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on the femoral diaphysis of rats. Material and Methods: The femoral diaphyses of 42 
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protocol produced more marked bone necrosis than the 1-min protocol. Although our results 
cannot be entirely extrapolated to clinical practice, they contribute to the understanding 
of the behavior of bone tissue submitted to different cycles of liquid nitrogen freezing and 
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INTRODUCTION
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destruction4. The locally lethal effects of this method 
are the result of cell dehydration and the formation 
of intracellular ice crystal, causing direct cytotoxic 
injury and secondary vascular ischemia11,12,13,25.

The maxillomandibular complex is prone to a 
variety of lesions that, although benign, might be 
locally aggressive9,10,22,24. Doubts exist regarding 
the best therapeutic approach in these cases, since 
������������	����������	���	
���	����������	
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����	�����	��	����������!	
������	�������	���������!	

although resulting in cure in most cases, may cause 
severe esthetic-functional impairment21. In this 
respect, adjuvant therapies, such as cryosurgery, 
����	
���	���
����	
���	������������	����������	
��	�����	��	������	���	����	��	����������	
������	
increasing morbidity5,21,23.

Animal models investigating the effects of 
cryosurgery on bone tissue have generally been used 
for descriptive purposes and have only evaluated 
morphological aspects3,7,8,14,15,19,20,27#	G	
����	�����
	
of the English-language literature revealed no 
standardized studies that histomorphometrically 
analyzed the effects of cryotherapy on bone tissue. 
���	���	��	���	�������	�����	
��	��	��������	���	
effects of liquid nitrogen cryosurgery on the femoral 
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diaphysis of rats using a standardized experimental 
model and histomorphometric parameters.

MATERIAL AND METHODS

Animals
K����/�
�	 ����	 ������ ����	 ����	 �1	 
��&�	

(360-460 g), randomly chosen from the Central 
Animal House of the Federal University of Ceará, 
K������'�!	5S!	V��'��!	
���	����	��	����	�����#	���	
�������	
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h light/dark cycle at 23-25o5!	
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����#	���	�����������	
���	�����
��	
�	
the Animal Care and Use Committee of the same 
�����������	 X��������	 ���
���	 1Y�))1Z	 ���	 
���	
conducted according to recommended guidelines 
on animal experimentation.

Cryosurgery protocols
K���'���	
��	�������	���	��	�	5([/G5®-3 cryostat 

(model #B-700, Brymill, imported from CRY-
AC®, Brazil) using liquid nitrogen as coolant and 
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Surgical procedures
���	 ����	
���	���������'��	
�	 ���������������	

injection of 2.5% tribromoethane (0.1 mg/100 g 

���	
�����Z#	|���!	�	�#"/��	������	 ��������	
��	
made along the lateral aspect of the right thigh from 
���	��������	�����#	���	��������	�����	�������	
���	
���	 ��������������	 ���	 ���	 �������	 ���������	
��	
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���	��	���	������	���
�	
��	����������	��	���	
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surface 1 cm from the head of the femur. Retractors 

���	 ���������	 ����������	 ��	 �����	 ������	 ��	
adjacent soft tissues during the freezing process. 
G����	 �����������!	 ���	�������	
���	 ��������	 ��	
their initial position, and the soft tissues and skin 

���	�������#	���	�������	
���	����
��	��	�������	
���	
���	������	��	����������	�����#	|�	�����	
���	
administered postoperatively.

Histologic preparation
>�����	 ��	 ����	 
���	 ����������	 
�	 ��������	

�����������	�!	�!	%	���	��	
��&�	�����	�������#	���	
�����	������	
���	�������!	$���	
�	���������	��	
10% neutral buffered formaldehyde for 48 h at room 
�����������!	���	����	�������$��	��	"}	����	������	

Figure 1- Comparison of the linear extent (a, b) and depth (c, d) of bone necrosis between the 1-min (A) and 2-min (B) 
cryosurgery protocols according to experimental week (mean±SD). *p<0.05 (comparison between protocols A and B)
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that the femur could be sectioned in the sagittal 
�����#	���	����	��	���������������	
��	����������	
�	
positioning a millimeter rule 1 cm from the femoral 
����#	~�������	X%/��/����&Z	
���	���	������������	
from the lateral border to the site of cryoapplication 
���	�������	
���	�����������	���	�����#

Histomorphometric analysis
K��	�����������������	��������!	���	����	
���	

���������	�����	���	�����	;	�������	����
���	�#%0	
s (National Institutes of Health, Bethesda, MD, USA; 
������
��	����	�����YY��

�
#���#���Y��YZ#	���	����	
central stained section that corresponded to the 
����	��	���������������	
��	��������	��	����	
���&#	
���	��������	
���	��������	�����	�	�����	���V	
light microscope (Leica Microsystems, Nussloch, 
Germany) connected to a Nikon Alphaphot-2 VS2 
digital camera (Nikon, Tokyo, Japan). In each 
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���	 �����'��	 ���	
�����	��	�������	������#	���	������	
���	��������	
�����	�	�))�	�
�������	
���	�	$���	����	���	���	
�����
���	 ����������	 
���	 ���������	 X�Z	 �����	
of bone necrosis, (2) extent of bone necrosis, 
(3) number of empty osteocyte lacunae, and (4) 
number of empty vessel channels. For depth and 
������	��	
���	��������!	�����	������	
���	���������	
into micrometers using a Neubauer chamber (0.1 
mm/0.0025 mm2Z	��	 ���	 ����	�����$������#	 ��	
��������!	 ��	 ����	 ����������	 $���	 �����	 ��������	
���������'��	 ������������	 
���	 ����	 ���	
the assessment of the extent of bone necrosis 
XK�����	 �
Z!	 ���	 �	 ����'�����	 �����������	 
��	
performed for the evaluation of the depth of bone 
necrosis (Figure 1d). Empty osteocytes and vessel 
��������	���	���������	��	�	���������	�����!	
���	
���	 �����������	��	 ���	����������	
��
���	�����	
���	�����	�������	X<�����=	���	<����=Z	���	
��
���	
empty and total vessel channels (Figure 2a).

Figure 2- Image J software (a) used for the determination of the number of empty (type 1) and full (type 2) osteocytes/vessel 
channels. Numerical ratio between empty osteocytes (b)/vessel channels (c) and total osteocytes/vessel channels according 
to experimental week (mean±SD). A2, 1-min protocol; B2, 2-min protocol. *p<0.05 (comparison between protocols A and B)
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Statistical analysis
G��	������������	
���	����	
������!	
���	���	

��������	 
����	 ���
���	 
������	 ���	 �/���	 ��	
2-min protocol had been applied. Median, quartiles 
���	�������	���	�������	������	
���	����������	
���	���	�����
���	�������#	~����������	��������	
��	
performed using the Origin 8.0 statistical program 
X��������	~���
���!	|����������!	�G!	�~GZ#	���	
�������	
���	��������	�����	���	����&��/������	����	
and Dunn’s post-hoc	����	
��	�������	��	������	��	

����	����	����	�
�	�������	��������	�����$������#	
G	�����	��	�����$�����	��	"}	
��	�������	Xp<0.05).

RESULTS

One-minute protocol
The absolute peak extent of bone necrosis 

X�),-#)*%	��Z	
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��&	
��	���	����������#	5���������	���
��	�	�����$����	
difference (p�)#)"Z	
��
���	������������	
��&�!	
������	
��
���	���	$���	���	������	
��&#	3���
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���	
��&�	��	�
���������	���
��	
�	 �����$����	 ����������	 Xp<0.05) in mean depth 
of bone necrosis per histologic field for most 
���
��������!	 ������	 
��
���	 ���	 �����	 ���	
������	 
��&#	 ��	 ��������!	 ���&	 ��������	 �����	

��	��%#")*	��	 ��	 ���	 ������	
��&#	G	���&��	
percentage of both empty osteocytes (Figure 2b) 
���	������	��������	XK�����	��Z	
��	�
������	��	
���	 ������	 
��&!	 
���	 ����	 ������	 ��	 )#0�	 ���	
0.34, respectively.

Two-minute protocol
���	���&	������	��	
���	��������	
��	��)%1#%�1	

+�	���	
��	�
������	��	���	������	
��&	��	���	
����������#	 G	 �����$����	 ����������	 ��	 ��������	
������	
��	 ����	 �
������	 
��
���	 ���	 $���	 ���	
������	
��&	Xp<0.05) (Figure 1a). Regarding the 
�����	��	
���	��������!	�	�����$����	����������	
��	
�
������	
��
���	���	
��&�	��	����	�����	Xp<0.05) 
(Figure 1c). In addition, a mean depth of 436.424 
+�	 
��	 �����	 ��	 ���	 ������	 
��&#	 |�������	 ��	
osteocytes (Figure 2b) and vessel channels (Figure 
��Z	
��	������	�
������	��	���	������	
��&!	
���	
mean ratios of 0.64 and 0.71, respectively.

DISCUSSION

In an attempt to reduce or even to prevent 
esthetic-functional complications associated 

���	 �������	 ���������	 ��	 
�����	 ����������	
��
	 ��������!	 �����������	 ���������	 ����	 ��	 ���	
�����������	 ��	 ������	 $�������	 X5�����	 ��������Z	
���	��������	X�����$��	���'��	��	�	�����������	

���
	)o5Z	����	
���	���
����	
���	������������	
treatment1,17,21,23,26.

On the basis of morphofunctional phylogenetic 
investigations18!	 
�	 ���������	 ��	 ������������	

model using rat femurs for comparative studies in 
order to extrapolate the clinical use of cryotherapy 
��	�����	��
	��������#	K��	���������'�����	��	���	
�������	������!	�	������	���
�	������	
��	������	
since it permits better control of the quantity of 
tissue involved2.

The present study is the first employing 
histomorphometric parameters for the evaluation 
of the tissue response to cryosurgery. The Image J 
����
���	
��	����	�����	��	��	�	������!	��
���	������	
�������	������	������
��	��	���	��������!	
����	���	
also been used for other purposes in dentistry as 
reported by Demirbas6 (2008).

Analysis of the extent of osteonecrosis in 
�������	��
������	��	���	�/���	��������	���
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difference in the mean extent of bone necrosis 
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Comparison of the protocols of liquid nitrogen 
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����������	
��
���	���	������	���	��th	
��&#

Another important parameter for the quantitative 
analysis of morphologic alterations resulting 
from cryotherapy is the percentage of necrotic 
����������#	�����	���	�/���	��������!	�	�����$����	
����������	��	����	���������	
��	�
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������	
��&	
���	��������	��	���	�����	
��&�#	
���	 ����	
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�	���������	���
��	
�	�����$������	������	����	����������	��	��������	
osteocytes for the 2-min protocol compared to the 
1-min protocol, corresponding to peak osteocyte 
necrosis in the present study.

��	 ��������	 ��	 ���	 ������$������	 ��	 ���������	
��������!	�����$����	�����������	��	���	��������'�����	
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���	 ����	 �
������	 
��
���	
������	��	���	�
�	���������#	G�	�
������	���	���	
previous morphologic analysis, a significantly 
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���	�����	
��	 ���	 ������	 
��&	 ��	 �
���������	 ��������	 ��	
���	���������	
��&�!	
���	���&	��������	��������	
����	 ���������	 ��	 ���	 ������	 
��&	 ��	 �
������	
���	 ���������	 ��������#	 ��	 ��������!	 ���	 ��
���	
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��	���	����	
��&	��	�
���������	�����	�����������!	
corresponding to peak vascularization in the present 
study.

The depth of necrosis in animals is generally 
evaluated by thermographic imaging, a procedure 
��	
����	�������	�������	���������	��	���	������	
�������	�������	���	�����	�����������	$���	������	
the cryosurgical procedure14. Using this approach, 
Bradley and Fisher3 (1975) evaluated different 
�������	 ��	 ����'���	 
���	 ��	 �/��	
���	 ��������	
cavities of dry porcine mandibles. The authors 
observed that the use of nitrogen spray resulted in 
complete bone penetration, including the opposite 
cortex, after 5 min. In contrast, the use of closed 
probes resulted in a small area of cortical bone after 
�)	 ���	 
����	 ���	 ��������	 �����������	 �������	
�	 ������	 �����#	 ��
����!	 �����	 �������	 ��������	
only immediate and in vitro	 �������!	
������	 ��	
in vivo longitudinal analysis using qualitative and 
������������	 ����������	 
��	 ���������	 ��	 ���	
present study.

We also observed differences in the depth of 
�������������	 
��
���	 ����������	 $����!	 
��
���	

��&�	 ��	 �
���������	 ���	 
��
���	 ���	 �
�	
cryosurgery protocols. Using the 1-min protocol, 
�	 �����$����	 ����������	 ��	 ����	 �����	 ��	 
���	
��������	
��
���	����������	$����	
��	����	�
������	
��	 ���	 �����	 �����$���	 �����	 �	 
��&!	 
���	 ���	
observation of greater homogeneity in the band 
of necrotic cortical bone in the other groups. The 
�������	����	��������	�����	
��	�
������	��	���	
������	
��&	��	����������!	
���	����	�����	
����	
�����������	�������	��	����	�
������	��	���	$���	
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using the 2-min liquid nitrogen cryotherapy protocol 
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mandibles and observed marked bone necrosis in 
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histologic study on rabbit femurs, Keijser14 (1999) 
demonstrated a clear demarcation of osteonecrosis 
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study.

Clinically, bone fractures after cryotherapy have 

mainly been reported for ameloblastoma involving 
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odontogenic tumor1,5,7,16,17,21. Despite the absence 
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suggest that the marked bone necrosis observed 
����������	 ��	 ���	������	������������	
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contribute to the occurrence of this complication, a 
fact supporting the need for careful postoperative 
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CONCLUSIONS

���	$������	��	���	�������	�����	��������	����	
the 2-min protocol produced more accentuated 
bone necrosis than the 1-min protocol. Although our 
results cannot be entirely extrapolated to clinical 
practice, they contribute to the understanding of 
the behavior of bone tissue submitted to different 
cycles of liquid nitrogen freezing and may serve 
��	�	
����	���	��
	�������#	S�����������	����	���	
important for the understanding of the mechanisms 
underlying the effects of cryosurgery.
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