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SUMMARY 
We present a new apparatus, excursion controller, to measure 
and analyze musculoskeletal motion of cadaveric fingers. The 
sensor-motor units in this controller enable us to measure the 
excursion and tension of a tendon while pulling each tendon 
independently under position or tension control. The full 3D 
bone motion free from skin movement artifact can be 
measured by a motion capture system synchronized with this 
controller by an external start trigger. At least three optical 
markers were directly fixed to each phalanx and the base of 
the controller for this purpose. The excursion patterns of four 
typical finger motions were designed by recording the 
excursions resulting from manual movement of the finger.  
The recorded patterns were filtered, and then played back 
inside the motion capture volume to measure resulting tension 
pattern and bone motion. The result of this preliminary 
experiment clearly shows that the range of excursion of the 
interosseous for abduction-adduction and that of the extensors 
for hyperextension were estimated to be 5 to 8mm, while that 
of the flexors for full-flexion were estimated to be 35mm from 
the reference posture. 
 
INTRODUCTION 
A number of articles have discussed the anatomy and 
musculoskeletal function of the human finger [1, 2, 3]. The 
local musculoskeletal architecture and its contribution to 
finger motion were studied in several in vitro studies, yet the 
cross-interaction between each muscle tendon, and resulting 
change in the tension pattern and bone motion remain 
incompletely understood. In this paper, we present a new 
apparatus, the excursion controller, to measure and analyze 
comprehensive musculoskeletal motion of cadaveric fingers. 
The preliminary results using this controller are also shown. 
 
METHODS 
Figure 1 shows a cadaver specimen fixed on a custom-made 
excursion controller and a motion capture system for 
measuring musculoskeletal motion of an index finger. 
 
The excursion controller has seven sensor-motor units for 
measuring the excursion and tension of a tendon while pulling 
each tendon independently under position or tension control 
mode. The sensor-motor unit is composed of a custom-built 
tension transducer with four active strain gauges and a servo 
motor module (RX-28: ROBOTIS Inc.). The output voltage 
from the Wheatstone bridge circuit is amplified by a strain 

amplifier (CV-10B: Kyowa Co., Ltd.) and taken into a host 
computer through an AD converter unit (AIO-163202FX-
USB: Contec Co., Ltd.). The servo motor module 
communicates with the host PC through RS-485 protocol, and 
accepts position and velocity commands in order to position 
the rotation axis into desired angle under desired angular 
velocity. A pulley is attached to the end of the axis for rolling 
up thin wire connected to a silk string tied into a tendon. 
 

 
Figure 1: A custom-made tendon excursion controller and a 
motion capture system for measuring musculoskeletal motion. 
 
A controller program running on the host computer interfaces 
with the sensor and the motor to implement two high-level 
control modes on top of the low-level position and tension 
servo controller. The first one is the “teaching” mode where 
we can create arbitrary finger motion manually. In the 
teaching process, the operator moves the finger joints quasi-
statically by hand while all the tendons are pulled by specified 
tension for removing slack by using a tension servo controller. 
During this operation, the excursion of all the tendons in each 
time step is recorded into a data file. This data is then used in 
the “playback” mode, where the time-excursion pattern is 
applied to the cadaver by using a position controller. The 
controller program includes a GUI-based editor for creating 
new excursion patterns and retouching existing excursion 
patterns. This controller program also sends a start trigger to a 
motion capture system (ProReflex MCU 120: Qualisys Inc.) 
under the playback mode in order to synchronize the tendon 
excursion data and motion capture data. 
 
A cadaver specimen was prepared by removing the skin, 
nerves and vessels while leaving all the pulleys. Seven 
tendons; extensor digitorum communis (EDC), extensor 
indicis proprius (EIP), flexor digitorum profundus (FDP), 



flexor digitorum superficialis (FDS), lumbricalis (LUM), 
dorsal interosseous (DI), and palmar interosseous (PI) muscle 
tendons in an index finger were exposed. For the extrinsic 
muscles, 1-0 silk string was sutured into the tendon of each 
muscle at the wrist. For the intrinsic muscles, the same string 
was tied into the insertion point of each muscle. Special care 
was taken for these intrinsic muscles to reproduce the original 
force acting direction. All the strings were aligned almost 
parallel to each other at the proximal side of the wrist in order 
to connect the wires from the excursion controller. Two 
stainless steel pins were drilled vertically into the dorsal side 
of the second metacarpal bone in order to fix the specimen on 
the base of the excursion controller. The thumb was kept fully 
extended so that it would not interfere with the index finger. 
 
A threaded stainless steel wire with diameter of 1.6mm was 
drilled into distal, middle and proximal phalanx in order to 
support a triangular platform where three optical markers with 
diameter of 4mm were attached. In addition, three optical 
markers were fixed directly to the base of the excursion 
controller. The motions of these markers were recorded by the 
motion capture system. In order to calculate the bone motions 
from the marker trajectories, the cadaver was scanned using 
computed tomography to image the positional relationship 
between the markers and bones priori to the musculoskeletal 
motion capture. 
 
Four typical finger motions, abduction-adduction, extension-
flexion, hook flexion, and claw deformity, were designed by 
manual teaching from the reference posture that is also defined 
by teaching. For this purpose, the operator held the finger 
joints and moved them quasi-statically while all the tendons 
are pulled by about 1.0N for slack removal. During the 
teaching process, the tensions of all the tendons are in 
equilibrium with external force applied by the operator. In 
order to compensate the external force during the playback (i.e. 
free motion), the recorded excursion patterns were retouched 
empirically by using the GUI-based editor to achieve desired 
bone motion. Finally the recorded data in each motion was 
played back to measure resulting tension pattern and bone 
motion. 
 
RESULTS AND DISCUSSION 
Figure 2 and Figure 3 show the retouched excursion pattern, 
measured tension pattern and measured bone motion for the 
abduction-adduction and the extension-flexion, respectively. 
The excursion and tension in the pulling direction are positive 
in these plots. The antagonist tendons were paid out while 
certain tendons were pulled. 
 
As can be seen from these plots, palmar and dorsal 
interosseous were dominant in the abduction-adduction, while 
the extrinsic muscles were dominant in the extension-flexion 
that was consistent with our anatomical intuition. From Figure 
2, the range of excursion of DI for abduction was estimated to 
be 5mm (at t=5sec), while that of PI for adduction was 
estimated to be 8mm (8sec). Whereas for the extension-flexion, 
the range of excursion of the extensor muscle tendons was at 
most 8mm to make the index finger hyper-extended (6sec), 

while that of the flexor muscle tendons was rather large, at 
most 35mm, to make the finger fully-flexed (20sec) from 
Figure 3. 
 
The excursion patterns designed in this experiment were 
artificial and will not exactly match the natural excursion 
pattern originating from the motor command. Despite these 
limitations, we believe that these musculoskeletal motion data 
are of significance for studying the cross-interaction between 
each muscle tendon and resulting change in the tension pattern 
and bone motion. 
 

 
Figure 2: Abduction-adduction finger motion; excursion 
pattern (top left), tension pattern (bottom left), and bone 
motion (bottom right). 
 

 
Figure 3: Flexion-extension finger motion; excursion pattern 
(top left), tension pattern (bottom left), and bone motion 
(bottom right). 
 
CONCLUSIONS 
We presented a new apparatus, excursion controller, to 
measure and analyze musculoskeletal motion of cadaveric 
fingers. The results of preliminary experiments with this 
controller were also shown in order to demonstrate its 
performance. The results of the experiments clearly showed 
significant difference of the range of excursion even in the 
extrinsic muscles under the flexion-extension motion. 
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