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The objective of this work was to evaluate thermal conductivity of bone during drilling. More specifically, this involved measuring temperature
at varying distances from the drilling point, plotting the temperature evolution over time and as function of the distance to the drilling point
and determining the critical areas of temperature peaks harmful to bone tissue. The cortical bones of one-year-old bovine were used, preserved
in 9/1000 saline serum at 10°C. Temperatures were measured at varying distances from the drilling point using a multi thermometer type
DT300 with a thermal probe. For each of the average values selected, three tests were carried out using 4mm diameter drill bits, for a total of
33 specimens. Temperatures ranging from 33.63 to 38.56°C were measured. The highest temperature gradients were observed at 7mm, the
point closest to the drilling focus. These gradients were higher at the end of the drilling. The results of this study allowed us to conclude that the
temperature gradient is more important in the vicinity and at the end of the drilling and that it decreases with the distance to the drilling point.

Introduction

The surgical treatment of fractures involves machining the
bones, using certain tools such as drill bit, plug, screw or rugine.
In addition to their biocompatibility and tissue sterility, they must
have mechanical properties that ensure ideal machining of the
bone [1]. Bone drilling consists in perforating bone with a drill
bit using a manual drilling or a powered tool drill car. To our best
knowledge, Carl Hansmann (1886) was the first to introduce
drilling in orthopaedics [2]. Currently, this procedure is used in
several types of surgery, including arthroplasty, locked nails, plate
osteosynthesis, external fixation [3-5]. Ideal drilling requires a
proper analysis of mechanical and thermal parameters. At the
mechanical point of view, two (02) parameters can guarantee its
efficiency: axial force and torque [6-8]. Axial force is determined
by feed rate, while the torque is a torsional moment related to
the tangential force and the radial distance from the tool center.
During drilling, axial force and torque increase until the tool
fully penetrates the thickness of the cortical bone, then these

parameters stabilize. Several authors have noted the formation of
microcracks whose dimensions are influenced by the magnitude
of the forces [9,10].

Friction produced during drilling generates heat forces.
Temperature gradient during drilling is difficult to avoid and
depends on several factors such as bone strength and hardness,
applied force, cutting speed, cutting tool geometry, cutting depth
and irrigation technique [11]. This gradient may cause necrosis
(death of living tissue) especially after exposure to 43°C for one
hour or 47°C for one minute according to the authors [12-15]. In
this case, bone very often resorbs around the implant, especially
the screw or plug, with loosening and failure of the osteosynthesis
[14,16-20]. Many temperature measurement tools are described,
but most of them are inaccessible in our context and not always
adapted to the bone. The purpose of this study was to evaluate the
thermal conductivity of the bone during drilling. More specifically,
this involved measuring temperature at varying distances from the
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drilling point, plotting the temperature evolution over time and as
a function of the distance to the drilling point and determining
critical areas of temperature peaks harmful to bone tissue.

This temperature was measured using an ambient thermometer.
Diaphyseal sections were sampled and reamed until a maximum
cortical thickness of 5mm was obtained. The bones were

immersed in an aqueous solution heated to 37°C, temperature
read by a mercury thermometer. Temperature reading point
markings were made respectively at 7mm, 7.5mm, 8mm, 8.5mm,

Materials and Methods

Preparation of Bone Samples

Three one-year-old (01-year-old) bovine tibias were obtained Smm, 9.5mm, 10mm, 10.5mm, 11mm, 11.5mm, 12mm from the

from butchers, completely mechanically desperiosted. These tibias
were stored in the refrigeratorina 9/1000 aqueous saline solution
combined with povidone-iodine (Betadine®) for 3 days at 10°C.

drilling point (Figure 1). The front holes were made to a depth
of 2.5mm on each sample. All length measurements were made
using a 1/50th digital caliper.
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Figure 1: Diagram showing the position of the drilling point (in blue) and the position of the T° measuring point (in red) for each sample.

AAA micro batteries. The penetration probe can be removed
from the pounch to perform the measurement. Once turned on,

Temperature Measurement

The DT300 thermometer (Figure 2) is equipped with a 3mm
diameter thermal probe, 2.5mm penetration, 114mm long and
a 90cm connection. It is designed for measurements from -50°C
to 300°C. The display is made in a liquid crystal display (LCD),
incorporated with a resolution of 0.1°C, an accuracy of + 1°C and
a frequency of 1/s. The device is powered by 2 x 1.5V R03 type

the LCD display shows the temperature of the medium in which
the probe is located. The displayed temperature can be frozen by
pressing the H/T (Hold/Temperature) button. The temperature
can also be read after the measurement. The maximum and
minimum temperature values are indicated after the start of the
measurement using the MIN/MAX button.

Figure 2: Multi thermometer DT300.
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Drilling

The 4mm diameter TITEX DB133 carbide monoblock helical
drills were used to drill under the following cutting conditions:
cutting speed (Vc) = 60 mm/min, rotation speed (N) = 3821 rpm.
The advance was manual. The experiment was conducted at the
ENSET Mechanical Manufacturing Laboratory in Douala on a
Ferm TDM1025 column drill. The bone samples were mounted

Results

between the jaws of the drill vice. The drill bit was mounted on
the drill chuck. The thermal probe was placed in the front hole
and the bone was drilled. Data from the DT300 thermometer were
recorded and allowed heat diffusion curves to be plotted. Three
tests were performed for each of the distances. A total of 33 bone
samples were used for the tests. The average measurements were
used.

Table 1: Temperature evolution as a function of time and measurement distance.

Average Temperature Table

X (2) 7 7,5 8 8,5 9 9,5 10 10,5 11 11,5 12
T1s 34,63 33,96 33,98 33,97 - 33,8 34,13 33,77 33,83 33,8 33,93
T2s 349 34,13 34,09 34,03 33,7 33,8 34,17 33,8 33,83 33,83 33,97
T3s 35,13 34,3 34,21 34,13 33,73 33,9 34,23 33,8 33,83 33,9 33,97
T4s 35,3 34,47 34,36 34,26 33,8 33,9 34,33 33,83 33,87 33,9 33,97
T5s 35,7 34,367 34,53 34,33 33,83 34 34,43 33,87 339 339 34
Té6s 36,3 34,83 34,66 34,53 33,87 34,03 34,5 339 33,93 33,97 34,13
T7s 36,57 351 34,93 34,73 33,93 34,1 34,67 339 33,93 34 34,17
T8s 37,06 35,47 35,03 34,9 34,03 34,17 34,77 33,97 33,93 34 34,17
T9s 37,4 35,6 353 35,07 34,13 34,2 34,83 34 33,93 34,07 34,17
T10s 38 35,8 35,5 35,27 34,23 34,3 35,07 34 34,03 34,07 34,17
T11s 38,56 36 35,73 35,37 34,33 34,33 35,17 34,03 34,03 34,07 34,2
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Figure 3: Thermal conduction at the 1st second of the drilling start.
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Figure 4: Thermal conduction at the 3rd second of the drilling start.
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Figure 5: Thermal conduction at the 11th second of the drilling start.
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Figure 6: Temperature evolution as a function of distance.
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Table 1 shows the temperatures as a function of drilling drilling point. Temperatures ranging from 33.63°C to 38.56°C

time and the distance between the measuring point and the

were observed. The temperature gradient increased over time,
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from the beginning to the end of the cut, regardless of the point
of measurement. On the other hand, the temperature decreased
with the distance between the measuring point and the drilling
point (Figures 3-5). The temperature gradient was significant
at 7mm from the drilling point: as this distance increased, the
gradient tended to decrease. The 9mm and 11mm curves where in
plateau and looked the same. At these distances, the gradient was

almost zero (Figure 6). Figure 7 shows the temperature evolution
as a function of time and drilling point. It shows that the critical
pointis at the end of the drilling and near the drill. In addition, the
gradients were relatively lower at the beginning than at the end
of the drilling. The gradient increased significantly as soon as half
the cortical thickness was reached, which means that the amount
of heat produced during drilling was not constant (Figure 8).
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Figure 7: Temperature evolution during drilling.
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Figure 8: Temperature gradients as a function of distance.
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Discussion bone interface would have been below the critical threshold of

Analysis of the results shows that the highest temperature
(38.56°C) was well below the critical value for the bone cell (47°C)
[12]. This temperature was observed at the measurement point
closest to the drilling point. We did not extrapolate the data to the
drilling point. It would have been interesting to measure these
temperatures as close as possible to the drilling point. The size
and stiffness of the DT300 thermometer’s thermal probe did not
allow this. There is no evidence that temperatures at the drill/

47°C (Figure 7). Burny et al. find different values at 7mm: 31°C for
B22, 26°C for S40, 40°C for E61 (unthreaded parts) and 28°C for
T50. These differences can result from the geometric differences
of the tips and that of our drill, on the one hand, and from the very
low rotational speed of Burny et al. (60 rpm) [20], on the other
hand. These authors were able to measure temperatures at the
bone/drill interface. The values are very high for the old B22 drill
bits, ranging from 45°C to 120°C. Only the T50 drill bits gives a
temperature of 33.7°C at this point [20].

How to cite this article: Jean G T, Vyek Y, Benoit N, Ebanda F B, Ebenezer N, et al. Experimental Measurement of Temperature Gradient during Bone
Drilling in Cameroon, Sub-Sahara Africa. Ortho & Rheum Open Access J. 2020; 15(5): 555924. DOI: 10.19080/0R0OAJ.2020.15.555924


http://dx.doi.org/10.19080/OROAJ.2020.15.555924

Orthopedics and Rheumatology Open Access Journal (OROAJ)

Thermocouples, despite the cost and necessity of acquisition
equipment, are more suitable for studying the temperature
distribution around the drilling point. Figures 6 & 8 show that
measurements at more than 10mm from the drilling point is no
more suitable, the temperature gradient (AT® C) being less than
0.5° C. This is in line with the results of Burny et al. [21] who
measure the temperature between 2 and 10mm from the drilling
point. It is more interesting to appreciate the heat diffusion in the
bone at the end of the drilling than at the beginning, because the
correlation value (R?) remains below 0.5 until the third second
of the drilling (Figures 3-5). The results obtained allow us to say
that the thermal conduction in the bone during drilling is “out
of equilibrium” (Unsteady-state conduction) [14,19,22,23]. This
could be due to an accumulation of bone chips which retain heat
by irradiation.

Conclusion

The DT300 thermometer measures bone temperatures
during and around the drilling point. The temperature gradient is
greater in the vicinity of the drilling point. This gradient decrease
proportionally with the distance to the drilling pointand increases
with the drilling time. After 10mm, the gradient is almost zero.
The thermal conduction of the bone is weak. The amount of heat
emitted by the plug is not constant over time during bone drilling.
Measurements with more appropriate instruments should be
made in the vicinity of the drilling point.
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