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Decortication of bone with a high-speed burr in the absence of coolant may lead to
local thermal necrosis and decreased healing ability, which may negatively impact clinical
outcome. Little data are available on the impact of applying a coolant during the burring
process. This study aims to establish an in vitro model to quantitatively assess peak
temperatures during endplate preparation with a high-speed burr. Six sheep cervical
vertebrae were dissected and mounted. Both end plates were used to give a total of
12 sites. Two thermocouples were inserted into each vertebra, 2mm below the end
plate surface and a thermal camera set up to measure surface temperature. A 3mm
high-pneumatic speed burr (Midas Rex, Medtronic, Fort Worth, TX, USA) was used
to decorticate the bone in a side to side sweeping pattern, using a matchstick burr
(M-8/9MH30) with light pressure. This procedure was repeated while dripping saline
onto the burr and bone. Data were compared between groups using a Student’s t-test.
Application of coolant at the bone–burr interface during decortication resulted in a
significant decrease in final temperature. Without coolant, maximum temperatures 2mm
from the surface were not sufficient to cause thermal osteonecrosis, although peak
surface temperatures would cause local damage. The use of a high-speed burr provides
a quick and an effective method of vertebral end plate preparation. Thermal damage to
the bone can be minimized through the use of light pressure and saline coolant. This has
implications for any bone preparation performed with a high-speed burr.

Keywords: ovine, sheep, thermal necrosis, thermal imaging, decortication, necrosis, burring, endplate preparation

Introduction

SinceHibbs’ original spinal fusionwas described in 1924,most surgeons have included decortication
as an integral component of the procedure (1, 2). Subsequently, decortication has been reported to
unlock the osteogenic potential of cancellous bone, which can improve fusion rates (3). This can
be achieved by various preparation techniques. One of the quickest and easiest methods is via the
use of a high-speed burr, such as the Midas Rex. Other methods, such as manual curettage, can be
difficult to perform given the limited surgical exposure in spinal procedures (4) and may be prone
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to incomplete decortication. Following complete manual curet-
tage, Johnson et al. (5) have shown, in an ankle model, a histolog-
ical layer of cartilage still remains. This incomplete decortication
and any remaining disk tissue can decrease the rate of bony fusion
(2, 6).

One concern when using a high-speed burr is the potential for
thermal injury to the bone. Bone thermal necrosis has been well
established histologically when bone temperature exceeds 47°C
for 1min (7, 8). Thermal osteonecrosis is a known sequela of both
superficial and deep bone drilling (9) and intramedullary reaming
of long bones (10).

The use of a coolant while drilling is well established (11–15),
and while its use may also decrease the thermal insult from a burr
during the decortication process of spinal end plates; its common
use has not yet been well documented. The aim of this study is to
establish an in vitro model capable of assessing both surface and
deep temperature fluctuations and utilize it to quantitatively assess
peak temperatures during endplate preparation with a burr.

Materials and Methods

All animal tissue used for this study was acquired from animals
involved in IRB approved studies not involving the cervical spine.
No animals were euthanized specifically for this study. Six skele-
tally mature sheep cervical vertebrae were dissected and mounted
in a custommade jig. Both end plates of each vertebrawere used to
give a total of 12 sites. Prior to testing, the vertebraewere thawed at
room temperature over a 12-h period. Two K-type thermocouples
were inserted into each vertebra 2mm below and parallel to the
end plate surface. The tips of the thermocouples sat adjacent to
the center of the endplate.

The implantation sites were verified with high-resolution
radiography (MX-20; Faxitron, Tucson, AZ, USA) (Figure 1).

A thermal camera (Micro-epsilon, Germany) was used to mea-
sure surface temperatures. The camera was positioned to observe
the entire endplate and a region of interest (ROI) defined to
encompass entire surface area (Figure 2). The temperature scale
was set at 10–100°C (sensitivity of ±2°C).

A Midas Rex is a commonly available high-speed burr used
in spinal surgery and was chosen to mimic surgical conditions.
While downward pressure of the burr on the end plate is an
additional variable, standard light pressure was used with a side
to side sweeping motion to minimize this potential confounder.
The decortication process was repeated with a continuous stream
of saline dripping onto the burring area from a 10-ml syringe. A
single operator performed all decortications. Thermocouple and
thermal camera data were used to determine baseline and peak
temperature. Groups were compared using a Student’s t-test.

Results

The baseline temperature of the bone achieved after thawing at
room temperature was 22°C at the level of the thermocouples
and the surface. As expected, the application of a burr to the end
plate increased temperature both at the surface of the bone and
also 2mm beneath the surface. At the level of the thermocouples,
the overall temperatures reached did not approach a level high

FIGURE 1 | Radiograph showing the location of the temperature
probes within the vertebra in a lateral (left) and axial (right) view.

FIGURE 2 | Thermal imaging. Camera and sample testing setup (bottom),
Thermal imaging result without saline (top left), Thermal imaging result with
saline (top right). Orange circle indicates the same area for the different tests.

enough to achieve thermal necrosis. There was a significant dif-
ference (p= 0.02) in final temperature reported following burring
between the coolant group (22.0± 1.9°C) and the group without
coolant (25.0± 0.9°C).

Thermal camera results were analyzed to establish the change
in temperature at the surface as well as peak temperature reached.
With no saline coolant, mean peak temperatures of 71.1± 14.7°C
were recorded.When coolantwas applied themean peak tempera-
tures of 43.3± 6.25were recorded. The difference between the two
groups was significant (p< 0.01) with a maximum temperature
increase of 42.0± 16.1°C without saline and 14.6± 6.1°C with
saline. Unlike the thermocouple readings, peak surface tempera-
tures did reach a level at which local thermal osteonecrosis would
occur (Figure 3).

Discussion

Joint preparation for arthrodesis and the potential for thermal
osteonecrosis remain an under explored topic in current orthope-
dic literature. This is specifically the case with regard to end plate
preparation for spinal fusion surgery. As the remaining tissues are
required to heal and ultimately form a fusion, their condition is of
the utmost interest and relevance.
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FIGURE 3 | Peak temperatures as recorded by thermocouple and thermal camera systems. *p<<< 0.05.

Orthopedic research proves relevant findings for surface prepa-
ration of bone. Baker at al. (16) showed that surface reaming of
femoral heads led to elevated temperatures of up to 89°C. A follow
up study in 2013 was conducted, finding a potential reduction
in thermal injury with external cooling and sharp instruments.
Subsequently, they recommended cooling with ice-cooled water
(17). They produced similar results to our model, demonstrating
that with cooling, internal bone temperatures where not elevated
despite high surface temperatures that could cause local thermal
osteonecrosis.

Another model generated for fusion of the first
metatarsal–phalangeal joint is that of sub-aquatic reaming. (18).
While no adverse outcomes and an improved fusion rate were
secondarily attributed to decreased thermal necrosis from a high-
speed reamer, no actual temperature readings were conducted.
With the current work, a specific temperature profile has now
been generated for end plate preparation with a high-speed burr.

Throughout engineering literature and more recently in ortho-
pedic and dental literature, there have been multiple studies look-
ing at heat generation from power drills, reamers, and burrs.
Several factors, such as speed, feed rate, and pressure, have been
postulated as independent predictors of thermal injury (19, 20).

Increasing drill speed has commonly been attributed as a factor
related to escalating thermal injury. When looking at low-speed
drilling, 1800–2400 rpm, Brisman (21) found that an increase in
speed or load was related to increased temperature. However, an
increase in both speed and load was more efficient with no con-
sequent increase in temperature. Kim et al. (22) established that
low-speed drilling without irrigation would not produce enough
heat to cause thermal necrosis. While this may be applicable to
dental work, low-speed burring does not form a practical solution
for vertebral end plate preparation despite its avoidance of thermal
osteonecrosis.

Further increasing drill speed from 20,000 to 100,000 rpm as
well as force was shown to have an inverse relationship to thermal
injury (23). Thus, indicating that drilling at high speed and with
large load is much more desirable than previously thought. Evi-
denced further, Iyer et al. (24) indicated in a comparison of low,
medium, and high-speed drilling, in which high-speed drilling
minimizes heat production. Natali et al. (25) also found that
commercially available drill bits performed better than orthope-
dic drills in terms of thermal injury and subsequently surgical
drills and burrs have undergone a significant design change to
accommodate some of these variables over the last 15–20 years.
However, a comparison of current 2 and 3 fluted drills did not
show a significant difference in thermal injury despite increased
drilling efficiency of the later (26).

As a reproduction of common place surgical usage, the speed of
theMidas Rex (75,000 rpm) and feed rate governed by the proper-
ties of the matchstick burr, have been minimized as independent
confounding variables, allowing the current study to focus on the
influence of fluid cooling.

Cooling during high-speed surface preparation of bone has
received little attention, while drilling has been investigated from
an engineering perspective (11) and to a lesser extent a medical
perspective. Drilling of bone with cooling has been shown to
limit the temperature increase that can lead to osteonecrosis (12).
The two common types of cooling are internal to the drill or
external in the form of water or saline irrigation to the bone-burr
interface.

While Augustin et al. (13) state that an internally cooled drill is
ideal for orthopedics as it adequately halted the increase in bone
temperature; Haider et al. (14) noted that external cooling was
more effective for superficial drill holes. Superficial drilling has
also been shown to generate more heat than deep drilling with
external irrigation providing sufficient cooling (15).
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Superficial drilling is more representative of end plate decorti-
cation; and therefore, an external cooling system as used in our
model is considered most valid and is also more cost effective.

Dead or necrotic tissue cannot form part of a bony fusion
without first undergoing a resorptive and remodeling process.
Despite this, elevated surface temperatures are unlikely to cause
a non-union in a spinal fusion. Yoshida et al. (27) showed that
in bone subjected to a prolonged heat stress of 48°C, there was
still new osteocyte generation albeit delayed. While the absolute
temperatures generated in the present study are unlikely to cause
a non-union, this may not be the case for tissues initially at body
temperature.

The present study utilized two techniques to assess tempera-
ture. Both the thermal camera and the thermocouples are accu-
rate, well established practices for the assessment of temperature.
These two systems were used to assess different areas of the bone.
The thermocouples were deep with the bone, which precludes the
use of a thermal camera. The thermal camera assessed the surface
during burring, which cannot be done directly with thermocou-
ples. These two methods complement each other and allow the
assessment of both surface and deep tissue temperature changes.
The change in temperature at the surface was >2mm within
the bone, as expected. The application of heat for sort duration
will cause a local peak temperature. This peak temperature will
decrease the further you measure from the point of application.

This study does have some limitations. The most important to
note is that the tissues were not at body temperature at the initia-
tion of the study. Peak temperatures may have been higher if the
initial temperatures had been elevated to that of the normal living
tissue. Regardless of this limitation decreased peak temperatures
were clearly evident when saline coolant was applied. It is impor-
tant to note that warming the specimens above room temperature
introduces additional variability into themodel. Specimens heated
above ambient temperature will exhibit a range of temperatures as
they cool and may cool differently based on the size of the speci-
men. By allowing each sample to equilibratewith the surroundings
the initial starting temperature of the sample was kept as constant
as possible.

As an in vitro model, we do not have the potential cooling
ability of normal internal blood flow. However, Wootton et al.
(28) showed that during drilling, small vessel occlusion occurs
rapidly, and while cortical blood flow in vivomay help to dissipate
some heat, this is unlikely to be significant (29). Comparison
between temperatures generated from in vivo and in vitro drilling
has shown them to be equivalent (30), although we have not
established this to be the case in this specific model.

As only light pressure was used with cooling, it would be useful
to further determine if temperatures >47°C would be generated
deeper in the bone with increased pressure. Coupled with an
in vivo animal study looking at time to fusion with higher pressure
end plate preparation, an applicable model for spinal surgery
could be generated. Burring time ranged from approximately 20
to 30 s. During this time, the surface of the endplate experienced
temperatures above 47°C for 20–50 s. With saline cooling, the
time that these tissues experienced temperatures above 47°C was
reduced to 0. The current study investigated saline application and
temperatures during and following burring. Future studies would
do well to vary burring time and pressure as well as burr type.
Additionally, it would be worthwhile to investigate a minimum
flow required to cap peak temperature experienced by the bone.

Conclusion

This model has demonstrated a significant decrease in final tem-
perature when external cooling of both the bone and burr is used
during vertebral end plate decortication. Without cooling, peak
surface temperatures rose to a level that is known to cause thermal
osteonecrosis. This is however a local effect that was not shown at
2mm deep to the end plates.

The use of a high-speed burr with light pressure is an efficient
method for decorticating vertebral end plates in spinal fusion
surgery. When used in combination with external saline coolant,
it can be performed safely without increased risk of extensive
thermal osteonecrosis. Further implications of this model are
applicable to other areas where superficial bone preparation or
decortication can be improved by the use of a high-speed burr.
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