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Abstract: Bone screw tightening torque is important to achieve the best patient outcomes in orthopedic procedures. Here, an
automatic method was tested for determining the stripping torque of a screw during the initial insertion of the screw. This
involved an inverse model to determine material strength, followed by a forward model to estimate stripping torque. This
method was tested on 2 different densities of polyurethane foam as a substitute for real bone. It was found the model-
identified/estimated strengths/torques closely followed the datasheet/measured values. This method shows promise for
predicting stripping torque. However, further work is needed to better quantify the accuracy.
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l. Introduction

Bone screws are used in many orthopedic procedures to
hold broken bones in place to assist healing, or securing
implants which may restore mobility (e.g. artificial hips). It
is important, however, to ensure that the screws are
correctly torqued; too loose and they may come out with
time [1], too tight and they may break the threads in the
bone [2]. Both situations are a failure of the fixation, and
may require risky revision surgery, or if that is no longer
possible (such as after repeated hip replacements), the
patient may become permanently impaired.

Current surgical practice generally involves surgeons
tightening screws by hand, and using their experience and
judgment to achieve good results. While often successful,
this can be influenced by human factors like fatigue, and
junior surgeons may not have the same experience as their
seniors. Sometimes torque-limiters are used, however, this
still requires judgment from the surgeon to select the
correct torque limit.

Previous work has proposed an automated torque-limiting
screwdriver to provide a more objective method of screw
torque regulation [3]. This is based upon determining the
strength of the bone via parameter identification (inverse
model) combined with a model of screw insertion [4], then
using this strength value to predict the failure torque based
on the known screw and hole geometry (forward model)
[5]. Other empirical methods have also been presented in
literature [6], [7], while we use physically based modelling,
which may extrapolate better if the underlying mechanics
are well understood.

The inverse and forward models have been previously
tested independently [5], [8]. This paper will present the
methods and some initial results testing them together.

Il. Material and methods

1.1 Experimental

A bone screw (ISO 5835:1991 HB 6.5 screw, 30 mm
length) was inserted once into 2 different densities of
polyurethane foam (SikaBlock M150 and M450) using the
test rig shown in Figure 1. The screw was inserted into pre-
drilled 3.0 mm holes, and tightened against a plate with a
matching spherical shape to the underside of the screw.

Figure 1: Test rig used to insert screws while recording torque
and position/rotation profiles.

The screw was inserted at 30 RPM until it fully stripped the
threads (torque peaked and then declined). The torque and
rotation were measured with an NCTE 2300-5-1-AU-0-0
rotational torque sensor with a range of £5 Nm (0.5%
accuracy) and 0.25-degree resolution. The linear motion
was measured with a draw-wire encoder with 0.025 mm
resolution (A40/D5.2501.2421.1000, Fritz Kiibler GmbH).

The data was recorded at 1000 Hz and saved to a file via a
serial link to a PC. The data was then processed in
MATLAB.

1.1l Data Processing
The recorded data was preprocessed to extract only the
period of screw insertion.
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The period of insertion before tightening was used to
estimate the strength of the material. The torque-
displacement curve was used to fit egn. 1 and find the
material strength. G, and G, are geometrically derived
constants based on the screw and hole, u is the friction
coefficient between the screw and hole, and was set to
0.3 [N/N], a is the angular length of the thread-cutting
section of the screw, o, is the unknown material strength,
and ¢ and 7, are the measured angular positions and
torques, respectively. The full model/equations can be
found in Wilkie et al., along with parameter values for the
screw used [9].

€y

The identified material strengths were then used to
calculate an expected stripping torque using the forward
model from Wilkie et al. [5]. This was compared with the
true maximum value observed during screw insertion.

a
T, = chsGl + ”O'ucsGZ (d) - E)

lll. Results and discussion

Table 1 presents a comparison between the datasheet
strength and identified strength, as well as between the
measured stripping torque and estimated torque.

Table 1: Comparison of estimated strength and torque values
against known values.

Test 1 Test 2
Material M150 M450
Datasheet Strength 1.6 MPa 10 MPa
Identified Strength 1.22 MPa 6.25 MPa
Strength Error -24 % -38 %
True Stripping Torque | 1.21 Nm 5.10 Nm
Est. Stripping Torque 1.23 Nm 5.96 Nm
Torque Error +1.7 % +17 %

The identified strength increases with the true/datasheet
strength. However, both identified values are lower than the
datasheet values. This may be due to inaccuracies arising
from modelling assumptions, or manufacturing variation in
the test blocks. Nevertheless, the trend indicates that the
screwdriver system is adapting it’s estimate as the real
strength changes, and the offsets may be resolved with
calibration.

The estimated stripping torques are even closer to the true
ones than the strengths were. In this case, if an 80% torque
target was used, the stripping torques would (if only just)
not be exceeded. The differences in the errors between the
two materials are approximately opposite to the differences
in the strength errors. Again, as was the case with the
strength, the stripping torque estimate roughly follows the
trend in true stripping torque, suggesting this model would
work to pre-emptively stop before actual stripping.

While these initial results are promising, further testing is
needed. Both with more tests on each material to better

quantify the accuracy of the method, and with more
materials/screws to determine if there are any limits to the
practical applicability.

IV. Conclusions

A system was tested for automatically determining the
stripping torque of bone screws based on data recorded
during screw insertion into 2 different densities of
polyurethane foam.

Reasonable agreement was found between the estimated
and real strengths and stripping torques. This gives
confidence that this model is adapting, as intended, to the
changes in material strength.

The primary focus for future work should be on expanding
the testing to a wider variety of materials and performing
more thorough testing on each material to better understand
the statistical reliability of the method.
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