
C A P T U R I N G  F I N E  H A N D - M O T I O N  I N 
T I G H T  S P A C E S  W I T H  T H E  V E R O

H U G E  C H A L L E N G E S
S M A L L  V O L U M E

The wrist simulator sits in a dedicated 
wet tissue lab at the university. This 
highly compact setup comprises a novel 
rig for reproducing wrist motion by way 
of simulated force application to the 
wrist muscles. Two C-arm fluoroscopes 
are used for X-ray imaging the carpal 
bones, and a set of Vicon Vero cameras 
surrounding the hand and arm of a 
cadaver are used for wrist joint motion 
analysis. A motion capture marker 
cluster is placed on the forearm and 
another on one of the metacarpal bones 
in a finger, and these are used to track 
the overall wrist motion in real time, 
which is required for controlling the 
muscle forces correctly. By far the largest 
part of the setup is the substantial 
mechanism below the arm that loads 
cables attached to the hand to simulate 
muscle force and wrist motion.

“What we wanted to do was to create  
a rig with a control method that 
produced highly repeatable motion of 
the wrist in normal, pathological and 
surgically-repaired states. We could 
then use X-rays to measure motion  
at the individual carpal bone level,” 
says Ackland.

Dr. David Ackland, head of the 
Biomechanics Research group in the 
Department of Biomedical Engineering 
at the University of Melbourne, has 
been working with hand and wrist 
surgeons from the O’Briend Institute to 
better understand the inner workings 
of the human wrist.

Associate Professor Ackland’s study 
has an extremely focused goal: 
examining the function of a specific, 
easily damaged ligament that controls 
the scaphoid and lunate bones in 
the wrist, and how injury and surgical 
interventions affect that function.

“Firstly, the aim of our study was to 
evaluate normal carpal bone motion,” 
says Ackland. “Secondly, motion of 
the carpal bones when the ligament 
is torn. Then we wanted to look at the 
effectiveness of surgical reconstruction 
of the ligament, taking a look at a 
couple of different techniques for 
repairing it, as well as a novel surgical 
approach that has not been reported 
previously. And the way that we 
assessed this was using a custom-built 
wrist simulator.”

V I C O N  S TA N D A R D  2 0 2 2

While the largest motion capture projects might 
pick up the biggest headlines, some of the most 
challenging work done using Vicon technology 
happens at the smallest scale.

“ 
By far the largest part 
of the setup, however, 
is the substantial 
mechanism below the 
arm that loads/winds 
cables attached to 
the hand to simulate 
muscle force and  
wrist motion.“

Dr. David Ackland, 
PhD, Head of the 
Biomechanics 
Research group, 
Department 
of Biomedical 
Engineering, 
University of 
Melbourne
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2.3. SUBSIDIARY MEASUREMENT SYSTEMS

of the markers (Hartley and Sturm, 1997). This process is illustrated in

(Fig. 2.33).

Reconstructed Markers (3D)

World Coordinate System
(defined by calibration phantom)

Mini C-arm

Full-size C-arm

X-ray Projection (2D)

Figure 2.33: A simple illustration of the triangulation process

Definition of Joint Coordinate System

A joint coordinate system (JCS), consists of imaginary local coordinate sys-

tems (LCS) fixed to the proximal and distal body segments, was required

to facilitate a quantitative and consistent investigation of the joint kinemat-

ics. However, the designation of the proximal and distal segments depends

entirely on the desired measurement outcome and the joint being studied.

In the present context, the radius often is seen as the distal segment and

is typically regarded as a common reference for kinematics analysis of the

wrist (Wu et al., 2005). As mentioned previously in Section 2.2.2.1, the third

metacarpal was seen as the proximal segment and its relative rotation was

measured when the global wrist motion was of primary concern. However,
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He and his team implanted metal 
beads into the bones and pressure 
sensitive film between them, then 
used biplane X-ray fluoroscopy to 
record moving 3D images of the bones 
and tissues inside the hand. This 
information was then combined with 
his motion capture data so that he and 
his team could understand what was 
happening broadly with respect to the 
wrist joint motion, as well as internally 
in relation to the individual carpal 
bones and the way they move and 
contact each other.

W O R K I N G  I N  A  T I G H T 
V O L U M E

The limited space between the 
X-ray systems created a challenging 
environment for motion capture, 
however.

“It was really, really tight,” says 
Ackland. “It was incredibly difficult 
to get everything in the field of view 
without creating occlusions and it took 
quite some time to set up. It took 
PhD student Xin Zhang three years to 

design the rig, build it and to plan and 
develop all the algorithms for tracking 
the motion.”

The challenges of the small volume 
meant that getting the right camera 
was essential. “The conversation 
with Vicon about what sort of camera 
would fit our needs made the Vero 
very appealing, because it suits a 
lab environment with a small capture 
volume while offering high accuracy. 
The price point was also really good  
for us. So it was an easy decision for  
us to make.”

The cameras have proven equal to 
the task. “The Veros were able to 
capture the positions of markers very 
accurately, and we had the positions 
of the markers transformed into a 
local anatomical coordinate system,” 
explains Ackland.

“The result was that we were able 
to reproduce wrist joint angles like 
flexion to 20 degrees, extension to 
30 degrees, and so forth, meaning 

“ 
The Veros were able to 
capture the positions 
of markers very 
accurately, and we had 
the positions of the 
markers transformed 
into a local anatomical 
coordinate system. “

“ 
The result was that we 
were able to reproduce 
wrist joint angles like 
flexion to 20 degrees. “

we’re able to quantify the overall 
wrist motion with high precision 
and repeatability. The repeatability 
ultimately came from the control 
mechanism, which gave us the ability 
to control muscle forces accurately and 
in real time.

“The advantage of using this system 
was that we were able to get the data 
in real time and update the motors with 
a control pulse, and then receive new 
information on the updated position 
of the wrist instantly and change the 
muscle forces accordingly. W e did 
all this seamlessly, achieving these 
smooth waves of muscle forces and 
motion trajectories all in a closed loop 
and in real time in order to achieve the 
desired wrist motion.”

G O I N G  D E E P E R

Looking ahead, Ackland wants to build 
predictive models. “Where we want 
to go from here is to take our setup 

and our simulations, and then take the 
motion of the bones that we get, and 
feed that into detailed finite element 
models of the joints so that we can 
then simulate the actual contact and 
the deformation of the hard and soft 
tissues. This is critical for understanding 
injury and joint disease such as 
osteoarthritis.

“We can do that by CT scanning the 
specimen and building anatomical 
models, then feeding all the data that 
we get from these experiments, such 
as force and motion, into the models to 
predict contact patterns in more detail. 
A finite element model allows us to 
interrogate different model elements, 
such as bone and cartilage, allowing 
us to explore contact behavior with 
unprecedented detail.

“Also,” Ackland adds, almost as an 
afterthought, “we want to do the same 
in a live subject.”

Method – Biplane Fluoroscopy (Validation)
Validation Gimbal 

Compared w/ optical CMM (±5 micron) Inter-marker accuracy histogram -> PDF of the marker position noise

Rigid-body error (angular and translational) 
§ Determined via Monte Carlo simulation 
§ 0.168°, 0.039 mm (rms)

#$
#%

In-situ Validation
Compared w/ CT scan
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2. CADAVERIC WRIST TESTING PLATFORM

the wrist (de Lange et al., 1985; Smith et al., 1989; Kobayashi et al., 1997a),

and has even seen numerous applications in veterinary research (Tashman

and Anderst, 2003; Baier and Gatesy, 2013). To this end, a similar biplane

X-ray fluoroscopy system was constructed for accurate quantification of the

complex carpal bone motion.

2.3.1.1 Hardware Setup

C-arm Fluoroscopy Units

The biplane fluoroscopy system of the CWTP was developed based on two

clinical C-arm X-ray fluoroscopy units. A full-size C-arm unit (OEC Flex-

iView 8800; GE Healthcare, Wisconsin, USA) and a mini C-arm unit (Flu-

oroscan Insight II; Hologic, Massachusetts, USA) was used owing to their

availability and lowered cost (see Appendix A.7 for detailed specifications).

Figure 2.22: Beam configuration of the two C-arm X-ray fluoroscopy units

The two fluoroscopy units were positioned on opposite sides of the

DWSA, with their movable C-arms oriented to surround the periphery of

the cadaver wrist, forming an inter-beam angle of approximately 72
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