�  VIII, ��� � � ��  ��!

� µ�!0!�. �"�"���! ��µ�& �()���� ! µ �  �µ ��%*�0!� - �2�0!� �� 

� � ��"������-& �#��*&.



�	

��  �� µ ����� ��� �����(�!��# µ ��(���#"�� �� /��40�&

µ�!�µ�"���.�� !  (���' ��  $-� )(�& �� µ �!�µ�"������# *�(# ��*

Karnovsky � � � �#"�! �� $�'�*µ  OsO . 	��' �� µ �!�µ�"�0��� ��*&4

 1*$ �).�� ! � � �����0���� ! �� �*�0!$(�*&  "� epoxy µ � ��

�!2��� $� $�� �0 . �% �(����' ��"��& ��µ�& �()���� ! µ � uranil

acetate � � ���(��# µ #�*/$� � � µ �����.�� ! �� JEOL 100B

�����(�!��# µ ��(���#"�� (JEOL Inc.,TOKYO).

��
�����	�����
�����	���

�� "'��& ��* "�(������* �� ! $� 1�(����# ���& $�'1�(�& /��40�&

 ��' � ��"�� � � ���*� ( *1�) ��* �� ! " !��- � 0$� : ��2��(��',

��!�' ��� ����-!, �� 0!�& ��* ���� �#!�* �� ! "*�!�& � � � 

 ���0   ( �'. ��# �"�1 !�� �' � *1� ��* ���� �#!�* �� ! "�#  ( �'

� � �   ���0  "�(���#��( .

�� � !�!  " ( ���- �µ  $�! " ( ��(�.�� ! ��µ�0  �( *µ ���µ�-,

1���µ�!�&, ��1*�0��2& � '���& " .�������& $��(� �0 &.

� � µ � ��& $-� µ �.#$�*& µ #!� �(�����$�  �µ ���0  " ( ��(�.�� !.

�� � !�!  " ( ���- �µ  $�!  !�*(�.�� ! ��µ1 ���0 .

��6�������6����� ������ ��	�����	���	�����	�

�"��  ! 1�(' ��  ��µ1 ���0  ��* "�(������* �0!�� � �� ��'�����&

�"����µ�!���& �(� �0�& (2,3,5,13,14,21,22),  ��'  "#$��%� ��  ��!

-" (%� ��*& $�! ���� µ ��(� ��µ�(  - � .#�� �!2(032 - $�µ����*��

��� $��.!� /�/����( 10 . 

��µ1 ���0  ���& 1 �!� ��&  "�1-���& ��* ����- ��& '!2 �!'.�*, ��

" �$�' ����0 & 11 - 15 ��2!, " ( ��(�.�� ! ���  "�# µ ��(���#"��

� � 12���( 1�.�� !  "� ��! Barker (6). ��  ! ��µ���& � �

����������& �(�*!�&  ! 1�(�� � #�� " �  "�����*�� ��* µ ����*� (0�*

*�(�- �2! ���)! �0!�� � µ ��   "# $ �$ �)$��&  �*�0$�& $� $(�µ)!



�


$� µ���* �2! �2��!2! ��* Havers ��� "�(�#����  (14), �  "# ��*&"

�$��*& ��*& �2��!�& ��* Havers  ��' #�� µ ��   "# ��µ1��' � !'�� 

"�* �� ! " "( �µ ����&  ! ��µ���& µ �!'$�&  (16)."

��µ1 ����)µ �  � � ��µ1 ����2µ'�2�� �2! ���)! ���*!

"�(��( 1�(16). 
� "�(���#��(��  "'  *��-& ��*& #���*&, �

 µ (�)µ � ,  ! "�-��!� �  "# ��µ1 ���0  ��& �"���)$�*& �*�0 & �2!

���)! � � #��  "# �� "�(�#���� (18). 
� � ���.��& #���� �)! ���)!

$0!�*! �*(02&  �µ ����!�0& µ �� ��'���& � � µ #!� �"�( $��'

µ�.0�� !� � ��  �����!��' ��µ1��'����  (19). � µ ��'�� ��  *�� �� 

��µ1��'����  .  µ "�(�-�� !  .�2(�.� � !  "#$��%� *"'(%�2&

��µ1���-  "�����*����- �*���µ ��& ���! ���0�� ���#. �0! � #µ2&

����02&  "0. !� �! & � ���.�& #���& ����-, ��� ��'$�� �2!

µ�� ��'��2!, !  "�(��(03�� � ���! �*µ" �� ����/'$  � � ��

"�(�#����£ �'  *�# �� ��'$�� � #���& ���� �$� $��.���� �����!���-&

����-& "�- $� .���*! ��µ1 ���0 . �"�µ�!2&, �-�� � -" (%� � ���.2!

#��2! ��  ���', "�* "(��(��!� �  "� ��µ1 ��� �# ����, �-�� �

µ��'�� �� � ���.2! #��2! �2! ���)! ��  �����!��' ��µ1��'���� 

 "�����-!  "#$��%� -" (%�& ��µ1 ���02! ��� "�(�#����.

��  !�0.��� µ � �  µ ��'�  ��µ1 ���0 , "�* $�! $� .���*! ���������'

$� 1�(�"������' ������0  "�* !  �  %��2(03�*!  "# �   !�0����� 

 �µ ���0 , �  ��µ1�1#(  �(�����$� $�! $� .���*! / ���� ����/'$ 

(basal lamina) #"2& �   �µ�1#(  �(�����$�. � / ����  *�� ����/'$ 

 ! �!2(03�� � µ � /�/ �����  �#�� µ � ��  "�# µ ��(���#"��, µ ��'  "#

�()�� µ �  !��- � µ�!0!� (12,20,21), #�� � � µ � �� �����(�!��#

µ��(���#"�� �'(�& ���! � ( ���(������ ��"�� � � ���*� ( *1�) ��&

(10).

�� �!$�.���� �#�� �2! ��µ1�1#(2! #�� � � �2!  �µ�1#(2! �(�����$)!

µ"�(�0 !   ! �!2(���� µ � ��  "�# µ ��(���#"�� µ ��'  "# �()�� µ �



��

 !��- " ('��!�  VIII (11) � � µ � �� �����(�!��# µ ��(���#"�� "'��

�'(�& ���! ��"�� � � ���*� ��*.

�"�µ�!2&, µ � �� !  �*��(0!� � !�0& �����!����& ��µ�& (mirror

sections) ���  "�# µ ��(���#"�� � � µ �  "�� " ( ��(��� ���

�����(�!��# µ "�(�0 � !�0& !  $� �2(0�� �  �(�����$�  �µ ���0   "#

�   !�0�����  ��µ1 ���0 .

�� ����!#& #�� $�!  !�*(�.�� ! �(�����$� ��µ1 ���0  �-�� µ � ��

µ0  �-�� µ � ��! '��� µ �.�$� �"��(�"�� !  �*µ"�('!�*µ� #�� ��

 !.()"�!� "�(�#����, � $�! ���� � .#��* �(�����$� ��µ1 ���0  �,

 ! ����, �#��  *�' �0! � ��'����  � � �#�� $� �" (µ�! , )��� $�!

��! � $*! �# !   !�.(�.�-! µ � µ �.#$�*& "�* ���*!  "�$���.�

 %�#"����& �� '���& �(�*!�&  *��- ��- �-"�* (10,20,21).



��

                       ��������������  1

������&������& �!����������!���������µ���&���& 	�.#$�*	�.#$�* ��'��' ��!��! �"���"�� 	��(���#"���	��(���#"���.

,��40�&,��40�& ��2������$)!��2������$)! �"�1-��2!�"�1-��2! 2(0&2(0& � .�������&� .�������& �����)���&�����)���&.

-----------------------------------------------------------------

�(�.�(�.. �-���-��  ����0 ����0    +�'�!2��+�'�!2��         �"�"��µ/ ��/ ��        ����µ1 ���0 1 ���0 

-----------------------------------------------------------------

1.    �*�.  66       
���& ��.���&    
���� ����(����µ�    ++

2.    �*�.  26       
%�0  ����0      ��2������$����µ�     +++

3.    �*�.  41                        �-���& Bricker       +++

4.    �*�.  25       �!$�µ��(02��     +�%�' � �"�������µ�

                                      & ��2������$����µ�   ++

5.    �*�.  97       �-����&          �1 0(��� �-���2!

                     ��.��)!          & ��2������$����µ�   +++

6.    �(.   46       �-���&           �1 0(��� �-���&

                     	���!��(0�*      & ��2������$����µ�   ++

7.    �*�.  28       
%�0  ����0      ��2������$����µ�     +++

8.    �*�.  17       
%�0  ����0      ��2������$����µ�     +++

9.    �*�.  48       �!�µ-2µ          ��2������$����µ�

                     	��( &                                +++

                     ��������������  1  ( �*!���� )

-----------------------------------------------------------------



��

�(�.�(�.. �-���-��  ����0 ����0    +�'�!2��+�'�!2��         �"�"��µ/ ��/ ��        ����µ1 ���0 1 ���0 

-----------------------------------------------------------------

10.   �*�.  60       
���& ��.���&    ,��40  ���µ���$�-&

                                      �"�"�#�* & ��2�/µ �   +++



��

                       ��������������  2

      ,��40�&,��40�& ��(������*��(������* - �"�#�"�# 	��(���#"��	��(���#"�� �'��2!�'��2!

-----------------------------------------------------------------

�(�(. �-���-�� ��������. ��"��(��"��(. ,��40 &,��40 &   �"��"�µ/ ��/ ��      �"#���"#��. ,��4,��4.- �( -�( -µ  

-----------------------------------------------------------------

1.  �*�. 65    �!2 '�(� �!�µ�&   Hauser              2 ��.

2.  �*�. 13    �!2 '�(� �!�µ�&   �1 0(. �%���)-      4 ��.

                                 ��2&

3.  �(.  73    �%2 �#!$*��& µ �-  
�����-!.���      �*��������#

                 (� 0�*            �%2 �!�µ. ��!$.   ����-!

4.  �(.  73    � �#!��&  �(���-  
�����-!.���      �*���������

               10                �%2 �!�µ. ��!$.   ����-!

5.  �(.  76    �!2 '�(�          
�����-!.���        15 ��.

               µ �(� 0�*           *��!�& µ �(.

6.  �(.  13    �%2 �#!$*��& µ �-  �"�1*��#$���         5 ��.

               (� 0�*            �'�2 '�(�* µ �(�-

---------------------------------------------------


� /��40�&  (�.. 3 � � 4 �0! �  "# ��! 0$��  �.�!�.



��

                       ��������������  3

      ,��40�&,��40�& ��(������*��(������* - �����(�!��#�����(�!��# µ ��(���#"����(���#"��

-----------------------------------------------------------------

�(�(. �-���-�� ��������. ��"��(��"��(. ,��40 &,��40 &   �"��"�µ/ ��/ ��      �"#���"#��. ,��4,��4.- �( -�( -µ  

-----------------------------------------------------------------

1.  �*�. 61    � �#!��&  �(���-  
�����-!.���      �*��������#

               10                �%2 �!�µ. ��!$.   ����-!

2.  �*�. 74    �*��! & µ �(� 0�*  �(#.��� Moore       3 ��.

3.  �*�. 28    �%2 �#!$*��&      +�'!��%� �*µ" -   �*��������#

               �!�µ�&            ��-& �*�0 &       ����-!

4.  �(.  23    �!2 '�(� �!�µ�&   
������µ0         �*��������#

                                                   ����-!

5.  �*�. 73    �()�� 1'� �% µ �-  ����0(��� Keller    1 ��.

               �'��* $ ��. "�$#&

6.  �(.  84    �!2 '�(� µ �(� 0-  +� �(�� !��(�       5 ��.

               �*                ������-!.���

7.  �(.  13    �'�2 '�(� µ �(�-   
������µ0         �*��������#

                0�*                                ����-!

8.  �*�. 60    �%2 �1*(#!        
�����-!.���        3 ��.



��

                    ��������������  3  ( �*!���� )

-----------------------------------------------------------------

�(�(. �*��*�. ��������. ��"��(��"��(. ,��40 &,��40 &   �"��"�µ/ ��/ ��      �"#���"#��. ,��4,��4.- �( -�( -µ  

-----------------------------------------------------------------

9.  �*�. 78    �*��! & µ �(� 0�*  
����  (.(�"� �-       2 ��.

                                 ���� ���0�*

10. �*�. 62    �*��! & µ �(� 0�*  
����  (.(�"� �-       2 ��.

                                 ���� ���0�*

11. �(.  63    �%2 �#!$*��&      
������µ0              1 ��.

               �!�µ�&

12. �*�. 71    +�'1*�� ��(�0$�&  
�����-!.��� � -       2 ��.

                                 �'�µ.  !��/( �0�*

13. �*�. 71    +�'1*�� 2��!�&    
�����-!.��� � -       2 ��.

                                 �'�µ.  !��/( �0�*

14. �*�. 71    �%2 �#!$*��&      
����  (.(�"� �-       3 ��.

               µ �(� 0�*          ���� �#! ��&

15. �(.  50    �!2 '�(� �!�µ�&   +�'�(���               2 ��.

                                 (fenestratio)

-----------------------------------------------------


� /��40�&  (�.. 12 � � 13 �0! �  "# ��! 0$��  �.�!�.



��

                    ��������������  3 ( �*!���� )

-----------------------------------------------------------------

�(�.�(�.. �-���-�� ��������. ��"��(��"��(. ,��40 &,��40 &   �"��"�µ// �� ��   �"#���"#��. ,��4,��4.- �( -�( -µ  

-----------------------------------------------------------------

16.   �(.  56    �!�µ� 0� �-(�2µ   
����  (.(�"� �-      1,5 ��.

                                   ���� �#! ��&

17.    �(.  23    +�'1*�� "�(#!�&   �� ����� �%2      �*��������#

                                   �1*(�- (Evans)    ����-!



��

ENGLISH SUMMARY

Lymphatic drainage from bone and periost eum is still a matter of

discussion. Whereas most research workers agree that compact bone

does not contain lymphatic vessels (5,6,7,8,9), some maintain

that "osseous lymph" drains via Lymphatics of the periosteum (6).

Large lymp hatics have no characteristic morfologic feature that

clea rly distinguishes them from blood vessels of similar size.

These lymp hatics, therefore, can be recognized with some degree

of certainty only by injection techniques, a method not readily

clinically applicable. On the other hand, lymphatic capillaries

lack a basal lamina and in this respect differ from blood

capill aries (10). Accordingly, using light microscopy (LM) and

transmission electron microscopy (TEM), periosteum can be

examined in order to detect small endothelial-lined vascular

channels without basal lamina (i.e. lymphatic capillaries).

LM has the advantage that relatively large areas can be examined.

Its disadvantages are that endothelium and basal lamina cannot

be visualised in the same section, and therefore nearby or

adjacent sections (mirror sections) have to be compared. By

contrast TEM allows endothelium and basal lamina, each with its

char acteristic ultrastructure (10), to be detected in the same

section. The main disadvantage of TEM is that only comparatively

small amounts of tissue can be examined at one time. Used

together, however, LM and TEM should provide a reliable assesment

of whether periosteum contains lymphatic capillaries or not.

In the present study, 23 periosteal biopsies from 22 patients

operated upon in the orthopedic department at Herlev Hospital

were examined. All specimens were exised as remote from the



�	

operated f racture or osteotomy site as technically feasible and

appe ared grossly as normal periosteum. Both periosteum and the

underlying compact bone were represented. Each specimen was fixed

promptly after removal and after completed fixation the

periosteum was gently freed from the underlying bone with a sharp

rasor blade. 6 specimens were fixed in formalin, dehydrated and

embedded in paraffin. Adjacent sections were stained by the

immunoperoxi-dase method for factor VIII and for laminin and

examined with light microscopy. 17 specimens were fixed in

Karnow ski's fixative, postfixed in OsO , dehydrated and epoxy4

embedded. Ultrathin sections were stained with uranil acetate and

lead citrate and examined using a JEOL 1 00B electron microscope.

Irrespective of the method of examination, only blood capillaries

were depicted. In none of the specimens were lymphatic

capillaries seen.
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