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Abstract

The accurate placement of orthopaedic implants according to a biomechanically derived preoperative
plan is an important consideration in the long-term success of these interventions. Guidance
technologies are widely described however, high cost, complex theatre integration, intraoperative
inefficiency and functional limitations have prevented the widespread use. A novel, intraoperative
mechatronics platform is presented, capable of the rapid, intraoperative manufacture of low-cost
patient-specific guides. The device consists of a tableside robot with sterile drapes and some low cost,
sterile disposable components. The robot comprises a 3D optical scanner, a three-axis sterile computer
numerical control (CNC) drill and a two-axis receptacle into which the disposable consumables may be
inserted. The sterile consumable comprises a region of rapidly setting moldable material and a clip
allowing it to be reversibly attached to the tableside robot. In use, patient computed tomography (CT)
imaging is obtained at any point prior to surgery and a surgical plan is created on associated software.
This plan describes the axis and positioning of one or more guidewires which may, in turn, locate the
prosthesis into position. Intraoperatively, osseous anatomy is exposed, and the sterile disposable is used
to rapidly create a mould of the joint surface. Once set, the mould is inserted into the robot and an
optical scan of the surface is taken followed by automatic surface registration, bringing the optical scan
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into the same coordinate frame of reference as the CT data and plan. The CNC drill is orientated such
that the drill axis and position exactly matches the planned axis and position with respect to the moulded
surface. A guide hole is drilled into the mould blank, which is removed from the robot and placed back
into the patient with the moulded surface ensuring exact replacement. A wire is subsequently driven
through the guide hole into the osseous anatomy in accordance with the preoperative plan. The guide
blank may be slid off the wire and discarded allowing the procedure to continue in the normal manner.
A Pre-clinical prototype robot was constructed and used to insert guide wires into a 12 cadaveric
shoulder arthroplasty specimens according to a ‘pre-operative’ plan. A ‘postoperative’ CT scan was
used to assess accuracy with respect to the ‘pre-operative’ plan. Initial average end to end accuracy was
1.2 mm with respect to planned vs achieved glenoid point of entry and 2.2deg version, 1.6deg
inclination with respect to planned vs achieved wire angle. These data demonstrate accuracy within the
bounds of relevant literature with a significant margin for potential improvement.

1 Introduction

The accurate placement of orthopaedic implants according to a biomechanically derived preoperative plan is
an important consideration in the long-term success of these interventions'. Guidance technologies are widely
described and comprise active or passive intra-operative robotics platforms, and three dimensional (3D) printed
patient specific jigs?. Despite improvements in placement accuracy, high cost, complex theatre integration,
intraoperative inefficiency and functional limitations have prevented the widespread adoption of these
technologies?.

A novel, precommercial intraoperative mechatronics platform is presented, which is capable of the rapid,
intraoperative manufacture of low-cost patient-specific guides*. The device consists of a tableside robot (Fig. 1, A)
with sterile drapes (Fig. 1, B) and some low cost, sterile disposable components. The robot comprises a 3D optical
scanner (Fig. 1, C), a three-axis sterile computer numerical control (CNC) drill (Fig. 1, D) and a two-axis receptacle
into which the disposable consumables may be inserted (Fig. 2, A). The sterile consumable comprises a region of
rapidly setting moldable material (Fig. 1, E) and a clip (Fig. 1, F) allowing it to be reversibly attached to the
tableside robot.

In use, patient computed tomography (CT) imaging is obtained at any point prior to surgery and a surgical plan
is created on associated software (Fig. 2, B). This plan describes the axis and positioning of one or more guidewires
which may, in turn, locate the prosthesis into position. Intraoperatively, osseous anatomy is exposed, and the sterile
disposable is used to rapidly create a mould of the joint surface (Fig. 1, G). Once set, the mould is inserted into the
robot and an optical scan of the surface is taken followed by automatic surface registration, bringing the optical
scan into the same coordinate frame of reference as the CT data and plan (Fig. 2, C). The CNC drill is orientated
such that the drill axis and position exactly matches the planned axis and position with respect to the moulded
surface. A guide hole is drilled into the mould blank (Fig. 2, D), which is then removed from the robot and placed
back into the patient with the moulded surface ensuring exact replacement. A wire is subsequently driven through
the guide hole into the osseous anatomy in accordance with the preoperative plan (Fig. 2, E). The guide blank may
be slid off the wire and discarded allowing the procedure to continue in the normal manner.
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2 Objectives

We performed a cadaveric trial to asses prototype function in the placement of a guide wire into a pre-
operatively planned position within the glenoid cavity during a simulated total shoulder arthroplasty procedure.

3 Methods

A prototype device was constructed along with planning software and sterile consumables (Fig. 2, A). A
kinematic calibration and assessment of the device was carried out to identify the mechanical accuracy of the
system. 12 cadaveric shoulder specimens were obtained (sex, age and side randomized) and a preoperative CT scan
performed on each specimen. A senior orthopaedic surgeon planned the ideal wire placement in each specimen and
exposed the glenoid cavity via a conventional deltopectoral approach. The device and sterile disposables were used
to guide the placement of guide wires into the glenoid cavity. Following wire insertion, a postoperative CT scan
was obtained for each specimen. The pre- and postoperative scans were then segmented and coregistered to allow
the planned vs achieved wire position to be computed.

4 Results

The overall kinematic accuracy of the prototype was 0.50 + 0.26 mm in terms of translational positioning and
0.59 + 0.30° angular accuracy. The cadaveric trial results (MAD) show overall end to end placement accuracy of
1.18mm (0.22) with respect to planned vs achieved glenoid point of entry and 2.15deg (0.96) version, 1.63deg
(0.59) inclination with respect to planned vs achieved wire angle. (p values, 0.002, 0.002 and 0.003 respectively).

5 Discussion

This technology and cadaveric study demonstrate the ability to rapidly produce functional guides in accordance
with a pre-operative plan. Guide wires were accurately and rapidly inserted, whilst the consumables and the
compact, intraoperative platform may result in possible cost reductions and efficiency improvements. The novel
registration method making use of patient anatomy found at the time of surgery may provide additional accuracy
improvements and added functionality in cases that are traditionally challenging to conventional 3D printed
orthopaedic guides. Registration of the moulded surface with the CT data could leverage optimizations in the
algorithm’s design, such as filtering, weighing and local minima suppression, to ensure a reliable and repeatable
replacement fit into the surgical site. Glenoid component malpositioning has been shown to be a major contributing
factor to early failure and poor prosthesis function, thus guidance technologies may play an important role in
improving patient outcomes>.
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This cadaveric trial demonstrates that the intraoperative manufacture of patient-specific guides is viable and
can yield results capable of surpassing traditional PSIs®. Further work is planned on other joint areas such as the
hip and knee with a first-in-man trial planned for 2020.
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