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ABSTRACT

In this work, an effort has been made to determine the effect of different shape surgical burr on the thermogenesis
during bone osteotomy. The abrasion during bone grinding leads to heat generation and subsequently rise in the
temperature which may have adverse effects such as osteonecrosis, blood coagulation in the carotid artery, damage
to sciatic nerves, and even loss of vision. So, mitigating the temperature rise during bone grinding is of paramount
importance. Especially, in endoscopic endonasal approach (EEA) in which nasal passage is used for the inserting
the grinding burr and reaching the target region. The miniature abrasion can significantly increase the temperature
and hence leads to the thermal damage to nerves surrounding the temporal and frontal lobe. These parts of the
brain controls movement, problem solving ability, behavior, personality mood, hearing, language, memory, speech,
breathing, heart rate, consciousness etc. Furthermore, neurosurgeons rely on their personal surgical experience for
estimating the temperature rise during grinding. However, this is much difficult for novice surgeons. Therefore, it
becomes critically important to preserve the soft neural tissues and nerves amid bone grinding. To overcome these
concerns, infrared thermography technique has been exploited to determine the possibility of thermogenesis during
bone grinding by measuring the temperature rise and its distribution using infrared camera. All experiments have
been carried at a constant set of process variables. The grinding zone is continuously flooded with the irrigating
solution to remove the heat and bone debris away from the grinding site. It has been observed that convex tool shape
generated lower maximum temperature i.e. 46.03 °C among all tools. The temperature produced by the convex tool
is 12.06% lower than spherical tool, 33.39% lower than cylindrical tool, and 10.55% lower than tree-shape tool. The
results showed that convex shape tool could prevent thermal necrosis in the bone as temperature caused (i.e. 46 °C)
was less than the threshold limit of osteonecrosis. Thermograms revealed that infrared thermography technique
could be implemented for the in-vivo surgical operations for the measurement of temperature during bone grinding.
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INTRODUCTION process used for removing a part of the skull bone
in order to get clearer access to the tumors. Gener-
In surgical dissection of brain tumors during ally, bone grinding is performed using miniature

brain cancer surgery, bone grinding is an essential scale diamond burr which rotates at a high speed
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and removes the bone near carotid artery, cavern-
ous sinus and optic nerve [1]. However, tempera-
ture increases during bone grinding which is a se-
rious concern for the experts working in this area
as this rise in temperature can cause severe con-
sequences like optic nerve damage, facial muscles
control and loss of important functioning of the
body [2]. Coagulation of blood, osteonecrosis and
blindness is worse concern due to rise in tempera-
ture during bone grinding. To protect the surround-
ing neural tissues, neurosurgeons perform grinding
operation manually and they feel certain kind of
resistive force which helps them to decide when
to stop grinding [3]. It is believed that thermogen-
esis starts at 43 °C and osteonecrosis at 47 °C [4].
Thermogenesis corresponds to the cell’s dam-
age owing to the rise in temperature during bone
grinding. This thermogenesis causes damage to
the lacunas present within the osteons of the bone
matrix which in turn leads to the carbonization of
the cells, thereby, failure of the bone’s matrix [4].
In this view, controlling the temperature during
bone grinding becomes of paramount importance.
Hitherto, the research carried out in the field
of bone grinding is as follows: In one of the re-
search [5], temperature rise during the grinding of
bone was predicted using pulse-width modulation
(PWM) signal. Thermocouples were entrenched
in the bone to predict the temperature rise. It was
detected that thermal injury can reach up to 3 mm
below the grounded surface and 3 mm in traverse
direction [3]. Several studies were investigated to
explore the temperature effect during orthopedic
operation. Shin et al. [6] performed round burr
bone milling under various machining conditions
and temperature varied from 49-115 °C. During
human cortical bone drilling temperature achieved
was 40 °C [7]. The effect of mist cooling has also
been evaluated for reducing the temperature rise
during bone grinding [8]. Furthermore, the type
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and size of nanoparticles have been studied along
with other irrigation methods to mitigate the heat
evolved during the removal of bone flaps [9, 10].
Enomoto et al. [11] used different coating materials
for depositing the hydrophilic layer over the sur-
face of grinding burr to counter the rising tempera-
ture. Furthermore, extensive research has been car-
ried out for drilling of bone [ 12] but few articles fo-
cused on bone grinding [13, 14]. Although the rise
in temperature during grinding is a critical concern
for neurosurgeons but still, as per author’s knowl-
edge, no work has been reported for the effect of
different shaped diamond impregnated burrs on the
temperature during grinding of porcine bone. So,
in present research work, an effort has been made
to fulfill this research gap. This paper is organized
in the following manner: Initially, bone samples
were prepared and then design experimentation
has been carried out. Subsequently, the results and
conclusion related to grinding temperature of the
different shape tools have been consolidated.

MATERIAL AND METHODS

Bone sample preparation

The workpiece used for present investigation
is porcine femur bone. The reason for selecting
porcine femur bone is that its properties match
closely with properties of human bone (refer to
Table 1) [15]. Moreover, human bone is not eas-
ily available and ethical concerns are associated
with it. No animal was forfeited especially for this
experimentation. Bones were acquired from the
local abattoir and then preserved in the pure form-
aldehyde solution (33% pure) in a plastic bag to
sustain its thermo-mechanical properties as shown
in Figure 1. The bone samples were free from any
kind of damage and were in the healthy state.

s

Bovine femur bone

Fig. 1. Porcine bone in formaldehyde solution
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Table 1. Comparison of the porcine femur and human Table 2. Constant parameters used during
bone properties [15-17] experimentation
Bone property Units ferF1>1(i1rrCibnoene Héj(mzn No. Parameter Level
1 Rotational speed of spindle 5000 rpm
c;réir?ﬁ?,!ty W/mK 0.1-0.3 0.1-0.43 2 Feed rate 20 mm/min
Specific heat |  J/KgK 1300 1330 4 Depth of cut 0.5mm
Shear modulus MPa 3 3 5 Machining time 20 seconds
Young'’s
modulus GPa 10-22 10-17
Density Kg/m® 1950-2100 | 1800-2000 below (refer to Figure 2). The infrared camera
Poisson’s ratio . 0.33 0.4 (US855A, Keysight technologies, USA) was used
Tensile to measure the temperature on the surface of bone
MPa 140-250 130-200 . .. .
strength during bone grinding and results obtained were
Compressive MPa 45-150 40-145 analyzed using True-IR analysis and reporting
strength . ..
tool. An infrared camera was positioned at 1.0 m

Experimentation

In-vitro experiments have been performed
on porcine femur bone with saline irrigation as
per clinical standards. The bone grinding has
been carried using four different shaped tools
to determine the effect on temperature rise. All
experiments were carried out on a CNC vertical
milling machine with a constant set of process
parameters after consulting with neurosurgeons
(refer to Table 2).

Each type of tool has been tested thrice and
then their average was taken as final response val-
ue. Each trial has been carried for machining time
of 20 seconds. All experiments were performed
in sequence with cylindrical tool, convex tool,
spherical tool and tree-shape tool and correspond-
ingly temperature measurements were made. The
complete setup of the bone grinding is shown

CNC machining
setup

3-AXIS CNC ‘JERII(ALMFLUNG CENTEH
(With 20 Station ATc)

“0bF: DST- under pigr.y) Project

Infrared
thermography
camera

Work table
Fig. 2. Experimental setup for bone grinding
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from the grinding site. The online monitoring of
temperature using infrared thermography camera
involved 8 frames per second with record interval
of 0.125 sec and average was taken as the final
value of the temperature. The surface morpholo-
gy of the grinding burrs before and after grinding
has been characterized using surface profilometer
and surface electron microscopy (SEM).

RESULT AND DISSUSSION

Infrared thermography

The osteotomy of the bone has been carried
to evaluate the possible thermogenesis for brain
tumor’s dissection surgery. The significant dif-
ference was found in the temperature readings
of the bone surface due to different shape tools
during bone grinding. The temperature readings

Spindle

Coolant

Diamond

abrasive tool

Bone

Dynamometer
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measured using infrared camera for each type of
tool has been accentuated in the Table 3.

Initially, the temperature of the grinding
zone was low but as the grinding continues the

Table 3. Temperature readings during grinding of bone

Time Temperature (°C)
(sec) | Spherical Convex | Cylindrical | Tree-shape
tool (T1) tool (T2) tool (T3) tool (T4)
1 28.71 28.05 28.88 28.63
2 28.83 28.39 28.71 28.93
3 28.94 28.54 28.80 28.59
4 35.01 31.61 30.56 28.69
5 45.01 40.31 52.63 36.19
6 52.34 46.03 69.11 51.46
7 49.25 43.18 59.70 49.16
8 45.09 39.98 56.49 45.73
9 40.46 37.69 50.74 43.65
10 37.45 36.34 42.95 43.08
11 35.41 35.74 38.05 42.74
12 33.93 35.58 35.25 42.39
13 32.96 34.94 33.84 42.24
14 32.39 34.66 33.43 42.00
15 31.90 33.81 32.95 41.85
16 31.45 33.18 32.66 41.84
17 31.24 33.19 32.44 41.89
18 30.79 33.03 32.40 41.79
19 30.79 33.03 32.32 41.73
20 30.39 32.89 32.31 42.25

Heat removal

via coolant

temperature of the bone surface starts increasing.
Because as the tool comes in contact with the sur-
face of the bone, the heat was generated due to the
frictional forces at the interface of tool and bone.
In this way, the rotational energy of spindle was
converted into the heat via tool which ultimately
went into the bone surface due to conduction.
Conduction is primarily responsible for raising
the temperature of the bone surface, it is clear that
highest temperature achieved was 66.11 °C due
to the cylindrical tool which may be due to the
increase in frictional and shear forces generated
at the tool and bone interface which eventually
increase the heat evolved during grinding. While
convex tool showed maximum temperature of
46.03 °C which is lowest maximum temperature
among all tools. It may be due to the fact that
convex tool, the effective number of abrasives
participated in the grinding were less which leads
to less generation of heat during grinding and
consequently less rise in temperature. The maxi-
mum rise in temperature with spherical and tree-
shape tool is 52.34 °C and 51.46 °C respectively.
Figure 3 represents the thermograms produced
spherical (T1), convex (T2), cylindrical (T3),
and tree-shape tool (T4) respectively during bone
grinding and maximum average temperature has
also been highlighted. Grinding is carried for 20
seconds for each type of tool and coolant is con-
tinuously flooded to remove microchips and heat

Fig. 3. Thermal images of the cutting zone with visible tool, workpiece material and bone debris
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Tool 1 (T1) Tool 2 (T2) Tool 3 (T3) Tool 4 (T4)
Spherical tool | Convex tool Cylindrical tool | Tree-shape
tool

Grinding zone

Fig. 4. Bone grinding tools (Grit size #46) and respective grinding zone visible on bone.
T1 — cylindrical tool, T2 — convex tool, T3 — spherical tool, T4 — tree-shape tool

(2) (b)

Spherical tool Convex tool

Surface electron microscopy
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Fig. 5. Surface morphology of the grinding burr before and after bone grinding
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Fig. 6. A graphical plot of temperature vs Machining time using different shaped grinding burrs

evolved during osteotomy. The surface of the
bone after grinding with different tools has been
shown in Figure 4.

Subsequently, the surface of the tool has been
characterized for loading in terms of the bone de-
bris settled in the adjacent vacant spaces between
the abrasives. The burr loading has been studied at
two stages i.e. fresh tool and used tool. The surface
electron microscopy images shown in the Figure
Sa, clearly shows the vacant spaces in between the
successive diamond abrasive grains. After grind-
ing, the bone chips evacuated from the grinding sit
gets settled in the empty location on the end and
lateral face of the burr, as evidently in Figure 5b.

Figure 6 depicts the maximum temperature
produced by the tool T1, T2, T3 and T4 during
grinding of porcine bone. The values of tempera-
ture have been plotted against the machining time.
The results revealed that convex shaped tool gen-
erated temperature lower than the threshold value
(47 °C) to cause necrosis of bone so it could be used
for surgical operations to prevent osteonecrosis.

Different shaped grinding burrs influence the
temperature generation owing to their contact
areas or first contact with the workpiece. In the
case of a pin-pointed grinding burr, for instance,
the effective contact area is concentrated only on
a single point over the workpiece, and the impact
of the tool tip striking the specimen causes a sharp
increase in stresses over the tool face. As a result,
each tool has a unique grinding path and effective
contact area, which affect tool wear and the re-
lated temperature. The T4 tool is pointed than the

T2 tool in this instance i.e., T2 has a larger radius
of curvature than T4. Therefore, when grinding
bones with the T2 tool, a lower temperature is gen-
erated. Table 4 shows the comparison for obtained
results with similar investigations in the field and
present study. The average temperature reported
in the present study is less than those reported by
the other investigators which clearly establishes
the adequacy of the proposed methodology.

CONCLUSIONS

The effect of the four different shape tools
has been investigated in terms of thermogenesis

Table 4. Comparison of the temperature results as re-
ported by past researchers and present study of bone
grinding

Re?$:£?;1er Bone S%?rqgg Temperature | Reference
2T003) | fomur | mist | <40°C 4

eromac | eowe | Pus |0 | om

B | Gemie | Dy |416s195°c|  [10]

N tsats) | Gomur | saline | <1007 [11]
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and burr loading during osteotomy of the por-
cine bone. The distribution of the temperature on
the bone has been characterized using infrared
thermography and corresponding burr loading
with microscopic images. It has been observed
that convex tool shape generated lower maxi-
mum temperature i.e. 46.03 °C among all tools.
The temperature produced by the convex tool is
12.06% lower than spherical tool, 33.39% low-
er than cylindrical tool, and 10.55% lower than
tree-shape tool. Thermograms revealed that in-
frared thermography technique could be imple-
mented for the in-vivo surgical operations for the
measurement of temperature during bone grind-
ing. SEM images revealed that significant load-
ing may occur on the burr during grinding due
to the settlement of the bone chips in the suc-
cessive empty position in between the diamond
abrasives. It has been observed that convex shape
tool could be used to mitigate thermogenesis dur-
ing neurosurgical operation such as brain tumor’s
dissection. The authors, seeing further possibili-
ties to reduce the harmful effect of temperature,
want to analyze the issues of the kinematics of
the process in further works. The tools shown in
the article are special grinding wheels. Parallel to
them, drills are tested and their thermal effects on
the cutting zone. Therefore, further work will fo-
cus on optimizing the kinematics of the process
and the shape of the tools.
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