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Objective: To test the results of a new simple aiming device compared to the freehand method for distal locking screw
insertion in the intramedullary (IM) nailing procedure in terms of accuracy, radiation exposure, and operative time.
Material and Method: Distal screw locking procedure on 40 synthetic femoral bones with inserted intramedullary nail was
done by four senior orthopedic residents using both the freehand and device-assisted techniques. Accuracy, fluoroscopic
time, and operative time were recorded for the analysis.

Results: The new aiming device minimized fluoroscopic time with statistical significance (p-value <0.001). No operating
time difference between the two techniques (p-value = 0.67). Screw misdirection was found in two incidences in the freehand
technique but not found in the device-assisted technique.

Conclusion: The new simple aiming device can decrease fluoroscopic time and show good precision of distal locking

procedure.
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Distal locking screw insertion is one of the
problematic parts of the intramedullary (IM) nailing
procedure). Because of torsion after the nail passes
through the isthmus of the long bone, the extension
guide from the proximal nailing attachment cannot
provide accurate guiding of screw insertion into the
distal holes®.

The freehand technique is generally used for
screw fixation®¥. To accurately insert the locking
screw into the distal hole with the freehand technique,
a “perfect circle” image of the hole should be achieved
from the fluoroscope. The drill bit tip must be placed
in the middle of the circle and parallel to the X-ray
beam before drilling. Every step requires fine
adjustment under fluoroscopy that results in a high
level of radiation exposure to the operative staff and
is time consuming®®,

A number of techniques and devices have
been developed to solve these problems. With various
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outcomes, none was assigned as a standardized
method for screw insertion®'?. To solve the problem,
anew simple aiming device was developed to assist in
the procedure. The goal of the study was to compare
the results of the distal locking screw insertion using
the freechand technique and using the device-assisted
technique in terms of accuracy, fluoroscopic time,
and operative time of the screw insertion.

Description of the new device and technique

The concept of the device was based on the
common design of an X-ray image intensifier. The
surface of an image intensifier is flat and perpendicular
to the X-rays which are released from the X-ray source.

The device was made from radiolucent
polyvinyl chloride (PVC) pipe (Fig. 1). It consists of
two parts: a body part and a sliding part. One end of
the body part has a 90-degree foot-like extension to
place on the flat surface of the image intensifier. At the
opposite end, a three-way joint can be slided forward
and backward to adjust the position while drilling. At
the three-way joint, there is a short extension which is
perpendicular to the long arm of the body part. The
short extension has a half-circle curved holder that
provides stable attachment of a power drill (Fig. 2).
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Assembly of the device was meticulously prepared
by the Engineering Department of our hospital and
can be sterilized by ethylene oxide.

Its function is to support the power drill
parallel to the X-ray beam and stabilize the power drill
while drilling the bone. After a surgeon puts the drill
tip at the middle of the “perfect circle’ by the freechand
technique, an assistant helps applying the device by
placing the long end on the image intensifier and gently
moves the device to the position where the surgeon can
firmly place the power drill under the drill holder of
the short arm (Fig. 3). This will align the axis of the
drill to be parallel to the X-rays without the need of
fluoroscopic checking. The curved holder of the short
extension helps in holding the power drill in place to
prevent misdirection of the screw insertion.

Material and Method

The present study was approved by the
Institutional Review Board, Faculty of Medicine,
Songklanagarind Hospital, Prince of Songkla
University.

To compare the results of the new aiming
device, an experimental study using synthetic femoral
bones was performed. The authors simulated the
femoral IM nail operation with the patient in the supine
position on a fracture table. In this setting, an 11 mm
IM nail (Universal Femoral Nail®; Synthes™, West
Chester, Pennsylvania, USA) was inserted into
a synthetic femoral bone with a canal diameter of
12 mm (Foam cortical shell #1130-37; Sawbones®;
Vashon Island, Washington, USA) and was fixed to
the operative table by a synthetic bone holder.
Forty synthetic femoral bones were used in the present
study and each of them was covered with sponges and
plastic bags as soft tissue coverage. The authors used
the same image intensifier and power drill (Compact™
Air Drive II; Synthes™, West Chester, Pennsylvania,
USA) throughout the study.

Four senior orthopedic residents from the
Songklanagarind hospital were included in the present
study and instructed to operate the screw insertion with
the freehand and device-assisted techniques under the
same fluoroscopic setting. Each surgeon performed the
distal locking insertion 10 times that included five times
with the conventional freehand technique and other
five times with the device-assisted technique. The
two techniques were performed alternatively under
the supervision of the attending orthopedic surgeon.

Each synthetic femoral bone was used for
one distal locking screw procedure and only the static
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Fig.1  The aiming device made from PVC pipe (A: body
part, B: sliding part). The sliding part can move

forward and backward.

Fig.2  The 90-degree foot-like extension of the body part
was laid on the surface of the image intensifier.
A power drill was placed at the half-circle curved
holder of the sliding part which places the drill

parallel to the X-rays beam.

Fig.3  An assistant holds the device. The 90-degree
foot-like extension of body part must be rested
against the image intensifier and the drill holder
at the sliding part must be placed snuggly on the

power drill body.

distal hole was used for the test. Totally, the number
of tests was 20 times for each technique.

In the present study, the accuracy of the screw
insertion was calculated from the number of successful
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procedures which was verified by direct visual
inspection of the distal locking screw inserted into the
distal hole of the IM nail. If the screw was located
outside of the distal hole of the IM nail, the error would
be counted as “misdirected or unsuccessful” screw
insertion.

Recording of the fluoroscopic time and
operative times for distal locking insertion started
immediately after the surgeon placed the drill tip in
the middle of the ‘perfect circle’ and continued until
the two cortices of the synthetic femoral bones were
completely drilled. The fluoroscopic time and operative
times were recorded in seconds from the fluoroscopic
machine monitor.

Statistical analysis

Chi-square test was used for comparison of
accuracy. The Wilcoxon rank sum test with continuity
correction was used for comparison of radiation time
and operative time.

A p-value <0.05 was used for statistical
significant. The analyses were performed with R
version 3.1.0 software (R Foundation).

Results

Twenty distal locking screws were inserted
with freehand technique and another 20 distal locking
screws were inserted using the device-assisted
technique. All of the distal locking procedures with the
device were successful except two of the distal locking
procedures with the freehand technique were inserted
out of the distal hole (p-value = 0.146). The new aiming
device significantly minimized the fluoroscopic time
compared with the free hand technique (p-value
<0.005). There was no statistical difference in operative
time between the two techniques (p-value = 0.67)
(Table 1).

Discussion

The radiation exposure to surgeons is
usually related to the duration of fluoroscopic time.
As recommended by the International Commission

Table 1. Accuracy, median (range) fluoroscopic time, and
median (range) operative times

n = 20 for each group Freehand Newdevice p-value
Accuracy (%) 90 100 0.146"
Fluoroscopic time (seconds) 8 (6-20) 3.1(1-6) <0.001®
Operative time (seconds) 27 (16-78) 21.5(8-57)  0.160@

(M Chi-square test, @ Wilcoxon rank test
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on Radiological Protection, the annual dose limit of
radiation exposure to the extremities is 500 mSv.
Miiller et al found that the average radiation exposure
to the dominant hand of surgeons during the IM nail
procedure was 1.27 mSv to the primary surgeon and
1.19 mSv to the first assistant®. Although there is
no strong evidence of radiation hazard from intra-
operative fluoroscopy to operative personnel, every
attempt should be made to reduce the radiation
exposure to the staff and patients.

Many techniques and devices reported
reduced fluoroscopic time in the distal locking
procedure. Finelli et al reported the freehand technique
with a dip-stick technique to reduce radiation exposure
time by using the standard intramedullary nail guide
wire'?, Stathopoulos et al reported successful results
for the distal locking procedure by an electromagnetic
computer-assisted guidance system. However, all of
these techniques are not widely used. This might be
due to the limitation of special instruments or a learning
curve was required to perform these techniques.

The new aiming device for distal locking of
the IM nail is a fluoroscopic-based targeting device.
It can be used with general fluoroscopic machines
with a flat surface of the image intensifier. While most
of the fluoroscopic-based techniques for distal locking
screw insertion require eye-hand coordination of the
surgeon and fine adjustment for perfect alignment,
this device helps a surgeon to quickly place the power
drill parallel to the X-ray beam without the need of
fluoroscopy. The use of this aiming device is easy to
learn and the results are reproducible. The device is
resterilizable and inexpensive. From this study, the
aiming device proved to significantly reduce radiation
exposure. The two distal locking procedures were
misdirected in the group performing the freehand
technique because the surgeon was unable to hold the
power drill steady while drilling the synthetic bones.
The curved holder of the short arm helps to stabilize
the power drill which results in better accuracy of the
distal locking than in the freehand technique. However,
there was no statistical significance. The operative
times were not significantly different between the
two techniques due to the time needed to ensure
precise contact of the device to the image intensifier
and to the power drill. There are limitations in the use
of the device. It can be used only in the step of setting
the power drill parallel to the X-ray beam and not in
the whole procedure which includes distal locking
screw insertion. Also, the device requires an assistant
to help apply the device.
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Conclusion

In the present experimental study, the new
aiming device proved to reduce radiation exposure and
have good accuracy in distal locking of an IM nail
procedure. It can be considered as an optional technique
for the distal locking procedure. Further clinical studies
should be done to confirm the results.

What is already known on this topic?

Many devices and techniques were developed
to solve the problem of distal locking of an IM nail.
They range from freehand techniques to electromagnetic
devices but none of them have become a standard
technique for distal locking.

What this study adds?

This study showed that the new simple aiming
device might be an alternative for the distal locking of
an IM nail procedure which is cost effective and reliable.
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