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Abstract

Background: Minimally invasive (MIS) calcaneal osteotomy has grown in popularity in recent years to address hindfoot
deformity. A potential complication is thermal bone necrosis secondary to heat generation from the burr that may lead
to osteotomy nonunion. Irrigation is commonly employed to reduce this risk. The effect of irrigation on reducing heat
accumulation remains an understudied area. The purpose of this study was to evaluate the effect of cooled vs room-
temperature irrigation on thermal energy dissipation during calcaneal osteotomy using a Shannon burr.

Methods: Fourteen cadaveric limbs at room temperature (68 °F) were randomized to receive either cooled saline (7
limbs) or room-temperature (7 limbs) irrigation during MIS calcaneal osteotomy. Two thermocouple probes were inserted
5 mm away from the plane of the osteotomy, on the proximal and distal sides, respectively. A 3 X 30-mm Shannon
burr was used to perform the osteotomy. The burr was run continuously with continuous irrigation using either room-
temperature (68 °F) or chilled (37 °F) irrigation, until the osteotomy was completed. Temperature was recorded at 0, 15,
30, 45, and 60 seconds for the 2 groups and used as a measure of thermal energy accumulation.

Results: Both room-temperature and chilled irrigation were effective in minimizing temperature change. On the proximal
side, an overall mean increase of 2.5 °F with room-temperature irrigation and a mean decrease of 1.0 °F with chilled
irrigation were observed at the 60-second interval (P = .004). On the distal side, there was a mean increase of 1.3 °F with
room-temperature irrigation and a mean increase of 0.5 °F with chilled irrigation (P = .05).

Conclusion: For the duration of an MIS calcaneal osteotomy, both continuous room-temperature and chilled irrigation
can minimize temperature increases and potentially reduce the risk of an osteotomy nonunion.

Clinical Relevance: Both room-temperature and chilled irrigation can minimize bone temperature increases during MIS
calcaneal osteotomy.
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Introduction can often compromise or affect the ability to perform con-

o ) comitant procedures.'7:!3
A calcaneal sliding osteotomy is a commonly employed P

technique to address hindfoot deformity to restore align-
ment.'*1%!8 It has traditionally been performed through an |
.. . Shady Grove Orthopaedics, Adventist HealthCare, Rockville, MD, USA

open approach. Although it is a safe and reliable procedure, *Anderson Orthopaedic Clinic, Arlington, VA, USA
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cular injury are present, with rates as high as 25% being .

d.915 Furth it is off f di . Corresponding Author:
reported. urthermore, 1t 1s often performed in conjunc- Sudheer C. Reddy, MD, Shady Grove Orthopaedics, Adventist

tion with other procedures to address pes cavus or pes pla-  HealthCare, 9601 Blackwell Rd, Ste 100, Rockville, MD 20850, USA.
nus deformities. A large open incision along the lateral heel Email: sreddy8759@yahoo.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
BY _NC NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction

and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages

(https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/fao
mailto:sreddy8759@yahoo.com

Foot & Ankle Orthopaedics

For these reasons, a minimally invasive (MIS) approach
has been adopted and increasingly employed to perform a
sliding calcaneal osteotomy, using a high-torque, low-
speed burr under fluoroscopic guidance.”'3 Results have
demonstrated fewer wound complications, infections, and
nerve injury relative to the open group.”»'> When using the
burr to perform the osteotomy, irrigation is used to reduce
the risk of heat necrosis that could potentially lead to a
nonunion of the osteotomy.>*!? In a series of 160 patients
who underwent an MIS medial displacement calcaneal
osteotomy, Coleman et al* noted a case cluster of non-
unions of the osteotomy thought to be related to heat osteo-
necrosis from the burr. In an animal arthrodesis model, use
of chilled irrigation led to a higher fusion rate and improved
fusion mass strength.® Although irrigation is commonly
employed, an understudied area involves the temperature
of the irrigation used when performing the osteotomy. The
purpose of this study was to compare the effect of chilled
vs room-temperature irrigation on thermal energy dissipa-
tion, as measured on a temperature curve, during an MIS
calcaneal osteotomy using a high-torque, low-speed burr.
The hypothesis was that chilled irrigation is superior to
room-temperature irrigation in minimizing temperature
change during the osteotomy.

Methods

Fourteen unpaired fresh frozen below-knee cadaveric
limbs were collected from a tissue bank. Specimens were
stored in a freezer at —10 °C and thawed to allow speci-
mens to come to room temperature (68 °F) prior to use.
They were screened for prior surgery, injury, anatomical
deficiency, and overt pathology prior to use. The limbs
were randomized to receive either chilled (37 °F) saline (7
limbs) or room-temperature (7 limbs) irrigation during
MIS calcaneal osteotomy. Chilled saline was created by
refrigerating intravenous saline bags to 37 °F prior to use.
Two thermocouple probes (EL-USB-TC-LCD; Lascar
Electronics, Whiteparish, England) were inserted into
3-mm-diameter, 2-cm-depth holes that are 5 mm away
from the plane of the osteotomy, on the distal (labeled T1)
and proximal (labeled T2) sides, respectively (Figure 1).
The skin and subcutaneous tissue were resected on the lat-
eral aspect of the calcaneus only in the plane of the oste-
otomy itself for the purpose of accurately positioning the
probes and also to ensure consistency via direct visualiza-
tion when performing the osteotomy. A 3 X 30-mm
Shannon burr (Novastep Inc, Englewood Cliffs, NJ) was
used to perform the osteotomy, with the burr set at 6000
rpm using a 4:1 reducer attachment. The uniplanar oste-
otomy was oriented from proximal-posterior to distal-
anterior in the fashion of a sliding calcaneal osteotomy.
The burr was run continuously with continuous irrigation
using either room-temperature (68 °F) or chilled (37 °F)
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Figure |. Osteotomy setup with a Shannon burr, saline tube,
and 2 thermal couples.

irrigation, until the osteotomy was completed. Irrigation
for both groups was provided via saline bags suspended on
an intravenous (IV) pole connected to intravenous tubing
opened fully that allowed for continuous irrigation.

All osteotomies were performed by 2 foot and ankle
fellowship-trained orthopaedic surgeons. The burr was
changed after each osteotomy to eliminate instrument wear
as a potential variable. Temperature was recorded at 0, 15,
30, 45, and 60 seconds for the 2 groups and used as a mea-
sure of thermal energy accumulation.

Statistical Analysis

Descriptive data were described as mean temperature =
SD. Normality of the data was confirmed using the Shapiro
Wilk test using SAS software (SAS, Cary, NC). A ¢ test was
used to analyze the temperature curves recorded at the spec-
ified time points for each probe during the osteotomy.
Statistical significance was set at P =.05.

Results

Figures 2 and 3 show the temperature curves of specimens
from the room-temperature irrigation group and the chilled
irrigation group. Both room-temperature and chilled irriga-
tion were effective in minimizing temperature change for
the duration of the osteotomy. On the proximal (T2) side, an
overall mean increase of 2.5 °F with room-temperature irri-
gation and a mean decrease of 1.0 °F with chilled irrigation
were observed over the course of 60 seconds (P = .004). On
the distal (T1) side, there was a mean increase of 1.3 °F with
room-temperature irrigation and a mean increase of 0.5 °F
with chilled irrigation (P = .05) (Figure 4; Table 1). No
significant differences when comparing room-temperature
vs chilled irrigation were noted at the T1 probe until the
60-second interval, whereas for the T2 probe, a notable dif-
ference was noted at the 45- and 60-second intervals. There
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Figure 2. Temperature curve during minimally invasive
osteotomy performed with room-temperature saline irrigation.
Individual lines represent temperature probes for each
specimen.
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Figure 3. Temperature curve during minimally invasive
calcaneal osteotomy performed with chilled saline irrigation.
Individual lines represent temperature probes for each
specimen.

was no observable difference between the recordings of the
proximal and distal probes under room-temperature irriga-
tion, whereas there was a notable difference in the tempera-
ture recorded at the 60-second interval between the probes
under chilled irrigation, with the proximal probe recording
a lower temperature by 1.5 °F (Table 1).

Discussion

Concerns regarding wound healing and damage to surround-
ing neurovascular structures with a traditional open method
led to the development of the MIS calcaneal osteotomy.®”?
Various methods have been employed to perform the oste-
otomy, including the use of a Gigli saw, microsagittal saw,
and more recently, the use of a low-speed, high-torque
burr.*3%1415 Favorable clinical and radiographic outcomes

have been in achieved in comparison to the traditional open
sliding calcaneal osteotomy, with fewer complications. In
particular, a low osteotomy nonunion rate has been observed
when the burr is used in conjunction with sterile saline to
minimize the risk of thermal necrosis.”? Without the use of
irrigation, increases of 30 to 60 °C can be observed in human
tissue with the use of burrs, drills, and K-wires, increasing
the risk of nonunion, wound complications, and infection
because of the heat generated from friction during the pro-
cess of removing bone.'""'? Factors such as operational time
of the burr, manual pressure applied by the surgeon, and
speed all play a critical role in thermogenesis.'? Using a ther-
mal imaging camera, Robinson et al'? evaluated the temper-
ature increase using either a 2.0- or 4.3-mm MIS burr on
specimens removed during total hip arthroplasty and found
that the mean temperature was 28 °C (82.4 °C) with room-
temperature irrigation and 43 °C (109 °F) without irrigation
from a baseline temperature of 18.6 °C.'? In this particular
study, the burr was used in an interval fashion of 20 seconds
at an rpm of 800 to 1500 rpm. They concluded that burr tem-
perature is dependent on several factors including the dura-
tion of burr activation time, use of irrigation, ambient
temperature, and overall burr usage.'” Additionally, in the
clinical setting, lowering the ambient temperature of the
room and avoiding the use of a tourniquet can also reduce
temperature at the osteotomy site.*!> Despite its use, little
attention has been devoted to analyzing the use of irrigation
and its impact on osseous healing. In an ulnohumeral rabbit
arthrodesis model, use of continuous chilled (43 °F) saline
irrigation led to higher fusion rates and greater fusion mass
strength compared to when no irrigation was used.®

The present study sought to compare the use of continu-
ous chilled vs room-temperature irrigation on thermal
energy generation when performing an MIS calcaneal oste-
otomy using a low-speed, high-torque burr. Both were
effective in minimizing temperature change, with slightly
lower temperatures observed with the use of chilled irriga-
tion. It is interesting to note that an observable difference in
temperature did not occur until the later stages of the oste-
otomy (45- and 60-second time points). This can be par-
ticularly important with osteotomies in denser bone that
may take longer to perform and generate more heat, espe-
cially given the stronger quality of bone encountered in the
tuberosity.!” There was a greater temperature difference
observed at the proximal probe, which could be a reflection
of the orientation of the osteotomy in relation to the probes
as well as potential greater exposure of the proximal probe
to the chilled irrigation.

Limitations of the study include its biomechanical
nature. There were several deviations made from clinical
practice when performing the MIS osteotomy in order to
isolate the effect of irrigation on temperature changes.
First, the burr was operated continuously until the osteot-
omy was completed, whereas in the clinical setting the burr
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Figure 4. Average interval temperature for T| and T2 probes under room vs chilled irrigation with SD.

Table |. Mean (SD) Temperature Recorded at Probes Over Duration of Osteotomy, and P Values of Statistical Analyses.*

Average Standard Deviation P Value
Room

Room Temp. Chilled Room Temp. Chilled Temp. Chilled Tl T2
Time (s) Tl T2 Tl T2 Tl T2 Tl T2 TlvsT2 TIlvsT2 Roomvs Chill Room vs Chill
15 68.00 6821 6836 6864 029 027 056 .21 .604 .587 271 .307
30 68.57 6886 6850 6843 0.6l .41 096 0.89 263 864 268 .878
45 6893 69.71 6850 66.86 0.89 .82 1.04 210 676 .059 .109 .024
60 69.29 7050 6850 67.00 1.1l 180 122 1.58 .702 014 .047 .004

Abbreviation: Temp., temperature.
2All specimens were at 68 °F at 0 seconds.

is often operated in an interval fashion to allow for heat
dissipation. The frequency and duration of pauses are oper-
ator-dependent and a source of variability that can affect
heat generation.'? Second, the skin and subcutaneous tissue
was resected at the plane of the osteotomy in order to
ensure accuracy when placing the temperature probes 5
mm away from the osteotomy. This minimized the poten-
tial dampening effect that different skin and subcutaneous
thicknesses can have on the irrigation, and it also main-
tained consistency of the osteotomy in spatial relation to
the probes. An additional limitation is the placement of the
probes. We chose 5 mm as we felt it was as close as possi-
ble to place the probe without risking damage to it or
breaching the hole containing the probe. We used a 3-mm
drill bit and a 3-mm burr, which left a 2-mm bridge between
the burr and the probe once the osteotomy was complete.
Robinson et al'? noted that the heat generated from burr use
is primarily concentrated within 3 mm of the osteotomy,

and the placement of our probes fall within this range.
Furthermore, although there was no significant difference
in temperature recording at the proximal and distal probes
with room-temperature irrigation, there was a significant
difference observed when chilled irrigation was used, with
the proximal probe recording a lower average temperature
than the distal probe at the 60-second time point, which
could reflect a greater amount of irrigation reaching the
proximal probe. A strength of the study was the fact that the
osteotomies were performed by 2 separate surgeons, which
improves the overall generalizability of the findings.

Conclusion

For the duration of an MIS calcaneal osteotomy, both con-
tinuous room-temperature and chilled irrigation can mini-
mize bone temperature increases and potentially reduce the
risk of osteotomy nonunion.
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