54-47 yoye 3 ojloab 17 093 1396 313 )3 ()30 SilSo Wiy Ao

9 pole dolinle =
= . =

1 . = =

0 S0 (wigo = 5
SLIN\E
mme.modares.ac.ir ;',-.:-;_";a!f//f:

oS 4 Olgsuin! (S Fgw AT P 58 bd b33l (kT Gilw S § (2 2585 (v g
I b JS18 Gl s

3\)3;!?“ &lg.m“ ‘204 rl:..u.ua' SSASA“““ ‘.,.H-«Q“ 14\1‘5‘) 9&-«!& OLU.IA‘

Ol el s doly oMl ol3T olStsls s g bl iz boliwl 1

Ol el ol oty oMl ol3T oSl iy g Lo ustine eyl (oaolih S ggomatils =2
Ol el s doly oMl ol olStsl oSy (rtine 6ybokusl -3
e_shakouri@iau-tnb.ac.ir , 19585/936 i giio <45 #

N dlis leYb!
dowe 0 o] Cunl (gy9 00 lettinl (SinSd loyd (gl g o (SiuSd Jlad (gHlow gy IS sl Sy be gl o gz “n‘“
B g L1 (el i 5 3 LSS dge Bl 45 ol (el oo (6lb KIS > 39 4SS ol nlin 1;93:5 @ iz ey
Co> fa)'\f dL""9):" ‘QIWI d)lst‘)%’ o » J.ml)@ u"‘)ﬂ [)‘9"“"‘ d)lfcl)yu ‘a,\))‘,\@ u‘;ggo JLaal )9]4.;. A Do o oaléwl 1395 144109 gl 3 &)
Do Hloztil 1> ()l 59,55 endy sl gy 51,8 31,5 il 4> 47 e wJgi bod [S1.000,5 o o> Liuljal sl conlyy JuSUis Ayl
BSE U b ol 0035 rw pudl 3uios )0 03,5 oo gl Cawpdl (53)05 b don )3 g (g3l pis G (S)ly> 9,5 Ol (45 ¢ 5
55 peiiame 32,5 ) 03l b b ygesl 33,8 adllas il )3 ol (oylel oo cpwiomans g 395 (awyp ()8 Eygw @dge slod LialS p 55 Sl oS
B 1y )¢ e slod 3bojl I8 S Sa (658,84 a8 waly (L dlols guls .ol @b pdy plosl oS Uyl die aluwy 4 (5955 035 S8

38 s 43 56 Jgans (6, Flypm0 slod 2133] 5Slis sl 045 6y Ssle > 53,55 99 5l g odb Lnls oS olu 4y 15 e
59,55 £989 Jloainl b odd o yal (o ol odal Cawdy 31,5 oo 423 43 Lo 3Ll lime 55 5SS 5l odlisnl b a8 Jl> 5> o
b s)5Ehsw 48 cudl ol eximochts 55 )l o 39 o 1 iaste S5 pates oSS L gl 8¢ 5w 0 )l

Sl (i Sy ) St L5 Lo Sy ()98 S pallione (5) 5 SIS

Experimental evaluating and statistical modeling of temperature elevation in
bone drilling with internal cooling with gas

Ehsan Shakouri®”, Hossein Haghighi Hassanali Deh?’, Seifollah Gholampour?

1- Department of Mechanical Engineering, Islamic Azad University- North Tehran Branch, Tehran, Iran
2- Department of Biomechanical Engineering, Islamic Azad University- North Tehran Branch, Tehran, Iran
*P.0.B. 19585/936, Tehran, Iran, e_shakouri @iau-tnb.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Bone fracture occurs as a result of accident, old age and disease. Generally bone fracture treatment
Received 01 January 2017 consists of stabilizing the fractured bone in the right position. In complex fractures, stabilizing internal
Accepted 04 February 2017 and external tools and equipment is used to stabilize the fractured bone in position. Bone drilling is

Available Online 27 Feb 2017 S - - . . g
vatiable Uniine 27 February required in order to connect fixating devices. The forces required for chip formation increase the

temperature during bone drilling. The phenomenon of thermal necrosis of the bone occurs if the

K ds: S — .

Bfm%rr”s”ng temperature exceeds 47°C. Thermal necrosis inhibit bone fixation and causes the wrong bone healing.
Thermal necrosis The current study attempts to examine the effect of the cooling gas on the reduction of temperature rise
Nitrogen gas on drilling site as well as statistical analysis of the process. Tests have been carried out using direct

Internal coolant drill bit injection of nitrogen gas using internal coolant drill bits. Using cooling gas reduced the increase in

drilling temperature to 15 degrees Celsius and prevented the thermal necrosis. The maximum increase
in temperature in conventional drilling was 56°C, while using cooling gas the increase in temperature of
43°C was achieved. This reduces the risk of thermal necrosis. Statistical analysis also indicates that in
the drilling with direct cooling with nitrogen gas the temperature changes are almost independent of the
rotational speed.
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Fig. 3 Drills made with internal cooling with gas
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Fig. 4 Internal coolant drill bit
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Fig. 1 Schematic of Drill, adapted from [35], with modification
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Fig. 8 Slices of bovine femoral bone
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Fig. 6 Installation and use of thermal conductive paste
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Fig. 7 Bovine femoral bone
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