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Testing of drilling feed force on fresh porcine femur
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Abstract; Objective To record the drilling feed force on different layers of fresh porcine femur, so as to provide
reference for collecting and outputting the feedback signals of drilling feed force for orthopedic virtual surgery sys-
tem. Methods The biological bone drilling feed force testing system was established by modifying the universal
material testing machine and adjustable speed electric drill (drill bit ®5.0 mm). The feed forces on 6 fresh por-
cine femoral shafts with a total of 162 driling markers were collected at 3 different rotate speeds ( n =500, 800,
1 200 r/min) and 3 feed speeds (v =30, 50, 70 mm/min) , and their variation with corresponding tissues and lo-
cations were also analyzed. Results At the same drill marker of the fresh porcine femur, the drilling feed force on
bilateral cortical bone was the largest ( f,,, =103.63 ~142.59 N), while that on marrow cavity was the smallest,
which was almost close to zero, and the drilling feed force on the middle part (;‘4_5@ =124.69 N) was larger than
that at two ends (?,'23'7'&9 =121.84 N) ; the drilling feed force was smallest (?: 106.04 N) at v=30 mm/min, n=
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1 200 r/min, while the largest drilling feed force (;‘max =139.84 N) appeared at v=70 mm/min, n =500 r/min.
Conclusions The modified drilling feed force testing system could efficiently collect the biological bone drilling
data. The drilling feed force had a close relationship with bone structure, feed speed and rotate speed of electric drill
as well. A larger bone density, smaller rotate speed of electric drill and higher feeding speed would lead to a lar-
ger drilling feed force, and vice versa. The accurate drilling feed force data and its variation tendency on porcine
femoral obtained in this experiment could provide a reliable basis for force-feedback signal output in the virtual

orthopedic surgery system.
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Fig. 2  Modification structure graph of the universal material
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Fig.3 Photo of collecting drilling feed force on fresh porcine femur
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*1 FERETHEISHIER
Tab.1 Drilling feed force of the fresh femoral shaft

HALOLHES ) /N
Vi i
112 ShaA) 24134 ShaA) 553 41(5.6 ShrA)
»/(mm » min~!)
30 50 70
n/(r+min~")

500 800 1200 500 800 1200 500 800 1 200

LI B3 A B C A B (o A B o
1 109.27 105.02 109.74 125.74 119.77 117.08 138.16 131.90 128.96
109.74 105.72 103.77 126.34 120. 61 117.44 138.59 132.88 129. 65
2 109. 96 106.00 103.63 127.70 121.73 117.77 138.45 133.17 129.45
110.28 107.02 104.43 128.20 121.93 118.47 139.15 134.16 130.37
3 111.04 107.96 105. 68 128.87 122.62 118.84 138. 65 133.87 130.23
111.74 108. 86 106.08 129.57 123.21 119.47 139.49 135.37 131.27
4 111.23 109.92 106. 66 129. 66 123.69 119.04 140.12 135.82 130.92
112.28 110. 61 107.37 130. 96 124.42 120. 10 140. 48 137.45 132.56
5 113.19 112.86 109. 60 133.58 126. 63 121.00 142.08 137.78 133.07
113.80 113.62 110. 46 134.16 126.93 121.71 142.59 138.49 133.68
6 113.00 110.90 108. 66 131.62 124.67 120. 80 141.00 137.39 132.09
113.30 111.51 109.37 132.65 125.21 120.95 141.49 137.58 132.66
7 112.21 108.94 105.67 128.77 124.28 120.02 139.72 136.41 131.11
112.52 109. 94 106. 19 130.07 124.82 120.37 140.13 136. 88 132.37
8 110.94 106.98 104.77 128. 68 122.71 118.75 139.23 133.86 130.43
111.84 108. 04 105. 40 129.08 123.42 119.67 139.98 135.26 131.48
9 110.25 106.00 103.82 126.72 121.54 118.06 138. 65 133.76 129.54
110.76 106.40 104.42 128.02 122.71 118.95 139.21 134.18 130.36

FEAS 18 18 18 18 18 18 18 18 18
HH 111.52 108. 68 106.43 129. 46 123.38 119.36 139.84 135.34 131.12
ik 1.80 6.47 5.11 5.65 3.69 1.75 1.63 3.85 1.89

x2
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Tab.2 Analysis of variance results for drilling feed force affected

by feed speed and rotate speed
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W 541.089 153 3.537 - -
MR 21798.487 161 - - -
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Fig.4 The drilling feed force curves of the A4 marker

on the 3rd fresh porcine femur specimen
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