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Statement of Purpose | “

It is well understood that orthopedic surgical instrumentation yields heat that can cause thermal osteonecrosis
(10-11). The current consensus in literature demonstrates that osteonecrosis occurs when bone is exposed to
temperatures greater than 47°C for sixty seconds or longer (12). Implanted devices with surrounding
osteonecrosis are exposed to necrotic tissue which may yield reduction in bone to implant incorporation
(13-14). The risk of osteocutaneous thermal necrosis is higher in the lower extremity due to the anatomic
considerations of thickness and density of cortical bone and soft tissue envelope (15). This is particularly
important for consideration with external fixation application due to the importance of stability with each
external fixation wire. Moroni et al. stated that the bone to pin interface is the site where the worst external
fixation complications occur including pin loosening or infection (16). Literature has demonstrated the benefit of
cooling drill bits with irrigation in order to lower the risk of thermal osteonecrosis, however this has not been
Figure 1: Laboratory set up for Figure 2: FLIR camera live recording of temperature fully studied with external fixation wire placement until now. Wire cooling methods demonstrated a small

' decrease in temperature with HTP drilling parameters at mimicked monocortical thickness in dense cortical
bone. However, at optimal LTP producing drilling parameters with unicortical thickness there was no

M t . I d M th d statistically significant change with wire cooling techniques. These results demonstrate that isolated wire
daleriails an etnoas The HTP drilling parameters mimicking monocortical drilling (20mm, 50PCF) showed the mean exit temperature with RT wires to be 53.83 + 3.84 °C (range 48.2-60.1°C). This was statistically different as cooling techniques do not provide a decrease in thermal production substantial enough to alter the degree of

Orthopedic literature has shown that drill bits yield thermal necrosis as a result of temperature,
duration, drilling speed, rate of advancement, wire tip design and material, and cooling methods
(1-5). Percutaneous wires are an essential component of external fixation procedures. Accurate
pin site fixation is critical for the stability and prevention of pin site infections. While few studies
exist for wire drilling, the most commonly studied methods for cooling with drill bits or
osteotomies are the use of both internal and external irrigation (6-7). However, due to the small
diameter of external fixation wires and soft tissue coverage internal irrigation is not feasible (8).
External irrigation is dependent on many factors including accessibility to the insertion or exit site,
as well as constant flow which is often impractical with external fixation wire placement yielding
loss of the cooling effect (7,9-10). The aim of this study is to identify the thermal effects of various
wire cooling methods during or prior to percutaneous wire insertion.

compared to SS (43.17 £ 4.14°C), frozen (40.24 + 4.83°C), room temperature AG (42.04 £ 3.43°C), and frozen AG (45.53 + 6.03°C) (Figure 3). However, these cooling techniques were not significant thermal osteonecrosis. The initial wire temperature from cooling methods does not reduce thermal damage to
Rigid Polyurethane Foam (RPF) sawbones were utilized to simulate cortical bone drilling with when compared to each other. The mean maximum temperature for HTP drilling with a RT wire was a startling 111.24 + 7.11°C, demonstrating the significant heat production that can occur. This was the degree that utilization of appropriate drilling parameters offers. In addition, oscillation techniques with
controlled thickness and density. The 20mm thickness was selected to mimic monocortical again statistically significant as compared to SS, frozen, room temperature AG, and frozen AG. Room temperature AG demonstrated the lowest maximum temperature 84.39 + 9.04 °C (Figure 3). drilling with frequent stops significantly decreases the temperature; however drilling two millimeters and then
drilling without pause within the intramedullary canal, while the 10mm thickness was tested due Conversely, the time spent above 47°C was not stastically significant between any cooling method with room temperature 113 + 10.59 seconds (Figure 4). resting for 60 seconds may be impractical in the clinical setting.
to its clinical relevance for unicortical thickness. All densities were standardized at 50 PCF. A
custom computerized drill (Smart Medical Devices, Inc. Las Vegas, NV, USA) enabled controlled _ Clinical Recommendations
drilling parameters (Figure 1). Stainless steel wires measuring 1.5mm in diameter with the HTP Mean Temperature HTP Time Above 47°C (s) 1. Optimal drilling conditions include:
ilizarov (eccentric) tip design were selected for this study. Wires were drilled 20mm beyond the B ExitTemp (°C) [l MaxTemp (°C) 125 . Lowest frequency of rotation
depth of the sawbone thickness to obtain a 20mm plunge upon exit. A FLIR infrared 125 « Highest rate of advancement
thermography camera (Wilsonville, Oregon, USA) was used to record the thermal data (Figure 100 _ _ . _ _ o _
2). Wire cooling methods were tested with high thermal producing (HTP) and low thermal 100 2. Avoid monocortical drilling to reduce thickness during drilling in cortically dense bone
producing (LTP) drilling pararpgters defined as: HTP drilling parameters at 1000 RPM and 1.5 75 3. Drill with frequent stops to decrease the distance travelled yielding lower thermal production
mm/sec feed rate and LTP drilling parameters at 600 RPM and 2.5 mm/sec feed rate. 75
50 4. Avoid high frequency of rotation drilling through the intramedullary canal
: : 50

Ul foIIovymg_ AU recordgd. : 5. Upon exiting the second cortex it is important to:

1. Wire tip temperature at the exit point of the block o5 . . : : :

. ) : : : " 25 « Stop drilling to avoid increasing heat production with RPM
2. The maximum temperature recorded between wire exit & final resting position : : . : : : :
: : o * Plunge through to exit the skin rather than tapping it through. This avoids allowing a heated wire to
8 T3 WD e Wi EMIPEEILTE WEs EereiDe elomie G e 0 0 remain in the soft tissue for an extended period of time
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Methods of wire cooling tested with HTP included: 6. The initial wire temperature from cooling methods does not reduce thermal damage enough to prevent
1. (RT) Room temperature : _ : : : : _ : o : thermal osteonecrosis; utilizing appropriate drilling parameters is more important.
2. (CS) Cooled saline solution bath refrigerated at -4°C with wires placed a minimum of 30 Figure 3: Mean exit and maximum temperatures with HTP method Figure 4: Mean time above 47°C with HTP method

minutes prior to use

(SS) Surgical slush solution bath with wires placed a minimum of 30 minutes prior to use

4. (Frozen) Freezer placement at -20 °C for minimum 12 hours prior to use with room
temperature exposure limited to less than two minutes prior to testing

Analyzing RT, frozen, AG, and oscillation with the LTP drilling parameters the mean exit temperature at room temperature was 48.61 + 7.37°C. This was not significant as compared to any of the cooling
methods or oscillation (Figure 5). However, the mean maximum temperature at RT of 73.28 + 5.58°C was significantly different than oscillation which produced a maximum temperature of 55.6 £+ 6.7°C
(Figure 5). RT wire time spent above 47°C of 29.5 + 4.97 seconds was significantly higher than frozen and oscillation with oscillation showing the lowest time of 5.5 + 2.84 seconds (Figure 6).
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5. (SG) Insertion through gauze soaked in room temperature saline solution
6. (AG) Insertion through gauze soaked in 99% isopropyl alcohol ] 5 Refe rences
7. (Frozen AG) Freezer placement of the wire, gauze, and 99% isopropyl alcohol at -20 °C. LTP Mean Temperature LTP Time Above 47°C (s)
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