HEAT GENERATION DURING ULNAR OSTEOTOMY
WITH MICROSAGITTAL SAW BLADES
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ABSTRACT

Ulnar shortening osteotomy is a surgical treat-
ment option for patients with symptomatic ulnar
positive variance for a variety of reasons. Delayed
healing and nonunion of the osteotomized sites
have been reported and present problematic com-
plications of this procedure. Studies have shown
nonunion rate with transverse cuts ranging from
8-15%. The goal is to achieve parallel cuts, thus
maximizing the contacting bony surface area for a
better union rate. The senior surgeon attempted
using a custom thick blade to insure parallel cuts.
The concern is whether the heat generated dur-
ing such a cut would contribute to non-union. It
is our hypothesis that complications with ulnar
shortening osteotomy using a thick blade are sec-
ondary to excess heat generation. When gener-
ated heat surpasses the threshold temperature of
bone tissue, the organic matrix is irreversibly
damaged and necrosis of the bony ends may oc-
cur. The present study measured the heat gen-
eration during ulnar osteotomy using different
blade thicknesses. Thirty-five fresh turkey femurs,
having similar size and cortical thickness of the
human ulna, were used. Loading was done at three
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different speeds of 0.66, 1.0, and 1.5 mm/sec-
ond corresponding respectively to 30, 20, and 10
seconds for the complete cut. A general linear sta-
tistical model was fitted relating temperature rise
to three predictive factors: blade thickness, sen-
sor distance, and initial bone temperature. There
was a statistically significant relationship between
temperature rise and all three predictor variables
at the 99% confidence level. There was no statis-
tically significant relationship between temperature
rise and the number of cuts with the same blade
up to 10 times. Compared with the single micro-
sagital saw blade, the temperature rise for the
double thickness blade was 14% higher and for
the triple thickness blade was 23% higher. The
temperature rise was inversely related to the speed
of the cut. The temperature rise for the bone cut
in 30 seconds was 1.5 times higher than the tem-
perature rise when the bone was cut in 10 sec-
onds. Complications with ulnar shortening os-
teotomy may be secondary to excess heat
generation. A new thick saw blade design and the
use of proper internal/external irrigation may
overcome the problem.

INTRODUCTION

Patients with a relatively longer ulna than radius at
the wrist (positive ulnar variance) are susceptible to a
complex of degenerative changes due to the abnormally
high load supported by the ulnar head'®. Positive ulnar
variance can be congenital, a result of radial shorten-
ing from a malunited distal radial fracture or prema-
ture physeal closure, or dynamically produced from
repetitive grip pronation®**1"?°, Ulnar shortening is a
surgical procedure to correct length discrepancy be-
tween the ulna and radius. Osteotomy at the diaphysis
and removing a section of the ulna has been shown to
produce good results. Often patients return to pain-free
function at previous work levelg?4610.1115.19,

Problems with delayed healing or nonunion after
osteotomy have been reported in the literature and com-
plicate the shortening procedure. Oblique osteotomy
was developed when inadequate compression of bone
ends was implicated in nonunion cases. The placement
of a lag screw across the osteotomy site provides a sec-
ondary means of compression in addition to the inter-
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Figure 1. This picture shows the positioning of the bone and the
saw blade in the testing machine. The bone specimen was held in
a custom designed chuck, which was attached to the moving load
frame of MTS. The oscillating saw was fixed to the floor of the MTS
load frame and kept stationary. The three thermocouple probes
are also shown in the picture.

nal fixation plate. Nonunion rates in oblique osteotomy
patients have ranged from 0-4%° compared to 8-15% in
patients with transverse osteotomy where placement of
a lag screw is impossible. Though compression appears
to be important in adequate healing, it does not address
all of the challenges inherent in osteotomy surgery that
increase the risk of complications.

Whether a surgeon is able to make parallel cuts dur-
ing the osteotomy impacts how the bone ends will op-
pose each other. Even the most skilled surgeons may
not be able to make these cuts perfectly using a free-
hand technique. The resulting surfaces may not match
when they are fixed, leading to less bony contact. This
may result in delayed healing or a nonunion requiring
a bone graft. An unpublished trial by the senior sur-
geon investigator attempted to ensure parallel cuts by
using one cut with a specially designed thick blade. The
technique has been proposed by Labosky and Waggy'?
who found the single cut to produce a more predict-
able amount of shortening than the technique of using
two parallel cuts. Surprisingly, the results of the afore-
mentioned trial were not encouraging, showing high
incidence of delayed and non-union of the ulna follow-
ing osteotomy and fixation.

We hypothesize that the complications associated
with ulnar shortening osteotomy using the thick blade
are secondary to excess heat generation. When the heat
generated during osteotomy surpasses a threshold tem-

Heat Generation during Ulnar Osteotomy

Single Micro-Sagittal Saw Blade

1.0 feed rate 14 cuts

1.5 feed rate 14 cuts

Double Blade (spot welded together)

Triple Blade (spot welded together)

0.66 feed rate 14 cuts

Figure 2. This figure indicates the number of cuts and the associ-
ated speed of the cut for single, double, and triple blades used in
the study. Double and triple blades are simply two and three single
blades spot-welded together, respectively.

perature, bone tissue is damaged, potentially resulting
in malunion or nonunion postoperatively.

Thermal injury in bone is described as irreversible
damage to the organic matrix from exposure to an el-
evated temperature. Early studies described the dam-
age in terms of temperatures in which key proteins were
denatured. Matthews and Hirsch found bone alkaline
phosphatase was inactivated in vitro at 56°C*. Bonfield
and Li attributed mechanical alteration of bone after
heating to 50°C to the reorientation of collagen mol-
ecules'.

More recent research has focused not only on maxi-
mum tolerable temperatures but also on duration of
exposure at an elevated temperature. Lundskog dem-
onstrated an exponential increase in inactivity of dia-
phorase in the osteocyte, dependent both on the expo-
sure temperature and the duration of heat exposure;
necrosis was initiated at 50°C*. Rouiller and Majno de-
scribed necrosis in the long bones of rabbits when ex-
posed to temperatures of 55°C for one minute!®, Most
recently, Eriksson’s microscopic studies of living bone
tissue have shown bone to be more sensitive to heat
than previously thought. He demonstrated that a temp
of 47°C maintained for one minute severely impaired
bone regeneration”®,

Our study seeks to quantify the temperature increase
in cortical bone while cutting with microsagittal saw
blades of varying thickness. We hypothesize that thicker
blades will generate temperature increase above
baseline (AT=H 10°C) that would begin to cause dam-
age to the bone matrix if occurring in vivo.
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Single Blade —0-66 feed rate
—1.0 feed rate
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Figure 3. This figure shows the temperature rise as a function of
time for three different speeds of 0.66, 1.0, and 1.5 mm/second,
corresponding respectively to 30, 20, and 10 seconds for the com-
plete cut.
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Figure 4. This figure shows the overall average temperature rise
and its standard variation as a function of blade thickness.

METHODS

Thirty-five fresh turkey femurs, having similar size
and thickness of the human ulna, were obtained from a
local butcher, stripped of flesh, and frozen until needed.
Hours before a testing session the bones were removed
and allowed to warm to room temperature. Two cuts
were made on each individual bone. Serial bone cross-
section revealed an area of uniform thickness on the
posterior aspect of the femurs. This area of 3-4 mm
thickness was where we embedded the temperature
sensors during cutting. Holes for temperature probes
were drilled in the bone cortex. The holes were placed
as close as possible to the intended line of cut of the
saw blade (0.5-2mm). A thermoconductive paste was
applied to the holes to rapidly transfer heat generated
to the probes.

The bone specimen was held in a custom designed
chuck mounted to an 85.8 Bionix System MTS moving
load frame. The chuck and bone were lowered onto a
Microaire microsagittal 2250 hand piece which inserted
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Figure 5. This figure represents a three-dimensional configuration
of temperature rise as a function of both sensor distances from the
cut and the initial bone temperature.
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Figure 6. This figure represents a three-dimensional configuration
of temperature rise as a function of both the speed of cut and the
sensor distance from the cut.

the blade, driven by compressed nitrogen at 95 pound
per square inch (psi) (Figure 1). The blades were used
in the single, double, or triple configuration (Figure 2).
Double and triple blades are simply two and three single
blades spot-welded together respectively. The hand
piece was anchored to the floor of the MTS with a cus-
tom built vise (Figure 1). The bone was cut with the
single width blade at three different feed rates, 0.66,
1.0, and 1.5 mm/second, corresponding, respectively
to 30, 20, and 10 seconds for a complete cut. The double
and triple width blades were evaluated only at the 0.66
mm/sec feed rate. Fourteen cuts were made for each
combination of blade type and feed rate.
Temperature measurements were made through
three Exacon type T-N0605 thermocouple probes mated
with a computer workstation. The probes were held in



the bone cortex by a length of surgical tubing stretched
to provide some forward pressure on the probes (Fig-
ure 1). The computer interface measured temperature
input from the probes versus time. Recording began
before cutting commenced and continued for 1-1.5 min
after cut was complete to allow bone to cool back to
room temperature. After each cut, calipers were used
to measure the distance of each probe from the line of
cut. Major and minor diameters of the femur were re-
corded at the cut site, as well as the number of cuts
that were made with each blade to gauge any effect of
blade wear on temperature.

A general linear statistical model was fitted relating
temperature rise to three predictive factors: blade thick-
ness, sensor distance from the cut, and initial bone tem-
perature. Other variables included, number of cuts per
blade, and speed of the cut. A p-value less than 0.05
was considered as statistically significant.

RESULTS

Figure 3 shows the temperature rise as a function of
time for three different speeds of 0.66, 1.0, and 1.5 mm/
second corresponding, respectively, to 30, 20, and 10
second for the complete cut. Figure 4 shows the aver-
age temperature rise and its standard variation as a func-
tion of blade thickness. Figure 5 represents a three-di-
mensional configuration of temperature rise as a
function of both sensor distance from the cut and the
initial bone temperature. Figure 6 represents a three-
dimensional configuration of temperature rise as a func-
tion of both the speed of cut and the sensor distance
from the cut. There was a statistically significant rela-
tionship between temperature rise and all three predic-
tor variables at the 99% confidence level. Compared with
the single micro-sagital saw blade, the temperature rise
for the double thickness blade was 14% higher and for
the triple thickness blade was 23% higher. The tempera-
ture rise was inversely related to the speed of the cut.
The temperature rise for the bone cut in 30 seconds
was 1.5 times higher than the temperature rise when
the bone was cut in 10 seconds. There was no statisti-
cally significant relationship between temperature rise
and the number of cuts with the same blade up to ten
times.

DISCUSSION

For a variety of reasons, ulnar shortening osteotomy
is a surgical treatment option for patients with symp-
tomatic ulnar positive variance. The ulnar osteotomy is
technically challenging using either free-hand tech-
niques or guided systems to ensure parallel cuts. Ob-
lique osteotomy fixed with lag screws, although more
technically challenging, can improve clinical outcome.

Heat Generation during Ulnar Osteotomy

The placement of a lag screw across the osteotomy site
provides a secondary means of compression in addi-
tion to the internal fixation plate. Nonunion rates in
oblique osteotomy patients have ranged from 0-4%° com-
pared to 8-15% in patients with transverse osteotomy
where placement of a lag screw is impossible. For the
case of transverse osteotomy, the goal is to achieve par-
allel cuts, thus maximizing the contacting bony surface
area. Union rates should increase with greater bony
contact.

Using thick saw blades for the osteotomy greatly
reduces the technical challenge of the procedure as
parallel cuts are assured each time with a free-hand tech-
nique. Unfortunately, delayed union and nonunion are
a common complication with this procedure. Thermal
injury to bone may occur during the osteotomy, thus
increasing the risk for poor healing. Our study found
the temperature rise for the double thickness blade was
14% higher than the single, and 23% higher for the triple
thickness blade. We also found the speed of the cut to
be a significant factor. The higher the speed, the lower
the temperature rise.

Ulnar shortening osteotomy presents many chal-
lenges technically, yet provides great benefit clinically
for many patients. This is a useful surgical option, and
developing ways to minimize the complications of de-
layed union and nonunion would make it an even more
appealing one as well. Limitations of the current study
included the following: lack of in vivo study, initial bone
temperature did not match body temperature, and the
effect of irrigation on heat removal was not studied.

CONCLUSION
Complications with ulnar shortening osteotomy may
be secondary to excess heat generation. A new thick
saw blade design and use of proper internal/external
irrigation my overcome the problem.
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