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Abstract 

BACKGROUND: Open reduction and internal fixation has been confirmed to treat posterior Pilon fracture, but choosing 

which fixation scheme is still under discussion. 

OBJECTIVE: To explore the biomechanical properties of posterior Pilon fracture after repaired by two different fixation 

methods, thus providing reference for selecting an appropriate fixation scheme. 

METHODS: Twenty right artificial femurs were randomized into two groups A and B, and the models of posterior Pilon 

fracture were established based on its characters and classification. The group A received with 5 holes distal tibial 

posterior locking plate fixation, and the group B underwent two 3.5 mm of cortical screws from back to front bicortical 

fixation, followed by placed in the InstronElectroPulsE3000 universal electronic static and dynamic materials testing 

systems, vertical speed loaded until internal fixation failure, the loading was recorded when different steps appeared. 

RESULTS AND CONCLUSION: (1) After loading, none of groups presented with screw bent or broken. (2) The axial 

load when appeared with 0.5, 1.0, 1.5, and 2.0 mm steps in the group A was higher than that in the group B, and the axial 

load significantly increased with fracture fragment displacement increasing (P < 0.05). (3) The biomechanical test shows 

that the distal tibial posterior locking plate fixation is better than screws in the treatment of posterior Pilon fracture. 

Subject headings: Tibia; Fractures, Bone; Internal Fixators; Biomechanics; Tissue Engineering 

Funding: the National Natural Science Foundation of China, No. 81350017 
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Table 1  Biomechanical parameters of the artificial tibia  
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Figure 1  Images of a 46-year-old male 

patient with posterior Pilon fracture 
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Figure 2  Images of a 50-year-old male patient 

with posterior Pilon fracture 
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Figure 3  Models of the posterior Pilon fracture based on its 

characters 
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Figure 4  The experimental samples 
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Figure 5  The mean load-displacement curves in the two groups 
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Table 2  Characters of the posterior Pilon fracture   

�� �����(cm) �	
�(cm

�
) �
�(cm

�
) 
�(%) 

1 5.39 3.32 8.66 38.34 

2 6.02 3.79 9.31 40.71 

3 3.08 3.56 17.15 20.76 

4 3.88 4.52 15.16 29.82 

5 3.10 3.32 9.62 34.51 

6 3.16 3.87 11.09 34.90 

7 4.10 4.29 12.19 35.19 

8 3.41 3.50 13.00 26.92 

8 2.71 3.11 11.53 26.97 

10 3.09 3.13 11.95 26.19 

11 3.77 4.03 14.15 28.48 

12 3.87 4.21 14.36 29.32 

13 3.90 4.06 8.25 49.21 

14 3.46 2.98 10.86 27.44 

15 2.87 3.18 12.03 26.43 

16 3.27 1.96 10.61 18.47 

17 2.51 3.44 9.68 35.54 

18 7.24 4.18 9.92 42.14 

19 2.93 3.34 14.09 23.70 

20 3.46 2.86 11.75 24.34 

21 3.09 5.58 14.08 39.63 

22 3.34 2.77 11.37 24.36 

23 2.24 2.86 11.54 24.78 

��� 3.65 3.56 11.84 30.06 
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Table 3  Comparison of the axial load in the two groups   

�� 0.5 mm �� 1.0 mm �� 1.5 mm �� 2.0 mm �� 

������ 273.3±26.4 530.0±45.5 768.1±65.2 1 009.7±86.2 

��� 244.2±1.3 445.8±3.5 665.1±6.6 835.6±2.0 

F 10.86 34.00 76.48 135.68 

P 0.04 0.00 0.00 0.00 

 



 

����. ����	
������ Pilon 	�������� 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

3716 

www.CRTER.org 

��������	
��������������

�����������	� �!"#$%&'()*

+,-./0�12/0-�34567��89:�;

�<=%>?"@ABCD��EFGHIJKL�M"

�N�NOPQORS�!"TS�U�8<=VPWX

YZ[�B\�]^�8_�`��8abcd/0ef

�gh%i/0j��k�?"lmn)��op/03

q�rstM"��!"uvR�wxyzI{xy|}

H~�������3��zI�*U��yuv���

op/0�!"�\�������uv���b���

�uv�����3���UPilon�8�	
�/0��

�~���� �¡¢�Pilon�8

[12-15]

%£uv�/0�

?"¤¥R�¦§�¨©¢�!"�3(#2ª©¢�R�

�«¬}®¯ª©¢?"v�3(#¬4°�uv±O�

R�B\�12����²³�´µ�¶·¸¹º���

q[»`�¼½´µ�8_¾:P!"��¿�ÀÁÂ�

Ã�U�ÄÅ�����	?"Æ�0Çop¯Èuv!

"UÉÊPilon�	�8*Ëst�xÌM"��ÍÎÏ=

LÐÑ|}Hst�"�ÒÓ�²�Pilon�	�8|!"

ÐÑ�GHIJÔÕÖ×ØÙÚ��2001ÛTornettaÜ

[16]

Ý�UUÉÊÞß�8*�ß�8*à�D´á®uv�

GHJ�Xâ�à´D�}®uv�2010ÛAmorosaÜ

[11]

ØÙz�à�D´}®ãIuvÉÊ15ä�Pilon�8å

d�'5æçè�3<=Péêëìíbî��*1ä�8

3<=�2012ÛChenÜ

[17]

z�ïð/0ÉÊ10ä�Pilon

�8åd�'5æçè�3<=Péêëìíbî�)�

13ñË�åd�8<=�ïð/0UÉÊ�Pilon�8[R

òó�ô�ÎÏ\õ�ö�Ý�UÉÊ�Pilon�8µ�ï

ð/0�GHIJr÷#â�uv!"ø�(#GHIJ

stùú�2013ÛûüýÜ

[4]

ÄÅ3�|!"µþÉÊ�

Pilon�8�ÎÏPGHIJ���ó�ïð/0(1/3��

Æ�0)!"�¨Pilon�_�M"�â�uv·��à�D

´}�uv!"�M"�â�à´D�uv!"�2015Û

O'ConnorÜ

[18]

½ïð/0Çà´D�}®ãIuvÉÊ

�ß�8��¼��ÄÅ�s�¼ïð/0~ABâ��

ör�²�Pilon�	�8!"j�uv!"Ç?"/0!

"	
�ÎÏ½ÄÔÕ�Ë�V�UGHIJµ�Xó

������UÀÁÂ*j��Dlm�ÄÅPilon�	3

q!"µ���G�q:9��D���ÁÂ�õùÁU

ÉÊPilon�	�8*������¨?"Æ�0Ëst�

M"�Åuvâ���d�Í�K��������¨?

"Æ�0�GHIJ�Xâ���C�?"RCD!"�

8_��?"Æ�0����uv¡ �bG�st~�

�!M"��½�����²³�"#�!M"�R$%

c`&²³��m'�Í�VWXY(st)x�²³��

*"`�|!"�\�²³+,Ç-ì�²³.�bG�

/0�?"/031Æ��©¢Æ2��3�4t3�5

67��"������88�rPilon�8���9B:

��¶·¸ëì�0;<)ÉÊ(=�>?�<)®@P

=��|}HstA½�M"q[�BCO�DE¶·¸

�+,ëì

[19-23]

�F¯ÈPilon�	ÉÊ"#�U67¶·

¸CO��/0}®�ëìÚRXrG�uv�

[23-27]

�ö

rÎÏ��Pilon�	�8�90¨	cr|¨	�8�R

�=�MIPOn)UHL0¨	cr|¨	�q[HL�

	�I�12¶·¸ëì���Jl���	/0�µB

K��¶·¸LM�¶·¸¹º��Ú�bG

[28-31]

� 

ÀÁÂ�3�NOÀÁÂËB��PÀ�ÍQR��

S�UIJ�X�ÇQT��U�öVW'þX��T�

�X)Y�P�ZU!B�
[�q[�ÀÁÂ\B��

���¶·¸P�8<=]C*�����²³��D�

^��^��:9²_Ó`U|�'þ°a�íbc�8

<= ]C2�|}H!"½d�D�^��X%&ÀÁ

Â�Ë��8b.�eP����²³��j��aÂµ

þffgB�DlmÁÂ�UÎÏÁh*i��Pilon�	

�8KC9j|¨	c0¨	��8�klr� ���

8�UAmorosaÜ

[11]

�ØÙ*��ËmÉ�15äPilon�	

�8*�0ß�8n100%�|ß�8n60%�Ë�¯È�

�	�8r3Co��B²|0¨PpqÁÂr\B°a

���/�ÀÁÂ�Ë°órúz�GHIJ��ó��

Xs�|!"R�\��P�8!"[�tuvw�I�

�8b.x�¶·¸yzÓ`U|�ör²�ÉÊPilon�

	�8*½����²³M"�"#�ó������µ

?"Æ�0â�uv·��{rR|�� 

}~�U�q��Dl^I��?"Æ�0·!"�

�	�8�G�:9���B�uv·�������¨

?"Æ�0!"\õâ�uv�ÀÁÂ�õ~�D�ï�

�������¨?"Æ�0ÉÊPilon�	�8�ÀÖf

fI��]ÁÂù��UGHIJµ�������¨?

"Æ�0�!"\õâ�¯Èuv%�ÍÃ´fB��ù

�ïð/0â�¯Èuv!"�GHIJÁÂÔÕ�"\

B��
�?"/0��²�{����J)�
�?"

/0�ïð/0�ÄÅÔÕ��»rÀÁÂ�t��ËU� 

 

�������������	
��	���������

��������	���������������������� 

�������� !"#$
%&'()*+,� 

	
���-./�012��3456789:;<=>?@

AB012'(CDEF�
%2GHIJKLMN
%OPQ5R

ST-.01UVWX<(STROBEWX)�YI/�2Z[\B�]

^_`abYc�@/�defghi"j�kl�Qmnopqr

2stuvwxhi"jyz� 

����
%{|s}~d CNKI���
������� 3

���� 

����
%~���"����^�����34n���

��� 

�������� ���@01=GH2�
�{�2���

`��� ��
�¡�2¢£¤¥	¦§(¨©�ª«¦§¬)®



 

����. ����	
������ Pilon 	�������� 

ISSN 2095-4344  CN 21-1581/R   CODEN: ZLKHAH 

3717 

www.CRTER.org 

�¯n}°±�(²³´µ	�¶=·¸�$¹º»�� 

����
%{|s¼½}IgB� ¾¿AvwQ|¿'(

ÀÁ� 

�������ÂÃÄÅÆÇÈÉ
%�
%{|s¼½}Ig

B� ¾¿AvwQ|¿'(ÀÁ�Ê§5hË!¶Ì$ÀÁ<xw

Í�ÎÏÐTÑÒ�'"qÓ!¶3.0zÔÕ�k4DÖÒ2i×u�

ØÌÙAÚÎÏÐTÛ29Ü¢
�ÝJK	Þß=àá�"âØÌ

 ãÒäå	uæ	çè	éê	ëì	�í	îïð¹ñ
��

ò`óôõíÖ�Ò�ö÷2øù¦§ú]û ã4üÒý� 

 

4  ����  References 

[1] Hansen ST. Functional Reconstruction of the foot and ankle. 

Philadelphia: Lippincott Williams & Wilkins; 2000. 

[2] ��,���,���,	.Pilon
������������

���[J]. ������,2010,48(9):662-666. 

[3] Topliss CJ, Jackson M, Atkins RM. Anatomy of pilon fractures 

of the distal tibia. J Bone Joint Surg Br. 2005;87(5): 692-697. 

[4]  !",#$%,&'(,	. )*+,-./��01Pilon
�

����234567[J]. �89:;<����=2013, 

27(10):1190-1195. 

[5] Yao L, Luo CF. Morphologic characteristics of the posterior 

malleolus fragment .Arch Orthop Trauma Surg. 2014;134: 

389-394. 

[6] Jia SH, Huang CL, Xu HW, et al. Surgical treatment for 

posterior Pilon fracture through posterolateral 

approach.Zhongguo Gu Shang. 2016;29(6):557-560.  

[7] Yenna ZC, Bhadra AK, Ojike NI, et al .Polyaxial Screws in 

Locked Plating of Tibial Pilon Fractures. Orthopedics. 2015; 

38(8):e663-667. 

[8] Wang Y, Wang J, Luo CF. Modified posteromedial approach 

for treatment of posterior pilon variant fracture.BMC 

Musculoskelet Disord. 2016 Aug 5;17:328. 

[9] Anjum R, Choudhary V, Sharma V. Revisited: A Prospective 

Study on Functional Outcome of Internal Fixation of Tibial 

Pilon Fractures with Locking Plate using MIPO.J Clin Diagn 

Res. 2016;10(10):RL01. 

[10] Song Z, Xue HZ, Zhang K, et al. Pathogenesis and Treatment 

Strategies for Pilon Fractures With Ankle Dislocation. J Foot 

Ankle Surg. 2015;54(5):815-820. 

[11] Amorosa LF, Brown GD, Greisberg J. A surgical approach to 

posterior pilon fractures. J Orthop Trauma. 2010;24(3): 

188-193. 

[12] Gardner MJ, Brophy RH, Campbell D, et al. The mechanical 

behaviour of  locking compression plates compared with 

dynamic compression plates in a cadaver radius model, J 

Orthop Trauma. 2005;19(9):597-603. 

[13] Lareau CR, Daniels AH, Vopat BG, et al. Emergency 

department external fixation for provisional treatment of pilon 

and unstable ankle fractures. J Emerg Trauma Shock. 2015; 

8(1):61-64 

[14] Bartoníček J, Rammelt S, Kostlivý K et al. Anatomy and 

classification of the posterior tibial fragment in ankle fractures. 

Arch Orthop Trauma Surg. 2015;135(4):505-516. 

[15] Schoenleber SJ, Hutson JJ Jr. Treatment of hypertrophic 

distal tibia nonunion and early malunion with callus distraction. 

Foot Ankle Int. 2015;36(4):400-407. 

[16] Tornetta P 3rd, Ostrum RF, Trafton PG. Trimalleolar ankle 

fracture. J Orthop. Trauma. 2001;15(3):588-590. 

 

[17] Chen DW, Li B, Aubeeluck A, et al. Open reduction and 

internal fixation of posterior pilon fractures with buttress plate. 

Acta Ortop Bras. 2014;22(1): 48-53. 

[18] O'Connor TJ, Mueller B, Ly TV, et al. "A to p" screw versus 

posterolateral plate for posterior malleolus fixation in 

trimalleolar ankle fractures. J Orthop Trauma. 2015;29(4): 

e151-156. 

[19] Kuhn S, Greenfield J, Arand C, et al. Treatment of distal 

intraarticular tibial fractures: A biomechanical evaluation of 

intramedullary nailing vs. angle-stable plate osteosynthesis. 

Injury. 2015;46 Suppl 4: S99-S103. 

[20] Assal M, Ray A, Stern R. Strategies for surgical approaches in 

open reduction internal fixation of pilon fractures. J Orthop 

Trauma. 2015;29(2):69-79. 

[21] Chen DW, Li B, Aubeeluck A, et al. Open reduction and 

internal fixation of posterior pilon fractures with buttress plate. 

Acta Ortop Bras. 2014;22(1):48-53. 

[22] Switaj PJ, We atherford B, Fuchs D, et al. Evaluation of 

posterior malleolar fractures and the posterior pilon variant in 

operatively treated ankle fractures. Foot Ankle Int. 2014; 

35(9):886-895. 

[23] Zelle BA, Gruen GS, McMillen RL, et al. Primary Arthrodesis 

of the Tibiotalar Joint in Severely Comminuted High-Energy 

Pilon Fractures.J Bone Joint Surg Am. 2014;96(11):e91. 

[24] Assal M, Ray A, Fasel JH,A modified posteromedial approach 

combined with extensile anterior for the treatment of complex 

tibial pilon fractures (AO/OTA 43-C).J Orthop Trauma. 2014; 

28(6):e138-145. 

[25] Yao L, Zhang W, Yang G, et al. Morphologic characteristics of 

the posterior malleolus fragment: a 3-D computer tomography 

based study. Arch Orthop Trauma Surg. 2014;134(3): 

389-394. 

[26] Mcphillamy A, Gurnea TP, Moody AE, et al. The Clinical and 

Economic Impact of Generic Locking Plate Utilization at a 

Level II Trauma Center.J Orthop Trauma. 2016;30 Suppl 5: 

S32-S36. 

[27] Fokin A Jr, Huntley SR, Summers SH, et al. Computed 

Tomography Assessment of Peroneal Tendon Displacement 

and Posteromedial Structure Entrapment in Pilon Fractures. J 

Orthop Trauma. 2016;30(11):627-633. 

[28] Duckworth AD, Jefferies JG, Clement ND, et al. Type C tibial 

pilon fractures: short- and long-term outcome following 

operative intervention. Bone Joint J. 2016;98-B(8):1106-1111. 

[29] Dibbern K, Kempton LB, Higgins TF, et al. Fractures of the 

tibial plateau involve similar energies as the tibial pilon but 

greater articular surface involvement. J Orthop Res. 2017; 

35(3):618-624. 

[30] Penny P, Swords M, Heisler J, et al. Ability of modern distal 

tibia plates to stabilize comminuted pilon fracture fragments: 

Is dual plate fixation necessary? Injury. 

2016;47(8):1761-1769. 

[31] Viberg B, Kleven S, Hamborg-Petersen E, et al. 

Complications and functional outcome after fixation of distal 

tibia fractures with locking plate - A multicentre study. Injury. 

2016 ;47(7):1514-1518.  


